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EXECUTIVE SUMMARY

This report combines the findings of independent
hydrologic research conducted over the past five years in the
Fmery, Utah vicinity. Data are available from the files of
Consolidation Coal Company, United States Geological Survey,
Environmental Protection Agency, Soils Conservation Service,
the Bureau of Land Management, and State of Utah agencies.

During January and Freruary of 1979, the data available
were evaluated and a draft report summary was prepared. From
this draft and the pending Permanent Regulatory Program the
need for a coordinated, updated network of hydrologic moni-
toring in the vicinity of the Emery Underground Mine was
indicated. During June and July 1979 Consol and WATEC.

personnel developed a proposed hydrologic ménitoring program
| which Consol presented to the regulatory authorities,. In
late August WATEC began implementation of the program.

The hydrologic monitoring and testing program now
implemented on and near the Emery Underground Mine includes
the collection of surface water.flow and water quality on
Christiansen Wash and Quitchupaﬁ Creek, mine water outflow
and quality, and ground water levels and water quality.
Monitoring of the hydrologic regime is conducted at the
frequency and in the manner prescribed by the regulatory
authorities. |

Sufficient data are available and were collected in the

Emery Underground Mine area in order to establish the following:



(1) Mining of the 1J coal seam creates a mineward flow of
ground water principally from the upper Ferron Sandstone,
and at a much reduced rate from the underlying middle and
lower Ferron as evidenced by piezometric levels;

(2) Mine water inflow has resulted in small pressure head
declines in the upper Ferron Sandstone over the last
three years, and these declines will continue as mining

~continues;

(3) Quitchupah‘Creek and Christiansen Wash are in hydraulic
communication with the upper Ferron Sandstone in the near
vicinity of the mine;

(4) As water levels‘in the upper Ferron Sandstone decline, so
will aquifer outflow to the creeks; however, neither the
affected ground nor surface water is relied upon as water
supplies in the near vicinity of the mine;

(5) Mine water pumpage discharged after settling, as dictated
by EPA NPDES Permit No. UT-0022616, will offset detraction
from aquifer outflow thus preserving the hydrologic
integrity of the surface water system below the mine;

(6) Irrigated agricultufe is and has been practiced historically
on the terrace gravels perched high above the ﬁine. These
terrace gravels overlay thick Bluegate Shale bluffs which
occur between the mine and the town of Emery, Utah. Mining
is not projected to extend under the bluffs which prac-
tically limits the potential for impact to these gravels

and their agricultural base;



(7) Thin, narrow accumulations of alluvial debris occupy the

(8)

well-defined drainage channels of Quitchupah Creek and
Christiansen Wash. However, these alluvial sediments are .

confined within banks of saline Bluegate Shale and/or

- resistant Ferron Sandstone in the vicinity of the mine

and are not currently in agricultural use; and

In the vicinity of the mine both Quitchupah Creek and
Christiansen Wash flow directly over the saline Bluegate
Shale and/or receive highly saline irrigation return flows
from the terrace gravels which render the quality of water

in the streams unfit or marginal for most uses.



1.0 GENERAL BACKGROUND INFORMATION

Site specific studies of the hydrogeologié environment
in the area of the existing Emery Underground Mine (hereafter
referred to as the Emery Mine) have been few. An initial
environmental .assessment was conducted in 1974 by VIN. This
report (VIN, 1974) gives a very general overview of the surface
and ground water characteristics of the Emery area. During
the next three years, the area was studied in some detail by
Consolidation Coal Company (hereafter referred to as Consol)
personnel (Consol, 1976; Kaufman, 1977; Consol, 1978). In these
three reports, available data collected by the U.S. Geoldgical
Survey (USGS) and Consol yield a better understanding of the
hydrologic environment. Specifically, quality and quantity of
both surface and ground waters were obtained, thus enabling
for the first time estimations of stream and aquifer charac-
teristics. Concurrently, through the auspicés 6f Continental
0il Company's Research and Development Department, Angelus
Owili-Eger was studying the hydrology of the area incorporating

data which wére collected by both himself and Coﬁsol personnel
| (Owili-Eger, 1977, 1979). Recently, the USGS (Salt Lake City,
Utah) and the Bureau of Land Management (BLM) have been
studying the Emery area in some detail. Through a multidisci-
plinary integration of field and archival data, the BLM has
evaluated coal strip mining reclaimability in the Emery coal
field. The initial effort consisted of collecting baseline

data for the geology, overburden, hydrology, climate, and



vegetation of the area. This data was supplemented with al
drilling program which provided additional iﬁformation on
overburden, grdund water, and coal characteristics. The
results of their study were recently released in EMRIA Report
No. 16 (BLM, 1979). 1In similar fashion, the USGS has been
conducting a comprehensive hydrological study of the Emery
Mine area. This project bégan approximately two.years ago
and will be completed by 1981. The focus of their study is
to evaluate both the surface water hydrology of the two main
drainages (Quitchupah Creek and Christiansen Wash) which feed
through the Emery Mine area and the ground water hydrology of
the Ferron Sandstone aquifer including its associated under-
and overlying geologic strata. Having generated initial'input
data, the USGS is presently developing a three-dimensional
computer model of the Emery Mine area. Such surfaée and ground
water modelling will aid in the determination of mine water
inflow and cumulative impacts of mining.

Including the information obtained from these previous
studies, other additional sources of infofmation'Were found
to be extremely valuable. Primarily, these sources were
personal contacts made by WATEC, Inc. personnel with individuals
working within the following governmental agencies: BLM, Mbab,
Utah; Soil Conservation Service (SCS), Price, Utah; Utah.
Division of 0il, Gas, and Mining, Salt Lake City, Utah; Utah
Department of Health, Salt Lake City, Utah; and the Environ-

mental Protection Agency (EPA), Salt Lake City, Utah. These




agencies have been involved in somé manner in an environmental
assesément of the Emery area. Other individuals who have
worked or are presently working for Consol in the Emery Mine
area were also contacted.

The information obtained from the above-mentioned
sources has been thoroughly reviewed and evaluated. Most of
the available information has beeh incorporated into this
‘report and where important or appropriate, specific informa-
tion has been referenced. However, it need be mentidned that
the methods and quality control procedures by which much of
this information was initially generated were many. As a
result, where possible, the accuracy and/or completeness of

the data has been noted.

2.0 INTRODUCTION

As a requirement of Consol's permit for the approval
of mining and reclamation plan for the Emery Mine, Emery
County, Utah, the Office of Surface Mining (OSM) and the Utah
State 0il, Gas, and Mining Commission have stipulated that
Consol submit to the OSM and the State the results of compre-
hensive ground and surface water investigations to assess the
relationships of the Emery Mine to extant surface and ground
water systems. Consol has consulted in some length with the
USGS, Water Resources Division,.Salt Lake City, with respect
to these investigations and the design of the surface and

ground water monitoring system.



With approval from the stéffs of OSM and the State; the
surface and ground water monitoring progrém (refer to Sectioms
6.3 and 7.3 for details) was implemented during the fall of
this year (1979). The operation of the program is designed
to provide data important to a more thorough understanding of
the hydrology of the Emery Mine and to provide a base from
which to minitor any potential effects mining of the IJ coél
seam might have upon the present hydrologic system. The
results of the program to date (12/20/79) interfaced with all
pertinent existing and previously published data are discussed

in detail in the sections following.

3.0 PHYSIOGRAPHY, RELIEF, AND DRAINAGE

The Emery Mine is located at the southern end of Castle
Valley, a wide belt of relatively flat land bounded on the
west by the Wasatch Plateau and on the east by the San Rafael
Swell. Figures 1 and 2 show where the Emery Mine is situated
in relationship to these regional physiographic featureé and
drainages. The Wasatch Plateau is comprised of nearly flat-
lying resistant sedimentary rocks with maximum elevations
exceeding 10,000 feet. Along the eastern flank of the plateau,
faulting has created a rugged éscarpment known as the Joe's
Valley-Paradise fault zone. Within this same area originate
the headwaters of snowfed streams such as Muddy Creek,
Quitchupah Creek, and Christiansen Wash which drain the Emery

area. To the east of Castle Valley lies the San Rafael Swell,
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a majbr anticlinal uplift. Its structural configuration
appears as a large kidney-shaped dome marked by concentric
rings of cliffs and lowlands.

As shown in Figure 3, the main drainage in the area is
the 3rd order Muddy Creek, flowing southeastward along the
eastern escarpment of the Wasatch Plateau. 1Ivie Creek, a 2nd
order tributary, flows eastward into Muddy Creek on the south;
2nd order Quitchupah Creek flows southward into‘Ivié Creek on
the west; and lst order Christiansen Wash flows into Quitchupah
Creek at the site of the Emery Mine; All of these.streams are
perennial beihg sustained at least in part by_irrigation return
flows. However, each of these streams has been known to go
dry on occasion during the summer. All the lst order tribu-
taries (except Christiansen Wash) are intermittent, draining
the upland west and east into Quitchupah and Muddy Creek
drainages. On the upland, the tributaries are incised slightly
and drop 200 to 300 feet per mile and range from 800 to 1100
feet per mile across the escarpment. The lowland Quitchupah

and Muddy Creeks are deeply incised and grade only 30 feet per

mile.

4.0 CLIMATE

At higher elevations (over 11,000 feet) of the Wasatch
Plateau, annual précipitation averages more than 30 inches,
largely as winter snows which provide most of the streamflow

and ground water in the Emery area. This precipitation depletes
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' the moisture from the winter-time westerly flow. The geheral
downslope motion of this flow across Castle Valley makes
winters rather dry with about 3 inches of winter precipitation.

In contrast, during summer moist air occasionally pene-
trates northward from the Gulf of Mexico. As'this flow rises
northwestward from the Colorado River, convectivé showers and
rare thunderstorms are formed, bringing most of the regions
precipitation; But the stronger sunshine and warmer tempera-
tures, although only around 70°F, iﬁcrease evaporation and
transpiration so that most of the summer rain evaporates
quickly. .

Average annual precipitation around Emery is less than 
10 inches, with extensive areas receiving less than 8 inches
and some less than 6 inches (see Figure 4). The'town of Emer?
at 6,200 feet elevation receives 7.64 inches annually on the
average (see Figure 5). Average temperatures experienced at
 Emery during the 30-year period, 1941-1970, are also shown on
Figure 5. The annual maximum, mean, and minimum temperatures
for the area are 60.4, 45.8, and 31.3°F, respectively
(Richardson, 1975). | |

5.0 GEOLOGY
5.1 Regional Geologic Setting

The sedimentary strata which underlie the region within
which the Emery Mine is located belong to the Mancos Shale of

Upper Cretaceous age. These geologic units generally dip to
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the northwest and form an extension of the older rocks which
make up the plateaus and canyonlandé of central Utah. West
of Emery, the steep eastward facing cliffs of the éverlying
westerly dipping Upper Cretaceous and Lower Tertiary Sedi-
mentary rocks mark the eastern edge of the Wasatch Plateau.
East of the region, the underlying Cretaceous and Jurassic
sediments of the anticlinal San Rafael Swell dip westward
beneath the region and form the lowlands and lower benches to
the east. The region has been described by Lupton (1916),
Spieker (1925), and Doelling (1972).

5.2 Site Geology
Rocks of Quaternary and Cretaceous age are prevalent
in the Emery Mine area (see Figure 6). Quaternary deposits
" include Pleistocene pediments and Holocene alluvial fill and
terrace deposits which are generaily less than 50 feet thick.
Underlying this thin veneer of Quaternary deposits is
a thick sequehce-of Upper Cretaceous Mancos Shale marine
deposits. In order of deposition, the Mancos Shale is com-
prised of the Tununk Shale, the Ferron Sandstone, the Bluégate
Shale and the Emery Sandstone members.
The Tununk Shale, designated by the geologic symbol,
Kmt, is a 400~ to 600-foot thick, non-resistant, blpe—gray
to black shale and forms a lower confining layer for the
Ferron Sandstone ground water system. The Tununk Shale is not

exposed within the area defined by the geologic map, Figure 6.
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The Ferron Sandstone, designated by the geologic symbol,
Kmf, is a cliff-forming member of the Mancos Shale and is
approximately 400 feet thick in the Emery Mine area. Because
of different depositional histories, the Ferron Sandstone is
divided into two units. The lower unit, designated by the

symbol, Kmf (&), is a light gray, fine-grained calcareous,

cross-bedded marine sandstone with siltstone and carbonaceous

interbeds. The upper unit is yellow-gray and brown, and
locally weathers to a rust color. Unlike the sheet-like lower
unit, the upper unit occurs as lenses and pods of medium-
grained sandstones and siltstones separated by interbeds of
carbonaceous shale, mudstone, and/or coal. These sediments
probably originated in floodplain and swamp environments.
Within the upper unit of the Feron Sandstone, there are 13
coal beds, the two most important being the A and the IJ coal
seams. It is the IJ coal which is presently being mined at
the Emery Mine. For the purpose of this report, that portion
of the upper unit of the Ferron Sandstone stratigraphically
lying between the base of the A coal and the base of the 1J
coal is called the middle Ferron Sandstone and is designated
by the symbol, Kmf(m). Similarly, the strata lying between
the base of the IJ and the top of the Ferron Sandstone is
called the upper Ferron Sandstone and is designated by Kmf(u)
(see Figure 7).

The Bluegate Shale; designated by the geologic symbol,

Kmbg, is a bluish-gray, marine mudstone and siltstone with a
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Figure 7. Geologic cross-section (diagrammatic) through A-A'., (Source: After Kaufman, 1976)
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few‘thin sandstone beds. It is generally quite saline with
 gypsum (CaSO4'2H20) crystals clearly visible in hand samples.
.Locally, it has been either stripped completely by erosion
exposing the underlying Ferron Sandstone, or it has minimal

to moderate thickness. The Bluegate Shaleé is distinguished in
the field by its irregular "badland" topography and general
lack of vegetative cover (Stokes and Cohenour, 1956).

The Emery Sandstone, designated by the symbol, Kme, is
about 800 feet thick and forms prominent cliffs at the base |
of the eastern edge of the Wasatch Plateau. This sandstone,
yellow-gray in color and friable, appears to be lenticular and
contains thin coal beds in some locations (Consol, 1978).

The Mancos Shale is underlain by the Cretaceous Dakéta
Sandstone and Cedar Mountain Formations. Due to their physical
distance from the Emery Mine'workings, the_hydrogeologic
barrier formed by the Tununk Shale and subsequent lack of
hydraulic communication with the Ferron Sandstone, these
formations are considered too isolated to be affected by the
Emery Mine operations and will not be discussed here.

AGeologic structure in the vicinity of the Emery Mine
is generally typified by the above-described Cretaceous
formations whichvdip approximately 5 degrees‘to the west and
the northwest due to the regional influence of the San Rafael -
Swell. The major structural feature of the area is the Joe's
Valley-Paradise fault zone (see Figure 6) located mostly in

Emery County. This fault zone is about two miles wide and
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extends approximately 75 miles. Vertical displacements along
the fault zone are from 1500 to 3000vfeet. In the vicinity
of the Emery Mine, there is also a prominent vertical and
conjugate linear joint system which is easily seen in outcrops
of the Ferron Sandstone. East of Quitchupah Creek and near
Christiansen Wash occurs a major set of vertical and conjugate
joints which are arrayed along ENE-NNW trends. These joints
may reflect burn zones, faulting, fracturing, or secondary
jointing (Stokes and Cohenour, 1956; Foreman and Raney, 1975).
The general trends of Quitchupah Creek and Christianseﬁ Wash
seem to indicate that they are folldwing this joint pattern.
In any case, because this joint pattern is oriented roughly
parallel and perpendicular to the Joe's Valley-Paradise fault
zone, it is likely that the joint pattern is part of a

regional structural grain.

6.0 SURFACE WATER RESOURCES
6.1 Regional Surface Water Characteristics

The Emery Mine, located approximately 4 miles due south
of the town of Emery, is situated at the confluence of
Quitchupah Creek and its only major tributary, Christiansen
Wash. As indicated on Figﬁre 3, Quitchupah Creek is a
tributary to Ivie Creek which in turn is tributary to Mﬁddy
Creek. Muddy Creek empties into the Dirty Devil River above
Hanksville, Utah; the Dirty Devil River is a major tributary
to the Upper Colorado River. The major watershed areas are

summarized on the following page in Table 1.
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TABLE 1

WATERSHED AREAS AND ELEVATIONS
(Source: VIN, 197k)

Watershed Area (miz) Elevations (ft)
Maximum Minimum
Dirty Devil River Basin L1400 11,600 4432
Muddy Creek Watershed . 1450 ~ 11,133 k500

Quitchupah Creek Watershed 430 11,133 5760

Since 1949, the USGS and Consol have gathered a plethora
of water quality and streamflow data for the Emery area.

During the past 30 years, the USGS has maintained two stream
gaging stations on Muddy Creek, one about four miles north of
Emery (site S-1 on Plate 1) and the oﬁher about 13 miles south-
southeast of Emery (site S-41 not shown on Plate 1). The data
gathered from these stations including other instantaneous
measurements of flow from other streams.in the region are
summarized oﬁ the following page in Table 2.

From the data presented in Table 2 and Figure 8, a few
conclusions may be drawn on the regional surface water floW
characteristics. First, a rapid rise in the stream hydrograph
for Muddy Creek occurs during March, April, and May. Peak
flows occur during May while a comparatively slow fall in the
hydrograph is evident throughout the summer months. Second,

as indicated from a comparison of flow measurements at up- and



TABLE 2

INSTANTANEOUS STREAM DISCHARGE MEASUREMENTS
CONDUCTED BY THE USGS IN THE EMERY AREAT

Site - Period of No. of Mean 7 Maximum Minimum

Stream No. Record Measurements Discharge (cfs) (efs) (efs)
Muddy Creek §-1 1949 - 1978 - 38.0° 3340° 2.7
Muddy Creek S-2 7/75 - 8/76 6 0.40 1.0 0.0
Muddy Creek S-4 7/75 - 8/76 5 2.8 6.0 0.0
Muddy Creek S-6 8/73 - 9/78 87 65.86 4500.0 0.01
Muddy Creek s-41 1950 - 1961 - 15.42 - -
Miller Canyon 8-3 7/75 - 8/76 5 0.28 .0 0.0
Ivie Creek 5-30 7/75 - 8/76 6 0.94 2.5 0.0
Ivie Creek S-31 7/75 - 9/76 T 4,21 13.0 0.1
Quitchupah Creek S-18 7/75 - 9/76 7 0.85 2.0 0.01
Quitchupah Creek 5-29 9/75 - 9/76 5 5.02 12.0 0.50
Christiansen Wash 5-8 7/75 - 9/76 7 0.68 3.5 0.01
Christiansen Wash S-17 7/75 - 8/76 6 2.5 5.0 0.

lData. obtained through EPA STORIT Computer System, 1979.

®Data from VIN, 197h.

(A4
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Figure 8. Monthly average flows on Muddy Creek, 1949-1970.
(See Plate 1 for site S-1 location.)
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downstream gaging stations, Muddy Creek loses approximétely
60 percent of its flow between sites S-1 and S-41. This
dramatic diminution in flow is primarily due to irrigation
diversions and less importantly to surface water inflow to
bedrock and evapotranspiration. Third, Muddy Creek can
experience sizeable flood flows. As indicated from the flow
records for site S-6, a flood flow of 4500 cubic feet per
second (cfs) has been recorded. No measured flood flow data
exist on the other streams in the area.

A considerable amount of water quality data has been
gathered by vérious governmental agencies in the Emery Mine
area. Regionally, over 300 samples have been taken for
chemical analysis between 1971 and 1979. Tables 3 through 8
present statistical information on Muddy Creek wéter quality
for sampling locations S-1 thréugh S-6. The samples were
analyzed by the USGS and the statistical information was
obtained through the STORET data retrieval computer system
(EPA, 1979). The arithmetic means of the chemical parameters
indicate that Muddy Creek is generally good water excepting a
high mean pH of 9.2. At S-1, calcium (Ca) and magnesium (Mg)
are the dominant cations, bicarbonate (HCO3) is the dominant
anion and mean total dissolved solids (TDS) is 212.6 milligrams
per liter (mg/z).‘ The sodium adsorption ratio (SAR) of 0.23
and a mean lab speéific conductivity of 417 pmhos/cm at 25°C
classify this water as medium-salinity, low sodium water (see

Figure 9) suitable for irrigation of plants with moderate salt
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ABIE 3
RESULTS OF CHEMICAL ANALVSES OF SURFACZ WATER
SAMPLED IN THE EMERY MINE AREA, SITE S-1

8-1
USGS Gaging Stetion: {d‘dy Creek Zo. 1 {2-21-6) 21 ARA

Dates of Collection: 8/4/71 through 9/22/78

Source of Zata: UsGs
No. of : St ri
Samples Mean Deviaticn Max Min
GENERAL CHARACTERISTICS
Alkalinity, total (as Cac03) 7 193.3 i7.7 221.0 176.0
Fardiress (noncarbonate) 7 13.5% 3.4 21.0 k.0
Hardness, total 7 208.6 1.5 230.0 200.0
Iron, total (Fe) 18 0.28 G.32 1.0 0.02
Iron, diss. (Fe) L 0.02 c.cé 0.03 0.02
Menganese, total (Mn) 20 0.05 0.08 0.25 0.01L
0il and grease 3 1.6 .66 2.3 1.0
Oxyzen, diss. (DO) 34 10.5 2.3 16.0 6.0
PH, lab (units) 33 9.2 .23 9.7 8.8
Sv. cornductance, lab
(nzhes/cm at 25°C) a7 L15.65 53.6 620.0 286.0
Discharge {cfs) 89 33.C5 42.9 201..9 2.7
Terperature (°C) 88 7.1 £.5 23.0 0.0
Total dissolved solids (TDS) 7 212.6 25.1 250.90 175.0
Total suspended solids (TSS) 18 13.8 2C.9 68.0 .39
CATIONS .
Caleizm {(Cz) T 42,8 3.5 48.0 3%.0
‘/'a;*-s um (w) 7 2h.3 1.3 26.C 23.0
7 0.6k cs c.8 .60
7 6.5 1 10.0 5.0
T c.23 o 0.3 0.2
ANIONS ‘
Bicartonate (HCO.) T 228.8 iz.7 251.0 21k.0
Carbonata (C0,) 7 7 3.3 5.2 1.0 0.0
Chloride (C1) 6 2.8 2.7 3.5 1.8
Flucride (F) 7 s.2 s.1 0.3 0.03
Sulfzte (£0)) 7 15.k 2.9 21.0 12.0
MACRONUTRIENTS
Armoniza (:rz:L) L 0.03 .03 0.06 0.0
Nitrogen, total KID as N 1 €.50 Q.TL 1.6 0.12
Vitraze + Nitrite as N 9 0.45 C.1% 0.61 .27
Phosthorus, total as P L 0.05 0.10 0.2 0.0
TRACE AND CTHER ELEMENTS
Munimm (ug/%, Al) L 17.5 9.8 30.0 10.0
Arsenic {(ug/%,4s) L 1.25 0.5 2.0 1.0
Boron (ug/%,B) 7 16.3 i2.¢ 30.0 0.0
Carbon, éiss. organic 2 2.2 C.14 2.3 2.1
Chromiwn (ug/%,Cr) 2 2.5 3.5 5.0 0.0
Lead (ug/%,Pb) 5 L.k k.o 11.0 1.0
Lithiwn (ug/f,Li) 5 20.0 0.C1 20.90 20.0
Phenols {ug/l) 3 0.47 1.15 2.0 C.0
Seleniuz (pg/%,Se) oL 0.25 9.50 1.0 0.0
Silica, diss. (8i0,) 7 4.9 0.52 5.5 k.2
Strentium (ug/L,Sr) L 430.5 2z.2 L60.0 410.0

REMARKS

1) 431 results zre in milligrems per liter
2) Tctal Suspended Solids are given in Jack
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Sample Site:
Locazion:

Dates of Collection:
Source of Data:

S-2

UsGs

Muddy Creek at Highway 10 (D-21-6) 36 BEB
7/23/75 through 5/31/76

GENERAL CHARACTERISTICS

Alkalinity, total (as CaCO

Hardness (noncarbonate)

Hardness, total

Iron, diss. (Fe)

Manganese, total (Mn)

pH, lab (units)

Sp. conductance, lab
(umhos/em at 25°C)

Discharge (cfs)

Temperature (°C)

Total dissolved solids (TDS)

3)

CATIONS

Caleim (Ca)

Mzgnesium (Mz)

Potassium (X)

Sodiun (¥a)

Scdium adsorpticn ratio (SAR)

ANIONS

Bicarbonate (HCO.)
Carbonate (C0.) 3
Chloride (C1)
Fluoride (F)
Sulfate (soh)

MACRONUTRIENTS

Nitrate + Nitrite as N
Phosphorus, total as P

TRACE AND OTHER ELEMENTS

Aluminum (ug/9,A1)
Arsenic (ug/2,As)
Boron (uz/%,B)
Lead (ug/%,Pb)
Lithium (pg/%,Li)
Selenium (ug/%,Se)
Silica, diss. (Si0,)
trontium (Ug/Q,Srf

REMARXS

No. of Standard
Samples Mean Deviation
5 246.0 27.1
5 €9L.0 196.8
5 964 .0 230.1
2 0.09 0.02
2 0.03 0.03
5 7.9 0.2
5 2132.0 L65.3
6 0.4 O.h
5 17.7 10.7
5 1638.0 380.7
5 20L4.0 48,3
5 105.8 21.2
5 L.5 1.2
5 172.0 hh k
5 2.4 0.k
5 300.0 32.9
5 0.9 0.0
5 22,0 k.6
5 0.3 0.0k
5 972.0 266.8
5 0.03 0.03
5 0.02 0.02

1 20.0
1 0.0
5 192.9 59.3
1 10.0
1 110.0
2 0.0 0.0
5 8.5 1.2
2 2k50.0 195.0

[o-NoNe]
D)
N O -
A%

1) All results are in milligrams per liter (mg/L) unless otherwise noted.



