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HYDROLOGIC INVENTORY OF
THE VALLEY CAMP LEASE AREA AND ADJACENT AREAS,

CARBON AND EMERY COUNTIES, UTAH

INTRODUCTION

Recent regulations promulgated by the U.S. Office of Surface Mining Reclam—
ation and Enforcement (OSM) require that environmental resource information
be assembled and submitted in areas of surface or underground coal mining
prior to renewal of outstanding permits to continue mining operations.
Specifically, sections 783.13, 783.15, 783.16, and 783.17 of the OSM regula-
tions (found in volume 44, number 50 of the Federal Register dated Tuesday,
March 13, 1979) require that hydrologic information be gathered. In accord-
ance with these regulations, a hydrologic study has been conducted on the
2740 acre coal lease area owned by Valley Camp of Utah, Inc. near the town
of Scofield, Utah which is referred to as the Vally Camp lease area (see
Figure 1). Coal resources at the site are currently being developed in the
Belina mine, although other presently abandoned mines exist within the lease
area (i.e. O'Conner and Eagle mines). The purpose of this report is to
describe the present hydrologic conditions in the area of concern, the
expected impact of future development and continuing mining activities in
the Valley Camp lease area on the local and regional hydrologic system, and
the methods which have been and will be used to predict and monitor this

impact.
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This report has been divided into six sections. The first section describes
the overall hydrologic environment, giving a synopsis of the physical vari-
ables in the area which have an effect on the hydrologic system. The next
section describes the surface water hydrologic system of the lease area

and the property adjacent to it along with the associated mining and post-
mining monitoring program. The third section takes a similar look at the
local and regional ground water system. Current water rights (surface and
subsurface) within and surrounding the lease area are then presented,
followed by a discussion of the probable impact of mining on the hydrologic
system of the lease and adjacent areas (considering both the impacts of
Valley Camp mines alone and the cumulative impacts of all mining activity

in the area). The final section lists references, including both literature
cited in the report and personal contacts made with research organizations

and governmental agencies during the study period.

Vaughn Hansen Associates (VHA) of Salt Lake City, Utah has been responsible
for the collection and reduction of all hydrologic data. Water quality
samples have been analyzed by Ford Chemical Laboratory, Inc. of Salt Lake
City, Utah., Methodologies used to collect and analyze the data are described

in the appropriate section of the main body of this report.

The majority of the data and information presented in this report were
collected and analyzed between the fall of 1975 and December 1979 (inclusive).
Where appropriate, individual dates of collection will be noted in the main

body of the report.



HYDROLOGIC ENVIRONMENT

Several physical variables have an effect on the hydrologic response of a
given area. Among these are geology, soils, climate, and vegetation. Al-
though each of these subjects is covered in a separate report of this applica-
tion in greater detail, an overview is given here as an aid in understanding
the hydrologic system of the Valley Camp lease area and adjacent land.
Individual points will be re-emphasized and strengthened, as necessary, in

subsequent sections of this report as the data are presented and interpreted.

Geology

The Valley Camp lease area lies in the northern end of the Wasatch Plateau,
on the west flank of the Clear Creek Anticline (Doelling, 1972). As such,
the dip of the strata is generally towards the west, ranging from about

four to eight percent (two to five degrees) .

With the exception of local alluvial deposits, all of the units exposed on
and immediately adjacent to the Valley Camp lease area are Cretaceous members
of the Mesaverde Formation (see Figure 2). The Star Point Sandstone, which
extends slightly onto the lease area on the surface in the east canyons,

is about 1000 feet thick and nearly devoid of shale (Doelling, 1972). This
yellow—-gray (salt and pepper) beach sandstone is massive and medium-grained

(Spieker, 1931).

Immediately overlying the Star Point Sandstone is the Blackhawk Formation,

an interbedded formation of sandstones and shales which is Utah's chief coal
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producer (Stokes, 1964). The sands in this 1000-foot thick member are fine
to medium grained and cemented by either calcite or silica with some iron
discoloration. They are more irregular than the sandstones of the Star
Point, tending to be local in extent and having locally high clay contents
(Spieker, 1931; Doelling, 1972). An exception to this is the Aberdeen
sandstone, a coarse-grained, 1ight—colored sand with a thickness of 20

to 80 feet, which can be traced throughout the region (Spieker, 1931). The
generally discontinuous nature of the Blackhawk sands and their apparent
low specific yield (Cordova, 1964) indicate that the water yielding capa-

bilities of the Blackhawk are only locally important.

Spieker (1931) has identified three types of shale in the Blackhawk Forma-
tion, all continental in origin——;a common clay shale which is soft and
granular, a carbonaceous shale, and a smoke-gray shale usually associated
with the coal, As was the case with the sandstones, the shales are
irregularly bedded (Spieker, 1931). The abundance of shale in the Blackhawk
acts as an effective barrier to the downward movement of water within the
formation, greatly reducing its overall vertical permeability and the amount
of water which percolates through the formation to lower units. Water which
reaches the Blackhawk, therefore, percolates downward until it meets a shale
layer, which causes horizontal movement to the surface or another "drain"

(i.e. sandstone finger) within the formation.

The dominant fault trends in the Valley Camp lease area are northeast-

southwest. The faults within the Blackhawk Formation occur basically as



zones (Doelling, 1972) with individual slips usually being clean, sharp
displacements with little gouge (Sanders Associates, Inc., no date). Both
major faults in the property area are downdropped to the west and tend to
die out to the north (U.S. Geological Survey, 1979). The Connelville

Fault forms the western boundary of the lease area with a drop which varies
from 190 feet at the western central lease boundary to 75 feet near Eccles
Canyon (U.S. Geological Survey, 1979). The other major fault in the area,
the 0'Conner Fault, extends through the center of the lease area and has

a drop of about 350 feet (U.S. Geological Survey, 1979). The Pleasant

Valley Fault is another major fault which lies east of the lease area.

Other faulting in the area has resulted in only small displacements. It

is suspected that these faults have only local hydrologic importance within
the Blackhawk Formation because of its high clay content, giving it an
ability to seal rapidly. On the other hand, faulting within the Star Point
Sandstone likely increases its water yielding capacity due to the creation

of secondary porosity (Price and Waddell, 1973).

Soils
No detailed soil survey has been conducted in the lease area by the U.S.
Soil Conservation Service. A reconnaissance survey conducted by Rapin
(1977), which covers that portion of the lease area within the Manti-LaSal
National Forest, indicates that the dominant soils in the area are in loamy
skeletal and fine loamy families of Typic and Argic Cryoborolls. As such,

they are moderately deep (20 to 40 inches) with thin, dark surface horizons



(high in organic métter), medium-textured (loamy) surface layers, and
moderately fine-textured (clay loam) subsoils. Coarse fragment contents
tend to be high (35 to 50 percent). A small portion of the area also
consists of gravelly and stony colluvial slopes, rock outcrops, and very

shallow soils.

As a result physical characteristics, Rapin (1977) indicates that

the soils in the lease area are generally moderately stable with a low

to moderate inherent erosion hazard. They tend to be well-drained with

a moderate to moderately rapid permeability (depending upon whether they
were derived primarily from shales or sandstones). Rapin (1977) placed
these soils into hydrologic soil group C, which indicates that the infiltra-
tion rate is generally slow. It is felt that a more reasonable classifica-

tion of the soils would be in hydrologic soil group B.

Climate

The continental climate of the lease area is typical of high elevations

in the Intermountain Region, with relatively high amounts of precipitation
(occurring primarily as snow), low temperatures, and a short growing season

(see Figure 3).

Temperature in the area is highly influenced by elevation (Utah Division
of Water Resources, 1975). According to Jeppson et al. (1968), January

. . o .
temperatures range from a mean minimum of about 7 F to a mean maximum of
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28°F. July temperatures range from a mean minimum of 40°F to a mean maxi-
mum of 77°F. The average frost-free season in the area lasts about 40

days (Jeppson et al., 1968).

Precipitation in the general area is influenced by altitude, topography,
and geographic location with respect to the west-to-east storm track
(Mundorff, 1972). Jeppson et al. (1968) indicate that the normal annual
precipitation in the area is approximately 30 inches. The bulk of this
(23 inches or 77 percent) occurs during the months of October through
April, primarily as snow. The remaining 23 percent (7 inches) occurs as

rainfall during the remaining months of the year.

Jeppson et al. (1968) have determined that annual potential evapotrans-—
piration in the lease area averages about 17 inches. The relatively low
evapotranspiration and high precipitation combine to yield excess precipi-
tation, making the area an important source of water for municipal, in-
dustrial, and agricultural uses at lower elevations in the respective

drainage basins.

Vegetation

Most of the lease area is covered with the conifer-—aspen vegetative type,
with a small portion of the land being covered with sagebrush and meadow
communities (Bentley et al., 1978). Because of the depth of soil, moderate
inherent soil fertility (Rapin, 1977), and high precipitation, the area is

abundant in species.
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Aspen communities occur primarily along the ridges and down the drier
slopes to the canyon bottoms. Spruce-fir types are present on north
facing slopes where evaporation is low due to the low angle of incidence
of the sun's rays and on the west facing slopes where the water supply
is more abundant due to the westerly dip of the strata. Sagebrush

communities fringe and intermix with the aspen type.

Productivity and percent cover over the area appear to be generally
high. This vegetative cover benefits the local hydrologic system,
according to Storey et al. (1964), by:

1. Building up and maintaining the organic matter content of the
soil, thus developing a more open soil structure which increases
infiltration and the moisture storage capacity of the soil as
well as protects the surface from the erosive forces of runoff
and rainfall impact;

2. Keeping the water spread out over the land, thereby slowing run-
off and allowing more time for absorption, resulting in increased
infiltration and decreased overland flow (with its attendant
erosion and gully formation); and

3. Shading the ground and minimizing wind movement, reducing snow-

melt rates and promoting infiltration.
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SURFACE WATER HYDROLOGY

Regional Surface Hydrologic System

The Valley Camp lease area is situated in the headwaters of the Price and
San Rafael river basins, with the Carbon-Emery county line marking the
watershed divide (see Figure 1). Approximately 2020 acres drain on the
surface to the east through Eccles Creek, and other smaller tributaries

of Pleasant Valley Creek, with water reaching the Price River via Sco-
field Reservoir (see Figure 4). The drainage from the remaining 720

acres west of the divide flows towards the San Rafael River via Huntington

Creek,

Snowmelt is the primary source of water for the perennial streams in the
two major basins with summer precipitation usually producing little runoff
(U.S. Geological Survey, 1979). Ephemeral streams are also abundant in
the Price and San Rafael river basins, existing primarily at lower eleva-

tions where evapotranspiration significantly exceeds precipitation.

Water use upstream from Castle Valley (the monoclinal valley containing

most of the agricultural land noted in Figure 4) is primarily stock-

watering and industrial purposes (coal mining and electrical power generation).
Within Castle Valley, agriculture and power production utilize nearly all

of the inflowing water (Mundorff, 1972) with minimum flows in the gaged
streams and rivers in the two basins occasionally reaching zero. Storage
reservoirs are common at higher elevations. Transbasin diversions occur

throughout the area.
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In general, the chemical quality of water in the headwaters of the Price
and San Rafael River Basins 1s excellent, with these watersheds providing
most of the domestic water needs of the people below. However, this
quality rapidly deteriorates downstream as the streams cross shale forma-
tions (particularly the Mancos Shale in and adjacent to Castle Valley)

and receive irrigation return flows from lands situated on Mancos-derived
soils (Price and Waddell, 1973). Within the Price River Basin, for example,
Mundorff (1972) reports that the Price River and its tributaries generally
have a dissolved solids content of less than 400 milligrams per liter

above the upper stream gaging station shown in Figure 4. The water in

this area is of the calcium bicarbonate type. Between this point and the
confluence with Miller Creek, most of the flows originate on or tran-

verse Mancos shales. Much of the flow is derived from irrigation return
flows. The Price River at Wellington, which is near the center of the
basin, has an average dissolved solids content of about 1700 milligrams

per liter and is of a mixed chemical type (calcium—magnesium-sodium-sulfate).
At Woodside, which is about 22 miles upstream from the confluence of the
Price River with the Green River, the weighted average dissolved solids
content has generally been between 2000 and 4000 milligrams per liter,

with the water type being strongly sodium sulfate. Similar deterioration

patterns exist in the San Rafael River Basin.

Sediment yield from the upper portions of the two major basins is prob-
ably negligible (Mundorff, 1972). According to the U.S. Soil Conservation

Service (1975), erosion rates in the Price and San Rafael river basins
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vary from 0.1 to 3.0 acre feet per square mile per year. The bulk of
the sediment yielded each year at the mouths of the major rivers comes
from limited areas covered with highly erodable shales (Mundorff, 1972)

and not in the upper elevations characteristic of the lease area.

Drainage Basin Characteristics

The Valley Camp lease area lies in the headwaters of two major watersheds—-
the Price River and Huntington Creek (tributary of the San Rafael River)
basins. The only perennial stream actually located on the lease area is
Boardinghouse Creek. This stream along with several ephemeral streams
which drain the lease area form dendritic patterns over the area. The
landscape of the area varies greatly, with most of the property being
covered with conifer and aspen vegetative communities on relatively steep

slopes.

Slopes on the lease area vary from greater than 75 percent (37 degrees)

near the Carbon-Emery County line to less than 6 percent (3.4 degrees)

along the bottom of Long Canyon. The average slope over the area is approx-
imately 28 percent (16 degrees) as determined from a 1:24,000 scale map

of the area. Because of the ridgetop location of the property and the
variety of channelized flow directions, aspects also vary greatly. However,
the Carbon County side of the property does have a dominant aspect to the
east (see Plate 1). The topography is rugged, with elevations ranging

from about 8700 to 10,044 feet above mean sea level (a range of about

1394 feet).
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Because of the climatological conditions of the area (high precipitation
and low evapotranspiration resulting in excess water), there are numerous
water sources on the lease area. Most of these are undeveloped springs,
seeps, and streams, the characteristics of which will be covered in sub-

sequent sections.

Rainfall-runoff relations of the Valley Camp lease area were determined
in order to give an index of general surface hydrologic conditions and

as a guide in designing future runoff control facilities.

The runoff curve number methods as defined by thé U.S. Soil Conservation
Service (1972), was used as a basis for this determination. According

to the curve number methodology, the algebraic and hydrologic relations
between storm rainfall, soil moisture storage, and runoff can be expressed

by the equations

q = (p-0.25)°
P+0.8S (1)
and
1000
CN = To+s (2)

where Q is the direct runoff volume, in inches; P is the storm rainfall depth,
in inches; S is a watershed storage factor, in inches, defined originally
as the maximum possible difference between P and Q; and CN is a dimension-—

less expression of S referred to as the curve number.

It is known that runoff curve numbers tend to vary inversely with pre-

cipitation depth in forested mountain watersheds (Hawkins, 1973). 1In later



17

studies of this phenomenon, Hawkins (1979) concluded that a relatively
constant runoff source (i.e. "impervious'") area produces this inverse
relationship. Because wildland watersheds seldom experience overland
flow, this constant source area coincides generally with the area
occupied by live (perennial) streams and nearby impervious area (roads,

etc.). Hawkins (1979) found that the curve number could be expressed

as
_ 100
N = T3 80)/2 (3)
where
2 %
f(e) = 1 + 2C - (4C° + 50C) (4)

and C is the fraction of the total watershed area contained in the source
area (i.e. the stream channel and nearby roadbeds). Data were presented
by Hawkins (1979) for various watersheds throughout the Rocky Mountain-
Intermountain Region as well as values of C determined by an iterative
least squares technique. Conditions at two of the watersheds studied

by Hawkins (Morris Creek and West Branch of Chicken Creek, located on
the Davis County Experimental Watershed near Farmington, Utah) compare
favorably with the surface characteristics of the lease area. The re-
lationship between CN and P at these two watersheds is presented in
Figure 5. Also shown on this figure for reference purposes is the curve
depicting CN which Hawkins (1973) defines as the curve number for a given

P below which there is no runoff.

The curve in Figure 5 which describes the West Branch of Chicken Creek
is presumably representative of those watersheds within the lease area

where road development is extensive and adjacent to the stream channel
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interception (l.e. Long Canyon, South Fork of Eccles Canyon, etc.). Note
that runoff characteristics in a watershed can be described by both
curves, depending upon the specific location of concern within the
watershed (i.e. Eccles Canyon, as a whole, is described by the upper
curve but subbasins, such as the South Fork of Eccles Canyon can be

represented by the Morris Creek curve).

Two comments should be made about the information presented in Figure

5. First, the potential for runoff from a rainfall event within the
lease area is low. As Hawkins (1979) has indicated and as can be seen

in Figure 6, the term C in equation 4 can be thought of as equivalent

to the runoff coefficient in the equation Q = CP and tends to be constant
for a wildland watershed with a perennial stream (unlike CN). Thus,

only a very small portion of the rainfall becomes runoff (between 0.29
and 0.75 percent, depending upon watershed conditions). This indicates
that runoff from the lease area occurs almost entirely from snowmelt,

not rainfall.

A second comment is that the curves shown in Figure 5 assume that over-
land flow is non-existent from the majority of the watershed. This is
a reasonable assumption for the lease area under most circumstances be-
cause of the high infiltration rate relative to storm intensity and the
apparent uniform antecedent moisture conditions of the soil surface

created by relatively low summer rainfall volumes (see the previous

discussion on local climate). Extremes in rainfall intensity and/or
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soll wetness may cause areas other than the normal source areas to
contribute runoff, and thus create departures from the curves shown
in Figures 5 and 6. Such conditions are assumed to be rare in the

lease area.

Flow Characteristics

Three hydrologic methods were used to determine the average annual
water yield from the area, thereby increasing the level of confidence.
Grunsky's Formula, which was originally developed by Grunsky (1908) and
later reworked by Sellars (1965), states that

2

Q=xP" (for PL1/20)) (5)

and

Q=P - 1/(4) (for P>1/(2x%)) (6)
vhere Q is the long—term average annual runoff, in inches; P is the
long-term annual precipitation, in inches; and & is a runoff coeffi-
cient, in inches _1. A value of 0.015 was assumed for « based on
guidelines set forth by Hawkins (1976). Thus, 1/(2«) equals 33.3
which is greater than P (30 inches) and equation 5 is used for deter-
mining the average annual runoff from the Valley Camp lease area, with

a resulting value of 13.5 inches.

A second method used to estimate average annual water yield from the
area is often referred to as 0l'deKop's Formula (Sellars, 1965 and
Linsley, 1976). According to this method,

Q=P - E_tanh %
° o (7N



22

where Q and P are as previously defined; Eo is the potential evapo-
transpiration; and tanh represents the hyperbolic tangent. As noted
in the previous discussion on climate, P and E_on the lease area are
equal to 30 and 17 inches, respectively. Substituting these values

into equation 7 results in an average annual water yield of 14.0 inches.

The final method used to determine average annual flows in the lease
area was through the derivation of a flow duration curve for Eccles
Creek above Pleasant Valley Creek. The flow duration curve, as des-
cribed by Searcy (1959), combines into one curve the flow character-
istics of a stream throughout the range of observed discharges and

can be defined as a cumulative frequency curve that shows the percent
of time during which specified discharges were equalled or exceeded in
a given period. Although it does not show the chronological sequence
of these flows, it can be used to determine several hydrologic charac-

teristics of a watershed, including the mean annual flow.

A long-term flow duration curve at the mouth of Eccles Canyon was
derived from short-term existing records using the index station method
described by Searcy (1959). According to the index station method, flow
duration curves are prepared for the period of record at the short-term
station and the corresponding period of record at the long-term (index)
station. The discharges at selected percent-duration points on the
curve of the short-term station are then plotted on logarithmic paper
against the discharges for the same percent-duration points from the

curve of the long-term station. The relation between discharges at the
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two stations for the short concurrent period is assumed to represent

the relation for a long period. Following the construction of the long-
term flow duration curve for the index station, the flow available a
given percent of time at the long-term station can be used to enter the
curve of relation (based on the short period of record), in order to obtain
the adjusted (to long term) flow available the same percent of time at

the short-term station. Instantaneous discharge measurements made during
the periodic collection of water quality samples were used for the short-
term record on Eccles Creek above Pleasant Valley Creek. These discharges
were ranked from high to low to obtain a duration curve. It is assumed
that the instantaneous discharge was equal to the mean daily discharge

for the day of measurement (see Riggs, 1969)., The period of record for
these 15 measurments spanned water years 1976 through 1978, Long-term
records of monthly flows and flow duration tables for possible index

stations were obtained from the U.S. Geological Survey.

The selection of an index (long~term) station was based on comparisons

of monthly flow volumes obtained from Utah Power and Light Company for
the period covering water years 1972 and 1973 for Huntington Creek above
Burnout Canyon and the concurrent period of record of five long-term
gaged streams in the general area. The assumption was made that the be-
havior of Eccles Creek would be similar to that of Huntington Creek and
that an index station chosen for Huntington Creek would, therefore, also
be valid for Eccles Canyon. Comparisons were made using linear, exponen-—

tial, logarithmic, and geometric regressions with the standard error of
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the estimate selected as the objective function to be minimized. Results
of the linear regressions (which proved to be superior) are summarized

in Table 1. 1In this table, Se is the standard error of the estimate, in
acre-feet per month; r2 is the coefficient of determination; and r is the
coefficient of correlation.. Based on these results, the White River below
Tabbyune Creek near Soldier Summit, Utah (USGS Station No. 09312600 with
an 11 year period of record from October 1967 through September 1978) was

selected as the index station for Eccles Creek.

Figures 7 and 8 give the flow duration curves for water years 1976 through
1978 of Eccles Creek above Pleasant Valley Creek and the index station
(White River below Tabbyune Creek near Soldier Summit, Utah). Note the

change of scale on the ordinates of the two figures. The curve of relation

Table 1, Results of linear regression analyses of monthly flows of Hunt-
ington Creek above Burnout Canyon and local long-term stream
gaging stations for water years 1972 and 1973.

Comparison Station S r2 r
White River below Tabbyune Creek 330 0.928 0.963
near Soldier Summit, Utah
Beaver Creek near Soldier 401 0.893 0.945
Summit, Utah
Huntington Creek near 429 0.878 0.937
Huntington, Utah
Minnie Maud Creek near 447 0.868 0.931
Myton, Utah
Willow Creek near Castle- 595 0.765 0.875

Gate, Utah
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is plotted in Figure 9 using discharge values corresponding to the
equal percent duration points of 0.1, 1.0, 5.0, 10.0, 25.0, 50.0,
75.0, 90.0, 95.0, and 99.0. Based on this curve of relation and the
long~term flow duration curve of the index station, the long-term

flow duration curve of Eccles Creek above Pleasant Valley Canyon
developed (Figure 10). The dotted section in the low flow region of
the adjusted Eccles Creek flow duration curve is based on instantan-
eous discharge estimated made by Dr. Robert N. Winget of Brigham Young
University in conjunction with biological sample collections at the site
during the summer of 1977, a period of severe drought in the western
United States (Hughes et al., 1978). The dotted, high flow section of
the curve was estimated based on an observation by Searcy (1959) that
streams whose high flows come largely from snowmelt tend to have flow

duration curves with flat slopes in their upper sections.

Searcy (1959) indicates that the average annual flow of a stream can

be found by determining the area under the flow duration curve. This
determination is presented in Table 2 for Eccles Creek above Pleasant
Valley Creek. The indicated average annual flow of 5.43 cubic feet per
second converts to an average annual yield of 13.4 inches over the

3510 acre watershed. This compares favorably with the estimates com-

puted previously by Grunsky's and 0l'deKop's formulas.

In order to determine the seasonal distribution of flows in the lease

area, average monthly flows of Huntington Creek above Burnout Canyon
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30

Computation of long-term mean discharge of Huntington Creek

above Burnout Canyon, based on the adjusted flow duration curve.

