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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 S1X sections. The first section describes

the overall hydrologic environment, giving a synopsis of the physical var1­

abIes 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 agenc1es 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.
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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, light-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
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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 O'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
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(high in organic matter), 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 ale (1968), January

temperatures range from a mean minimum of about 70 F to a mean maximum of
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oJuly 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

1S 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 ~n 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 f;om 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 inf10wing 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 is 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 1S derived from irrigation return

flows. The Price River at Wellington, which 1S 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). Ac~ording 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 (Hundorff, 1972)

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

prainage 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

~n 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 the 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-0.2S)2
P+0.8S (1)

and

CN
1000
10+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). In later
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studies of this phenomenon, Hawkins (1979) concluded that a relatively

constant runoff source (Le. "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

where

CN
100

I + P·f(c)/2 (3)

fCc) = 1 + 2C - (4C2 + 5C)~ (4)

and C is the fraction of the total watershed area contained ~n 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 ~s 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 (I.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

1n 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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soil 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

(for P -:::;:: 1/20<))

later reworked by Sellars (1965), states that

2Q =o<p

and

Q = P - 1/(4~) (for P~1/(2~))

(5)

(6)

where Q is the long-term average annual runoff, in inches; P 1S the

long-term annual precipitation, in inches; and 0( is a runoff coeffi-

-1
cient, in inches A value of 0.015 was assumed for 0< based on

guidelines set forth by Hawkins (1976). Thus, 1/(20<.) 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 Ol'deKop's Formula (Sellars, 1965 and

Q = P - E
o

Linsley, 1976). According to this method,

Ptanh
E

o (7)
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,,,here Q and P are as previously defined; E is the potential eva po­
o

transpiration; and tanh represents the hyperbolic tangent. As noted

in the previous discussion on climate, P and E on the lease area are
o

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 flo"s 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 ~s 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 compar~sons

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

~n Table 1. In this table, S is the standard error of the estimate, in
e

2
acre-feet per month; r ~s 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

(IThite 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
2

r r
e

~~ite 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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Figure 8. Duration curve of mean daily flows of the \fuite River
below Tabbyune Creek near Soldier Summitt Utah for
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1S 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 1n 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 Ol'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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Table 2. Computation of long-term mean discharge of Huntington Creek
above Burnout Canyon, based on the adjusted flow duration curve.

Duration Curve Percentages Discharge (cfs)

Limits Interval
Mean of
Limits

Q for Mean
of Limits

Increment in
Interval

0.00 - 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 10 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 1n 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 50-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:

q25 = 3.7Wl . 57

and

Q50 = 3.9Wl . 58

(5)

(6)
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Figure 12. Frequency of occurrence of monthly and annual flows of streams near
the Valley Camp lease area (from Jeppson et al., 1968).
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where W is the width of the channel bar cross section, in feet, and

q25 and q50 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
Stream Width, in feet

South Fork Eccles Creek 2.0
above Main Fork

Eccles Creek above 3.5
Pleasant Valley Creek

Finn Creek above 0.8
Pleasant Valley Creek

Boardinghouse Creek above 2.7
Pleasant Valley Creek

Slaughterhouse Creek above 1.0
Pleasant Valley Creek

25-Year Peak,
in cfs

11.0

26.4

2.6

17.6

3.7

50-Year Peak,
in cfs

11.7

28.2

2.7

18.7

3.9
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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

pH

Water Temperature

Air Temperature

Specific Conductance

Discharge of Water Level

Dissolved Oxygen

Laboratory Measurements

Acidity

Alkalainity

Ammonia (Nfl
3

as N)

Bicarbonate

Calcium

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 PO
y

Phenol

Oil and Grease
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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 Stations 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).

18.016.014.012.010.08.06.0

Flow Rate, in cubic feet per second
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Figure 13. Variation in dissolved solids concentrations \lith 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
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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 lC (protected for domestic use with prior treatment by
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Table 5. Results of 1aboratory a.na1yses of
selected water quality parameters

(

Total Dissolved Total
Parameter TDS TSS Aciditv pH Iron Iron Mapane~f'

Station Max Min Mean Max Min Mean Max Min Mean Max Min Mean Max Min Mean Max Min Mean Max Min Mean

VC-001 951 200 306 178 1.0 38 32 6 18 8.4 7.0 7.7 1.934 .012 .254 --- --- --- .445 .002 .063

VC-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 --- --- --- .168 .001 .084

VC-5 510 138 274 3910 1 942 10 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 --- -- .... --- --- --- --- 8.5 7.6 8.1 .194 .078 .14 --- --- --- .033 .017 .025

VC-8 655 432 541 --- --- --- --- --- --- 8.5 7.7 8.0 .305 .093 .20 --- --- --- .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

VC-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 7.25 7.9 .62 .144 .36 .114 .060 .087 .040 .004 .020

CS-1 254 190 238 13 4 8 24 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
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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

o
above Eccles Creek) on July 12, 1978 when a temperature of 20.5 C was

recorded.



