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UNITED STATES
DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY

Abstract.

HYDROLOGY OF THE FEREON SANDSTONE AQUIFER AND EFFECTS Introduction.
OF PROPOSED SURFACE-COAL MINING IN CASTLE VALLEY, UTAH
Problem and objectives .

By Gregory C. Lines and Daniel J. Morrissey Mathols of duveasigatdin

With a section on Stratigraphy by Thomas A. Ryer and
a section on Leaching of Overburdem by Richard H. Fuller Previous investigations
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CONVERSION FACTORS
Most numbers are givem in this report in inch-pound units. For those
readers who may prefer to use metric units, the conversion factors for the
terms used in this report are listed below. Multiply the inch-pound unit by
the factor to obtain the metric equivalent.
Inch-pound

Unit Abbreviation Metric unit
(multiply) (by) (to obtain)
Acre 0.4047 Squarz heriometer

Acre-foot acre-ft 0.001233 Cubic hectometer

Acre-foot per acre-fe/mil 476.1 Cubic meter per

square mile square kilometer
Cubic foot per fcd/s 0.02832 Cubic meter per
second second
Foot 0.3048 Meter
Foot per mile 0.1894 Meter per kilometer
Gallon per minute 0.06309 Liter per second
Inch . 25,40 Millimeter

2.540 Centimeter
Mile 1.609 Kilometer
Square foot 0.0920 Square meter
Square mile 2.590 Square kilometer
Ton (shert, 0.9072 Megagram (metric ton)

2,000 pounds)

Chemical concentration and water tesperature are given in metric units.
Chemical concentration is given in milligrams per liter (mg/L) or micrograms
per liter (ug/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
one milligram per liter. For concentrutions less than 7,000 mg/L, the numerical
value is about the same as for concentrations in parts per million.

Water temperature is given in degrees Celsius (°C), which can be converted
to degrees Fahrenheit (°F) by the following equation: “F=1,8(°C)+32.

Radiocactive concentration is given in picocuries per liter, which is a
unit quantity of any radioactive material in which 3.7 x 102 disincegrations
occur per second (picocurie) per unit volume (liter) of water.

MATIONAL GEODETIC VERTICAL DATUM OF 1929

National Geodetic Vertical Datum of 1929 is usad in this report. It is a

geodetic datum derived frow a general adjustment of the first-order level nets

of both the United States and Canada, formerly called "Mean Sea Level".




HYDROLOGY OF THE FERRON SANDSTONE AQUIFER AND EFFECTS The largest source of recharge to the Ferron sandstone aquifer in the

f f W
OF PROPOSED SURFACE-COAL MINING IN CASTLE VALLEY, UTAH Emery area is subsurface inflow from the Wasatch Plateau to the west (about

2.4 719).
By Cregory C. Lines and Danfel J. Morrissey 4 cubic feet per second during 1979). most of which moves laterally through

ABSTRACT the more permeable zone along the Paradise Valley-Joes Valley fault system.
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Ferron is the sole source of supply for the town of Emery, but the aquifer is vells chat tap the Terron in Cascls Valley averaged about 0.3 cobic foot per

essentially uncapped cutside the Emery area second during 1979. Discharge from the underground Emery Mine averaged about

The Ferron Sandstone Member crops out along the eastern edge of Castle 0.7 cubic foot per second during 1979 and was the largest manmade discharge

Valley and generally dips 2° to 10® to the northwest beneath the surface. from the aquifer.

i f F. tone
Sandstones in the Ferron are enclosed between relatively impermeable shale in The largest quantities of water are available from the Ferron sandstone

- v faul ste
the Tununk and Blue Gate Members of the Mancos Shale. Along the outerop, the aquifer wicthin about 2 miles of the Paradise Valley-Joes Valley faulr system

. 3 11s 1 hi £1 t the land surface
Ferron ranges in thickness from about 80 feer in the northern part of Castle Authe: Bwmary, axes; Most:wills, fu;Clils aree oiturilly;fioy, &t the "3
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Valley to 850 feet in the southern part, The Ferron also generally thickens in S5 7AE06 1048 than 100 geilons perdidauts, but.ylalds could be fu

the subsurface downdip from the outcrop. Records from wells and test holes creased by pumping. Wells thac fully penetrate the aquifer in this area

if d. 1T h
indicate that the full thickness of the Ferron is saturated with water in most oould'bd: dxpected 2o Poduce 100/ts 300, gallons: per minute P R The
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aress downdip from the outcrop area. northern two-thirds of Castle Valley the Ferron would probably not yield more

1ls.
Tests in the Emery area indicate that transmissivity of the Ferron sandstone Ehan: 10, el lonsd et Miamts Eo fadividinl wells
aquifer ranges from about 20C to 700 feet squared per day where the Ferron is
fully saturated. Aquifer transmissivicy is greatest near the Paradise Valley-

Joes Valley fault system where permeability has been increased by fracturing.

Storage coefficient ranges from about 10~6 to 10~3 where the Ferron sandstone

aquifer is confined and probably averages 5 x 10~2 where it is upconfined.




The concentration of dissolved solids in water from the Ferron sandstone

aquifer in the Emery area increases eastward from the Paradise Valley-Joes

Valley faulr systim toward the outcrop area of the Ferron, in the general
dire:tion of grovnd-water movement. Dissolved-solids concentrations also
{ucrease upward in the aquifer in areas downdip from the outcrop. In the
Emery area, dissolved-solids concentrations in water from the Ferron ranged
from less than 500 to more than 8,000 mg/L (milligrams per liter) during
1979. Deterioration in water quality in the Emery area usually is dua to
increased concentrations of dissolved sodium and sulfate. In the northern
two-thirds of Cascle Vailey, dissolved-sclids concentrations usually exceed
3,000 mg/L, and several test holes and gas wells have yielded water from the
Ferron with chloride concentrations greater than 10,000 mg/L and dissolved-
solids concentrations greater than 20,000 mg/L.

Quitchupah Creek, near the underground Emery Mine, and Christiansen
Wash, downstream from a proposed surface-coal mine in the Emery area, were
gaged during the 1979 wvater year, and stream discharges averaged 6.7 and
2.8 cubic feet per second. There were large seasonal variations in water
quality in both streaus during the water year. Observed dissolved-solids
concentrations at the gaging station on Quitchupah Creek ranged from 695
to 3,960 mg/L, and observed suspended-sediment conceniratlons ranged from
111 to 27,000 mg/L. At the station on Christiansen Wash, observed dissolved-
solids concentrations ranged from 582 to 4,470 mg/L and suspended-sediment

concentrations ranged from 3 to 4,870 mg/L.

A three-dimensional digital-computer model was used to simulate ground-
water flow in the Ferron sandstone aquifer in the Emery area. The model also
was used to predict the effects of dewatering of a proposed surface mine on
aq. ifer potentiometric surfaces and the base flow of streams. The computer
model was calibraced with water-level data collected during 1979. Mainly be-
cause Lt was not possible to verify the model with historic data for aquifer
response to manmade discharges, predictions made with the model are considered
to be semfquanticacive.

Discharge from the proposed surface mine is predicted to average about
0.3 cubic foot per second during the 15 years of mine operation. Dewatering
of the mine would affect the potentiometric surfaces of all sections of the
Ferron sandstone aquifer, but the greatest .ffects would be in the upper
section. Drawdowns in the potentiometric surface of the
upper section of the aquifer greater than 5 feet are predicted to extend
about 2 miles from the surface mine after 15 years of operation. Mine
dewatering would also induce downward leakage of water into the Ferron from
shale in the Blue Gate Member, and this could zause a deterioration in water
quality in the upper section of the aquifer in some areas. West of the
surface mine, however, the qualiry of water in the upper section of the
aquifer might improve as the amount of saline water leaking downward from
the Blue Gate Member would be small in comparison to the amount of water that

would move laterally through the aquifer from the west.




Modeling results indicate that, except for Christiansen Wash, the
devatering of the propesed surface mine would nmot affect the base flow of
streams. If water from the mine were discharged intc Christiansen Wash,
the base flow would increase accordingly. The dissolved-solids concentration
of water in Christiansen Wash also would be increased, at least during some
periods, if mine water were discharged into the stream.

Laboratory experiments indicate that if only precipitation were allowed
to infilcrate mine spoil, water in the spoil would be of better quality than
most ground water in the mine area and about the same qualicy as water in
Christiansen Wash. However, the management of the spoil to reduce surface—
water infiltration and spoil placement so that pyritic material is mixed with
calcareous material would minimize the deterioration of water quality in
Chr'stiansen Wash.

Sediment loads of streams downstream from the mine would not increase
significantly if reclaimed slopes were graded to the least possible angle,
if revegetation were prompt so as to stabilize the stockpiled topsoil and
backfilled overburden, if runoff were channeled from the disturbed mine area
through sediment ponds, and if Christiansen Wash were permarently diverted
around the mine area. The long-term sediment yield from the disturbed area

could actually decrease if vegetative cover were improved from premining

conditions and {f sediment ponds were properly maintained,

INTRODUCTION
Problem and objectives

Coal traditionally has been recovered by uunderground-mining techniques in
the Emery Coal Field in the southern end of Castle Valley in east-central Utah.
(See figs. 1 and 2.) The coal is in a number of seams in the Ferron Sandstone
Figure 1 (caption on next page) wuar here
Member of the Mancos Shale of Cretaceous age. The total coal resource of the
area has been estimated at 2.06 billion tons (Doelling, 1372, p. 437). Of this
total, approximately 99 million tons is recoverable by surface-mining techniques
(Affolter and others, 1979, p. 1), and plans have been made for a surface mine in
the area.

Ground water from the Ferron sandstone aquifer is the sole source of supply
for the town of Emery (population about 370). Water from the Ferron also is used
for stock watering, for a small amount of irrigaciom, and for a coal-washing plant
in the southern end of the Emery Coal Field. The aquifer is essentially unused
in the northern two-thirds of Castle Valley.

Water supplies throughout Castle Valley are being stressed by increased
population that is associated with the increase in coal production from not only
the Emery Coal Field but alsc nearby coal fields in the Wasatch Plateau and Book
Cliffs. In addition to three existing coal-fired powerplants now in operation in
Castle Valley, a coal-gasificarion plant has been proposed near Emery. The gas-
ification plant reportedly will require 5 million tons of coal and 10,700 acre-feet

of water per year.




In order to anticipate the effects of increased coal mining and related
energy developments on the hydrology of the area, the U.S. Geological Survey

in cooperation with the U.S. Bureau of Land Management conducted a study from

October 1977 through September 1980. The objectives of the study were to

determine: (1) the aquifer characteristics, recharge-discharge relationships,

and the quantity and quality of water that is available from the Ferron

sandstone aquifer in Castle Valley; (2) the effects of proposed surface-coal

mining and associated mine dewatering un existing wells and springs, on the base

flow and quality of water in streams, and on the quality of water in the Ferron

ffects of solution and erosion of stockpiled

sandstene aquifer; and (3) the

overburden at the proposed surface mine on the quality of surface water and stream

aquatic life.

Methods of investigation

Fileldwork for the study was started in October 1977 and concluded in

Biltars
c

Ducing this time a complete well inventory was made in Castle Valley.

January 1980,

Wells, test holes, and springs in Castle Valley where ground-water data are available

LT} et
vdnr Y

sre shown in figure 2, As part of the study, 16 observation wells were constructed

Figure 2 (caption on next page) near here

si‘udj' arems .

from a number of sources, including abandoned seismic-test holes and cual-test

holes that were drilled by the Bureau of Land Management and the Geological Survey.

In addition, four test holes were drilled and tested with expandable packers in the

Emery area.

In the Emery area, the water level or shut-in water pressures were measured

monthly at 18 wells. In addition, water-level data were obtained at about 40

other sites during the course of the study.
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Instantaneous discharge of the pump that dewaters the underground Emery
Mine was measured three times, and total discharge was calculated from records
of pumping time supplied by Consolidation Coal Co. Withdrawals from the Emery
sunicipal well were obtained from meter records supplied by town officials, and
the dischacge of other wells were measured.

Aquifer tests were conducted at nine locations to pruvide information on
the hydraulic properties of the Ferron sandstone aquifer. Four of tie tests
involved a pumping well and at least one observation well, and the other tests
were conducted at flowing wells or test holes,

Water samples for determination of dissolved inorganic chemic:l constituents

were collected from about 60 wells, test holes, and springs in Castle Valley.

Water samples were also collected from seepage areas in the Emery Mine. In a
Figure 2.—Map showing location of selected wells, springs, and test holes P PRg = e e e

attempt to determine the age of water in the Ferron sandstone aquifer, carbon-l4
in and near Castle Valley, Utah, where ground-water information P 8 q

{s available, 1980, and tritium determinations were made for water collected in the Emery Mine and
from selected wells.

As part of the hydrologic monitoring in coal areas by the Geological
Survey, stream-gaging stations were installed on Christiansen Wash and Quitchupah
Creek near the Emery Mine and the proposed surface mine. The stations were
cperational by August 1978. Water samples were collected monthly for deter-
mination of major inorganic chemical constituents and quarterly for determinations
of suspended-sediment concentration, nutrients, trace metals, and benthic inverte-
brates. To supplement the scheduled quarterly sampling, additional sediment

samples were collected during floods and during periods of high runoff in the

spring.




Laboratory experiments were conducted to determine which minerals could be

leached from the rocks that overlie the strippable coal at the proposed surface Acknowledgments
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Lupton (1916) conducted a comprehensive study of the geology and coal re-
sources of Castle Valley. Additional geologic information on the Emery Coal Field
was presented by Doelling (1972). Information on the stratigraphy and depositional

history of the Ferron Sandstone Member was presented by Katich (1951, 1953, and
1954), Davis (1954), Hale (1972), and Cotter (1975a, b and 1976).

Ground water in bedrock aquifers in the Colorade Plateau, including the
Ferron sandstone nquifer, was described by Feltis (1966). During the 1970's,
several hydrologic studies were conducted in Castle Valley. The quality of surface
water in the Price River and Dirty Devil River basins was described by Mundorff
(1972 and 1979). Hydrologic conditions in the Wasatch Plateau and Book Cliffs
Coal Fields were described by Waddell, Contratto, Sumsion, and Butler (1979).
Some hydrologic data from the Emery area are included in reports by Waddell,
Vickers, Upton, and Contratto (1978) and Sumsion (1979). Reclamation of possible
surface-mine lands in the Emery Coal Field was described by Geoscientific Systems

and Consulting (1979).




Well-, spring-, and site-numbering system Sections within a towmehis Tracts within a section

The system of numbering wells and springs in Utah is based on the cadastral

R.

land-survey system of the U.S. Government. The number, in addition to designating

the well or spring, describes its position in the land nect. By the land-survey

syster, the State is divided into four quadrants by the Salt Lake base line

and meridian, and these quadrant- are designated by the uppercase letters A, B,

C, and D, indicating the northeast, northwest, southwest, and southeast quadrants,

respectively. Numbers decignating 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- 1 \K

quarter-quarter section—generally 10 acres_/; the letters a, b, ¢, and d

6 miles
—7Although the basic land unit, the section, is theoretically 1 mi2,

many secticns are irregular. Such sections are subdivided into l0-acre tracts,
generally beginning at the southeast cornmer, and the surplus or shortage is

taker up in the tracts alcug the north and west sides of the section.

indicate, respectively, the northeast, northwest, southwest, and southeast
guarters of each subdivision. The number after the letters is the serial number
of the well or spring with the 10-acre tract; the letter "S" preceding the

serial number denotes a spring., If a well or spring camnnot be located within

omitted, Thus (D-22-6)23adb-1 designates the first well constructed or visited

[
|
a 10-acre tract, one or two location letters are used and the serial number is l
I
|

in the NWYSEMNEX sec 23, T. 22 5., R. 6 E. Other sites where hydrologic data were

A

collected are numbered in the same manner, but three letters are used after the
section number and no serial number is used. The numbering system is illuecrated

in figure 3. Fr50r=3.—-- Well- L spring and s,lq-nu.mbu.n:

2l 5/_shm sed i Jkahl
Figure 3 (caption on next page) near here
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STRATIGRAPHY
The Ferron Sandstonme Member of the Mancos Shale, the coal-bearing unit in
the Emery Coal Field, is exposed in a series of prominent cliffs in che southern
part of Castle Valley. The escarpment produced by the Ferron defines the eastern
1imit of Castle Valley. The Ferron cliffs attain their maximum development be-

tween the town of Moore and the scuthern end of Castle Valley. The thickness of

the Ferron generally increases southward from about 300 feet near Moore to about

850 feet near the southern end of Castle Valley. (See fig. 4.) The Ferron dips
2* to 10° to the northwest beneath the surface of Castle Valley. The altitude
of the top of the Ferron is shown in figure 5.
Figures 4 and 5 (captions on next page) near here

In the area between icore and the southern end of Castle Valley, the Ferrom
consists of massive beds of very fine to medium-grained, delta-front sandstone,
prodelta mudstones, and a wide variety of delra-plain rock types (mainly car-
bonaceous shale, coal, mudstons, siltstone, and thin-bedded, rippled, very fine
grained sandstone). The Ferron outcrop along Quitchupah Creek near Emery is shown
in figure 6.

Figure 6 (caption on next page) near here

Figure 4.—Map showing the thickness of the Ferron Sandstone Member of the Mancos

Shale in Castle Valley, Ucan.

Figure 5.--Map showing the altitude of the top of the Ferron Sandstone Member

of the Mancos Shale in Castle Valley, Utah.

6.=--Outcrop of the Ferron Sandstone Member of the Mancos Shale along

Quitchupah Creek near Emery, View facing north.




North of Moore, the Ferron escarpment gradually becomes mo.e subdued until,
at the lacitude of Castle Dale, the Ferron is represented by a pair of units
of very “ine grained, silty sandstone each about 50 feet thick. The upper unit
of this pair, shown in figure 7, crops out continuously along the east side of
Figure 7 (caption on nex+ page) near here
Castle Valley from about Emery to as far as Wellingron ac the northern end of
Castle Valley. The lower unit pinches out northward near the town of Cleveland.
One or more ledge-forming units of very fine grained sandstone and sandy silt-
~tone occur at cthe stratigraphic level of che Ferron becween Wellington and the
Utah-Colorado State line, and these are mapped collectively as Ferron Sandstone

Member on the geologic map of Utah (Stokes, 1964).

Figure 6.--The cutcrop of the Ferron Sandstone Member of the Mancos Shale along

Quitchupah “reek near Emery.




Figure 7.--Outcrop of the Washboard Unit of Cotter (1975a) of the Ferron Sand-

stone Member of the Mancos Shale along U.S. Highway G southeast of

Wellington.