Duration Curve Percentages

Discharge (cfs)

Mean of Q for Mean Increment in
Limits Interval Limits of Limits Interval

0.60 - 0.10 0.10 0.05 209 0.21
0.10 - 0.20 0.10 0.15 195 0.20
0.20 - 1.00 0.80 0.60 168 1.34
1.0 3.0 2.0 2.0 128 2.56
3.0 5.0 2.0 4.0 92 1.84
5.0 9.0 4.0 7.0 59 2.36
9 15 6 12 30 1.80

15 25 10 20 9.2 0.92
25 35 10 30 4.1 0.41
35 45 10 40 3.2 0.32
45 55 10 50 2.7 0.27
55 65 io 60 2.4 0.24
65 75 10 70 2.1 0.21
75 85 10 80 1.6 0.16
85 95 10 90 1.05 0.11
95 99 4 97 0.76 0.03
99 99.6 0.6 99.3 0.65 <0.01
99.6 99.8 0.2 99.7 0.61 <0.01
99.8 100.0 0.2 99.9 0.61 <0.01
Total 100.0 - - 12.84
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for water years 1972 and 1973 were computed as a percent of the average
annual flow for the same period. These results are plotted in Figure 11,
Although the exact percentages will change from year to year, the dis-
tribution pattern is expected to remain fairly constant, as evidenced

by the flows of gaged streams in the region (see Figure 12). The
seasonal distribution shown in the two figures, which is presumably re-
presentative of conditions in perennial streams throughout the Valley
Camp lease area, is typical of western high elevation, snowmelt streams,
where the majority of the flow occurs within a relatively short amount

of time in late spring and early summer.

Based on the flow duration curve presented in Figure 10, mean daily
flows in Eccles Creek above Pleasant Valley Creek can be expected to
range from an occasional low of about 1 cubic foot per second to an

occasional high of approximately 50 cubic feet per second.

Estimates of peak flow recurrence intervals in the property area were
made based on techniques presented by Fields (1975). According to
Fields (1975), the 25- and S50-year recurrence interval flood discharges
of Utah streams are related to channel geometry characteristics. Speci-

fically, for the area of the Valley Camp lease, the following relationships

were found to apply:

3.7t (5)

]

95

and

3.9w1'58 (6)

950
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where W is the width of the channel bar cross section, in feet, and
dy5 and 95 are the 25~ and 50-year recurrence interval flood dis-
charges, respectively. The respective standard errors associated with

equations 5 and 6 are 28 and 33 percent.

Table 3 presents the resulting flood frequency information. Although
the standard errors are relatively high for the prediction equations,
the discharge estimates give an idea of the high flows experienced in

the streams.

Surface Water Quality

Thirteen sites on and adjacent to the Valley Camp lease area were chosen
for the collection of baseline surface water quality data. Stations

were located to obtain data from streams above and below the Belina No. 1

Table 3. Flood frequency discharge estimates of selected streams on
and adjacent to the Valley Camp lease area.

Channel Bar 25-Year Peak, 50-Year Peak,

Stream Width, in feet in cfs in cfs
South Fork Eccles Creek 2.0 11.0 11.7
above Main Fork
Eccles Creek above 3.5 26.4 28.2
Pleasant Valley Creek
Finn Creek above 0.8 2.6 2.7
Pleasant Valley Creek
Boardinghouse Creek above 2.7 17.6 18.7
Pleasant Valley Creek
Slaughterhouse Creek above 1.0 3.7 3.9

Pleasant Valley Creek
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Mine and the load-out facilities in Pleasant Valley Canyon as well as
from other perennial and intermittent streams in both the Huntington
Creek and Pleasant Valley Creek basins. All stations were established

for the collection of grab samples.

Water quality samples collected by VHA were analyzed according to

the schedule shown in Table 4. Some additional constituents, partically
dissolved constituents have been analyzed at some of the stations. An-
alytical methods utilized in the field and in the laboratory are summar-—
ized in Attachment A. Field analyses were completed immediately upon
sample collection. Samples were preserved for later laboratory analysis
according to methods outlined by the American Public Health Association
et al. (1976). Attachment B contains the results of chemical analyses of
surface water samples collected in the property area during the baseline

period.

Seasonal variations in water quality, as indexed by major cations and
anions, are depicted in Plate 2. As is to be expected, total dissolved
solids concentrations in the area are lowest during the months of April
through June when flows are highest and affected by the diluting effect
of direct snowmelt. As flows decrease later in the year and the majority
of the flow is derived from seepage out of local ground water systems,
this dilution effect becomes less pronounced and concentrations tend to

increase (Figure 13).
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Table 4. Comprehensive water quality analytical schedule.

Field Measurements Laboratory Measurements
pH Acidity
Water Temperature Alkalainity
Air Temperature Ammonia (NH3 as N)
Specific Conductance Bicarbonate
Discharge of Water Level Calcium
Dissolved Oxygen Chloride
Fluoride
Magnesium
Potassium
Sodium
Sulfate

Arsenic, Total

Barium, Total

Boron, Total

Cadmium, Total
Chromium, Total

Copper, Total

Iron (Total and Dissolved)
Lead, Total

Manganese, Total
Mercury, Total
Selenium, Total

Silver, Total

Zinc, Total

Total Suspended Solids
Total Dissolved Solids
Nitrate

Ortho-hosphate
Phosphate, Total as POy
Phenol

0il and Grease




Total dissolved solids concentration, in milligrams per liter
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According to Plate 3, surface water in the Valley Camp lease area

is of a strong calcium-bicarbonate type, which agrees with the findings
of Mundorff (1972). Magnesium concentrations tend to proportionately
increase with lower flows, especially at the lower elevations (see

the results of Statioms VC—-6, VC-9, and VC-10). Total dissolved solids
concentrations are relatively low throughout the general area, ranging
from less than 100 milligrams per liter in the headwaters of the Eccles
Creek Basin during the high flow season (Station VC-4) to over 600
milligrams per liter in Pleasant Valley Creek during low flow condi-

tions (Station VC-8).
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Flow Bate, in cubic feet per second

Figure 13, Variation in dissolved solids concentrations with flow
rate at Station VC-9,
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Suspended solid concentrations in the area tend to increase with

an increase in flow rate. As a result, concentrations are higher
during the snowmelt run-off period than during that portion of the
year when baseflow conditions exist. As an example, the average
suspended solids concentration for the period of record during the
months of April through June equalled 178 milligrams per liter at
VC-9 (6 samples), but during the months of October through December
the average concentration dropped to 11.0 milligrams per liter (2

samples).

Hydrogen ion activity (pH) over the Valley Camp lease area tends to
be rather constant, varying normally between 7.5 and 8.5. The
slightly basic waters in the area result from the high bicarbonate
concentrations (American Public Health Association et al., 1975).
Although pH values tend to be slightly higher during the spring and
summer months (probably due to the increased dissolved carbon dioxide
uptake by aquatic organisms during daylight hours), the relatively
constant and basic pH indicates that waters in the area are not
significantly influenced by pollution (Hem, 1970). The basic condi-
tion of the water, together with the low acidity (maximum measured
was 32 mg/l as calcium carbonate) and the relatively high alkalinity,
indicates that acid drainage problems should not develop as a result

of mining in the property area.

Both total and dissolved iron concentrations vary widely over the area,

with the source likely being the cementing agents in the Blackhawk



39

Formation which were previously mentioned. Total iron tends to be
somewhat related to flow rate (i.e. higher concentrations exist during
the snowmelt runoff period), as might be expected, due to the probable
association of iron with sediment, which tends to increase with flow.
(See Figure 14). Total iron concentrations also tend to be higher in

Eccles Canyon than in Pleasant Valley Creek above Eccles Creek.

Seasonal concentrations of dissolved iron at a given station appear to
be much more variable than total iron. As a result, no specific patterns
can be detected. About 80 percent of the measured dissolved iron con-
centrations were less than 30 percent of the concurrent total iron
concentration. The difference is greatest during the spring when total

iron concentrations are greatest.

Total manganese concentrations measured in the area are low, varying from

less than 0.001 to 0.19 milligrams per liter (with the exception of one sample
at station VC-5 which had a concentration of 1.53 milligrams per liter).

The low manganese concentrations are likely associated with the low

acidity (Hem, 1970). No distinct seasonal variations can be discerned.

Table 5 shows the range and mean of concentrations of dissolved solids,
suspended solids, acidity, pH, total and dissolved iron, and manganese

as measured at each of the thirteen surface water stations.

The Utah Division of Health has classified all water in the Valley Camp

lease area as 1C (protected for domestic use with prior treatment by
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Table 5. Results of laboratory analyses of
Selected water quality parameters
Total Dissolved - Total
Parameter TDS TSS Acidity pH Iron Iron Maganese
Station Max Min Mean | Max Min Mean| Max Min Mean | Max Min Mean| Max Min Mean | Max Min Mean| Max Min Mean
VvC-001 951 200 306 | 178 1,0 38 32 6 18 8.4 7.0 7.7 |1.934 ,012 ,254 | === === -== | 445 ,002 ,063
ve-1 550 210 369 | 111 2 24 14 6 10 8,3 7.1 7.7 |3.428 .09 ,418) .095 .05 .07 | .142 .01 .041
vC-2 510 209 374 |84 2,2 21 16 10 12 8.5 7.1 7.8 {2,236 .103 ,433} .08 ,01 .04 | .118 ,003 .038
vC-4 222 84 129 [ 85 10 49 10 6 8 8.3 7.0 7.8 |1.15 .128 ,59 |--== =--- ~--- 1 ,168 .001 .084
VC-5 510 138 274 |39101 942 110 1.0 5 8.4 7.1 8.0 |88.5 .039 11.40{ --= =--- -—- |1,532 .013 .226
VC-6 540 160 309 |88 2 16 18 2 10 8.4 7.1 7.8 {.627 .001 .23 | .024 ,010 .018} .190 .001 .025
vC-7 520 410 445 | --- === ~—== | === —=c -——- 18,5 7.6 8.1 |.194 .078 .14 |=== === ~== | ,033 .017 .025
vC-8 655 432 541 | --- ~=== === | === === -— 18,5 7.7 8.0 |.305 .093 .20 |-== === --=1 ,102 .068 .085
vC-9 495 162 334 |309 10 77 22 10 16 8.45 7.1 7.9 5;84 .040 0,88 | .,036 .,020 ,026] .187 .012 .055
vCc-10 275 139 227 |89 4 16 28 2 16 8.4 7.3 7.8 |.540 ,045 .25 |.050 .020 .032) .074 ,004 .023
UPL-3 400 145 184 105 4 10 12 12 12 8.45 7.05 7.6 |.418 .067 .18 |.02 .03 .04 | .109 .001 .037
UPL-10 226 125 172 (15 1 6 13 6 9 8.9 7.257.9 {.62 ,1l44 .36 |.114 ,060 .087} .040 .004 .020
cs-1 254 190 238 |13 4 8 26 12 17 8.4 7.4 7.9 .330 ..045 .14 |.20 .022 .074] .005 .002 .003
cs-7 240 185 209 9 1 5 16 2 8 9.15 7.2 7.9 .27 .09 .21 .058 .012 .030| .021 .002 .009

v
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standard complete treatment processes), 2B (protected for recreational
uses excluding swimming), 3A (protected for coal water aquatic life),
and 4 (protected for agricultural uses). The numerical standards which

apply to these classifications are given in Table 6.

Station VC-8 on Pleasant Valley Creek above Boardinghouse Creek) had the
only measured exceedeances of the coliform standards set by the state.
Total and fecal coliform levels at this station exceeded the standard

in five of the nine samples taken during 1976 and 1977. Total coliform
counts averaged about 20,000 per 100 milliliters (15,000/100 milliliters
over the state standard) and fecal coliform counts averaged slightly over
the state standard of 2000 per 100 milliliters. These high levels are
probably showing an effect of being located a short distance below the
town of Clear Creek. Data from the Southeastern Utah Association of
Governments (1977) indicate that relatively high coliform levels are also
encountered, to a lesser extent, further down Pleasant Valley Creek near

Scofield Reservoir.

The state standard for dissolved oxygen was satisfied by all but one sample.

On August 3, 1976, the sample collected at station UPL-3 (on Huntington
Creek below Electric Lake) measured 0.2 milligrams per liter below the

state standard of 6.0 milligrams per liter.

Maximum desirable temperature as set forth by the state standards was ex-
ceeded only once. This occurred at Station VC-5 (on Whiskey Canyon Creek
above Eccles Creek) on July 12, 1978 when a temperature of 20.5°C was

recorded.
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Table 6. Utah Division of Health numerical standards for water in

the state.
CLASSES
Domestic Recreation hguatic hgri- I Tnousd
Source 3 Resthetics wiltdlife culty try [Special
Constitutent 1A 18 1C 2A 28 3A 3B 3 3D 4 3 6
Bacterfolocica) {No./100 =1}
(30-dey Geometric Mean)
Feximum Total Coliforms 1 50 5,000 {1,000 5,000 : : : :
Vaximum Fecal Coliforms - - 2,000 200 2,000
Phrsical
Total Dissolved Gasses d o . b * {b) {v) * ol
¥iniouz DO (m3/1) {2} A hd 5.5 5.5 5.5 6.0 555 - 5.5 -
veximor Temperature - A . A - 200C 27°C : -
Faximsn Temp. Change . - - hd - 20C 4°C -
pH £.5-9.0 6.5-9.0 6.5-9.0}6.5-9.0 6.5-9.¢ 6.5-9.0 6.5-9.0 6.5-9.0/5.5-9.0
Turbidity increese {c) * - hd 10 NTU 10 NTU} 10 1TU 10 NTU 15 KTV .
Chemical (Maximum m3/1) . ) =
Arsenic, dissolved .05 .05 .05 * . . * = - 5y
Beriuz, dissolved 1 1 1 - - - - £ - -
Cacdniuz, dissolved .010 .010 .010 hd - _0004(4) .004(d) = - .01
Chromium, dissolved .05 .05 .05 - . .10 .10 < .10 .10 v o«
Cosper, dissolved - - hd b - .01 .01 w . .2 z =
Cvanide - - - - - 005 .005 o - - = =
Iror, dissolved d - - - - 1.0 1.0 - 1.0 . e u
Lead, dissolved .05 .05 .05 - - .05 05 > * 5| = =
Percury, total .002 .002 .002 - A .00005 .00005 < ,0DDOS - o~ »
Phenol - .. - - - .0 0 - . - =3 =
Selenium, dissolved .01 .01 .01 - - .05 .05 @ - .05 L w
Silver, dissolved .05 .05 .05 - - .01 .01 < - - s s
2inc, dissolved - . d - - .05 .05 = - - - -
. o = =
K4 as R {un-ionized) * - hd . . .02 .02 & . . c =
tnlorine - hd hd - . .002 01 < - - = g
Fluoride, dissolved (e} 1.4-2.4 1.4-2.4 1.4-2.4 | = . . - < . . H =
NO. 2s K 10 10 10 . F3 z =
Bc}on. dissolved . b e * - - - P hd .75 o b=
H-S - - . - . .002  .002 o - . = a
- - - - - — -
ibs () . . - 1200 ” w
Radiolonical {Maximm pCi/1) E = ;
’ - < = =
Gross Alpha 15 15 15 - - lS(g) 15(g) w 15{g) 15(g) @ @
Redium 226, 22B combined 5 5 5 i . - . = - -« 2 =
Strontium 90 B -] 8 - - - - o} - - = 4
Tritiue 20,000 20,000 20,000 - . - - x . . = £
7. — E o
. o 7] w3
Pesticides {Maximum ug/l) =
=]
. Endrin ' .2 .2 .2 . . .004 004 £ o4 | -
lindane 4 4 4 . - .0 -.0 w .01 -
¥ethoxychlor 100 109 100 - hd .03 .03 .03 o
Toxzphene 5 - 5 - . .D05 .005 .005 .
2, &-p 100 100 100 . . . - . .
2, &, 5-TP 10 10 10 - - . . - -
Pollution Indicators {4)
Gress Bete {pCif1) 50 50 50 - » 50 . 50 50 50
BOD {mg/1) * d 5 5 5 5 3 s 5
K3 2s K (mg/1) 4 2 4 4 . »
FOZ as P (mg/l)(h) - . - .05 .05 .0% .05 - - -
d Insufficient evidgnce to warrant the establishment of {e} Maximum concentration varies according to the
nu=erical standard., Linits assigned on cese-by-case daily maximum mean air temperature,
besis.
Temp,  ©¢ mo/Y
{a) These limits are not applicable to lower water levels
in : 12.0 2nd below 2.4
n deep impoundments. R 2.3
b} Kot t e fon. 14.7 to 17.6 2.0
{b} kot to exceed 110% of saturation B et 2.0
{c) For Classes 2A, 2B, 3R, and 3B at background levels of ;é:g :g gg:g 1:2

105 WTiUs or grester, & 107 increase limit will be used
inste2d of the nureric values Yisted., For Class 3D at . .
background Tevels of 150 Hils or greater, 3 10T increase (f) Tota) dissolved solids {TDS) limit may be adjusted

1écit will be used instead of the numeric valuve listed. on a czse-by-cese basts,
Short term variances may be considered on a cese-by- {g)

case besis, . Investigations should be conducted to develop more infor-

ration where these pollution indicator levels are ex-
ceeded,

{n) PO¢ as P{ma/1} Yinit for Yakes and reservoirs shall be

. -

() Liztt shall be Yncreased threefold 1f (atOJ hardness
$n water exceeds 150 mg/l.
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A sample collected at Station VC-9 (on Eccles Creek above Pleasant Valley
Creek) on May 11, 1979 had the only measured exceedances of dissolved

copper (0.017 and 0.015 milligrams per liter, exceeding the standard of
0.010 milligrams per liter) and dissolved zinc (0.061 milligrams per liter,
exceeding the standard of 0.05 milligrams per liter). A single exceedance
of the state standard was detected for cyanide on the South Fork of Eccles
Creek at Station CS-1 (0.006 milligrams per liter, exceeding the standard
of 0.005 milligrams per liter). Many samples were evaluated for total
concentrations of certain trace elements and not dissolved concentrations.
Some of these samples revealed relatively high concentrations which may, but
do not necessarily, mean that dissolved concentrations exceed state standards.
Those elements thus implicated are: silver at Station UPL-10 (Huntington
Creek above Electric Lake), iron at Station VC-5, (Whiskey Creek above
Eccles Creek), zinc at Stations VC-1 (Pleasant Valley Creek above Scofield)
and VC-5, and selenium at Stations VC-1, VC-7 (Boardinghouse Creek), VC-8
(Pleasant Valley Creek above Boardinghouse Creek). All other trace element

concentrations measured appear to be in conformance with state maximums.

Exceedance of the state standards for phenol, total phosphate, and un-
ionized ammonia were common at most stations. Approximately 18 percent

of the phenol analyses listed in Attachment B- exceed the state standard

of 0.01 mg/l. Most stations had at least one sample with an exceedance.

A maximum concentration in the area of 0.25 milligrams per liter was noted

at VC-5 (Whiskey Creek above Eccles Creek) on August 23, 1978. The reason
for the relative abundance of phenolic compounds in the area is not precisely
known. However, the U.S. Environmental Protection Agency (1975) indicates

that phenolic compounds may arise from naturally occurring organic sources.
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The breakdown of organic residue in the area may be the source of

much of the background phenol occurrences.

Nearly 50 percent of the ammonia analyses listed in Attachment B
exceed the state standard of 0.02 mg/l. It has not been uncommon
to find concentrations of 0.1 to 0.2 milligrams per liter in

Eccles and Pleasant Valley canyons. The presence of ammonia in the
local streams is probably the result of biological degradation of

nitrogenous organic matter.

Approximately 50 percent of the total phosphate samples collected
exceeded the state standard of 0.05 milligrams per liter. Although
the standard was exceeded at least once at all stations for which
total phosphate was measured, most of the high phosphate concentra-
tions were recorded at Stations UPL-3, VC-6 and VC-9. Phosphate con-
centrations in the area have ranged from less than 0.001 to 2.00
milligrams per liter, averaging normally about 0.11 milligrams per
liter. Variations are again large, with no detectable pattern. A
portion of the phosphates may well result from the animal wastes
resulting from grazing in the area (Hem, 1970). Most of the phos-
phates entering the streams, however, are probably carried in on
sediment and have as their source the phosphorus content of the soils

(McElroy et al., 1976).

The concentrations of other constituents sampled at stations throughout

the area are generally well below the state standard. In many instances,
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trace metal concentrations are consistently below the level of detec-
tion of routine laboratory techniques (particularly arsenic, cadmium,

mercury, selenium, and silver).

Sediment Yield

Estimates of the average annual sediment yield to be expected from the
lease area were made using the PSIAC method (Pacific Southwest Inter-
Agency Committee, 1968) and the Universal Soil Loss Equation (U.S. Soil
Conservation Service, 1977; Clyde et al., 1978). Tables 7 and 8 contain
the parameter estimates and sediment yield computation results of the
respective methods. Using a sediment delivery ratio of 25 percent
(based on Renfro, 1975), the average annual sediment yield predicted
by the Universal Soil Loss Equation is 1.4 tons per acre. This con-
verts to 0.5 acre-foot per square mile if a sediment unit weight of

80 pounds per cubic foot is assumed (see Flaxman, 1975). This compares
favorably with the estimate made by the PSIAC method, although‘it is
felt to be somewhat high. Based on guidelines given by Strand (1975)
for gravel-bottom streams, it is estimated that approximately 10 per-
cent of the sediment yielded from the property area occurs as bedload.

The remaining 90 percent occurs presumably as suspended sediment load.

Assuming that the PSIAC estimate is correct, the lease area yields an
average of 1.4 acre~feet per year of sediment to the Price River Basin
and 0.5 acre-foot per year of sediment to the San Rafael River Basin.
Although no published sediment yield data are available for the upland

areas of the two basins, this is undoubtedly only a small portion of
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Table 7. Average annual sediment yield estimate of the Valley Camp lease
area using the PSIAC method.

Factor Description Rating

Surface Geology Interbedded shales and sandstones, 8
moderately fractured

Soils Medium textured with high percentage 0
of coarse fragments

Climate Precipitation primarily as snow, 0
humid

Runoff Large volume, high peak per unit area 10

Topography Steep, high relief, no flood plain 20
development

Ground Cover Area completely protected -10

Land Use Ordinary road construction, intensive 0
grazing over some areas, no recent
logging

Upland Erosion About 25 percent of area characterized by 10
landslide erosion

Channel Erosion Occassionally eroding banks, moderate 10
flow depth

Total 48

Sediment yield (from Figure 15) = 0.4 AF/miZ/yr.

Table 8. Average annual sediment yield estimate of the Valley Camp lease
area using the Universal Soil Loss Equation.

Equation: A = RKLSCP

Variable Meaning Assigned Value
R Rainfall factor 26
K Soil Erodability factor 0.24
L Slope length factor (1000 ft) 29
S Slope gradient factor (28%)
C Cropping management factor 0.03
P Erosion control practice factor 1.0
A Estimated soil loss (tons/acre/year) 5.4
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of the total amount of sediment yielded from the respective basins.

Monitoring Program

To provide an ample and efficient water quality monitoring program,
some changes in stations will be made. Stations VC-1, VC-2, VC-4, .
VC-5, and VC-10 will be méintained to provide continued monitoring

of the impact of operations in the Belina No. 1 Mine and the load-

out facility in Pleasant Valley Canyon. Stations VC-7 and VC-8 will
be replaced by new stations established in Boardinghouse Creek, Finn
Creek, and Long Creek (Stationms VC-11, VC-12, and VC-13 respectively).
These new stations will provide more complete monitoring on the southern
portion of the lease. Stations VC-6, CS-7, UPL-3, and UPL-10 will be
abandoned since they are located so as to monitor the effects of pro-
posed mining activities by Coastal States Energy Company and not those
of Valley Camp. Data from these stations has been included in this
report for its benefit in giving an indication of water quality in

the area. Station VC-10 will allow adequate monitoring of activities
in the South Fork of Eccles Canyon without CS-1, so the latter station
will be abandoned. Station VC-~9 will be abandoned. Other stations

in Eccles Canyon will provide adequate monitoring of Valley Camp
activities within the canyon. Construction of a load-out facility of
Coastal States Energy Company immediately above VC-9 would greatly
reduce the value of the station to Valley Camp. Plate 3 shows the

location of all stations that will be monitored.
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Samples will be collected from all stations shown in Plate 3
annually and analyzed according to the schedule given in Table 4.
These samples will be collected during the month of August each
year to allow sufficient time prior to snowfall to collect addi-
tional data if the laboratory results show unique, unexpected con-
ditions. Samples will be‘analyzed according to Attachment A and

preserved as previously outlined.