Table 6.
43

Utah Division of Health numerical standards for water in
the state.

ClASS[S
()o:oeuic Recreation J.quatlc "gn- Jnous
Sourcr I Aesthetics \:i1dlifr cultuM try Spechl

Constitutent ]A 18 Ie v.. 28 ]A 38 3C 3D 4 5 6

Ihctedolodcal (fio.IlOO .1)

(3D-c,y Geometric Hean)
- 1 50 5,000 1,000 5,000 • • • .*

t'.u:ir:lU'll Teul Coliforns
".u''''"", fecal tolHol"'lllS • • 2,000 200 2,000 • • • •

Physic.l

lOLal Dissolved CasseS • • • • • (b) (b) • •
Y.ini",~ 00 [mg/l) (.) • · 5.5 5.5 5.5 6.D 5.5 v 5.5 •
"~Ii~ Te~peraturr · • • • • 200t 270 t • *
I'.axi"..... leQ~. Change • • • • • zoe ..Ot • ·
pH 6.5-9.0 6.5-9.0 6.5-9.0 6.5-9.0 6.5-9.1 6.5-9.0 6.5-9.0 6.5-9.0 5.S-9.0

Turtidity increase (c) • • • IO KTU 10 KTU 10 rrru 10 HTU 15 IiTIl •

Che<'ical (l".axim=. In;11) . Q

J.rsenic. dissolved .05 .05 .05 * * • • M • .1-
Bari~, dissolved 1 1 1 · · • · c • •z:

ta~.i~. dissolved .010 .010 .010 • • • 0004 (d ) .004(d)
...

* .01c..
Co

Ch~~i~, dissolved .05 .05 .05 • * .10 .10 <: .10 .10 or. or.- -
Co~~er. cissolved * · · • * .01 .01 ... • .2 or. or....., <: <:

Cvanide • • • • · .005 .005 '" · • c: '"
l~or.. dissolved • · • • · 1.0 1.0 - 1.0 • .... ....

'" '" or.

leu!. dissolved .05 .05 .05 • • .05 .05 - • .1 ce ce.,. <..: 0..;

roe rcury. total .002 .002 .002 • • .00005 .00005 <: •00005 • . ,
c:> >- >-

Phenol • · • • • .01 .01 • • e c:... , ,
Selenium. dissolved .01 .01 •01 • · .05 .05 on • . 05 ... .....

<: or. '"Silver, dissolved .05 .05 .05 · · .01 .01 ~ · · <: 5, <..:

Zinc. dissolved · · • · • .05 .05 >- · •
<0 <: <:. z: z:

fL~. as n (un-ionized) • • • ...• • .02 .02 '" • · c C>

thtorine • · • · • .002 .01
<: • • c: 0
'-' .....

~
fluoride. dissolved [e) 1.4-2.4 1.4-2.4 1.4-2." • • • • ce • • ~ -
NO as" 10 10 10 z: ::l: ::l:

BG~on. dissolved
C>

a; c:
• · • • • • • · .75 ... ....

0 0- 0-

H-S · • • • · ".002 .0~2 .... · · .... ....
16s (f)

z: c: 0

• · • • • · • - · 1200
::l: ... ...
c: c: <0

Radiolooical (I".aximum pCill)
...

-' -'0-.... -' -'
<:> .- -. :x :x

GroSS J.lpha 15 15 15 • • IS!; } 15(9 ) .... IS{g) 15(9 )c:> on on

RuliUlli 226, 228 combined 5 5 5 • • • · · 0 c
-' "" a;

Strontium 90 8 8 8 • • • • -' · · <: ""- c 0

Trit;,,& 20,000 20.000 20,000 • • * • :x • • z: z:
< <

on 0- t-

o '" '"Pesticides (t'~ximum ug/l) c:
<
0

. [ndrin .2 .2 .2 • • .004 .004 ~ .004 *0-

lindane .. .. 4 • • .01 •• 01 '" .01 ·
~ethoxychlor 100 100 100 • • .03 .03 .03 •
Touphene 5 5 5 * · .005 .005 .005 •
2, (-0 100 100 100 • • • · • •
2. 4, 5-TP IO 10 10 · · • * • •

Pollution lndicators (9)

Gre.-ss Beta (pCill) 50 SO SO · • 50 SO SO 50
BOD ("'911) • • 5 5 5 5 S 5 5
tiC-. as tl (mgll) 4 c 4 4 • •
F~ IS I' (mg/l)(h) · • • .05 .05 . 05 .05

. • ·
~.axirnum concentration varies .ccording to the
daily maxi~UQ ~ean air te~erlture.