The first, and still the most comprehensive study of the geology and mineral
resources of the Ferron Sandstone Member was conducted by Lupton (1916). Minor
modificacion and updating of Lupton's coal-resource calculations were made by
Doelling (1972). Lupton (1916, p. 31) named the Ferron Sandstone Member for

exposures "in the vicinicy of Ferron and Emery."” Though he cited no type locality
for the sember, a section along Ivie Creek, abour B miles south of Emery, was
presented as represencative, It is clear from Lupton's description of the
stratigraphy of the Fervon (1916, p. 31-33) that he consilered che pair of very
fine grained sandstones in the northern part of Castle Valley to be a northward
extension of tae thicker, coal-bearing sequence of strata exposed near Emery.
Later work by Kacich (1951, 1953, and 1954), Davis (1954), and Cotter (.975 a h
and 1976) demonstrate that this is not the case. The pair of Ferron units of
northern Castle Valley are about 100 feet stracigraphically lower than the lowest
delta-front sandstone of the Ferron Sandstone Member that crops out south of
Emery, and they pinch out toward the south into the marine shale of the Tununk
Member of the Mancos. (See fig. 8.) The two Ferrcn units of northern Castle
Figure 8 (caption on next page) near here

Valley were informally named, in ascending stratigraphic order, the Clawson and
Washboard units of the Ferron Sandstone Member by Cotter (1975a). Cotter's

{nformal names are used in this report.
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The Ferron Sandstone Member in Castle Valley, then, contains two parts

QUATERNARY

that are stratigraphically distinct and cf different origin. The older,
stratigraphically lower part of the Ferron consists of a pair of units of very
fine grained, silty sandstone that accumulated in a shallow, open-marine
environment situated well offshore. These units are the Clawson and Washboard

units of Cotter (1975a). They are separated from the younger, upper part of the

CRETAIOus

Ferron by as much as 100 feet of marine shale. The upper part of the Ferron, the
product of depositior in a delta system, is characterized by massive beds of very
fine to medium-grained sandstone and beds of coal. The upper part of the Ferron
thins to the north, interfingers with marine shale of the Blue Gate Member of the
Mancos Shale, and finally pinches out between Ferron and Cascle Dale. The

two parts of the Ferron are not differentiated on the thickness and structure
contour maps (figs. 4 and 5). The outcrop areas of the Ferron Sandstone Member
and other geologic unite in the Emery area are shown in figure 9.

Figure 9 (caption on next page) near here

FERRON SANDSTONE AQUIFER
Aquifer characteristics
Thicknesa
The Ferron sandstone aquifer in Castle Valley consists of the whole thickness
of the Ferron Sandstone Member. The thickness of the Ferron varies considerably
in the study area (fig. 4). Along the outcrop, the Ferron thickness varies from
about 80 feet in the northern part of Castle Valley near Mounds to B850 feet in

the southern part along Last Chance Creek (Lupton, 1916, pl. IV). The Ferron also

generally thickens in the subsurface downdip from the outcrop area.

Gaslegy From Williams and
Haclmar [471); wodiFied by
G Lings, Mis.
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Records from wells and test holes indicacte that a short distance from the
Results of the laboratcry determinat’.ns are summarized in table 1. The

outcrop area, the complete thickness of the Ferron i{s usually saturated with

water. In the area of the proposed surface coal mine near Emery, the saturated

In the outcrop area, not all the

thickness of the Ferron is about 450 feet.

Ferron is saturated with water; and at the higher altitudes aleng the outcrop,
data indicate a large variaticn in the porosity and hydraulic conductivity of

much of it is unsecurated.

the sandstone. This may be due to differences in cementation and compaction

/

Hydraulic conductivicy—

between samples. Unconsolidated sand, similar in size and sorting, would have

a porosity of about 40 percent (Johmson, 1967, fig. 3) as compared to the

—fThe hydraulic conductivity of a water-bearing material is the volume of

average of 16 percent for the sardstone in the Ferron,

water that will move through a unit cross section of the material in unic time

In all che sandstone samples, the difference between horizontal and vertical

under a unit hydraulic gradient. The units for hydraulic conductivity are cubic

hydraulic conductivicies was less than one order of magnitude. The average

feet per day per square foot [(ft]fd)fftzl, which reduces to ft/d. The term

hydraulic conductivity replaces the term field coefficienc of permeability, which hydraulic conductivity of delta-front sandstone samples was 1.0 x 1071 ft/d in

was formerly used by the Geological Survey and which wvas reported in units of the horizontal direction and 9.1 x 10-2 ft/d in the vercical. Similarly,

gallons per day per square foot. To convert a value of field coefficient of hydraulic conductivity of the fluviatile sandstone samples averaged 1.5 x 1071 fr/d

in the horizontal direction and 9.9 x 2 ftr/d in the vertical. Hydriulic con-

permeability to the equivalent value of hydraulic conductivity, divide by 7.48;

to convert from hydraulic conductivity to coefficient of permeability, multiply ductivicty of the shale and siltstone samples was much less than that of most of

the sandstones, and it averaged 3.8 x 10~% ft/d in the horizontal direction and

by 7.48.

1.3 x 1073 fr/d in the vertical.

Hydraulic conductivity was determined in the laboratory for 17 rock samples

from the Ferron Sandstone Member obtained from core holes in the Emery area.

Hydraulic conductivity was determined in horizontal and vertical directions for

15 of the samples, porosity was determined for all but cne sample, and grain size

was decermined for 10 sandstone samples.




Transmissivicy_/

.fTransui-sivi:y is the rate at which water is transmicted through a unit
width of the aquifer under a unit hydraulic gradient. The units for transmissiv ty
are cubic feet per day per foor [(£t3/d)/fr], which reduces to £t2/d. The term
transaissivity replaces the term coefficient of transmissibility, which was formerly
used by the Geological Survey and which was reported in units of gallons per day

per foot. To convert a value for coefficient of transmissibility to the equivalent

value of transmissivity, divide by 7.48; to convert from transmissivity to coefficient

of transmissibility, multiply by 7.48.

Nine aquifer tests were conducted on tha Ferron sandstone aquifer in the Emery
area, and the results are summarized in cable 2. Considering the thickness and

Table 2 (next page) near here

lithology of the aquifer tapped by the dlscharging well at each test site, some
transmissivity values calculated from the Le sree fairly well with what would
be expected from the hydraulic conductivities determined in the laboratorv. In
some cases, particularly at test sites near the Paradise Valley-Joes Valley faulc
system, the computed transmissivities of several hundred feet squared per day are
larger than Jould be expescted from the laboratory data. This is believea to be

due to secondary permeabiliry in the form of fractures.

38

None of the test wells fully penetrate the Ferron sandstone aquifer. However,
where the Ferror is extensively fractured, thus increasing hydraulic connection
in the aquifer, the computed transmissivities of several hundred feet squared per
day fairly accurately represent the transmissivity of the full thickness of the
aquifer. Tests that were conducted more than about 2 miles from the Paradise
Valley-Joes Valley fault systeas usually indicated transmissivities of 100 frl/d
or less, Computed transmissivities from these tests probably most accurately
represent the transmissivity of oaly a partial thickness of the aquifer because
hydraulic connection is not as great as along the fault system.

Test results in the Emery area indicate that transmissivity of the Ferron
sandsrone aquifer ranges from about 200 to 700 ft2/d downdip from the Ferron

£e2

outcrop, (Compare figs. 9 and 10.) Transmissivity is less than 200 ft /d in

Figure 10 (caption on next page) near here
the outcrop area of the Ferron. The decrease in transmissivity in the outcrop

area is due mainly to the decrease in the saturated thickness of the aquifer

rather than a decrease in hydraulic conductivicy.

&40
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The transmissivicty vaiues in figure 10 were based on data from aquifer tests,
licthologic information, and estimates of saturated thickness in the outcrop area.
Because of secondary permeability and the nonhomogeneosus nature of the aquifer,
the lines of equal transmissivity are considered to be approximate. Figure 10 is
presented only to depict the general pattern of increasing transmissivity from
the outcrop area toward the Paradise Valley-Joes Valley fault system. Calibration
of a three-dimensional digital-computer model of the Ferron sandstone aquifer
indicated that the aquifer was simulated most accurately when transmissivicy
values north of about the 200-ft2/d line in figure 10 were reduced by 10-30
percent. The model is discussed in a following section of this repcrt and is

documented by Morrissey, Lines, and Bartholoma (1980).




Storage

Water in the Ferron sandstone aquifer is confined, except for possibly a
few areas in the outcrop and in the upper parc of the aquifer near the Emery
Mine. The water is confined under pressure between shale and siltstone beds
within the aquifer and between theé enclosing shales in the Blue Gate and
Tununk Members of the Mancos Shale. Where a well taps the confined aquifer,
water is released from storage mainly by compression of the sandstone and less
psimeable confining beds as pressure in the aquifer declines. The quantity of
water that can be released from storage from the Ferron sandstone aquifer is
deperilent upon the storage coefficient_/, which ranges from about 3 x 1076 to

_/The storage coefficient of an aquifer is the volume of water it releases
from or takes into storage per unit surface area of the aquifer per unit change
in head, Storage coefficient is a dimensionless number. Under confined
conditions, the storage coefficient is typically small, generally between 10=3
and 1073, Under unconfined conditions, it is wuch larger, cypically between

5 % 10-2 and 3 x 10°1

2 x 10~ in the confined parts of the aquifer (table 2).

Where a well taps the unconfined aquifer, water {s released from storage
mainly by gravicy drainage; and the storage coefficient is virtually equal to the
specific yleld. Aquifer tests were not conducted in an unconfined part of the
Ferron sandstone aquifer. However, other studies (Johnson, 1967) have found thar
specific yield varies from about 0.0l in shvles to about 0.1 in sandstones
that are similar to those in the Ferron. Because the Ferron consists of both
sandstone and shale, storage coefficient ir the unconfined parts of the aquifer

probably averages about 0.05.

Potentiomerric surfaces
The potentiometric surface (the level to which water rises in tighcly
cased wells) varies appreciably with depth in the Ferron sandstone aquifer.

Where data permit, more than one potentiometric surface is defined in order to

describe the discribucion of head / in the aquifer.

/! 5
~'Head is defined by Lohman and others (1972, p. 7) as "the height above

a standard datum of the surface of a column of water (or other liquid) that can
be supported by the static pressure at a given point." The head is the sum of
the elevation head and the pressure head. Under conditions ro which Darcy's
law aay be applied, the velocity of ground water is so small that the velocity

head is negligib'e.

Except for the Emery area, data are lacking in Castle Valley to define the
distribution of head in the Ferron sandstone aquifer and surrourding rocks. Om
a regional scale, however, the distribution of head in the Ferron may be similar
to that in the Emery area. Petroleum-test hole (D-17-/)25ddc-1 penetrated the
Ferron in the norchern part of Castle Valley about 9 miles from the outcrop area;
and water reportedly flowed from the hole at land surface, which was at an altitude
of 7,040 feer. (See table 5.) The water level in well (D-17-10)16dda-1, which
penccracter the Ferron only about 1 mile from the ourcrop area, was within a few
feert of land surface during 1979 at an altitude of about 5,670 feet. Information
from these two sites indicares thar head in the Ferron incveases downdip from the
outcron area This is consistent with head distribution observed near Emery,

which is discussed in decail in the following sections of the report,




In the Emery area, downdip from the outcrop of the Ferron, head in the Ferron
EXPLANATZI ON

sandstone aquifer generally increases with depth. In most of this area, head in '

the Ferron is above the water table in overlying rocks. In the outcrop area of OMETRIC CamThup-

*rude at which

the Ferron, where there is 2 small amount of recharge from precipitation and

where water from the Ferron ieaks dowrsard into the underlying Tununk Member,

head in the aquifer decreases with depth.

Basal section

Figure 11 shows the configurzcion of the potentiometric surface of the basal
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The contours are based on measurements of different accuracy. The potentiometric
surface vas determined accurately act 11 sites--in tightly cased wells that rap
onlv the basal section and in uncased test holes drilled for the Geological Survey

wvhere an erpandable packer was used to isolate the basal section.
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Data from six other uncased test holes that penetrated the basal section also
were considered in drawing the potentiometric contoucs. Downdip from the outcrop
of =2 Ferron, .four of the test holes flowed at land surface. Because the holes
wvere uncased, no shut-in pressures were measvred. Thus, the only thing known of
the potentiometric surface was that it was at a higher altitude rhan land surface.
Water levels also were measured, or obrained from an electric log, in two nonflow-
iag test holes that penetrated the basal section. Because the holes were not cased
through the upper coal-bearing section of the Ferron Sandstone Member and the
Blue Gate Members, water levels in the holes probably did not accurately represent
the altitude of the porentiometric surface of the basal section of the Ferron
sandsctone aquifer. In most areas, exc.pt on the outcrop of the Ferron, the
potentiometric surface of the basal section was probably ac significancly higher
alvitudes (as much as 150 feet at one packer-test site) than the water levels in
the uncased holes. Nevertheless, the water-level data from the six uncased test
holes were useful in diawing the potentiomerric contours, as the water levels in
most cases represented the minimum altitudes to which water would have risen had
the test holes been tightly cased,

Upper section

Configuration of the potentiometric surface of the upper section of the

Ferron sandstone aquifer (above the base of the I-coal seam) is shown in figure

12. Near the Emery Mine, many coal-test holes have been cased and are open only

to the upper section. In addition, packer tests were conducted in two Geological
Survey uncased test holes to determine the potentiometric surface of the upper

section,
47
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In addition to water levels measured in wells and test holes, the altitude Adjacent water-bearing zones

The approximacte configuration of the water table (the level at which pressure

of the I-coal seam in the Emery Mine was also considered in drawing potentiomerric

is atmospheric) in rocks that overlie the Ferron sandstone aquifer in the Emery

contours for the upper section. Observations in the mine indicate that the

aquifer has been dewatered above much of the I-seam. Vater production in the mine area is shown irn figure 13. The altitude of the water table in rocks that overlie

during 1979 was concentrated in those areas farthest downdip, near the working

faces at the I-seam. Figure 13 (caption on next page) near here

Huch of cthe old mine workings produced no water.

Most of the water-level data from which the potentiometric-surface maps

the Ferron is defined in order to determine the direction of vertical movement of

in figures 11 and 12 were derived were collected during 1979,

However, some

water. During the summer of 1979, the water table in many areas was in the Blue

of the data from coal-test holes are 4 to 5 years older. Even though these

earlier data were used to compile the maps, the configurations of the potentio- Gate Member; but on the benches north of Quitchupah Creek, the water table was

commonly in pediment gravels and alluvium. Water-level data were available frem

metric surfaces should fairly well represent conditions that existed in 1979.

11 wells and test holes to define the water table. Along perennial streams and

It should be noted that the Ferron sandstone aquifer has yielded hydrogen

irrigacion canals and at springs that issue from the Blue Gate and pediment

sulfide gas and occasicnally methane or carbon dioxide gas to some wells in the

gravels, the water table was assumed to be at the altitude of land surface. Along

Emery area. When the wells flowed at the land surface, it was not possible to

accurately determine shut-in pressures because of the gas. ephemeral streams, the wvater-table contours were drawn at an altitude below land

surface. The water table was assumed to be within 50 feet of land surface in

areas with phreatophytic growth.

No data are available to define the distribution of head in the Tununk

Member which underlies the Ferron sandstone aquifer. It is believed that in

those areas where head in the overlying Ferron increases with depth, head in

In most areas, the potentiometric surface

the Tununk alsc increases with depth.

of the upper part of the Tununk is probably at a slightly higher altitude than

In the Ferron outcrop area, head

the potentiometric surface of the basal Ferron.

in the aquifer decreases with depth and is probably a few feet higher than the

potentiometric surface of che upper part of Tununmk.
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Water-level changes

Monitoring of wacer levels in the Emery area started in 1975. During
the course of this srudy, additional observation wells were constructed, and
wvater levels or shut-in pressures were measured monthly in 18 wells. Little
water-level data exist for the years prior to 1975; cthus, an evaluation of
long-term changes is not possible.

Water-level hydrographs for four representative wells in the Emery area
are shown in figure 14. Well (D-22-6)1/abec-1 is unused, and it taps the basal
Figure 14 (caption on next page) near here
section of the Ferron sandstone aquifer. The well is about 2 miles from the
Emery public-supply well, which also taps the basal section. Except for
seasonal fluctuactions, water pressure at the well declined from mid-1975
through 1979, with a net decline of 7 feet. When the well was drilled in
May 1973, water pressure was reported as 74 feet above land surface, as
contrasted to a measured water pressure of 41 feet above land surface in
December 1979.

Weli (D-27-6)23bec-1 bottoms in the basal section approximately 2.5 miles
from the Emery Mine. Casing perforations in the well are below the Blue Gate
Member, and the well taps both the basal and upper sections of the Ferron
sandstone aquifer. The net water-level decline was about 16 feer from mid=1975

through 1979.




Tt
o
-
w
o
2
w
a
=z
<
-
2
=]
~
w
[-+]
4
<
—
<
&
-
w
b
e
z
=]

WATER LEVEL,

7Y
o

-
o

- T

et

(0-22-¢) |

(D-22-¢) 27cbb-|

Note: Dashed line indionte
fo data -.vm\I:bdiI‘ *

Tabe-| \—'_\_\«

(0-22-£)22 cdd-i

]

B

1975 [ 1a7é T iaz7

[ ra7ea T ia7s

»‘7/5”- .=~ Waler- level changes ,n £,

that fap rhe . Ferr
e :mfrj aree, *

ur wells

1 Sancdsfone ?_,,G, pre

Well (D=22-6)27cbb-1 also bottoms in the basal secction, bur the top
perforations in the well casing are opposite the Blue Gate Member. The well is
in the proposed surface-mine area about 1l mile from the Emery Mine. Water levels
in nearby wells that were constructed during this study indicate that the water
level in well (D=22-§)27cbb=1 closely approximaces the altitude of the water
table in the Blue Gate. From early 1976 chrough 1979 the wvacter level in the well
has dropped about 5 feect.

Weil (D=-22-6)22cdd-1 is at * mile from the northvestern edge of the
proposed surface mine. The wi in a shale immediactely below the I-coal
seam at a depth of 275 feet. The upper 100 feet of zhe hole was cemented around
the casing to seal off water in the Blue Gate, and the water level in the well
represents the potentiometric surface of the upper section of the Ferron sandstcne
aquifer. The water level in the well declined about B feet from the date of its
construction in the summer of 1978 through 1979.