RESULTS OF CHEMICAL ANALYSZS OF SURFACT WATER
SAMPLED IN THE EMERY MINE AREA, SITZ §-3
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Sample Site:
Location:

8-3
Miller Canyon at Mouth (D-22-6) 26 2nD

Date of Collection: 7/23/75 through 8/11/75

Source of Data:

UsGs

No. of Standari
Samples Mean Deviation Max Min
GENERAL CHARACTERISTICS
Alkalinity, total {as CaCO3) b 171.0 2z2.1 199.0 1k7.0
Hardness (noncarbonate) b 1450.0 391.6 1900.0 600.0
Hardness, total L 1650.0 591.6 2100.0  800.0
Iron, diss. (Fe) 2 0.03 0.0k 0.06 0.0
Manganese, total (Mn) 2 0.4s5 O.bk 0.76 0.1k
pH, lab (units) b 8.02 0.10 8.1 7.9
Sp. conductance, %ab
(ymhos/cm at 25°C) b 2795.0 833.€ 3470.0  1610.0
Discharge (cf§) 5 0.28 o.h2 1.0 0.0
Temperature ( C) b 15.8 10.3 21.5 0.0
Total dissolved solids (TDS) 4 2507.5 813.% 2990.0  1250.0
CATIONS
Magnesium (Mg) b 385.0 k2.0 k90.0  180.0
Potassium (K) b 161.0 Sh.7 200.0 8k.0
. Sodium (Na) Y 129.7 37.9 170.0 79.0
Sodium adsorption ratio (S4AR) Iy 1.4 2.22 1.7 1.2
ANIONS
Bicarbonate {HCO.) L 208.8 27.2 243.0 179.0
Carbonate (CO b 0.0 c.0 0.0 0.0
Chloride (Cl) L 23.0 3.5 29.0 16.0
Fluoride (7) L 0.L0 0.0 0.40 0.0
Sulfate (soh) L 159C.0 38Lk.8 2000.0 760.0
MACRONUTRIENTS
Nitrate + Nitrite as N L 0.5 3.58 1.5 0.02
Phosphorus, total as P 3 3.0 .0 0.0 0.0
TRACE AND QTHER ELEMENTS
Aluninum (ug/2,A1) 1 160.0
Arsenic (ug/%,As) 1 0.0
Boron (ug/%,B) b £65.0 217.5 8ko.0 360.0
Lead (ug/2,Pb) 1 1.0
Lithium (pg/%,Li) T 160.0
Selenium (ug/%,Se) 3 2.0 1.0 3.0 1.0
Silica, diss. (Si0,) L 5.9 1.7 6.9 3.3
Strontium (ug/l,Sr% 2 2850.0 212.1 3000.0 2700.0
REMARKS .
1) All results are in milligrams per liter (mg/L) unless otherwise noted.
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‘RESULTS OF CHEMICAL ANALY

S OF SURFACE WATER
SAMPLED IN THE IMERY MINE

SE
INE AREA, SITE S-L

Sample Site: g-h
Location: Muddy Creek Below ¥iller Canyon {D-22-8) 25 CCC
Dates of Collection: 7/23/75 through 8/11/76
Source of Data: UsGs
No; of Standerd
Samples Mean Deviation Max Min
GEWERAL CHARACTERISTICS
Alkalinity, tctal (as CaCO3) b 268.7 45.9 346.0 239.0
Hardness (noncarbonate) P 857.5 570.3 1400.0 350.0
Hardness, total b 1135.0 543,.1 1700.0 670.0
Iron, diss. {Fe) 2 0.0k 0.06 80.0 0.0
Manganese, total (Mn) 2 0.09 0.08 0.15  0.03
PH, leb (units) L 8.22 0.22 8.50 8.00
Sp. conductance, %ab .

(umhos/em at 25°C) b 3355.0 1378.4% 5190.0  2250.0
Discharge (cfs) 5 2.8 2.6 6.0 0.0
Temperature ( C) L 16.3 10.9 25.0 1.0
Total dissolved solids (TDS) L 2635.0 1280.6 4390.0 1670.0

CATIONS
Calcium {Ca) L 217.5 118.4 320.0  110.0
Magnesium (Mg) L 1k3.5 62.9 220.0 89.0
Potassium (X) I 8.3 0.5 8.8 7.8
Sodium (¥a) L k27,5 210.0 740.0 300.0
Scdium adsorption ratio (SAR) L 5.5 1.6 7.8 k.0
ANIONS
Bicarbonate (:~:cc>3) b 360.0 57.6 ko2.0 291.0
Carbonate (CO.) k 1.7 3.5 7.0 0.0
Chloride (C1)° L h2.7 16.5 67.0 30.0
Fluoride (F) L 0.4 G.0 0.4 0.4
Sulfate soh) b 1652.5 885.3 2800.0 940.0
MACRONUTRIENTS
Nitrate + Nitrite as N L G.9k 1.65 3.k0 0.01
Phosphorus, total as P L 2.02 5.03 0.06 0.00
TRACE AND OTHFR ELEMENTS
Muninum (pg/2,41) 1 176.0
Arsenic (pg/2,as) 1 1.0
Boron {ug/%,B) L 377.5 170.0 570.0 220.0
Lead (ug/%,Pb) 1 2.0
Lithium (ug/%,Li) 1 350.0
Selenium (ug/%,Se) 3 5.0 5.2 11.0 2.0
Silica, diss. (Si0,;) Y 7.1 1.9 9.2 L7
Strontium (ug/l,Sr? 2 3050.0 353.6 3300.0 2800.0

REMARKS

1) A11 results are in milligrams per iiter (mg/2) unless otherwise noted.
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REMARKS

TABLE T
RESULTS OF CHEMICAL ANALYSES OF SURTACE WATER
SAMPLED IN THE EMERY MINE AREA, SITZ S-5
Sample Site: S-5
Location: Muddy Creek Above iIvie Creek (D-23-6) 13 (BAC)
Dates of Collection: T7/31/75 through 7/9/76
Source of Data: UsGs
Ko. of Standard
Samples Mezan Deriation Max Min
GENERAL CEARACTERISTICS
' Alxelinity, total (as Cac03) 21 272.6 L7.5 353.0 164.0
Hardness (noncarbonate) 21 908.1 %83.L 1600.0 280.0
Hardness, total , 21 1190.0 508.3 2000.0 L8o.0
Iron, diss. (Fe) 1 0.02
ilanganese, total (Mn) 1 0.06
Qil and grease 1 3k.0 .
Oxygén, diss. (DO) 3 8.6 2.1 10.8 6.6
pH, lab (units) 23 8.0 0.2 8.5 7.7
Sp. conductance, %ab .
(umhos/cm at 25°C) 23 3584.3 1563.k 6196.0  1330.0
Discharge (cf§) 3 T.b 6.8 1k.0 0.34
Temperature ( C) 23 8.2 8.6 26.0 0.5
Total dissolved solids (TDS) 20 3065.2 152k.1 5590.0 974.0
CATIONS
Calcium (Ca) 21 205.1 87.2 350.0 73.0
Magnesium (Mg) 21 16h.bL 72.0 270.0 59.0
Potassiun (K) . 21 7.7 3.5 12.0 2.3
Sodium (Wa) 21 5kh.8 286.0 1100.0 140.0
Sodiuwm adscrption ratio (3S4R) 21 6.6 2.6 11.0 2.4
ANIONS
Bicarbonate (HCO3) 1 230.7 58.3 430.0 200.0
Carbonate»(co3) 21 0.8 3.7 17.0 0.0
Chioride (C1) 20 57.8 3L.8 1%0.0 12.0
Fluoride (F) 1 0.6
Sulfate (soh) 21 1975.2 1015.0 3600.0°  550.0
MACRONUTRIENTS
Ammonia (NE, ) 3 0.09 0.01 0.1 0.08
Nitrogen, total XD as N 3 1.08 c.72 1.8 - 0.35
Nitrate + Nitrite as N 3 3.3 1.2 L.8 2.3
Phosphorus, total as P 3 0.6 0.88 1.6 0.0
TRACE AND OTHER ELEMENTS
Aluminun (ug/2,A1) 1 250.0
Arsenic (ug/%,As) 1 1.0
Boron (ug/%,B) 1 530.0
Carbon, diss. organic 2 5.5 2.5 7.3 3.7
Caromium (ug/%,Cr) 1 0.0
Lead (ug/%,Pb) 1 2.0
Lithiuwz (ug/L,Li) 1 310.0
Pherols (ug/%) 3 k.o 2.0 6.0 2.0
Selenium (ug/%,Se) 1 11.0
Silica, diss. (8i0,) 1 9.5
Strontium (ug/i,Srf 1 3900.0

1) All results are in milligrams per liter (mg/z) unless otherwise noted.
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Sample Site: S5-6

Location: Muddy Creek Below I
Dates of Collection: 8/5/73 through 9/ik

Source of Data: UsGs

76 (3D~-23-6) 1

a3

GENERAL CHARACTERISTICS

Alkalinity, total (as CaCC

Hardness (noncarbonate)

Hardness, total

Iron, diss. (Fe)

Mangenese, total (Mn)

01l and grease

Oxygen, diss. {DO)

pH, 1la2b (units)

Sp. conductance, lab
(umhos/em at 25°C)

Discharge {cfs)

Temperature (°C)

Tetal dissolved solids (TDS)

3)

CATIONS

Calecium (Ca)

Magresium (Mg)

Potassium (X)

Sodiwn (Na)

Sodium adsorption ratio (SAR)

ANIONS

Bicarbonate {HCO.)
Cerbenate (CO.) °
Chloride (01)3
Fluoride (F)
Sulfate (SOh)

MACRONUTRIENTS

Ammonia (¥H, )

Nitrogen, totzl XJD as N
Nitrate + Nitrite as N
Phosthorus, totel as P

TRACE AND OTHER ELEMENTS

Aluminum (ug/2,A1)
Arsenic (ug/%,As)
Boron (ug/%,B)
Carborn, diss. organic
Chromium (ug/%,Cr)
Lead (ug/%,7b)
Lithium (ug/%,Li)
Phenols {ug/2)
Selenium (ug/2,Se)
Silica, diss. (BiO5)
- Strontium (ug/2,5r)

REMARKS

No. of
Samples Mean

122 252.2 L7.4
122 731.0 408.8
122 287.8 433.0
2 68.7 9.1

7 37.1 23.6

2 1.5 2.1

b 8.0 2.2
123 8.0 c.2
195 2996.5 112k4.3
87 85.9 481.5
190 9.L 8.9
120 2305.6 924.5
122 157.% 53.5
122 13,0 75.2
122 7.5 2.0
122 385.3 162.2
122 5.3 i.6
122 306.7 57.9
122 0.4 2.3
120 77.9 56.1
1k 0.5 0.C9
122 1L07.9 63L.9
4 0.02 c.02
L 0.70 C.1k
16 3.1 1.77
I 0.52 0.93

6 8¢.0 86.7

6 1.2 0.75
15 377.0 158.0
3 9.0 5.5

3 23.3 32.1

7 13.0 20.8

7 282.8 95.5
ok 1.5 1.7
3 10.1 3.4
1k 9.4 1.7
-8 86e2.5 870.0

Max

418.0
3200.60
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1) A1l results are in milligrams per 2iter (mg/%) unless otherwise noted.
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CONDUCTIVITY

C1
c2

C3

Low-salinity water: Can be used for irrigation with most crops on
most soils with 1little likelihood that soil salinity will develop.
Medium-salinity water: Can be used if a moderate smount of leaching
ocecurs.

High-salinity water: Cannot be used on soils with restricted drainage.
With adequate drainage, special management for salinity control may
be required and plants with good salt tolerance should be selected.

Ch Very high salinity water: Is not suitable for 1rr1gatlon under

ordinary conditions.
SODIUM

S1 Low-sodium water: Can be used for irrigation on almost all soils
with little danger of the development of harmful levels of exchange-
able sodium.

52 Medium-sodium water: Will present an appreciable sodium hazard in
fine-textured soils having a high cation-exchange capa01ty,

: . especially under low-leaching conditiomns.

S3 High-sodium water: May produce harmful levels of exchangeable sodlum
in most soils and will require special soil management-~good drainage,
high leaching, and organic matter additions.

Sk Very high sodium water: Is generally unsatisfactery for irrigation

purposes except at low and perhaps medium salinity.

Figure 9. SAR--conductivity classification of irrigation water.

(Source: USDA, Diagnosis and Improvement of Saline
and Alkali Soils)
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tolerance. Downstream of site S-6 before its confluence with
| Ivie Creek, Muddy Creek's water is noticeably more saline with
a mean TDS of 2685. The mean pH has lowered to 8.2 while Na
has become the dominant cation and sulfate (804) the dominant
anion. The mean lab conductivity of 3355 umhos/cm at 25°C

and a SAR of 5.5 classify the water as very high salinity,
medium-sodium water which is not suitable for irrigation under
ordinary conditions. At site S-6, Ivie Creek dilutes Muddy
‘Creek's waters slightly such that the mean pH is 8.0 and the
TDS is 2306 mg/z; however, the deinant cation and anion, Na
and SOA, remain the same.

Comparing Tables 9 and 3 indicates that the cénal water

at S-7 is essentially identical to Muddy Creek water at S-1
except for a lower mean pH of 8.2. As is indicated on Plate 1,
the canal system servicing the entire Emery area originates at
S-1. Thus, the chemical quality of waters sampled at S-1 and
S-7 are probably very representativé of all irrigation waters

in the Emery area..

6.2 Site Specific Surface Water Characteristics
6.2.1 Introduction

As previously mentioned, the Emery Mine site is
situated at the confluence of Quitchupah Creek and Christiansen
Wash. Quitchupah Creek, ité headwaters located on the eastern
flank of the Wasaﬁch Plateau, is a perennial stream fed by

snowmelt, irrigation runoff and ground water discharge.



RESULTS OF CHEMICAL ANALYSES OF SURFACE WAT
SAMPLED IN THE EMERY MINE AREA, SITEZ 8-7

TABLE 9

ER
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Sample Site:
Location:

Dates of Collection:
Source of Data:

s-7
Canal Near Zmery at U-10 (D-22-6) § 3C3
8/26/75 through 8/12/76

GENERAL CHARACTERISTICS

Alkalinity, total (as CaCO
Hardness (noncarbonate)

Hardness, total
Iron, diss. (Fe)

Manganese, total (Mn)

pH, lab (units)

Sp. conductance, lab

(ymhos/em at 25°C)

Discharge (cfg)
Temperature ( C)

Total dissolved solids (TDS)

CATICNS

Calecium (Ca)
Magnesium (Mg)
Potassium (K)
Sedium (¥2)

Sodium adsorption ratioc (SAR)

ANIONS

icarbonate {HCO
Carbonate (CO.)
Chloride (C1)3
Fluoride (F)
Sulfate (SO,)

3)

MACRONUTRIENTS

Nitrate + Nitrite as ¥
Phosphorus, total as P

TRACE AND OTHER ELEMENTS

Arsenic (pg/2,As)
Boron (ug/%,B)
Lead (ug/&,7b)
Lithium (pg/2,Li)
Selenium (ug/%,Se)

Silica, diss. (SiO
Strontivm (pg/%,Sr

REMARKS

?)

USGS
No. of Stand .
Seamples Mean Devizsion Max

3) Y 192.75 16.56 217.0
L 8.2 7.9 15.0
L 197.5 2.6 210.0
1 0.02°
2 0.05 C.07 0.01
L 8.2 0.13 8.3
5 4¢5.0 Lk, 3 L75.0
5 k.5 11.0 32.0
S 13.5 2.1 - 22.0
k 220.25 29.3 264.0
I 39.5 5.25 Lk, 0
L 19.6 11.% 27.0
i 0.8 £.29 1.2
h 9.8 £.9 20.0
L 0.3 C.2 0.6
h 235.25 20,4 265.0
N 0.0 ¢.0 0.0°
1 3.2 1.3 5.9
k 0.3 3.2 0.3
I 19.0 3.8 32.0
4 C.hky C.08 0.56
b C.02 ¢.CS 0.09
1 0.0
b 25.0 5.8 30.0
1 0.0
1 20.0
1 0.0 :
I 5.13 0.88 6.3
1 420.0

20.0

L.y

1) All results sre in milligrams per liter (mg/f) unless otherwise noted.
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Christiansen Wash, tributary to Quitchupah Creek, is also a
perennial stream, receiving its water in part from ground
water discharge from terrace gravel aquifers and outcrops of
the Ferron Sandstone. Much of the flow in Christiansen Wash,
however, is attributable to irrigation return flows south of
the town of Emery. As indicated on Plate 1, there is an
extensive system of canals in the Emery vicinity which
delivers water to local farmlands located on Quaternary
alluvium and terrace gravels. Because much of this water goes
unused, it returns to the hydrologic system of the area through<‘

surface water runoff and ground water seepage.

6.2.2 Streamflow
Systematic stream gaging in the vicinity of the Emery

Mine has been conducted by the USGS and Angelus Owili-Eger
(1977, 1979). 1In the spring of 1978, the USGS, Water Resources
Divisibn, Salt Lake City, installed bubble gage type continuous
water monitoring stations and staff gages on Quitchupah Creek
(site S-24, Plate 1), and'Christiansen Wash (site S-14).
Instantaneous discharges for these two stations are presented
in Table 10 and graphically presented in Figure 10. Unfor-
tunately, no discharge data are available for the month of
May (1978) which, as indicated in Figure 10, is normally thé
period of peak streamflow in the region.

The USGS is also conducting seepage studies along

Quitchupah Creek and Christiansen Wash. Currently, USGS
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TABLE 10

INSTANTANEOUS DISCHARGES MEASURED
AT USGS GAGING STATIONS

tation F09331900 Station 09331950

Date Quitchupah Creek Christiansen Wash
(s-24, Plate 1) (S-14, Plate 1)

h/1L/78 7.96 cfs 0.49 cfs
6/15/78 9.10 ‘ 3.68
6/29/78 5.9k L. Lo
7/27/78 2.10 1.43
8/13/78 1.68 1.69
8/24/78 0.59 0.81
9/9/718 2.09 0.3k
9/26/78 1.78 -
9/27/78 - L 0.66
10/19/78 1.k45 0.65
11/8/78 2.88 -
11/15/78 - : 0.9k
11/19/78 2.39 1.26
12/13/18 5.12 2,14
1/10/79 8.40 0.60

2/8/79 6.55 ~ 0.68

-~

4
RECFIVFT]
JAN 11 1580
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- Division vi Uil, Gas
- . & Mining




s
2
z "z
K H
& I.W
m =
g z
22
2
)
= 5 k=1
z fx
: g
2 2%
g z
o
=
o
=
&8 R
g g
40 FE
& 22
g =S
5ll-. - - s /|I| S
prooeis I - g
N = N 0a
& & 5 = Bl
[ S ey 2 BT 3 < = t mesrpysere OF
& =N
g A g
H] g
<
= =3
-
«
g 3
2 2
3 °3
-
-
£

SEPTEMBER

10 1%
SEPTEMBER

k]

AULUST

u
u
H 2%
S EE - 'Y = =
o HEs = -
E = = S :
e Nt X
+ =
= E
b » Mw
e 3
B e
= :

a ¢

o
=i =
: 1 = s
R e et e Eistt e
O el - hal -
o o~ .O“ o m < o = N
<
5310 s3I0
USEY USSUBIASTIYD 10 “gaas csdnuoaInd uo
Ce6TEEELE woraRas FurTe) gosy GGBTEESCH# wot2833 Surdey 5o

1978 1979 1919

1978

1978

1978

ephs, Christiansen Wash and Quitchupah Creek,

(Source: USGS, 1979)

1918
hydrogr

ion

1978

1978

USGS gaging stat

Figure 10,
1978-1979.

1978

1918



37

personnel are measuring discharges and collecting water
samples at least twice a year at the sites indicated on
Figure 11. The results of the seepage study conducted in 1978
are presented in Table 11.

Although the data are limited, Table 11 indicates that
Quitchupah Creek streamflow iﬁcreasesvconsiderably between
measuring site 49 and gaging station 09331900. 1In part, this
is due to the average Emery Mine discharge of 0.67 cfs at the
~time of the study and possibiy due to ground water discharge
from the Ferron Sandstone which outcrops below site 51S.
However, most of the increase in flow is probably dﬁe to
irrigation caused seepage and runoff. On Christiansen Wash,
stream discharge generally increases between measuring site 52
and gaging station 09331950 probably in part due to ground
water discharge from the Ferron Sandstone, but more importantly
from irrigation caused seepage from terrace gravels.:

Between October 1977 and July 1978, Angelus Owili-Eger
of CONOCO conducted a seasonal streamflow and water quality
study along Christiansen Wash and Quitchupah Creek in order
to determine seepage and water‘quality trends in the vicinity
of the Emery Mine. Stream gaging sites used in his study are
presented in Figure 12. Stream gaging data are presented in
Tables 12 and 13 and graphical representation of seasonal
streamflow and water quality trends are illustrated in
Figures 13 and 14. On Quitchupah Creek, the following trends

may be generalized from the data presented. Gaging station
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TABLE 11

USGS DISCHARGE MEASUREMENTS
ALONG QUITCHUPAH CREEK AND CHRISTIANSEN WASH, 1978

Instantaneous Discharge (cfs) by Station No.

Date (refer to Figure 11)
L8 L8 b9 50 518 09331900 52 09331950

8/13/78 - 0.91 0.00 0.00 0.26 1.68 1.72 1.69
9/9/78 0.67 0.69 0.02 0.00 1.4%0 2.09 0.11 0.3k
11/18/78 o0.34 - 0.18 1.k2
11/19/78 0.0k 0.12 2.39 0.43 1.26
Site Description and Comments
478 and 48 -~ Upstream forks of Quitchupah Creek (LTS not shown on Figure 11)
L9 -- Quitchupah Creek at Route 10 crossing
50 —— Unnamed Quitchupah Creek tributary
51s —— Unnamed Quitchupah Creek tributary into which effluent

from the Emery Mine settling pond discharges
09331900 and
09331950 -— USGS gaging statlons on Quitchupah Creek and Christiansen
Wash, respectively ‘
52 —— Upstream site on Christiansen Wash
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TABLE 12

QUITCHUPAH CREEK SEASONAL FLOWS, 1977-78
(Source: Owili-Eger, 1979)

Gaging ‘
Station No. Instantaneous Discharge (cfs) by Dates (mo./day/yr.)
(Figure 12)
10/26/77 - 2/9/78 4/13/78 7/27/78
T 0 1.071 3.833 0
8 0.501 Coheth 17.866 0.800
9 0.898 4,018 21.997 0.650
10 0.690 3.902 13.385 0.699
11 0.951 2.650 15.780 2.14%0
12 1.123 3.869 ©1h.8hh 2.450
TABLE 13
CHRISTTANSEN WASH SEASONAL FLOWS, 1977-78
(Source: Owili-Eger, 1979)
Gaging
Station No. Instantaneous Discharge (cfs) by Dates (mo./day/yr.)
(Figure 12) -
10/25/17 2/8/18 b/12/78 T7/26/78
1 0.129 0.234 0.523 0.4k
2 0.223 0.399 0.559 1.682
3 0.267 0.323 0.597 0.980
L 1.100 0.913 1.267 2.020
5 0.646 1.105 0.891 1.722
6 1.025 0.657 1.365 4,321
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number 7 was dry during the fall and summer stream gaging
runs. Streamflow at station number 8 is probably influenced
primarily by irrigation caused runoff and seepage. Owili-Eger
ascribes the high flow in spring at this site tb a damaged
irrigation canal located at the head of the tributary feeding
into Quitchupah Creek from the north between stations 7 and 8.
Between gaging sites 8 and 9, streamflow increases in the fall
and spring and decreases in the Wintef and summer. Between
gaging stations 9 and 10, streamflow decréases in all seasons
except summer even though there is an inflowing tributary
within this ségment. The loss is due to stream infiltratidn
while the summer gain is due to irrigation caused runoff and
seepage. The stream segment between gaging stations 10 and 11
includes contributions from the unnamed tributary intb which
the Emery Mine effluent discharges. Gaging at stations 10

and 11 indicates a fall increase of 0.261 cfs, a winter decrease
of 1.252 cfs, a spring increase of 2.395 cfs, and a summer
increase of 1.441 cfs. These trends may be due to differences
in ground water inflow or due to variances in the Emery Mine
discharge since the mine's pumps only operate when necessary.
Between gaging stations 11 and 12, streamflow increases in all
seasons except spring. Because this segment flows through
outcrops of the Ferron Sandstoné, the increase is probably'
due to ground water.discharge from the Ferron. For Christiansen
Wash, streamflow between gaging stations 1 and 2 increases in

all seasons, with the greatest increase in summer due to
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. irrigation runoff. Between gaging stations 2 and 3, there is
a small gain in discharge in the fall and spring, a small loss
in the winter and a 1afge loss in the summer. The winter loss
may be due to snow storége, while the summer loss may be due
to evapotranspiration and streambed infiltration. Between
gaging stations 3 and 4, there is a large increase in discharge
in all seasons due to a tributary fed by irrigation caused
seepage and discharge from the Ferron Sandstone. Between
gaging stations 4 and 5, there is a decline in streamflow in
all seasons except winter. This general loss is probably due
to gvapotranspiration'and ground water inflow into Christiansen
Wash's alluvium. Between géging stations 5 and 6,,streamflow
increases considerably in all seasons except winter. The
increased streamflow is due to ground water discharge while

the winter loss may be due to snow and stream bank storage.

In summary, streamflow in the vicinity of the Emery
Mine may be characterized as follows: (1) Chriétiansen Wash
is a peremnial stream due to irrigation caused runoff and
ground water seepage and seepage from a leaking irrigation
canal; (2) segments of Christiansen Wash gain and lose fldw
in response to ground water discharge, irrigation runoff,
infiltration, snow storage, and evapotranspiration; (3) average
discharge at its mouth is approximately 0.25 cfs with measured
maximum and minimum discharges of 5.0 and 0.5 cfs, respectively;

' . (4) segments of Quitchupah Creek likewise gain and lose flow
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in response to ground water discharge, irrigation runoff and
a leaking irrigation canal, infiltration, and Emery Mine
discharge; and (5) at its confluence with Christiansen Wash,
Quitchupah Creek has a mean discharge of 5.571 cfs with
measured maximum and minimum dischargés of 14.844 and 1.123 cfs.
Both Quitchupah Creek and Christiansen Wash are‘subject
to flooding due to occasional thunderstorms and rapid énowmelt
runoff during the spring. To date, no flood discharge data
exist for either Quitchupah Creek or Christiansen Wash. Con-
sequently, flood calculations have been investigated for the
following three sites: (1) Quitchupah Creek at USGS gaging
station 09331900; (2) Christiansen Wash at USGS gaging station
09331950; and (3) Quitchupah Creek below its éonflueﬁce with
Christiansén Wash at the recently implemented monitoring site
(see Section 6.3, Monitoring Program). The peak flows for |
the three storm events at each of the three monitoring sites

are presented in Table 14.

6.2.3 Surface Water Quality

A considerable amount of site specific water quality
data has been gatheredlin the vicinity of the Emery Mine by
the USGS, Water Resources Division, Salt Lake City, John

Kaufman, formerly of Consol, and Angelus Owili-Eger of CONOCO.