Total dissolved solids (lOS) limit ~y be adjusted
on • case-by-cese basis.

Investigations should be conducted to develop ~rt' infor­
~~tion where these pollution indicator levels Ire ex­
ceeded.

PO, .s P(ma/l) licit for lakes and reser~otrs shall be
.025.

(b)

(c)

(d)

Insufficient evicrnce to warrant the establis~~ent of
n~erical standard. Licits assigned on case-by-case
buis.

lhese limits are not applicable to lower ~ater levels ­
in oeep iMpoundments.

Kot to exceed IlD: of saturation.

For Classes ZA, 2B, 3A, and 3B It background levels of
l~Q HlUs or greater, • 10: incre\se li~it will be used
instead of the nur.~ric v.lues listed. For Class 30 .t
background levels of ISO UTUs or greater, I 10: increase
li~it will be used instead of the nvmeric value listed.
Short te~ variances ~~y be considered on a c.se-by­
CISt' huh.

li~tt shill be increased threefold if CaCOJ hardness
in ~ater exceeds 150 ~/l.

(f)

(g)

(h)

Temo.

12.0 and belO>t
12.1 to le.6
14.7 to 17.6
17.7 to 21.4
21.5 to 26.2
26.3 to 32.5

InOIl

2.4
2.2
Z.O
1.8
1.6
1.4
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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-l (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-IO (Huntington

Creek above Electric Lake), iron at Station VC-5, ('~iskey Creek above

Eccles Creek), zinc at Stations VC-l (Pleasant Valley Creek above Scofield)

and VC-5, and selenium at Stations VC-l, 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 organ1c 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

Surface Geology

Soils

Climate

Runoff

Topography

Ground Cover

Land Use

Upland Erosion

Channel Erosion

Description

Interbedded shales and sandstones,
moderately fractured

Medium textured with high percentage
of coarse fragments

Precipitation primarily as snow,
humid

Large volume, high peak per unit area

Steep, high relief, no flood plain
development

Area completely protected

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

About 25 percent of area characterized by
landslide erosion

Occassiona11y eroding banks, moderate
flow depth

Rating

8

o

o

10

20

-10

o

10

10

Total 48

Sediment yield (from Figure 15) = 0.4 AF/mi2/yr.

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

Equation: A = RKLSCP

Variable

R

K

L
S

C

P

A

Meaning

Rainfall factor

Soil Erodability factor

Slope length factor (1000 ft)
Slope gradient factor (28%)

Cropping management factor

Erosion control practice factor

Estimated soil loss (tons/acre/year)

Assigned Value

26

0.24

29

0.03

1.0

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-l, VC-2, VC-4,

VC-S, and VC-lO will be maintained 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 (Stations VC-ll, VC-l2, and VC-l3 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-lO 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-lO will allow adequate monitoring of activities

in the South Fork of Eccles Canyon without CS-l, 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-lO) and on Pleasant Valley Creek

(Stations VC-l and VC-2) will be sampled each spring and fallon 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-II, VC-12,

and/or VC-13) and analyzed according to Table 9 beginning one year

prior to any potential underground impact. (These stations are

generally inaccessible 1n 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
pH
Specific Conductance
Temperature, Air
Temperature, Water

Ammonia (NH
3

as N)
Bicarbonate
Calcium
Chloride
Iron, Total
Magnesium
Manganese, Total

Phenol
Phosphate, Total as P04
Potassium
Sodium
Sulfate
Suspended Solids
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-OOI has been established for this purpose at

the Belina No. I Mine.

As required, water quality data collected from surface water monitor­

ing stations will be submitted quarterly to the regulatory authority

(Utah Division of Oil, 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 1ncrease in dissolved solids concentration

1S 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 on 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 ~n 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

1S 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., most 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 spr1ngs 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



60

has probably traveled further and/or remained underground longer

than water surfacing higher up in the Blackhawk Formation.