Precipitation at long-term U.S. Oceanic and Atmospheric Administration
stations in and near Castle Valley and at rain gages installed for this study
ind<cate that precipitation in the arca between 1975 and 1979 was about 90
percent of normal and averaged about 7 inches per year in the Emery area. Below-
average precipitation in the area can explain some of the declines in water levels,
but most of the declines probably are due to manmade withdrawals of water from

the Ferron sandstone aquifer.




Movement and age of water

Water moves ic=erally through the Ferron sandstone aquifer downgradient at
approxizately right angles to the potentiometric contours shown in figures 11
and 12, On a regionmal scale, the strike and dip o. beds in the aquifer have
1it:le effect on the movement of water. Movement of water is governed instead
by the locaticn and altitude of sources of recharge and discharge. In the Emery
area, water moves through the aquifer from areas of subsurface recharge in the
west and northwest toward areas of manmade discharge and toward areas of natural
discharge along the Ferron outcrop.

The rate at which vater moves laterally through the aquifer can be estimaced

from the following equation (Lohman, 1972, p. 10):

Ve

“#

where V = velocity, in feer per day,
K = hydraulic conductivity, in feer per day,
1 = hydraulic gradiect, a decimal fraction, and
8 = effective porosity, a decimal fraction.
Assuming a hydraulic conductivicy of 1 ft/d, a hydraulic gradient of 50

tt/mi or 0.0095, and an effective porosity of 5 perceat, then

v = (1 fc/d)(0.0095)

0.05

Vv = 0.2 ft/d (rounded)

It should be stressed that 0.2 ft/d would be the average fluid velocicy

It does not necessarily equal

through the aquifer at the assumed conditions.

the actual velociry between any two points in the aquifer, which would depend

on the flow pach followed. Water moving along an open fracture would move much

faster than water moving through pore spaces between sand grains.

Water samples from the basal section of the Ferron sandstone aquifer wvere

obtained from well (D-22-6)17abc-1 and Geological Survey test hole (D-23-6)6acc-1,

and carbon-14 dating of the two samples indicated ages of 28,000 and 31,000 years.

Between the recharge area and sampling points, solution of carbonate rocks is a

Carbonate dissolved from rocks

possible source of error im the dating technique.

would be depleted of the carbon-14 radioisotope. The degree to which this process

{s taking place is unknown, but it is saie to assume that the dating indicates

the maximum possible age.

In addition to lateral flow through the Ferron sandstone aquifer,

potentiometric-surface data also indicate that significant vercical ccmponents

of flow exist. Along the ourcrop of the Ferronm, where a small amount of recharge

from precipitation occurs, water moves downward through the aquifer and some

water leaks into the underlying Tununk Member. In most areas downdip from the

outcrop, head in the aquifer increases with depth, and water moves upward into

the Blue Gate Member.

Dewatering of the Emery Mine (the largest manmade discharge from the Ferron

sandstone aquifer) has induced movement of water toward the mine from all sections

of the aquifer. Most water produced from the mine has come from the upper section

of the aquifer, but the potentiometric surface of the basal section also has

been affected.




Two water samples were collected from seepage areas in the roof of the Emery
Mine and were analyzed for concentrations of tritium (a radioisotope of hydrogen
with an atomic weight of 3). Both samples contained detectable concentrations
of tricium——12 end ?1 picocuries per liter (Teledyme Isotopes, written commun.,
November 2, 1979). Prior to testing of nuclear weapons in the early 1950's,
natural tritium levels were about 26 picocuries per liter. Tritium levels reached
a peak in the Northern Hemisphere in 1965 when concentrations in the atmosphere
exceeded the natural level by approximately three oruers of magnitude (Thatcher
and others, 1977, p. 8). Because tritium has a half-1life of only 12.3] years,
some of the mine water sust have been recharged to the aquifer since the early
1950's. A number of possible sources of recharge water are Quitchupah Creek
and Christiansen Wash, irrigation water applied to lsad overlying the mine, and
precipication on land overlying the mine,

The concen=rztion of tritium was also determined in a water sample from
well (D-22-6)31dab-1l, a flowing well about 1l mile southwes” of the Emery Mine.
The well taps che upper section of the Ferron sandstone aquifer, and potentio-
metric contours (£1ig. 11) indicate that the well is upgradient from the mine.

As might be expected, tritium concentration in the water was less than the
detectable limicts of 6 picocuriss per liter (Teledyne Isot<pes, written commun.,

November 2, 1979).

Recharge and discharge
Sources of recharge to and discharge from the Ferron sandstone aquifer in

the Emery area during 1979 are shown diagrammatically in figure 15. The estimate

Figure 15 (caption on next page) near here

of recharge and discharge shown in figure 15 indicate that discharge exceeded
recharge by about 0.1 f(lfs; however, they are only order-of-magnitude estimaces.
Water-level declines in observation wells in the Emery area during 1972 indicate
that the amount of storage in the aquifer declined, out the degree of imbalance
between recharge and discharge is not known precisely.
Subsurface inflow

The largest source of recharge to the Ferron sandstone aquifer in the Emery
area is subsurface flow, probubly from the Wasatch Plateau. Most of the water
in the aquiter in the Emery acea probably originates as precipitation on the
plateau, and most, if not all, is transmitred into the area along the highly
permeable zone along the Paradise Valley-Joes Valley fault system. Previocucly
described carbon-14 dacing indicates that mo.ement of water from the original
recharge areas to tue Enery area probably takes thousands of years.

A reasonable estimate can be made of the amount of subsurface inflow to
the aquifer from the west in the Emery area. Using potentiometric-surface maps
(figs. 11 and 12) to determine hydraulic gradients, transmissivity developed
from calibration of the compurter model (Morrissey and others, 1980, fig. 5) and

Darcy's law (Lohman, 1972, p. 10), subsurface inflow o the Emery area is estimated

to have averaged 2.4 ftr3/s during 1979 or about 1,700 scre-feet per year. Data

are lacking to accurately estimate subsurface inflow tc the Ferron in other areas

of Castle Valley.




Precipictation on outcrop area

Aonual precipitation on the 100 ni?2 outcrop of the Ferron Sandstone Member
in Castle Valley averages about 8 inches (U.S. Weather Bureau, 1963).
Precipitation occurs about equally as rain from thunderstorms and as snow.
Thunderstorms contribute little recharge because the slopes on the Ferron outcrop
are usually steep, there is litrrle or no soil cover in most of the area, and
runoff is rapid. Most of what little recharge occurs on the outcrop area probably
takes place during the spring when snow melts slowly.

In those areas of the lower Dirty Devil River basin where annual precipitation

averages less than 12 inches, Hood and Danielson (1979, table 4) estimare that

Nell discharga §

recharge to bedrock aquiiers averages, at most, 0.5 percent of precipitation.

This is also probakly the maximum amount that could be recharged on the Ferron

outcrop, and it amounts to only about 200 acre-feet per year for the entire 100

L¥skaag o
Tumun keg o4 *

of outcrop area in Castle Valley.

r
,,UNU”x MEMAER # Rate calcvleted The Ferron outerop, particularly in the southern part of Castle Valley, is
THE MANCE IHALE by "-‘{'M
madal DL g
S deeply cut by stream channels as shown in figure 6. Much of the water that re~-

charges the aquifer in the outcrop is discharged close to the recharge areas by

FIJWQ 5.-- Dlﬁgﬂ:mmoﬁ-’c sechon thouu-'ﬂa Sources of mhm3¢ te leakage to the underlving Tununk Member and by leakage to alluvium along streams.
and discharge from the Ferron Sandstane vifer in +he In most areas, little or no recharge from the outcrop area reaches the main body
E"'"ry area, 1979, Recharge and d
feet per Secord.

‘scharge value e im bl
3 it dnts ‘ of the aquifer downdip from the outcrop.

The Ferron sandstone aquifer in the Cleveland, Elmo, and Wellington areas
(the Clawvson and Washboard units of Cotter) is separated from the main body of
the Ferron that underlies the Wasatch Plateau and Castle Valley to the south.
(See fig. 8.) Unlike the Emery area, recharge to the aquifer in these areas may

be limited to a small amount of recharge on the narrow strip of Ferron outcrop.




Leakage
The Ferron sandstone aquifer lies between relacively impermeable shales
in the Blue Gate and Tununk Members, but there is some movement of water between
these three zones. In most of the Emery area downdip from the Ferrom outcrop,
heads in the aquifer are usually higher than the water table in overlying rocks,
and there is upward leakage of water intc the Blue Gate. Much of the water in

the overlying Blue Gate is consumed by greasewood (Sarcobatus vermiculatus), a

phreatophyte. Computations using the three-dimensional digital-computer model

of the Ferron sandstone aquifer indicate that upward leakage from che Ferron

into the Blue Gate averaged about 0.8 f:afs during 1979, or about 600 acre-feet

per year in the Emery area (Morrissey and others, 1980, fig. ).
It should be noted that records of many wells and test holes drilled in

' 1In most

Castle Valley indicate that the shale in the Blue Gate Member is "dry.'
cases, the use of the term "dry" refers to the lack of warer production when
drilling and does not indicate that the shale was unsaturated. Test holes
(D-22-6)27cbb-4 and 6 botteom in the Blue Gate in the proposed surface-mine area.
Both holes were drilled with an air-rotary drilling rig, and shale cuttings
appeared dry when drilling. The test holes contained no water batween the time
drilling ceased and the holes were cased, but over a period of several days beth
holes partly filled with water to the approximate level of the water table.

Near the Emery Mine, the potentiometric surface of the upper section of the
Ferron sandstone aquifer has been lowered to a level below the water table in
the Blue Gate Member by mine dewatering. This is the only area near Emery where
water-level data indicate that water in the Blue Gate was leaking into the Ferron
during 1979. Computations using the computer model indicate that leakage from
the Blue Gate to the Ferrom near the Emery Mine averaged about 0.1 frd/s during

1979, or about 70 acre-feet per year.

Along the Paradise Valley-Joes Valley fault system, hydraulic connection
between the Blue Gate and Ferron sandscone aquifer probably has been increased
by fracturing. Well (D-22-6)19cdb-l bottoms in the Blue Gate approximactely 300
feet above the Ferron, and the well had a sustained flow of 20 gal/min during
the summer of 1979. The dissolved-solids concentration in the water was 808 =g/L
(table 6) and was typical of water from the Ferron and not the Blue Cate. It is
believed that when the well is allowed tc flow, most of the water is actually
derived from the Ferron, although it has probably moved freely through fractures
into the Blue Gate,

Head in cthe underlying Tununk Member and the direction of water movement
between the Tununk and Ferron sandstone aquifer are unknown. It is probably safe
to assume that downdip from the Ferronm outcrop and away from major manmade sources
of discharge from the Ferron, the exchange of water between the two units is
negligibl:. Compuracions using the computer model indicate that during 197¢ ia
the Emery area less than 0.1 ft3/s (less than 70 acre-feet) probably leaked
upward into the Ferron from the Tununk, all in areas downdip from the Ferron

outcrop.




In much of the outcrop area of the Ferron near Fmery, heads in the Ferron
sandstone aquifer decresse with depth. Water probably leaks from the Ferron
into alluvium in the bottoms of the deeply incised stream canyons and into the
underlying shales of the Tununk. Much of the water in the alluvium is consumed
by phreatophytes, mainly greasewood. Most of the water thatr leaks into the
Tununk evaporates on ihe barren shale slopes beneath the Ferron cutcrop where

salt accumulates through summer and fall. (See fig. 16.) Computations using

the computer model indicate that during 1979 in the Emery area leakage to
alluvium along streams and leakage to the Tununk each probably averaged about
0.4 fri/s.
Transpiration of phreatophvtes

#lthough many areas in Castle Valley support dense phreatophyte growth,
few phreatophytes obtain warer directly from the Ferron sandstone aquifer.
Most phreatophytes in Castle Valley obtain water from alluvium along streams
and from the shallow saturated zone in the Blue Gate Member. Phreatophyte
growch on the Ferron outcrop is limited by the depth to water and poor soil
conditions. The few phreatophytes (mainly greasewood) that obtain water from

the Fer-on grow along a narrow strip about 0.2 mile wide east of the contact

between the Ferron and the Blue Gate. Depth to the saturated zone in this area

ic less than about 50 feet.

Figure 16.--Salt on the barren shale slopes of the Tununk Member of the Mancos

Shale where ground water has evaporated, Overlying Ferron Sandstone

Member of the Mancos Shale and Coal Cliffs in background,




Approximately 440 acres of sparse phreatophyte growth on the Ferron outcrop
in the Emery area was mapped using aerial phot-graphs. !'sing a method by Criddle,
darris, and Willardson (1962, p. 12 and 13), crarspiracion of water directly from
the Ferron in the Emery area during 1979 ‘. estimated to have averaged 0.04 ft/s
(about 30 acre-feet per year).

Springs and seeps

Numerous seeps issue from the Ferron sandstone aquirer in Castle Valley,
but only four springs were found with discernible flows. Springs (D-22-6)23dda-Sl,
(D~23-6)17dba-51, and (D-24-5)13becd-51 all issue from the basal section of the
Ferron near the contact with the Tununk Member along Muddy Creek, Ivie Creek, and
Willow Springs Wash. The fourth spring, (D-22-6)23cdc-S1, issues from the upper
section of the Ferron at the head of Miller Canyon near the contact with the Blue
Gate Member. Records for these springs and chemical analyses of the water, where
available, are listed in tables 5 and 6. Continuous-discharge records at springs
are not available, and (t is difficult to estimate the water discharged through
the seeps. The discharge of springs and seeps issuing from the Ferron In Castle
Valley, however, probably does not exceed 0.2 ftl/s, or about 140 acre-feet per
year. In the Emery area, the combined discharge of springs and seeps from the
Ferron is probably about half this amount.

Lupton (1916, p. 16) described a spring that issued from the Ferron ar the
head of Short Canyon in the SWy sec. 24, T. 21 S., R. 7 E., and that supplied
"sufficient excellent water for a few head of stock the year round." This site
was visited in June 1978 and November 1979. An empty st-ck-watering tank was

found, but no spring flow was observed.

Well discharges
During 1979 in Castla Valley, 18 wells tapped the Ferron sandstone aquifer
for purposes other than hydrologic testing. Water from the Ferron was used for
public supply in the town of Emery, coal washing, stock watering, a small amount
of irrigation, and domestic supply at three ranches.
Records from a meter on the discharge line of the Emery municipal well,
(D-22-6)4cab-1, indicate that che discharge averaged 0.2 ft3/s during 1979.
Three wvells were used for coal wvashing at the Dog Valley Mine in T. 23 5., R. 6 E.,
and the total discharge averaged about 0.04 ft3/s during 10 months of cperaticn
in 1979 (Western States Minerals Corp., written commun., February 14, 1980).
Discharge from the remainder of the Ferron wells in Castle Valley averaged about
0.07 ft-/s,
Mine dewatering
Dewvatering of the underground Emery Mine was the largest source of manmade
ischarge from the Ferron sandstone aquifer in Castle Valley during 1979. From
discharge measurements at the end of the mine-discharge line and pumping time
furnished by Consolidation Coal Co., mine pumpage is estimated to have averaged
0.6 ftlfs during 1979. An additional 0.1 ft3/s is estimated to have been removed
from the mine for showers and by evaporation.

Discharge from the mine increased during 1979. The discharge averaged about

0.5 fe3/s during January 1-July 19, 0.6 fed/s duving July 20-October 8, 0.8 ted/s

during October 9-November 1, and 0.7 fri/s during the remainder of the year. As
the underground mining progresses toward the Paradise Valley-Joes Vallev fault
system into areas with higher aquifer transmissivity, mine dewatering should

increase.




Availability of water

The largest quantities of water are available from the Ferron sandstone agui- Quality of water
fer within about 2 miles of the Paradise Valley-Joes Valley fault system in the Chemical analyses of water from wells, test holes, springs and the Emery
Emery area. In this area, the aquifer transmissivicty has been increased by Mine in Castle Valley, are listed in table 6.
fracturing, and several wells have been constructed that are capable of producing As shown in figures 17 and 18, the concentration of dissolved solids in
more than 100 gal/min.: (See wells (D-22-6)4cab-l and 2, 17abe-1, 30dcb-1, and e s
3ldab-1 in table 5.) M™ost of the wellr in this area flow natura'ly at land Figures 17 and 18 (captions on next page) near here
surface at rates less than 100 gal/min, but discharges could be increased by -————

pumping. Wells that fully penetrate the aquifer in this area could be expected water from the Ferron sandstone aquifer in the Emery area increases eastward from

to produce 100 to 500 gal/min if pumped. the Paradise Valley-Joes Valley fault system toward the Ferron outcrop. Comparison

Elsewhere in the Emery area and farther south in Castle Valley, individual of figures 17 and 18 indicates that in most areas dissolved-solids concentrations

wells could be expected to produce 10 to 50 gal/min from the Ferron sandstone also increase upward in che aquifer.

aquifer, Yields would be greatest from fully penetrating wells in areas with In the Emery area, deterioration of water quality in the Ferron sandstone

the greatest saturated thickness and transmissivity. Saturated thickness and aquifer usually is due to increased concentrations of dissolved sodium and

transmissivity decrease in the outcrop area of the Ferron. Wells within about sulfate. Shales in the Mancos Shale contain large quantities of soluble

1 mile of the contact with the underlying Tununk Member probably would yield sodium-sulfate minerals such as mirabilite (Na,50,+10H,0) and thenardite (Na,S0,)

less than 10 gal/min, (Waddell and others, 1979). Dissolved-solids concentraticns generally increase
In the northern two-thirds of Castle Valley, several miles from major i with tncreased time that water is in storage in the aquifer and in contact with

faulting and where the Ferron is less than 300 feet thick, yields of individual the shales.

w4ells that tap the Ferron probably would not exceed 10 gal/min. As pointed cut

earlier, the Ferron sandstone aquifer in the Cleveland, Elmo, and Wellington

areas is separated from the main body of the Ferron that underlies the Wasatch

Plateau and Castle Valley to the south. Unlike the Emery area, recharge to the

aquifer in the northern part of Castle Valley may be limited to a small amount

of recharge from precipitaction on the narrow strip of Ferrom outcrop. Well

(D-17-10)4bba-1 reportedly penetrates the Ferron about 0.5 mile south of Elmo,

and the driller reported that no water was encountered., About 3 miles farther

south, well (D-17-10)16dda-1 caps the Ferron and produces enough water for one

household.
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The largest observed concentration of dissolved solids in the upper section
of the Ferron sandstone aquifer east of -he Paradise Valley-Joes Valley fault
system were in an area near the proposed surface mine, between the Emery Mine
and the head of Mille. Canyon. During 1979 in this area, the water table in
the Blue Gate Member was at a higher altictude than the potentiomerric surface
of the upper section of the Ferron. Water in the Blue Gate, which contained
about 20,000 mg/L of dissolved solids, was leaking downward into the Ferron.