USGS Studies

A year-long water quality study was conducted by the

USGS on Quitchupah Creek between July 1975 and September 1976.
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TABLE 1k

RESULTS OF FLOOD CALCULATIONS FOR QUITCHUPAH CREEK BASIN
(Source: D'Appolonia, 1978)

General Parameters for Calculation of the 10- and 25-Year 2L-Hour Storm

Drainage Area ' 96.7 mi.2
Length of Longest Water Course 7000 f%.
Elevation Difference - 4000 ft.
Curve No. ‘ TS5
Results for 10-Year 2h-Hour Storm.
Cumulative Rainfall. ‘ 0.67 after 1/2 hour

0.85 after 1 hour
1.50 after 6 hours
1.50 after 2L hours

Time of Concentration 2.11 hours
Peak Discharge 2186.29 cfs
Total Discharge 860.62 ac-ft.

Results for 25-Year 2h-Hour Storm

Cumulative Rainfall 0.75 after 1/2 hour
0.95 after 1 hour
1.50 after 6 hours
1.90 after 24 hours

Time of Concentration ‘ 2.11 hours
Peak Discharge 2183.54 efs
Total Discharge 1675.48 ac-ft.
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The USGS collected samples at site S-18 where Utah State
Highway 10 crosses Quitchupah Creek and at site S-29 on
Quitchupah Creek where it confluences with Ivie Creek. Water:
quality analyses for sites S-18 and S-29 are summarized in
Tables 15 and 16, respectively. Between these two sampling
sites, Quitchupah Creek's water increaées downstream in con-
centrations of nearly all constituents: pH increases from
8.1 to 8.3; TDS increases from 939 to 2406 mg/f%, and SAR
increases from 2.2 to 5.5. At S$-18, Ca, Na, and Mg were the
dominant cations, while at S-29, Na, Ca, and Mg were the
dominant cations. At both stations, 804 was the dominant
anion, but its relative proportion to HCO3 and Cl greatly
increased downstream at site S-29. At site S-18, the specific
conductivity of 1346 umhos/cm at 25°C and SAR of 2.2 classify
the water as high salinity, low-sodium water. This water may
be used for irrigation of plants with good salt tolerance
produced in well-drained soils (USDA, 1954). At site S-29,
the specific conductivity of 3078 umhos/cm at 25°C and SAR of
5.5 classify the water as very higﬁ salinity, medium-sodium
water.'_This water 1s not suitable for irrigation under
ordinary conditions.‘

In August 1978, the USGS began a systematic water
quality study on Quitchupah Creek and Christiansen Wash at
USGS gaging stations 09331900 (S-24) and 09331950 (S-14).

The USGS sampled for constituents on the schedule presented
in Table 17. Analyses at sites S-24 and S-14 are presented

in Tables 18 and 19, respectively.
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TABLE 15

RESULTS OF CEEMICAL ANALYSES OF SURFACE WATER
SAMPLED IN THE EMERY MINE AREA, SITE S-18

Sample Site: s-18
Location: Guitchupah Creek at U-10 Near Fmery (D-22-6) 30 3CD
Dates of Collection: T/23/75 through 9/22/76
Sourte of Data: UsGs
No. of Standard
Samples Mean Deviation Max Min
GENERAL CHARACTERISTICS ‘
Mlkalinity, total (as CaCOS) 6 287.2 67.2 371.0 208.90
Hardness (noncarbonate) 6 308.8 172.1 L70.0 13.0
Hardness, total 6 595.0 210.0 820.0 280.0
Iron, diss. (Fe) 2 0.01 0.01 0.02 0.0
Manganese, total (Mn) 2 0.05 0.06 0.10 0.01
pH, lab {units) 6 8.1 0.5 8.9 7.6
Sp. conductancs, }ab .
{umhos/cm at 25°C) 7 1345.7 396.6 1740.0 640.0
Discharge (cf§) 7 0.8 0.9 2.0 0.01
Temperature (°C) 7 16.1 7.3 23.¢ 1.5
Total dissolved solids (TDS) 7 938.8 293.6 1290.0 k00.0
CATIONS
Calcium {Ca) 6 117.5 64k 20C.0 55.0
Magnesium (Mg) 6 59.5 16.5 77.0 35.0
Potassium (X) 6 k.5 1.3 5.7 2.0
Sodium (Na) 6 111.7 39.7 160.0 ko.o
Sodium adsorption ratio (SAR) 6 2.2 0.9 3.3 1.0
ANIONS
Bicarbonate (HCO.) 6 35G.2 81.9 k52,0 254,0
Carbonate (co3) > 6 0.0 8.0 0.0 0.0
Chloride (C1) 6 37.8 13.7 52.0 1k.0
Fluoride (F) 6 0.4 C.05 0.4 0.3
Sulfate (soh) 6 k05.0 182.0 620.0 120.0
MACRONUTRIENTS
Nitrate + Nitrite as § 6 2.4 0.4 1.0 0.0
Phosphorus, total as P 6 0.02 0.02 0.C6 c.0
TRACE AND OTHER ELEMENTS
Aluminum (ug/%,A1) 2 30.0 0.03 30.0 30.0
Arsenic (ug/%,As) 2 0.5 0.7 1.0 0.0
Boren (ng/%,B) 6 203.3 65.3 250.0 80.0
Lead {ug/%,Pb) 2 0.5 9.7 1.0 0.0
Lithium (ug/%,Li) 2 80.0 1k 90.0 70.0
Selenium {pg/%,Se) 2 1.0 0.0 1.0 1.0
Silica, diss. (SiC,) 6 10.7 2.5 13.0 T.5
Strontium (ug/ﬁ,s:? 2 1450.0 212.1 1600.0  %300.0

REMARKS

1) All results are in rmilligrams per liter {mg/4) unless ctherwise noted.



RESULTS OF CHEMICAL ANALYSES CF SURFACE WATER

TABLE 16

SAMPLED IN THE EMERY MINE AREA

» SITZ §-29

50

Sample Site:
Location:

5-29

Quitchupah Creek at Mouth Near

Dates of Collection: T7/23/75 through 9/21/76

Source of Data: USGS

GENERAL CHARACTERISTICS

Alkalinity, total {as CaCO

Hardness (noncarbonate)

Hardness, total

Iron, diss. (Fe)

Mangenese, total (Mn)

Oxygen, diss. (DO)

pH, lab (units)

Sp. conductance, lab
(umhos/cm at 25°C)

Discharge (cfs)

Temperature ( C) .

Total dissolved solids (TDS)

3)

CATIONS
C

aleium (Ca)
Magnesium (Mg)
Potassium (K)
Sodium {Na)

Sodium adsorption ratio (SAR)

ANTONS

Bicarbonate (HCO.)
Carbonate (CO.)
Chloride (C1)3
Fluoride (F)
Sulfate (Soh)

MACRONUTRIENTS

Nitrate + Nitrite as N
Phosphorus, total as P

TRACE AND OTHER ELEMENTS

Aluminum (ug/%,A1)
Arsenic {(pg/%,As)
Boron (ug/%,B)

Lead (pg/%,Pb)
Lithium (pg/2,Li)
Selenium (pg/t,Se)
Silica, diss. (S10,)
Strontium (ug/l,Srf

REMARKS

No. of Standard
Samples Mean Peviation
5 269.8 26.2
S 7c8.0 333.6
5 956.0 312.0
h 0.0k 0.03
L 0.09 0.02

1 8.7

5 8.3 G.02
5 3078.0 12k, k

5 5.0 4.8

5 16.2 . 9.3

5 "2Lkes.0 1122.5

5 150.0 Lo.6

5 145.0 55.2
5 7.5 3.1

5 h16.0 221.h

5 5.5 2.4

5 325.9 3.7

5 0.0 0.0

5 58.2 29.5

5 0.5 0.1

5 1428.0 754.2

5 6.1 3.

5 0.01 c.02
3 23.3 5.5

3 0.33 0.58
5 340.2 192.0

3 2.3 2.5

3 273.3 115.5

3 15.0 9.2

5 8.0 1.8

3 2733.3 1266.2

Max

306.0
1100.0
1300.0

©.08
C.01

8.5

LE0C.0
12.0
22.5

3710.0

190.¢
210.0

(%))

W \n
N E
BV OVOo S
OwoooOOO

370

2k6.0

310.0

570.0
0.02
0.0

8.0

15C0.0
0.5
0.0
1070.0

OMOOOoOO0 O

1) All results are in milligrams per liter (mz/%) unless otherwise noted.



TABLE 17

USGS WATER ANALYSIS SCHEDULE
ON CHRISTIANSEN WASH AND QUITCHUPAE CREEX

51

. Sampling s Sampling

Constituent Frequencyt Constituent Frequency
Alr temperature (°C) M Nitrite + Nitrate ion 2
Alkalinity, total M Nitrogen, dissolved Q
Ammonium ion Q Nitrogen, tetal XJD Q
Arsenic Q 0il and grease Q
Bicarbonate M Oxygen, dissolved field M
Boron Q Oxygen, dissolwved lab M
Calcium ion M pH, field M
Carbon, dissolved organic Q pH, lab M
Carbonate M Phenols Q
Chloride icn M Phosphate, dissoclved Q
Chromium icn Q Phosphorous, total Q
Conductivity, field M Potassium icn M
Conduectivity, lab M SAR M
Fluoride ion Q Selenium ion Q
Hardness, noncarbonate M Silica, Qissolved M
Hardness, total K Sodium ion M
Iron ion Q Streamflow, instantaneous M
Lead ion Q Strontium ion 9
Lithium ion Q Sulfate ion M
Maznesium ion 3 Water tempersturs (°C) M
Manganese ion Q Zinc ion : G
Nitrite ion Q
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TABLE 18 ‘

RESULTS OF. CHEMICAL ANALYSES

F SURFACE
SAMPLED IN THE EMERY MIN I

0 c
AREA, SITE s-2k

Sample Site: g2k
Location: USGS Gauging Station On Quitchupah Creek (D-22-8) 32 Daa
Dates of Collection: 8/13/78 through 12/13/78
Source of Data: USGS
No. of Standard
Samples Mean Deviation Max Min
GENERAL CHARACTERISTICS
Alkalinity, total (as CaCO3) 5 9.8 1.9 11.8 8.2
Herdness {noncerbonate) 5 518.0 4k9.9 1300.0 150.8
Hardness, total 5 85k.0 L93.5 170C.0 L70.0
Iron, diss. (Fe) 2 0.01 0.0 0.01 0.01
Manganese, total (Mn) 2 0.02 0.01 0.02 0.01
0il and grease 2 0.0 0.0 0.0 0.0
Oxygen, diss. (DO) 5 9.8 1.5 11.3 8.2
pH, field (units) 5 8.5 0.18 8.8 8.3
pH, lab (units) 5 8.1 0.25 8.5 7.9
Sp. conductance, field .
(Mmhos/cm at 25°C) 5 2kos.2 697.7 3300.C  1500.0
Sp. conductance, lab
(tmhos/cm at 25°C) L 2860.0 13c2.9 L623.0  1706.5
Discharge (cfs) 5 2.L8 1.5 5.1 1.4
Temperature (°C) 5 7.3 10.1 2k.0 c.¢
Total dissolved solids (TDS) 5 2297.9 6L2.1 b188.2  1297.3
CATTIONS
Calcium (Ca) 5 142.8 55.k 23¢.0 Sh.o
Magnesium (Mg) 5 121.6 90.6 280.0 56.2
Potassium (X) 5 6.1 1.8 g.2 L.k
Sodium (Na) 5 360.0 152.3 £90.0 190.C
Sodium adsorption ratio (SAR) 5 5.36 1.0 6.3 2.2
ANIONS
Bicarbonate (HCO3) 5 397.8 95.3 Lo&.o 26C.0
Carbonate (CO.) 5 bb 3.21 9.0 0.0
Chloride (C1) 5 67.0 24.9 100.C 40.0
Fluoride (F) 2 0.45 0.07 0.5 0.4
Sulfate (S0,) 5 1194.0 7704 2500.0 510.0
MACRONUTRIENTS
Nitrogen total KJD as N 2 0.7 c.23 0.86 0.52
Nitrate + Nitrite as ¥ 2 1.03 6.09 1.1 0.96
Phosphorus, total as P 2 0.1 0.23 0.3 0.11
TRACE AND CTHER ZLEMENTS
Arsenic (pg/%,4s) 2 0.0 0.9 0.0 0.0
Boron (ug/%,B) 2 280.0 116.0 360.0 21C.0
Carbon, diss. organic 2 3.35 0.92 4.0 2.7
Chromium {(ug/%,Cr) 2 5.0 7.0 1.0 0.0
Lead (ug/2,Po) 2 29.0 1.0 38.0 2.0
Lithiwm (ug/2,Li) 2 11.0 4.0 1kc.o 8.0
FPhenols (ug/4L) 2 . 1.5 0.7 2.0 1.0
Selenium (ug/%,Se) 2 k.5 0.0h4 5.0 k.c
Siliea, diss. (Si0,) 5 9.9 2.53 14.0 7.3
Strontium (ug/z,Srf 2 1.8 0.k2 2.1 1.5

REMARKS

1) All results are in milligrams per liter (mg/%2) unless otherwise noted.
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TABLE 19

RESULTS OF CHEMICAL ANALYSES OF SURFACE WATER
SAMPLED IN THE EMERY MIVE AREA, SITE S-1k

Sample Site:
Location:

Dates of Collection:
Source of Data:

S-1h
USGS Gauging Station On Christiansen Wash (D-22-%} 33 3Da
8/13/78 through 11/19/78

GENERAL CHARACTERISTICS

Alkalinity, total (as CaCO,)

Hardness (noncarbonate) 3

Hardness, total

Iron, diss. (PFe)

Manganese, total (Mn)

0il and grease

Oxygen, diss. (DO)

pH, field (units)

pH, leb (units)

Sp. conductance, field
(umhos/cm at 25°C)

Sp. conductance, lab
(ymhos/enm at 25°C)

Discharge (cfs)

Temperaturs (C)

Total dissolved soiids (TDS)

CATIONS

Calcium (Ca)
Magnesium (Mg)
Potassium (K)
Sodium (¥a)

Sodium adsorption ratio (SAR

ANIONS

Bicarbonate {HCO.)
Carbonate (CO3)
Chloride (C1)
Fluoride (F)
Sulfate (SOh)

MACRONUTRIENTS

Nitrogen, total KJD as N
Nitrate + Nitrite as N
Phosphorus, total as P

TRACE AND OTHER ELEMENTS

Arsenic (pg/%,As)
Boron (ug/%,B)

Carbon, diss. orgauic
Lead (ug/%,Pb)

Lithium (pg/2,Li)
Selenium (ug/%,Se)
Silica, diss. (Si0y) .
Strontium (Ug/l,Srg

REMARKS

UsGs
No. of Standard
Samples Mean Devriation Max ¥in
b 340.0 52.3 Li0.0 300.0
b 865.0 396.1 1300.0 50C.0
b 1215.0 395.9 1600.2 790.0
1 0.02
1 0.01
1 0.0
L 9.15 1.2 1G.5 7.8
b 8.45 0.09 8.5 8.3
L 8.12 0.21 8.3 7.9
3 3716.7 2159.7 4900.0  225C.2
Iy 3502.0 11945 hro2.0  19%9C.0
k 1.1 . 0.51 1.7 C.6
Y 12.12 7.2 20.0 3.0
i 2902.2 894 .9 36b2.7  LT0L.C
T4 180.0 Lo.8 210.2 120,38
Y 182.5 - 72.3 250.0 120.9
L 6.75 . 1.5 8.c 5.0
I %30.0 157.7 580.C 215.0
N 5.33 1.5 6.4 2.2
N 392.5 75.9 500.C 32h.0
b 9.25 0.1 i3.0 c.0
I 76.75 31.7 118.¢ 34,0
1 0.7
) 16317.5 597.7 2100.6 875.0
1 3.2
1 23.0
1 0.02
1 0.0
1 590.0
1 13.0
1 59.0
1 370.0
1 60.0
L 11.1 2.0 13.% 8.L
1 2900.0
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Kaufman's Studies (Consol)

On three occasions (May 10, 1974; January 7, 1975; and
March 22-23, 1977) John Kaufman (formerly with Consol) con-
ducted a water sampling program on Quitchupah Creek and
Christiansen Wash to determine water quality trends along
these streams. Kaufmaﬁ_collected unrefrigerated grab samples
at the sites indicated on Figures 15, 16, and 17. Figure 15,
a graphical representation of data presented in Table 20,
 indicates that on May 10, 1974, Quitchupah Creek's water shows
a downstream increase in TDS towards the Emery Mine largely
as a result of irrigation caused runoff and seepage from the
tributary sampled at S-20. At this timé, the Emery Mine
discharged its water into this tributary below S-20. Thus
the sample taken at S-23 indicates the influence of the‘Emery
Mine discharge. Notably, the stréamflow on Quitchupah Creek
at site S-28, after the confluence of Christiansen Wash and
Quitchupah Creek, contained a considerably smaller ionic con-
centration than measured upstream at either sites S-25 or S-15.
This occurrence is probably due to dilution via ground water
inflow ffom the Ferron Sandstome.

Figure 16 is a graphical presentation of the data
presented in Table 21 for water sampling conducted by Kaufman
on January 7, 1975. These data are particularly interesting
because the samples were collected while the Eméry Mine's
pumps had been turned off for nine hours. After the streams

had been sampled, the pumps were turned on and the sample
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TABLE 20

RESULTS OF A SAMPLING PROGRAM CONDUCTED BY CONSOLIDATION COAL CO. ON MAY 10, 1974
TO DETERMINE WATER QUALITY TRENDS ON CHRISTIANSEN WASH AND QUITCHUPAH CREEK

Sample Site: S-12 8-15 8-18 5-20 s-23 §-25 5-28

Location: C. Wash C. Wash Q. Creek Q. Creek Q. Creek Q. Creek Q. Creek
Tributary Tributary

Date of Collection: 5/10/7% 5/10/74% 5/10/74 s5/10/74 5/10/7T4  5/10/Th  5/10/7h

pH, lab {units) : 8.4 8.3 o T.9 8.2 8.3 8.2 8.2

Sp. conductance, lab '

(umhos/cm at 25°C) 10000.0 3460.0 1020.0 5000.0 1350.0 6000.0 1260.0
Total dissolved solids (TDS) 9900.0 2580.0 370.0 4700.0 1000.0 5100.0 910.0
Calcium (Ca) : 350.0 180.0 62.0 2400.0 98.0 150.0 110.0
Magnesium (Mg) . 830.0 210.0 32.0 270.0 45.0 200.0 62.0
Sodium (Na) 1200.0 440.0 54.0 690.0 110.0 1100.0 140.0
Sodium adsorption ratio (SAR) 8.0 5.3 1.4 3.6 2.3 13.8 2.6
Sulfate (soh) 4100.0 1470.0 120.0 2000.0 360.0 3100.0 480.0

Note: All results are in milligrams per liter (mg/%) unless otherwise noted.

19
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TABLE 21

RESULTS OF A SAMPLING PROGRAM CONDUCTED BY CONSOLIDATION COAL CO. ON JANUARY T, 1975
TO DETERMINE WATER QUALITY TRENDS ON CHRISTIANSEN WASH AND QUITCHUPAH CREEK

Sample Site: S5-16 S-19 S-26 S-27 Emery Mine
Location: C. Wash Q. Creek Q. Creek Q. Creek Discharge
Date of Collection: 1/7/75 /7775 1/7/75 1/7/75 1/7/75
Alkalinity, total (as CaCOB) 459.0 397.0 385.0 403.0 432,0
Iron, total (Fe) 0.6 0.5 0.5 0.7 0.5
Iron, diss. (Fe) 0.55 0.13 0.3 0.3 0.5
Manganese, total (Mn) 0.0 0.0 0.0 0.0

pH, lab (units) 8.0 7.8 7.7 7.9 8.1
Discharge (cfs) 1.6

Total dissolved solids (TDS) 3120.0 1260.0 1300.0 1680.0 5590.0
Total suspended solids (TSS) 75.0 128.0 81.0 180.0 121.0
Calecium (Ca) 18.9 13.L4 13.6 15.4 18.6
Magnesium (Mg) : - 18.4 6.9 6.6 9.7 21.1
Sodium (Na) 470.0 180.0 182.0 - 255.0 1250.0
Sodium adsorption ratio (SAR) 18.4 10.0 10.1 12.5

Chloride (C1) 6h.2 30.5 31.8 39.0 204, 4
Sulfate (soh) 1083.0 580.0 460.0 740.0 1251.0
Aluminun (AI) 0.0 0.0 0.0

Note: All results are in milligrams per liter (mg/2) unless otherwise noted.

LS
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labeled as ”Miﬁe Discharge" was collected. Figure 16 indicates
that on January 7, 1975, Quitchupah Creek waters above the
influence of mine discharge were fairly dilute, and that the
mine discharge contained significantly more dissolved Na and
SO,- |

Figure 17, a graphical representation of the data
presented in Table 22, illustrates water quality trends along
Christiansen Wash on March 22 and 23, 1977. Between sites S-9
and S-11, Christiansen Wash's dissolved constituents increase
as a result of runoff and ground water inflow caused by irri-
gation south of Emery. Site S-12 is a tributary fed by |
seepage from the alluvial and Ferron Sandstone aquifers.
Below S-12, water quality in Christiansen Wash improves
towards its confluence with Quitchupah Creek due to additional
ground water inflow from the Ferron Sandstone aquifer (note
that at this time, the Emery Mine settling pond had been

constructed and the sample at S-22 was collected).

Owili-Eger's Studies (CONOCO)

Between October 1977 and July 1978, Owili-Eger collected
unrefrigerated grab samples in conjunction with his stream
gaging program along Christiansen Wash and Quitchupah Creek.
Owili-Eger's data are presented in Tables 23 and 24 and are
graphically represented in Figures 13 and 14 (see pages 42
and 43 of this report). Figure 14 for Christiansen Wash

indicates that between S-32 and S-33, TDS generally increases.



TABLE 22

RESULTS OF A SAMPLING PROGRAM CONDUCTED BY CONSOLIDATION COAL CO. ON MARCH 22 AND 23, 1977
TO DETERMINE WATER QUALITY TRENDS ON CHRISTIANSEN WASH AND QUITCHUPAH CREEK

Sample Site: S-9 S-10 S-11 8-12 S-13 S-17 S-21 §-22
Location: C. Wash C. Wash C. Wash C. Wash C. Wash C. Wash Q. Creek Emery Mine
' Tributary  Tributary Sedimentation
] . Pond Discharge

Date of Collection: 3/23/77 3/22/77 3/22/77 3/22/77 3/22/77  3/22/77 3/23/77 3/23/71
Alkalinity, total

(as CaCo0.) 345.0 470.0 '815.0 %439.0 420.0 Lhik.o 452.0 427.0
Iron, totai (Fe) 1.0 1.7 1.5 1.2 1.0 1.0 1.2 0.9
Iron, diss. (Fe) 0.9 1.0 0.9 1.0 0.9 0.9 1.0 0.8
Manganese,

total (Mn) 0.24 0.03 0.02 0.03 0.08 0.01 0.0 0.0
pH, lab (units) 8.0 8.0 7.6 7.9 8.0 8.0 7.7 8.1
Discharge (cfs) 0.475 0.003 0.51 0.956 1.677
Total dissolved . .

solids (TDS) 1310.0 501.6.0 658L4,0 4972.0 3604.0 330k4.0 2412.0 4512.0
Total suspended

solids (TSS) 70.0 571.0 6962.0 shl.0 27h.0 529.0 410.0 19.0
Calcium (Ca) 115.0 278.0 335.0 267.0 187.0 169.0 165.0 130.0
Magnesium (Mg) 138.0 681.0 1650.0 365.0 405.0 211.0 131.0 196.0
Potassium (K) 2.67 9.7 11.85 12.6 7.37 8.07 6.09 8.24 .
Sodium (Na) 120.0 653.0 275.0 598.0 738.0 625.0 480.0 1292.0
Sodium adsorption .

ratio (SAR) 1.79 3.6 1.3 0.9 6.9 7.6 6.8 16.7
Chloride (C1) 32.0 113.0 82.0 111.0 82.0 86.0 65.0 183.0
Sulfate (soh) T70.0 3750.0 2850.0 3400.0 2060.0 1480.0 2980.0
Aluminum (AI) 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0

Note: All results are in milligrams per liter (mg/%L) unless otherwise noted.

09
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TABLE 23

RESULTS OF A WATER QUALITY TREND STUDY
ON QUITCHUPAH CREEK, 1977f1978

Sample Site: S-36
Location: Quitchupah Creek Tributary
Dates of Collection: 10/26/77, 2/9/78, 4/13/78, and 7/27/78
Source of Data: Owili-Eger
N 10/26/717 2/9/78 - 4/13/78 7/27/78
GENERAL CHARACTERISTICS - ’
Hardness, total 3605.0 150.0 955.0 635.0
Iron, total (Fe) 0.L4 0.2 1.4 0.1
pH, lab (units) ' 8.0 8.2 8.1 8.0
Sp. conductance, lab
(umhos /em at 25°C) 10800.0 290.0 L20.0 2025.0
Discharge (cfs)
Total dissolved solids (TDS) 13175.0 370.0 2L0.0 1685.0
Total suspended solids (TSS) 135.0 140.0 8L450.0 100.0
CATIONS
Calcium (Ca) 1215.0 80.0 4h0.0 110.0
Magnesium (Mg) 2390.0 20.0 36.0 85.0
Potassium (X) 17.0 6.0 .0 5.0
' Sodium (Na) 2500.0 37.0 69.0 360.0
Sodium adsorption ratio {SAR) 9.6 1.0 0.9 6.3
ANIONS
Bicarbonate (HCO3) 505.0 210.0 170.0 265.0
Chloride (C1) : 25C.0 10.0 5.0 25.0
Sulfate (soh) 8500.0 35.0 37.0 9ko.0
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TABLE 23 Contipued

Sample Site: S-37

Location: Quitchupah Creek
Dates of Collection: 10/26/77, 2/9/78, 4/13/78, and 7/27/78
Source of Data: Owili-Eger
10/26/77 2/9/78 L/13/78 7/27/78
GENERAIL CHARACTERISTICS
Hardness, total O 680.0 235.0 O
Iron, total (Fe) FLOW 0.2 1.4 FLOW
pH, lab (units) 8.1 - 8.1
Sp. conductance, lab
(umhos/cm at 25 C) 516.0 . T45.0
Discharge (cfs) 0.0 1.07 3.83 0.0
Total dissolved solids (TDS) Th0.0- 470.0
Total suspended solids (TSS) 295.0 3365.0
CATIONS
Calcium (Ca) 90.0 230.0
Magnesium (Mg) ‘ 120.0 37.0
Potassium (K) 9.0 4.0
Scdium (Na) 1k0.0 82.0
' Sodium adsorption ratio (SAR) 2.3 1.3
ANTONS
Bicarbonate (HCO,) 255.0 210.0
Chloride (C1) 20.0. 20.0
‘Sulfate (50,) | 235.0 140.0
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Sample Site: S-38

Location: Quitchupah Creek

Dates of Collection: 10/26/77, 2/9/78, 4/13/78, and T7/27/78

Source of Data: Owili-Eger

GENERAL CHARACTERISTICS

Hardness, total

Iron, total (Fe)

pH, lab (units)

Sp. conductance, lab
(umhos/cm at 25°C)

Discharge (cfs)

Total dissolved solids (TDS)

Total suspended solids (TSS)

CATIONS

Calcium (Ca)

Magnesium (Mg)

Potassium (K)

Sodium (Na)

Sodium adsorption ratio (SAR)

ANIONS

Bicarbonate (HCOB)
Chloride (C1)
Sulfate (soh)

10/26/77

2/9/78

1060.0 Lhs5.,0
0.4 0.2
T.7 8.1
2500.0 545.0
0.50 h,2
2295.0 840.0
15.0 4130.0
565.0 150.0
495.0 20.0
7.0 11.0
310.0 130.0
2.3 2.6
320.0 250.0
70.0 10.0
1250.0 365.0

L/13/78

210.