The few spr~ngs 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

lorns et a1. (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

S24-12 High TDS content, South Fork of Eccles Canyon

S25-13 High flow, low TDS content, near Be1ina No.1
Mine

S31-13 Lower elevation, headwaters of Finn Canyon

S36-17 Below O'Connor Mine, headwaters of Boarding­
house Canyon

S36-19 Headwaters of Coal Canyon

S36-23 Headwaters of James Canyon

Note: The letter S in the station number indicates that the source is
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 1S 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 II. 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 InteliVal 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
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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 1S 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 Formation 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

6-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 Mercury

Boron Potassium

Cadmium Selenium

Calcium Silver

Chloride Sodium

Chromium Sulfate

Conductivity Suspended Solids

Copper Total Dissolved Solids

Fluoride Zinc



68

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 8S24-1, 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 8S24-1

indicates that the Conne1vi11e 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 8andstone)

and the existence of two major fault zones which traverse the stream

segment (the O'Connor Fault near 8819-1 and the Pleasant Valley Fault

near 8817-1).
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Figure 18. Results of seepage study flows and stream loading calculations for the Main Fork
of Eccles Creek. All values have been corrected for tributary inflow.
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Based on the number of springs along the stream, it appears that the

O'Connor Fault is 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

O'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-l (flow equaled 15 gallons per minute). The results compare well with

the calculations in most cases. The comparison between S-l and the

O'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-l 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-l (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 Cone., O'Connor

Parameter SS24-l SS19-l Increase in mg/l Mine S-l

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-l 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 1n 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-l and SS24-3). 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 SS24-3 and SS24-4. The remaining

20 gallons per minute of the noted increase likely resulted from diffuse



73

1.60

112....2

1.60

1524-7

Stat.1C1r1 ldenUfleaclOQ
5S2t.-4
5524-5 $524-6

0.40 0.60 O.IJJ 1.00 1.20
Di!iltanee Fro. Farthest Upstrea. Station. in ailes

5124-3

0.20

/
II\. V

/ \ /
Sulfa e, 1/ \ 1/

/ t-- I-- -V 1\
\ J/

V

L
/

V

SSZ)-l

I

~.o
0.00

14.0

iz.o

$
1".0

t
i 11.0
~

~

3 '6.0

1
j

2.0

A24-25524-7

'tatloa tdlmt1flG&ttoa
SSU-4
5524-5 5124-6

Diatance Froll Farthest Upstrealll Station. In 1II11ell

I

/
1/

....-I',,"", r\ /
[Y \ I o,U, /

1 L 1\ /
V' 1/

"L \ I,
/ / \ /\ V

/ V V
,

\ !--~---' /

/ V
\

/
\ /

I" \ /

V

0.00 0.20 0.40 0.60 0.'" l,~ ,," 'w

6.0

0.0

4.0

2.0

12.0

SlU-l

14.0

10.0

$
t
-3 1.0
!
ll.

1.6-

ISl4-Z5524-1

1.40

Station Id-.ttlf1catlon
5524·4
5524-S 5524-6

0.40 0.60 0.80 1.00 1.20
Distance Froll Farthest Upstrelllll Station. in utes

5524-]

0.20

! /
I I V

/~i / /

Ila V ~ ""!'..
1/ iem.u.

lY 1/ -...... r-t-- .I1/
/' t---.

V /' I j/ r-. t-rot , ... Ived 011& t- f..'
V 1/

/ /

L ""

V- i,
I
!

...... C.l -) ..--.--
f.--I--"

~

0.00

SS2J-l

2SO

$
t
I 200§
~

~

.3 'SO

~
~ 100

SO

1.60

55

1.60

5524-7

1.201.00

5524-6

0.'"

SCation tdentltlcaclon

0.60

Distance hall Farthest lJpstrealll Station. In .iles

0.40

S52' ]

0.20

- - 24-

./

/ f'-.. t-... /V
V

Vi 1"" "
V

/'

1/
V

0.00

112.5-1
0.24

0.20

1

i 0.16

i
.;
"

0.12

!
"
~ 0.08

~

0."

0.00

(

5525-1 5524-]

Station Identification
5524-4
5524-5 5524-6 5524-7 5524-2

/ t--
1/ r---f\

/ \ Ch'o Ide

/ '(
:; \

/ \
\

\
Pota

'~ f-- f-- - \-!-- - ,- -
\--- - i\

\
Distance- Tro. rarthe"t lIpsCTe•• Statton. In ailes

Station Identification

'.60

552~2

1.40

5524-7

1.201.00

5524-6

0.""