In addition to the annual comprehensive samples, stations in Eccles
Canyon (Stations VC-4,VC-5, and VC-10) and on Pleasant Valley Creek
(Stations VC-1 and VC-2) will be sampled each spring and fall on a
continuing basis according to the abbreviated schedule given in
Table 9. Excellent baseline data have been collected on streams
surrounding and draining the Valley Camp lease area since January of
1976. Information gained from this data indicates that this sampling
frequency will be sufficient. If future data indicate a need, the
sampling frequency may be changed and/or parameters may be added to

or deleted from this table.

The derivation of Table 9 was based on the need to clarify back-
ground conditions and future impacts. Because of the inherently
high chemical quality of waters in the Valley Camp lease area, as
determined by the baseline study, suspended solids has been included
in the abbreviated schedule as the single most important impact in-

dicator. Ammonia, phenol, and phosphate are included because of the
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high background concentrations found previously. Total dissolved
solids, specific conductance, temperature, and the major cations
and anions are included as indexes of major change. Total iron,
total manganese, and pH determinations are required by OSM regula-

tions.

As mining develops south of Eccles Canyon, spring and fall samples
will be collected also from the stations impacted (i.e. VC-11, VC-12,
and/or VC-13) and analyzéd according to Table 9 beginning one year
prior to any potential underground impact. (These stations are
generally inaccessible in the winter.) As will be the case in Eccles
Canyon, complete analyses (Table 4) will be run once a year (in

August) even after seasonal sampling begins.

Surface water monitoring will continue according to the abbreviated
water quality schedule through the mining and reclamation operations.
Post-mining data collection will continue on a seasonal basis (spring,

summer and fall) at each of the stations until the reclamation effort

Table 9. Abbreviated water quality analytical schedule for
monthly samples.

Field Measurements Laboratory Measurements
Discharge Ammonia (NH3 as N) Phenol
pH Bicarbonate Phosphate, Total as PO,
Specific Conductance Calcium Potassium
Temperature, Air Chloride Sodium
Temperature, Water Iron, Total Sulfate
Magnesium Suspended Solids

Manganese, Total Total Dissolved Solids
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is deemed successful by the regulatory authority. The August sample

will continue to be analyzed according to Table 4 through the post-

mining period.

In addition to the above outlined monitoring program, monitoring of
all discharges will be conducted in accordance with any NPDES permit
in effect. Station VC-001 has been established for this purpose at

the Belina No. 1 Mine.

As required, water quality data collected from surface water monitor-
ing stations will be submitted quarterly to the regulatory authority
(Utah Division of 0il, Gas, and Mining). Such reports will normally
be submitted within 60 to 90 days of the end of each quarter, depending

upon the speed of the laboratory analyses.
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GROUND WATER HYDROLOGY

Regional Ground Water Hydrologic System

The principle factor controlling the occurrence and availability of
ground water in any area is geology. As noted by Price and Waddell
(1973), nearly all of the region surrounding the Valley Camp lease
area is underlain by rocks of continental and marine origin, con-
sisting predominately of interbedded sandstones and shales. Although
some of the sandstones in the region serve as the principle water
bearing strata, their ability to yield water for extended periods

of time is largely controlled by the existence of the relatively
impermeable interbedded shale layers, which prevent the downward

movement of a significant amount of water.

According to the U.S. Geological Survey (1979), ground water in the
region exists under water table, artesian, and perched conditions.
Water table conditions exist primarily in shallow alluvial deposits
along larger perennial streams and in relatively flat lying sedi-
mentary rocks. Artesian conditions exist at greater depths where a
confining layer overlies a more permeable member. However, pressures
are generally not sufficient to produce flowing wells. Perched or
impeded conditions exist where the confining layer lies beneath the

water bearing strata.

Because of the high annual precipitation, the Book Cliffs and the

adjacent Wasatch Plateau (where the Valley Camp lease area is located) ,
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act as recharge areas for regional ground water systems (Price and
Arnow, 1974). However, only a small portion of the annual precipi-
tation, probably much less than five percent, recharges the ground
water supply (Price and Arnow, 1974; U.S. Geological Survey, 1979).
Although the depth of water infiltrating through the surface to
saturated beds is small (due to the presence of the relatively im-
permeable shale layers near the surface over much of the area), the
total recharge volume is rather significant because of the areal

extent of the zone of recharge.

Price and Arnow (1974) indicate that properly constructed wells in
the Price and San Rafael river basins would have only limited yields
(normally less than 50 gallons per minute). Wells immediately ad-
jacent to the lease area could normally be expected to yield less
than 10 gallons per minute. Increased yields could be expected from

wells penetrating highly fractured sandstones.

Rocks in the mountainous areas near the lease area generally have

low specific yields (0.2 to 0.7 percent) and low hydraulic conduct-
ivities (Price and Waddell, 1973). The volume of recoverable water
in the area is small, averaging less than 600 acre-feet per square

mile in the upper 100 feet of saturated rock (Price and Arnow, 1974).

The quality of ground water in the Price and San Rafael river basins
deteriorates with distance downstream much the same as surface water.

Dissolved solids contents in ground water range from less than 250
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milligrams per liter near the lease area to 3000 milligrams per

liter near the confluence of the rivers with the Green River (Price
and Waddell, 1973). This increase in dissolved solids concentration
is the result of increased contact of water and rock as travel
distance increases, with saline shales contributing the major portion

of the dissolved constituents.

Characteristics of Seeps and Springs

As an index of ground water hydrologic conditions in the lease area,
an inventory was made of existing seeps and springs omn and adjacent
to the lease area during the months of September and October, 1978,
September, 1979 (i.e. the low flow season), and June and July, 1979
(i.e. the high flow season). During this time, the lease area was
covered on foot and all seeps and springs found were noted on a

map. In addition, an estimate was made of the discharge, a water
quality sample was collected, and determinations were made of water
temperature and specific conductance. Based on these data, selected
samples were chosen which were representative of flow, quality, and
geographic variations over the property and sent to the laboratory

to be analyzed for calcium, magnesium, potassium, sodium, bicarbonate,
chloride, sulfate, and total dissolved solids. Samples collected
during September, 1979 were also analyzed for many additional
parameters., The results of these analyses can be found in Attachment

C.
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Results of the field investigation and the chemical analyses are
summarized in Plate 4. Also shown in this plate are geologic
formations, faults, etc. which may have an influence on the behavior
of seeps and springs. Note that a value for total dissolved solids
concentration is reported for each spring rather than specific con-
ductance. This transformation was made after establishing a relation
between the two parameters for the samples where chemical analyses
were completed (see Figure 16). A conversion factor of 0.62 was

used.

Because of the large number of springs in the area, some were likely

missed during the inventory. However, it is felt that the majority

of the springs were sampled and representative conditions were covered.
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Figure 16, Relation between specific conductance and total
dissolved solids concentration for springs in
the Valley Camp lease area,
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Plate 4 shows the location of 74 seeps and springs located on the
lease area as well as 35 seeps and springs adjacent to the lease
boundary. Thus, an average of one water source was encountered for
every 37 acres in the area, not including the perennial streams.
Observations and measurements in the area indicate that the majority
of the springs and seeps continue to flow through the low flow period
of the year. As a result, the travel distance between water supplies
is short for the wildlife and livestock which utilize the area. There-
fore, should a frequently used spring dry up as a result of drought,
mining impacts, etc., mosF animals using the water supply would not be

greatly affected.

Several observations should be made regarding the occurrence of seeps
and springs in the lease area. First, many springs issue near the
base of a sandstone lense (where contact is made with a shale member),
often a considerable distance (from a few feet to tens of feet) above
the adjacent streambed (normally considered the drain in a perennial
watershed). This indicates that the shale layers in the Blackhawk
Formation act as impeding lenses, carrying at least a portion of the
water which percolates through the soil mantle back to the surface
where it is eventually discharged into an adjacent stream. Thus, be-
cause of the presence of a large amount of shale in the property area,

ground water recharge is likely slow.

A second observation deals with the origin of the water issuing from

the seeps and springs. Note that a number of springs are located
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at relatively high elevations. This, together with the fact that
the sandstone lenses in the Blackhawk Formation are very discon-
tinuous (see the previous discussion on geology), implies that much,
if not all, of the water found ina given spring originates in the
small surface depression or basin immediately adjacent to the spring.
Thus, springs are supplied by a bedrock member which is extremely
local in extent, as opposed to a larger, more regional system. The

same condition presumably applies to springs at lower elevations.

A third observation to be made concerning location is that very few
seeps and springs appear to be fault-related. This phenomenon has
also been noted elsewhere along the Wasatch Plateau. As noted by the
U.S. Geological Survey (1979), the shale layers of the Blackhawk Form-
ation are bentonitic, tending to swell when wet and decompose into

an imprevious clay. Apparently, fractures in the Blackhawk Forma-
tion seal readily because of the ability of the shale layers to swell

and decompose, providing a barrier to water movement.

As a final observation, travertine deposits are often associated with
springs in the area. Although this may suggest a deeper seated water
source than a localized sandstone, Hem (1970) indicates that this may
also result from the high calcium bicarbonate content of the water.

This explanation is felt to be reasonable, thereby supporting the
hypothesis that faults in the Blackhawk Formation are not ready conveyors

of water.
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Flows from individual springs were quite small during the summer
inventory. Only eight springs were flowing at rates greater than
or equal to 10 gallons per minute (25-13 at 25 gallons per minute,
36-3 at 15 gallons per minute, 6-3 at 10 gallons per minute, 25-2
at 22 gallons per minute, 25-5 at 12 gallons per minute, 25-6 at

at 10 gallons per minute, 2-2 at 12 gallons per minute, and 25-15
at 30 gallons per minute). Most of the springs in the fall were
flowing less than one gallon per minute. Samplings during the
summer of 1979 have indicated that flows at a given spring may vary
by as much as an order of magnitude during the year, with the higher
flows coming near the snowmelt season. This further substantiates
the theory that water supplying the springs is generally very local
in origin. Water originating from a deeper, more regionalized
source would likely have a more constant flow. It also indicates
that flows are quite sensitive to the amount of precipitation re-

ceived during the previous winter.

Almost without exception, the chemical analyses shown on Plate &4
indicate that ground water in the lease area, as indexed by springs,
is of a strong calcium bicarbonate type. The data show that three
distinctive qualities of spring water can be found in the property
area. Springs issuing just east of the lease area in the Starpoint
Formation had a higher dissolved solids content, ranging from 217
to 528 milligrams per liter and an average of 327 milligrams per
liter during the early summer inventory. These higher concentra-

tions indicate that water surfacing within the Starpoint Formation
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has probably traveled further and/or remained underground longer

than water surfacing higher up in the Blackhawk Formation.

The few springs issuing adjacent to the South Fork of Eccles Creek
had the highest dissolved solids concentrations found on the lease
area during the inventory‘(averaging 276 milligrams per liter during
the early summer inventory). These higher concentrations likely
result from local conditions which cause prolonged contact of the
water with shale layers prior to discharge. Because of the small
particle size and, therefore, greater available area of contact in

a shale, more dissolved constituents are picked up by the water than

would be the case in a more permeable member.

Springs over the remainder of the property area had dissolved solids
contents which varied between about 30 and 290 milligrams per liter,
averaging approximately 155 milligrams per liter during the early
summer inventory. There is a strong tendency for total dissolved
solids concentrations to increase as summer progresses and flows
diminish. Of the 15 springs sampled both in the early summer and
fall, 12 had an increase in dissolved solids. The average change

for the 15 stations was an increase of 86 percent.

Seven of the springs shown on Plate 4 were chosen for continued moni-
toring of water quality and quantity. The selection of representative
springs was based on variations in flow, quality, and geographic loca-

tion as noted in Table 10 and discussed previously (see Plate 3).
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Priority was given to high flowing springs, since potential impacts
would likely be greatest on these sources. A discussion of the data
collected during subsequent samplings will be presented in the section

covering ground water quality.

Stream Seepage

Iorns et al. (1965) developed a method of estimating the amount of
ground water contributed to streams using flow duration curves.~ They
indicate that the method applies primarily to headwater streams whose
flows come largely from snowmelt and are affected little by the acti-
vities of man. Thus, the methodology applies to Valley Camp lease

area streams.

Table 10. Springs selected for continued monitoring.

Station Number Reason for Continued Sampling

S7-11 High flow, high TDS content, headwaters of
Long Canyon

$24-12 High TDS content, South Fork of Eccles Canyon

$25-13 High flow, low TDS content, near Belina No. 1
Mine

$31-13 Lower elevation, headwaters of Finn Canyon

$36-17 Below O'Connor Mine, headwaters of Boarding-

house Canyon
$36-19 Headwaters of Coal Canyon

$36-23 Headwaters of James Canyon

Note: The letter S in the station number indicates that the source 1is
a spring.
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According to this methodology, the average time that flow in a snow-
melt-type stream is affected by ground water discharge can be approxi-
mated by drawing a line tangent to the steep part of the flow duration
curve of the stream and noting the departure point from the lower
portion of the curve. The flow represented by the part of the curve
below this departure point consists primarily of water discharged from
ground water storage. Arithmetic integration between the departure
point and the 100 percent duration point is used to determine the

ground water discharge rate during baseflow conditions.

The average rate of ground water discharge during the time that streams
are controlled by direct runoff (i.e. during the snowmelt season) can
be approximated by the flow duration curve discharge that is equalled
or exceeded 70 percent of the time. By adding this value to that ob-
tained by integrating the flow duration curve below the departure point,
the average annual rate of ground water discharge contributed to the

stream is obtained.

An estimate of long-term average annual ground water discharge of Eccles
Creek above Pleasant Valley Creek was made using the above outlined
methodology and the flow duration curve developed previously (see
Figure 7). This stream was chosen because of its proximity to the

lease area and the availability of sufficient data for use of this
method. The ground water discharge of Eccles Creek is described by

Figure 17 and Table 11.
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Table 11. Computation of long-term average annual ground water discharge of
Eccles Creek above Pleasant Valley Creek.

Duration Curve Percentage Discharge (cfs)
Mean of Q for Mean Increment
Limits Interval Interval of Limits in Interval
0-15 15 - 3.3 0.50
15-25 10 ' 20 5.6 0.56
25-35 10 - 30 4.6 0.46
35-45 10 40 4.1 0.41
45-55 10 50 3.8 0.38
55-65 10 60 3.6 0.36
65-75 10 70 3.3 0.33
75-85 10 80 2.5 0.25
85-95 10 90 1.6 0.16
95-99 4.0 97 1.3 0.05
99-99.6 0.6 99.3 1.3 0.01
99.6-100.0 0.4 99.8 1.3 ’ 0.01

Total 100 - - 3.47




65

The average annual ground water yield to Eccles Creek above Pleasant
Valley Creek (3147 cubic feet per second) represents approximately

64 percent of the total annual flow (5.43 cubic feet per second, see
Table 2), or 8.59 inches over the 3510 acre watershed. The principle
cause of the high ground water yield in Eccles Canyon is likely the
Star Point Sandstone, which is present on the surface over approxi-
mately 25 percent of Eccles Canyon. Field observations indicate that
this sandstone is nearly full to the upper reaches of the outcrop in
Eccles Canyon and yielding water to the creek throughout the canyon
(i.e. many seeps and springs can be found along the stream to this
point). The Blackhawk Fomation which appears on the surface over
most of Eccles Canyon yields water essentially only from thin, dis-
continuous sandstone lenses which are often sandwiched in between

shale layers.

In order to better define ground water recharge-discharge conditions

on major streams in the area, seepage studies were conducted on the
Main Fork of Eccles Creek and the South Fork of Eccles Creek. The
Main Fork of Eccles Creek was chosen to assess changes as the water
flows across the Star Point Sandstone and major faults., Studies on

the South Fork of Eccles Creek were undertaken to assess changes along
the Connelville Fault zone in the Blackhawk Formation which the stream
generally follows, thereby allowing an estimate to be made of the water

conditions which might be encountered in the mine near the fault.
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In conducting the seepage studies, at selected points along the stream
segments and at points of major tributary inflow, flow rates were
determined using either a small, portable Parshall flume (2-inch or
¢-inch throat width) or a Marsh-McBirney current memter. Head measure-—
ments in the flumes were converted to discharges using tables provided
by the U.S. Bureau of Reclamation (1974). Small inflow rates were
measured volumetrically or using floats (Buchanan and Somers, 1969)

or visually estimated.

In addition to the flow measurements, water quality samples were
collected at each seepage study station. These samples were analyzed
for the parameters listed in Table 12. All constitutents were analyzed

in terms of total concentrations. Attachment D contains the results of

the analyses.

Plate 5 summarizes the concentrations of major chemical constituents
found at each of the seepage study stations utilizing cation-anion
diagrams. Although there is a gradual deterioration in water quality
in each of the three streams with distance downstream, no major changes
were noticeable. The increased travel time alone may be sufficient to

cause the gradual increases in dissolved solids which occurred.

The concentrations of significant parameters were converted to loads

to better assess changes in the streams. By subtracting out the loads
contributed by measured tributaries, only unmeasured gains or losses in

the subject stream are left, thus giving an index of the effect of geologic

conditions on a given stream segment.
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Table 12. Water quality analytical schedule used for seepage studies

Acidity Iron

Alkalinity Lead

Arsenic Magnesium
Barium Manganese
Bicarbonate Mer cury

Boron Potassium
Cadmium Selenium
Calcium Silver

Chloride Sodium

Chromium Sulfate
Conductivity Suspended Solids
Copper Total Dissolved Solids
Fluoride Zinc
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Figure 18 summarizes the changes in flow and constituent loads measured
in the Main Fork of Eccles Creek. The data presented in the figure

have been corrected for major tributary inflow (i.e. sources where water
quality samples were collected). Consequently, the figure shows the
conditions which would have existed if all inflow at the measured trib-

utaries had been stopped during the seepage study.

Changes above Station $524-1, as the stream flows across the Blackhawk
Formation, appear to be rather insignificant. The small losses noted
may well be the result of water from the stream entering local sandstone

lenses in the Blackhawk and following the dip to the west.

The fact that little change occurs between Stations SS13-1 and SS24-1
indicates that the Connelville Fault zone, which crosses the stream

just above the lower station, does not convey a significant amount of
water to the surface. This fault has presumably been sealed to flow

by the expanding shales.

Significant stream changes occur near and below Station SS24-1. As
noted in Plate 5, these hydrologic changes are also accompanied by a
change in the surface geologic formation (to the Star Point Sandstone)
and the existence of two major fault zones which traverse the stream
segment (the O'Connor Fault near SS19-1 and the Pleasant Valley Fault

near SS17-1).
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Based on the number of springs along the stream, it appears that the
O'Connor Fault 1is discharging into Eccles Creek, thus causing the
graphical peaks in flow and loads noted in Figure 18 at Station SS-19-1.
As a check, the assumption was made that all of the change found at
SS19-1 was coming from the O'Connor Fault and adjacent fractures. Table
13 gives the results of calculations to determine the individual con-
centrations of various parameters which must be present to produce the
changes noted in Figure 18, based on the measured flow increase of 0.53
cubic foot per second. Also noted are the results of two water quality
analyses: one of seepage from the floor of the O'Connor Mine at the
0'Connor Fault (flow equaled one gallon per minute) collected on March
27, 1979 and the second of a spring located on the south side of Eccles
Creek near the O'Connor Fault collected on September 10, 1979 and labeled
S~1 (flow equaled 15 gallons per minute). The results compare well with
the calculations in most cases. The comparison between S-1 and the
0'Connor mine also seems to agree with the assumption that the O'Connor
Fault is acting as a conveyance structure in the fractured sandstone,
thereby discharging into Eccles Creek and causing a major portion of the
changes noted by the seepage study. Most constituents sampled at each
location are present at higher levels at Station S-1 which may be the
result of increased contact time. This would be the case if water was
flowing along the fault in a northerly direction. Those cases where
lower concentrations occur at Station S-1 (i.e. magnesium and sulfate)

may be the result of ion exchange or dissociation.

The Pleasant Valley Fault is present at a Blackhawk-Star Point interface

and, as a result, probably serves more as a barrier than a conduit.
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Table 13. Computed concentrations of major constituents flowing into

Eccles Creek during seepage studies, as compared with water

collected along the O'Connor Fault in the O'Connor Mine and

a nearby spring. :

Corrected Constituent Load, Measured Concentration
in pounds-per day in mg/1
Calculated
At At Inflow Conc., O'Connor

Parameter §S24-1 S$S19-1 Increase in mg/1 Mine S-1
Bicarbonate 95 1075 980 342.4 241.6 356.2
Calcium 20 300 280 97.8 82.4 110.4
Chloride 0 8.0 8.0 2.8 2.0 4.0
Fluoride 0.06 0.52 0.46 0.16 0.17 -
Iron 0 1.94 1.94 0.68 - 0.97
Magnesium 5 18 13 4.5 25.9 2.9
Manganese 0 0.14 0.14 0.05 - 0.05
Potassium 0.05 7.8 7.3 2.55 2.21 2.58
Sodium 4 66 62 21.7 1.84 15.2
Sulfate 0 84 84 29.4 118 30.0
Total Diss. 75 1000 925 323 335 345

Solids
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The likelihood of this happening is borne out by the rapid change

in loads of most constituents between SS17-1 and SS17-3 and the fact
that the computed inflow concentrations required to produce the
measured load increase far exceed measured concentrations from the
Alpine School District well, located at the mouth of Green Canyon
adjacent to the Pleasant Valley Fault. It appears that subsurface
water may be flowing beneath Eccles Creek and is being forced to the
surface at the Pleasant Valley Fault due to the presence of a barrier
created by the impermeable Blackhawk Formation. Much of this is
likely deeper water which has not previously mixed with water in the

stream above this point.

Figure 19 presents a similar stream loading analysis of the South Fork
seepage study results., The data gathered from this stream are much
more variable than encountered in the main fork. However, a few general

patterns can be seen.

Nearly all constituents measured experienced an increase between the
first two stations (SS25-1 and $S24-3). Many seeps and springs appeared
on the hillside in this section, accounting presumably for most, if not

all, of the increase.

Only a small amount of inflow from seeps (approximately 5 gallons per
minute) was noted on the surface between $524-3 and SS24-4, The remaining

20 gallons per minute of the noted increase likely resulted from diffuse
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inflow into the stream. Chemically, the segment experienced some

exchanging of sodium for calcium and magnesium.

No significant flow changes were noted between $S824-3 and S$S24-7.
Because of this, it is assumed that the chemical changes noted in
Figure 19 resulted almost entirely from ion exchange, dissociation,
or precipitation. Small, local changes in flow conditions may have
occurred in the stretch also, causing some of the chemical ch;nge,

but overall alternations in flow were insignificant.

A large beaver pond has been built between S$S24-7 and $S24-2. It is
reasonable to expect that most changes noted below SS24-7 have resulted
either directly from the pond or from springs located in the pond. Some
change may have also resulted where the Connelville Fault zone crosses
the Star Point Sandstone. The magnitude of this, however, is expected
to be small since the Connelville Fault was not shown to be a signifi-

cant contributor of water to the main fork.