- O
owo

610.0
17.87

310.0

6130.0

Qo W -3
O w0
NMNOOOOo

185.0

105.0

T/27/78
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Sample Site: S-39
Location:

Source of Data: Owili-Eger

Quitchupah Creek
Dates of Collection: 10/26/77, 2/9/78, 4/13/78, and 7/27/78

GENERAL CHARACTERISTICS

Hardness, total

Iron, total (Fe)

pH, lab (units)

Sp. conductance, lab
(ymhos/cm at 25°C)

Discharge (cfs)

Total dissolved solids (TDS)

Total suspended solids (TSS)

CATIONS

Calcium (Ca)
Magnesium (Mg)
Potassium (K)
" Sodium (Na)
Sodium adsorption ratio (SAR)

ANTONS

Bicarbonate (HCO3)
Chloride (C1)
Sulfate (80))

416/26/77

2/9/78

1035.0 490.0
0.3 0.2
7.2 8.1
2700.0 1600.0
0.90 .02
2360.0 880.0
125.0 1140.0
‘5oo.o 130.0
535.0 40.0
7.0 17.0
325.0 130.0
2.4 2.6
365.0 250.0
70.0 10.0
1150.0 370.0

4/13/78 7/27/78
200.0 350.0
1.2 0.1
8.0 7.9
620.0 1325.0
22.00 0.65
310.0 1075.0
6460.0 100.0
320.0 110.0
34.0 57.0
3.0 4.0
72.0 140.0
1.0 2.7
190.0 225.0
5.0 20.0
110.0 600.0
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Sample Site: s-4o
Location:

Source of Data: Owili-Eger

Quitchupah Creek Tributary Below Settling Pond
Dates of Collection: 10/26/T77, 2/9/78, 4/13/718, and T/27/78

GENERAL CHARACTERISTICS

Hardness, total

Iron, total (Fe)

pH, lab (units)

Sp. conductance, lab
(umhos/em at 25°C)

Discharge (cfs)

Total dissolved solids (TDS)

Total suspended solids (TSS)

CATIONS

Calcium (Ca)

Magnesium (Mg)

Potassium (K)

Sodiun (Na)

Sodium adsorption ratio (SAR)

ANTICKS

Bicarbonate (HCOB)
Chloride (C1)
Sulfate (soh)

10/26/77 2/9/78
1085.0 830.0
0.1 0.2
8.2 8.3
5000.0 2340.0
uh55.0 4060.0
60.0 1.0
Lh25.0 160.0
660.0 110.0
10.0 7.0
750.0 960.
5.3 1k.3
390.0 360.0
160.0 140.0
2350.0 2280.0

L/13/78 ‘7/27/78
Th45.0 760.0
0.1 0.1
8.3 8.6
4865.0 L6L5.0
3850.0 3910.0
1.0 100.0
130.0 82.0
1k0.0 120.0
7.0 8.0
990.0 1100.0
1h.bL 18.1
L05.0 440.0
135.0 130.0
2270.0 2095.0
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Sample Site: S-26

Location: Quitchupah Creek

Dates of Collection: 10/26/77, 2/9/78, h/13/78, and T/27/78

Source of Data: Owili-Eger

GENERAL, CHARACTERISTICS

Hardness, total

Iron, total (Fe)

pH, lab (units)

Sp. conductance, lab
(umhos/cm at 25°C)

Discharge (cfs)

Total dissolved solids (7TDS)

Total suspended solids (TSS)

CATIONS

Calcium (Ca)

Magnesium (Mg)

Potassium (K)

Sodiuxr (Na)

Sodium adsorption ratio (SAR)

ANTIONS

Bicarbonate (HCOB)
Chloride (C1)
Sulfate (soh)

10/26/77 2/9/78
1230.0 4hs5.0
1.8 0.2
7.8 8.1
4250.0 545.0
1.12 3.8
Loko.0 840.0
60.0 430.0
550.0 150.0
680.0 20.0
10.0 11.0
730.0 130.0
4.9 2.6
335.0 250.0
135.0 10.0
2100.0 365.0

4/13/78

1/27/78



TABLE 2k

RESULTS OF A WATER QUALITY. TREND STUDY
ON CHRISTIANSEN WASH, 1977-1978

68

Sample Site: - 8-32 :

Location: Christiansen Was
Dates of Collection: 10/25/77, 2/8/78, 4/12/78, and T/26/78
Source of Data: Owili-Eger

10/25/17 . 2/8/78

GENERAL CHARACTERISTICS

Hardness, total 2630.0 1150.0
Iron, total (Fe) ' 0.8 0.2
pH, lab (units) 7.7 8.1
Sp. conductance, field

(umhos/cm at 25°C)
Sp. conductance, lab

(umhos/em at 25°C) 4250.0 1180.0
Discharge (cfs) 0.13 0.23
Total dissolved solids (TDS) 5020.0 2290.0
Total suspended solids (TSS) 100.0 15.0

CATIONS -
Calcium (Ca) 1125.0 350.0
Magnesium (Mg) 1505.0 70.0
Potassium (K) 10.0 k.0
Sodium (Na) 380.0 200.0
Sodium adsorption ratio (SAR) 1.7 2.6
ANIONS

Bicarbonate (HCO3) 420.0 310.0
Chloride (C1) . 50.0 10.0
Sulfate (80, ) | 2300.0 1260.0

L70.

~ O

300.

5.
120.

10.

L35,

N0 O OO

000

L/12/78

0O O

1180.0
.52
- 915.

L5ko.

7/26/78

1305.0
0.1
7.8

2280.0
0.4h

2420.0

100.0

300.0
170.0

1.5

310.0
25.0
1320.0
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TABLE 24 Continued

Sample Site: 38--33
Location: Christiansen Wash
Dates of Collection: 10/25/77, 2/8/78, 4/12/78, and T/26/78
Source of Data: Owili-Eger
10/25/17 2/8/78 4/12/78 - 1/26/18
GENERAL CHARACTERISTICS
Hardness, total 3825.0 230.0 990.0 T45.0
Iron, total (Fe) 0.6 0.2 2.k 0.1
pH, lab (units) _ 7.9 8.1 8.0 8.0
Sp. conductance, gield
(umhos/cm at 25 C)
Sp. conductance, }ab .

(umhos/cm at 25°C) . 8400.0 3190.0 2995.0 1960.0
Discharge (cfs) 0.22 0.40 0.56 1.68
Total dissolved solids (TDS) 10950.0 6880.0 2580.0 1710.0
Total suspended solids (TSS) 160.0 - 100.0 2290.0 100.0

CATIONS
Calcium (Ca) 1250.0 520.0 320.0 120.0
Magnesium (Mg) 2575.0 - 2ko.0 170.0 100.0
Potassium (X) 15.0 1k.0 7.0 7.0
Sodium (Na) 1500.0 1100.0 380.0 280.0
Sodium adsorption ratio (SAR) 5.6 10.0 L.3 4.6
ANTONS
Bicarbonate (HCO3) , 410.0 292.0 275.0 280.0
Chloride (C1) 90.0 140.0 50.0 35.0

Sulfate (soh) 6250.0 3910.0 1605.0 890.0
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Sample Site: S-3k
Location:

Christiansen Wash

Dates of Collection: 10/25/7T7, 2/8/78, 4/12/78, and T7/26/78

Source of Data: Owili-Eger

.GENERAL CHARACTERISTICS

Hardness, total

Iron, total (Fe)

pH, lab (units)

Sp. conductance, field
(umhos/cm at 25°C)

Sp. conductance, lab
(pmhos/cm 2t 25°C)

Discharge (cfs)

Total dissolved solids (TDS)

. Total suspended solids (TSS)

CATIONS

Calcium (Ca)

Magnesium (Mg)

Potassium (K)

Sodium (Na)

Sodium adsorption ratio (SAR)

ANTIONS

Bicarbonate (HCO3)
Chloride (C1)
Sulfate (soh)

4/12/78

10/25/77 2/8/18
3805.0 235.0 1035.0
0.4 0.2 1.8
8.0 8.1 8.1
8500.0 3180.0 3050.0
0.27 0.32 0.60
9685.0 7030.0 2720.0
225.0 30.0 1080.0
1250.0 550.0 230.0
2555.0 250.0 170.0
15.0 12.0 7.0
1500.0 1300.0 400.0
5.6 11.5 4.9
440.0 420.0 285.0 .
200.0 130.0 40.0
6000.0 4080.0 1745.0

7/26/78

735.0
0.1
8.1

2070.0

1790.0
100.0

130.
110.

350.

280.0
35.0
940.0
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Sample Site: 5-35
Location:

Source of Data: Owili-Eger

Christiansen Wash »
Dates of Collection: 10/25/77, 2/8/78, 4/12/78, and T/26/78

GENERAL CHARACTERISTICS

Hardness, total

Iron, total (Fe)

PpH, lab (units)

Sp. conductance, field
(umhos/em at 25°C)

Sp. conductance, lab
(vmhos/cm at 25°C)

Discharge (cfs)

Total dissolved solids (TDS)

Total suspended solids (TSS)

CATIONS

Calcium (Ca)

Magnesium (Mg)

Potassium (K)

Sodium (Na)

Sodium adsorption ratio (SAR)

ANIONS

Bicarbonate (HCOS)
Chloride (C1)
Sulfate (soh)

10/25/17

2/8/78
805.0 10k0.0
0.2 0.2
8.0 8.1
1280.0

2000.0
1995.0 2370.0
25.0 1.0
290.0 260.0
515.0 90.0
5.0 5.0
165.0 290.0
1.h L.0
268.0 320.0
30.0 Lo.0o
500.0 1310.0

LY/12/78 T7/26/78
940.0 805.0
0.1 0.1
8.1 7.8
2405.0 1735.0
2100.0 1L75.0
1.0 100.0
160.0 130.0
150.0 110.0
4.0 3.0
250.0 1k0.0
3.k 2.2
310.0 330.0
4o.0o 30.0
1165.0 730.0
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TARLE 24 Continued

Sample Site: S-16
Location: Christiansen Wash
Dates of Collection: 10/25/77, 2/8/718, 4/12/78, and T/26/78
Source of Data: Owili-Eger
10/25/77 2/8/18 h/12/78 7/26/78
GENERAL CHARACTERISTICS ,
Hardness, total ' 1800.0 1830.0 1070.0 605.0
Iron, total (Fe) 0.4 0.2 2.0 0.1
PH, lab (units) - 8.0 8.1 8.2 8.1
Sp. conductance, gield
(umhos/cm at 25°C)
Sp. conductance, %ab
(umhos/em at 25°C) 4500.0 2500.0 3040.0 1495.0
Discharge (cfs) 1.02 0.66 1.37 L.32
Total dissolved solids (TDS) 4936.0 5030.0 2710.0 1235.0
Total suspended solids (TSS) 110.0 50.0 805.0 100.0
CATIONS
Calcium (Ca) 625.0 430.0 220.0 9L .0
Magnesium (Mg) 1255.0 180.0 170.0 90.0
Potassium (K) 11.0 10.0 7.0 5.0
Sodium (Nz) 650.0. 760.0 390.0 160.0
Sodium adsorption ratio (SAR) 3.5 7.8 4.8 2.8
ANTONS
Bicarbonate (HCO,) | 315.0 ©360.0 290.0 216.0
Chloride (C1) 90.0 100.0 50.0 20.0
Sulfate (sou) 2300.0 2700.0 1655.0 680.0
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Between S-33 and S-34, TDS remained about the same except for
a lower fall value. Site S-35 is a spring fed tributary whose
discharge was estimated via the difference in flow between
'gaging stations 3 and 4 (see Figure 12). Note that the TDS
and estimated discharge are nearly constant at site S-35. At
site S-16, Christiansen Wash has increased in discharge while
TDS decreased in all samples except the April 1978 sample.

TSS along Christiansen Wash is generally less than 100 ppm in
| all seasons except spring when samples containing 4,540 ppm

at S-32, 290 ppm at S-33, 1,080 ppm at S-34, and 805 ppm at
S-16 were collected.
| Figure 13 is a graphical representation of water quality

trends along Quitchupah Creek. Site S-36 shows a very high
TDS wvalue for fall probably due to runoff and séepage from
irrigated farmland and Bluegate Shale; the discharge at this
site is a very rough estimate calculated by the difference in
discharges at gaging stations 7 and 8. The general trend
along Quitchupah Creek indicates that TDS generally increases
slightly between S-37 and S-39 in fall and winter and decreases
slightly in the spring and summer. Site S-40 is on the
unnamed tributary to Quitchupah Creek into which the Emery
Mine settling pond discharges. Owili-Eger's data indicate a
fairly constant TDS between 3,850 and 4,455 mg/% at site S-40.
The discharge at S-40, calculated by the difference between
gaging stations 10 and 11, also remains fai:ly constant in

relation to the main stream of Quitchupah Creek. At site S-26,
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TDS increased in all seasons. TSS trends along Quitchupah
Creek reflect streamflow trends; the suspended load is greatest
in spring and least in fall and generally increases downstream;

at S-26, TSS in April is about 6,810 ppm while in the fall,
TSS is 60 ppm.

In summary, there is an abundance of surface water
quality data for the Emery Mine area which have been collected
over the past five years. The most recent water quality
information on Quitchupah Creek and Christiansen Wash was
obtained this QOctober, 1979. As part of Consol's surface
water monitoring program for the Emery Mine (see Section 6.3
for details), monitoring sites as indicated on Plate 2 have
been established for monthly water quality sampling. From the
results summarized in Table 25 and graphicaliy presented in
Figure 18, it is clear that conclusions drawn from the previously
cited studies on water quality types and trends for both
Quitchupah Creek and Christiansen Wash are substantiated.

Quitchupah Creek water is generally characterized by
the following dominant ions in order of decreasing concentra-
tion (me/%): 304, Na, Ca, Mg, HCO3, and Cl. In general,
Quitchupah Creek becomes more saline downstream with increasing
SO, and Na concentrations. As indicated on Figure 18,
Quitchupah Creek's water quality noticeably deteriorates
between site 1 and 4 where the unnamed tributary into which

Emery Mine discharge water confluences with Quitchupah Creek.



TAS!!P25

SURFACE WATER MONITORING SITE WATER QUALITY, OCILOBER 1979

Sample Site: SITE 1 SITE 2 SITE 3 SITE k SITE 5 SITE 6 SITE 8

Location: See Plate

Date of Collection: 10/26/79  10/26/79  10/26/79  10/26/79  10/26/79 10/26/79  10/26/79

PARAMETERS®
Acidity, total 0 0 0 0 0 0
Alkalinity, total (Caco3) 316 389 339 341 351 676
Bicarbonate (HCOS) 375 453 398 378 410 750
Calecium (Ca) 171 290 164 138 218 512
Carbonate (003) 3.7 8.7k 6.24 7.49 7.49 33.7
Chloride (C1) 37.2 153 77.6 78.8 92 1812
Fluoride (F) 0.52 0.51 0.68 0.70 0.76 0.48
Hardness {(noncarbonate) 616 2122 797 561 119k 6924
Hardness, total (CaCO,) 99k 258M 1201 946 1611 7708
Iron, dissolved (Fe) 3 0.03 0.00 0.00 0.00 0.00 _ 0.00
Iron, total (Fe) 0.50 0.745 0.43 0.51 0.29 0.15 0.225
Magnesium (Mg) . 128 Lol 175 126 ' 162 : 1352
Manganese, total (Mn) 0.016 0.086 0.021 0.01L 0.029 0.014 0.133
Nitrate + Nitrite (NOh +-NO3) 2.448 26.9 9.487 2.448 17.556 82.86
0il and grease 1.2 0.4 0.2 0.4 0.4 0.8
pH (units) 7.9 8.1 8.1 8.05 8.25 8.3 8.2
Phosphate, total (POh) 0.02 0.015 0.015 0.026 0.036 0.0k
Potassium (K) 5.0 15 6.6 5.8 8.0 - 38.0
Silica (8i0,) 8.5 8.9 11.75 10.25 15.0 2.6
Sodium (Na) 363 1360 600 580 648 10000
Sodium adsorption ratio (SAR) 5.1 5.1 7.8 8.57 19.98 1h7
Strontium (Sr) 3.26 5.07 L.oh b7 h,12 11.5
Sulfate (S0, ) 1275 4530 1320 1675 1740 23000
Total dissolved solids (TDS) 2226 7150 3248 2734 4148 3352 39386
Total suspended solids (TSS) 21.8 27.4 18.0 21.8 15.8 1.0 3.0

FIELD PARAMETERS
Air temperature (°C) ' 21 11 22 21 21 16 16
Conductance (pmhos/em at 25°C) 2856 8hh3 horo 372 1939 LW768 733000
Oxygen, dissolved (DO) 12.1 10 11.7 11.1 1.7 9.4 12.3
pH (units) " 8.4 8.2 8.6 8.5 8.6 8.5 8.5
Stream flow (cfs) 1.05 0.39 3.08 Pending Pending 0.94 0.001
Water temperature (°C) bt 3.2 6.5 6.1 5. 8.5 5.3

1All measurements are in milligrams per

liter (mg/%) unless otherwise noted.

Gl
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Other important factors which affect and control water quality
type and trends on Quitchupah Creek are runoff and seepage
caused by farm irrigation, runoff from the saline Bluegate
Shale, and ground water discharge from the Ferron Sandstone.
Christiansen Wash's waters are characterized by the
same regime of chemical constitﬁents as Quitchupah Creek,
however TDS values are two to three times greater than those
of Quitchupah Creek's. Christiansen Wash generally deteriorates
in water quality throughout its upper reéches due to runoff
from the saline Bluegate Shale. 1In its lower reaches,
Christiansen Wash generally improves in water quality due to
ground water inflow from the Ferron Sandstone and pediment

gravels.

6.3 Surface Water Monitoring Program
6.3.1 Monitoring Sites

The USGS, Division of.Watef Resources, has been and
is presently conducting a surface and ground water monitoring
program in the vicinity of the existing Emery Mine. The
purpose of this monitoring program is to generate regional
environmental data for the Energy Minerals Resource Inventory
Assessment (EMRIA) study.

The USGS initiated the surface water monitoring program

in the spring of 1978 by installing a continuous-recorder
bubble-type gaging station immediately upstream of the Emery

Mine on both Christiansen Wash and Quitchupah Creek. 1In
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August 1978, the USGS began collecting water samples for
chemical analyses at both these stations. 1In addition, the
USGS is performing a stream gain-loss (seepage run) study on
Quitchupah Creek and Christiansen Wash (fall 1979). Stream
discharges at various locations on each creek'are monitored
at least twice a year. Water samples are collected for
chemical analyses in August at two sites, one of which is the
unnamed tributary into which the Emery Mine effluent is
discharged.

Since the USGS intends to stop collecting surface water
data at the end of this year (1979), Consol is presently
negotiating with the USGS in Salt Lake City to take over
operation of the gaging stations (sites S-4 and S-5) on
Christiansen Wash and Quitchupah Creek (see Plate 2) . Both
of these gaging stations are well situated to measure any
potential impacts to streams from discharges produced by the
Emery Mine. |

Consol will install three Parshall flumes and crest
stage gages at sites S-1, S-2, and S-3 as indicated on Plate 2.
A Parshall flume with a two-foot throat width and a continuous
fecorder at site S-1 will be used to measure stream discharge
on Quitchupah Creek above the influence of the Emery Mine
effluent which is discharged into an unnamed tributary to
- Quitchupah Creek. A two-foot flume can measure discharges of
0.66 to 16.58 cubic feet per second (cfs); this is a normal

range of discharge indicated by availabie data. A crest stage
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gage will be used to measure peak dischérge from any flood
events. In addition, a grab-sample monitoring site (S-8) has
been established on the unnamed tributary immediately upstrean
from where the Emery Mine effluent is being discharged. A
crest stage gage will also be installed at this monitoring
.site.

Consol has installed a nine-inch-throat Parshall flume
with a continuous recorder on Christiansen Wash (shown as
site S-2 on Plate 2). A nine-inch flume can measure discharges
of 0.09 to 6.3 cfs; this range of discharge is indicated by
available data. The flume will be accompanied by a crest
stage gage. This flume location is selected for two reasons.
First, it is upstream of the outcrop of the Ferron Sandstone.
The Ferron Sandstone is the major aquifer in the vicinity,
and it apparently discharges relatively good water into
Christiansen Wash. Available data indicate mine pumpage is
lowering the potentiometric surface of the Ferron Sandstone
aquifer in proximity to the Emery Mine; therefore, the Emery
Mine may be influencing stream discharge in Christiansen Wash
by reducing ground water inflow. The nine~inch flume at éite
S-2 will provide data on stream discharge trends prior to any
mine influence. The second reason for locating a flume at
this site is that it is easily accessible.

Consol has installed a continuously recording two-foot
Parshall flume with accompanying crest stage gage at site S-3

on Quitchupah Creek below its confluence with Christiansen
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Wash. A two-foot flume will measuré normal stream discharge
anticipated in this reach of Quitchupah Creek. This flume
would measure all stream discharge below the influence of the
mining operations.

Two additional sites (S-6 and S-7 on Plate 2) will be
monitored under NPDES permit stipulations. Site 3-6 is the
outfall of the sedimentation pond for the ground water inflow
into the underground workings. A continuous flow monitoring
recorder wili be installed at the outfall of the pond. Site
S-7 is the outfall of the sedimentation pond for drainage

from the surface facilities area at the mine.

6.3.2 Monitoring Parameters and Schedule

Stream Monitoring Sites (S-1 through S-5)

Each of the five sites will be monitored monthly by a
trained Consol technician. Dﬁring each monthly monitoring
period, the continuous recorder and crest stage gage will be
inspected, serviced as needed, and the data retrieved; field
measurements of water temperature, pH, dissolved oxygen, and

specific conductivity will be taken; air temperature and
weather conditions will be noted; and grab samples will be
collected to determine iron, manganesé, pH, sulfate, total
dissolved solids and total suspended solids. Each'quarter,
grab samples will be collected to determine the following addi-
tional constituents: total acidity, alkalinity, bicarbonate,

calcium, carbonate, chloride, dissolved iron, fluoride,
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non-bicarbonate hardness, total hardness, magnesium, nitrate
and nitrite, oil and grease, phosphate, potassium, silicate,
sodium, sodium adsorption ratio, and strontium. Table 26

summarizes the parameters and schedule of monitoring for the

stream monitoring sites.

NPDES Discharge Points (Sites S—6 and S-7)

Both sites will Be monitored in accordance with NPDES
Permit No. UT-0022616. Each month the site will be visited to
retrieve flow data from the continuous recorder to inspect the
effluent for oil and grease sheen, and to collect grab samples
for detérmination of pH, TDS,‘TSS, total iron, and total
manganese. |

Site 5-6 is the outfall for the sedimentation pond
exclusively receiving mine discharge waters. On a quarterly
basis, concurrent with the sampling of the stream sites (s-1
through S-5), samples from site S-6 will be collected to
determine the full suite of chemical constituents listed in

Table 26.

Grab Sampling Site (S-8)

On a quarterly basis, concurrent with the sampling of
the stream sites (S-1 through S-S),‘samples from site S-8 will
be collected to determine the full suite of chemical constit-

uents listed in Table 26.



TABLE 26

SURFACE WATER MONITORING PARAMETERS AND FREQUENCY

MONTHLY PARAMETERS

Air temperature (°C) Field
Dissolved oxygen (DO) Field
*Iron (total Fe) Lab
*Manganese (total Mn) Lab

0il and grease Lab
*pH Field and Lab
Specific conductivity (EC). Field
*Stream flow (cfs) Field (recorder)
Sulfate (total S0, ) Lab
*Total dissolved solids (TDS) Lab
*Total suspended solids (TSS) Lab
Water temperature (°C) Field

ADDITIONAL QUARTERLY PARAMETERS

Acidity, total : Lab
Alkalinity, total ‘ Lab
Bicarbonate (total HCO.) Lab
Calcium (total Ca) 3 Lab
Carbonate (total CO.) Lab
Chloride (%total 01)3 : Lab
Dissolwved iron Lab
Fluoride (total F) "~ Lab
Hardness (noncarbonate) Lab
Hardness (total) ' Lab
Magnesium (total Mg) Lab
Nitrate + Nitrite (NolL + N03) Lab
0il and grease , Lab
Phosphate (total PO, ) Lab
Potassium (total K) Lab
Silicate (total Si0, ) Lab
Sodium adsorption ratio (SAR) Lab
Sodium (total Na) _ Lab
Strontium (total Sr) . Lab

ANPDES Permit No. UT-22616 data requirements.

82
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6.3.3 .Sampling, Lab Analysis, and Reporting Procedures

At each sample site, a trained Consol technician will
take field measurements of water temperature, pH; dissblved
oxygen, and specific conductivity with appropriate calibrated
portable meters. Air temperature and weather conditions will
also be noted. The Consol technician will collect two one-
liter samples at each site during monthly sampling periods.
One sample will be collected raw and acidified to a pH of less
than 2.0. The second sample will be collected raw and untreated.
A third.sample will be collected during quarterly sampling
periods, field filtered, and acidified to a PH of lesé than
2.0. The sample bottles will be filled completely full to
minimize water-air ion exchange; These samples will be
properly labeled with the site number, date, whether it is a
quarterly, monthly, or NPDES sample, time of collection, and
technician's initials. These samples will be refrigerated
immediately to 4°C via ice and will remain refrigerated until
delivered to a laboratory registered with the Environmental
Protection Agency. The samples will be delivered to the
laboratory within three days to assure analytical accuracy.
The iaboratory will analyze for all parameters listed in
Table 26 except those indicated as "Field" according to whéther
it is a monthly, quarterly, or NPDES sample. The methods for
collecting water samples and performing analyses are outlined

in the Envirommental Protection Agency's Manual of Methods for

Chemical Analysis of Water and Wastes (1976).
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Consol will maintain a surface water monitoring activ-
ities log book at the mine office. This log book will contain
dates of instrument calibration, discharge records, field data,
and results of chemical analysis. Within 30 days after the
end of each calendar quarter, Consol will forward to the Utah
Division of 0il, Gas, and Mining a copy of all monitoring data,
a copy of the NPDES discharge report, and a summary of moni-

toring data and activities.