5524-4
5524-')

Station Identification

0.600.40

5524-]

0.20

_/
Boron

V
........

~

/ ""- -.......V.

/
V

,/V A Zinc

/ /
L

I \
/- I-r-. I'

/

r- - -...I

0.00

0.00

fo.os

5525-1

:0.10
i
I

i

~

8 0.02

5524-2

1.60

5524-7

'-'01.20'.00

5524-6
5524-4
5524-5

0.'"

Station Identification

0.600.40

5524-3

0.20

v l\ 0.055

---/~ \ !'fang nese

1/ ,
/

/ \ f'"' po< I---
..-

/ \ ""
/ /\..... t-

L ...- -' \....
,... I/'

/

1\ V

\ V

\/
0.00

SS2S-1
0 ....

0.005

t
i 0.004

t
t

0.003

1
! 0.002

j

0.001

0.000

Dilltanee Fro. Farthellt Upstream Station. to .ile.

I
I

I

I
I

I

IfFl~ 1de

--- -- I.--f.- ~")

~ - - r- -t - l-
I

f-J
0.00 0.20 0.40 0.60 0.'" 1.00 1. 0 I. 0 1.

0.7

0.6

0.'

~

~ 0.'

~

"1 0.3

~
j

0.2

0.'

0.0

'.60

5524-2

1.40

5524-7

1.201.00

5524-6

0.""

5524-4
SS2lo-S

0.600.60

5524-]

0.200.00

SSZS-l

6.0

'.0

~

3

i 4.0

f
" '.0

j
i 2.0

j

1.0

0.0

(

l

Figure 19. Results of seepage study flows and stream loading calculations for the South Fork of
Eccles Creek. All values have been corrected for tributary inflow.
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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 SS24-3 and SS24-7.

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 change,

but overall alternations in flow were insignificant.

A large beaver pond has been built between SS24-7 and SS24-2. 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 m1ne face. For

example, in approaching the fault from the east, the Belina No.1 Mine

encountered a sandstone lense at the fault in section 24, T. 13 S.,

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 the 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 provide 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-l

and 1100 feet per mile at the head of Eccles Canyon above W13-l. Just

below W13-l 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-l 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-l. 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-l 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-l. In other locations, flows were usually under

five gallons per minute and often zero.



79

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 semi log time-drawdown (or time-residual drawdown) Curve using the Jacob

equation (U.S. Bureau of Reclamation, 1977), which states that

T = 2.303 Q

4'TrCl s/a (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 tit', 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 tit'). For one log cycle, clog t (or

d log tit') is equal to one. With this in mind, and converting to the

gallon-day-foot system of units, equation 10 can be written as

T = 264 Q
Lls (l1)
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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; and6s is the drawdown

difference per log cycle of time, in feet. The recovery test equation

substitutes Sl 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 lit~le 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 1S 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 quality samples were collected during the fall of

1979 from 11 springs (those in Table 10 with the exception of S36-23

and additionally S6-3, S25-5, S35-13, S36-3, and S36-7) shown in Plate
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4. Samples were also collected for limited analyses from seepage in

the O'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 the 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 1n 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 prolonged 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 rninc~ .nd ~ells.

O'Connor Alpine Belina Belina Upper Ecclea Lower Eccles Whiskey Canyon
Well Well No. 1 Mine No. 1 Mine Well (W13-1) Well (W17-1) Well (W19-1)

Date of Sample Harch, 1979 March, 1979 March, 1979 October, 1979 November, 1979 November, 1979 December. 1979