The downward leakage of saline water from the Blue Cate in this area could be
induced by natural discharge from the aquifer at the head of Miller Ca
it could be due to dewatering of the Emery Mine.

Frem the configuration of the contours in figure 18, it can be infer
the removal of large quantities of water from the Emery Mine has improved water
quality in the upper section of the Ferron between the mine and the fault system
to the wvest. Devatering of the mine has accelerated the rate of water mo
toward the mine from all directions. The increased movement of less sa
from the west through the upper section of the aquifer, hovever, has more t}
offser any decerioration of water qualicy that may have been caused by ised
downward leakage from the Blue Gate., Improvement in the qualicty of water entering
the mine also may be indicated by changes in dissolved-sclids concenctrationr in
water pumped from the aine., Water collected in 1975 at the end of the mine
discharge line contained 5,100 mg/L of dissolved solids (Waddell and others, 19
p. 15). Samples collected in February and September 1979 contained 4,780 and

3,040 mg/L of dismsolved solids.

Data are lackling to define water quality in the Ferron sandstone aquifer in
most areas west of the Paradise Valley-Joes Valley fault system. However, large
dissolved-solids concentritivas in water from test hole (D-22-5)2]aca-l indicate
that vater quality in the Ferron deteriorates, at least in scme aress, a short
distance west of the fault system. This is consistent with the hypothesis that
most, if not all, of the water moving from the Wasatch Flateau to the Ferronm in
the Emery area is transmitted along the highly permeable zone created by faulting

The few chemical analyses of water from the Ferron in the northern two-thirds
of Castle Valley and adjacent Wasatch Plateau (table 6) indicate that water is
generally of poorer quality than in =oat of the Emery area. This is probably
due to the increased distance from recharge areas and the increased
Is ia contact with the rocks. Dissolved-solids concentrations in water im the
Ferron in the northern two-thirds of Castle Valley usually exceed 3,000 mg/L.
Several water samples obtained from test holes and gas wells in the Ferren
contained more than 10,000 mg/L of chloride and more than 20,000 =g/L of dissol
solids.

SURFACE WATER

The northern znd central parts of Castle Valley are drained by the Price
and San Rafael Rivers, both of which are tributaries to the Green River. Three
major tributaries to the San Rafael River (Huntington, Ferron, and Cottonwocod

Creeks) originate on the central Wasatch Placeau and cross Castle lley and the

outcrop of the Ferron Sandstone Member. The flows of these streams are diverted

in Castle Valley for irrigation or municipal supply.

The southern part of Castle Valley is drained by tributaries to the Direy
Devil River, which is a tributary to the Colorado River. Three major tribucaries
to the Dircy Devil River that originate on the Wasactch Plateau and that cross

the outcrop of the Ferron Sandstone Member are Muddy, Quitchupah, and Ivie Creeks.
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Figure 19 (caption on next page) near here Felabive downstreant order
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data-collection sites on these streams during 1978-79. For information on other CIScHAC GE-MEIASURE MEUT
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surface waters in the area, the reader is referred to Mundorff (1972 and 1979)

and Waddell, Contratto, Sumsion, and Butler (1979). Letter by symbal indicates
STher +ypes cf ogta coliected
2, benthic invericbrates
Quitchupah Creek has a drainage area of 104 mi2 at gaging station 09331900 <, norganic chewscal 3FS55-
crafysis 1rzo
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near rhe Emery Mine. The average daily discharge for water year 1979, the first S, Sxperded 3ed ment
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complete year of operation, was 6.7 f(3l:a, ranging from a low of 1.1 £t3/s on 2 MILES e
[ S—

October 28-30, 1978, to a high of 45 {tj.’s on November 2, 1978 (U.S. Geological 2 KILOMETERS
Survey, 1980, p. 290). During the summer months, flow at the staticn consists

mainly of water pumped from the Emery Mire and return flow of irrigation water.

Christiansen Wash was gaged ac station 09331950 during the 1979 water vear.

The drainage area at this station, a short distance downstream from the proposed
surface mine, is 13.6 nil, Daily discharge ar the station averaged 2.8 fel/s
during wvater year 1979, ranging from 0.43 ft3/s on January 7, 1979, to 20 fri/s
on May 6 and 20, 1979 (U.S5. Geoclogical Survey, 1980, p. 294). The flow in
hristiansen Wash is perennial at the gaging station, and streamflow is due
mainly to return flow of irrigation water originally diverted from Muddy Creek.
The upper reaches of Christiansen Wash, upstream from irrigated areas, flow only

in response to snowmelt or thunderstorms.

Ejdf‘ /9. == Location of deta —costbection sites on Ghustch Jpmh
gk amd Christiansen Wash i the Emerj arec
197879,
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Qualicy
Inorganic dissolved solids

Most surface waters in Castle Valley deteriorate in chemical quality as
they cross shales in the Blue Gate Member (Mundorff, 1979, p. 34). As previously,
mentioned, the shales contain large quantities of soluble sodium and sulfate
minerals. These minerals are sub‘ect to solution by surface runoff and ground
water.

Water in Quitchupah Creek deteriorates in chemical quality between State
Highway 10 and the confluence with Christiansen Wash. At State Highway 1
during 1975-76, the average concentration of dissolved solids {n six water
samples was 950 mg/L. The average concentration in six samples collected
concurrently from Quictchupah Creek just above the confluence with Chrisciansen
Wash wvas 2,270 mg/L (Mundorff, 1979, table 6). This increase in dissolved-
solids concentration is due to increased concentrations of all the major
and anions but mostly to an increase in sodium and sulfacte. Inflow betw
two sites mainly consisted of pumpage from the Emery Mine and return fl

irrigaction water.

Seasonal variation in the concentration of disvolved solids at the gaging

yration on Quitchupah Creek during the 1979 water year i{s {llustraced in figure 20.

(caption on next page) near here

Observed extremes of dissolved-solids concencrations were 696 mg/L on May 8§,
and 3,960 mg/L on November 19, 1978 (U.S. Geological Survey, 1980, p. 292). The
trend during the 1979 wvater vear was from greater discharge and lesser ¢ m-
tration of dissolved sclids during the spring-runcff period (April-June) to lesser
discharge and greater codcentration of dissolved solids during the summer and fall
{July-November). During che winter (December-March), discharge and concentration
of dissolved solids generally were intermediate to those observed during
and summer.

Areal variation in the concentration of dissolved solids a
Wash is slightly different than along Quitchupah Creek. The average conceuntration

of dissolved solids in six sets of samples collected during 1975-76 at State

Highway 10 and at the mouth of Christiansen Wash were 3,470 and 2,610

(Mundorff, 1978, table 6), indicaiting a downstream decrease in the concentration

of dissolved solids. Flow in Chrisciansen Wash at Stace Highway 10 is

and, with the exception of periods during thunderstorms and snowmelt,

of seepage of irrigation water that contains large concentrations of dissolved
solids. A part of the flow of Christiansen Wash at the south also consi

irrigation vater returmned by ground-vater seepage, but the flow is also sustained
by overland flow of irrigation water and water discharged from the Ferron sandstone
aquifer. The major of flow at the mouth probably represents

flow of irrigacion water, which general contains smaller concentration

dissolved solids than does ground wacter that seeps into the Wash.
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The average concentration of dissclved solids of 12 menthly samples collected

at the gaging station on Christiansen Wash during the 1979 wacter year was 2,380

mg/L. Observed extremes of dissolved solids were 582 mg/L on April 18, 1979, and

4,470 mg/L on February 18, 1979 (U.S. Geological Survey, 1980, p. 296). The

predominant cation and anion in the water were sodium and sulfare, and the pH
ranged from 8.1 to B.5.
Seasonal variations of discharge and concentration of dissolved solids in

Christiansen Wash also are shown in figure 20. During winter when there is

no irrigation, discharge decreases, and the streamflow is supported mainly by
ground-water seepage, which has a relatively large concentration of dissolved

solids. During spring and early summer, discharge increases and concentrations

of dissolved solids are smallest.




Suspended sediment
Suspended-sediment samples were collected at the gaging stations on
Christiansen Wash and Quitchupah Creek by the equal-discharge increment and
equal-widch increment methods (Guy and others, 1977, chap. 3). During Augus:c 2,
1978, to September 17, 1979, the observed suspended-sediment concentration at the
gaging station on Quitchupah Creek ranged from 111 to 30,200 mg/L. The
relaticnship between suspended-sediment concentration and stream discharge at

cthe Quitchupah station i{s shown in figure 21. As discharge increased, the

Figure 21 (caption on next page) near here

concentration of suspended sediment also increased. It is incteresting ¢

that there is less scatter from the regression line at discharges above 5

The correlation coefficient/ for the regression line in figure 21 is 0.88.

—"lCorrElac‘.nn coefficient is an estimate of the degree of interrel:
between variables and is expressed in dimensionless units. A correlation
indicates a perfect direct relationship between two variables; a correlacion
of -1 indicacas that cone variable changes inversely with relation to the other.
Between the two extremes is a spectrum of less-than-perfect relationships,

including zers, which indicates the lack of any sort of linear relationship.
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During May 25, 1978, to September 17, 1979, the observed suspended-sediment

concentration at the gaging station on Christiansen Wash ranged from 1 to 4,870

mg/L. The relationship between suspended-sediment concentration and discharge at

he Christiansen Wash station for discharges greater than 1 ftd/s 1is shown in

The

figure 22. This relationship is not as well defined as at Quitchupah Creek.

Figure 22 (caption on next page) near here

regression line in figure 22, which applies to observed discharges that were

greater than 1 ft3/s, hasr a correlation coefficient of 0.72. The regression

lines {n figures 21 and 22 should not be used to estimate suspended-sediment
concentrations for discharges outside the ranges that were sampled.

Sediment data at the gages oa Christiansen Wash and Quitchupah Creek are

insufficient to determine sediment yields from the basins. King and Mace

(1953, p. 18) studied sedimentation in a number of small reservoirs in Castle

Valley, and they found that the average annual sediment production varied [
0.3 acre-fr/mi? in areas underlain by resistant sandstones like these in the

Ferron Sandstone Member to about 2.6 acre-ft/mi? in areas underlain by shales

like those in the Blue Gate Member.
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Benthic invertebraces

To determine baseline condicions before surface mining occurs, benthic
invertebrates were sampled in Chrisriansen Wash and Quitchupah Creek at the
eight lecations shown in figure 19. Samples were taken in the summer and fall
of 1978 and in the spring, summer, and fall of 1979. The samples were collected
using a Surber sampler according to methods outlined by Greeson and others
(1977, p. 171). Each sample represents those organisms collected from 3 fe2 of
stream bottem in riffle areas., Table 7 is a listing of organisms identified by

phylogenetic order or family, the diversity index_/ by order, and the toral wet

_/According to Lium (1974, p. 382) "Diversity, or the evenness of
distribution of insects, gives some indication of the environmental condition
of a stream." Diversity was computed for each sample by order using the
Shannon-Weiner approximation:

Diversity index = -E?I log, PI

where PI is the probability of occurrence of the 1*0 order. The probabil
(PI1) is equal to NI/NS, where NI is the number of individuals in each order and

NS is the total number of individuals in :1ll orders.

weight of organisms in each sample,

At the sites in Christiansen Wash, there were large seasonal and areal
variations in the benthic-invertebrate population. However, 94 percent of all
organisms collected were from the order Diptera (true flies), & percent from

the order Trichoptera (caddis flies), with the remaining 2 percent composed of

nine other orders. f all organisms collected in Christi{ansen Wash, cthe
families Chironomidae (midges) and Simuliidae (black flies) represented 89
percent, This dominance of the benthic-invertebrate population by two families
indicates an environmant that does not support a varied population of organisms.

As in Chrisciansen Wash, there vere also large seasocnal and areal variations
in the benthic-invertebrate population in Quitchupah Creek. For all samples
collected on Quitchupah Creek, the order Diptera (ctrue flies) comprised 45 percent,
Trichoptera (caddis flies) 30 percent, Ephemeroptera (mayflies) 13 percent, and
Basommatophora (snails) 9 percent. The remaining 4 percent of the organisms were
in an unknown order of aquatic worms and the orders Odonata (dragonflies), Hemiptera
(true bugs), and Acarina ‘water mires).

The population of organisms in Quitchupah Creek was more diverse than the

population in Christiansen Wash. However, the total number of organisms collecred

in Quitchupah Creek in 11 samples was 1,291 compared to 18,026 organisms collected

in 13 samples from Christiansen Wash. The reason for the differences in diversity

of organisms may be that a more varied habitar (pools, riffles, and varietv of

substrate material) exists in Quitchupah Creek. However, the greater sed

loads and scouring from spring floods prevents large numbers of organisms from

becoming established in Quitchupah Creek. Chrisctiansen Wash has a less varied

habitat, but more stable overall conditions allow certain groups of organisms

to hecome well established.




Benthic invertebrates collected during 1978-79 indicate that there are large
seasonal variations in diversity and numbers of individual organisms in
Christiansen Wash and Quitchupah Creek. Additional samples are needed
(particularly at the gaging stacion on Chrisciansen Wash downstream from the
proposed surface mine) to further define the natural seascnal variability and
to detect changes in the benthic-invertebrate population that may occur be
of surface mining. Members of the orders Ephemeroprera, Plecoptera, and Trichoptera
are especially susceptible to damage from increased sediment (R. H. Fuller,
Geological Survey, written commun., 1980). Changes in pH and dissolved solids
(including dissolved trace metals) associated with mining activicies also have
been shown to affict benthic invertebrates (Fuller and others, 1978, p. 22-27;
Herricks and Cairnms, 1973, p. 103).

COMPUTER MODEL

A three-dimensional digictal-computer model was used to simulate ground-water

flow in the Ferron sandstone aquifer in the Emery area. Approximately 6

the aquifer were modeled and the modeled area and 3rid used are shown (n figure

Figure 23 (caption on next page) near here

The model also was used to predict the effects of dewatering the proposed surfac
mine on potentiometric suriaces and the base flow of streams. The model used

this study is documented by Trescott (1975) and Trescott and Larson (1976).

allow simulacion of leakage along streams from
design, construction, and calibrarion of the model are discussed in detail

Morrissey, Lines, and Bartholoma (1380).
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Assumptions and accuracy

Predictions made vich the model are considered to be semiquantitative
for three reasons. The first reason .s a lack of historical ground-water data
in the modeled area, which results in an inabilicy to verify the model with
hiztorical daca for ajuifer response to manmade discharge. The second reason is
the assumption made in calibration of the model that the Ferron sandstone aquifer
was in a steady-state condition during 1979. Although the agquifer was not in a
true steady-state condicfon, the assumption of steady state is reasonable as

water-level changes were only a few feer in most wells during 1979.

is through pore spaces. Although in some areas fractures are the major conduits
through which water flows through the Ferron, the aquifer can be modeled because
on a large scale the system probably acts as a porous medium.

Despite these limiting assumptions, the model provides the rost realistic
available method to amalyze the effects of mine dewatering on the aqu The
alternative approach, using an analytical method of analysis, would regq

lifying assumptions than those associated with the model. Thus, results

method could be used with less confidence than those obtai

Prediction
The calibrated mode) was used to predict the effects of dewatering the
proposed surface miue on 19 ground-water conditions. Transient and steady-state

simulacions of the proposed surface mine were made with the model. In simulating

the surface mine, it was assu.ad t*~r the pit would be dewatered, and this was
{

simulated by constant-head nodes for Llay.. “he model (the upper section of

the Ferron Sandstone aquifer) in the mine area. 1Ine cunstant-head nodes

were held at the altitude of the base of the coal seam tc be mined. Grid spacing
did not permit a precise simulacion of the "moving" pit, and an average m
location was simulated. Constant-head nodes also were used to simulate t

underground Emery Mine during the predicrive simulations.

that the storage coefficient ranges from about J x
transient-predictive simulation, a storage coefficient
to all layers of the Ferron where they wi
or another laver of the Ferron. 1In areas where the aquifer was unconf
value of § x 10~2 was assigned. Storage coefficients for vers 1 and
shales in the Tununk and Blue Gate Members) were not needed because th
were simulated by constant-head nodes.

To check the sens
two additional simulations were made, In one simulacion,
in confined areas were set at 1 x 10~5 and in unconfined areas at
the second simulation, storage co cients were set at |
areas and at 1 x 10™* in unconfined areas. The results of these
as compared with results of the transient-predictive simulacion,
variacicns in storage do not seriously af
in calculated drawdowns at most nodes near the surface mine were

when using the d erent storage coefficients.




Results of predictive model simulations indicate that dewvatering of the
proposed surface mine will affect potentiometric surfaces of all lavers of the
Ferron sandstone aquifer, however, predicted drawdowns along model boundaries
would be less than & feet. The predicted drawdowns in potentiometric surfaces
and the effects on the base flow of streams are discussed in detail in following
sections of thiz reporrc.

EFFECTS OF PROPOSED SURFACE MINING
Mining plans
In March 1976, application was filed with the 0il, Gas and Mining
the Utah Department of Natural Resources for a surface-coal mine In
ery Coal Field. The proposed surface mine would be in the drainage o
istiansen Wash (fig. 23) near the existing underground Ezery Mine.
Approximately 430 acres would be directly disturbed by the mining operati
Coal would be mined from the I- and J-coal seams in the Ferron Sandstone
Surface mining would begin along Christiansen Wash in the area

vhere the coal is at the surface. The mining would proc

Figure 24.--Area of proposed surface mine along Christlansen Wash. Ferron

n next g¢) near here P .
G e B = Sandstone Member of the Mancos Shale crops out along edges of

floodplain; greasewood grows on alluvium along stream.
the northwest until an uneconomical depth was reached, about
h

the mining application. Mining would terminate on th

areas like that shown in figure 25. he ne would have a

({caption on next page) near he

There has been no surface mining in the




Figure 25.--Sparsely vegetated surface of
Shale that is typical of area
terminate. Christiansen Wash

Member of the Mancos Shale in

the Blue Gate Member of the Mancos
where proposed surface mini
and ocutcrop of the Ferron

background.