6.4 Surface Water Rights

Surface water rights information was requested on
December 5, 1979, from the Utah State Engineer's Office, Divi-
sion of Water Rights, Salt Lake City, Utah. When the

information is received, it will be immediately appended to

this report.

7.0 GROUND WATER RESOURCES
7.1 Regional Ground Water Characteristics |
According to Price (1972), Castle Valley has been
classified as an area having well yields of generally less
than 10 gpm. Some wells, however, which penetrate more
permeable zones may yield as much as a few hundred gallons
per minute. Water quality generally ranges from 250 to 1,000
mg/% in TDS. These data obtained from well recordé collected
by the USGS and other cooperating State, local, and Federal

agencies are for the Ferron Sandstone member of the Mancos
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Shale. The Ferron Sandstone occurs generally less than 1,000
feet below the land surface in the Emery area and contains the
IJ coal seam which is presently being mined (see Section 5.0,

Geology){

7.2 Site Specific Ground Water Characteristics
7.2.1  Aquifers
7.2.1,1 Quaternary Deposits

A minor, shallow aquifer is contained within the
Quaternary alluvium and river terrace deposits scattered
throughout the Emery area (see Figure 6). The boundaries of
this minor unconfined aquifer are clearly defined by the
limits of the Quaternary deposits. Recharge to this aquifer
is sustained by the almost constant irrigation activity'
practices by the local farmers.

Numerous springs can be seen flowing continuously from
the contact of the Quaternary deposits and the Bluegate Shale.
(see Section 7.2.7'and Plate 5). Because of the rolling
topography of the Bluegate Shale, water flowing from some of
these springs becomes trapped in. swales creating "alkali
swamps." |

The ground water in the unconfined aquifer is not used
for consumptive purposes because of its relatively saline
quality. Cattle, on the other hand, do drink from the springs.
A discussion of water quality is presented in a following

section.
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7.2.1.2 Ferron Sandstone

| Ground water in the area of the Emery Mine is con-
tained in the permeabie Ferron Sandstone member of the Mancos
Shale. The Ferron Sandstone is confined above by the Bluegate
Shale and is believed to be confined below by the Tununk,Shaieu
Section 5.2 of this report presents data which characterize
the Ferron Sandstone deposits. These data aré supplemented
with lithologic and geophysiéal data presented in Figures 19
through 23 for the five recéntly (£all, 1979) drilled
hydrological monitoring wells, wells H, I, R, AA, and ZZ (see
Plate 2 for locations). Ground water characteristics of the
Ferron Sandstone are discussed‘in detail in the sections that

follow.

7.2.2 Aquifer Characteristics

Several aquifer tests were conducted by the USGS,
Salt Lake City personnel. Thesé tests were conducted using
existing.wells, and wells installed by the USGS under their
obligations to the EMRIA investigation being conducted by the
Bureau of Land Management. The drawdown and recovery data
from the several sites tested were provided to WATEC, Inc. on
a provisional basis. These test results were analyzed by
WATEC, and the coefficients of storage and transmissivity were
calculated. These data are tabulated in Table 27. The data
plots are included in the Appendix.

For the purpose of this investigation an average

transmissivity of 3030 gpd/ft. and a storage coefficient of
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' Lithologic Description .

SOIL, clay.

SHALE, black, sandy, slightly to moderately fissile
F==——] with minor interbedded CLAYSTONE, black and tan.
SANDSTONE, black, very fine to fine grained.
_ggé-a.\\CONGLOMERATE, quartzose, rounded to subrounded pebbles

“SSANDSTONE, light grey to black, very fine to mediim
seseatd  grained, mostly well cemented with minor amount of
S \black SHALE and PYRITE.

SANDSTONE, grey brown, very fine to fine grained,

very well cemented with minor interbedded black and
tan SHALE and CLAYSTONE.

SANDSTONE, salt and pepper, quartzose, fine to medium
grained, friable, well rounded with SHALE at 115 and
165-166". '

COAL;‘vitreous, slightly pyritiferous with interbedded
green-brown SHALE and MUDSTONE.

e e SHALE, brown-green and MUDSTONE, grey-brown with
vitreous COAL at 205 and 206-212"'.

SANDSTONE, grey, quartzose, very fine to fine grained,
well cemented at top, decreasing downward.

MUDSTONE, grey, SHALE, grey-green and SANDSTONE, grey
to white, very fine to fine grained.

COAL, vitreous.

SANDSTONF, grey, quartzose, fine to medium grainéd,
friable and minor amount of green-brown SHALE.

SHALE, dark green-brown

SANDSTONE, dark green-brown to brown, very fine to
\\fine grained, silty/shaley, well cemented.

COAL, vitreous, with SHALE partings at 356-357 and

361'. .

SHALE, grey-green, MUDSTONE, grey, SANDSTONE, light

grey, quartzose, very fine to .fine grained, well
\\cemented and COAL, vitreous, at 377-378'.

SANDSTONE, green-brown to grey, very fine to fine

grained with minor amounts of SHALE and MUDSTONE.

COAL, vitreous. ‘

SANDSTONE, grey to white, quartzose, very fine to
fine grained with very minor amount of green-brown
SHALE and possible vitreous COAL at 474-475"'.

LEGEND

surface casing
1" galvanized casing

grout seal

Lad \\\‘\gravel

1
n
(]

vertical scale: 1°f

1" X .0625" perforations on 4" centers

FIGURE 23
CONSOLIDATION COAL CO.
Emery Mine, Emery, Utah

Hydrogeologic Log
Well #AA

Prepared by Watec, Inc., December 1979.




";eophysical Logs Well Lithologic Description .
Completions
gamma density resistivity R-1 R-2
— . -
K3 T SHALE, soft, weathered.
-— e T “' ~ .:
B - ™ M -y
3 ! 20 o K B
( ' g e SHALE, grey, hard, slightly sandy.
i | 40 - s N :
1 ) 50 1 i B . - t
= - 400 ) 554' pipe is slotted between 105 and 126°.
3 ¢ . > H L
i A B U
i ) N M D <
! | 420 = 8 B K H
{ 1 A B H K
] ] ® "t o .‘
1 [ L40) o Bl :i ’,
; | A KN KM D
! ! . % :} 4 SHALE, grey to black, sandy.
{ . \ - id », '. [
' . 460 H Bl M &
» i »
§ ' _ qd M N K
= ! 480 = < d ]
"\ | H M K ﬁ
Yoo 500 HHEHB
; ' M- M &
b H-E H {
o 520 = 3= B D
\ "
N ! * ) y '
! 1 540 d i . SHALE, carbonaceous, moderately to highly
! L 7 I 9 H fissile. :
i { - K G
. ‘ » st .
! 560 = oood K3 B
¢ 22 KK
) 2 KB
/ ‘- 580 = | 1.9.9.9 K b S . .
\ - 5 H D SANDSTONE, quartzose and silty, very fine to
s el e ey ",;3‘«:- s .';‘ medium grained and SHALE, black, fissile.
R F 600 = AR T P4 “COAL, hard, vitreous with interbedded
; ! oA B § quartz SANDSTONE.
i \ 620 = i ‘1 SR SHALE, carbonaceous and SANDSTONE, dark
s e - 20y Il grey, very fine to fine grained, silty.
J ~ by N
L& .’__‘ 640 — SANDSTONE, light grey to white, quartzose,
_¢ {”' ;! fine grained.
it S—e——— v, COAL with SHALE partings at 651.5 and 656°.
‘. - — 1660 = :: -
S < % SANDSTONE, grey to white, quartzose, fine
; Sa., 680 — * to medium grained, SHALE, carbonaceous to
{ T R brown and MUDSTONI.
. -y 4
;2 =, 700 — d
.;' V] )
e = .
N 1 :
[ S 720 = b N . .
i \ u SANDSTONE, light grey to white, very fine
< \ 4 . grained and minor amount of carbonaceous
s 7 740 v SHALE and MUDSTONE below 752'.
[ ! >
» (s ‘l
&= = 760 = . .
)} Vg )

--.-"s ; _4 é = . - . 1
- == o =e===780 5 COAL, vitreous with SHALE parting at 785.5'.
L S S > ?__-mx ,

x ~ ¥ SHALE and SANDSTONE.

! -<£ 800" R SANDSTONE, light grey, quartzose, very fine
‘._,.‘_..J -;,’: _ ::: .: grainec?. .
- it LY ode! o —~COAL with SHALF partings at $16-318 and
R S > -k 821".
N sl - . . .
I Y 840 ~1%4 L} SANDSTONE, light grey to white, very fine
1 4 = '.:. 'q'.; grained and minor amount of bentonitic
= 21 = 'S
= :§= 360 ':1 o §k§YSTO¥€, grey. ‘
; I P ol P DSTONE, light grey, quartzose, fine
0 37512 3.2 0 500 ah' »s , §ralned, extremely hard (water production
N O il (. IH 8 \Increased). -
gamma coal matrix ohm m = 8§84 —~EIlliX ' QB \SANDSTONE, same as 4%24-868' intervsl.
APT g/cc ___ SANDSTONE, game as 868-871' interval.
LECEND FIGURE 22

CONSOLIDATION COAL CO.
8 5/8" f i '
/ suriace casing Emery Mine, Fmery, Utah

1" galvanized casing
liydrogeologic Log

Well #R-1 &
Vell #R-2

grout seal

1" X .0625" perforations on 4" centers

[ )
g ——pea gravel

vertical scale: 1" = 50! Prepared by Watec, Inc., November 1979.
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'Geophysical Logs

Well Completion .

Lithelogic Description

gamma density  resistivity ‘
I B 0 H KSR
] :::::::: o % :: RIS & SOIL, very clayey.
P 4
i Bl B HHESH
. "l & p \ '.v.: 3
T B BN H OBk : |
ey :::; o ki :; % i’:;,‘:, SHALE, grey blue, soft.
. O 2029 » ' ‘0 IAYORE F—— — 1
3 o H M B
-l M : 3
i ot 0 B H KS
s B & :\ ‘ gé SHALE, grey to black, moderately to highly .
) Q" :: 4 2 gy fissile, sandy from 181-280' and CLAYSTONE, tan
i' 28 .2.: .:‘ " v -.':i to yellow from 35-180'. '
3 T 290 —femr—
2 =
\(: : 300 =
! P =
$ - -
] | 320
! i
; : 340
i ! NNNAY N
L W X
J b 360 TINNNAN N
. ] NANN \
L NN N
/ » 330 4NN\ N
] | NVANNN N
\
i ( 490
I \
3 {
? S 4290
: ; SANDSTONE, grey to white, very fine to fine ‘
i z 440 _ grained, quartzose, with minor CLAYSTONE interbeds,
i r - = tan to yellow and carbonacecus SHALE at 415-419
» 1 hned and 437"438'.
¢
e 460 : v
.’7;._-.._:, ?lg‘—' SHALE, carbonaceocus.
o= mmme ey 480 data missing.
Y <. _ 4~ SANDSTONE, grey to white, very fine grained with
L > 500 CLAYSTONE interbeds.
7 g COAL (G seam).
[ ! 520 .
{ 1 ° SANDSTONE, grey to white, very fine grained,
; : quartzose with black SHALE and brown to tan
2 1 540 CLAYSTONE interbeds.
1 i
. J 50
=0 o 2° COAL (C-D seam).
) >
§ ﬁi 580 - SANDSTONE with SHALE and CLAYSTONL interbeds (same
l : - as 505-562' interval). .
= -.-.-.-:” e 600 = PO COAL (A seam). ‘ '
L C E= =]~ SANDSTONE with SHALE and CLAYSTONE interbeds (same
s «TET M a5 505-562' interval).
%Y A== 620
J%:‘fz Pl COAL (A seam) with SHALE and SANDSTONE partings at
'z ﬂa 640 2o\ 618, 620 and 6237, '
\ \ \ SANDSTONE with SHALE and CLAYSTONE interbeds (same
<, J \as 505-562' interval). '
¢ ’> 660 , ,
4 \ i, white to grey, fine grained, quartzose,
¢ [ with SHALE and CLAYSTONE interbeds. '
? z 680 . .
X ~ » white to grey, fine grained, quartzose.
(. L’ ) - »
g? ;;.1.. 700 = SANDSTONE, white to grey, fine grained, quartzose,
3 & = with SHALE and CLAY interbeds.
oL 375 .lz _f3.2l' of 580
| L J 728
gamma coal matrix ohm n
API - glece
FIGURE 28
LECEND T

4

e
RN IO
of e ’Off«.’."':'? :

"oy
'."A‘-..s.’ :’0;
LAY TRAMK 5
8 95! !

8
‘e
29,
-l

——gravel

vertical

8 5/8" surface casing
1" galvanized casing
———grout seal

1" X .06" perforations on 4" centers

scale:

l” = 50!

CONSOLLDATION COAL CO.
Emery Mine, Emery, Utah.

Hydrogeologic‘Log
Well #T /

Prepared by Watec, Inc., November 1979.



‘Geophysical Logs Well Completion ‘ Lithologic Description .

gamma density resistivity

——

SOIL.
MUDSTONE, vellow.

SHALE, carbonaceoué; silty below 190' with
interbedded grey CLAY, brown CLAYSTONE and
occassional banded, fibrous GYPSUM stringers.

i
1
l

v
~

S st
o

o o e o o e o - e
o — -

SAMNDSTONE, black, silty, very fine grained.

-V — -~

SANDSTONE, dark grey to black, silty to clayey,
very fine grained with occasional interbedded
carbonaceous SHALE and GYPSUM/CALCITE stringers
around 6407,

—— e

- e, —— s~

SILTSTONE, dark grey to black and SHALE,
carbonaceocus. ‘

SHALE, dark grey to black, carbonaceous, CLAY,
grey and CLAYSTONE, green with interbedded sandy
SILTSTONE, black, fine grained and GYPSUM/CALCITE.

—r ot o et ame =t e et ey =, e b o =t v o]
o o e e s = o o = o o

N
vt

SHALT, black, silty.

SHALY, dark grey to black, carbonaceous, silty
with interbedded brown CLAYSTCHE and dark green

SHALY.

o — -

w
v

PO U S

N\

SANDSTIONE, grey to dark grey, silty, fine grained.

-t

SANDSTONE, white, quartzose, {ine to medium
grained with interbedded green SHALE, brown
CLAYSTONE and minor amount of PYRITE.

i

NI

!

.-
rel,
”

=~ COAL (I-J seam), vitreous with black SHALE and
SILTSTONE parting at 852'.

n

\

SANDSTONE, light grey to white, quartzose, with
interbedded carbonaceous SHALE, green to tan
CLAYSTONE and minor amount of GYPSUM.

900

SANDSTONE; light grey to white, quartzose, very
fine to fine grained.
SHALE, carbonaceous.
=2 =~ COAL, (C seam), vitreous, SANDSTONE, light grey,
: very fine to fine grained, CLAYSTONE, tan to brown
and carbonaceocus SHALE.
SANDSTONE, grey, quartzose, micaceous, very fine
to fine grained, CLAYSTONE, brown, platy and
\\SHALE, blue grey. ‘
SHALE, brown to black, carbonaceous, COAL (C-D
\\seam) and minor amount of very fine to fine

920

— b oy Tt oy oy, - — -
\ - My
— e — \

)\

(NG TPV

940

R VY e

960

A

\)

VN afy

!
I
¥

Qi
Iy,

980

K
i

oy

J -

]

grained SANDSTONE.

SILTSTONE, grey green to green, sandy, well
c:\\indurated. ‘

COAL (A seam), vitreous, with partings at 1024-
1025, 1027 and 1029'",

“".\.4‘*-—.4

\

o4

. L s N - -—.J\-‘J
\

\
\
v

N\ A
~7y 1)

SANDSTONE, light grey, quartzose, micaceous, with
interbedded tan to brown CLAYSTONE and minor
amounts of carbonaceous SHALE and COAL.

|
]
'\.‘_'/-J

!
!
§
I

——— _._AAJ\.'vc\

SHALL

SANDSTONE with‘interbedded CLAYSTONE, same as
1031-1087" interval.

~—

G 50 10K 0

cps cps

LEGEND | - FIGURE 20

CONSOLIDATION COAL CO.
8 5/8" surface casing

Emery Mine, Emery, Utah
1" galvanized casing

Hydrogeologic Log
Well #H

grout seal

1" X .0625" perforations on 4" centers

sand

vertical scale: 1" = 50° Prepared by Watec, Inc., November 1979,




‘l .(5«(;:0 physical Togs Well
|
| ,

Completion

. Lithelogic Description ‘

garma density registivity
— i —
l SAND and CRAVEL.
& [ :
::;f'”" i SANDSTONE, light to dark brown and rust, medium to fine
~ | 30 grained with SHALY at the top.
/ i 7
! : SANDSTONE, yellow to medium grey, well sorted, friable.
) \ . . . -
i 1 50 SAIHDSTONE, grey, fine grained and SHALE, dark grey and
A J | black, carbonaceous. ,
\ l 70 SANDSTONE, brown, well indurated and grey, quartzose.
\ | .
c ! SANDSTONE, grey, medium grained, dirty below 91' and dark
{ | 950 SHALE stveaks.,
¢ [
4
3 i
: 1110
{
/"'“ z s - ; . - ~ 201
T= 1150 = COAL (I-J seam), partings at 129-130, 135-136, 137-138"'.
- |
} I
]'_'ﬁ. ',50-‘ STILTSTONE " and SANDSTONT rovy Sine o ined
Y ————- olLiolUNE, grey and SANDRETONL, very fine grained.
(- -
%. :’ﬂO SHALE, light to dark grey, carbonaceocus.
! 17
-,
5
Ere : SHALE, grey, slightly carbonaceous with interbedded
e o m e~ =190 - SANDSTONE, grey, fine grained, indurated. '
¢ <.
-, - : "y - I
o ::::::- COAL (G seam), parting at 203.5-204.5"'.
~ ) 210 - SHALE, SILTSTONE and SAMDSTONE.
D> e COAL, vitreous. :
JI § 230 — SANDSTONE, dark grey, fine prained with carbonaceous
4 - FAS LY TAT .
o Vomm e ) SHALE at top and bottom,
fumre ~TL T - . . . .
;ﬁ“’ - “CCAL (C-D seam), platy to massive, vitreous, partings at
— ——— = sk ; .
3 “e 250 = 239~240.5 and 244.5-245.5", ,
} ;5 SANDSTONII, light grey, very fine to medium grained,
H Pf 27() = micaceocus with SHALE at top and bottom.
3 b SANDSTONE rey, fine-medium grained.
P < . s ) g
> - 290 — COAL (A seam), partings at 281.5-283 and 284-284.5".
[ . 29C
; %;:;=u. SANDSTONE, crey, very fine to medium grained and
i =~ 310 = — SILTSTONE, grey, shaley.
L3 —
: =< an — SHALE, black and SILTSTONE.
s -~ 3 O p— are— 3
3 =l =3 .
< a7 SANDSTONE, grey, fine-medium grained and SILTSTONE, dark
.5 2S5 350 — grey, very fine grained, shaley. ‘
— N EHALE, carbonaceocus.
0 " 250 1 3 400 370 — SANDSTONE, grey, fine-medium grained, shaley.
L ] L | ) —_—
oanma apparent ohma " — -
. 360
API n/ce
LECEND FIGURE 19
| CONSOLIDATION COAL. CO.
EI & 5/8" surface casing - iy
) - Fmery Mine, Tmery, Utah
: — 4" schedule 40 PVC casing . . ,
? lvdrogeologic Log
grout seal Well #77
— cement basket .
—_— (.05" saw cut perforations

vertical scale: 17 = o'

Prepared by Vuatze, Ince., November 1979,
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TABLE 27

AQUIFER CHARACTERISTICS OF THE FERRON SANDSTONE
(Source: USGS, 1979)

. o .. 1 Geologic Unit Transmissivity Storage
- Aquifer Test Site Tested (gpa/ft) Coefficient
EMRIA #3 (pumped well) Kmf(u) and Kmbg 120 _
WELL 3A (observation) - Kmf(u) and Kmbg 2610 1.3 x 1073
WELL 3A (recovery) Kmf(u) and Kmbg 3880
EMRIA #2 (pumped well) Kmf
WELL #1 (observation) Kmf 1170 5.9 x 10 *
MUDDY /3 (pumped well) Knf(u) and Kmbg
USGS 1-2 (observation) Kmf (u) 3485 1.13 x 1072
BRYANT WELL (pumped well) Kumf(u) and Kmbg 158k
EMERY TOWN WELL
(pumped well) _ Kmf(2) 3812
DOG VALLEY MINE _
(pumped well) Kuf 980 3.1 x 10"
WELL WW#*3 (observation) Kmf 5632 3.7 x 10"
WELL WW#5 (observation) Kmf 5632 6.03 x 10°*
WELL W6 (observation) Knf 3730 1.b x 107"
WELL WWf!6 (observation) Kmf 2283 0.98 x 10"
WELL WWf9 (observation) Kmf 3840
WELL WW#9 (observation) Kmf - T70 1.6 x 107"

lSee appendix for aquifer test data.
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5 x 10-4 were used to describe the upper Ferron Sandstone
(Kmf(u)) aquifer properties. The transmissivity of the EMRIA
#3 pumped well Was.judged a;ypical and was not used in the
average. Theistorage coefficient of 1.13 x 10”2 was not con-
sidered.

By inspection of the data given in Table 27, the upper
Ferron Sandstone was not tested individually except at the
Muddj #3 test. Each test included some Bluegate Shale or the
wells tested undifferentiated Ferron Sandstone. Despite this
shortfall, the range of values for wells known to include thé
upper Ferron Sandstone suggests that a transmissivity of

about 3000 gpd/ft. is representative.

7.2.3 Aquifer Interrelationships

| An important consideration in evaluating potential
hydrologic disturbances is the degree to which aquifers are
interconnected with the mine zone! The greater degree to
which the aquifers are interconnected, the greater becomes
the potential for the development of hydrologic disturbances
related to mine water inflow, and the related aspects of water
level decline énd mine water discharge. |

From the static water level data obtained from the 41‘

hydrology wells in the‘area (see Table 28), it is apparent
from head differences that ground water has the generally
widespread potential to move upward from the lower Ferron .

into the coal bearing section of the Ferron (see Plates 3



Explanation for Teble Headings:

TABLE 28

STATIC WATER LEVEL DATA FOR WELL MCONITORING SITES

IN THE EMERY MINE AREA

FC6WW (Kemmerer/USGS )L

(D-22-6)1TABC/Kmf{L)

94

Well Monitoring Sites (Source of Data)
Location/Geologic Unit Monitored
Land Surface Elevation (ft.-amsl)

FCI4EWW (CON‘SOL/USGS)l

(D-22-6)23BBC/Kmf(u) and Xubg

6285 6121.7

Depth to - Water Depth to Water
Water Surface Water Surface

from Land Elevation from Land Elevation

Date Surface (ft.) (ft.~ams1) Date Surface (ft.) (f5.-ams1)
9-10-75 -48.00° 6333 8-5-75 21,67 6100.03
12-30-T75 -48.00 6333 1-29-76 23.25 6098.45
3-18-76 -49.00 633k 9-16-T6 23.95 6097.75
9-2-76 -46.00 6331 9-28-76 24 .23 6097 .47
11-15-76 -L47.00 6332 10-7-76 2k, Lo 6097.21
2-15-77 -45.50 6330.5 10-20-76 24 .68 €087.02
3-30-T77 -45.50 6330.5 11-10-76 2k, 89 £096.81
5-6-T7 - -k6.50 6331.5 2-15-T7 25.92 6095.78
6-2-TT -L7.00 6332 3-30-TT 26.7h 609k .96
T-T-77 -47.00 6332 5-6-T7 27.06 609k . 6L
T-22-T7 -46.00 6331 6-2-TT 27.23 6094 . LT
9-3-TT -45.50 6330.5 6-23-77 27.h2 6094 .28

9-21-TT -46.00 . 6331 T-8-77 27.Lk 609k .26
. 10-21-T7 -45.00 6330.5 7-22-77 27.54 609k .16
11-8-78 -46.00 6331 9-8-T7 27.7h 6093.96
5-3-78 -46.00 6331 9-21-7T 27.83 6093.87
T-5-78 -45.00 6330 10-21-77 27.99 6093.71
8-2-78 -45.00 6330 11-8-77 28.19 €093.51
8-31~78 -45.00 6330 3-15-78 3L.13 6087.57
9-29-78 -4l 20 6329.2 5-3-78 33.87 6087.83
10-26-78 -4kh.50 6329.5 5-31-78 34.78 6080.92
12-9-78 =4k, 90 6329.9 7-5-78 35.05 6086.65
2-5-T9 -4L .50 6329.5 8-2-78 33.88 6087.82
3-5-79 -44 .00 - 6329 8-31-78 33.01 6088.69
4-3-79 -43.75 6328.75 9-3C-78 32.63 6089.07
5-9-79 -43.00 6328 10-27-78 33.00 6088.70
6-L-79 -43.00 6328 12-5-78 32.52 6089.18
7-9-79 -43.00 6328 1-3-79 33.2 6088.50
8-1-79 -43.00 6328 2-5-T9 33.39 6088.31
9-6-T9 -43.00 6328 3-5-79 34.07 6087.63
10-30-T79 -42.00 6327 3-30-T9 36.28 6085.L2
5-9-T9 37.13 608k .57
6-L-79 37.63 608k4.07
T-2-T9 36.57 6085.13
8-1-T79 35.14 6086.56
9-6-T9 34.99 6086.71
9-28-79 35.41 £086.29
10-30-79 35.85 6085.85

lWater surface elevations for these wells are presently being periodically

monitored by the USGS.