It appears that changes in conditions along the South Fork of Eccles
Creek can be largely accounted for by springs which issue in the head-
waters area and a large beaver pond at the mouth. The Connelville Fault
zone itself apparently has little effect on the stream. This confirms
the previous conclusion that the fault is not acting as a conduit but,

rather, has likely sealed itself.
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Although surface flow conditions throughout the length of the Connel-
ville Fault appear to be uniform, the amount of water encountered in

the mines near the fault zone may vary, depending upon whether shale or
sandstone is encountered at the fault by the advancing mine face. For
example, in approaching the fault from the east, the Belina No. 1 Mine
encountered a sandstone lense at the fault in éection 24, T. 13 8.,

R. 6 E. which yielded approximately 200 gallons per minute. Within three
or four days the flow decreased to about 10 gallons per minute and has
been slowly decreasing since then. If a shale layer had been encountered
by the mine at the fault, only a slight increase in the inflow rate to
the mine would have been expected (as experienced by the insignificant
changes noted in tﬁe seepage study). In either case, the increased in-
flow to the mine probably has as its source water which was stored behind
the barrier created by the fault (similar to the condition implied at the
Pleasant Valley Fault). Because of the discontinuous nature of the Black-
hawk Formation and its apparent slow recharge rate, only an underground
area of local extent would be expected to yield water at the fault, thus
explaining the relatively rapid decrease in flow at the fault noted in

the Belina No. 1 Mine.

Observation Wells

During the summer of 1979, Coastal States Energy Company drilled several
coal exploration holes on the Skyline Property (located adjacent to the
northwestern border of the Valley Camp lease area). Five of these loca-

tions were selected for conversion to ground water observation wells. Deep
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observation wells (terminating in the Star Point Formation) with 2-inch
casing were installed at each of the five locations. Shallow observation
wells (terminating in the Blackhawk Formation, normally above the coal
zone) with 2-inch casing were installed at four locations. The casings
were perforated throughout the bottom 20 feet, thus providing a measure
of the piezometric heads in the respective formations and a determina-
tion of whether or not vertical movement was occurring. Since these
wells penetrate the same geologic formations that underlie the Valley
Camp lease area and because of their proximity to the lease area, in-
formation obtained from these wells gives some indication of aquifer and

ground water characteristics in the Valley Camp lease area.

Four wells have also been drilled by Valley Camp, one of which reach-
ed the ground water table. There are also two open holes, one

on and one west of the lease area, which providé additional water table
data. Data obtained from these holes and the Valley Camp wells, when
supplemented by the data obtained from the Skyline Property mentioned
above, give a substantial amount of information about the ground water

and aquifer characteristics in and near the lease area.

Ground Water Movement

Peizometric heads were measured during the fall of 1979 in the shallow
and deep observation wells, the two open holes and the well near the Belina
No. 1 Mine. Data from the shallow wells (see Plate 6) show the ground

water flowing in a west to southwest direction over the area west of
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the Price and San Rafael drainage basin divide, generally following the
dip of underlying formations. The direction of ground water flow in
the underlying Star Point Sandstone (as measured in the deep holes) is

essentially the same as that measured in the shallow holes.

The ground water table elevation reaches a peak near or slightly to

the east of the divide between the Price and San Rafael river basins

as shown on Plate 6. Wells on the east of the divide show the water
table elevation to be rapidly lowering towards the east with gradients
of up to 1600 feet per mile at the head of Whiskey Canyon above W19-1
and 1100 feet per mile at the head of Eccles Canyon above W13-1l. Just
below W13-1 the gradient drops to about 150 feet per mile, probably

the result of fractures associated with the Connelville Fault. Further
down Eccles Canyon and in the lower portion of Whiskey Canyon, the grad-

ient is about 300 feet per mile.

An anomalous condition exists between W26-1 and W35-1. While ground
water gradients over much of the rest of the property average about
250 feet per mile, the gradient steepens to about 600 feet per mile
between the two holes. This anomaly is likely associated with the
Valentine Fault zone, which passes through W35-1. During drilling
operations, flows in excess of 110 gallons per minute were discharged
from W35-1, a higher flow rate than experienced elsewhere on the pro-
perty. The core confirmed that this hole crossed a hgih angle fault.
Apparently, the fracture has connected the sandstone lenses of the
Blackhawk Formation with the Star Point Sandstone, thereby significantly
increasing the water yield characteristics of the rock at this point

and influencing the piezometric head in the area.
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At W10-1 (three miles northwest of the lease area) the piezometric
head under the coal zone was 35 feet greater than above the coal.

At W22-2 (two miles south of W10-1) the underlying piezometric head
was 40 feet greater than the overlying head. The area near these
two holes is experiencing upward flow from the underlying sandstone.
At W14-2 (one mile northwest of the lease area) the piezometric head
was five feet less under the coal than above it. Likewise, at W35-1
near Electric Lake, the piezometric head was 15 feet less under the

coal.

The water level at W35-1 is 165 feet below the ground surface. However,
two springs occur 50 feet up on the hillside adjacent to the observation
well and apparently on the fault line. This further substantiates the
theory that water issuing from springs on the lease area has a very
localized source and indicates that two ground water systems occur in the
area. A shallow system is very local in extent and discontinuous, pro-
viding water to numerous seeps and springs through thin sandstone layers
in the Blackhawk Formation (ranging in thickness from about 1 foot to

60 feet). A deep ground water system is present in the saturated rocks
surrounding the coal. This system has little effect on the surface hydro-
logic regime on the water slopes passing far below the perennial streams,

but does surface in the lower reaches of Eccles Canyon,

Deep holes, depth of water, and variability of sandstone layers made it
impossible to estimate water yield from the holes during drilling. As
already noted, air rigs were discharging over 110 gallons per minute at
deeper depths in W35-1. 1In other locations, flows were usually under

five gallons per minute and often zero.
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Aquifer Test Results

Drawdown and recovery tests were conducted for Coastal States Energy
Company at two different depths in a test well located in Eccles Canyon
about 4000 feet north of the Valley Camp lease area. Because of the
proximity of the well to the lease area and since the well penetrates
geologic formations which extend through the lease area, it is felt that
results of aquifer testing are indicative of aquifer characteristics in
the lease area. Permission has been granted by Coastal States Energy
Company for inclusion of their test results in this report (see Plate 8).
Each test consisted of approximately 65 minutes of drawdown testing and
an equal period of recovery testing. Water was discharged from the well
using a bailer. The data were analyzed over the straight-line portion of
the semilog time-drawdown (or time-residual drawdown) Ccurve using the Jacob
equation (U.S. Bureau of Reclamation, 1977), which states that

T = 2.303 Q

4rasfa(log t) (10)

where T is the transmissivity, Q is the flow rate from the well during
the drawdown test, s is the drawdown, and t is the time since pumping
began. In the case of a recovery test, s becomes s' (the residual
drawdown or difference between the measured head and the head prior to
the start of pumping) and the time term becomes t/t', where t' is time
since pumping ceased (U.S. Bureau of Reclamation, 1977). For a particu-
lar distance, equation 10 is the equation of a straight-line plot of

s versus log t (or s' versus log t/t'). For one log cycle, dlog t (or
dlog t/t') is equal to one. With this in mind, and converting to the
gallon-day-foot system of units, equation 10 can be written as

_ 264 Q
As » (11)

T
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where T is the transmissivity, in gallons per day per foot; Q is the con-
stant discharge rate, in gallons per minute; and As is the drawdown
difference per log cycle of time, in feet. The recovery test equation

substitutes s' for s.

Tests were run in the open hole at depths of 200 feet (within the coal
zone of the Blackhawk Formation, above the Aberdeen Sandstone) and 300
feet (at the bottom of the Blackhawk Formation, below the Aberdeen Sand-
stone). The data are plotted in Figures 20 and 21. At the 200 foot
depth, transmissivities of 21.0 and 16.6 gallons per day per foot were
calculated for the drawdown and recovery tests, respectively. Trans-
missivities of only 16.3 and 17.9 gallons per day per foot were calculated

for the respective drawdown and recovery tests at the 300 foot depth.

Two observations can be made regarding the test results. First, the
low transmissivities and discharge rates indicate that the Blackhawk
Formation is, at best, a poor aquifer. Water is yielded from dis-
continuous, localized sandstone lenses which prohibit large scale

development.

The second observation is that no significant differences exist between
the aquifer properties of the coal zone and those of the Aberdeen Sand-

stone. Thus, the Aberdeen cannot be considered a major water-bearing

zone.
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Continued drilling and aquifer testing at this same site have shown
the Star Point Sandstone to be an extremely poor aquifer. A pumping
and recovery test was conducted in the late fall of 1979 which indi-
cated that the Star Point Formation was contributing little or no flow.
The pumping rate began at 20 gallons per minute and gradually decreased
until the flow was only about 6 gallons per minute. The water through-
out the test was very turbid which indicates the water was most likely

coming from coal zones in the Blackhawk Formation.

A pumping test conducted at W19-1 (near the Belina No. 1 Mine) showed
that a limited water supply is available from the Star Point in fractured
areas. This well is located near the O'Connor fault. After the first
fifteen minutes of pumping, flow had stabilized at 23 gallons per minute.
Such rapid stabilization indicates that water is not flowing through
porous media, but is reaching the well through underground conduits or
fissures. The water yielded from this test was relatively clean.

This well is being enlarged so additional test information can be
obtained. Information in the area strongly indicated that both the
Blackhawk and the Star Point formations are fairly impervious to water

flow.

Ground Water Quality

Comprehensive water quélity samples were collected during the fall of
1979 from 11 springs (those in Table 10 with the exception of $36-23

and additionally S6-3, §25-5, S$35-13, S36-3, and S$36-7) shown in Plate
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4, Sampleslwere also collected for limited analyses from seepage in
the O0'Connor and the Belina No. 1 mines, and three wells in the area.
Two of the wells were drilled into the Star Point Formation in Eccles
Canyon by Coastal States Energy Company (located in SW% of Section 13,
T. 13 S., R. 6 E. and in tﬁe SW% Section 17, T. 13 S., R. 7 E.). The
third well is operated by the Alpine School District and is completed

in the Blackhawk Formation (Section 8, T. 13 S., R. 7 E.).

All samples were collected and preserved as previously outlined. Attach-
ment C and E contain the results of water quality analyses of samples col-

lected from the springs and the wells and mines respectively.

As a measure of the ability of spring water to index the quality of deeper
water in the area, the average concentrations of various constituents,

as measured at the 11 monitored springs, were compared with the concen-
trations of those same constituents sampled in the O'Connor and Belina

No. 1 mines and the Alpine School District well. These data, which are
presented in Tables 14 and 15 and in Figure 22 indicate that the springs
are a fair index of deeper water for major cations and anions but are
usually lower in trace element concentrations than water from deeper
sources. The springs generally have slightly better quality water than
the wells or mines thus substantiating the theory that ﬁrolonged contact

with the underground strata decreases the quality of the water.
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Results of chemical analyses of water samples collected from

various mines and wells.
Q' Connor Alpine Belina Belina Upper Eccles Lower Eccles Whiskey Canyon
Well Well No. 1 Mine No. 1 Mine Wwell (W13-1) Well (Wi7~1) Well (W19-1)

Date of Sample March, 1979 March, 1979 March, 1979 October, 1979 November, 1979 November, 1979 December, 1979
arameter Concentration, in milligrams per liter
Arsenic ———— 0.004 ——- ce—- ——— [ ———
Barium o--- 0.06 ———- ——e- o=—- oo -ee-
Bicarbonate 241,56 197.64 258.64 312.32 278.60 329,40 309.88
Cadmium LEL <0,001 == == - ———- ———
Calcium 82.40 32.00 92,00 69.60 43,20 112.80 75,20
Chloride 2.0 2,0 2.0 <1.0 <1,0 3.0 4.0
Chromium - <0.001 ——-- ———— 0.005 LT ———
Conductivity 510 285 580 - 370 740 540 500
Fluoride 0.17 0.84 ———- 0.11 - 0.13 c-=—-
Iron eme- 0.530 c——- ———- 0.225 2,450 0,465
Lead ———- <0,001 ———— ——— ———— ———- ———-
Magnesium 25.92 9.60 12.00 21.12 30.72 11.52 21.12
Mercury ———- <0,0002 ——e- ———- <0, 00005 <0.00005 <0, 0002
Nitrate m——re <0,02 —-- ———- <0,01 <0.01 0.24
Or thophosphate ne- <0.01 ---- - cen - ——we
Potassium 2.213 1,289 3.65 0.836 12,50 2.117 1.419
Selenium ~e=- <0.001 ———- ee- - - cene
Silver enn <0.001 —e- m——— -——- ——— [T
Sodium 1.84 21,32 25.65 1.75 76.50 3.89 2.51
Sulfate 118 6.0 115 6.0 185 63.0 26.0
TDS 335 182 aso 250 480 as4 300
pH .47 7.39 7.30 7.49 7.35 7.40 7.60

Notes: Conductivity in micromhos per centimeter at 15°C;

pH in standard units,
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Maximum, minimum, and mean concentrations of various

Table 15.
ground water constituents,
Spring Samples Well and Mine Samples
Parameter Concentration in mg/1l Concentration in mg/l
Maximum Minimum Mean Maximum Minimum Mean
Acidity, as CaCO3 20.0 12.0 15.4 ———
Alkalinity, as CaCO, 240 126 169 -—-=
Iron, Total 1.20 0.15 0.49 2.45 0.225 1.07
Iron, Dissolved 0.010 0.010 0.010 1.85 0.015 0.93
Manganese, Total 0.005 0.001 0.002 0.114 0.091 0.10
pH 7.4 7.1 7.3 7.49 7.35 7.4
Phenol¥* 0.004 0.004 0.004 0.01 0.01 0.01
Total Diss. Solids 330 165 255 480 182 335
*of the springs, only S$36-3 was tested for phenol.



*7z 2an3ty

‘s3urads wo1y ps3dayiod eiep L3rrenb 133em jo uostaedwon

*eo1w asea] dwue) £a7Iep 2yl iesu Pue UT s3utw pue ‘syyam

Total Bissolved Solids Concentrations, in milligrams per liter

0
0s
001
061
00¢
0s¢
00¢
0s¢e
00%

0S¥
009§

56-3

)

S7-11

pd
,.
I,
’/ /

524~12

]

§25<5 \

(B

l
|
\

$25-13

S§31-13

]
,'\
if \\
WS
\
\

S36-2

\
A\
\|
L

S$36-3

L8

§36-7

o3 uoqln=|a-\\d
!
!
1

§36-17

S536=1 %

Belina

V

No. 1 Mine
Belina

No. 1 Mine
0'Connor

\
\
\
\
V
V “' // !
sSRiIos paAjoRS|q |810 L

Mine

Alpine School ™ —‘_<

Well

y
fr
|

)

W17-I
W13-1 <

\
\

A
7|\

WASNA DL

V4
4

W1l9=-1




88

The patterns noted during the initial spring inventory (see Plate 4)
did not vary significantly during subsequent measurements. The geo-
graphic variations discussed previously remained unchanged as did the

strong calcium bicarbonate content of the water.

As noted earlier, there is a tendency for dissolved solids concentra-
tions to increase as the summer progresses and flows diminish. This
is probably due to the contribution of water from melting snow which

has had only limited soils contact.

Maximum, minimum, and mean concentrations from springs, mines, and wells
of various parameters measured on the property are noted in Table 15.
Concentrations of these ground waters are generally lower than noted

for the same constituents in surface water samples, although the dif-
ferences do not appear to be very significant. As was noted previously,
the high alkalinity, low acidity, and general basic nature of the water
indicates that acid drainage problems should not develop as a result

of mining on the lease area.

Total phosphate concentrations measured during the baseline period again
exceeded the state water quality standards for the uses specified for

water in the area.
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Samples from each of the Eccles Canyon wells exceeded the state standard
of 0.05 milligrams per liter during the baseline period (0.42 mg/l at

W13-1 and 0.40 mg/l at W17-1).

Although iron concentrations in the area ground waters are not excessively
high, total iron often reaches concentrations above 0.5 milligrams per
liter. The state standard for dissolved iron was exceeded once at W17-1
(0.85 milligrams per liter above the state standard of 1.00 milligrams

per liter). The natural occurrence of these relatively high concentrations
probably results from the iron content of the cementing agents in the

Blackhawk Formation, as previously discussed.

As was the case with surface waters in the area, the concentrations of
other constituents sampled at stations throughout the area are generally
quite low. In many instances, trace metal concentrations were consistently
below the detection limit of routine laboratory techniques (especially

cadmium, chromium, lead, mercury, selenium, and silver).

Monitoring Program

An ongoing ground water monitoring program will be conducted at each of
the ground water stations shown on Plate 3 and listed in Table 10. In
addition, data will be collected from the mines and the proposed water

supply well being drilled near the Belina No. 1 Mine (W19-1).

As has been shown, the quality of water issuing from springs on the

property is somewhat representative of deep water conditions. In addition,
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as will be discussed in the water rights section, ground water usage in
the area consists almost entirely of springs. Thus, because of the
desire to monitor impacts at the site of use, the monitoring of springs

in the area takes on added importance.

Although streams in the area may be accessible most of the year, such

is not the case with most wells and springs. Thus, water quality data
will be collected once each year (during the month of August) from the
springs noted on Plate 4 and Table 10, Well W19-1, and seepage in the
mines. The collection of an earlier sample may result in the inclusion
of a significant amount of snowmelt runoff and a later sample would not
normally allow the collection of additional data before snowfall if unique,
unexpected conditions are found. Each of the water quality samples will
be analyzed as outlined by the comprehensive list contained in Table 4
or an approved abbreviated schedule. The data collected at the springs
will give a measure of the impact of mining on the ground water system

at its primary point of use. The measurements taken from the mines and

the well will give an indication of impacts on the deep ground water system.

Water level data will also be collected during August of each year from
the well near the Belina No. 1 Mine (W19-1). Significant changes in the

source of water in the mines will be noted during the period of operatiom.

In addition to the above outlined monitoring program, monitoring of dis-—
charges will be conducted in accordance with the existing NPDES discharge

permits and any others that may be acquired.
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As required, ground water quality data collected from the property
area will be submitted to the Utah Division of 0il, Gas and Mining.
Such reports will normally be submitted within 60 to 90 days after

sampling, depending upon the speed of laboratory analyses.
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WATER RIGHTS

Surface Water Rights

Tables 16 and 17 list the surface water rights on and adjacent to the
Valley Camp lease area which were on record with the Utah Division of
Water Rights as of November, 1979. The locations of these water rights

can be found on Plate 7.

Surface water rights in the area are primarily for stockwatering and irri-
gation. Stockwatering rights are almost entirely located directly on the
stream. Irrigation rights are centered around the town of Scofield

and in Flat Canyon, southwest of the center of the property. Irrigated
lands consist almost entirely of pasture. Only stockwatering rights

are present on the lease area.

Ground Water Rights

Ground water rights on and adjacent to the Valley Camp lease area, on
record with the Utah Division of Water Rights as of November, 1979, are
listed in Table 18 and 19 and presented on Plate 8. Again, rights are
primarily for stockwatering and irrigation (mainly lawns and gardens).

Only a limited number of wells are located in the area.

Also shown on Plate 8 are exchanges of Scofield Reservoir water for
ground water in the Pleasant Valley Creek Basin. These are listed in
Table 20. All exchanges are wells. Most of the exchanges serve the

industrial and domestic needs of mining companies in the area.



Table 16. Surface water rights in the Price River Basin located on and adjacent to the
Valley Camp lease area.

Water Use Flow

Claim No. Owner Source (cfs) Purpose of Use Period of Use

91-345 Tom Nicolaides Green Canyon Spring Stream 0.75 Irrigation Match 1 to November 30
Leon Nicolaides
Mary Stathis
Bessie Daraban

91-423 Nick Marakis Winter Quarters Creek L Stockwatering . January 1 to December 31
(% interest)

91-431 Nick Marakis Stream ———- Stockwatering Januatry 1 to December 31
(% interest)

91-436 Rick Marakis Stream ———— Stockwatering January 1 to December 31
(% interest)

91-437 Nick Marakis Clear Creek c——— Stockwatering January 1 to December 31

. (4 interest)

91-438 Nick Marakis Clear Creek ——— Stockwatering January 1 to December 31
(% interest)

91-440 Nick Marakis Wash with storage cne- Stockwatering January 1 to December 31
(% interest)

91-461 Nick Marakis Stream with storage - Stockwatering Janusry 1 to December 31
(4 interest)

91-462 John Marakis Estate Winter Quarters Creek —e- Stockwatering January 1 to December 31
(% interest) :

91-471 John Marakis Estate Stream ———- Stockwatering January 1 to December 31
(4 interest)

91476 John Marakis Estate Stream [T Stockwatering January 1 to December 31
(% interest)

91-477 John Marakis Estate Clear Creek ——- Stockwatering January 1 to December 31
(% interest)

91-478 John Marakis Estate Clear Creek ———- Stockwatering January 1 to December 31

(% interest)

€6



Table 16. Continued

Water Use . Flow

Claim ¥o. Owmer Source (cfs) Purpose of Use Perfod of Use

91-479 John Marakis Estate Wash with storage - Stockwatering January 1 to December 31
(% interest)

91-480 John Marakis Estate Stream with storage ———- Stockwatering January 1 to December 31

’ (% interest) : '
91-487 Robert Radakovich Stream ceew Stockwatering May 1 to December 13
91-483 Robert Radakovich Winter Quarters Creek 0.443 Ircigation March 1 to December 13
Stockwatering

91-392 John Marakis Estate Mud Creek eeee Stockwatering January 1 to December 31
(4 interest)

91-593 Nick Marakis Mud Creek ———— Stockwatering January 1 to December 31
(% interest)

91-1008 U.S. Forest Service Snider Canyon Creek ——- Stockwatering July 1 to September 30

91-1009 U.S. Forest Service Tributary to Snider Canyon Cr. ———— Stockwatering July 1 to September 30

91-1010 U.S. Forest Service Tributary to Mud Creek .- Stockwatering July 1 to September 30

91-1011 U,S. Forest Service Mud Creek ———- Stockwatering July 1 to September 30

91-1012 U.S. Forest Service Mud Creek ame- Stockwatering July 1 to September 30

91-1013 U,S. Forest Service Tributary to Mud Creek ——- Stockwatering July 1 to September 30

91-1014 U.S, Forest Service Tributary to Mud Creek .— Stockwatering July 1 to September 30

91-1015 U.S, Forest Service Tributary to Mud Creek - Stockwatering July 1 to September 30

91-1016 U.S. Forest Service Long Canyon Creek m———— Stockwatering July 1 to September 30

91-1017 U.S, Forest Service Tributary to Long Canyon Cr. ———- Stockwatering July 1 to September 30

91-1018 - U.S. Forest Setrvice Tributary to Mud Creek ——== Stockwatering July 1 to September 30

91-1019 U.S. Forest Service Tributary to Boardinghouse . === Stockwatering July 1 to September 30

Canyon Creek

Y6




Table 16. Continued
Water Use Flow
Claim No. Owner Source (cfs) Purpose of Use Period of Use
91-1020 U.S. Forest Service Boardinghouse Canyon Creek ———— Stockwatering July 1 to September 30
91-1021 U.S. Forest Service Boardinghouse Canyon Creek ———— Stockwatering July 1 to September 30
91-1022 U.S. Forest Service S. Fork Eccles Canyon Cr. ———— Stockwatering July 1 to September 30
91-1023 U.S. Forest Service Tributary to South Fork ——— Stockwatering July 1 to September 30
Eccles Canyon Creek
91-1024 U.S. Forest Service Tributary to South Fork —ew= Stockwatering July 1 to September 30
Eccles Canyon Creek
91-1025 U.S. Forest Service Tributary to Eccles Canyon Cr. —--- Stockwatering July 1 to September 30
91-1026 U.S. Forest Service Tributary to Eccles Canyon Cr. ———- Stockwatering July 1 to September 30
91-1027 U.S. Forest Service Eccles Canyon Creek ———- Stockwatering July 1 to September 30
91-1028 U.S. Forest Service Eccles Canyon Creek ——— Stockwatering July 1 to September 30
91-1029 U.S., Forest Service Tributary to Winter Quarters ——-- Stockwatering July 1 to September 30
Canyon Creek
91-1030 U.S. Forest Service Tributary to Winter Quarters ———— Stockwatering July 1 to September 30
Canyon Creek
91-1031 U.S. Forest Service Tributary to Winter Quarters e Stockwatering July 1 to September 30
Canyon Creek
91-1032 U.S. Forest Service Tributary to Winter Quarters cvae Stockwatering July 1 to September 30
Canyon Creek
91-1033 U.S. Forest Service Winter Quarters Canyon Creek === Stockwatering July 1 to September 30
91-1034 U.S. Forest Service Tributary to Winter Quarters -——-- Stockwatering July 1 to September 30
Csnyon Creek
91-1037 U.S. Forest Service Tributary to Winter Quarters —-- Stockwatering July 1 to September 30
Canyon Creek
91-1148 Leon & Tom Nicolaides Green Canyon Stresm m——- Stockwatering January 1 to December 31