The proposed mining sequence is as follows: (1) construction of mine access

roads and surface faciliries, (2) removal and storage of surface material (

(3) drilling and blasri of overburden, (4) removal o overburden,

of coal, (6) grading cf spoil overburden, (7) replacement of soil, and

revegetation.
Overburden from each successive mine cut would be placed in the previcu

mined cut or on adjacent land not to be mined. i rburden,

operation. Maximum slope of land surface in the reclaimed mine ar
18 percent and would occur along the final aine highwall.

According to ¢ ing application, Christiansen Wash would be
around the northwest side of the mine. A diversion ditch also would be
along the scutheast side of to intercept and divert surf
from the Ferron outcrop into Christiansen Wash below the zine.

Mine dewatering
Effects on ground water

The three-dioensional digital-computer model of the Ferronm
aquifer was used to evaluate the effects of dewactering the pro

on the aquifer. As poin out earlier, predicrions made

onsidered to be semiquantitative.

Discharge from the surface mine is predicted to average about 0.3

uring the proposed 13 years of operation. Model calcul ons indic
surface mine would be balanced by a decrease in
Ferron sandstone aquifer, by a decrease in water enter
L

underground Foery Mine, by a decrease in natural leakage om the aq

and by an increase in leakage to the aquifer from the Rlue Gate Member.

90




The predicted drawdown in the potentiometric surface of the upper section
= . ) As discussed earlier, dewatering of the underground Emery Mine might have
of the Ferron sandstone aquifer (the section in which surface mining is proposed) ' * # ' ’
; - " c erioration of water g | u s f he Ferron sandston
after 15 vears of mine dewatering s shown in £z 23. is pradicted caused deterl tion a ¥ pper section of he Ferron sandstone
" = 5 i ~ aguifer in the area between the mine and T Canvon., Dewatering
wdowns greacer than feet in the upper sectio the agquifer would extend
. f the surface mine might further deteric t 1. 1 the upper section
about 2.5 miles from the mine. he Ferron sandstone agu of e & i e = 5

also would be affected, but drawdowns would not be as greact. of the agquif in the area betveen the surface mine ar canyon. Hox
of the aquifer, it is predicted that drawdoms greater than 5 € cthe agui
about 2 miles from the ¢ and drawdowms greater than 10 iorate in o areas. The r f saline w
extend about 0,25 mi the aquifer toward the surface mine

odel calculations indicate that dewatering of the surface mine would increase ecarioration that vould be caused by increased leakage
downward leakage into the Ferron sandstone aquifer from the Blue Gate Blue Gate Member west of the mine.
about 0.05 fr?/s; practically all (98 percent) of this increase w The predicred effeces of dewatering of che surface mine on potencionm
the area of drawdown greater than 5 feer shown in figure 23. Water in the Blue mypfenEniandivater fuRlityily; ehy Bexvonaze Deved. urow cencitigns Shatiex]
te contained ut 20,000 mg/L dissolved solids, a in 1979. Groun C the Ferron ct ¢ anged. howe
ncentration of water in the upper section of the Ferron ranged increased withdrawals fro u 1 ne.

water condicions were significancly different during che surface mining,

to 8,000 m affe during 1979. Thus, ¢t additional

1 minin n the ground-water system would be different
leakage of water on lue ht cause 3 P »f wat ining o [ e ¥

affect the base

Christiansen Wash




Dissolved-solids concentrations in water in che upper section of the Ferron
sandstone aquifer ranged from about 1,000 te 8,000 mg/L in the surface-mine area
during 1979, and water in the Blue Gate Member contained about 20,000 m
dissolved solids., The water entering the surface mine would be a mixture of these
two waters and water that would drain from the disturbed overburden. Chemical

the mine water would vary with time and would probatly have a

dissolved-solids concentration within a range of 2,000 to 1L.000 mg/L. he

average dissolved-solids concentraction of 12 monthly samples taken at the gaging

station on Christiansen Wash below the mine area during the 1979 water vear
2,360 mg/L, and the concentration ranged from 582 to 4,470 mg/L. Thus, at
during some periods, the dissolved-solids concentration of water in Chr
Wash would be increased if mine water were discharged into
Leaching of overburden
1 the process of mining at the proposed 430-acre surface site, appr
25,800 acre-feet (41,600,000 cubic vards) of averburden would
based on an average rburden thickness of 60 feet. The overburden
the mining procesn: tt would
source of material that could be h surface water, ground water,
precipitarion. In order to

urden during the

Cores of representative overburden were obrained from test holes. In the

laboratory experiments, 100 grams of core material (cable 3), which had been

Table 3 (next page) near

ushed ro less than 0,25 - size, wvere placed in a l-liter erlenm
with 750 milliliters of deionized water (similiar to rainfall and
shaken at room temperature. Samples were shaken
pH and specific conductance of the solution rema
within the flasks had abraded to sand and clay sizes by f ration
period. These equilibracion experiments showed mposition of leachate under

oxidizing conditions (tat 4). N y simulate leaching under

Table & (next page) near here




The results of the equilibration experiments (table 4) indicate water of
becter chemical quality than had been expected, especially when cowpared with

of the ground-water analyses reported in table 6. The dissolved solids o
the aquilibrated samples ranged from 539 to 2,556 mg/L, with a mean concentration
of 1,160 mg/L. The equilibrated samples were of the calcium sulfate water type,
with the exception of samples 4A-6, 7y and 5-11, which were mixed calcium and

magnesium sulfate vaters, and sample 3-10, which s a sodium sulfate water.

e major conatituents found in the equilibration leachate are attributed to the

alreration and solution of scluble salts such as mirabilite (Na,S0,

thenardite (Na;S0,), and gypsum (CaS0,-2H;0), which have been reported to be
in large quantitles in the Mancos Shale (Waddell and others, 1979,
minerals and pyrite and calcite all were common in the core
with the exception of pyrite, are of a sodium or calcium sulfa
composition; and this i{s reflected in the composition of the leachate.
composition of cthe Ferron Sandstone Member and associated

coal beds in the study area is given by Affolter, Hatch, and Rver |

The leachates contained relatively lov concencrations of trace elements
(zable 4). Irom concentrations were unusuclly high i{n samples 3-2
however, with concentrations of 61,000 and 7,000 ug/L. This
the pyrite that was noted in both samples and vas reflected
and 3.8. Mixing pyritic macerial with calcaresocus
material 2-spoil placement would reduce iron mobilization and acid
production, t Fru tvy samples with large iron concenrrations, trace
elements in the leachates were found in quanctities chat would

to man, animals, or plants,

course

the case

nuch of

pecially halite (NaCl), are found in the Mancos
in appreciable quantities in the cores.
and chloride found in some
water samples.
equi sration expeériments did not
bacterinl act hich undoubtedl

lution of some minerals, especially y sone




The equilibration studies indicate that the water in the aine spoil woul . " .
Probably the most important safeguard inimize sediment loads downstream

be of a chemical quality chat is berter than much of the ground water

from the discurbed area i{s the rsc of sediment ponds. The pen

the mine area and about the same qualicty as water i{n ChristZansen Wash. ‘ .
near as possible downscream from the disturbed area,
water table were below the base of the spoil and ¢ = .
3 runotf

only water allowed to infilctrate the spoil. .
retain ¢

allowed to infilrrare rthe spoil, the resultd

frating water.
Erosion of ovarburden

ons during and ter surface mining would influenc

reclamation and the amount of sediment erode a K
nnual

eld and

environmental safeguards
Contre
lamarion and En
are designed to prevent additional
sine The regula
cperations

tation.




Long=term sediment yields could also be minimized by permanaacly diverting
Chrisciansen Wash and runoff from siopes southeast of thermine around the
reclaimed area. Regulations for Public Law 95-87 require thact nactural riparian
vegetation be enhanced or maintained along a permanent diversion and that the
natural meandering shape and an acceptable gradient be established. Aquacie
habictacs, such as a pactern of rifflcs, pools, and drops, that approximace
piemining characteristics could also be established along the diversion of
Chrisctiansen Wash. However, until vegetation is estatlished along diversions
and until diversion channels have stabilized, erosion along the diversion
channels would probably greatly increase sediment yield. Erosion along the
freshly cut channels could be minimized by channel lining. Here again, impact
on streams downstream from the mine area could be held to a minimum by channeling
the diverted waters to properly constructed and maintained sediment ponds.

NEED FOR FUTURE STUDY

An observation-well network needs to beestablished in the Emery area for the
semiannual measurement of water levels in three or four wells that tap each
section of the Ferron sandstone aquifer and the overlying Blue Gate Member. The
wells also need tobe sampled annually to detect possible changes in water quality.
Discharge from the Emery municipal well, the underground Emery Mine, and the
surface aine (when operational) needs to be monitored. After approximately 5 years,
the addicional data can be used to recalibrate and verify the three-dimensional

digictal-computer model of the aquifer.

SUMMARY

The largest quantities of water are available from the Ferron sandstone
aquifer in che Emery area wichin aboutr 2 miles of the Paradise Valley-Joes Valley
fault system. Wells that fully penetrate the aquifer in this area could be
expected to produce 100 to 500 gal/min if pumped. Elsewhere the availabiliry of
water from the Ferron is not as great, and in the northerm two-thirds of Castle
Valley the aquifer probably would not yield more than about 10 gal/min to
individual wells. The chemical quality of water in the Ferron varies borh with
depth in the aquifer and areally. Fully penetrating wells near the fault system
in the Emery area would yield water with concentrations of dissolved solids
less than 1,000 mg/L. In the northern part of Castle Valley, the concentration
of dissolved solids in water from the Ferron probably would exceed 3,000 mg/L
and could exceed 20,000 mg/L.

Simulations using the mcdel of the Ferron sandstone aquifer in the Emery

area indicate that dewatering of the proposed surface mine wouid average about

0.3 fr3/s during the 15 years of operation. Dewatering of the mine would affect

the potentiometric surfaces of all sections of the aquifer. The maximum draw—

down would occur in the upper section of the aquifer, and drawdowns greater than

5 feet would extend about 2.5 miles from the mine. Downward leakage of poor qualicy

water from the shale in the Blue Gate Member would be induced near the mine, and

water quality in the upper section of the Ferron could deteriorate in some areas.




Except for Christiansen Wash, dewatering of the surface mine would not REFERENCES CITED

Affolter, R. H., Hatch, J. R., and Ryer, T. A., 1979, Chemical analyses of

affect the base flow of streams. If water from the mine were discharged into

coal and shale from the Ferron Sandstone Member of the Mencos Shale, Emery

Chrisciansen Wash, the streamflow would increase accordingly. Chemical

analyses of ground water in the mine area and leaching experiments indicate that coal field, Emery County, Utah: U.S. Geological Survey Open-File Report

the chemical qualiry of water produced in the mine would vary. Concentrations 79-858, 35 p.

of dissolved sclids in the mine water should range from 2,000 to 10,000 mg/L. Cotrer, E., 1975a, Late Crecaceous seiimenctacion in a low-energy coastal zone:

If the mine water is discharged into Christiansen Wash, the dissolved solids in The Ferron Sandstone in Utsh: Journal of Sedisentary Petrology, v. 45, p.

the stream water would be increased above premining concentracions, at least 669-685.

during some periods. 1975b, Deltaic deposits in the upper Cretaceous Ferron Sandstone of Utah,

With proper reclamation practices and the use and maintenance of sediment in Broussard, M. L., ed., Deltas, models for exploration: Housten Geological

ponds downstream [tom the mine area, there should be no significant increase in Society, Houston, Texas, p. 471-484,

the sediment load of Christiansen Wash. Long-term sediment yield from the 1976, The role of deltas in the evolution of the Ferron Sandstone and its

Brigham Young University Geology Studies, v. 22, part 3, p. 15-41.

coal:

disturbed area could decrease if vegetatrive cover on reclaimed lands is improved

Criddle, W. D., Harris, Karl, and Willardson, L. S., 196Z, Consumprive use and

from premining conditions and Christiansen Wash is permanencly diverted around

water requirements for Utah: Utah Scace Engineer Technical Publication 8,

the mine area.

47

P-

Davis, L. J., 1954, Stratigraphy of the Ferron Sandstone: Intermountain Association

of Pecroleum Geologists, 5th Annual Field Conference Guidebook, p. 55-58.

Doelling, H. H., 1972, Central Utah coal fields: Utah Geological and Mineralogical

Survey Monograph 3, 571 p.

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

State Engineer Technical Publication 15, 82 p.

Fuller, R. H., Shay, J. M., Ferreira, R. F., and Hoffman, R. J., 1978, An

evaluation of problems arising from acid mine drairage in the vicinity of

Shasta Lake, Shasta County, California: U.S. Geological Survey Water-Resources

Invescigations 78-32, 39 p.




Kacdch, P. J., 1953, Source direction of Ferron Sandstone in Utah: American
Geosciencific Systems and Consulting, 1979, Reclaimability analysis of the Emery

Associacion of Petroleum Geologists Bulletin, v. 37, p. 858-862.

coal field, Emery County, Utah: U.S. Bureau of Land Management, Energy

1954, Cretaceous and Early Tertiary stratigraphy of central and south-
Minerals Rehabilication Inventory and Analysis Report 16, 408 p.

central Utah, with emphasis on the Wasatch Plateau area: Intermountain
Greeson, P, E., chm., and octhers, 1977, Methods for collection and analvsis

Association of Petroleum Geologists, 5th Annual Field Conference Guidebook,
of aquatic biological and microbiological samples: U.S. Geological Survey

p. 42-54.
Techniques of Warer-Resources Investigariona, book S, chap. A4, 332 p.

King, K. J., and Mace, M. M., 1953, Sedimentation in small reservoirs on the San
Guy, H. P., chm., and others, 1977, National handbook of reccmmended methods

Rafael Swell, Utah: U.S. Geological Survey Circular 256, 21 p.
for water-data acquisition, chapter 3} (sediment): U.S. Geological Survey

Lium, B. W., 1974, Some as ts of aquatic insect populations of pools and riffles
Office of Water Data Coordination, 100 p.

in gravel bed streams in Western United States: U.S. Geological Survey Journal
Hale, L. A., 1972, Depositional history of the Ferron Formation, central Utah,

of Research, v. 2, no. 3, p. 179-384.
in Plateau-Basin and Range transition zone, central Utah: Utah Geological

Lohman, §. W., 1972, Ground-water hydraulics: U.S. Geological Survey Professional
Association Publicatien 2, p. 29-40.

Paper 708, 70 p.
Hatch, J. R., Affolter, R. H., and Law, B. E., 1979, Chemical analyses of coal

Lohman, 5. W., and others, 1972, Definition of selected ground-water terms—
from the Emery and Ferron Sandstone Members of the Mancos Shale, Henry

revisions and conceprual refinements: U.S. Geological Survey Water-Supply
Mountains field, Wayne and Garfield Counties, Utah: U.S. Geulogical Survey

Paper 1988, 21 p.
Open-File Report 79-1097, 24 p.

Lupton, C. T., 1916, Geology and coal resources of Castle Valley in Carbon,
Herricks, E, E., and Cairns, J., Jr., 1973, Rehabilitation of streams receiving

Emery, and Sevier Counties, Utah: U.S. Geological Survey Bulletin 628, 88 p.
acid mine drainage: Virginia Water Resources Center Bulletin 66, 284 p.

Miller, J. R., Frederick, R. H., and Tracey, R. J., 1973, Precipitation frequency
Hoed, J. W. and Danielson, T. W., 1979, Bedrock aquifers in the lower Dirty

atlas of the Western United States--Utah: National Oceanic and Atmospheric
Devil River basin area, Utah, with special emphasis on the Navajo Sandstone:

Administration Atlas 2, v. 6, 67 p.
U.S5. Geological Survey Cpen-File Reporr 79-1163, 85 p.

Morrissey, D. J., Lines, G. C., and Bartholoma, §. D., 1980, Three-dimensional
Johnsen, A. I., 1967, Specific yield--compilation of specific yields for various

digital-computer model of the Ferron sandstone aquifer near Emery, Utah:
materials: U.S. Geological Survey Water-Supply Paper ]662-D, 74 p.

U.S. Geological Survey Water-Resources Investigations 80-62, p. 10L.
Kacich, P. J., 1951, The stratigraphy and paleontology of the pre-Nicbrara Upper

Mundorff, J. C., 1972, Reconnaissance of chemical quality of surface water and
Cretaceous rocks of Castle Valley, Utah: Unpublished Ph.D. dissercation,

fluvial sediment in the Price River basin, Utah: Utah Department of Natural
Ohio State University, 208 p.

Resources Technical Publication 39, 55 p.




Mundorff, J, C., 1979, Reconnaissance of chemical quality of surface water and
fluvial sediment in the Dirty Devil River basin, Utah: Utah Deparctment of
Natural Resources Technical Publication 65, 132 p.

Pettijohn, F. J., [1957], Sedimentary rocks (2d ed.): New York, Harper and Brothers,
718 p.

Stokes, W. L., ed., 1964, Geologic map of Utah: University of Utah, scale 1:250,000.

Sumsion, C. T., 1979, Selected coal-related ground-water dacta, Wasatch Plateau-

Book Cliffs area, Utah: U.S. Geological Survey Open-File Report 79-915
(duplicated as Utah Basic-Data Report 32), 25 p.

Thatcher, L. L., Janzer, V. J., and Edwards, K. W., 1977, Methods for determination
of radicactive substances in water and fluvial sediments: U.S. Geological
Survey Techniques of Water-Resources Investigations, book 5, chap. A', 95 p.

Trescott, P. C., 1975, Documentation of finite-difference model for simulation
of three-dimensional ground-water flow: U.S. Geological Survey Open-File
Report 75-438, 32 p.

Trescott, P, C., and Larson, S. P., 1976, Documentation of finite-difference mode
for simulation of three-dimensf~uii ground-water flow, supplement to Open-

File Report 75-438: U.S. Geological Survey Open-File Report 76-591, 21 p.

Geological Survey, 1980, Water Resources data for Utah, water year 1979:

Water-Data Report UT-79-1, 604 p.
Office of Surface Mining Reclamation and Enforcement, 1979, Surface coal
mining and reclamation operations, permanent regulatory program: Federul
Register, v. 44, no. 50, March 13, 1979, book 3, p. 15311-15463.
Weather Bureau, [1963], Normal annual and May-September precipitation
(1931-60) for the State of Utah: Map of Utah, scele 1:500,000.

Waddell, K. M., Contratto, P. K., Sumsion, C. T., and Butler, J. R., 1979,
Hydrologic reconnaissance of Wasatch Placeau-Book Cliffs coal-fields area,
Utah: U.S. Geological Survey Open-File Report 79-988, B5 p. (to be duplicacted

as Water-5Supply Paper 2068).