2Minus sign (-) denotes above land surface.
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TABLE 28 Continued

FC3L3WW (CONSOL/USGS)l FC363WW (CONSOL/USGS)l
(D-22-6)28DAB/Kmf(u) and Kmbg (D-22-6)27CBB/Kmf(u) and Kmbg
® 6095 6043.99

Depth to Water Depth to ‘ Water
Water Surface Water Surface

from Land Elevation from Land Elevation

Date Surface (ft.) (ft.-amsl) Date Surface (ft.) (£t .-amsl)
8-5-75 23.k2 6071.58 1-29-76 8.50 6035.49
1-29-76 23.17 6071.83 9-16-76 7.57 6036.42
9-16-76 23.29 6071.71 9-28-76 7.5k 6036.45
9-28-76 23.45 6071-55 10-7-76 7.69 6036.30
10-7-T76 23.53 6071L.hT 10-20-76 7.54 6036.45
10-20-T76 23.64 6071.36 11-10-76 7.3k 6036.65
11-10-76 23.68 6071.22 2-15-TT 7.48 6036.51
2-15-77 2k .36 6070.64 - 3-30-77 T.67 6036.32
3-30-77 2L, 65 6070.35 5-6-TT T.L6 6036.53
5-6-T77 2L, 84 6070.16 6-2-77 7.83 6036.16
6-2-77" 25.01 ' 6069.99 6-23-77 8.20 6035.79
6-23-TT 25.1k 6069.86 T-8-TT 8.38 6035.61
T-8-77 25,21 6069.79 T-27-T7 8.69 6035. 30
T-22-T7 25.28 6069.72 9-8-77 8.73 6035.26
9-8-77 25.56 6069 .44 9-21-7T 8.98 6035.01
9-21-T7 25.59 6069. 41 10-21-77 8.8L £035.15
10-21-77 25.65 6069. 35 11-8-77 . 9.25 603k, Th
11-8-77 25.93 6069.07 3-1L4-78 11.59 6032.40
‘ 3-15-78 28.59 6066.41 5-3-78 12.20 6031.79
5-3-78 26.90 6068.10 5-31-78 12.65 6031.3%4
5-31-78 27.00 6068.00 7-5-78 12.97 6031.02
T-5-78 26.94 6068.06 8-2-78 13.07 6030.92
8-2-78 26.40 6068.60 8-31-78 13.02 6030.97
8-31-78 25.73 6069.27 ~ 9-29-78 13.08 6030.91
9-29-78 25.38 . 6069 .62 10-27-78 13.09 6030.90
10-27-78 25.31 6069.69 - 12-10-78 13.06 6$030.93
12-10-78 25.25 6069.75 1-3-79 12.6L 6031.35
1-3-79 25.18 6069.82 2-5-79 12.95 6031.0kL
2-5-79 25.15 6069.88 - 3=3-79 13.12 6030.27
3-5-79 25.23 6069.77 3-30-79 12.83 6031.16
3-30~79 25.25 6069.75 5-9-T9 12.93 6031.06

5-9-79 25.20 6069.80 5-31~79 13.30 6030.69 -
5-31-T9 25.17 6069.83 T-2~T9 13.06 6030.93
T-2-79 24,98 6070.02 8-1-79 13.0L 6030.95
8-1-79 - 2h.ht 6070.53 9-6-79 12.92 6031.07
9-6-T9 2h.10 6070.90 9-28-79 13.39 6030.60
9-28-79 23.98 6071.02 10-30-79 13.82 6030.07

10-30-T79 2h,1h 6070.86
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FCIKWW (CONSOL/USGS) Usas 1-1 (uses)t
. (D-22-6)28DAB/Knf{u) and Kmbg (D-22-6)27CRB/Xmf (L)
6085 6060
Depth to Water Depth to Water
Water Surface Water Surface
from Land FElevation from Land Elevation
Date Surface (f%.) (ft.-amsl) Date Surface (ft.) (ft.-amsl)

9-16-T6 22.43 6062.57 12-6-78 71.50 5088.50

9-28-76 22.11 6062.89 12-10-78 103.88 5956.12

10-7-76 22.42 6062.58 i-3-79 10k.26 . 5955. Tk

10-20-T76 22.3h 6062.66 2-5-79 104,50 5355.50

11-12-76 22.141 6062.59 3-5-T9 10L.6k ~ 5955.36

2-15-77 23.22 6061.78 3-30-79 10L.86 5955.14

3-29-77 24.18 6060.82 5-9-79 105.1k 5354 .86

5-6-T7 24,36 6060 .64 © 5-31-79 105.28 5954, 72

6-2-T7 23.90 6061.10 T-2-T79 105.28 5954, 72

6-28-77 26.75 6058.25 8-1-79 105.45 595h .55

T~-8-T7 26.5h 6058.46 9-28-79 101.6k 5958.36

T-22-7TT 27.11 6057.89 -~ 10-30-79 101.54 5658.L6
9-8-TT 29.29 6055.71
9-21~77 30.51 6054 .49
10-21-77 33.29 6051.71
11-8-77 3k.38 6050.62

3-1L-78 3Lh.62 6050.38 ,
® uses 1-2 (uses)®
(D-22-6)27C3B/Xnf (u)
6060

- = 12-6-78 36.81 €023.19

BRYANT (BRYANT/USGS)™ 12-10-78 37.68 6022.32

(D-22~6)31DBA/Kmf(u) and Kmbg 1-3-79 36.73 6023.27

6030 2-5-79 36.77 6023.23

3-5-79 40,45 6019.55 .

10-7-76 ~3.532 6033.53 5-9~79 42,49 6017.51

5-6-T7 ‘ -3.80 6033. 80 5-31-79 h3.78 6016.22

6-2-T7 -3.50 6033.50 T-2-~79 43.79 6016.21

6-23-TT -3.50 6033.50 8-1-79 L3.59 6016.41

.9-21-T7 -3.80 6033.80 9-6-T9 45,34 601k .66

10-21-T77 ~-3.70 - 6033.70. 9-28-79 50.29 6C09. 71

11-8-77 -3.80 6033.80 10-30-79 sh,11 6005.89

USGS 3-1/USGS
(D-22-6)27CBB/Kmbg

, _ 6060
o . _

6-13-79 o 17.23 60k2. 77
T-2-79 17.2k 6Ch2.76
8-1-79 17.33 60h2.67
9-6-T79 17.43 é0k2.57
9-28-79 17.54 60k2 . b6

10-30-T79 17.65 . 60k2. 35
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USGS L4-1/UsGs
(D~-22~6)27CBB/Kmbg
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EMRIA #2 OBS (BLM/USGS)T
(D~22-6)26BBB/Kmf

6090

Depth to Water
Water Surface

from Land Elevation

Date Surface (ft.) (£t .~ems1)
10-27-78 33.50 6056.50
12-5-78 32.89 - 6057.11
1-3-79 33.18 6056.82
T-2-T9 33.34 6C56.66
9-28-79 32.60 6057.40

9-6-79 27.24 6062

6060
Depth to Water
Water Surface
from Land Elevation
Date Surface (ft.) (ft.-amsl)
6-13-T79 18.77 6041.23
T-2-79 17.75 60k2,25
8-1-79 17.84 60L42.16
1 9-6-T79 17.93 60k2.07
9-28-79 18.01 6041.99
10-30-T79 18.1k 6041 .86
EMRIA #1 (BLM/USGS)
(D-22-6)23AAC/Kmf
6180
10-27-78 138.17 60L1.83
EMRiA jF1 0BS (BLM/USGS)
(D-22-6)23AAC/Kmf
6180
10-27-78 149,14 6030.86
EMRIA #2 (BLM/USGS)>
(D-22-6)26RBB/KnTt
6090
9-29~78 26. 62 6063.38
10~-27-78 28.50 6061.50
12-5-78 26.ho 6063.58 -
1-3-79 26.16 6063.8L
8-2-79 28.73 6061.27
.76

EMRIA #3 (BLM/USGS)>
(D-22-6)22CDD/Kmf (u) and Kmbg

6090
9-22-78 53.36 ‘ 6036.3%
10-27-78 53.39 6036.41
12-11-78 sk.13 - 6035.87
1-4-79 5L.01 €035.99
2-5-T9 55.38 603L .38
3-5-79 55.99 603k .02
5~9-79 - 57.11 032.89
6-4-79 57.55 6C32.Lk5
T-2-79 56.05 6033.95
8-1-79 55.25 603k4.75
9-2-79 55.95 603k.05
9-28-79 57.29 6032.71
10-30-~79 58.37 6031.63
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TARLE 28 Continued

EMRIA #34 (BIM/USGS):
(D-22-6)22CDD/Knf(u) and Kmog

6090

Depth to Water
Water Surface

from Land Elevation

Date Surface (f£t.) (ft.-amsl)
9-22-78 Lk .05 6045.95
10-27-78 43.72 60L2.28
12-11-78 43.81 6046.19
1-L-79 L3, 71 6046.29
2-5-79 44,93 6045.07
3-5-79 h5.62 604Y . 38
6-4-79 - hk8.12 6041.88
T-2-79 L6, 64 6043.36
8-1-79 45.59 60Lh b1
9-6-T6 45.93 604k .07
9-28-79 h7.23 60L2.77
10-31-79 '48.34 60L1.66

TRIA #38 (BLM/USGS)®
(D~22-6)22CDD/Kmbg

BLUEGATE #3 (USGS)
(D-21-6)35AAC/Kmbg

6280
Depth to Water
Water Surface
from Land Elevation
Date Surface (ft.) (ft.-amsl)
11-7-78 8.37 6271.73
1-3-79 8.31 6271.69

MUDDY #1/USGSl
(D-22-6)33ABA/Kmf(u) and Kzbg

6050
T-2~79 . 141.08 55908.92
8-1-79 1k1.25 5008.75
9-6-T9 1k1.88 5008.12
9-28-79 138.L3 5911.57
10-30-79 134,64 5615,36

MUDDY 32 /USGS
(D-22-6)28DDB/Knf(u) and Xubg

60L5
6-13-79 Ly 18 6000.82
T-2-T79 43,54 6001.16
8-1-79 h1.7h 6C03.26
9-6-79 43.20 6001.80
9-28-79 L6.21 5998.79
10-30-79 48,80 5996.20

6090
9-22-78 16.55 © 6073.L45
10-27-78 16.Lk 6073.56
12-11-78 16.28 6073.72
1-4-79 15.49 607h.51
2-5-79 15.95 6074.05
3-5-79 16.06 6073.94
6-L-79 15.31 60Tk .69
T-2-79 1b. 4k 6075.56
8-1-T79 13.54 6076.46
9-2-T9 13.0k 6076.96
9-28-79 12.67 6077.33
10-30-79 12.63 6077.37
EMRIA 7+ (BLM/USGS)
(D-22-6)3LCAC/Kmf
6200
12-5-78 82.85 6117.15

MUDDY #3/USGS
(D-22-6)27CBB/Knf(u) and Kubg

6060
6-13-79 25.h5 603k.55
T-2-79 21.1h 6038.86
9-6-79 20.61 6039.84
9-28-79 20.69 6039.31
10-30-T79 20.79 6039.21
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MUDDY #4/USGS

' (D-22-6)27BDA/Knf(u) and Kmbg
6060
Depth to Water
Water Surface
from Land Elevation
Date Surface (ft.) (ft.-amsl)
6-13-79 8.19 6061.81
T-2-79 7.26 6052. Tk
8-1-T79 8.12 6051.88
9-6-T9 8.65 6051.35
9-28-79 9.28 6050. 72
10~-30-T9 9.63 6050.37

WELL ZZ (CONSOL/USGS)

(D-22-6)33ABA/Kmf(2)

' . 9-28-T79

60L5
9-12-79 150.L40 589L.6
145.16 5899. 84
10-30-T9 - 142,79 5902.21

WELL H (CONSOL/USGS)
(D-22-6)20BAA/Multi-Completions

6260

Monitored Unit: Kmbg

10/24/79
11/15/79

11/15/19

10/24/79
11/15/79

. 10/24/79

11/15/79

32,1k
35.6L4
Kmf ()
6L4.18

Kmf(m)
-60
_25
Kmf(2)

-13.5
13

6227.86
6224, 36

6195.82

6320
6285

6273.5
6273

99

WELL I (CONSOL/USGS)
(D-22-6)21CAA/Multi-Completions

Date
Monitore

10/25/719
11/15/79

10/25/79

11/15/79

10/25/79
11/15/79

10/25/719
11/15/79

6110
Depth to Hater
Water Surface
from Land Elevation

Surface (ft.)

(ft.-amsi)

d Unit: Kmbg .
9.56
11.69
‘Kmf(u)

>300
335.7

Kot (m)

62.25
51,1k

)

PSS

Kt (
11.

o
[SVR U]
w W

€100. 4k
€098.31

<5810
577h.3

| 6172.25

6058. 86

6098.67
6111

WELL R-1 (CCNSOL/USGS)
(D-22-6)30ADA/Kmnf (1)

6020
10/30/79 ~85.47 6105
11/16/79 -87.78 6108

WELL R-2 (CONSOL/USGS)
(D-22-6)30ADA/Multi-Completions

Monitored Unit: Kmbg

12/7/79 53.3 5066.7
Kmf (u) |
12/7/79 -175.33 6195.7



TABLE 28 Continued

. WELL AA (CONSOL/USGS)
(D-22-6)32DBC/Multi~Completions

5955
Depth to Water
Water Surface
from Land Elevation
Date Surface (ft.) (ft.-amsl)
Monitored Unit: Kmbg
11/16/79 24,84 5930.16
Kmf (u)

11/16/79 No static water level due
to gas issuing from moni-
tored zone.

Kmf (m)

11/16/79 -2.23 5957.23
Kmf (%)

11/16/79 73.0 5882

100
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and 4). Based upon the quality of water (see Section 7.2.9)
there does not appear to be a clear separation of water
quality between the upper and lower Ferron Sandstone. While
water quality does not indicate a positive separation of the
upper and lower Ferron Sandstone, the head differences do.
Plates 3 and 4 indicate that while the upper Ferron Sandstone
water 1evels'appear to be stressed as a result of mine water
inflow, those in the lower Ferron Sandstone do not. Seven
monitor locations were set into the ldwer Ferron Sandstone
during the summer and fall of 1979; five by Consol and two by
the USGS. These locations will be monitored monthly for water
level to determine any lower Ferron Sandstone water level
fluctuations. Supplementally, there have been only a few
noted occurrences of waterlentering the floor of the mine.
While this does not preclude upward leakance, it may suggest

minimal hydraulic connection.

7.2.4 Ground Water Recharge
Recharge to the ground water body in the area of the

mine is believed to take place on the Wasatch Plateau and
along the Joe's Valley-Paradise fault zone (Kaufman, 1976;
Owili-Eger, 1979). Relatively higher amounts of precipitation
in the recharge zone (>30 inches/year on the Wasatch ?lateau)
and the shape and southeastward slope of the potentiometric
surface suggest this to be the case.

Although the amount of ground water recharge to the

Ferron Sandstone is not well understood, both the upper and
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lower sandstone units within the Ferron Sandstone are known

to contribute subsurface outflow to Muddy and Quitchupah
Creeks, Christiansen Wash, and Miller Canyon. Subsurface flow
contributions to Miller Canyon and Muddy Creek are generally
believed to be beyond the radius of influence of ﬁining, and
therefore, are not critical to the area of the mine.

Based upon data provided by Owili-Eger (1979), subsur-
face flow contributions from the upper Ferron Sandstone to
Quitchupah Creek and to Christiansen Wash are in the range of
3.241 cfs. In the vicinity of the mine, this value must be
nearly equivalent to recharge. Because water levels in the
near vicinity of the mine have been stressed dﬁe to mine water
discharge, the rate of assumed recharge may be somewhat low.

Bluegate Shale overlies the Ferron Sandstone throughout
much of the region. The Bluegate by virtue of its.fine-
grained lithology is believed to have notoriously poor
permeability. Consequently, vertical percolation of precipita-
tion and applied water in the mine vicinity are not believed

to be major sources of recharge to the Ferron Sandstone.

7.2.5 Ground Water Movement and Fluctuétion

Plates 3 and 4 indicate that throughout the Ferron
Sandstone, ground water moves generally updip, and in a south-
east direction toward the areas of the mine and toward areas
of outcrop. Throughout most of the region the ground water

in the Ferron Sandstone west of the mine is under sufficient



103

artesian pressure to flow at ground surface. In very near
proximity to the mine the potentiometric surface map of the
upper Ferron Sandstone reflects the effects of mine water
inflow and discharge to the streams at the outcrop.

Figures 24 through 28 show ground water surface trends
throughout the period of record. With some exception, water
levels in the vicinity of the mine have tended to decline in
the upper Ferron Sandstone throughout recent years. The
period of record available is not sufficient to eétablish what
part of the measured declines may be in response to long-term
differences in recharge, and what part may be in direct response
to mining. Because a large number of wells are included in
the program of monthly water level monitoring (see Section 7.3),
a seasonal pattern of fluctuation will be established.

It is reasonable to expect that water levels in the
upper Ferron Sandstone in the near vicinity of the mine will
continue to decline in response to mine water inflow (see
Section 9.0, Hydrologié Consequenées of Mining). However,
 water pumped from the mine is settled and discharged back into
Quitchupah Creek not far from the mine. This water would have
entered the stream system through bedrock aquifer discharge

in the near vicinity of the mine.

7.2.6 Ground Water Discharge

After migrating southeastward toward the mine site,

ground water in the Ferron Sandstone daylights in the channels
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of Quitchupah Creek and Christiansen Wash along sandstone
outcrops just east of the mine boundary. These nétural points
of effluence are shown on Figure 6. Based upon data proVided
by Owili-Eger (1979), sandstone bedrock diséharge principally
from the upper Ferron Sandstone is in the range of 3.241 cfs.
While declining water levels may be expected to result
in decreased amounts of bedrock effluent to Christiansen Wash
and Quitchupah Creek, pumped mine water is returned to
Quitchupah Creek abcve its confluence with Christiansen Wash.
Surface flows in Quitchupah Creek, as a consequence, are

expected to remain relatively stable throughout the period of

mining.

7.2.7 Springs and Seeps

| A spring and seep inventory for the Emery Mine was
cohducted on October 24, 1979, to estéblish the current
hydrology of springs and fo establish a base from which to
evaluate potential mining-related effects on springs. With
the aid of results from a previous study conducted by Consol
personnel in 1977, discussioﬁ with the USGS, Salt Lake.City,
color air photos, and on-site field observations, springs and
seeps within and one mile outside of the permit boundary were
located and evaluated. Locations were plotted as accurately
as possible on 7.5' USGS topographic maps. Each of the springs
was evaluated for the field parameters of temperature, pH,

conductivity, dissolved oxygen, and discharge where possible.



110

Each of the springs was also evaluated for its pérticular
geologic setting.

Within the study area, fourteen springs were identified.
Locations and field measurements for each of the sites are
exhibited on Plate 5 and Table 29, respectively. All of the
springs were observed to be issuing from terrace gravels over-
lying the Bluegate Shale. No springs were found to be issuing
from either the Bluegate Shale or the Ferron Sandstone. As
previously mentioned, the springs are probably recharged by
infiltrating irrigation waters used for farming south of Emery
on the weathered terrace gravels.

| Conductivity of the spring waters fanged from 658 to
2015 with an average of 1155 umhos/cm at 25°C.  pH ranged
from 7.1 to 8.3 with an average of 7.7. Although discharge
at most of the spring sites was not able to be measured
because of the unlocalized nature of the spring and/or vegeta-
tive overgrowth, most springs had flows which were less than
10 gpm. It is not expected that mining will have any degrading
or diminutive effect on these springs because of their general
lack of hydrologic interconnection with the upper Ferron |
Sandstone by virtue of the presence bf essentially impermeable

Bluegate Shale interburden.

7.2.8 Ground Water Storage
The regional ground water body contained within the

Ferron Sandstone is quite large, and extends many miles to
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TABLE 29

RESULTS OF SPRING AND SEEP INVENTORY, OCTOBER 1979, EMERY MINE; EMERY, UTAH

Spring Site: SP-1 SpP-2 gP-~3 SP-l SP-5 SP-6 SP-T
Location: ‘
Sample Date: 10/24/79  10/24/79  10/24/79  10/24/79  10/24/79  10/24/79  10/24/T79
Developed: No No ' No No No No No
FIELD DATA
pH (units) T.1 7.3 7.3 7.3 8.1 7.8 8.2
Temperature (°C) | 13.5 13.9 12.9 1k.5 9.2 15.9 17.1
Oxygen, dissolved (mg/%) 3.0 5.0 7.6 8.1 10.9 9.2 11.1
Conductivity (pmhos/em at 25°C)° 1196 1613 1307 1295 2015 1086 1023
Color ‘ Clear Clear Clear Clear Clear Clear Clear
Discharge (gpm) Mt NM NM NM 21,0 NM NM
Water-bearing material Qt= Qt Qt Qt Qt Qt Qt
Salt precipi-
tates abundant
Spring Site: SP-8 SP-9 SP-10 SP-11 SP-12 SP-13 SP-1k
Location: .
Sample Date: 10/24/79  10/24/79  10/24/79  10/24/79 . 10/24/79  10/24/T9  10/2L/79
Developed: No No Yes No No No No
FIELD DATA :
pH (units) 8.3 7.9 7.2 7.5 7.9 7.5 7.8
Temperature (°C) 16.1 13.7 12.9 13.8 15.1 14.3 13.3
Oxygen, dissolved (mg/%) 9.3 9.3 9.0 9.2 8.5 8.0 8.3
Conductivity (umhos/cm at 25°C) 732 - 658 1043 800 1338 1046 1022
Color Clear Clear Clear Clear Clear Clear Clear
Discharge (gpm) NM M NM NM NM NM T
Water-bearing material Qu Qt Qt Qb Qt Qt Qt

L

2Qt = (Quaternary terrace gravels.

it

!

Nol able to be measured because of ubiquitous nature of spring and/or vegetative overgrowth.

AR}
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the north and south of the mine area (see Section 5.0).
Although data are not available to establish the amount of
ground water in storage in the large system, it must be con-
siderable. Within the comparatively small portion of the
aquifer inside the radius of influence of the mine, data are
available to estimate ground water storage.'

As a rule, the amount of ground water in storage attri-
butable to artesian pressufes is small. For example, based
upon aquifer test data, the upper Ferron Sandstone haé an
artesian storage coefficient of about 5 x 1074 (see Section

7.2.2) as computed by the equation
S=AxScxh

where:

2]
il

ground water in storage, ac-ft.

4

Sc = artesian storage coefficient, 5 x 10~

1l

height of water surface over top of aquifer, ft.

i

area, acres

It is not uncommon to encounter 400 feet or more of
artesian head over the top of the aquifer in down dip loca-
tions west of the mine. Under these stated conditions about
0.25 ac-ft. of drainable ground water in storage are attribut-
able to artesian storage per acre of land area. Conversely,
the amount of ground water attributable to storage within the

pore spaces of the aquifer is much greater. The upper Ferron
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- Sandstone averages about 80 feet thick. TIts assumed specific
yield is 0.10. Under these stated conditions about 8 ac-ft/ac
of ground water are attributable to water table storage.

AAt the present (October 1979, Consol Mine Records) rate
of mine water discharge (520 gpm), about 840 ac-ft/yr of
ground water is removed from ground water storage within the
.upper Ferron Sandstone. This volume is available from about
one land section comprising 640 acres during the next six
years of mining. About 6 mi.2 of land are believed to lay
within the radius of influence}of the mine. 1In the absence
of recharge this volume of water removed from storage could
lower water levels over a 6—mi.2 area on the average of about
0.2 feet, a rather'minimal decline. WNaturally, water level
declines will be greatést near the mine, and less with distance
away from the mine.

The only production wells of record within the radius
of influence of the mine are the Emery town and Bryant wells
(éee Plate 2). The Emery well is sufficiently removed from
the area of mining that minimal declines in water level will
be incurred during the next six years of mining. The Bryant
well levels will decline to a greater extent. The Bryant well
is included in the water level and water quality monitoring

programs.

7.2.9 Ground Water Quality
Chemical quality data for waters contained in the

Ferron Sandstone are available for at least 21 ground water
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wells located in the vicinity of the Emery Mine (see Table 30
and Plate 2). 1In order to better understand the general
chemical quality of the water, measurements of specific con-
ductivity and total dissolved solids (TDS) were plotted at
each well location where data were available. Specific con-
ductivities range from as low as 990 (well FC6WW) to as high
as 5800 (well SRU8-1068). For waters of the Ferron Sandstone
aquifer (undifferentiated), it can be assumed from Figure 29
that TDS is essentially 0.88 times specific conductivity.
Thus, the average TDS concentration is approiimately 2300 ppm.
This value is much higher than the 250-1000 ppm range that is
given by Price (1972) for Ferron Sandstone aquifer waters in
the Castle Valley area. However, because some of the wells
sampled were not completed solely in the Ferron Sandstone
~and/or were not pumped prior to sampling (John Kaufman,'per—
sonal communication, February 1979), contamination of the
well water from drilling fluids and the overlying saline
Bluegate Shale and terrace gravels was undoubtedly inevitable.
As a result, a lower average value of TDS for upper Ferron
Sandstone aqﬁifer waters would seem more reasonable. Support
for this reasoning is given by the fact that the average TDS
concentration in ground waters sampled from five different
roof locations within the Emery Mine (see Table 31 and

Figure 30) is approximately 1100 ppm, considerably less than
the figure cited above for waters sampled from the ground

water wells.
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lGeologic unit refers to those strata or formations from whi

have been sampled.