Mary Stathis

Bessie Daraban

S6



Table 16, Continued

Vater Use Flow

Claim No, Owner Source (cfs) Purpose of Use Perfiod of Use

91-1678 Calvin K. Jacob Stream ———- Stockwatering May 1 to November 30

91-2018 Angelo Georgedes Green Canyon Stream with ——— Stockwatering May 1 to October 31

Storage

91-2019 Angelo Georgedes Stream with storage LT Stockwatering May 1 to October 31

91-2020 Angelo Georgedes Green Canyon Stream - Stockwatering May 1 to October 31

91-2048 John Jouflas Estate Pleasant Creek ——-- Stockwatering May 1 to October 31

91-2146 Elrie and Bertha Simonsen Winter Quarters Creek - Stockwatering June 1 to November 30

91-2548 John Jouflas Estate Pleasant Creek LTS Stockwatering May 1 to October 31
{2/3 interest)

91-2549 Lee S. Thomas Pleasant Creek ame- Stockwatering May 1 to October 31
(1/3 interest)

91-2971 Lee 5. Thomas Clear Creek 0.106 Irrigation March 1 to November 30
(1/3 interest)

91-2972 John Jouflas Estste Clear Creek 0.106 Irrigation March 1 to November 30
(2/3 interest)

91-2973 John Jouflas Estate Clear Creek 0.381 Irrigation March 1 to November 30

91-2974 Justus O. Seely Clear Creek 0.170 Irrigation March 1 to November 30

Stockwatering
91-2977 S. J. Harkness Clear Creek 0.075 Itt!.‘gatlon March 1 to November 30
91-2978 Justus O, Seely Clear Creek 0.683 Irrigation March 1 to November 30
Stockwatering

91-2979 S. J. Harkness Clear Creek 0,453 Irrigation March 1 to November 30

91-2980 Helen Miller Clear Creek 0.10 Irrigation March 1 to November 30

91-2981 Orson Marsing Clear Creek 0.10 Irrigation March 1 to November 30

91-2982 Lillfe Pearson Clear Creek 0.10 Irrigation March 1 to November 30

91-2983 Thomas Blggs, Jr. Clear Creek 0.10 Irrigation March 1 to November 30

912984 Waino B, Burton Clear Creek 0.10 Irrigation March 1 to November 30

96



Table 16, Continued
Vater Use Flow
Claim Mo. Owner Source (cfs) Purpose of Use Period of Use
91-2983 Phyllis M Conover Clear Creek 0.10 Irrigation March 1 to November 30
91-2986 William & Armeda Sherman Clear Creek 0.015 Irrigation March 1 to November 30
91-2987 Leah B, Johnson Clear Creek 0.10 Irrigation March 1 to November 30
91-2988 E. D. & Elizabeth Jacobson Clear Creek 0.10 Irrigation March 1 to November 30
91-2989 Scofield Town Clear Creek 0.10 Irrigation March 1 to November 30
91-2990 Delia L. Madsen Clear Creek 1.166 Irrigation March 1 to November 30
91-2991 John B, Jones Clear Creek 4.58 Irrigation March 1 to November 30
91-3007 Elrfe M, & Bertha Simonsen Winter Quarters Creek 0.63 Irrigation March 1 to November 30
91-3008 S. J. Harkness Winter Quarters Creek 0.693 Irrigation March 1 to November 30
91-3009 Elrie M. & Bertha Simonsen Winter Quarters Creek 0.68 Irrigation March 1 to November 30
91-3010 S. J. Harkness Winter Quarters Creek 0.213 Irrigation March 1 to November 30
91-3011 S. J, Harkness Winter Quarters Creek ———— Stockwatering January 1 to December 31
91-3014 Anton Michelog Snider Creek - Stockwatering January 1 to December 31
91-3013 Anton Michelog Mud Creek - Stockwatering January 1 to December 31
91-3040 Tom Nicolaides Clear Creek e Stockwatering Janusry 1 to December 31
Leon Nicolaides
Mary Stathis
Bessie Daraban
91-3045 Milton A, Oman Clear Creek - Stockwatering January 1 to December 31
91-3051 John Marakis Estate Clear Creek ———- Stockwatering January 1 to December 31
(% interest)
91-3052 Mick Marakis Clear Creek e Stockwatering January 1 to December 31

(& interest)

L6



Tab1e116. Continued

Vater Use : Flow
Claim No, Owner Source (cfs) Purpose of Use Period of Use
91-3053 Milton A, Oman Clear Creek “-—- Stockwatering January 1 to December 31
91-3056 Tom Nicolaides Stream ———— Stockwatering January 1 to December 31
Leon Nicolaides
Mary Stathis
Bessie Daraban
91-3057 Milton A. Oman South Fork Eccles Canyon Cr. ——— Stockwatering January 1 to December 31
91-30%9 John Marakis Estate South Fork Eccles Canyon Cr. ———- Stockwatering January 1 to December 31
(4 interest)
91-3060 Nick Marakis South Fork Eccles Canyon Cr. - Stockwatering January 1 to December 31
(% interest)
91-3070 John Marakis Estate Eccles Canyon Creek cmee Stockwatering January 1 to December 31
(% interest)
91-3071 Nick Marakis Eccles Canyon Creek ——— Stockwatering January 1 to December 31
(4 interest)
91-3072 Milton A, Oman Eccles Canyon Creek ———— Stockwatering Januaty 1 to December 31
91-3074 Milton A. Oman Eccles Canyon Creek - Stockwatering January 1 to December 31
91-3075 Tom Nicolaides Eccles Canyon Creek ———- Stockwatering Januatry 1 to December 31
Leon Nicolaides .
Mary Stathis
Bessie Daraban
91-3080 Milton A, Oman Boardinghouse Canyon Creek ———— Stockwatering January 1 to December 31
91-3081 Jack Thomas Boardinghouse Canyon Creek co—- Stockwatering January 1 to December 31
91-3082 Milton A, Oman Boardinghouse Canyon Creek ———- Stockwatering January 1 to December 31
91-3083 Lavern Jensen Finn Canyon Creek ———- Stockwatering January 1 to December 31
91-3084 Milton A. Oman Pinn Canyon Creek ———- Stockwatering January 1 to December 31
91-3086 Anton Michelog Long Canyon Creek —eew Stockwatering January 1 to December 31

86



Table 16. Continued
Vater Use Flow
Claim No. Owner Source {cfs) Purpose of Use Period of Use
91-3088 Anton Michelog Tributary to Mud Creek ———— Stockwatering January 1 to December 31
91-3089 Anton Michelog Stream ———— Stockwatering January 1 to December 31
91-3090 Anton Michelog Stream with storage .- Stockwatering January 1 to December 31
91-3440 Calvin K, Jacodb Clear Creek ——— Stockwatering May 1 to November 30
91-3587 North American Coal Corp. Boardinghouse Canyon Creek ———— Stockwatering June I to November 30
91-3588 Norr.h’ American Coal Corp. Finn Canyon Creek wem- Stockwatering June 1 to November 30
91-3589 North American Coal Corp. Mud Creek - Stockwatering June 1} to November 30
91-3591 Calvin K. Jacob Stream —eee Stockwatering May 1 to November 30
91-3622 Mae Nicolodemas Clear Creek 0.016 Irrigation March 1 to November 30
91-3633 D. Euray Allred Winter Quarters Creek ——-- Stockwatering May 1 to November 30
91-3635 D. Euray Allred Stream ———- Stockwatering May 1 to November 30
91-3644 Justus O, Seely Clear Creek ——— Stotkwatering June 1 to November 30
91-3645 S. J. Harkness Clear Creek -——-- Stockwatering June 1 to November 30
91-3663 John Marakis Estate Clear Creek ———— Stockwatering January 1 to December 31
91-3666 Nick Marakis Clear Creek EEEES Stockwatering January 1 to December 31
(k% interest)
91-3667 Angelo Georgedes Clear Creek ———- Stockwatering Jagnuary 1 to December 31

Domestic

66



Table 17.

Surface water rights in the San Rafael River Basin located on and adjacent to
the Valley Camp lease area.

Water Use Flow
Claim No. Owner Source (cfs) Purpose of Use Period of Use
93-1 U.S. Forest Service Kitchen Fork of Huntington Cr. ———- Stockwatering July 1 to October 10
93-2 U.S. Forest Service Kitchen Fork of Huntington Cr, ——— Stockwatering July 1 to September 30
93-3 U.S. Forest Service Kitchen Fork of Huntington Cr. ] Stockwatering ’ July 1 to September 30
93-4 Crowther Investment Co, Kitchen Fork of Huntington Cr. —--- Stockwatering July 1 to September 30
93-6 U.S. Forest Service N. Fork of Huntington Creek ——ne Stockﬁuterlng July 1 to September 30
93-7 John Carlisle Bear Canyon Creek ———- Stockwatering July 1 to September 30
Mana H. Conder
93-8 U.S. Forest Service Unnamed fork of Huntington Cr, ———- Stockwatering July 1 to September 30
93-9 U.S. Forest Service Huntington Creek ———- Stockwatering July 1 to September 30
93-10 L.D.S. Church Swens Canyon Creek ———— Stockwatering essssccecccnsnasacsans
93-11 U.S. Forest Service Swens Canyon Creek ———— Stockwatering July 1 to September 30
93-12 U.S. Forest Service Huntington Creek - Stockwatering July 1 to September 30
93-13 U.S, Forest Service Burnout Canyon Creek m———— Stockwatering July 1 to September 30
93-14 U.,S. Forest Service James Canyon Creek ——— Stockwatering July 1 to September 30
93-16 U.S. Forest Service James Canyon Creek ———- Stockwatering July 1 to September 30
93-18 U,S. Forest Service Flat Canyon Creek ———- Stockwatering July 1 to September 30
93-19 U.S. Forest Service Flat Canyon Creek ---- Stockwatering July 1 to September 30
93-20 U.S, Forest Service Boulger Creek ~—-- Stockwatering July 1 to September 30
93-21 U.S. Forest Service Boulger Creek ceme Stockwatering July 1 to September 30
93-32 Lela C, Mower Jackson Spring #1 Stream ———- Irrigation meemececceccossncnanaa

Stockwatering
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Table 17, Continued

Vater Use

Flow

Claim No. Owner Source (cfs) Purpose of Use Period of Use

93-33 Clyde K, Cox Jackson Spring #1 Stream ———— Irrigation P cevmcnconas
Stockwatering

93-33 Newel B, Cox Cabin Hollow Stream c—e- Irrigation mmmeememnmemesmemamenn
Stockwatering

93-36 Newel B, Cox Cove Spring Stream ———— Irrigation cmememeremcascssccnane
Stockwatering

93-37 Newel B, Cox Jackson Spring #1 Stream cana Irrigation eecovancemcmncocancans
Stockwatering

93-38. Clyde K. Cox Cabin Hollow Stream amema- Irrigation mmccemmcecccecosvecnan
Stockwatering

93-41 Newel B, Cox Burns Cox Spring Stream ———— Irrigation meacescmemcecrsannnnme
Stockwatering

93-48 Stanley Cox Jackson Hollow Stream .——- Irrigation B LT T r— -
Stockwatering

93-49 Clyde K, Cox Jackson Hollow Stream ———— Irrigation cesmeccmnman eeccscmcan
Stockwatering

93-51 Stanley Cox West Fork Jackson Hollow Stream ———- Irrigation ceemecemeenea [
Stockwatering

93-57 Clyde K. Cox Worth Spring Stream P Irrigation crecemcmemcccmenmeenne
Stockwatering

93-71 Roscoe C. Cox Worth Spring Stresm amee Irrigation cmcsacccccaaa amccmesan
Stockwatering

93-73 A Ira Cox Ross Spring Stream e Irrigation S
Stockwatering

9374 . Evan Cox Ross Spring Stream P Irrigation emccscececsscocnannane
Stockwatering

93-76 Phelps Dodge Corp. Bear Canyon Creek -——— Stockwatering July 1 to September 30
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Table 17. Continued

Vater Use Flow

Claim No. Owner Source (cfs) Purpose of Use Period of Use
93-77 Utah Power & Light Co. Bear Canyon Creek - Stockwatering July 1 to September 30
93-78 U.S. Forest Service Coal Creek —ee Stockwatering July 1 to September 30
93-79 U.S. Forest Service Coal Creek - Stockwatering July 1 to September 30
93-80 Reed Neilson Huntington Creek === Stockwatering July 1 to September 30
93-81 Bernard Nielasen Huntington Creek cme— Stockwatering July 1 to September 30
93-82 Utah Power & Light Co. Huntington Creek cem- Stockwatering July 1 to September 30
93-83 U.S. Forest Service Cox Canyon Creek .we= Stockwatering July 1 to September 30
93-84 U.S. Forest Service Valentine Gulch .eee Stockwatering July 1 to September 30
93-85 U.S. Forest Service Valentine Gulch ——- Stockwatering July 1 to September 30
93-86 Kemmerer Coal Company Valentine Gulch === Stockwatering July 1 to September 30
93-87 Phelps Dodge Corp. Valentine Gulch m—- Stockwatering July 1 to September 30
93-92 U.S. Forest Service Huntington Creek -—-- Stockwatering July 1 to September 30
93-95 U.S. Forest Service Huntington Creek ———- Stockwatering July 1 to September 30
93-97 U.S. Yorest Service Huntington Creek m=e= Stockwatering July 1 to September 30
93-99 U.S. Forest Service Hughes Canyon Creek === Stockwatering July 1 to September 30
93-100 U.S, Forest Service Huntington Creek ceme Stockwatering .------.:-------------
93-101 U.S. Forest Service Hughes Canyon Creek ——ee Stockwatering July 1 to September 30
93-102 U.S. Forest Service Hughes Canyon Creek -—eee Stockwatering July 1 to September 30
93-103 U.S. Forest Service Hughes Canyon Creek - Stockwatering July 1 to September 30
93-104 U.S, Forest Service South Fork Hughes Canyon Creek —on- Stockwatering July 1 to September 30
93-103 U,S, Forest Service South Fork Hughes Canyon Creek asen Stockwatering July 1 to September 304
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Table 17, Continued

Water Use . Flow

Claim No. Owner Source (cts) Purpose of Use Period of Use
93-123 U.S. Forest Service Dipping Canal Creek ———— Stockwatering July 1 to October 13
93-124 U.S. Forest Service Dipping Canal Creek ———- Stockwatering July 1 to September 30
93-125 . U.S. Forest Service Dipping Canal Creek ——-- Stockwatering July 1 to September 30
93-126 U.S. Forest Service Woodward Canyon Creek ce=- Stockwatering July 1 to September 30
93-127 U.S. Forest Service South Fork Hughes Canyon Creek emme Stockwatering July 1 to September 30
93-263 Kemmerer Coal Company Coal Creek ace= Stockwatering July 1 to September 30
93-264 Phelps Dodge Corp. Coal Creek oo Stockwatering July 1 to September 30
93-265 Utah Power and Light Co. Coal Creek ———- Stockvnter-ing July 1 to September 30
93-266 U.S, Forest Service ‘ Coal Creek ——— Stockwatering June 6 to September 23
93-290 Utah Power and Light Co. Coal Creek - Stockwatering July 1 to September 30
93-338 U.S. Forest Service Huntington Creek cem- Stockwatering July 1 to September 30
93-346 L.D.S. Church Little Swens Canyon Cr, eeee Stockwatering June 1 to November 30
93-399 Utah Power and Light Co. Huntington Creek ———- Stockwatering July 1 to September 30
93-434 William R, Whitehead et al Kitchen Fork of Huntington Cr. aeea Stockwatering June 1 to November 30
93-498 Kemmerer Coal Company Left Fork Huntington Creek - Stockwatering July 1 to September 30
93-543 Morris S, & Betty A. Cook Coal Creek acen Stockwatering July 1 to September 30
93-~544 Kemmerer Coal Company Coal Creek eene Stockwatering July 1 to September 30
93-545 Phelps Dodge Corp. Coal Creek ceem Stockwatering July 1 to September 30
93-549 Kemmerer Coal Company Cox Canyon Creek ——e- Stockwatering July 1 to September 30
93-550 Phelps Dodge Corp. Cox Canyon Creek ~m-- Stockwatering July 1 to September 30
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Table 17, Continued

VWater Use . Flow

Claim No. Owner Source (cfs) Purpose of Use Period of Use

93-551 Utah Power and Light Co. Cox Canyon Creek ———- Stockwatering July 1 to September 30

93-553 Utah Power and Light Co. James Canyon Creek - Stockwatering July 1 to September 30

93-559 Otah Power and Light Co. Bear Canyon Creek —ae Stockwatering cceemacecsececccssacen
Irrigation

93-610 Phelps Dodge Corp. Left Fork Huntington Creek ——— Stockwatering July 1 to September 30

93-768 W. Chad Cox Burns Cox Spring Stream —m-- Stockwatering D it
Irrigation

93-769 Donald B, Cox Burns Cox Spring Stream coma Stockwatering cewemeccencnmann emcoma
Irrigation

93-772 Donald B, Cox West Fork Jackson Hollow Stream om== Stockwatering merecacsscccutonanana
Irrigation

93-776 Newel B. Cox Flat Canyon Creek ———- Stockwatering cecmcececccscacccceeaa

93-777 Donald B, Cox Flat Can)-'on Creek -———— Stockwatering [ ecmmcnaccca

93-778 A. Ira Cox Flat Canyon Creek vema Stockwatering i

93-831 Clark-Montana Realty Co. Bear Canyon Creek ———— Stockwatering ecesmctesmamascascaann ..

93-832 Kemmerer Coal Company Bear Canyon Creek ———- Stockwatering July 1 to September 30
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Table 18, Ground water rights in the Price River Basin located on and adjacent to the
Valley Camp lease area.

Vater Use - Flow
Claim No, Owner Source (cfs) Purpose of Use Period of Use
91+200 . Utsh Natural Gas Company Underground waicr, well 0,134 Domestic January 1 to December 31
) (4 interest) Irrigation
91-201 Earl Thomas Spring with storage 0.068 Stockwatering April 135 to November 1 '
91-408 Calvin K, Jacod Sﬁtinz 0,011 Stockwatering * May 1 to November 30
91-424 Nick Marakis Spring with storage 0.011 Stockwatering Janusry 1 to December 31
(% interest)
. . et
91~423% Nick Marakis Spring 0.022 Stockwatering January 1 to December 31 Ez
(% interest)
91-432 Nick Marakis Spring 0,011 Stockwatering January 1 to December 31
(% intereat)
91-433 Nick Marakis Spring with storage 0,011 Stockwatering January 1 to December 3t
(% interest)
91-434 Nick Marakis Spring with storage 0.011 Stockwatering January- 1 to December 31
(% interest)
91-438 Nick Marakis Spring 0,011 Stockwatering January 1 to December 31
(4 intarest)
91-455 Robert Radakovich Spring 0,011 Stockwatering May 1 to December 13
91-463 John Marakis Estate Spring with storage 0,011 Stockwatering January 1 to December 31
(& interest) :
91-4b4 John Marakis Estate Spring 0,022 Stockwatering January 1 to December 31
(4 interest) '
91-472 John Marakis Estate Spring 0.011 Stockwatering Janusty 1 to December 3t

(% interest)




Table 18. Continued
Water Use Flow
Claim No. Owner Source (cfs) Purpose of Use Period of Use
91-473 John Marakis Estate Spring with storage 0.011 Stockwatering Jsnuary 1 to December 31
(% interest)
91-474 John Marakis Estate Spring with storage 0,011 Stockwatering January 1 to December 31
(% interest)
91-473 John Marakis Estate Spring 0.011 Stockwatering January 1 to December 31
(% interest)
91-481 Robert Radakovich Spring 0.011 Stockwatering May 1 to December 15
91-1000 U.S. Forest Service Spring 0,015 Stockwatering July 1 to September 30
91-1001 U.S. Forest Service Spring 0.015 Stockwatering July 1 to September 30
91-1002 U.S. Forest Service Spring 0.015 Stockwatering July 1 to September 30
91-1003 U.S. Forest Service Spring 0.015 Stockwatering July 1 to September 30
91-1643 Jack Thomas Spring with storage 0.011 Stockwatering January 1 to December 31
91-1644 Lee Thomas Spring ——-- Stockwatering May 1 to October 31
(1/3 interest)
91-1679 Calvin K, Jacob Spring 0.011 Stockwatering May 1 to November 30
Domestic
91-1680 Calvin K, Jaced Spring 0,011 Stockwatering May 1 to November 30
91-1681 Calvin K, Jacod Spring 0.011 Stockwatering May 1 to November 30
91-1986 Angelo Georgedes Spring with storage 0.05 Fish Culture January 1 to December 31
91-2049 John Jouflas Estate Spring 0,011 Stockwatering May 1 to October 31
(2/3 interest)
91-2144 Elrfe and Bertha Simonsen Simonsen Spring 0.022 Domestic January 1 to December 31
(% interest)
91-2145 Robert Radakovich Si{monsen Spring 0.022 Domestic Jnhulry 1 to December 31

(% interest)
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Table 18. Continued

Water Use Flow

Claim No. Owvner Source (cfs) Purpose of Use Period of Use

91-2669 Della Simonsen Spring 0,011 Stockwatering April 1 to November 30

91-2970 Angelo Georgedes Spring 0.015 Stockwatering May 1 to October 31

91-2975 Justus O, Seely Spring 0.011 Irrigation January 1 to December 31
Stockwatering

91-2976 Justus O, Seely Spring 0,011 Irrigation January 1 to December 31
Stockwatering

91-3012 Angelo Georgedes Spring 0,015 Irrigation January 1 to December 31
Stockwatering

91-3076 Milton A. Oman Spring 0.011 Stockwatering January 1 to December 31

91-3078 Milton A, Oman Spring 0.011 Stockwatering January 1 to December 31

91-3087 Anton Michelog Spring with storage 0.011 Stockwatering January 1 to December 31

91-3094 Scofield Town 3 Springs 0.033 Municipal January 1 to December 31

91-3046 Della L. Madsen Spring 0.011 Stockwatering April 1 to November 30

91-3460 Mountain Fuel Supply Co. Underground water, well 0.134 Domestic January 1 to December 31

(% interest) Irrigation, Misc.

91-3499 Lavern Jensen Finn Spring 0.011 Stockwatering January 1 to December 31
Domestic

91-3300 Lavern Jensen Spring 0.011 Stockwatering January 1 to December 31
Domestic

91-3386 North American Coal Corp. Clear Creek Spring Area 0.50 Stockwatering January | to December 31
Domestic
Irrigation
Industrial

91-3590 North American Coal Corp, Clear Creek Mine Tunnel No. 3 0. 646 Industrial January 1 to December 31

(Underground Water)

91-3593 North American Coal Corp. 0'Connor Mine Tunnel No, 1 0.030 Industrial Janusry 1 to December 31

91-3396 North American Coal Corp. 0’Connor Mine Tunnel No, 2 0,047 Industrial January 1 to December 31

91-3668 Angelo Georgedes Spring 0.015 Stockwatering May 1 to October 31

LOT
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Table 19. Ground water rights in the San Rafael River Basin located on and adjacent to
the Valley Camp lease area.