Waddell, K. M., Vickers, H. L., Upton, R. T., and Contratto, P. K., 1978,

Selected hydrologic daca, 1931-77, Wasatch Plateau-Book Cliffs coal-fields
area, Utah: U.S. Ceological Survey Open-File Reporr 78-121 (duplicated as
Utah Basic-Data Release 31), 33 p.

Williams, P L., and Hackman, R. J., 1971, Geology, structure, and uranium
deposits of che Salina Quadrangle, Utah: U.S5. Geological Survey Miscellaneous
Geologic Investigations Map I-591, scale 1:250,000, 2 sheets.

Witkind, I. J., 1979, Reconnaissance geologic map of the Wellington Quadrangle,
Carbon County, Utah: U.S. Geological Survey Miscellaneous Investigations

Map I-1178, scale




Table .-~ Laberu ﬁ.-r; determinations

of }Jorus.u\"-_p-_, bydravlic Conductivity,
and qramn size

aF reck Sampler ront tha Ferromn Sendaferre Nember

of the Mancos Shole. ¢ Defermnafions by Core labopoturies, Fnc., Dalles, 7eres).

.l:'-‘l‘wa':_lj)- : S, sendstone; SH, shale; SLT, Siltstene,; &, aHered by ceal burn ; d, delo-Srant)
g, Slwishle, m, marine ; w, weathered. g
Sorting coefficient: YGy]a, , Where Q3 o the size where 25 percent of the graing are larger
%‘::Idjj_sd’;::cﬂ* are smaller ﬁﬁﬁh;—:—:‘g%:f‘.:ﬁ?ﬁhtrt 75 ;Jcaum{' e lnrjc-.-
Depth
(Ceet

Hydraclic condwctivity| Mean

(Sfeet per d“)")

Lﬂholay

belgw
Ja nd
'Sur‘r-ﬂ)

Porosi by
(Pcucni)

Horizonta|

vertical

sarcuﬂ
s5ize
Cimehes)

Snrhhﬁ
coefficie hH’

W-22-¢) 22 edd-)

34 cacel

(0-23-6) 3 dde-l

(D-24-¢) S abb-]

182

202

&4
125
169
181
200

g.ox107%
9.8x lo"#®

2.5x10°"
§.9xi0™?
2.4xw073
5.6 x10°F

-

7.7 X107}
Il X 167%
2.3 %1074
2.7x 1072
7.3 nicY
3.24p7)

8.8Xx 107
3.2xW0°5
7.3x w74
q.8 x1073

l.1x 107!
G.5x [0°%

2.1 n1o’!
5. ) X103
2.3x107
4. Ix o2
5.5% |p~*

32 ww!
249 xi0°3
¢.Bxio3
2.9 41073
2.6vio!

1.6x00""
29xm0°%
3.2 xio™s
Y.éxto™3

1.2xi0°k
J.oxie~%

B.5X/D"%
b.6X 0%
St x*
j0 X L

[.2x10°%

—_—

1.3x10°%

‘Jsm"'

)21 %

—




Table 2.

"";’ﬂ-i’f),'ﬁf;f:;"r

r+:"m¢ recadtry e

- 5umm¢r/ aﬁaﬁwfu tests cendected an the Ferran

consfand

sandsfsne

agurfer

wn (lohmen, M72,p. 23- z;.} L, Hantveh modified method Fur
{lohmes, 932, p. 2oawd 27)-

1 the Ernl-vj

area , 19TW=9,

4

leuky con Ky ped d’utﬁf (Mnini 972,

Tome=
m";ll'd

d» ul-fa L3
(ﬁﬁl ’ﬁrnr

Durabian
4

it es)

Pepih
%

(fee +)

O'e.‘:.li'

© pam o#
nowa

(Faet tules
h!d JurL-]

W }
DIALSns, | vpotee

di u:h-n'j'llg well
(fent)
and divechion

Trangmid=
5 l‘”y

F o

Shu.’t

Coeffl-
W

WJ‘Fnd

l:-‘;:u

Remarks

(p=22-4) Yeab-1

1L cdd-1
22¢dd-2

26 bt

2Tchb-2

ZTebb-5
27chbb-3

21 dab-1

(0-23-8) 32bLMb-2
A2bbh-3
A2kbb- 1
32 bda-1
32 belb-1

51

5o

1,614

50k

20

378, nerthwest

ITH, Sauth

206, nerth

Y80, ner th

S5, rnerbhwest
“8e seulheast
§90, southwest

Boo
(..

4

c
R

=

Oper H- b ]--l ' Sg
W rraf
%al

xmn bl}n.!‘-‘_

mlc .G'Ia:hn et
[ ] ..:J:.::m

+ wails s
AT L

Both walls bup enlic upper
sécfion arg fort oEtelzl,

hiom af

QA .‘:ﬁ

mhah bcﬁé_‘-nﬁ-

Sandyior g

'F".r ‘F‘lﬂ:n wiﬂ

IIERT A ST AT

Al wacils l‘a'

besal
Farrar sandilere

a‘tu-hl'




iabieS. -- Records of se/ecved wellS, pestd By fes, and springs the (batle Vally ares

Lovatice Sew demeppfon of well- and .l..'.\I'J"ﬁ-!!..m-Lr-...J Syslen
AitHE s, v e ieme L BUM U5 Farrap of Load F"d-JJt""-‘*I‘J Carsal, Concolidatian Coul d'hfnr-i'hj; vIGs p. 5 drm"ﬂj-ca‘f _g‘_,.,-"/,-

Cazieg: leptb—= glpth ta tap of perfaradiers ar firad c.,-ri:-ﬂj} P, daepih o Botiom of r‘.n‘aundaﬂ-‘t puacker.

Woter - beating arell): Vind ' ¥y {'4 Guafersas refacews, Mappajle wnid— a, alluvian s Flr pexiinx wn |l arapcd,; me, Enviy Sancistore
ﬁ:" e~ af :...a g =% e mb Fhe h trf.n.b-f Mancay Shale; in ¥, Fercan SanddsPone! dieas ber—« e S“.“ Py
AP e gk Wigae it ey

Hids b wde oF .- l.—‘(if. dlam  Faterpaladed Fram "”!““_J'“"P"h -

tuter fevel: Measorced encept as sniliialeod ‘ijf R raprdect » F., Fhug of lend Sorfa : €, oebermined Hom wlecton ber

Ve harge: Measured except an induatert by & ropor tnd Alethod olctischar i —-8 air line used fo HWEE water Po serdace, £ sefoal o} P pumped.
b .m.u-r.-r*m L drimls O odave dalion s
Ute of wafkr, we H, fesd bom, or Spren s J.;.ﬁf:f i "r'i- Fread it 3 M, mron viipaf pul fic Ju_a)fj, & industrial} 8, odsvrvarron
» P dtvatedm sr ratural e.,J;J.f. Sfac A J’r g * ,a} rr fv‘n‘- U, vavsed. i /
dieaar ks ngd obber slata cava {af A dgesifer - l‘ra! - J. ot .ﬁ'.-_; aff U.% Hiioh T ..'».u.-\'jr Sait lake Oy, Jbah; C, Chenica
wialyJu af sxafer in redle Y. .1'3, wEPFerran Sundibna Megfer in Foef brfou) Aavse Turface

(‘qn'n_-;

(;
?

e
)

R e

ar
fo mgf =
&
L5

dtert felu (Yool
a(

Ituel

Ouwner, user, Remarks and other dafe ave, kable

e
L3

Co nEvr fed
Er LT

*a

aF name

EyPh ot wel/l

e

¥

ang g seharag Mrajere=

water evel
™ operd

B e el
Jurdac
mean

ar =i
adatu™

1) 1scdo-t | fFans fing v i | b, d0l
rad d. (4% ,!

<l
™~
-
-
]

RiAgndoped aag ferd, To ‘_.; Ferran
i:l.l'luJ dorg afrsber af gfi’lf

f -5 rodwe i n os wiegll. T § Farver
yadbd-1 | | Movg doiry Fuel Sugdy | 4568 = : i . - gy ikl it ok ¥, S, ©
cw (AF B

|
|
|
|
|

4
1) 2Sadd-1 | £ Haglam 471 Lo |

25 dee=1 |V, Sacce M 1 | -18-75| | &
1

! 1 | E b 1 g wre il Tep F Fearrun
e hl gt i it I I and !“m-{ﬂpi v at 370064 £
] :l : | |

e




el wedee Feel wme b, focf J'ura‘ . . -= Cardnved

Zanefd)

pave+)
A= urrat 0

s, ol

Kemarks and other cafe aveilable

Cl T 7]

per" misvte)

W Merde monEere =

¥

froed)
ofc, ar Sp=ing

ffr o

PEI

IC Hared

5e

|

| Adgndaned yas fvil. Farma FYF S ::"'J‘

|Z6Ef ta LorXIP. TUnuab @ ile Prodiced Lo fer:
B

Cafe of peamer #ux!

Water ievel 2
gofun

~

L

ang

fren

o
=
TEad

| naTer=tearira
ar

L]

4 abd-1 [Amevada Helyoleon: e "W | . » & 3lo

X

i) Taac-i [ ben Piptde ond 3 - 5, 3%
tprmgal O P
7040
L)

. F Farren Sand-
oot e o o T
e
Drder regorted ne wler enantorasd in Rrron Gdfes Mesle
| &

b ]

-ri-1) 25 ddc-1 [Ulah Sesdhern Oil Ca

P-4} $2ack-l | A Chreoolinngsen £.Ws | e

1oy Sle-l 4 Cosnrad Tkl X
ldd. =i Srvabh 20 Sifo 7 40

o py w3 | KoM S,Ho|

T »noC ¢

| C
%ﬂl‘-hﬂﬁ #n;{ut\l Ferror Sncdilea Mesier Lram
s

1) 2 Wac ~) I.-.ﬂn.n.,:-.r Co. (Us. 2327) 5,940 =

rra’,uf. [
| Lo

o-B) Abhd-1 Fube weikm Eglration Cal i if.dao' -
Ydlx -1 ¥ iZo | | - -

21 bk . | e imb ‘Eﬂsol 89z s-18718

itcea-1 | oo _ 5,87 | m@47 5- 1419

Mbta-i 100 | ' 5850 ' 1673 5-1G-18

“i1-5) 35 o=t U3 % | 2 6, 260| S3.10 5-lo1g

¥r2i-7) Yaac-t da. | ‘B.’.I | w2so| WM “-1p-18

Ca

Flogged

iplgjjrd Qe

S 6

Conver ted geephysical teat hole. Q

Do

N R otk = | . i ~ ie [2

poo24) 17 ckd- _I':«-E:_-:-ﬁ Fuel Supply s,ﬂ*.L #1056 - - m—#;-“ﬁ H.ﬂ’ Lfrms.nh.l-c
e R TR e e e, e reis

W 28 Fhacn-1 KD & " 5 q I
e Cwen (Mg 1) 1953 | .5.5.1::} 4220 flarfeptdsap doot form Snblons ambnr Srgm

* o0 0




F i
d4de |

Ciby o Emery

akelly Gl V. (Wa i)

4 oop- 1

Femmerer Lasl Co

Mabke=1 |

{Tabe-2 |USGS Cila 1-9)
19 edp-1 i-;' alsan (Censat FE H51) |

£opan-i '--I"E

obao-Z'dea

nisl (Priomater silel

fobaa-3 do.
Zotoa-¥ de.

2leck-! UsSGS (Me \-3)

73

1978

74

14

979 |
M |

174

978

el

1,543

1,180
|

Hie|

Li%o

|
L L
]
¥ |
|
Ral |

715

¢ Pecd Bb fis

AEF ¥

3
Y

amel

e ——— e —
it | - v - g AT

| Wa “T'-l:.f:ll"‘l.'ﬂ

=
-y

e

| 2085 15

]
é,280 (+2¢ 80

&,0T0 vls

& |

It;_ﬁ'!

&, 250

b5

€250 | 42-0

6155 |le7.22

|

$,250| 32.M

|
|
|

3A

ol ™
charde Mgyt e=

Date ak pawr ¥

2-8-
&14-18

io=-171-719

T =19

12-m=148

|
s-16-719 |
|

w-24-719

L3 ‘]"'I!
i =15-74|
1624 ﬂi
n-1-78 |

| Aemarks and other cdata averlable

IFerrom .u-d.ﬂlm Mowisny freen 4170 la i 20afd €
1.5 [ o
iz:qr.;‘.k"ah LA BT B P
A “ edas

hole
F" hﬂ-‘ F"’Enh‘. l:!:mf‘ o L7Ta ﬁ
.¢ cendwctanca |, 500 ond h'ﬁ er """P“ L

\r_ an O-75-T Barpmbgy

Ilﬁ'{' l‘:"i’:‘lr‘r:nfpc&f"” ?ﬁ” ars fa_ endice

""" 7y F Ferpan Sepdris
:;,ll d_‘i 5:' #?f F‘S"dﬂs luﬁ::tn:: :‘a}. %l' .

Canver fed cm.' fest pais .

r# 5 F7 -
ﬁf: 5;':;{,?;-}}' wi Cemen jfr:':fd';:-—ﬂ
L.-.,.Mp grout arsend capmg Fran; 8% vs Bro K. ©
[Cemwnt Gl areund Caling Fry o FOF d 0056

':.".m..'l' ju-d! around Gazing Frem surdoca ta rHO-

- M"?fa. o A ) mﬁim‘:&

llf Fr‘ﬁ G-h,!‘l h.‘p Yand fur e 12- 14,8




sty of

Swner, yirsg

or

J
|
MNa e !

|

| |

| |

|' 1=

&) 2lcdd- iiL..u,‘l (F.-.....h- uh'tJ 119

2ledd-2| do.

LL]

Zicdd-3| do. L1919

Zicdd-¥ |da 1999

2dadd-1 |usg s (EmKIn 3 o

22cdd-2| uses (EmRIs I8 1978

] |
) Y4778 |

: 1978

22¢dd-3| usas (ChrTh 3R)

23aac- 1 UsSaS (emnIn IR

29 adb-1|USGS (EMRIA |} | 1378
Fibce=1 (Consal (FC 3de) IJ‘-.'!'J-
ricco-l  Vachi Wealern Enploodan (s | 78

2lede-51 M. chrishionten

2i4eda-51 BLM |

M7
g

2o bac-l Rl Wokm Bgleratun Co ‘ loo |

Zebba-it | d 106 |

s-deg Peei wacjis 5

sanely

Iniafer-Learira

K f

|
Inn Ilu..l

|
20 | KEnb
215 |Kkmf
I KmE

:I Knif

o

g

‘ Y

Emf

Kmf

Emf
| Ewmf

%0 l rmf |

Emb |

fosf Pukes, cae ol

o |

Emf | o, D

i-fllﬂ

|
| G iao |89

.-,moi ol ot
golo |l65S
192 =f‘l‘lN
&ifa 12817
i,120 |2‘l'1"?
ﬁmpij?]!

kolo
oo | 2895

i
Discharag ﬁ:hé:?

g

i)

J £ "l"‘_ff Pfarsrs -

Date of powr v
crg f
3 | Menfs

?
i
"

02519

§-A-7

278
9-227 |

lo-25-78

18-7-%%

o-24-79
y-i-T4

5-31-7§

5-31-78

10

To

=378 ‘ T.o

e
|

5-11-7& |

v

U

@
G

l Hemarks and other cafe aveilad /e

ey 4-4;1. § H S bore #h 4;1
;’r 5‘:'"'-*:“ A LS T '.uu-.;
L]

Carmmnt .5-‘.:.;* arsvnd casing fram 47 ty SO8 I+

|
I
[ nn-ﬂ‘ arswngd L-,,”,.ﬁ Fraem Yas b 4is .
I provably plusaed an? Rot apen Ve aguiter

Q"n‘

prre—

of Fer -
6 B p e ?.‘:.&..,r_.',’f:lf.":-.,

| 3w

o s

"3-5""”

neat 3"1.!" orgerd casing Fre= Surbaca fe 220
|

Chaver fed 2oal- besd Pule. ©

lConverfed coal-dest hoke
:Phgg-d. Q

I b
ailfle e Narca 4 o0 wiramhed gnd pater
1 pn:lw'ps‘;r_' arr /0 -d9-7%

le
|s-u,3-d. c
ID-.