QSee appendix.
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RESULTS OF CHEMICAL ANATLYSES OF GROUND WATER
SAMPLED FROM WELLS IN THE EMERY MINE ARFA
Ground Water Well: FChTWW FChTWW-1 FCOWW
Location: (D~22-6)hcaB (D-22-6)4CAB  (D-22-6)1TABC
Date of Collection: 9/10/75 2/5/79 9/10/75
Static Water Level: -48 ~52
Geologic Unitl: Kmf(2) ? Kmf(4)
Source of Data: ’ USGs USGS Layne Western
Completion Data®: ) Yes No Yes
Present Use of Well: Domestice Domestic Monitoring
- GENERAL CHARACTERISTICS3
Alkalinity, total (as CaCO3) 230
Hardness (noncarbonate) 0
Hardness, total - 160
Iron, total (Fe)
Iron, diss. (Fe)
Manganese, total (Mn) :
pH, field 7.6 7.9 8.7
pH, lab : T.7
Sp. conductance, field '
(Mmhos/cm at 25°¢) 1080 1100 990
Sp. ccnductance, lab
(umhos/em at 25°C) 1200
Temperature (°C) 26
Total dissolved solids (TDS)
Total suspended solids (TSs)
CATIONS
Calcium (Ca) 31
Magnesium (Mg) 19
Potassium (K) b1
Sodium (Na) 180
Sodium adsorption ratio (SAR) 6.3
ANIONS
Bicarbonate (HCO.) 280
Bromide (Br) 3 0.1
Chloride (C1) 20
Sulfate (soh) 350
TRACE AND OTHER ELEMENTS
- Aluminum (A1)
Boron (B) 0.22
Silica, diss. (Siog) 15
REMARKS Emery town New Emery Kemmerer
well town well well

ch the ground waters

3All results are in milligrams per liter (mg/%) unless otherwise noted.
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Ground Water Well:

FCE6WW FC343ww FC343WW

Location: (D-22-6)1TABC  (D-22-6)28DAB  (D-22-6)28DAB
Date of Collection: 7/10/79 k/22/75 8/5/15
Static Water Level: 23.L 23.5
Geologic Unit: Kmf(2) Kaf (u)/Kmbg Kmf{u)/Kmbg
Source of Data: USGS CONSOL CONSOL
Completion Data: Yes Yes Yes
Present Use of Well: Monitoring Monitoring Monitoring
GENERAL CHARACTERISTICS

Alkalinity, total (as CaCoO.) 250 323

Hardness (noncarbonate) 3 0

Hardness, total 150

Iron, total (Fe) 0.k 0.5

Iron, diss. (Fe)

Manganese, total (Mn) 0.29 c.1

pH, field

pH, lab 7.6 T.h4 7.5

Sp. conductance, field

(tmhos/cm at 25°C) 900
Sp. conductance, lab
(umhos/em at 25°C) 1153 14000 - 2100

Temperature (° C) 25

Total dissolved solids (TDS) 15336 160h

Total suspended solids (TSS) 60
CATIONS

Calcium (Ca) 29 410 100

Magnesium (Mg) 19 4hs 102

Potassium (K) L.oh 8.9 16

Sodium (Na) 200 3380 150

Sodium adsorption ratio (SAR) 7.1 27.5 2.5
ANIONS

Bicarbonate (HCO.) 300

Bromide (Br) 3 0.2

Chloride (C1) 32 15

Sulfate (soh) 300 T400
TRACE AND OTHER ELEMENTS

Aluminum (A1) - 0 0.25

Boron (B) 0.23

Silica, diss. (Siog) 16
REMARKS Probable

contamination

of sample
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Ground Water Well: FC343wW FC3L6WW FC3L6WW
Location: (D-22-6)28DAB  (D-22-6)23BCC  (D-22-6)23BCC
Date of Collection: - 1/29/76 L/22/75 8/5/15
Static Water Level: 23.2. 25.4 21.7
Geologic Unit: Kmf (u)/Kumbg Kmf(u)/Kmbg Kmf (u) /Kmbg
Source of Data: CONSOL CONSOL CONSOL
Completion Data: Yes Yes Yes
Present Use of Well: Monitoring Monitoring Monitoring
GENERAL CHARACTERISTICS

Alkalinity, total (as CaCO,) 338 223

Hardness (noncarbonate) 3

Hardness, total _

Iron, total (Fe) 0.5 0.5 0.3

Iron, diss. (Fe) 0.3

Manganese, total (Mn) 0 0.15 0.01

pH, field

pH, lab T.2 T.4 7.6

Sp. conductance, field -

(pmhos/cm at 25°C)
Sp. conductance, lab
(ymhos/cm at 25°C) 2150 4750 483

Temperature (°C)

Total dissolved solids (TDS) 1638 4656 232

Total suspended solids (TSS) 58 ' ' 48
CATIONS

Calecium (Ca) 176 395 15

Magnesium (Mg) 112 ' 235 25

Potassium (K) 1h.7 7.0 4.8

Sodium (Na) 220 775 23

Sodium adsorption ratio (SAR) 3.2 7 0.8
ANIONS

Bicarbonate (HCO.)

Bromide (Br) 3

Chloride (C1) 36 15

Sulfate ( soh) 969 2300 85
TRACE AND OTHER ELEMENTS

Aluminum (A1) 0.55 0 o.b

Boron (B)
Silica, diss. (8102)

REMARKS
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USGS1-1

Ground Water Well: FC3h6ww FC363WW
Location: (D-22-6)23BCC  (D-22-6)27CBB  (D-22-6)27CBB
Date of Collection: 1/29/76 1/29/76 11/30/78
Static Water Level: 23.3 7.5
Geologic Unit: Kmf (u)/Kmbg Kmf(u)/Kmbg Kmf(2)
Source of Data: CONSOL CONSOL USGS
Completion Data: Yes Yes Yes
Present Use of Well: Monitoring Monitoring Monitoring
GENERAL CHARACTERISTICS
Alkalinity, total (as CaCO,) 193 L35 510
Hardness (noncarbonate) 3 0
Hardness, total 20
Iron, total (Fe) 0.3 0.3
Iron, diss. (Fe) 0.2 0.1
Manganese, total (Mn) 0 0
pH, field
pH, lab 7.3 8.3 8.8
Sp. conductance, field )
(umhos/em at 25°C) 1250
Sp. conductance, lab
(umhos/em at 25°C) 600 1100 12k9
Temperature ( C) 10.0
Total dissolved solids (TDS) 324 688
Total suspended solids (TSS) 52 50
CATIONS
Calcium (Ca) 16 26 4.5
Magnesium (Mg) 32 7.5 2.2
Potassium (K) k.95 7.12 5.0
Sodium (Na) 50 290 310
Sodium adsorption ratio (SAR) 1.2 12.9 30
ANTIONS
Bicarbonate (HCO.) 620
Bromide (Br) 3 L.6
Chloride (C1) 12 1k 19
Sulfate (soh) 90 127 170
TRACE AND OTHER ELEMENTS
Aluminum (A1) 0.55
Boron (B) 0.60
Silica, diss. (SiOz) 8.9

REMARKS
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Ground Water Well: UsGsS1-2 USGS1-3 USGS2-3

Location: (D-22-6)27CBB  (D-22-6)21CCB (p-23-6)4BCB
Date of Collection: : 11/17/78 11/30/78 11/30/78
Static Water Level:

Geologic Unit: Kmf(u) Kmf(u) Kmf
Source of Data: UsGS USGS USGS
Completion Data: Yes Yes Yes
Present Use of Well: Monitoring None None

GENERAL CHARACTERISTICS

Alkalinity, total (as CaCO3) 270 480 260
Hardness {noncarbonate) 980 0 200
Hardness, total 1300 110 L60
Iron, total (Fe)
Iron, diss. (Fe)
Manganese, total (Mn)
pH, field 9.0 8.h
pH, lab ‘ 7.4 8.3 8.1
Sp. conductance, field
(umhos/cm at 25°C) 5000 2100 3400
Sp. conductance, lab v
(umhos/em at 25°C) 4884 230k - 3502
Temperature (°C) 8.5 10.5 1k.0
Total dissolved solids (TDS)
Total suspended solids (TSS)
CATIONS
Calcium (Ca) 140 19 110
Magnesium (Mg) 16 45
Potassium (K) 48 L. L - 8.4
Sodium (Na) 760 : L60 600
Sodium adsorption ratio (SAR) 9.3 , 19 12
ANTONS
Bicarbonate (HCO3) 330 570 320
Bromide (Br) 0.5 0.2 ' 0.5
Chloride (C1) 20 31 83
Sulfate (soh) 2500 590 1koo
TRACE AND OTHER ELEMENTS
AMuminum (A1)
Boron (B) 0.43 , 0.61 0.67
Silica, diss. (8102) 21 12 8.3

REMARKS
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EMRTA #1

REMARKS

Ground Water Well: USGS3-1 EMRIA #3
Location: (D-22-6)27CBB  (D-22-6)23AD (D-22-6)22CDD
Date of Collection: 5/31/79 10/25/78 4/19/79
Static Water Level: o :
Geologic Unit: Kmbg Kmf Kmf(u)
Source of Data: USGS UsSGS UsGS
Completion Data: No Yes Yes
- Present Use of Well: Monitoring Monitoring Monitoring
GENERAI, CHARACTERISTICS
Alkalinity, total (as CaCO.) 250 480 530
Hardness (noncarbonate) 3 4700 ¢ 100
Hardness, total 5000 Lo 1900
Iron, total (Fe)
Iron, diss. (Fe)
Manganese, total {Mn)
pH, field T.1
pH, lab 7.9 T.b 1.2
Sp. conductance, field
(umhos/cm at 25°C) 20000 2400 6100
Sp. conductance, lab
(umhos/em at 25°C) 18950 340L 6262
Temperature (°C) 13
Total dissolved solids (TDS)
Total suspended solids (TSS)
CATIONS
Calcium (Ca) 170 130 300
Magnesium (Mg) 1100 23 290
Potassium (K) L6 6.1 12
Sodium (Na) Looo 6L0 880
Sodium adsorption ratio (SAR) 25 1k 8.7
ANIONS
Bicarbonate (HCO3) 300 580 640
Bromide (Br) - 0.8 o.b 0.5
Chloride (C1) 230 35 120
Sulfate (soh) 12000 1300 3200
TRACE AND OTHER ELEMENTS
Aluminum (A1)
Boron (B) 1.1 0.89 0.62
Silica, diss. (8102) 6.9 16 19
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Ground Water Well: DVM-WW {2 DVM-WW Bluegate #3
Location: (D-23-6)32BDA  (D~23-6)32BBC  (D-21-6)35AAC
Date of Collection: 6/21/78 9/22/78 8/10/78
Static Water Level:
Geologic Unit: Kmf Kmf Knbg
Source of Data: UsGs UsGs BLM/USGS
Completion Data: Yes Yes Yes
Present Use of Well: None? None? Monitoring
GENERAI. CHARACTERISTICS
Alkalinity, total (as CaCo_) 340 340 620
Hardness (noncarbonate) 3 0 0. 390
Hardness, total 160 2L 1000
Iron, total (Fe)
Iron, diss. (Fe)
Manganese, total (Mn)
pH, field T-1
pH, lab 8.0 8.7 7.2
Sp. conductance, field v
(Mhos/em at 25°C) 1600 1650 31000
Sp. conductance, lab
(imhos/cm at 25°C) 1577 1666 30100
Temperature (°C) 18.5 13.5 13.5
Total dissolved solids (TDS)
Total suspended solids (TSS)
CATIONS
Calecium (Ca) 30 6.0 90
Magnesium (Mg) 20 2.1 190
Potassium (K) 2.7 1.8 29
Sodium (Na) 330 370 7600
Sodium adsorption ratio (SAR) 11 33 0k
ANTIONS
Bicarbonate (HCO,) 410 420 750
Bromide (Br) 3 0.2 0.k 17
Chloride (Cl) 13 16.0 4100
Sulfate (soh) LLo 450 7000
TRACE AND OTHER ELEMENTS
Aluminum (A1) v
Boron (B) 0.25 0.33 1.5
Silica, diss. (SiOz) 11 8.1 12
REMARKS Dog Valley Dog Valley

mine well

nine well
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Ground Water Well:
Location:

QUITCH {1
(D-22-6)19CDB

SRU8-10L6

(D-22-6)26BDB

SRU8-1061

(D-22-6)26BBA

Date of Collection: 5/16/79 5/31/78 5/31/78
Static Water Level: 7.89 28.95
Geologic Unit: Kmbg Knf Kof
Source of Data: USGS UsGS USGS
Completion Data No No No
Present Use of Well: None None
GENERAL CHARACTERISTICS
Alkalinity, total (as CaCOB) 250 460 5
Hardness (noncarbonate) 0 0 2800
Hardness, total 170 430 2800
Iron, total (Fe)
Iron, diss. (Fe)
Manganese, total (Mn)
pH, field
pH, lab 8.k T.5 k.9
Sp. conductance, field :
(umhos/em at 25°C) 1250 2200 4500
Sp. conductance, lab
(Umhos/em at 25°C) 12k 2119 4108
Temperature ( C) © 20.5 11.0 12.5
Total dissolved solids (TDS)
Total suspended solids (TSS)
CATIQONS
Calcium (Ca) 36 75 510
Magnesium (Mg) 19 58 370
Potassium (K) L. L 7.2 8.3
Sodium (Na) - 220 370 240
Sodium adsorption ratio (SAR) T.h 7.8 2
ANIONS
Bicarbonate (HCO,) 300 560 6
Bromide (Br) 3 0.3 0.1 0.3
Chloride (C1) 28 28 45
Sulfate (soh) 340 700 3000
TRACE AND OTHER ELEMENTS
Aluminum (A1) ,

Boron (B) 0.25 0.51 2.6
Silica, diss. (SiO2) 12 13 18
REMARKS Seismic Seismic

test hole test hole
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SRU8-1037

Ground Water Well: SRU8-1068 SRU8-10L9
Location: (D-22-6)26BDC  (D-22-6)23CCB  (D-22-6)26BAC
Date of Collection: 5/31/78 5/31/78 5/31/78
Static Water Level: 11.98 32.23 T.71
Geologic Unit: Kmf Kmf Kmf
Source of Data: "USGS USGS USGS
Completion Data: No No Ko
Present Use of Well: None None None
GENERAL CHARACTERISTICS

Alkalinity, total (as CaCO.) koo 420 k10

Hardness (noncarbonate) 3 1600 2400 0

Hardness, total 2000 2800 260

Iron, total (Fe)

Iron, diss. (Fe)

Manganese, total (Mn)

pH, field

pH, lab 7.1 7.2 7.5
- Sp. conductance, field

(Mmhos/cm at 25°C) 4100 5800 1700
Sp. conductance, lab
(ymhos /em at 25°C) 4300 Y777 1720

Temperature (°C) 13.0 12.0 12.0

Total dissolved solids (TDS)

Total suspended solids (TSS)
CATIONS

Calcium (Ca) 380 470 b

Magnesium (Mg) 260 400 37

Potassium (K) 9.3 16 6.3

Sodium (Na) 480 320 300

Sodium adsorption ratio (SAR) 4.6 2.6 8.1
ANTONS

Bicarbonate (HCO3) 490 510 500

Bromide (Br) 0.5 0.4 0.1

Chloride (C1) 100 96 28

Sulfate (soh) 2400 2900 470
TRACE AND OTHER ELEMENTS

Aluminum (A1)

Boron (B) 1.1 0.59 0.48
Silica, diss. (8i0,) 11 13 12
REMARKS Seismic Seismic Seismic

test hole test hole test hole
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Figure 29. Plot of total dissolved solids (ppm) and specific
conductivity (umhos/cm at 25°C) for the Ferron
Sandstone aquifer, undifferentiated.  (Source:
Owili-Eger, 1979)
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SAMPTED FROM VARIOUS LOCATIONS WITHIN THE EMERY MINE
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U-1

Sampling Site: U-2 U=-3
Location: U-grd Mine U-grd Mine . U~grd Mine
Date of Collection: 3/22/77 3/22/77 6/9/76
Geologic Unitl: Kmf(u) Kmf (u) Knf{u)
Source of Data: Consol Consol Consol
GENERAL CHARACTERISTICS®

Alkalinity, total (Caco3) 508 LL6 463

Hardness (noncarbonate)

- Hardness, total

Iron, total (Fe) 0.9 1.0 0.2

Iron, diss. (Fe) 0.8 0.8 0.2

Manganese, total (Mn) 0 0 C

pPH, field

pH, lab 7.4 7.k 6.8

Sp. conductance, field

(umhos/cm at 25°C)

Sp. conductance, lab

~ (umhos/cm at 25°C)

Temperature (°C)

Total dissolved solids (TDS) 4858 5000 5907

Total suspended solids (TSS) 15 43 9
CATIONS

Calcium (Ca) 279 219

Magnesium (Mg) - 230 233

Potassium (K) 13.8 2h.0

Sodium (Na) 10ko 1055

Sodium adsorption ratio (SAR) 11.2 11.8
ANTONS

Bicarbonate (HCO3)

Bromide (Br)

Carbonate (CO.)

Chloride (€1)3 143 139

Fluoride (F)

Iodide (I)

Sulfate (soh) 2850 3000 °
TRACE AND OTHER ELEMENTS

AMuminum (A1) 0 0 0.25

Boron (B)
Silica, diss. (Siog)

REMARKS

Seepage from

#2 & #3 seals
at lst south

Flow on coal

Discharge from

floor below #5 mine

seal at l1st
south

lGeologic unit refers to those strata or formations from which the ground waters

have been sampled.

2All results are in milligrams per liter (mg/2) unless otherwise noted.
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Sampling Site: U-3 U=k U-b
Location: U-grd Mine U-grd Mine U-grd Mine
Date of Collection: 3/22/77 6/9/76 3/22/17
Geologic Unit: Kmf (u) Kmf (u) Kmf (u)
Source of Data: Consol Consol Consol
GENERAIL CHARACTERISTICS

Alkalinity, total (CaCO.) L6k 621 571

Hardness (noncarbonate)

Hardness, total

Iron, total (Fe) 0.8 0.2 0.8

Iron, diss. (Fe) 0.7 0.2 0.7

Manganese, total (Mn) 0.03 0 0.01

pH, field

pH, lab T.b4 7.0 7.5

Sp. conductance, field

(umhos/cm at 25°C)
Sp. conductance, lab
(umhos/cm at 25°C)

Temperature ( C)

Total dissolved solids (TDS) 5840 2415 2512

Total suspended solids (TSS) 16 7 13
CATIONS

Calcium (Ca) 230 Lo

Magnesium (Mg) 263 60

Potassium (K) 15.9 6.57

Sodium (Na) 1315 668

Sodium adsorption ratio (SAR) 1h.1 16.2
ANIONS

Bicarbonate (HCO.)

Bromide (Br) 3

Carbonate (003) 216 ol

Chloride (C1) 1050

Fluoride (F)

Todide (I)

Sulfate (soh) 3800
TRACE AND OTHER ELEMENTS

Aluminum (A1) 0 0.25

Boron (B)
Silica, diss. (Si02)

REMARKS

Discharge from Seepage from

mine #6 seal at #5

south

Seepage Trom
{4 seal at Sth
south

ot a RPN R e v s o e e e
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Sampling Site: U-5 U-5 U-6-
Location: U~grd Mine U-grd Mine U-grd Mine
Date of Collection: 6/9/76 3/22/77 3/22/77
Geologic Unit: Kmf (u) Kmf (u) Kmf(u)
Source of Data: Consol Consol Consol
GENERAL CHARACTERISTICS

Alkalinity, total (CaCO.) 571 558 602

Hardness (noncarbonate)3 )

Hardness, total

Iron, total (Fe) 0.9 0.9 0.9

Iron, diss. (Fe) 0.1 0.7 0.8

Manganese, total (Mn) 0 0.01 0

pH, field

pH, lab 7.1 8.3 8.7

Sp. conductance, field

(ymhos/cm at 25°C)
Sp. conductance, lab
(umhos/cm at 25°C)

Temperature (°C) ' _

Total dissolved solids (TDS) . 3541 21k2 TR

Total suspended solids (TSS) 1h7 39 6
CATIONS

Calcium (Ca) 22 1.85

Magnesium (Mg) 104 59

Potassium (K) 6.3 1.7

Sodium (Na) 103 170

Sodium adsorption ratio (SAR) 8.0 b7
ANIONS

Bicarbonate (HCO.)

Bromide (Br) 3

Carbonate (CO.)

Chloride (C1)3 72 33

Fluoride (F)

Todide (I)

Sulfate (soh) 1100 69
TRACE AND OTHER ELEMENTS

Aluminum (Al) 0.85 0.10 0.1

Boron (B)
Silica, diss. (8102)

Discharge to
ground surface

REMARKS Discharge to

Seepage from
‘ ground surface

roof at 38+20
entry #3 main
west
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Sampling Site:

U-7 U-7 U-8
Location: U-grd Mine
Date of Collection: 6/9/76 3/22/TT 3/22/77
Geologic Unit: Kmf(u) Kmf (u) Kmf(u)
Source of Data: Consol Consol Consol
GENERAL CHARACTERISTICS .

Alkalinity, total (CaCo.,) 602 520 627

Hardness (noncarbonate)3

Hardness, total

Iron, total (Fe) 0.1 0.8 0.9

Iron, diss. (Fe) 0.05 0.7 0.9

Manganese, total (Mn) 0 0 0.01

PH, field

pH, lab 7.2 7.8 9.8

Sp. conductance, field :

(umhos/cm at 25°C)
Sp. conductance, lab
(ymhos/cm at 25°C)

Temperature (C)

Total dissolved solids (TDS) 850 798 " 836

Total suspended solids (TSS) 1k 10 15
CATIONS

Calcium (Ca) 2.55 3.5

Magnesium (Mg) 26 20

Potassium (K) 8.0 .3

Sodium (Na) 153 403

Sodium adsorption ratio (SAR) 6.25 18.4
ANTONS

Bicarbonate (HCO.)

Bromide (Br) 3

Carbonate (CO.)

Chloride (CJ.)3 Lo 30

Fluoride (F)

Todide (I)

Sulfate (soh) 200 235
TRACE AND OTHER ELEMENTS

Aluminum (A1) 0.25 0 0

Boron (B)
Silica, diss. (3102)

REMARKS

Seepage from
roof fall at
{2 entry 6th
north

Seepage from
roof fall at
2 entry 6th
north ‘

Seepage from
roof fall at
2 entry 6th
north
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Sampling Site:

Boron (B)
Silica, diss. (8102)

REMARKS

Discharge from Seepage from
drill hole
into flcoded
0ld works—-

3rd north

sprayer of
continuous
miner

U-9 U-10 U-11
Location: _ _
Date of Collection: 3/22/77 3/22/77 1/7/75
Geologic Unit: Kmf{u) Kmf(u) Kmf(u)
Source of Data: Consol Consol Consol
GENERAL CHARACTERISTICS _
Alkalinity, total (CaCoO.) L7 533 432
Hardness (noncarbonate)3
Hardness, total
Iron, total (Fe) 0.9 0.9 0.55
Iron, diss. (Fe) 0.8 0.8 0.48
Manganese, total (Mn) 0.07 0.01 0
pH, field
pH, lab 8.1 7.6 8.1
Sp. conductance, field
(umhos/em at 25°C)
Sp. conductance, lab
(umhos/cm at 25°C)
Temperature (°C) ‘
Total dissolved solids (TDS) 5826 3034 5590
Total suspended solids (TSS) L6 1k 121
CATIONS
" Caleium (Ca) 221 169 18.6
Magnesium (Mg) 298 183 21.1
Potassium (K) 8.3 9.5k
Sodium (Na) ~ 1363 485 1250
Sodium adsorption ratio (SAR) k.1 6.2 L7.12
ANTONS
Bicarbonate (HCO.)
Bromide (Br) 3
Carbonate»(co3) '
Chloride (C1) 194 52 20k . L
Fluoride (F)
Todide (I)
Sulfate (soh) 3900 1650 1251
TRACE AND OTHER ELEMENTS
Aluminum (A1) 0 o]

Discharge to
Quitchupah
Creek--prior
to sedimenta-
tion pond
construction
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Sampling Site: ' U-12 U-13 U-1k

Location: U-grd Mine U-grd Mine (D-22-6)28BCA
Date of Collection: 9/1/78 9/1/78 3/29/79
Geologic Unit: Kmf(u) Kuf(u) Kmf(u)
Source of Data: USGS USGS UsGs

GENERAL CHARACTERISTICS

Alkalinity, total (CaCO.) 520 560 480
Hardness (noncarbonate)3 ' 0 0 0
Hardness, total 180 ' 5 61
Iron, total (Fe)
Iron, diss. (Fe) 0.02 0.03
Manganese, total (Mn) 0.01 0.02
pH, field 8.4 9.5 8.7
PH, lab ' 8.2 8.9 8.6
Sp. conductance, field
(Mmhos /em at 25°¢C) 2180 1300 1620
Sp. conductance, lab
(tmhos/cm at 25°C) 20h1 1283 1633
Temperature (°C) ' - 13.5 13.0 13.0
Total dissolved solids (TDS) :
Total suspended solids (TSS)
CATIONS
Calcium (Ca) 2k 0.9 9.3
Magnesium (Mg) 29 ‘ 0.6 9.2
Potassium (K) 2.6 1.k 2.6
Sodium (Na) k20 320 380
Sodium adsorption ratio (SAR) 1b 6L 21
ANTONS
Bicarbonate (HCO.) 590
Bromide (Br) 3 0.3 0.3 0.2
Carbonate (CO,)
Chloride (01)3 32 27 28
Fluoride (F) 0.7 2.3
Iodide (I) 0.02 ‘
Sulfate (soh) 520 Th 390
TRACE AND OTHER ELEMENTS
Aluminum (A1)
Boron (B) 0.58 0.85 0.59
Silica, diss. (SiOz) 13 9.5 12
REMARKS Seepage from Seepage from Seepage from

ceiling ceiling ceiling
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Sampling Site: U-15 U-16 U-17

Location: (D-22-6)28CBA  (D-22-6)29DAC  (D-22-6)324BA
Date of Collection: ‘ 3/29/79 3/29/79 3/29/79
Geologic Unit: Kmf(u) Km?f(u) Kmf(u)
Source of Data: USGS USGS USGS

GENERAL CHARACTERISTICS

Alkalinity, total (CaCO3) 530 500 540
Hardness (noncarbonate) 0 0 0
Hardness, total 200 5 63

Iron, total (Fe)
Iron, diss. (Fe)
Manganese, total (Mn)

pH, field ‘ 8.k 9.3 8.9
pH, lab ' T.7 9.1 8.4
Sp. conductance, gield _

(ymhos/cm at 25 C) 2000 1120 3080
Sp. conductance, %ab :

(Hmhos/cm at 25°C) 2068 1293. 2798
Temperature ( C) 12 12.5 10
Total dissolved solids (TDS)

" Total suspended solids (TSS)
CATIONS
Calcium (Ca) 30 1.2 8.6
Magnesium (Mg) - 30 0.6 10
Potassium (K) ) 1.1 4.6
Sodium (Na) Lho 290 640
Sodium adsorption ratio (SAR) 1k sk T35
ANTONS ‘
Bicarbonate (HCO3) 640 580 660
Bromide (Br) ' 0.2 . 0.2 0.3
Carbonate (003) :
Chloride (C1) 31 29 71
Fluoride (F)
Todide (I) _
Sulfate (soh) 530 92 830
TRACE AND OTHER ELEMENTS
Aluminum (A1) '
Boron (B) 0.57 0.77 0.88
Silica, diss. (SiOe) 11 9.3 8.2
REMARKS Seepage from Seepage from Mine water

ceiling ceiling
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Figure 30. Location map for ground water samples taken from inside the
Emery Mine. Sample U-12 and U-13 locations are only approxi-
mate; samples U-1l4 through U-17 are not shown. (Source:
Consol, 1978)
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The main chemical constituents which characterize the
quality of the upper Ferron Sandstone aquifer waters are
primarily sulfate (804) and sodium (Na) (see Figure 31). As
a result, SAR values tend to be high, averaging about 9.
Other important chemical constituents which qualify the
chemical type of the upper Ferron Sandstone aquifer waters
are calcium (Ca), magnesium (Mg), chloride (Cl), and bicar-
bonate (HCO3). Values of pH generally range between 7.0
and 8.5. |

Water quality samples have also been collected from
the lower Ferron Sandstone aquifer; a medium-grained sand-
stone, shale sequence'extending below the coal—beariﬁg section
of the Ferron Sandstone. Data are contained in Table‘Bl and
on Figure 31. Like the upper Ferron Sandstone, the lower
tends to be‘a sodium—bicarbonate-sulf#te type water, but
water from the lower Ferron Sandstone tends to average about
one-half the TDS. The principal user of water derived from
the lower Ferron Sandstone is the town of Emery.