Water Use Flow

Claim No. Owner Source (cfs) Purpose of Use Period of Use

93-5 U.S. Forest Service North Huntington Spring 0.022 Stockwatering July 1 to September 30

y

93-34 Clyde K. Cox Jackson Spring #2 ———e Stockwatering acvescsceccmacasemenn
Irrigation

93-39 Newel B, Cox Cove Spring #2 - Stockwatering ememmmeenamea [P,

93-40 W. Chad Cox Burns Cox Spring ——— Stockwatering ecemcsceacccccnccnaane

93-43 Newel B. Cox Cold Spring ccaw Stockwatering demcmmcccasmcecmmceea -

. Irrigation

93-44 Newel B, Cox Milk House Spring —a- Stockwatering seccescccnccmcasceaaas
Irrigation

93-45 Newel B, Cox Spring House Spring ———— Stockwatering mmeemscacemcssemneeeen
Irrigation

93=46 Robert N, Anderson Unnamed Spring #2 0,20 Irrigation May 1 to October 15
Stockwatering

93-47 Robert N, Anderson Unnamed Spring #3 0.1337 Irrigation May 1 to October 15
Stockwatering

93-50 Robert N, Anderson Unnamed Spring #4 0.011 Irrigation May 1 to October 15
Stockwatering

93-52 Stanley Cox Worth Spring #1 ———- Stockwatering cocae

93-53 Stanley Cox Worth Spring #2 P Stockwatering acmcscamccsnaacana PR

93-54 Clyde K, Cox Clyde Spring ———- Stockwatering mcsenesececoscancnnann

93-39 Clyde K. Cox Saw Mill Spring ———- Irrigation emceseccccmnncncancnnn
Stockwatering

93-60 Roscoe C. Cox Stan Spring #1 mea-- Stockwatering sememecammccacanocaane

93-61 Roscoe C. Cox Stan Spring #2 .- Stockwatering cevecmcsamannan cocamae

93-62 Stanley Cox Saw Mill Springs LR Ircigation cccsmecscmnctcanaanana

Stockwatering
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Table 19. Continued

Water Use Flow

Claim No. Owner Source (cfs) Purpose of Use ‘Period of Use

93-63 Stanley Cox Stan Spring #1 cwe—- Irrigation ecesesscmtoncann cemmamemone
Stockwatering

93-64 Roscoe C, Cox Stan Spring #1 e—ee Irrigation eccnceccnacaana P,
Stockwatering

93-65 Doris R. Cox Stan Spring #2 cmew Irrigstion cesmccccecancaccntcnansacan
Stockwatering

9366 Donald B. Cox Stan Spring #2 cmaw Irrigation .-
Stockwatering

93-67 Newel B, Cox Mineral Spring #2 ———— Irrigation cmemcmecmmeanscssscanmmmmme
Stockwatering

93-68 Evan Cox Stan Spring #2 ———— ‘Irrigation
Stockwatering

93-69 A, Ira Cox - Stan Spring #2 c———- Irrigation cecesecmcamcacamcamaan -
Stockwatering

93-70 Olea D, Cox Mineral Spring #2 cava Irrigation e erecomccanerenn—m—— -——-
Stockwatering

93-71 Roscoe C. Cox Worth Spring Stream EELES Irrigation cecmmsccesccncsscanccecans
Stockwatering

93-72 Evan Cox Ross Spring #2 m——- Stockwatering D L T T cmme

93-73 Evan Cox Ross Spring #3 ———- Stockwatering cevmcemvosensccanesanansen

93-90 L.D.S. Church Unnamed Spring 0.022 Stockwatering June 1 to November 30
Domestic

93-98 U, S. Forest Service Sulphur Spring 0.033 Stockwatering July 1 to September 30

93-114 L.D.S, Church Unnamed Spring 0,022 Stockwatering June 1 to November 30

93=-127 L.D.S. Church Unnamed Spring 0,022 Stockwatering June 1 to November 30

93-143 L.D.S. Church Unnamed Spring 0.022 Stockwatering June 1 to November 30

93-13%3 L.D.S, Church Unnamed Spring 0.022 Stockwatering June 1 to November 30

93-154 L.D.S. Church Unnamed Spring 0,022 Stockwatering June 1 to November 30

601



Table 19. Continued
Vater Use Flow
Claim No. Owner Source (cfs) Purpose of Use Period of Use
93-172 L.D.S. Church Unnamed Spring 0.022 Stockwatering June 1 to November 30
93-186 L.D.S. Church Unnamed Spring 0,022 Stockwatering June 1 to November 30
93-187 L.D.S. Church Unnamed Spring 0.022 Stockwatering June 1 to November 30
93-205 L.D.S. Church Unnamed Spring 0.022 Stockwatering June 1 to November 30
93207 L.D.S, Church Unnamed Spring 0,022 Stockwatering June 1 to November 30
93-232 Osmond & 1dena J, Crother Brooks Canyon Divide Spring m——— Stockwatering July 1 to September 30
93-279 Crowthar Investment Company Unnamed Spring 0,011 Stockwatering June 1 to October 13
Domestic
93-331 David J. Stone Unnamed Spring 0.02 Stockwatering June 1 to October 13
93-332 R, Phil Shumway Unnamed Spring 0.02 Stockwatering June 1 to October 15
93-333 Richard S. Christensen Unnamed Spring 0.02 Stockwatering June 1 to October 15
93-334 Douglas G. Marriott Unnamed Spring 0,02 Stockwatering June 1 to October i3
93-343 David J, Stone Unnamed Spring 0.02 Stockwatering June 1 to October 13
93-344 R. Phil Shumway Unnamed Spring 0,02 Stockwatering June 1 to October 15
93-345 Richard §. Christensen Unnamed Spring 0.02 Stockwatering June 1 to October 13
93-365 Douglas Marriott Uonamed Spring . 0.02 Stockwatering June 1 to October 13
93-379 Russel O, Browm Unnamed Spring 0.0222 Stockwatering June 1 to October 13
93-380 M. Dover Hunt Unnamed Spring 0.0222 Stockwatering June 1 to October 13
93-381 Don Evans Unnamed Spring 0.0222 Stockwatering June 1 to October 135
93-391 Elf Clayson Unnamed Spring 0.0222 Stockwatering June 1 to October 13
93-402 Clark T. Thorstensen Unnamed Spring 0.0222 Stockwatering Juna 1 to October 15

o1l



Table 19. Continued

Water Use Flow

Claim No. Owner Source {cfs) Purpose of Use Period of Use
93-404 Russel O, Browm Unnamed Spring 0,0222 Stockwatering June 1 to October 15
93-411 M. Dover Hunt Unnamed Spring 0,0222 Stockwatering June ! to October 15
93-429 Don Evans Unnamed Spring 0.0222 Stockwatering June 1 to October 15
93-430 Eli Clayton Unnamed Spring 0,0222 Stockwatering June 1 to October 15
93-431 Clark T. Thorstensen Unnamed Spring 0,0222 Stockwatering June 1 to October 15
93-432 Crowther Investment Company Brooks Canyon Divide 0.011 Stockwatering June 1 to October 15
93-433 William R, Whitehead et al Unnamed Spring 0.011 Stockwatering June 1 to October 15
93-435 Crowther Investment Company Unnamed Spring 0,011 Stockwatering June 1 to October 13
93-449 Crowther Investment Company Unnamed Spring 0,011 Stockwatering June 1 to October 15
93-500 St. of Utah State Land Board North Cleveland Reservoir Spring c——- Stockwatering July 1 to September 30
93-502 St. of Utah State Land Board West Cleveland Reservoir Spring c—e- Stockwatering July 1 to September 30
93-763 Robert N. Anderson Unnamed Spring #8 0,018 Stockwatering June 15 to October 13
93-770 W, Chad Cox Spring House Spring e Irrigation cemesmecectsesmmaneen

Stockwatering
93-771 Donald B. Cox Spring House Spring - Irrigation cececmmtcesmacmcanaes
Stockwatering

93-773 Roscoe C, Cox Ross Spring #1 coam Stockwatering ecencecmccesceccaemcan
93-774 A. Ira Cox Ike Spring #1 ~——— Stockwatering [ R
93-775 A, Ira Cox Ike Spring #2 cea- Stockwatering --
93-838 L.D.S. Church Unnamed Spring 0,022 Stockwatering June 1 to November 30
93-839 L.D.S. Church Unnamed Spring 0.022 Stockwatering June 1 to November 30
93-840 N, M, Jensen Investment Co. Unnamed Spring 0.022 Stockwatering

June 1 to November 30
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Table 19.

Continued

Water Use Flow

Claim No. Owner Source (cfs) Purpose of Use Period of Use
93-841 N, M, Jensen Investment Co. Unnamed Spring 0.022 Stockwatering June 1 to November 30

Domestic

93-842 N. M, Jensen Investment Co, Unnamed Spring .22 Stockwatering June 1 to November 30
93-843 L.D.S. Church Unnamed Spring 0.022 Stockwatering June 1 to November 30
93-844 N. M, Jensen Investment Co. Unnamed Spring 0,022 Stockwatering June 1 to Novembar 30
93-845 N, M, Jensen Investment Co, Unnamed Spring 0.022 Stockwatering June 1 to November 30
93-846 N, M, Jensen Investment Co. Cove Spring 0.022 Stockwatering June 1 to November 30

Domestic

AN
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Table 20. Water right exchanges in the Valley Camp lease area.

- Mater Use : :
Clsim o, Owner Source Tlow Pyrpose of Use

' ‘

" 91-432 Robert Radakovich Well 1.0 A7, Stockvatering

S 91=112. Valley Camp Coal Company Well 0.446 cfs Industrisl

. Domestic

' 91940 Gooseberry REnterptise Ine. Springs 66,0 AT, Domestic
91-1058 " Price River Water Users Assoc. Vell 1.7 A2, Induetrial

' Domestic

91-1114 . Cosstal States Enargy Co. Vells 30.0 A.7, Industrial

) . Domestic
91~1560 Coastal States Energy Co. Wells 118.0 A.PF, Industrisl

. Domestic

Maxch 1 to November 30
Janusry 1 to Decesber 31

Jasusry ]} to Dacesber 31

J Yy 1 to December 31

January ] to Dacember 31

January 1 to December 3}

Peptod of Uss -

€11
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HYDROLOGIC IMPACT OF MINING ACTIVITIES

Impact on Water Quantity

As has been noted previously in this report, the Valley Camp lease

area is covered essentially entirely by the Blackhawk Formation (see
Plate 1). This formation consists of interbedded layers of sandstone
and shale separated by various mineable and nonmineable coal seams (see
Figure 2). The sandstone beds are generally massive while the shale
layers are bentonitic, tending to swell when wet and decompose into an
impervious clay. Investigations at springs and streams in the property
area have indicated that the shale layers prevent downward percolation
of water through the Blackhawk at a significant rate. Instead, water
which reaches a sandstone finger which is connected to the ground sur-
face rides out on a shale layer, issuing as a spring. Springs tend to
receive water from localized rather than regional sources. 1In addition,
because of the ability of the shale material to swell and decompose into
an impervious clay, fractures in the Blackhawk Formation do not act as

conduits but, rather, barriers to potentially vertically flowing water.

As a result of these observations, it is concluded that mining activities
on the Valley Camp lease area will have minimal adverse impacts on the
quantity of water in the area. Should subsidence occur, the subsidence
cracks will likely seal rapidly, preventing the deep percolation of

water and subsequent loss of springs and other water sources. The loca-

tion of a spring may be changed by a few feet, but no significant loss of
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water is anticipated as a result of mining. The sealing of potential
cracks will be accelerated where subsidence occurs under live streams.
In this case, the silt load carried by the stream would aid the sub-
surface shales in preventing water loss by providing a surface seal

over the subsidence crack.

A relatively insignificant quantity of water will likely be encountered

in the mines due to the impermeable nature of the formation and its in-
ability to yield water readily. Hansen (1979) reports that mines in the
Wasatch Plateau coal field generally yield less than 10 gallons per

minute per active face, with drifts dry approximately 500 feet up-dip

from the face. Once a section dries up, leaks reappear only very occasion-
ally in the future. This condition has been observed locally in the
O'Connor and Belina No. 1 mines. Apparently, only a zone of saturated

sandstone immediately adjacent to the mine is dewatered by the drift.

Should the mines encounter sandstone lenses at the face of a fault, the
inflow rate to the mine could change rapidly for a short period of time,
as noted in the Belina No. 1 Mine at the Connelville Fault. Under these
conditions, inflow rates could exceed 200 gallons per minute for a short
period, decreasing rapidly to a more normal rate (10 to 15 gallons per

minute).

Most of the water encountered in the mines will be utilized underground
for dust suppression, etc. As a result, only those inflows which tem-

porarily exceed storage and mine use requirments should be discharged to
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the surface. However, because most of the water will be reused in the
mine, the volume of this discharged water will be insignificant. As a
result, most of the water which leaves the mine mouth will be indigenous
water associated with the coal. Coal from the Valley Camp lease area,
tested with ASTM standard procedures, has an equilibrium water content
of about eight percent. The moisture content of coal shipped from the
lease is about ten percent. This means that of the total moisture of
the coal to be shipped only two percent is free water. About one per-
cent of the final moisture content comes from water used in dust sup-
pression, and the other one percent comes from free water in the coal

vein.

Thus, the quantity of water present in surface water sources in the area
(seeps, springs, and streams) should remain nearly unaffected by mining
in the lease area. The water which is removed from the mine mouth, which
would normally have traveled to an outlet some distance from the lease
area, will represent only a small fraction of the water flowing from the
Wasatch Plateau. As a result, the water quantity impacts resulting from

mining will be minimal.

Impact on Water Quality

The construction of additional surface facilities utilized in conjunction
with Valley Camp mines (yard areas, raods, etc.) will result in temporary
increases in the suspended sediment concentration of the adjacent stream.
However, because of the regulatory requirement that sediment control be
provided for all areas of surface disturbance, concentrations should be

quickly normalized.
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Because mines in the coal fields of the Wasatch Plateau act as inter-
ceptor drains, the ground water that is brought to the surface has a
lower dissolved solids content than would have existed if the water was
to continue its downward movement through shale 1layers, dissolving in-
creased amounts of salt with distance (Southeastern Utah Association of
Governments, 1977; Hansen, 1979). As a result, Valley Camp mines will
have a slightly beneficial impact on the chemical quality of water in
the region, because the small amount of water which is brought to the
surface will dissolve fewer constituents in the stream channel than it
would have in the shale formations (particularly the Mancos Shale below
the Star Point Sandstone) which it would have encountered (Bently et al.,
1978). Although suspended sediment and oil and grease may increase at
the mine mouth, these constituents will be removed in keeping with regu-

latory requirements prior to any potential discharge into adjacent streams.

Because of the high alkalinity and low acidity concentrations in the

area (differing normally by one or two orders of magnitude), acid drainage
problems should not occur as a result of mining. This is fortified by

the fact that coal in the area has a low sulphur content (U.S. Geological

Survey, 1979).

Cumulative Impact

The Scofield-Clear Creek area is one of the oldest and most consistent
mining areas in the Wasatch Plateau coal field (Doelling, 1972). Mining

activities are expected to continue in the area into the 2lst century.
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As has been noted, the occurrence and quality of water in any region

is highly controlled by geology. Because the region surrounding the
Valley Camp lease area consists of the same geologic formations, impacts
should also be the same. vThus, it is presumed that cumulative mining
activities in the Scofield-Clear Creek area will have only slight

impact on the areal hydrologic system. Water quantity in the

area will remain generally unaffected by mining due to the presence of
the relatively impermeable Blackhawk Formation, which likely seals
rapidly after subsiding. Regional water quality will be enhanced by
mining activities to the extent that water encountered in the mines is

discharged.

Alternative Water Supply

OSM Regulations Sectionm 783.17 requires that alternative sources of water
supply be identified if mining impacts will result in the contamination,
diminuation, or interruption of existing sources. Because no signifi-
cant hydrologic impacts are expected as a result of mining in the Valley

Camp lease area, no alternative water supply needs to be identified.
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Water Quality Analysis Methods
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Table 21. Field methods used for the analysis of water quality samples.

Parameter Units Instrument
Flow cfs Marsh-McBirney current meter, float
measurement, or volumetric measure-
ment
o
Temperature Cc Thermometer
pH units Beckman Model 1009 pH meter
Conductivity micromhos/cm Hydrolab TC-2 conductivity meter
@ 25°% .
Diss. Oxygen mg/1 Hydrolab TDO-2 dissolved oxygen

meter




{

Table 95, Laboratory methods used for the analysis of water quality samples, with standard reference
page numbers,

1974 l4th Ed.
EPA Standard
Parameter Unit Method Methods Methods
Page No. Page No.,
Acidity, as CaCO, ng/1 Titration 1 273
Alkalinity, as CaCO3 mg/1 Manual or automated electrometric 3 278
titration to pH 4.5, or automated method 5 —
Ammonia, as N mg/1 Manual distillation (at pH 9.5) followed — 410
by fniesslerization, titration, electrode, 159 412
automated phenolate 165 ——
: 168 ——
Arsenic mg/1 Digestion followed by silver diethyldithio- — 285
carbamate, or atomic absorption ‘9 283
95 159
BOD, 5-day mg/1 Winkler (azide modification) or electrode - 543
method
Barium mg/1l Digestion followed by atomic absorption or 97 152
colorimetric '
Bicarbonate mg/l Titration 278 -
Boron mg/1 Colorimetric (Curcumin) 13 287
Cadmium mg/1 Digestion followed by atomic absorption or 101 148
colorimetric -— 182
Calcium mg/1 Digestion followed by atomic absorption 103" 148

or titration :

182

1TA



Table 22,

22, Cohtinued.
1974 l4th Ed.
EPA Standard
Parameter Unit Method Methods Methods
' ‘ Page No. Page No.
Chloride mg/1 Silver nitrate, mercuric nitrate, or automated — 303
clorimetric 29 304
31 613
Chromium, VI mg/1 Extration and atomic absorption, colorimétric 89 ——
105 192
Copper mg/1 Digestion followed by atomic absorption or 108 + 148
colorimetrie — 196
Cyanide mg/l - Distillation followed by silver nitrate 40 361
titration or pyridine pyrazolone (or
barbituric acid) colorimetric
Fluoride mg/1 Distillation followed by ion electrode, - 389
SPANDS, or automated complexone 65 391
59 393
61 164
Gross Alpha ‘
Radioactivity pCi/1 Scintillation counter -— 641
Gross Beta
Radioactivity pCi/1 Scintillation counter - 642
Iron mg/1l Digestion followed by atomic absorption or 110 148
colorimetric — 208
Lead hg/l Digestion followed by atomic absorption or 112 148

colorimetric

215

971
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Table 22, Continued,

P

1974 14th Ed.

EPA Standard

Parameter Unit Method Methods Methods

Page No, Page WNo.
MPN Fecal Coliform  MPN/100 ml MPN procedure - 922
MPN Total Coliform MPN/100 ml MPN procedure - 922
Magnesium mg/1 Digestion followed by atomic absorption or 114 148
gravimetric ——— 221
Manganese mg/1 Digestion followed by atomic absorption or 116 148
colorimetric —— - 225
Mercury mg/1 Flameless atomic absorption 118 156
Nitrate, as N mg/1 Cadmium redhction, brucine sulf#te, automated 201 423
cadmium or hydrazine reduction 197 427
207 620
011 & Grease ng/1 Liquid extraction with freongravimetric 229 515
Phenol mg/1 Colorimetric (4-AAP) 241 582
Phosphate, as P mg/l Manual or automated ascorbic acid reduction 249 481
256 624
Potassium mg/1 Digestion followed by atomic absorption, 143 o
colorimetric or flame photometric —-— 235
— 234
Selenium mg/1 Digestion followed by atomic absqrption 145 159
Silver - - mg/l Digestion followed by atomic absorption 146 148

or colorimetric

Lzl



- Table . 22. gégtinﬁedi

1974 l4th Ed.
EPA Standard
Parameter Unit Method Methods Methods
Page No. Page No.
Sodium mg/1 Digestion followed by atomic absorption, 147 -_—
flame photometric —— 250
Sulfate mg/1 Gravimetric, turbidimetric, or automated -— 493
colorimetric 277, 279 496
Suspended Solids mg/1 Glass fiber filtration, 105°C 268 94
Total Suspended Solids mg/l Glass fiber filtration, 180°C 266 92
Total Organic Carbon mg/l Combustion - infrared 236 532
Turbidity NTU Nephelometric 295 132
Zinc "mg/l Digestion followed by atomlic absorption 155 148

or colorimetric

265

821
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ATTACHMENT B

Results of Baseline Surface Water

Quality Analyses
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Table 23. Results of chemical analyses of surface water quality

samples collected at Station VC-001.

10-26-77 11-9-77

-

Parameter Units 9-28-77 10-12-77 12-14-77
FIELD MEASURMENTS
Discharge cfs 0.007 0,007 0.004 0.003 0,0004
Dissolved Oxygen mg/1 7.2 8.4 7.5 8.4
pH units 8.10 8.2 7.8 7.7 7.5
Specific Conductance umhos/em @ 25° C
Temperature, Alr *C 12 10 12 5 6
Temperature, Water *C 10 6 6 9 1
LABORATORY MEASUREMENTS
Acidity, as CaCO mg/l 30.0 10.0 20,0 20.0 30,0
Alkalinity, as CaCoOj mg/l 218 226 232 222 214
Ammonia, NHy as N mg/l .
Arsenic, Total wg/l
Arsenic, Dissolved wg/l
BOD, 5 Day mg/l 2.5 2.0 1.2
Barium, Total mg/1
Barium, Dissolved mg/l
Bicarbonate mg/l
Boron, Total mg/l
Boron, Dissolved mg/l
Cadmium, Total mg/l
Cadmium, Dissolved mg/l
Calcium mg/l
Chloride mg/l
Chromium, Total mg/l )
Chromium, Dissolved mg/1
Copper, Total mg/1
Copper, Dissolved mg/1
Cyanide mg/1
Fluoride mg/l
Gross Alpha Redioactivity pCci/l
Gross Beta Radioactivity pCi/l
Iron, Total mg/l 0.207 0.221 0.138 0. 141 0.158
Iron, Dissolved mg/l
Lead, Total mg/l
Lead, Dissolved mg/l
MPN Fecal Coliform MPN/100 ml < <2.2 <2
MPN Total Coliform MPN/100 ml - 14 34 2
Magnesium mg/l
Manganese, Total mg/1
Mercury,. Total mg/l
Nitrate, N03 as N mg/1
011 and Grease mg/1 <.0 ~1.0 2.0
Phenol mg/1
Phosphate, POA as P mg/1
Potassium mg/l
Selenium, Total mg/1 <0,001 0,001 <0.001
Selenium, Dissolved mg/l
Silver, Total mg/1
Silver, Dissolved mg/1
Sodium mg/1
Sulfate mg/l
Suspended Solids mg/1 14.0 15.0 10.0 49,0 6.0
Total Diasolved Solids mg/1 263 221 254 272 260
Total Organic Carbon mg/l
Turbidity NTU
Zinc, Total mg/l

2inc, Dissolved

wg/1
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Table 23. Continued.