Toadla 5 .- Wozapsls of schkeler! wmili, foct foms, . A e Carr it

Jamy

Jg ERIE -

dwner Jier
Memarks and ather cdufe aveiloéle

ar ran.g

| %o,

gl

1' ok

raTrr=rearna

|
— = ;_ o i . ok | -
2eb bk |.J§u5 n.'nrtu-l’j | 1178 b | | qor0 | 2 vardad Gl hat Nale. W@

Zebs-2 (Usa (EMRIA 2A) | 1478 | z enf | Goro | 335
2ebdbet |R. 1k Watern faphrabun Co. | 1978 | knf | boco | 181 . Plogged. C

i6deb-1 |dp | 478 Ewi |5,970 il9g : . Oe.
| o 'Coaverfed coal- fest bale

278da-1 |USGS (Muddy Mo ) | 1979 | kmf |G,060 | 8.9

7 ebb-1l Sansol (Fedel) | l : r:?, oso| 749 . | o | Da.
i "o i ’ ’n
7 [hove|d2es | Vo [Beihlor fateer R g s

>Tcks-2 (USES (Na 1-1)
Oraend Ca.my --p. Swurfi ve 340 ;,_ «

. ¢ .l N4 I -ig= T, O # grout drevnd Sass e Har i 4
¥k |&,060 | ﬂl ! ;1;': ﬂ;--’l.b hole b-t!uul.eﬂ riw Syrdeca Te

| ¥mb | & 060 | 1723 |
|

|
27chb-3jusas (MNa. IF2)
Zackh-% WS6 3 (Ne. 3-1) ° ¢
| 4 | T o |<oarerted Coal- teal hote. A.c
27ckb-5 USGS (Muddy Ne.3) |79 . kb (6 008 |waze |
| Kwb |g0k0 ‘la.'r? ! Q

Z7ckb-¢ USGS (Ab Nef) 1979

1E , I f : d IF ‘hl"
| 4 | o : | r"I 5 o JI'J‘ JH weodrw
]1([. a1 [ l : | - I_I )

. | - o |.| "ﬂ i-

|
q 20 “
1"g ""*:|ﬁfﬂ5 | 3153

| © o
| ;:?wliffrh:-:; .J::hu!, Sf
| {

| - — |
I

|

gab=1 Ppizul

28dal-2l do. (re vz




Tathe 5. -- Wocurcty of sckolerd wc)h, fes/é J‘m»s__ and speings == Condiiud
| | | -_;.;.__ J Fa o - x .‘ = -
n v —=E oy 2 Izl 23 |-
! s | 3 <t lepE| 8 § |30
| ¥ 0, ® 31\ - e | o lekEl i
: Al e r Ser . - s ; ¥ '1_" X - L "] e .
zco Fisn = - i k vl | 80 J“ﬁ{ I .. e n:{.- \a_'!_ :?.’ 1':' Remarks and other cata availeéle
or hanie | = tal | g | whs ‘-"I"‘ % < | -3
y “w | & o LT M) o W -
j ¥ \ b l ~a' L 2 | N a
. - ™ e ‘_ - = " L Y b
L « 8| - E ke, kg | < - e O |
g o 3 o 2 v Lt | u > Wy T
- 1 =1 s | sk E3] d3E| 3¢ |
s e = _ S _ - J e . Ko nl . : = . -
e J =3dsk-t jusGL (O -"-'.r LTS ‘J mn 130 | &5 | e |EmF |4 eys |4Y%08 | &-13-7% o }thwrn‘r-f aal- fesd hale
FTLbay ’ff hise e = - - - a G 1o i - LF Ji-15- 719 W C
1 | e n%
20 aitst boswsol (Fisometer iy | was | ris | Emf |Cedo |4@ - i2-4-1# | O T2z e Fevoan _*,f'_';f‘f"ﬂfﬂf_f.',ﬂ.’,‘; virf
Tt | 1 | ‘rh - f"l "l‘, From Surface v CP
! | |
oaed-i| dg | g1 | 825 | 1 vig | ¥k |Go30 | F - [rl—u--'w [V ot _grevtageed cosing Jram $ 3 de ld, -
-y '
. 308003 da. 1979 sz | 595 i{.": bo30 |+ .92 - =4-71 | o l:l'nﬂl' 5!‘!0" arsund Ceding from S3¥4asWI F
f i | |
Ipaad-4! da L1979 1 | I les It-r.b é,c30 !5! L] - 12-4-79 | o | Comend grovt crand Cuicng boom Surfae b 06y
Lbdd- 'ULGS g | se | i Y I:,r ! hoto | i - -7=r8 | o P — quaphy sical Feat Ao te
| 1 I i Ny
30dch | T Lewtin | | 408 | 4 590 |xm£,la_n!a +B30 %.’1F 618" | 1S .JJIJ‘:':V,“.'#‘.J‘:, nnﬁfgﬁ;;«ﬁﬁ
| | | | E Kom ‘, i (Garing Fra— abeyd SHate SHalP C
| i | W &
4 E nt 972 | 140 | Kmf | L oza [vi0H1 | HSF | 7-4-78 | T. 5 a ¥ Ferron Sundifors 5‘-'-'” T
Y dabt| E ﬂr:q MHTL| Yok ! & I i | y & “'I & '1'#:-*-4-:1 maf penefrated.
I2aded -anl.H' ’;p Jw P wlee | ™ e T I % I Vi 1';‘,.,{ 5,980 | 12.63 - - a8 f af Feeron EIMJ-J,-;H- ’ 'u'ﬁ ';flrrﬂ'
sl | | | .cduu.u .{‘ "'""" P -
| | #s HIRFA A7 e prabeliy
r ] rfay ..lou" il aprie fg Bgeri
32cded da. M EEL] 39| 376 | kef | 5,80 | #1LTH | = == | & c"...-.f 3f....¢ atewrd Cating Crom 21540232 &
|
S2cderd do B R R I e e R R Ty ¢t
i | I 1 [ | oo Su f] N
i’d-#{d. ! 197 s ] ' bl | Emb | 5980 |."¢.H ] - |n-||.—‘H : o :l‘iml 5""‘” Grfowd calirg From surfous 1




af scfeclert wicib, fo/ .‘-'.J;-‘:,J p—

=aneis)
fam
A
$)
P

Pfl' LN

memarks and ather clata averlable

¥
1

charte menric-

T™® af gow7F T

La
ang
men

W Ter=preariria
| Dvschorae
¢

(U-22-8) D3athel [USGS (MaddyNe 1) Al ué 72-11 |Converted coal- test hale

3 g bl ifdn:..i (Sife 22) I 19M | 3% . &i18-M %w*ﬂjuwt araurd Casing From gurface #=

|
3 b || U5SGS ( Na. 2-%) I‘l'u| I 1Z-12-18 | Avaged. C
¢

| Jeb 1 L 12 1478
_'H'(,.-;| fim {l"lf'” wh) M7?7 | ool &2 - Pludged. Dritlar regerted hole wes dry
Blcad-1 | Q-*h-‘ R Lo gnd - Er} N 16-26~78 a

lflq. i 4
<1 - Hagj-

Pdds-1| Ex Ertry aFa i §-d-T
b G (oo . w8) --ml 79 ! | 12267 q Corfpctpnce TS0 promhos and wiefer

- | - g-1-7al ¢ |P1‘ ol ©
B aear Coms e ) «m‘ s-ml | & o
T | | ‘ ' F24-11 e
' |

(Lol &h R. Tenten - :
. | . 1 , ~3i-7§ adaf W
5 3% S0 -:'::e‘::: ‘" ?4;*:::: :‘-’*-""J - 4;-""-"} -
A 2235/, © Parsba
H3) ¥ 2ry! , 7 8 T ;*;:sad % ivimapsetek s mea vl
. EMRINS 77 H-3a=7 ed
1':1‘;-: 5‘::5 ({a-.-‘. 2-3) nw e = Member
- | =21-78) T W.?_." E'If.::r‘:;& vlsfane,af 2Vl untira
gacc-1 UGS (Mo d-1) 1978 -:;5 Z 288 pestiiobs
o

1) o ba-l Tohrngaen Lanpd .&Ni-l'-ﬂl". 1977 |
r’pu Ca.

(15 P-Tl! fc

= | -
17dba-5l BLM | reeTl 'Hnl‘ srl.ﬂ arpend Caiing Crom .-rr-u is s H

8 tag- ! IH-M.-. Walfey Coal C | |1 ¥39

3=i=77 wenf aroef arpungd Osting from surlem 4o 15509
| L m77 | 5%¢ 3 |
Bebd-1 'da




Tadfe §. - Pocarcy of sbofed wncin, fecd Pows, avd aprings —= Confunwed

L;'aj ) I”_‘:"

e
f o

et well
tvst hoke (¥

wher Ser . i
Juwner, uieq Kemarks and ather cdafe ave.lable

=8 el
o
mardg MORNT=

y
']

weader, we il
o= Forir

<,

ar pnanie

il

arg 3
3‘ FFi& .gJ'

Vs

Trsr

e of

| Bov¥e af peer

rarer=pearire

Lepth of

(D-u3 &) 18 ede-1 | Hetden wuj Coal Co

|

»
3
+
a
]
i
c

T gr ul_ ur;u'd' Cm 3 lfr;*_i;;‘r-t. ta
|3op ¥t A wirler QresinTe Codld nod be
wievreined becaira a ﬂ’

4= 4 fraom. 3 ehas +
=g SR S PR U R

e huau.l-!. of 3-;

I8 dd bl

¢.2e0| 9149 P2-78

| ' | I : &236 | 119.90 % Zo-7§
Rebb-2! do _ | = 220 | 10124 5 i
~hwid e ' : 6250 |11299 G20-78
zbbAd o o | E

2 bbé-1 E Weabern Stetes Misernk Gl

32bcb-1 | do &, 1o | .45 q-20-18
=1 | de.
37 bk Fid b, dbo lf‘”k £-5-72
i a-lido:

| - 578
J2bde-1 doe. &,250 |
i, 470 | 1758 £-36-77 Ip_.r_,,...'d

- acf. ?
7,30 SHIE =517 | ”'QJ-”. ﬁ

¢ W0 477 | © Pj;:',’n‘f ‘5&- !":s:: ﬁ:ﬂ’r:ﬂ .ﬂ'fr' emt.re

H”Jd ﬁd’.—u‘l _...-'ld'#!.'"' frm af o ¥ &
Py

(b-29-5) leab-1 lusas (Mo 22-w3)

o Fegreq Samdsfonc,al 330 Fy enboe
+ pracfre i d

o= VSA3 (Mo 13 s )

Wace-] LBGS (Me 21-u8) L
' S0 e-11-m r [
Iida-1 Us6S (Ne k-w%) ¢.500 | y
Gdlo g-29-A | V .
Ferron Sandslene tram > Vo adou

I = &~=11 c wgqect A
Erwdy 1L 61T ’ | I

| —
[Sade-1] USGS (We. 17-w5) |

j3bcad B BeM (whitlaw Spnp,r]




Tt

r ]

At

Tt in'w § = wecarnns of Sckelerd nelh, fecl s o 3arimgs == Compinud

i | . Daging ' ;q " r 2 = ‘ |
| r | G A ' . b e
: | .-i i ] “ﬂt ot 8 v 3 n
J Py 14 3 | e | = 3 . ? 5
v [ .
Sw e Wies y | ¢ i I A O nt | o2 : Y ! Ty - ;
2 Frai f 4 | a:‘-\. | = | [ ﬂ ] i | ; Nemarks and ather clafa averlsdfe
or rame | S 3| O | Q'_‘, | wes | .t. = E << | 3w
b " | G| G b P L Wy e
[ % I | alw =a~1 L% s 301 %%
| % o B i = ke, | ke o v | O
9 il =4 |5 | e ] [ € -
| b | o 9 ' o | xte o . vy L EQ' o
| & ra s | [ 3 3 :l% aQ -3 o E —hs_ J
- < ] R e I
o 5 ieooc-) (WSGS Cip (%) |-"l.|'? | 180 - — F-li-' L4es | e = &-22-77 a |ﬁ}’m.¢r’ Forran El-u.n’Jr'J-g_Jl,... 70 ta adau? Tép iy
| | - g e
rgabe-1 juses (M. 29-wn) [ oL - = é17 = a # o T el ? 9% #;
Ffabe-l juses ( M | L4ke I_ ::E-. 2880 |&17E 577 © ‘m;‘ Mﬂﬂa{ n“i;’;-r pe (3l e 0 ;-
| |
i cde-1 |0GS{ Mo 19-4ut) :.H'n' i1, 320 \ - = Kwb, | 7700 v/& - =7=27 | @ £y &, Taf o Fprren .Sqn.f;ﬁach:::auf
i | b L opisy eatire Fhckacss nsd peredrated
(D=-si-4) ~all-1 | Bur (EMETA L) "7 x L{] &= - Imf 6580 | = - - ¢ | Proaged.

|
|

| |

1
1
|
I ‘
H




Tasle L.

Chemcal analyses aof water fram il Fecf hobes, 5 prin 4N, o d A f‘tﬁj Bl e

{oscat.on: Seam deserjplian of  weellr and spring- Aumburirty :}.Jf"-\. Suffex M indicafes 2o- pie caflecled in E'rf:; M.na,

Wader -bwaring zonei): Age= G, austetrary ; K, Cralocaous. Meppeble uni = o, alluvium ; p, pedment grave | ; me, Emer
Srdsfore Mewbher of Mancor Shale) mb, Blue Gale Member of Wancos Shale ; Emf, Ferrom Sandiisse Hamber a¥ Maniel
S}._“_J mt, Turunk MWember a‘ Marcotf Shale ;J, Dakata Sandalone
- = = (] f
method of ce Heckion A, aar line uted t» 1.5 waber to surfoce; B, ba.led; D, sample o lleched <3h he d“n'"j with air)
DS, sample rewueced Frum driil=stew tast; F, naturel Flew F PumP'd

pH: Field detern mation except L, detber minvd in bboratory:

Discalved Solide: Calculated Fram Sun oF corudituands

=

Spwe R -

Condue pance » Field determination Cacept L, defermined in r-tl.u—:lhrj

Source afF or.a.l"f-cqr cJata: €L, Chemical and ‘;..-_,.-‘,,.f“-..; Lobaratories, Coaper, ﬂjom.nj; CL, (ere Labaratories, Dallan,
Tesas, 3, &3 {jro.’dsrcd‘ S-f"“_j‘ :




i
3 — '
e sclls Azt hales, Spriry ety Jmes g AMine v i niee!

-"l.l.f-jl'z:r"l
B |

zane (v
i

»

-

ca
&

=

=

Gal

Sarr o
tloe o
ray

oy

conductunce
s
&

cellecrien
fmramhss)

&=

ofe
[

3
|
|
|
3 ——— e

il
)
#

-'.!‘.
toraTe
| &J'mirtd‘ Loro -

ﬂ-‘ e r va I
alNTerid"
(ma)
{p_:.:—
La=
fCory
1558 ived
&
(Er)
(E
soifeg
{5:8;:)
CalOn
7

Car

dicar

I
1

Watrer = DEET i
Ma+thod

BI‘:.}"’E
Hordness

neis af
Dssolved salids
?f.‘r’li-

1
|
‘i"'“ 97 | = [2= -34] = ip2L
|em F iq-!:-ﬁjp."ps /- -s¥| - |B83L
32 ald-1 {emé Weorw dvar! F Ji= 5-CH]| = |i5¢
(ra-DXadd-t  Kmb T 1L P I=-Z¥S5 25 174 |

25dec-1 | Qo | - |r |9-18-73/ 125 ! s 1

...
=

P
fate
1

| Moncariomte Forg-

|
Disgelwa Set
F

i

|
Illﬁ‘at

i

T

|

ﬂ
k= | Divolesd magresum

= o 2 |
CLr187) 15eda-| Jara|

- | s Hsl
o I o
/ Saa | 1, 4o Holo| ess
a0 | doe 778 L&ve

=

-y
Moo

- |

L ]
- g
~in 0

=1

. ! i L
(Irr+7idocad=| | Kmf [{797- 5097 = g30-83 | - ;-,r.*-ul h*:ia' 5:‘.'9:; ﬁ
(o-W-92%0bd-l | Knf AL | D |@- ~e2| - (ToL| e | 32,040/ .
Kmf | At 2gos | D J3- -a2| - 8oL | 24, oo, o i i
i it 'Ms,nw o (12 -6 | - |@ot | | ' o',dﬂ’i :z":,ul 53
Emt | A2 3325 0 I2- -s2| - |goc| 2o ! 3,0%| ‘ |
| | | 1 | (4 |
(-15=r) Toac-1 | G |33-45 |P -f - i'” (e | 40 ] 4 | n ‘ , . ,.:rﬁatl Yuso lear
S maad [kmf| = [<b ] - rﬂ- 2 ' : el P N " 00 |
(0-17-9) 23ach-t | Kmb |120- 200] |1-27-79 lr.t¢:1 ! 160 % actl 13, . Y00 | 22400 ::
(b-115) 16 dda -1 Kmb (185~ 1as ' 9-2¢-7% 130 (4.9 | #o02 s ¥ . A Lgeo| Af¥0

(0= Jlaba-N | Kb - ] s-10=-78 155 ;_r1| Y30 , ¥ eren | So80 @5

x
<

i i
oro-P2wcac-| | Kef |Bo¥-& |- ¥- -& | — [g=| # a 2 ; = |:;.'?: 4
(0-2-8) Sbbd-1 | Ful | 4205 | O 5-12-M| 110 2L W o ,-,',,”
Ydbe-i kel | A0 i.r:- F 278 -f&--'sl':F.u m s £, vow 3
Zibda-l | t=F | A 20 |0 ls-g-7R (/3% 15y A : . y : Ir 4870
2abba-l tmf ! Ar o Y |S-1E-TBL12.5] 20L 3 o |5 avo




(D i) Posrne -1
-21-1) Hoac=1
Wield -

Lu- i

Wil e
Lz =) bl
I Tobe=|

Iabs=2
19edb-)
Eotaa-|
2obaa-2
2rech-)

Water-byorrm Lo (s)

1-
| Kb
|r.|,.b
; Lme
| EmF
| -t
|

| K F
| Ko
| ed

| K
| KmF

| KmF
Kirf
rl‘nv'
Kad

Kmf

L

ard

(4net buisd

¥

|"F‘ -Té
| 62-82

8

ia | #0248
1
G |80 78

|20w8-3,87 05 [12-3-53

1L sy
|- v8
I
¥¥o-2o
li2e-ar

o5 1-2e-5¢

|

J

- |r )\*—:.;I

1 t
- ¥ 211
5 | 2-r0-Cg

HAC-GTIL (L5 |2-29-54)

ilas- ¥
i
l4¥E23-34

|isre-un

laa¥= s
lesme-14ev
ot

lrovo-1r,080 F |iz-r¥-78
Kb, tnf] 392-vic 7
Ko :f,a‘l—gda r
Kwf | Bo-vs |F | 2377
1 Enf © .'.qq-—-}jsl A | HW-3e=270

!