Upward leakage from the lower Ferron Sandstone through
the middle Ferron Sandstone and into the mine floor does not
appear to be occurring with importance, as was discussed in
Section 7.2.3, Aquifer Interrelationships. The lack of floor
leakage in the mine and the uninterrupted flow pattern of- the
lower Ferron Sandstone suggest that this is true (see Plate 3).

Trace element analyses were also performed on two

ground waters sampled by the USGS from two different roof
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locations in thé mine. The results of these analyées are
reported in Table 32. Note that there are only a few trace
eléments which were found in concentrations above the ana-
lytical detection limit (i.e., Sr, B, Ba, Cd, Li); their
concentrations pose no water quality hazard.

Aside from the waters sémpled from the rooffall loca-
tions within the mine, grouﬁd water in the mine is of poorer
quality than the aquifer waters. .From the results of chemical
analyses of ground waters,sampléd from various locations
within the mine (see Table 31 and Figure 30), TDS concentra-
tions tend to average around 4000 ppm. These results indicate
that the ground water after entering the mine picks up an
additional load of dissolved solids, i.e., mostly magnesium
(Mg), sodium (Na), sulfate (504), and chloride (Cl). Appar-
ently, the source of these additional dissolved solids is
from soluble minerals which aré directly associated with coal
and rock dust in the mine. These findings are confirmed by
the results of leach tests performed on the coal and rock dust
(see Table 33). The results show that these materials con-
tribute an additional load of sulfate (804), magnesium (Mg),
sodium (Na), and chloride (Cl) to the mine effluent.

Independent of the results of chemical analyses
reported for waters in the mine are the results of chemical
analyses of waters being discharged from the Emery Mine into
the unnamed tributary to Quitchupah Creek (see Tablé 34 and

Figure 32). These waters were sampled monthly (in compliance
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TABLE 32

RESULTS OF TRACE ELEMENT ANALYSES OF GROUND WATERS SAMPLED
‘ FROM THE CEILING OF THE EMERY MINE

Sampling Site: U-12 U-13
Location: U-grd Mine U-grd Mine
Date of Collection: 9/1/78 9/1/78
Geologic Unit: Kmf(w) - Kmf(u)
Source of Data: USGS USGS
TRACE ELEMENTS®
Aluminum (A1) 0.100 ~0.050°
Antimony (Sb) ~-0.030 ~0.030
Barium (Ba) : 0.030 0.050
Beryllium (Be) -0.001 -0.001
Bismuth (Bi) -1.000 -1.000
Boron (B) 0.500 0.700
Cadmium (Cd) 0.003 . =0.001
Chromium (Cr) ' -0.050 -0.050
Cobalt (Co) -0.005 ~0.005
Copper (Cu) : -0.010 -0.010
Gallium (Ca) - -0.030 -0.030
Germanium (Ge) 0.100 -0.030
Lead (Pb) -0.030 -0.030
Lithium (Li) , 0.070 . 0.030
Molybdenum (Mo) -0.010 -0.010
Nickel (Ni) -0.050 ' -0.050
Silver (Ag) : -0.010 -0.010
Strontium (Sr) 5.000 : 0.100
Tin (Sn) - 0.100 -0.050
Titaniuwm (Ti) -0.005 ~0.005
Vanadium (V) -0.010 -0.010
Zinc (Zn) -0.005 -0.005
Zirconium (Zr) -0.005 -0.005

lAll results are in milligrams per liter (mg/%).

2Minus (-) indicates concentrations below the analytical
detection limit.
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TABLE 33

RESULTS OF LEACH TEST PERFORMED ON THE UPPER FERRON SANDSTONE
AND IJ COAL (Source: Conscl, 1978)

Sulfate Calcium Magnesium Potassium Sodium Chloride

Sample ng/L mg/% mg/ % mg/% mg/% ng/%
Coal dust 57 13 38 0.7 46 22
Rock dust 36 15 11 5.6 8.2 3L

Note: 100 grams of each dust sample was leached with 100 milliliters of distilled
water.
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RESULTS  OF CHEMICAL ANALYSES OF WATERS BEING DISCHARGED
FROM TEE EMERY MINE INTO QUITCHUPAH CREEK

Parameters™’

3rd Quarter, 1976

th Quarter, 1976

Flow-(discharge-mgd)

Dissolved solids,
total (mg/%)

Suspended solids,
total (mg/R)

Iron, total (mg/%)

0il and grease (visual)

pH, field (units)

Min. Ave. Max.
.03
4923 5298 5537
T 11 17
0.2 0.3 0.3
No visual sheen

7.6 T.7 7.8

Min. Ave. Max.
0.1
Lkgog 5031 5133
6 21 35
0.25 0.28 0.3
No visual sheen
7.1 7.9

Parameters

1st Quarter, 1977

2nd Quarter, 1977

Flow (discharge-mgd)

Dissolved solids,
total (mg/R)

Suspended solids,
total (mg/2)

Iron, total (mg/2)

0il and grease (visual)

pH, field (units)

Min. Ave. Max.
0.43
4979 5103 5187
5 v 12 21
0.2 0.5k .71
No visual sheen
7.9 8.1

Min. Ave. Max.
0.66
4502 4656 1896
9 i 20
.60 .93 1.20
No wvisual sheen
7.8 8.0

Parameters

3rd Quarter, 1977

Lbth Quarter, 1977

Flow (discharge-mgd)
Dissolved solids,
total (mg/L)
Suspended solids,
total (mg/%)
Iron, total (mg/%)
0il and grease (visual)
pH, field (units)

Min. Ave. Max. Min. Ave. Max.
0.26 ‘ 0.k0
610 2639 4668 4018 4363 L79L
8 1 20 6 12.5 23
0.7 0.7 0.7 0.5 1.5 k4.5
No wvisual sheen No visual sheen
8.1 8.1 8.0 8.3

lGrab samples were taken once a month from the weir at the effluent end of the

sedimentation pond.

2The parameters measured are those which are cited in the Discharge Monitoring
Report forms provided by the EPA as part of the Naticnal Poliutant Discharge
Elimination System (NPDES). ‘
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Parameters

1st Quarter, 1978

2nd Quarter, 1978

Flow (discharge-mgd)

Dissolved solids,
total (mg/2)

Suspended solids,
total (mg/2)

Iron, total (mg/%)

0il and grease (visual)

pH, field (units)

Min. Ave.

Max.
0.h2
3558 3763 3870
12 22.7 32
0.5 0.57 0.6
No visual sheen
8.0 8.13 3.3

Min. Ave. Max.
' 0.46
3348 3553 3796
3 7.7 38
0.3 0.33 0.4

No wvisual sheen
2

w0

8.4

Parameters

3rd Quarter, 1978

hth Quarter, 1978

Flow (discharge-mgd)

Dissolved solids,
total (mg/L)

Suspended solids,
total (mg/2)

Iron, total (mg/%)

0il and grease (visual)

pH, field (units)

Min. Ave. Max.
0.hh7
3570 3653 3728
2 Y 6
0.01 0.01 0.0%
No visual sheen
8.7 | 8.8

Min. Ave, Max.
0.40
62 1803 354
2 6.5 11
0.01 0.03 0.0L
No visual sheen
8.3 8.5

Parameters

lst Quarter, 1979

2nd Quarter, 1979

Flow (discharge-mgd)
Dissolved solids,
total (mg/%)
Suspended solids,
total (mg/%)
Iron, total (mg/2)
0il and grease (visual)
pH, field (units)

Min. Ave. Max.
0.456
3662 4233 41682
h 18.3 37
0.03 0.16 0.3
No wvisual sheen
8.0 8.2

Parameters

3rd Quarter, 1979

Flow (discharge-mgd)

Dissolved solids,
total (mg/2)

Suspended solids,
total (mg/%)

Iron, total (mg/%)

0il and grease (visual)

pH, field (units)

Min. Ave. Max.
0.566
3640 3821 3956
3 3 4
"0 0 0
No wvisual sheen

8.2 8.7

Min. Ave. Max.
0.460
Lo26 k233 L3k0
2 L 6
0 0.01 .02
No wvisual sheen
8.2 8.5
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Figure 32. Graphic presentation of chemical analvses of waters being
discharged from the Emery Mine (results plotted are
maximum values for each quarter year except for flow and
pH which show average and minimum/maximum values, respec-
tively). ‘ :
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with the National Pollutant Discharge Elimination System
(NPDES) monitoring program) from the weir at the end of the

. sedimentation pond and analyzed for TDS, total suspended
solids (TSS), total iron (Fe), and pH (field). Two general
trends are apparent. First, pH appears to have been rising

at a rather constant rate from as low as 7.1 in the fourth
quarter of 1976 to as high as 8.8 in the third quarter of
1978. Second, TDS has generally been steadily decreasing from
an initial high of 5500 mg/% in the fall of 1976 to about

4000 mg/2 in the fall of 1979.

7.3 Ground Water Monitoring Program
7.3.1 Monitoring Sites

As part of the hydrologic study of the Emery area,
the USGS is presently monitoring static‘water levels in ’
eighteen ground water wells on a monthly basis (see Pla:e*i).
Consol is presently negotiating with the USGS to take over
monitoring of all the wells which the USGS is presently moni-
toring. From the distribution of these monitoring wells and
the particular geologic unit being monitored in each well, a
more than adequate number are located to the east and northeast
of the Emery Mine; however, because additional monitoring
wells were necessary to the west and south of the Emery Mine
in order to better determine the hydraulic gradient and ground
water flow directions in the Ferron Sandstone aquifer, an

additional five monitoring sites were established by Consol
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during 1979 (wells H, I, R, AA, and ZZ on Plate 2). From each
of these wells, monthly static water levels will be measured.
At each of these monitoring sites (except site ZZ), a hole
has been drilled at least 100 feet into the lo&er Ferron Sand-
stone aﬁd four l-inch I.D. piezometer pipes were installed.
Each of the pipes isolates a portion of the Ferron Sandstone
such that the lower Ferron Sandstone (Kmf(%2)) composed of
marine sediments, the upper coal-bearing portion of the Ferron
Sandstone between the A and IJ coal seams (Kmf(m)), the upper
coal-bearing portion of the Ferron Sandstone ébove and |
including the IJ coal seam (Kmf(u)), and the Bluegate Shale
(Kmbg), will each bé monitored separately for static water
levels. Well ZZ will monitor the lower Ferron Sandstone (see
Figures 19 through 23 for well completion details). From
this additional data, the ground water hydrologic regime will
be better monitored and, consequently, better understood.
Ground water discharge from the Eméry Mine is presently
being monitored by calculating the amount of mine water
periodically being discharged by both a centrifugai and
turbine pump inside the mine. Because of the pdtentiél
inaccuracy and unreliability of this approach, a continuously
recording 9-inch Parshall flume has been installed at the
effluent end (site S-6) of the sedimentation pond into which
this mine water is pumped. In this manner, continuously
recorded mine discharge data can be interfaced with static

water level measurements and flow ‘data obtained from the
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permanent surface water monitoring sites on Quitchupah Creek.

The result of this approach will provide a better understanding

of the ground and surface water hydrologic balance.

7.3.2 Water Levels

| Static water levels will be measured‘monthly at each
of the twenty-three monitoring wells shown on Plate 2.
Depending ﬁpon the data recovered, the number of wells_in the

program may be reduced.

7.3.3 Sampling Parameters and Schedule

The.general chemical quality of ground water in the
Ferron Sandstone has been fairly well determined by previous
work of Comsol and the USGS. Thus, ground water from wells
FCO6WW, EMRIA #2, USGS 1-1, USGS 1-2, Well ZZ and the Bryant
well will be sampled on a semi-annual basis for the chemical

constituents listed in Table 35.

7.3.4  Sampling, Lab Analysis, and Reporting Procedures

At each sample well, a trained Consol technician will
take field measurements of the static water level, water tem-
perature, pH, and specific conductivity. Air temperature and
weather conditions will also be noted. The Consol technician
will collect three l-liter samples at each well. One sémple
will be field filtered through a 0.45 micron filter and
acidified to a pH of less than 2.0 with redistilled nitric

acid (HNO3). A second sample will be collected raw and



TABLE 35

GROUND WATER MONITORING PARAMETERS

Acidity, total

Air temperature (°C)
Alkalinity, total
Bicarbonate (total HCO
Calcium (total Ca)

~ Carbonate (total CO
Chloride (total C1)
Fluoride (total F)
Hardness (noncarbonate)
Hardness (total)

Iron (total Fe)

Dissolved iron

Magnesium (total Mg) -
Manganese (total Mn)
Nitrate + Nitrite (NOh + NO
PH :

Phosphate (total PO, )
Potassium (total K)°
Silicate (tOuaT Si0, )
Sodium adsorption ratio (SAR)
Sodium (uotal Na)

Specific conductivity (EC)
Static water level (ft. amsl)
Strontium (total Sr)

Sulfate (total S0, )

Total dissolved solids (TDS)
Total suspended solids (TSS)
Water temperature ( C)

3)
3)

3)

145
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acidified to a pH of less than 2.0. The third sample will be
collected raw and untreated. All three sample bottles will be |
filled completely full to minimize water-air ion exchange.
These samples will be properly labeled with the site number,
date, time Qf collection, and technician's initials. These
samples will be refrigerated immediately to 4°C via ice and
will remain refrigerated until delivered to a laboratory
registered with the Environmental Protection Agency. The
samples will be delivered to the laboratory within three days
to assure analytical accuracy. The laboratory will analyze
for all parameters listed in Table 35 except those indicated
as "Field." The methods for collecting water,éamples and
performing analyses are outlined in the Environmentai Protec-

tion Agency's Manual of Methods for Chemical Analysis of Water

and Wastes‘(l976),

Consol will maintain a ground water monitoring activ-
ities log book at the mine office. This log book will contain
dates of instrument calibration, static water level records,
aquifer pump test data, field data, and results of chemical
analysis. Within thirty days of the end of each calendar
quarter, Consol will férwaid a copy of all monitoring data
and a summary of well and spring information to the Utah

Division of 0il, Gas, and Mining.

7.4 Ground Water Rights
Ground water rights information was requested on

December 5, 1979, from the Utah State Engineer's Office,
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Division of Water Rights, Salt Lake City, Utah. When the

information is received, it will be immediately appended to

this report.

8.0 POTENTIAL MINE WATER INFLOW
8.1 Introduction

Ground water has fhe potential to enter the Emery Mine
from sandstone units within the Ferron Sandstone. Because
the 1J coal has permeable, saturated sandstones above and
below, water has the potential to enter through both the floor
and roof of the mine workings.

Based upon drilling and geophysical logs, and upon
discussions with Consol mine engineering pérsonnel, underclays
which constitute the floor of the mine effectively pfeclude
serious upward leakage. As reported by Owili-Eger (1979),
upward leakage in the form of a spring has occurred at only
one location within the existing mine.

The principal source of inflow to the mine is and will
preéumably continue to be the roof of the workiﬁgs. Mining
is conducted in such a way as to leave some roof coal. In
the absence of rooffalls or fracture connection to overlying
sandstones, the presumed redﬁced permeability of‘the coal
controls the amount of seepage to the mine. By and large this
is the case within the mine today. However, sporadic rooffails
and fracturing introduce water into the mine from overlying
sandstones. Table 36 summarizes the estimated mine water

pumpage at various times during the past three years.
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TABLE 36
ESTIMATED MINE WATER PUMPAGE

Estimated Daily
bate . Volume% (gpd)” ~ &PE
Jan. 1977 ' - 360
Oct./Nov. 1978 425,000 295
Oct./Nov. 1979 750,000 521

lEstimated from pump efficiency and power.
consumption records.

The number and location of connecting fractures and
the incidence and location of rooffalls cannot be predicted
with certainty. As a routine practice, those old workings
which could contribute significant quantities of water to the
mine are sealed off. With the mine continually advancing on
several fronts and with abandoned water-yielding sections
being continually sealed, an extremely dynamic ground water
regime has been and will continue to be created in the near
vicinity of the mine. The mathematics available with which
to simulate these conditions are not well suited to the
problem. Rather than attempting to predict micro-regimes near
advancing fronts in the mine or over sealed abandoned sections

of previous mining, the worst-case condition of mine water
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inflow and resulting effects upon the hydrologic system will

be evaluated.

8.2 Mine Water Inflow Model

Computer programming ﬁechniques were employed to simu-
late the hydrologic system around the mine site. This included
the array of real and image wells shown on Plate 7. This
configuration was used to simulate the effects of the enlarging
mine as if it were a pumping well. The upper Ferron Sandstone
(immediately above and including the IJ coal seam) crops
along Quitchupah Creek and Christiansen Wash. An image mine
inflow well was set equidistant from the mine across the crop
to simulate an impermeable boundary condition.

Both Quitchupah Creek and Christiansen Wasﬁ recelve
outflow from the upper Ferron Sandstone. These points of
.outcrop discharge were treated as discharging wells until.
water levels had declined to the point that bedrock outflow
would no longer be possible. A system of image recharge wells
was then begun to simulate a zero potential line.

The ground water system receives recharge as is
evidenced by outflow from the upper Ferron Sandstone to the
creeks. Within the area encompassed by this'investigation
the amount of recharge was assumed equal to the amount of
discharge to the creeks. Other investigators (Kaufman, 1977;
Owili-Eger, 1979) suggest that the Joe's Valley-Paradise fault

zone is the principal area of recharge to the Ferron Sandstone.
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Contours on the potentiometric surface maps of the upner and
lower Ferron Sandstone (Plates 3 and 4) suggest this to be
the case. A recharging image well was placed west of the
fault zone to simulate recharge. The amount of recharge was
set equal to discharge from the upper Ferron Sandstone to
Quitchupah Creek and Christiansen Wash (3.241 cfs; Section
7.2.4),

The model is sensitive to the transformation from
artesian to water table conditions by recognizing the change
in an initial storage coefficient to a specific yield at the
instant of transformation. Under water table conditions, the
model is sensitive to changing transmissivity with changing
water levels.

The model was set with‘October/November 1979 as being
the base year, and was run for the following six years. Input

data are as follows:

2

Oct./Nov. 1979 size of mine = 4800 ft.“; r = 2710 ft.

Monthly advance rate‘=.278,850 ft.z; Ar = 298 ft./mo.
Subsurface outflow = 3.241 cfs (Owili-Eger, 1979)

T = 3030 gpd/ft. (average from USGS aquifér tests)

m = 80 ft.

Sc = 5 x 10"4 (average from USGS aquifer tests)

Sy = 0.10 (assumed)

Amnual recharge rate = 3.241 cfs‘

Average roof permeability = 0.0325 gpd/ft. (based upon

average mine pumpage rate Oct./Nov. 1979 and 1979 roof
area of mine)
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Observation wells were set about the area of investiga-
tion to record calculated drawdown over the six-year mining

period Oct./Nov. 1979 to Oct./Nov. 1985.

8.2.1 Calculated Mine Water Inflow
Because the mine for this analysis is being treated

as a large diameter well, it is reasonable to assume that as
the well diameter increases so does the yield.l It has been
demonstrated that inflow through the roof of the 1979 mine
averaged 0.0325 gpd/ft.2 of roof area. Based upon the pro-
jected rate of mining, about 278,850 ft.2 of roof area‘will
be exposed each month. Without water level decline in the
upper Ferron Sandstone and without sealing off older wdrkings,
about 6.3 gallons per minute of inflow will result each month
of mining advance over the next six years. This equates to
about 75 gpm of increased inflow per year of mining. Table 37
provides the average Weighted annual mine water inflow rates
over the projected six-year mining period. These inflow rates
are constantly increasing based upon an average roof léakance
rate of 0.0325 gpm/ft.2 of roof area.

Plate 7 shows the calculated pattern of water level

decline after six years of mine operation.

8.2.2 Factors Affecting Calculations of Mine Water Inflow
Throughout this section of the report, worst-case
conditions of mine water inflow have been examined. 1In so

doing, it was assumed that inflow would increase on a 1:1
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TABLE 37
PROJECTED MINE WATER INFLOW, 1979-1985

Projected Weighted Average

Year Inflow (gpm) Inflow (gpm)
1979 520 520

1980 596 - 560
1981 672 ' 580

1982 748 610

1983 786 630
1984 862 ' 660

1985 938 ‘ 680

ratio with the expanding roof area of the mine. When‘these
projected inflows are used in the model, observation points
near the mine perimeter indicate loss of all artesiaﬁ pressure
within a year or two of model operation. Based upon present
water levels in wells adjacent to the mine, as much as 90 feet
of artesian pressure remains in the upper Ferron Sandstone
over the mine's center. This suggests that the hydraulic
gradient predicted by the model is unreaiistidally more‘steep
than the observed existing hydraulic gradient; a lower gradient
suggests less inflow. Additionally, if the mine is énalogous
to a large diameter well, the lessons of weli hydraulics demon-

strate that increasing a well's diameter does not result in
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1:1 increased inflow. As an example, if the Darcy equétion

is applied to inflow to the size of the six-year mine,
Q = kiA, = 0.0325 x 1* x 24,713,067/1440 = 558 gpm.

If it is assumed that previously worked areas will continue

to be sealed, this would further set to reduce inflow.

9.0 POTENTIAL HYDROLOGIC.CONSEQUENCES OF MINING
There are several possibilities By which mining could
influence the hydrologic balance in the vicinity of ﬁhe Emery
Mine. These are as follows:
(1) Depletions of flow in both Quitchupah Creek and Christiansen
Wash resulting from ground water level declines;v
(2) Temporary creation of mineward gradients induced by mine.
water inflow affecting grdund water level declines; and
(3) Redistribution of ground water quality within water-bearing

units of the Ferron Sandstone.

9.1 Stream Depletion

As has been noted throughout the report, the hydraulic
gradient within the upper and lower Ferron Sandstone slopes
southeast toward Quitchupah Creek and Christiansen Wash. The
upper Ferron is known to discharge directly into both stream

systems in the near vicinity of the mine. The lower Ferron

' *Hydréulic gradient of unity assumed. Actual gradient
would be some potential drop over 20 feet of roof coal.
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Sandstone discharges into Quitchupah Creek below its éonfluence
with Christiansen Wash and south of the mine.

It has been discussed (Sections 7.2.3 and 7.2.9) that
the lower Ferron Sandstone is well isolated from the mine and
does not appear to have been affected to the small extent that
the upper Ferron Sandstone has. Continued mining is not
expected to impart serious residual effects upon the lower
Ferron Sandstone; it follows that outflow to Quitchupah Cfeek
south of the mine will not be diminished. Several lower |
Ferron Sandstone monitoring points around the mine will be
monitored monthly for water level to verify this condition.

It has been shown that the upper Ferron Sandstone does
contribute ﬁo the flow of Christiansen Wash and Quitchupah
Creek. It is also true that the upper Ferron Sandstone
presently contributes most of the water flowing into the mine.
The effect of the declining upper Ferron Sandstone water levels
will be, in part, a reduction of outflow from the aquifer to
the streams. At the projected rate of mining, the mathe-
matical model employed to simulate the physical system
predicted that the hydraulic gradients would be sufficiently
lowered toward the creeks to reduce aquifer outflow to zero
in 1980. It may be seen, however, thét an average of about
90 feet of artesian pressure continues to overlie the mine as
of the fall of 1979. The mine has been aétive for many years.
now and artesian pressure still exists; artesian pressure will

presumably continue into the future. The array of monitor
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wells selected by Consoi for monthly monitoriﬁg of well‘levels
will help define this relationship.

| There are no registered surface water rights between
the area of potential decreased upper Ferron Sandstone aquifer
outflow and the point where the unnamed tributary (into which
Emery Mine discharges) discharge confluences with Quitchupah
Creek. Potential diminution of stream flow within this reach
will be offset by diséharge from the settling pond. The
quantity of water available to any existing rights is, there-

fore, not expected to be diminished.

9.2 Water Level Declines

Hydrographs of water levels in wells were presented in
Section 7.2.5. The hydrographs indicate water level declines
in the upper Ferron Sandstone of about four feet or more
within about two miles of the mine over the last three years.
The mathematical model prediéts additional water level declines
in proximity to the mine as it becomes larger. The calculated
drawdown data from the model after the next six years of mining
are included in Plate 7. The caléulated worst-case cone of
depression around the mine varies from about 160 feet near
the mine to about 10 feet at the outer limits of the cone,
which is projected to be at a distance of about 13,000 feet
from the mine. The only production well within this radius

of influence is the Bryant Well in (D-22-6)24ACD. The model

predicts as much as 70 feet of drawdown at this location in
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six years. Since the fall of 1976, water levels in this well
have declined from about four feet to less thén one foot of
head.

Water levels in the mine area are to be monitored
monthly from a large number of points which include points in
the Bluegate Shale, upper, middle, and lower Ferron Sandstone.
These data will be extremely useful in monitoring the.effects

of mining and in projecting future water level declines.

9.3 Water Quality Changes
| Mining within the 1J coal seam is not expected to
produce ény widespread changes in the existing water quality
within the wéter-bearing materials. In Section 7.2.9, data
are presented which indicate a wide variation in upper Ferron
Sandstone water quality. This variation is believed to result
from the degree to which the Bluegate Shale, a notorious
producer of limited amounts of poor quality watef, is included
within the well construction. Hydraulic'communicatioh between
the Bluegate Shale and upper Ferron Sandstone is imperfectly
understood; the degree to which water from the Bluegate Shale
may be induced to flow into the upper Ferron Sandstone with
declining water levels is, therefore, also not known. However,
the four piezometer mnests installed by Consol during the fall
of 1979 are designed ﬁo monitor water levels in four separate
zones: Bluegate Shale, upper, middle, and lower Ferron Sand-

stone.
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The quality of water being discharged from the mine is
currently monitored under the limitations of an NPDES permit,

and will continue to be as mining progresses.

9.4 Alluvial Valley Floors

With respect to the presence of alluvial valley floors
in the Emery aréa, the BLM has recently completed a réport on
the Land Use Plans of the San Rafael Resource Area as part of
their Management Framework Plan (BLM, 1979). This resource
area includes known and probable coal resource lands in the
Emery area. 1In their report, the BLM conéiudés that according
to the opinion of the SCS (Price, Utah) and ﬁhe unsuitability
criteria used for qualifying known and probable coal areas,
there are no designated alluvial valley floors within the
Wasatch Plateau Known Recoverable Coal Resource Area (KRCRA)
and the Emery Probable Coal Area (PCA). According to John
Coleman (District Manager, BLM, Moab, Utah, personal communica-
tion, November 14, 1979), the Emery Coal Field has recently

been designated as a KRCRA by the USGS.
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