Parameter Units 12-28-77 1-11-78 1-25-78 2-8-78 2-22-78
FIELD MEASURMENTS
Discharge cfs ] 4] 4] ] 0
Dissolved Oxygen mg/l
pH units
Specific Conductance umhos/cm @ 25¢ C
Temperature, Alr *C
Temperature, Water °C
LABORATORY MEASUREMENTS
Acidity, as CaCO. mg/l
Alkalinity, as CaCO3 mg/l
Asmonia, NH, as N mg/l
Arsenic, Total wg/l
Arsenic, Dissolved wg/1
BOD, 5 Day mg/1
parium, Total wg/l
Barium, Dissolved mg/1
Bicarbonate mg/l
Boron, Totsl mg/l
Boron, Dissolved mg/l
Cadmium, Total mg/l
Cadmium, Dissolved mg/l
Calcium wg/l
Chloride mg/l
Chromium, Total mg/1
Chromium, Dissolved mg/l
Copper, Total mg/1
Copper, Dissolved mg/1
Cyanide mg/l
Fluoride mg/l
Gross Alpha Radioactivity pCi/l
Cross Beta Radioactivity pCi/L
Iron, Total mg/l
Iron, Dissolved mg/l
Lead, Total mg/l
Lead, Dissolved mg/l
MPN Fecal Coliform MPN/100 m}
MPN Total Coliform MPN/100 ml
Magnesivm ng/l
Manganese, Total mg/l
Mercury, Totasl mg/l
Nitrate, uo, as N mg/l
011 and CGrease mg/1
Phenol mg/l
Phosphate, PO,. as P mg/l
Potassium wg/l
Selenjum, Total mg/l
Selenium, Dissolved mg/1
3ilver, Total mg/1
Silver, Dissolved ng/l
Sodium mg/l
Sulfate wg/l
Suspended Solids mg/l
Total Dissolved Solids mg/1
Total Organic Carbon wg/l
Turbidity NTY
2inc, Total wg/l

Zinc, Dissolved

=g/l
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Zinc, Dissolved

mg/l

Parameter Units 3-8-78 3-22-78 4-12-78 4-26-78 5-10-78
FIELD MEASURMENTS
Discharge cfs 0 0 0 0.15 0.27
Dissolved Oxygen mg/l 7.1 7.6
pH units 7.3 7.5
Specific Conductance umhos/cm @ 25° C
Temperature, Alr *C 6 15
Temperature, Water c 3 ?
LABORATORY MEASUREMENTS
Acidity, as CaCO. mg/1 32.0 18.0
Alkalinity, as CaCOj mg/l 112 104
Ammonia, NH; as N wg/l
Arsenic, Total mg/l
Arsenic, Dissolved mg/1
BOD, 5 Day mg/l 16.0
Barium, Total mg/l
Barium, Dissolved mg/l
Bicarbonate mg/l
Boron, Total mg/1
Boron, Dissolved mg/1
Cadmium, Total mg/l
Cadmium, Dissolved mg/1
Calcium mg/l
Chloride ng/l
Chromium, Total mg/l
. Chromium, Dissolved mg/l
Copper, Total mg/l
Copper, Dissolved mg/l
Cyanide mg/1
Fluoride nwg/l
Gross Alpha Radioactivity pCi/1
Gross Beta Radioactivity pCi/l
Iron, Total mg/1 0.045 0.104
Iron, Dissolved mg/l
Lead, Total mg/1
Lead, Dissolved mg/l
MPN Fecal Coliform MPN/100 ml <2
MPN Total Coliform MPN/100 m} 12
Magnesium mg/l
Manganese, Total mg/l
Mercury, Total mg/l
Nitrate, NO; as N mg/1
0il and Crease mg/1 15.6
Phenol mg/1
Phosphate, PO, a3 P mg/1
Potassium mg/l
Selenium, Total mg/1 0.013
Selenium, Dissolved mg/1
Silver, Total mg/1
Silver, Dissolved mg/l
Sodium mg/1
Sulfate mg/1
Suspended Solids mg/1 178 162
Total Dissolved Solids mg/1 208 240
Total Organic Carbon mg/1
Turbidity NTU
Zinc, Totsl mg/1



Table 23. Continued.

Parameter Units 6-28-78 7-12-78 7-26-78
FI1ELD MEASURMENTS
Discharge cfs 0 0.23 .06 0.03
Dissolved Oxygen mg/1 ? 6.3 €.7
pH units 7 7.5 7.6 8.0
Specific Conductance umhos/cm @ 25* C
Temperature, Air c 24 21 28
Temperature, Water *C 12 13 13
LABORATORY MEASUREMENTS
Acidity, as CaCO4 mg/l 20.0 14.0 18.0
Alkalinity, as CaCOj mg/1 220 218 210
Ammonis, NH, as N mg/l
Arsenic, Total mg/1
Arsenic, Dissolved mg/l
BOD, 5 Day mg/1 <1.0 12.0
Barium, Total mg/l
Barium, Dissolved mg/l
Bicarbonate wg/l
Boron, Total mg/l
Boron, Dissolved mg/1
Cadmium, Total mg/l
Cadmium, Dissolved mg/l
Calcium mg/l
Chloride mg/l
Chromium, Total mg/1
Chromium, Dissolved mg/l
Copper, Total mg/1
Copper, Dissolved mg/1
Cyanide mg/1
Fluoride mg/1
Gross Alpha Radioactivity pci/1
Gross Beta Radioactivity pCi/1
Iron, Total mg/1 0.086 0,095 0.178
Iron, Dissolved mg/1
Lead, Total mg/1
Lead, Dissolved mg/1
MPN Fecal Coliform MPN/100 <20 <
MPN Total Coliform MPN/100 ml 330 9
Magnesium mg/1
Manganese, Total mg/l
Mercury, Total mg/l
Nitrate, NO, as N mg/l
011 and Grease wg/l <1.0 <1.0
Phenol mg/l
Phosphate, POA as P mg/l
Potassium mg/l
Selenjum, Total mg/l <0.001 <0, 001
Selenium, Dissolved mg/1
Silver, Total mg/1
Silver, Dissolved wg/1
Sodium mg/1
Sulfate wmg/l
Suspended Solids mg/l 6.2 41.0 24.0
Total Dissolved Solids mg/l 250 274 336
Total Organic Carbon mg/l
Turbidity NTU
Zinc, Total wg/l

Zinc, Dissolved

=g/l
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Parameter Units 8-9-78 8-23-78 9-13-78 9-27-78 10-11-78
FIELD MEASURMENTS
Discharge cfs 0.04 0.01 0.02 0,003 0.009
Dissolved Oxygen mg/1 6.8 6.9 6.9 8.4 7.1
pH units 7.9 7.9 7.5 8.2 7.7
Specific Conductance umhos/cm @ 25* C 1460 438 430
Temperature, Air *C 17 23 15 16 15
Temperature, Water *C 15 12 10 9.5 7.5
LABORATORY MEASUREMENTS
Acidity, as CaCO mg/l 16.0 20.0 26.0 22,0 22,0
Alkalinity, as CaCOy mg/1 216 192 198 200 204
Anmonia, NH; as N mg/l
Arsenic, Total mg/1
Arsenic, Dissolved mg/l
BOD, 5 Day mg/1 <1.0 1.3
Barium, Total mg/1
Barium, Dissolved mg/l
Bicarbonate mg/l
Boron, Total mg/1
1
: Boron, Dissolved mg/l
i Cadmium, Total mg/1
; Cadmium, Dissolved mg/1
‘ Calcium mg/l
{ Chloride mg/l
i
| Chromium, Total mg/1
Chromium, Dissolved /1
l Copper, Total mg/l
i Copper, Dissolved mg/l
t Cyanide mg/1
} Fluoride wg/l
! Gross Alpha Radioactivity pCi/1
; Cross Beta Radioactivity pCi/1
Iron, Total mg/l 0.196 0.012 0,019 0.015 0.172
Iron, Dissolved mg/l
Lead, Total mg/1
Lead, Dissolved mg/l
MPN Fecal Coliform MPR/100 ml <2 <
MPN Total Coliform MPN/100 ml 33 23
Magnesium mg/l
Manganese, Total mg/1
Mercury, Total mg/l
Nitrate, NO3 as N mg/l
0i1 and Grease mg/l <1.0 <1.0
Phenol mg/1
Phosphate, PO‘ as P wg/1
Potassium mg/1
Selenium, Total mg/l <0.001 <0.001
Selenium, Dissolved mg/1
Silver, Total mg/1
Silver, Dissolved mg/1
Sodium mg/1
Sulfate mg/1 28.0
Suspended Solids mg/1 67.0 7.0 64.0 11.0 71.0
Total Dissolved Solids mg/1 951 283 270 280 274
Total Organic Carbon mg/l
Turbidity NTU
Zinc, Total ng/l

Zinc, Dissolved

mng/1
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Parameter Units 10-25-78 11-8-78 11-21-78 12-13-78 1-10-79
FIELD MEASURMENTS
Discharge cfs 0.01 [} 0 0 0
Dissolved Oxygen mg/l 8.4
pH units 7.0
Specific Conductance umhos/cm @ 25° C 440
Temperature, Air *C 4
Temperature, Water °C -5
LABORATORY MEASUREMENTS
Acidity, as CaCO mg/1 12,0
Alkalinity, as CaCO3 mg/l 206
Ammonia, NH; as N mg/l
Arsenic, Total mg/1
Arsenic, Dissolved mg/l
BOD, 5 Day mg/1 1.7
Barium, Total mg/1
Barium, Dissolved mg/l
Bicarbonate wg/l
Boron, Total mg/1
Boron, Dissolved mg/1
Cadmium, Total mg/1
Cadmium, Dissolved mg/1
Calefium mg/1
Chloride mg/1 .
Chromium, Total mg/1
Chromium, Dissolved mg/l
Copper, Total mg/l
Copper, Dissolved wg/1
Cyanide mg/1
Fluoride mg/l
Gross Alpha Radioactivity pCi/l
Gross Beta Radloactivity pci/l
Iron, Total mg/l 0.024
Iron, Dissolved mg/1
Lead, Total mg/l
Lead, Dissolved mg/l
MPN Fecal Coliform MPN/100 ml <
MPN Total Coliform MPN/100 ml 110
Magnesium mg/l
Manganese, Total mg/l
Mercury, Total mg/l
Nitrate, NO, as N mg/l
0il and Grease mg/l <1.0
Phenol mg/l
Phosphate, POA as P mg/l
Potassium mg/1
Sclenium, Total mg/1 <0.001
Selenium, Dissolved mg/l
Silver, Total mg/1
Silver, Dissolved mg/l
Sodium mg/l
Sulfate mg/1
Suspended Solids mg/1 27.0
Total Dissolved Solids mg/1 270
Total Organic Carbon ng/l
Turbldity NTU
Zinc, Total mg/1
2inc, Dissolved wg/l
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Parameter Units 5-9-79 5-24-79 6-13-79 6-27-79 7-11-79
FIELD MEASURMENTS
Discharge cfs 0.0005 0.008 0.27 0.37 0.09
Dissolved Oxygen mg/) 9.4 7.3
pH units 7.65 8.2 8.4 7.75 7.7
Specific Conductance umhos/em @ 25° C 490 520 49500
Temperature, Air *c 0 14 20 22 20
Temperature, Water *C 1 10 13 12 16
LABORATORY MEASUREMENTS
Acidity, as CaCO mg/1 6.0 12,0 20.0 24.0 18.0
Alkalinity, as CaCO3 mg/1 144 200 248 220 210
Ammonia, NH, as N mg/l
Arsenic, Total mg/1
Arsenic, Dissolved mg/1
BOD, 5 Day wg/1 3.7 2.8 <1.0
Barium, Total mg/1
Barium, Dissolved mg/1
Bicarbonate mg/1
Boron, Total mg/1
Boron, Dissolved mg/l
Cadmium, Total mg/l
Cadmium, Dissolved mg/1
Calcium mg/l
Chloride mg/1
Chromium, Total mgfl
Chromium, Dissolved mg/l
Copper, Total mg/1
Copper, Dissolved mg/1
Cyanide mg/1
Fluoride mg/l
Gross Alpha Radioactivity pCi/1
Gross Beta Radioactivity pCi/1
Iron, Total wg/l 0.04 1.934 0.015 0.046 0.065
Iron, Dissolved mg/1
Lead, Total mg/l
Lead, Dissolved mg/l
MPN Fecal Coliform MPN/100 m}l 2.0 <2.0 <2.0
MPN Total Coliform MPN/100 ml 2.0 11.0 2.0
Magnesium mg/l
Manganese, Total mg/1 0,012 0,004 0.010
Mercury, Total mg/1
Nitrate, NO3 as N mg/1
041 and Grease mg/1 1.0 <1.0 <1.0
Phenol mg/l
Phosphate, PO, as P mg/1
Potassium mg/1
Selenium, Total mg/l <0,001 <0,001 <0,001
Selenium, Dissolved mg/1
Silver, Total mg/l
Silver, Dissolved mg/1
Sodium mg/1
Sulfate mg/1
Suspended Solids mg/1 2.0 52,0 5.0 5.0 2.0
Total Dissolved Solids mg/1 200 314 a2 330 300
Total Organic Carbon mg/l
Turbldity NTU
Zinc, Total mg/l

Zinc. Dissolved

or/l
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Table 23. Continued.
Parameter Units 7-25-79 8-8-79 8-22-79 9-12-79 9-26-79

FIELD MEASURMENTS
Discharge cfs 0.36 0.12 0.03 0.21 0.18
Dissolved Oxygen mg/1 6.0
pH units 7.3 7.6 7.8 7.6 7.6
Specific Conductance umhos/cm @ 25° C 400 430 500 480 450
Temperature, Air *C 23 24 15 14
Temperature, Water < 13 16.5 9 11.5
LABORATORY MEASUREMENTS
Acidity, as CaCO. mg/1l 8,0 14.0 13.0 22,0 12,0
Alkalinity, as CaCOj mg/1 180 272 242 210 214
Ammonia, NHy as N mg/l
Arsenic, Total mg/1
Arsenic, Dissolved mg/l
BOD, 5 Day mg/l <l.0 1.5
Barium, Total mg/l
Barium, Dissolved mg/l
Bicarbonate mg/1
Boron, Total mg/l
Boron, Dissolved mg/l
Cadmium, Total mg/l
Cadmium, Dissolved mg/l
Calcium wg/l
Chloride mg/l
Chromium, Total mg/l -
Chromium, Dissolved mg/l
Copper, Total mg/l
Copper, Dissolved mg/1
Cyanide mg/1
Fluoride mg/l
Gross Alpha Radioactivity pCi/1
Gross Beta Radioactivity pCi/1
Iron, Total mg/1 0.210 0.09 0.590 0.57 1.290
Iron, Dissolved mg/l
Lead, Total mg/l
Lead, Dissolved mg/l
MPN Fecal Coliform MPN/100 ml <.,0 5.0
MPN Total Coliform MPN/100 ml 17.0 33.0
Magnesium mg/l
Manganese, Total mg/l 0,002 0.004
Mercury, Total mg/l
Nitrate, NO3 as N mg/1
0il and Grease wg/l <1.0 l.4
Phenol mg/l
Phosphate, PO, as P mg/l
Potassium wg/l
Selenium, Total mg/1 <0.001 0,001
Selenium, Dissolved mg/l ‘
Silver, Total mg/1
Silver, Dissolved mg/1
Sodium mg/1
Sulfate mg/1
Suspended Solids mg/l 7.0 3.0 7.0 64,0 67.0
Total Dissolved Solids mg/l 240 310 300 310 440
Total Organic Carbon mg/1
Turbidity NTU
Zinc, Total ng/l

Zinc, Dissolved

wg/l
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Zinc, Dissolved

ng/l

Parameter Units 10-10-79 10-24-79 11-14-79 11-28-79 12-12-79

FIELD MEASURMENTS )

Discharge cfs 0.22 0.18 0.01 0 ] !

Dissolved Oxygen mg/l '

pHl units 7.7 7.3 7.58 1

Specific Conductance umhos/cm @ 25° C 450 390 460

Temperature, Alr o 1 \

Temperature, Water o 6 1

LABORATORY MEASUREMENTS '

Acidity, as CaCOy mg/1 8.0 12,0 20.0

Alkalinity, as CaCOj mg/1 196 204 210 !

Amnonia, NHi as N mg/l !

Arsenic, Total mg/l

Arsenic, Dissolved mg/l |

BOD, 5 Day mg/1 <1.0 <1.0 !

Barjum, Total mg/1 i

Barium, Dissolved mg/l i

Bicarbonate mg/l i

loron, Total mg/l |

Boron, Dissolved mg/1 '

Cadmium, Total mg/1 1

Cadmium, Dissolved mg/l ;

Calcium mg/1 i

" Chloride mg/1 [

Chromium, Total wg/1 |

Chromium, Dissolved mg/1 {

Copper, Total mg/1 1

Copper, Dissolved mg/1 i

Cyanide mg/1

Fluoride mg/1

Gross Alpha Radioactivity pCi/1

Gross Beta Radioactivity pci/1

Iron, Total mg/l 0,155 0.580 0.440

Iron, Dissolved mg/1

Lead, Total mg/1

Lead, Dissolved mg/l

MPN Fecal Coliform MPN/100 ml 20,0 - ¢ .0

MPN Total Coliform MPN/100 ml 490 110

Magnesium mg/l .

Manganese, Total wg/l " 0.021 0.445 0.008 j

Mercury, Total mg/1 |

Nitrate, NO; as N mg/l |

01i) and Grease mg/1 1.6 0.8 !
i

Phenol mg/1 :
1

Phosphate, POI‘ as P mg/l .

Potassium mg/1

Selenium, Total mg/1 <0.001 <0.001

Selenium, Dissolved mg/1

Sil.ver, Total mg/1 )

Silver, Dissolved mg/1 i

Sodium mg/l R

Sulfate mg/1 !

Suspended Solids mg/1 4.0 12,0 <1.0 }

Total Dissolved Solids - mg/1 370 285 308

Total Organic Carbon mg/l

Turbidity NTU i

Zinc, Total mg/l
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12-26-79

Parameter Units 1-9-79

FIELD MEASURMENTS
Discharge cfs 0 0
Dissolved Oxygen mg/1
pH units
Specific Conductance umhos/em @ 25° C
Temperature, Air °C
Temperature, Water c
LABORATORY MEASUREMENTS
Acidity, as CaCO mg/l
Alkalinity, as CaCOj wg/1
Ammonis, NHy as N mg/l
Arsenic, Total mg/l
Arsenic, Dissolved mg/l
BOD, 5 Day mg/l
Barium, Total mg/1
Barfum, Dissolved mg/l
Bicarbonate mg/1
Boron, Total mg/l
Boron, Dissolved mg/1
Cadmium, Total mg/l
Cadmium, Dissolved mg/l
Calcium mg/1
Chloride mg/l
Chromium, Total mg/1
Chromium, Dissolved mg/l
Copper, Total mg/l
Copper, Dissolved mg/1l
Cyanide mg/1
Fluoride wg/l
Gross Alpha Radioactivity pCi/l
Gross Beta Radioactivity pCi/i
Iron, Total mg/1
Iron, Dissolved mg/l
Lead, Total mg/l
Lead, Dissolved mg/l
MPN Fecal Coliform MPN/100 ml
MPN Total Coliform MPN/100 ml
Magnesium mg/1
Manganese, Total mg/1
Mercury, Total mg/l
Nitrate, NO; as N mg/l
0il and Grease mg/l
Phenol mg/l
Phosphate, PO, as P mg/1
Potassium mg/1
Selenium, Total mg/l
Selenium, Dissolved mg/1
Silver, Total mg/l
Silver, Dissolved mg/l
Sodium mg/1
Sulfate mg/l
Suspended Solids mg/l
Total Dissolved Solids mg/l
Total Organic Carbon mg/l
Turbidity NTU

" Zine, Total ag/l
2inc, Dissolved mg/l
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Table 24. Results of chemical analyses of surface water quality
samples collected at Station VC-1.
Parameter Units 8-6-75 12-26~75 1-26-76 3-9-76 4-28-76 6-14-76

FIELD MEASURMENTS
Discharge cfs 14,0 8.1 8 15
Dissolved Oxygen mg/1 10.0 8.4 6.8 7.1
pH units
Specific Conductance umhos/cm @ 25° C 641 730 670 780 700 640
Temperature, Air °C -4.0 2.0 10 4
Temperature, Water Y o 1.0 6 2
LABORATORY MEASUREMENTS
Acidity, as CaCO mg/1
Alkalinity, ss C3CO3 mg/l 218 258 216 278 236 218
Ammonia, NHy as ¥ mg/l
Arsenic, Total mg/l <0,01 <0, 001 0,007 0.003 0.002 <0,001
Arsenic, Dissolved mg/l
BOD, 5 Day mg/1 .
Barium, Total mg/l <0, 01 0,03 0.084 0.065 0.044 0,023
Barium, Dissolved mg/1
Bicarbonate mg/1 264,20 314,76 263 339.1 287.9 265.9
Boron, Total mg/1 <0.01 <0,01 <0,001 <0, 001 0,005 <0,001
Boron, Dissolved mg/l
Cadmium, Total mg/l <0,001 <0,001 <0,001 <0,001 <0,001 <0,001
Cadmium, Dissolved mg/1
Calcium mg/1 68.0 77.6 59.2 78.4 72.8 63.2
Chloride mg/1 6.0 8.0 9.0 8.0 6.0 6.0
Chromium, Total mg/1 <0,01 <0.01 <0, 001 <0.001 <0, 001 <0, 001
Chromjum, Dissolved mg/l
Copper, Total mg/1l <0,01 <0,01 <0.001 <0.001 <0,001 <0,001
Copper, Dissolved mg/l
Cyanide mg/l <0,01 <0.01
Fluoride mg/1 0.18 0.23 0,23 0.36 0,25 0.28
Gross Alpha Radioactivity pCi/1
Gross Bets Radioactivity pCi/l
Iron, Total mg/1 0,05 0,095
Iron, Dissolved mg/l
Lead, Total mg/l <0.01 <0,001 0.018 0,004 <0,001 <0,001
Lead, Dissolved mg/l
MPN Fecal Coliform MPN/100 ml
MPN Total Coliform MPN/100 ml
Magnesium mg/1 25,55 26.4 28,3 32.16 20,16 20,16
Manganese, Total mg/1 <0,01 0.01 0.042 0.040 0.050 0.058
Mercury, Total mg/l <0,001 <0,001 <0,0001 <0, 0001 <0, 0001 <0,0002
Nitrate, N03 as N mg/1 0.08 0.04 0.173 0,145 0.140 0.17
0il and Grease mg/l <1.0 <1.0 <1.0
Phenol mg/1
Phosphate, PO, as P mg/1 0.05 0.02 0.07 0.155 0.150 0.160
Potassium mg/1 2,01 2,28 2.87 2,78 2,88 1.63
Selenium, Total mg/1 <0,01 <0.01 0.055 0.012 0.015 0,019
Selenium, Dissolved mg/l
Stlver, Total mg/1 <0.001  <0,001 <0.001 <0.001 <©.001  <0.001
Silver, Dissolved mg/l
Sodium mg/l1 3.72 5.0 12,1 3.50 19.4
Sulfate mg/l 49,70 45,0 65.0 46,0 56.0
Suspended Solids mg/1
Total Dissolved Solids mg/l
Tota]l Organic Carbon mg/l 12,0 14.0 12,0 10.0
Turbidity NTU 1.70 1.4 0.16 2,60 0.60 1,30
Zinc, Total mg/l 0,05 0,009 0,430 0,032 0.029 0.021
Zinc, Dissolved mg/l
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Parameter Units 8-26~76 9-30-76 10-27-76 11-29-76 12-28-786

FIELD MEASURMENTS

Discharge cfs 6 9 4,5 5.5 8
Dissolved Oxygen mg/l 8.0 9.2 10,4 9,9 9.8
pH units 8.2 7.2 7.4 7.0 7.8
Specific Conductance umhos/cm @ 25° C 720 520 760 840 780
Temperature, Air oc 15 19 0 -4 -5
Temperature, Water *C 15 9 1.5 1.0 0
LABORATORY MEASUREMENTS

Acidity, as CaCO mg/1

Alkalinity, as CaCOj mg/1 260 102 294 306 290
Ammonia, NHq as N mg/l

Arsenic, Total mg/1 <0, 001 <0, 001 <0001 <0,001 <0.001
Arsenic, Dissolved mg/l

BOD, 5 Day mg/1l

Barium, Total mg/l 0.025 0,012 0.009 0.004 0,007
Barium, Dissolved mg/l

Bicarbonate mg/l 317.2 124,4 358,7 373.3 353.8
Boron, Total mg/1 <0,001 <0.001 <0,001 <0.001 0,001
Boron, Dissolved mg/1

Cadmjum, Total mg/l

Cadmium, Dissolved mg/l

Calcium mg/l 69.0 69,1 52.0 40,0 68.8
Chloride mg/l 12,0 98,0 4.0 6.0 €.0
Chromium, Total mg/1