-d| F

| F |i-m-g3

I?. 2e- i viod| 3 J.--u.- £3

p-.:':—.e:f-u

b7 |-28-53 |

l’ (R ol
F '2-5-77

'7-.»--:-,
|

]

I3\
2o |%.é
'—1-’F"Li
= [TaL |
- [4ae |

sl

solved caliivrm
e

9o
29
Ll

¥

Se§

l2¢ el T
.‘5-6[’-4;

[75“. 153
|6sE | Sryf
LIl Heg
]
z2i

4o
2e2
iy

n
| 29

o

|
"

155 |8
zos|yrL
2.5 | 12
TEAr7]
85|90

|

S=ie-TY
fe-1¥A

Je
15

L ¥4

)

daa lpses

'L

iy
4

Yo |
79 |

ot LaFer Feawm ey

fusd hales,

M.H.jrgrr:: Fer i ber

Disgalvid Zetive
{3

|Presaivee! pemssiom

f1e0
| os¥
42029
| 7l
|
|y r9a®
| Jesatd
.‘;‘awu

gu¥
| 2,3m¥ |
|

= My
[ X~ 1

3

| w924
| za72 ¥
| Zs00™
.
' Joe

(hsthy
Carbarnare

| Bicarbors

ol R
BEEE

e
Kor)

Cs

Dissaived sulrads
r'l‘

3

-

| Disselved Chlorid

T

jE

werily, Emern FMiie == Conlinved
-

stalved baron

]'I_Dlinh
|

&4

d Siice

(':r-a.'l;j

-\.
QN
~d

[ |

=i

MHardnasg

;
'u;

Galoy
—

[}

| Monga=tomie Fard=

_FMSS L

Disolved sslids

-~

Specithe Conductonee |

fmicromhas )

,.
e OMEE = OFnalyTical




e

; . ; - e . v
nalyses of wntor From wells, fvié bales, speu vafmerq Mine bafrnoed
’

.hf.”.jf.{.r'-! T

(-4

- L™
—
ids

1 o8 Py

Dissolved Sed
Tulrade

Tap
#é
=
=n
baror

Condvctunce

= lee
Lwbs ) -
Eur=
{Ca}
(ma)
fic)
(W32,
[({-I>
r)
P Y
(=S
P
-
F ol
Fre
mucrarmkosy

sralred calcrwm
fal

Gliesri
‘Folved Magresiom
CarbpnoTte
Mardnrnass as

-
-

Water=bygsring Tufeln)
| Bicartonarte

._....
Medr ol
(&)
Digsolved Silica

4

Trlwrval
- - =

e
|Dvsseived paezzivm

| nets ar Galoy

1

, l:uo-l'-ud sl
Specs

| Dissaiveg ©f
|

Diggalves
{ Dresalved

[
3
e
w
2
i ]
| -5
I %
g
a,

2gciedd=1 | ImF | bo-278! P
csadb-1 | finf | 13g-305 | P
Y oca- I'h.fl Mz a8

| F
5

]

o

3‘

r~

58
-
o

3
o &

1400l
§,78sL
igsal
I, 7o0

!:aﬁ w| 2o ;-w.l

| 37 j10l72L)

4#-15"1J1-|75L,
i"l"lll'; iP.alJ'HI #

]
-
- s
~ .8
%
N

E#

f3dda-51 s raf =
2§ Lac -1 Ko Ab @

-
L)
.1= .
w

Ccbta-1 | kaf | A1 29 53-8 128 - | ss0
2Leik ] | Omf | ga- 394 6=21-"4] 135 §;L| iia e, Teo
Ichdb=1 | wuk | ME | S U8 o] 1.5 75 2,208
2Lkl-t | Ewik | B¢ 12 {5=7T18] 130 UL, 380 2 1 | +S I . - W,lee
27ehb-2 | KmF i':uwaa { n=17-78| ma;'.lLil 4.5 : ' - ' 250 |

o
-

¥ 500

o S
~

27e i3 | ko f _‘?s iso W H=T-78) dﬁ!?ud 140 T | 2,808 I« : , ., ! £, 0oo
27ck- ¥ | b | 50- 21 | :‘41-1Tr el 7298} 170 | - | - : A 25,000
zcbbrs | palaf 118-5¢ e-2:m 11.5) 24 |2, , : : ; , 1 : 23,000
I8 beca-Mi | Kwi - 2291 130 27 3| A 620
2dtec-51 Qp - q-.‘s—'r'rl; zia 08 I . . . ! 1180l

0cba-M| nf ! a-1- 78 13,9 8.4 | . . - 5 - . P ZoYoL
| =291 120, ¥ ! d s ZoToL
ﬂu.--.r’ a ¥ | 9-25m1) £L.0] BS : | ! . ‘ : TEQ
dMdac-m| Umf | 3-1-78| 139 »5 | & . & " L3on
i 21 18 93 | : . . IL2%eL
|
|




2 &) Soamed-|
Sovde b= 1
Sldab-=1
J2aba: ™ |
Rakk-2

iqbta-i

!
|
(22-]) Blcd-1 ‘
=3 1- 150 o=
Ibocd=5]1|
slako-1
{6-23-6) Hhebe1 |
Gace-|

Mdba- 5|

iBede-1
Igddi~\
32bbb-2
32 kda-i
32 bde =1 :

(0-25) 1 sbeck9!

| Emf

samplic
»

(4ee> Duiss
BYr= ala,

Wader - bearirm Tofe (i)

Interyval

s83-g¥
ek | SV0-dof
Ko | Zan-vioL
Emf
| 2sp-20

Lnf[

Kmb | A4 160
Eof
:-nf; -
Ko =
Keme | =

'-',“ I i
:.-{| A 4y
kwf | fip 145

{213-3¢0 |

EmF |6&5-720 |

t-rf -

Emf |ia »=Gap
Kmb |
Kef (725-80
Kof © zo0-%0
Evd | 253-93

Ewf |

1O-48% |

!
|
|

F

: !&1:-13 1.0

alie b -~ ke

& cellectian
’

.-p A’

Dodtwe

im#i-ﬂr"?-ﬂ ae
| 92079 | Jo.0| B2
=278 | /2 .y
{3-2-n |l00] 89
|92=79 6.0 o7
1

' |

i2-12-7¢ |105| AR
frz=vi=20 | 0|
i=-15=7g15.0] 10
.9'"7": = | #a
(TN |.-J 5| e
L]
ay
| B2
faa
| THL

e Fep T .0
iMeZi=7g(123
11-2g-99,13.5
|||49—1 Ile
| @-1-1914.5
le-2a-g| 170
q-22- 135 | &7L
| 2129l 188 | 8oL
24| 7.2 ay

BIL
18

] |
M—as-ﬁilioi 7

wical anaiyses of waber Frow wells, doz? hales, Iprevys, |,
J

f calgsum

{Ca)
)

Divsalired
vrd Ao v
(vs)
)
cord
(8)
Digsesved Sidica

{

Jsalied Mogredwm
(5:¢

Bicarbonare
farbanore

E‘J”.ﬂl’l’.‘d’ EP‘SH.;E
Disssived boror

| Dissalved chlaricte

!b-umvm' PaEv s fam

|

[PV 1 ¥
i IE._u.o
oo

-

' 2

| 10

| 33
(. 49
e

e ™ g
i W

< B
L

~i !

.

bhEno

|y
| 4s

Ha
is
13

o
| 27
el
[ W]
1o
5y

I [Tl

| Monog-barate bard- |

e
:_',.f.-j Mize == Con i noedd

Specifie Conductance

f'y'l" gaf

(micromhos)
= Ora

- —

Se i
Qan o | M5 a5 Caldy

- P
[
cob oo goonn

-~
-
[+

E Lissolved salids |

RRE 2R | fource

[=F)




¥ , - thae
Tabla B -~ Chemical anafyses of woter fram wells, Tef '*l‘n"“, Springs and, ‘f‘""‘j Ming-=~ Condinded

1] Trace
2) Sedwm plus potassmm

3 Eslimated ram fatal '-iu-hr—-} alkalinily

4 Aralpas uppled b, Fecilie Welyral Gas E-,I.-..l-.ir. Cs




—— - e

P B Faple ) kI dapl]

o D DT

el e e

rT S Ll
FEr R L i

L

i
(o) P Cag TS | it e P 7 I.m.u

DRI T =

0!.‘__ T u.l.

F T T.

EE T I L LT Ll

- W al -N.....;...._uuN‘..lt

?.\Hi-rn._.t _fci.. o JT

TOTE Y

ST E T T C gt

B #ofinrr,

s ey TS O

b

widg s A

.U.lmr;.u"..l.)\m

Trajasi® - u_l..—-.al..-.ul

aF

L
_—_1...\.._._..' CPETC L T -]

“Torai—- fl..uﬂ.uﬂ.l.uul.
_T1 TS AN e =

”.n._.mtq_.ﬁu.ujd{. TN
T R oo Par s

N o o R L
| -

3§ o=

Fram
. i

Ea o pfe Natian

LT

-

o —— =

SOl FINL

CIHRISIFTY AN SESY

3
H
e
s
St
f.m.u.
3
§
E~n
¢
s 4
J.ﬂ
3
g
X
2
L3
¢
i
p
h
L
&
-]

T I b
d ke

-

{
SO g PEaa

— Sw@ gFIh T

L - T L

il

TeEIE TR =

-

J— ——

1T ] .......,l.r..__..u.lcx =

P

_——

FL

———

ef
dor. d o K rret O 'u-ﬁ) ,'_;.-,;,.., e

R e

. S9@ii;

T I L

Aln de v

e ALl E

O E R TEE TE " Uiy,

s Enma
Capw S WTTANS

-

-

i

o P P iy Membar

L




g

L...l..a“-4h 9 |=\t_.\ __n.\l_.._ \h)._”__n.“w
*Y [T £2v7
Gl el =l L

_Tll..ﬂ__.\.__|.c..cimu
] LT Ll .Mdm_

e
S RTD
_ Sepayor e g
T )
SSETATTT

m LU lc-r‘s\fur_r:t‘.ﬂqﬁ

\‘. \w - ]
LLT-1r g
- f.hs 25 .—..-—_\.Q

ETL FAT] ..1-.“1“__1._4“

.I’f"fll-!"! b.f"‘gm

of

LR T T ) b
LA LR

AT AT ra = -_,.__..\ﬂ.su\n\

T Uva e ..l-._-uw.

sz'i—'l“-"&"

S vrreasjeews 7]
S T
SSRT ISR
ui.ﬂu.. g vy
SVRETGITAT

L) -l\hn =

TeE PV

A rduv A #

Inpgrmonediva]

gy .ﬂ.w._.l__-

V-.J‘n.h\..!. . f&.‘\t.ﬁ
A i

the Emery Area , /778-79 —= Contraved

~
o
b
R
3
J
]
L
-
d
3
)
1
-4
l*'
.2
L
£
Q
i
:
d
S
4
4
N
a
u
J
L
L1
L
L]
]
b
L4
J
>
.8

P o e s of pr;.shc'-ths cp.’feci“'cl’ 1{:-:-- 2 £/

U_'.__‘_q u::..u
H“.ql.\.ﬂﬁm.

\F 2 T e R

(Vap= = T

Creek jin

ﬁﬁ‘f&
fo0ye fi
7-i¥- 18

T‘.ﬂ.“JJ’L ?' —= Beatthic

Li-of & n;l !'..'H.J'.q

O1331F700

Locatiean or
Ghatron nembor




2

t_-.l,hﬁ,..hﬂ l.!‘.\w .\.um..u.\..\-.q
Fy o 4207
e e L)

p—-

b Ftom

Tl.vﬂﬂs._tticwo.u
ISETRTS
RLLEF R AL i
L 2
;Iud\_:.,...{tqnl\sm\
——sssrerw
SVETIT T FAG
[Trasrew] sasgoene s
.Qlﬂd.-.l_..i...d..h.-\u.m-.. Lih
[(iFes t="W] Vg wavs
Ll b ek
_.ﬂﬂ..__ﬂﬂl\..ltnil.ﬂ-u\d\
Jﬂﬂ.ﬂﬂﬂ.hh.—ltlil-reunq

[ wrf Vrrtifeaaieew I If

stremm

of

of

-

-

-

3 £

.,P Frum Cjirw.r rranten Wach s Qut‘d&uﬂqjﬁ

ui...v-nﬂ__-hll{h___
SEFT IR
Ivprvwg 9]
ooyt Pl T AT
—
TR PV
ui.m_.tc.-uqﬁitit_d.k
[ Sep=dces; v

E A Tl e

af ,,-!.,n;:u: celle ched oo

g

e ¥¥ /ey —

e AT I LVNIIE
SO TR
e L
gy

== Benthic taverfebrafer cotfecte

Mo bara

6 |27 % 7Y o -

- Wed -

\F®rf PRl sV

_hﬂrh\.._l. - L TIE L b "\

.fr
g
0
O
|
[}
™~
T
1
do
~
~
.
4.
wr
'}
J
3
.t
LY
X
P
N\

Foaporalje] -

VTN | B

3
A

' o bl Fd
| .
id i'.)-(rc{qis..u m2|-

RIS T SO

L — T

(i




~ved

GJ!I-;.[ +‘d—ﬂ.l\‘u\ bla g b .‘.-QJ Quf.gﬁuﬂﬂiﬂ ¥

i
g
W
%
&
o4
N
0
u

+
£
2
(N
I
I
o~
S
]
o
=~
-
~
Ar
.Wv.
Wy
W
I\

raverfebr akfet

i

Creek

e B‘.ﬂr’l-’b

Joble ?.

r d_.*ﬂ_-nl.l +£2r7

a._i__irp.“. ..n\\ .-.-__‘t_..._ L‘.v.l.u\_::mw

ﬂnl.rllll..ul.!ﬂ.unlvﬂtna ARy VT

1 FL I ey
| .

‘.vld.-. =7 .* tt'ulq

N [ I__ﬁ...r\.

mlrlﬂ,l._‘l..q .\.ﬂllu_

e T ]

L T

_ﬂﬁ‘lw‘ ..-I.I'l‘\q ‘*.‘-.— ..HQ

;I‘r L Py -‘v. H..-h--

dl\....‘lutd.

(Lo sr 2 e =1 L)

|

lv -

i Tij VP BB WO D 7]

IJ“\.-.. (.“.... & .{W\

Ufsl.. UH\.Q

Sep L N

||l¢..ﬂﬂ.|.1¢d.u.\.w.

SepIpR g

TNF PV

AT-X 1_:.__.._0._.-\(.‘:._.\&

of ar}-\-ﬂr‘lhi colle cted 1‘:##

uﬂ..\..l&lls.-_.nl\.

V.f..l..\\-n.....-lluu

Uﬂn.u.:_.-:.-.n. .4.[\.1“

J:ﬂ.‘|.~._..__ Li=1)

Mo basd

U‘wﬂ_- .‘...-...\rllun..

.ﬂ“.lw.‘ -ﬁq_

\(F2uy PRI ISTSgUNF

ﬁ..'.-._-\... ltwl.l_.___del.um‘

3
A

Is’-ir- Y

) o ....Ul(d rey- 1

[ 54

(brda-6 )2dada




EXPLANATION

® PP uses To DAWATER SRey Maug
; - Hoar dedes poengs
o dastn & Ko Chomicat wratysns o wmper "

@ PETRMEOR-, ConL-, ok SEISMIS YEST Horm
o bty 5, resordh of st

H
!
!

iy < Lﬂ )
- iRl ||




i

i 11

i i

¥ 31

it
: i 1
= ::
3 1 il

recordh of wetts ot Ay anel sipeings
Choemical anepres o warer

wSee fnba g n
and daste & 4

B o N

”
- ! 8
(WS

Sy

—T

Bage frem 0.5 ieal
k!l-.-.o,::’-d
k258,000, M0 .

Nglways as of Ml

Frice
Baline

2.--Map Jo-in, Jocation of ssibed weils. Bprings, amd beat Koles inond soer
LCasthe Yalley, Ghah, whoes groed-muter information is availobhe, r156.

5




i -mwum

~~
(3 A

EXPLANATION

oF FERRoN SAND MBE
OF THE MANCOS SHALE PED S

S oo . FAULT=~ Dashed where appravimetely

lacated ; detted where concealed. Bar
and \-d an deanthreen gide.

E

F Ferran Sendviene Mewber. Dashed
= ok marbely loaated . Condeur
interval 250 fef. Natunal Geodedic Verdual
Datum oF M2%

® PETROLEUM~ OR Coau- TEST Hou
o' wATER vewL

Vaerbical Dadym of m2%




EXPLANAT LA

AREA or ou FERROW
N_T‘Enﬂ:l?or ER SANDSToNE memseR

e ... FAULT-- Dashed whare approximately

located ; dethed where concemibed. Bar
d-d--‘h'—nnas.

5 ‘
of tep of Ferton Semdslone Member. Dushed

where approx iocated . Condour
inferval 250 fuf. Netional Geodedic Verbica!
Datum of |29

um“&m-

Vertical Dadem of A29

1t wenes
—

Fgere 5.~ ~Map showing altituts oF vie fop oF tie Forne Sestrbos Redor oF saa Manies Shake i Cathe Vo, Uik

pe P COUR




oiz.’w SANDSTONE MEMBER OF

z
o
F
<
H
&
&

i) T &

N =W




EXPLANATION

-mu ouTcRy OF FERReN SANDSTONE MEMBER oF
THE RANCDS SEALE

h!:..w-ﬁh;wqt Cantour mberval

thi
L

P PETROLEUM~ oR Comi-TEST WoLE

Peperted 3,

=

WMEASURED SECTIon (Lupten, Wi, | ke W onemrr)
company, determmed from
area of autcrop:
]

Sarndsisne Member thet was
Hesting
gphsical loas. or measured in the

=

2% waias

—

ScALE 280 ceo

gc

s

o, 000, M70.
o

'

in Cagite Vatley, Siah.

show:ng Fhickmess of tie Ferren Sandsberre Member of fhe Rancas Shake

£ —~Map




	Hydrology of the Ferron Sandstone Aquifer and Effects of Proposed Surface-Coal Mining in Castle Valley, Utah
	Recommended Citation

	I19 76 81 535 001
	I19 76 81 535 002
	I19 76 81 535 003
	I19 76 81 535 004
	I19 76 81 535 005
	I19 76 81 535 006
	I19 76 81 535 007
	I19 76 81 535 008
	I19 76 81 535 009
	I19 76 81 535 010
	I19 76 81 535 011
	I19 76 81 535 012
	I19 76 81 535 013
	I19 76 81 535 014
	I19 76 81 535 015
	I19 76 81 535 016
	I19 76 81 535 017
	I19 76 81 535 018
	I19 76 81 535 019
	I19 76 81 535 020
	I19 76 81 535 021
	I19 76 81 535 022
	I19 76 81 535 023
	I19 76 81 535 024
	I19 76 81 535 025
	I19 76 81 535 026
	I19 76 81 535 027
	I19 76 81 535 028
	I19 76 81 535 029
	I19 76 81 535 030
	I19 76 81 535 031
	I19 76 81 535 032
	I19 76 81 535 033
	I19 76 81 535 034
	I19 76 81 535 035
	I19 76 81 535 036
	I19 76 81 535 037
	I19 76 81 535 038
	I19 76 81 535 039
	I19 76 81 535 040
	I19 76 81 535 041
	I19 76 81 535 042
	I19 76 81 535 043
	I19 76 81 535 044
	I19 76 81 535 045
	I19 76 81 535 046
	I19 76 81 535 047
	I19 76 81 535 048
	I19 76 81 535 049
	I19 76 81 535 050
	I19 76 81 535 051
	I19 76 81 535 052
	I19 76 81 535 053
	I19 76 81 535 054
	I19 76 81 535 055
	I19 76 81 535 056
	I19 76 81 535 057
	I19 76 81 535 058
	I19 76 81 535 059
	I19 76 81 535 060
	I19 76 81 535 061
	I19 76 81 535 062
	I19 76 81 535 063
	I19 76 81 535 064
	I19 76 81 535 065
	I19 76 81 535 066
	I19 76 81 535 067
	I19 76 81 535 068
	I19 76 81 535 069
	I19 76 81 535 070
	I19 76 81 535 071
	I19 76 81 535 072
	I19 76 81 535 073
	I19 76 81 535 074
	I19 76 81 535 075
	I19 76 81 535 076
	I19 76 81 535 077
	I19 76 81 535 078
	I19 76 81 535 079
	I19 76 81 535 080