Chromium, Dissolved mg/1

Copper, Total mg/1 0.005 0.009 0.010 0.015 0.003
Copper, Dissolved mg/1

Cyanide mg/l

Fluoride mg/l 0,39 0.27 0.12 0.20 0.19
Gross Alpha Radioactivity pCi/1 <1 <1
Gross Beta Radioactivity pCi/l <3 <
Iron, Total mg/l 0,310 0.220 0.223 0.275 0,228
Iron, Dissolved mg/l

Lead, Total ng/l <0.001 <0.001 <0.001 <0,001 <0.001
Lead, Dissolved mg/1

MPN Fecal Coliform MPN/100 ml

MPN Total Coliform MPN/100 ml

Magnesium mg/1 25,0 19.60 42,0 64.8 31,68
Manganese, Total mg/1 0,049 0.015 0.016 0.010 0.012
Mercury, Total mg/1 <0,0002 <0,0002 <0.0002 <0,0002 <0,0002
Nitrate, NO; as N mg/1 0.18 0.12 0.10 0.08 0,06
0il and Grease mg/1 .0 4,0 2,6 2.4 <1,0
Phenol mg/1

Phosphate, PO, as P wg/1 0,165 0,200 0.160 0.130 0,150
Potassium mg/1 2,51 2.54 2,51 3.23 2,46
Selenium, Total mg/1 0,016 0.004 <0,001 <0,001 <0.001
Selenium, Dissolved mg/l

Silver, Totsl mg/1

Silver, Dissolved mg/1

Sodium mg/l 17.0 8,10 12.0 4,7 12,0
Sulfate mg/1 37.6 33.0 33.8 61,0 39.0
Suspended Solids mg/1 18.0 21,0 11.0 7.0
. Total Dissolved Solids mg/1 470 350 500 550 510
Total Organic Carbon mg/l 11.0 12.0 3.0 2,6 3.0
Turbidity NTU 6.50 5.10 2,40 0.48 2.0
Zinc, Total mg/1 0.019 0.015 0.025 0.034 0.027
Zinc, Dissolved mg/l
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Parameter Units 3-17-77 6-16-77 6-28-77 8-23-78 10-25-78 12-27-78
FIELD MEASURMENTS
Discharge cfs 6 2,4 19 3 &7 2.9
Dissolved Oxygen wg/1 10.15 8.8 8.5 11.0 10,4
pH units 7.5 7.6 7.1 8.3 7.5 7.86
Specific Conductance umhos/cm @ 25° C 670 450 325 390 540
Temperature, Alr *C 3 21 20 27 5 -17
Temperature, Water °c L) 12 16 15 3 0
LABORATORY MEASUREMENTS
Acidity, as CaCO ‘mg/1
Alkalinity, as CaCO3 mg/1 244 262
Anmonia, NHy as N mg/l 0.15 0.25
Arsenic, Totsl mg/l <0, 001 <0, 001 <0, 001 0,004 <0.001 <0.001
Arsenic, Dissolved mg/l
BOD, 5 Day mg/l
Barium, Total mg/l 0,006 0.056
Barium, Dissolved mg/1
Bicarbonate wg/l 297.6 319.6 195,2 253,7 295.2 336.7
Boron, Total mg/l <0,001 0,017
Boron, Dissolved mg/}
Cadmium, Total mg/1 <0,001 <0, 001 <0.001 <0.001 <0,001 <0, 001
Cadmium, Dissolved mg/l
Calcium wg/1 65,6 68.0 48.8 57.6 74,6 84,0
Chloride mg/1 4.0 10.0 10.0 10,0 8.0 12.0
Chromjum, Total mg/l <0,001 <0,001 <0,.001 <0, 001 <0, 001 <0, 001
Chromium, Dissolved mg/l
Copper, Total mg/l 0,013 0,015 0,005 0,004 0.015 0,010
Copper, Dissolved mg/l
Cyanide mg/l <0,01
Fluoride . mg/1 0.17 0.27 0.14 0.15 0.16 0.16
Gross Alpha Radioactivity pCi/1 2
Cross Beta Radloactivity pCi/1 &
Iron, Total mg/1l 0.201 0.146 0.099 0,237 0.170 0.139
Iron, Dissolved mg/l
Lead, Total mg/1 <0,001 <0, 001 <0,001 <0,001 <0,001 <0,001
Lead, Dissolved mg/1
HPN Fecal Coliform MPN/100 ml <20
MPN Total Coliform MPN/100 m} 110
Magnesium mg/1 28,32 28.32 11.52 24,5 24,0 26.4
Manganese, Total mg/l 0.014 0,047 0,049 0.025 0.030 0,053
Mercury, Total mg/1 <0, 0002 <0,0002 <0,0002 <0,0002 <0.0002 <0,0002
Nitrate, N03 as N mg/l 0,02 0,01 0.20
0il and Grease mg/l <1.0 <1.0 <1.0 1.3 1.6 L1
Phenol mg/l 0,009 0.009 0.008 0,028 0,006
Phosphate, PO, as P mg/l 0.042 0,035
Potassium mg/l 2,53 2,30 1,155 2,09 2,450 2,215
Selenium, Total mg/1 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001
Selenfium, Dissolved mg/1
Silver, Total mg/1 <0,001 <0,001 «<0,001 <0,001
Silver, Dissolved mg/l
Sodium mg/l 5.33 5.66 18.0 4,14 4.00 8,5
Sulfate mg/1 43,0 22,0 28,0 31.5 38.0 46,0
Suspended Solids mg/l 13,0 22.0 12,8 2.0 4.0 16,0
Total Dissolved Solids mg/1 440 320 210 255 295 346
Total Organic Carbon ng/1 3.0 8.0 18.0
Turbidity NTU 1.50 7,50
Zinc, Total mg/l 0,018 0.013 0,007 0.010 0.007 0.004
2inc, Dissolved mg/l
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Parameter Units 2-28-79 4-18-79 6-20-79 8-23-79 10-31-79
FIELD MEASURMENTS
Discharge cfs 5.7 12,6 12.3 4.8 2.7
Dissolved Oxygea wg/l 10.0 10,0 10,0 9.0 9.0
pH units 7.8 7.72 7.95 8,0 7.9
Specific Conductance unhos/cm @ 25¢ C 440 480 375 510 550
Temperature, Alr ’ *C =7 13 10 11 -1
Temperature, Water *c 0.2 6.5 4 8.0 7.9
LABORATORY MEASUREMENTS
Acidity, as CaCO mg/1 10.0 6.0 14.0
Alkalinity, as CaCO3 ag/l 236 238 190 228 220
Armmonia, NH; as N mg/l
Arsentc, Total mg/l <0,001 <0,001 <0,001 <0,001 <0,001
Arsenic, Dissolved og/l
BOD, 5 Day mg/1
Barium, Total mg/1 0.210
Barium, Dissolved mg/l
Bicarbonate wmg/1 287,92 292.8 231.8 278,16 286,40
boron, Total mg/l 0.050
Boron, Dissolved mg/1
Cadmium, Total mg/1 <0,001 <0, 001 <0, 001 <0, 001 <0,001
Cadmium, Dissolved mg/1
Calcium mg/fl 61,6 77.6 56.0 96.0 63.20
Chloride mg/1 <0.1 14,0 4,0 1.0 8.0
Chromium, Total wg/l <0,001 <0,001 <0, 001 <0,001
Chromium, Dissolved mg/l
Copper, Total mg/1 0,003 0,004 0.002 0.007 0.010
Copper, Dissolved mg/l
Cyanide mg/l
Flvoride mg/1 0,18 0.16 0.24 0,25 0.17
Gross Alpha Radioactivity pCi/l
Gross Beta Radioactivity pCi/l
Iron, Totsl mg/1 0,406 3.428 1,080 0.3%0 0,320
Iron, Dissolved mg/1
Lead, Total mg/1 . <0,001 0.003 0.004 <0, 001 <0.001
Lead, Dissolved mgl/l
MPN Fecal Coliform MPN/100 ml
MPN Total Coliform MPN/100 ml
Magnesium mg/1 24,48 20,16 14.4 4,32 26,88
Manganese, Total mg/l 0,088 0,142 0,051 0,051 0,049
Mercury, Total mg/l <0,0002 <0,0002 0,0003 <0,0002 <0,0002
Nitrate, N03 as N mg/l 0.10 0,11 0,24 0.04 <0,01
0il and Grease mg/l 1.2 1.4 3.2 <1.0 <1,0
Phenol mg/1 <0,001 0,008 <0, 001 0,108 <0, 001
Phosphate, POA as P mg/l
Potassium mg/1 2.001 2,318 1.105 2,203 2,250
Selenium, Total mg/l <0, 001 <0.001 <0.001 <0,001 <0.001
Selenium, Dissolved mg/l .
Silver, Total mg/1 <0, 001 <0,001 <0,001 <0,001 <0, 001
Silver, Dissolved mg/l
Sodium mg/l 10,2 8.83 4.10 9.80 9.60
Sulfate mg/1 45.0 38.0 18,0 52,0 54,0
Suspended Solids mg/l 51,0 111 19.0 27,0 27.0
Total Dissolved Solids mg/l 290 315 219 300 310
Total Organic Carbon mg/l
Turbidity NTU
2inc, Total mg/l 0,008 0,012 0,004 0,005 0,006

2inc, Dissolved

mg/l
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Table 25. Results of chemical analyses of surface water quality
samples collected at Station VC-2.
Parameter Units 8-26-75 12-26-75 1-26-76 3=9-76 4-28-76 &-14-76

FIELD MEASURMENTS

Discharge cfs 14,0 8.4 8,0 15.0
Dissolved Oxygen mg/1 9.9 11.2 6.5 8.0
pH units 7.80 7.63 7.9 8.3 8.2 8.5
Specific Conductance umhos/cm @ 25° C

Temperature, Air *c

Temperature, Water c

LABORATORY MEASUREMENTS

Acidity, as CaCO, mg/1

Alkalinity, as CaCO3 mg/1

Anmonia, NH; as N mg/l

Arsenic, Total mg/1 <0,01 <0,001 <0,001 <0,001 <0,001 <0,001
Arsenic, Dissolved mg/1

BOD, 5 Day mg/1

Barium, Total og/l <0,01 0.06 0,008 0,006 0,009 0.012
Barium, Dissolved mg/l

Bicarbonate mg/l 239,97 295,24 239.1 302,5 263,35 253,7
Boron, Total mg/l <0,01 <0,01 <0,001 <0,001 <0.001 <0.001
Boron, Dissolved mg/l

Cadmium, Total mg/l <8,001 <0,001 <0,001 <0,001 <0,001 <0,001
Cadmium, Dissolved mg/1 .

Calcium mg/l 62,40 70,4 51,2 71,2 56.0 58,4
Chloride mg/l 6,0 8.0 6,0 4,0 6.0 2,0
Chromium, Total mg/l <0.01 <0,01 <0,001 <0,001 <0,001 <0,001
Chromium, Dissolved mg/l

Copper, Total o/l 0.02 <0,01 <0,001  <0.001 <0,001 <0,001
Copper, Dissolved wg/1

Cyanide mg/l <0,01 <010,

Fluoride mg/1 0.14 0,25 0.25 0.34 0,30 0.27
Gross Alpha Radioactivity pCi/1

CGross Beta Radioactivity pCi/l

Iron, Total mg/l 0.13 0,160 0.130 0,210 0,244 0.250
Iron, Dissolved mg/l 0,01 0,080

Lead, Total wg/l <0,01 <0.001 0.002 0,001 <0,001 <0,00!
Lead, Dissolved mg/l

PN Fecal Coliform MPN/100 m}

MPN Total Coliform . MPN/100 ml

Magnesium mg/1 20.16 27.36 27.8 29,76 24,0 23,0
Manganese, Total mg/1 <0.01 <0.01 0.035 0.024 0,050 0.058
Mercury, Total mg/1 <0,001 <0.001 <0.0001 <0.0001 <0,0001 <0,0001
Nitrate, NO3 as N mg/l c.10 0.04 0.069 0.130 0,155 0.16
0il and Crease mg/1 <1.0 <1,0 <1.0
Phenol mg/1

Phosphate, PO4 as P mg/1 0.07 0,05 0.12 0.120 0.165 0.165
Potassium mg/l 1,85 2,52 2.10 1.91 1,94 1.42
Selenfum, Total mg/1 <0,01 <0, 01 <0, 001 <0, 001 0,009 0,008
Selenium, Dissolved mg/l

Silver, Total mg/l <, 001 <0, 001 <0, 001 <0, 001 <0,001 <0, 001
Silver, Dissolved mg/l

Sodium mg/l 3.52 12.0 19.0 4,87 16.0 6.5
Sulfate mg/l 41,85 55.0 80,0 56,0 50,0 46,0
Suspended Solids mg/l

Total Dissolved Solids mg/1 374.0 469,0 420,0 467,0 416.0 380.0
Total Organic Carbon mg/l 8.0 17,0 18.0
Turbidity NTU 1,50 0,84 0.24 2,30 0,50 1,40
Zinc, Total mg/l 0,02 0,015 0.013 0,015 0,015 0.005

Zinc, Dissolved

mg/1
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Table 25. Continued.

Parameter Units 8-27-76 9-30-76 10-27-76 11-29-76 12-28-76
FIELD MEASURMENTS
Discharge cfs 5.6 4.0 5.0 4,3 2,0
Dissolved Oxygen . mg/l 8.8 7.3 10.5 10,2 9.3
pHl units 8,2 7.3 7.5 7.1 7.8
Specific Conductance umhos/cm @ 25° C  660,0 740,0 760.0 780.0 750.0
Temperature, Air o 19.0 20,0 2,0 -2.0 0
Temperature, Water °C 8.2 7.3 7.5 7.1 1.8
LABORATORY MEASUREMENTS
Acidity, as CaCOy mg/1
Alkalinity, as CaCOj3 mg/l 234,0 262,0 282,0 306.0 278.0
Ammmonis, NH, as N mg/l
Arsenic, Total mg/l <0.001 <g,001 <0,001 <0,001 <0,001
Arsenic, Dissolved ng/l
BOD, 5 Day mg/1
Barium, Total mg/1 0,010 0.004 . 0,002 0.004 0.004
Barium, Dissolved mg/l
Bicarbonate mg/1 285,4 319.6 334,0 373.3 339.2
Boron, Total mg/1 <0, 001 <0,001 <0.001 <0,001 <0,001
Boron, Dissolved mg/l
Cadmium, Totsl mg/1
Cadmium, Dissolved _ mg/l
Calcium mg/1 65.0 76.8 52,0 40,0 77.6
Chloride mg/1 8.0 8.0 4,0 6.0 4.0
Chromium, Total mg/}
Chromium, Dissolved mg/l
Copper, Total wg/1 0.006 0.012 0.008 0.002 0.003
Copper, Dissolved mg/1
Cyanide mg/1
Fluoride mg/1 0,35 0.25 0.20 0.20 0.18
Gross Alpha Radioactivity pCi/1
Gross Beta Radioactivity pCi/1
Iron, Total mg/l 0.280 0,300 0.310 0,260 0.270
Iron, Dissolved mg/l
Lead, Total ‘mg/l <0,001 <0,001 <0,001 <0,001 <0,001
Lead, Dissolved mg/1
MPN Fecal Coliform MPN/100 ml
MPN Total Coliform . MPN/100 ml
Magnesium mg/1 24,0 18.60 42,0 64.8 24,9
Manganese, Total mg/l 0,048 0,017 0,018 0,017 0,012
Mercury, Total mg/1 <0,0002 <0,0002 <0,0002 <0.0002 <0,0002
Nitrate, NO3 as N mg/l 0.10 0.06 0.05 0.06 0.005
0il and Crease mg/1l <1.0 <1.0 <1.0 .0 <.0
Phenol mg/1 .
Phosphate, PO4 as P ! mg/1 0,140 0,165 0,095 0.085 0,110
Potassium mg/l 2.14 2,27 : 2.21 3,23 2,09
Selenium, Total mg/l 0,006 0,004 <0,001 <0,001 <0,001
Selenium, Dissolved wg/1
Silver, Total mg/l
Silver, Dissolved mg/l
Sodium . ng/1 10.0 18.0 11,0 4,70 10,0
Sulfate mg/l 40.0 39.0 41,0 61.0 35.0
Suspended Solids mg/l 8.0 7.0 6.0 4.0
Total Dissolved Solids mg/l 430,0 480,0 498,0 510.0 489,0
Total Organic Carbon mg/1 15.0 11.0 9.0 6.0 6.0
Turbidity NTU 9.90 3.40 2,00 0.54 1.9
Zinc, Total mgfl 0,006 0.011 0,002 0,005 0.018

Zinc, Dissolved mg/l
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Table 25. Continued.

Parameter Units 3-17-77 6-16-77 6-28-78 8-23-78 10-25-78 12-27-78
F1ELD MEASURMENTS
Discharge cfs 3.5 2.3 16,0 1.5 3.2 5.7
Dissolved Oxygen mg/l 9.75 7.1 8.6 10,0 1131
pH units 7.6 7.6 7.2 8,0 7.2 7.92
Specific Conductance umhos/cm @ 25° C 690,0 425,0 335,0 395.0 500.0
Temperature, Alr *Cc . ~1.0 21.0 24,0 26.0 3.0 -11,0
Temperature, Water *C 2.0 13.0 16,0 12,0 3.0 (]
LABORATORY MEASUREMENTS
Acidity, as CaCO4 mg/1
Alkalinity, as CaCO3 mg/l 244,0 240,0
Ammonia, NH, as N mg/l 0,13 0,13
Arsenic, Total mg/1 <0.001 <0.001 <0.001 <0.000 <0,001 <0, 001
Arsenic, Dissolved mg/l
BOD, 5 Day mg/l
Barium, Total mg/l 0.005 0.018
Barium, Dissolved mg/l
Bicarbonate mg/l 297.7 292.8 207.4 270.8 297.6 329.4
Boron, Total g/l
Boron, Dissolved mg/l
Cadmium, Total mg/1 <0,001 <0,001 <0,001 <0,001 <0,001 <0.001
Cadmium, Dissolved mg/1
Calcium mg/1 68.0 67,2 51,2 57.6 72.0 80,8
Chloride mg/l 4.0 12.0 10.0 4.0 9.0 6.0
Chromium, Total mg/1 <0,001 <0.001 <0,001 «<9,001 <0, 001 <0,001
Chromium, Dissolved mg/l
Copper, Total mg/l 0.002 " 0,007 0.005 0.006 0.009 0.001
Copper, Dissolved mg/l
Cyanide mg/1 <0,01
Fluoride mg/1 0/16 0.20 0.14 0.14 0.16 0.17
Gross Alpha Radioactivity pCi/1 0
Gross Beta Radioactivity pCi/1 0
Iron, Total mg/1 0.223 0.137 0.103 0.164 0.188 0.200
Iron, Dissolved mg/1
Lead, Total ug/L <0,001 <0.001 <0,001 <0.001 <0,001 <0.00%
Lead, Dissolved mg/l
MPN Fecal Coliform MPN/100 ml
MPN Total Coliform MPN/100 ml
Magnes fum mg/1 26,40 25,92 11,50 26.90 25.90 26.40
Manganese, Total mg/1 0.017 0.003 0.050 0.026 0.030 0.047
Mercury, Total mg/1
Nitrate, NO; as N mg/l 0.03 0,01 0,20
0il and Grease mg/1 <1.0 <1.0 <1.0 1.5 2.0 1.2
Phenol mg/l <0,001 0,008 0,002 0,004 0,003
Phosphate, PO, as P mg/l 0.062 0.025
Potassium mg/1 2,18 2.28 1.289 1.82 1.80 2.176
Selenium, Total mg/1 <0.001 <0.001 <0,001 <0,001 <0.001 <0.001
Selenium, Dissolved mg/1
Silver, Total mg/1 <0,001 <0,001 <0,001 <0,001
Silver, Dissolved g/l
Sodium mg/1 8.63 4,78 16.0 3.96 3,90 4,46
Sulfate mg/1 52.0 28.3 26.0 31.0 39.0 43,0
Suspended Solids -mg/l 8.0 3,0 2.2 6.0 5.0 22.0
Total Dissolved Solids mg/1 450,0 280,0 216.0 260.0 298.0 328,0
Total Organic Carbon mg/1 4.0 3.5 19,0
Turbidity NTU 1,50 3,50
Zinc, Total mg/1 0.017 0.011 0.005 0,012 0.009 0,006

Zinc, Dissolved

mg/l
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Parameter Units 2-28-79 4-18-79 6-20-79 8-23-79 10-31-79%
FIELD MEASURMENTS
Discharge cfs 5.1 12,0 13,6 8.4 5.0
Dissolved Oxygen mg/1 9.6 9.1 9.5 8.3 10,0
pH units 7.7 7.73 7.9 8.1 7.3
Specific Conductance umhos/cm @ 25° C 490.0 490,0 358.0 510,0 550,0
Temperature, Air °c «6.0 9.0 14,0 12,0 2,0
Temperature, Water oc 0.2 6.5 4,7 6.0 1.0
LABORATORY MEASUREMENTS
Acidity, as CaCO ng/l 10,0 10,0 16,0
Alkalinity, as CaCOj wg/1 266.0 238.0 184.0 244,0 228.0
Ammonia, NHy as N wg/l
Arsenic, Total mg/l <0.001 <0,001 <0,001 <0,001 <0,001
Arsenic, Dissolved mg/1
BOD, 5 Day mg/1
Barium, Total wg/1 0.217
Barium, Dissolved mg/1
Bicarbonate mg/1 324,57 292,8 224,48 297.88 278,16
Boron, Total ng/1 0. 060
Boron, Dissolved mg/l
Cadmium, Total mg/1 <0,001 <0,001 <0,001 <0,001 <0, 001
Cadmium, Dissolved mg/1 .
Calcium mg/1 72,0 80.8 57.6 96.0 65, 60
Chloride mg/1 <0,1 14.0 4,0 2.0 8.0
Chromium, Total mg/l <0,001 <0,001 <0,001
Chromium, Dissolved mg/l
Copper, Total mg/1 0,006 0.002 0.003 0,011 0.012
Copper, Dissolved mg/l
Cyanide mg/l
Fluoride mg/l 0.17 0,17 0.16 0.24 0.18
Gross Alpha Radioactivity pCi/1
Cross Beta Radioactivity pCi/1
Iron, Total mg/1 0.519 2,236 1.150 1,210 0.860
Iron, Dissolved mg/1
Lead, Total mg/l <0,001 0.002 <0,001 <0.001 <0, 001
Lead, Dissolved wg/l
MPN Fecal Coliform MPN/100 ml
MPN Total Coliform MPN/100 ml
Magnesium mg/l 24,96 19,20 12.96 9,60 29,76
Manganese, Total mg/} 0.079 0,118 0,053 0,066 0.052
Mercury, Total mg/l <0,0002 <0,0002 0,0002 0.0002 0,0002
Nitrate, N03 as N mg/l 0,12 ~ 0,20 0,28 <0,01 0,01
011 and Grease mg/l <1,0 <1.0 5.2 <1.0 1.0
Phenol mg/l <0,001 0,010 <0,001 0.008 <0.001
Phosphate, PO, as P mg/l
Potassium mg/1 2.243 2,234 1,048 2,134 2,240
Selenium, Total mg/1 <0,001 <0,001 <0,001 <0.001 <0, 001
Selenfum, Dissolved mg/l
Silver, Total mg/1 <0, 001 <0,001 <0,001 <0.001 <0,001
Si{lver, Dissolved mg/1
Sodium mg/l 14,0 8.85 2,63 4.92 5.85
Sulfate mg/l 40,0 41,0 14,8 44,3 60.0
Suspended Solids mg/1 55,0 54,0 14,0 84.0 40,0
Total Dissolved Solids mg/l 316.0 318.0 209,0 310.0 320.0
Total Organic Cardbon mg/1
Turbldity NTU
Zinc, Total mg/l 0,005 0.009 0,006 0,004 0.007
Zinc, Dissolved mg/l
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samples collected at Station VC-4.

Parameter Units 9-30-76 10-27-76 11-29-76 12-28-75 