Parameter Concentration. in milligrams per liter

A.rsenic 0.004

Barium O.Ob

Bicarbonate 241. ~b 197.04 2~8.04 312.32 278.00 329.40 309.88

Cadmium <0.001

Calcium 82.40 32.00 92.00 M.oo 43.20 112.80 75.20

Chloride 2.0 2.0 2.0 <l.0 <l.0 3.0 4.0

Chromium <0.001 O.OO~

Conduct! vay 510 285 580 ·370 740 ~40 ~OO

Fluoride 0.17 0.84 0.11 0.13

Iron 0.~30 0.225 2.4~0 0.4b5

Lead <0.001

Magnesium 25.92 9.00 12.00 21.12 30.72 11.52 21.12

Mercury <0.0002 <0.00005 <0.00005 <0.0002

Nitrate <0.02 <0.01 <0.01 0.24

Orthophosphate <0.01

Potassium 2.213 1. 289 3.b5 0.83b 12.50 2.117 1.419

Selenium <0.001

5ilver <0.001

Sodium 1.84 21.32 25.05 1.7~ 7b.~ 3.89 2.51

Sulfate 118 b.O 115 b.O 185 b3.0 2b.0

TDS 335 182 380 2~0 480 384 300

pH 7.47 7.39 7.30 7.49 7.35 7.40 7.00

Notes: Conductivity in .icromhoa per centi.-ter at 25·C; pH in atandard unita,
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Table 15. Maximum, ·minimum, and mean concentrations of various
ground water constituents.

Spring Samples Well and Mine Samples
Parameter Concentration in mg/1 Concentration in mg/1

Maximum Minimum Mean Maximum Minimum Mean

Acidity, as CaC03
20.0 12.0 15.4

Alkalinity, as CaC03
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

Pheno1* 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 S36-3 was tested for phenol.
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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 spr1ngs, 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-l and 0.40 mg/l at W17-l).

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-l

(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 (WI9-I).

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-l, 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-l). Significant changes in the

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

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 Oil, 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 UI. Flow
Claim 110. Owner Sourc. (cfs) Purpol. of UI. Period of Us.

91-345 Tom Nlcolaides Green Canyon Sprlng Stream 0.75 Irrlgation March 1 to November 30
Leon Nlcolaides
Hary Stathla
Bes.le Daraban

91-423 IIlck Harakla Wlnter Quarter. Creek Stockwaterlng January 1 to December 31
(; Interest)

91-431 IIlck Harakla Stream Stockwaterlng January 1 to December 31
(; Interest)

91-431> Nlck Marakl. Stream Stockwaterlng January 1 to December 31
\0(; Intare.t) \..oJ

91-437 Nlck Harakla Clear Creek Stockwaterlng January 1 to December 31
(; Intarest)

91-438 IIlck Harakla Clear Creek Stockwaterlng January 1 to December 31
(; Intarest)

91-440 Nlck Harakla Waah wlth .torage Stockwaterlng January 1 to December 31
(; Intere.t)

91-441 Nick Harakla Stream wlth .torage Stockvaterlng January 1 to December 31
(; InUrest)

91-41>2 John Hankl. E.tate Wlnter Quarter. Creek Stockwaterlng January 1 to December 31
(; Interest)

91-471 John Harakla E.tate Stream Stockwaterlng January 1 to December 31
(; Interest)

91-47b John Marakls E.tate Stream Stockwaterlng January 1 to December 31
(; Interest)

91-477 John Harakls E.tate Clear Creek Stockvaterlng January 1 to December 31
(; Interest)

91-478 John Harakls E.tate Clear Creek Stockwaterlng Jlnuary 1 to December 31
(; interut)



Table 16. Continued

Watar U.. Flov
Cld. "0. Owner Source (efs) Purpose of Use Period of Use

91-479 John Marak" Estate Wash with storage Stoekwa terlng January 1 to December 31
(, interest)

91-480 John Marak" Estate Stream with storage Stockwater1ng January 1 to December ]1
(, interest)

91-487 Robert Radakovich Stream Stockwatering May 1 to December 15

91-48] Robert Radakovich Winter Quartars Creek 0.44] Irriaat10n March 1 to December 15
Stockwater1ng \0

.l:""
91-592 John Marak" Estate Mud Creek Stockwaterlng January 1 to December ]1

(, interest)

91-59] Hick Marak" Mud Creek Stockwaterlng January 1 to December ]1
(, interest)

91-1008 U.S. Forest Service Snider Canyon Creek Stockwaterlng July to September ]0

91-1009 U.S. Forest Service Tributary to Snider Canyon Cr. Stockwatering July to September ]0

91-1010 U.S. Forest Service Tributary to Mud Creek Stockwatering July to September ]0

91-1011 U.S. Forest Service Mud Creek Stockwatering July to September ]0

91-1012 U.S. Forest Service Mud Cuek Stoekwatering July to September ]0

91-101] U.S. Forest Service Tributary to Mud Creek Stockwatering July to September 30

91-1014 U.S. Forest Servica Tributery to Mud Creek Stockwatering July to September ]0

91-1015 U.S. Forest Service Tributary to Mud Creek Stockwaterina July to September ]0

91-1016 U.S. Forest Service Long Canyon Creek Stockwatering July to September ]0

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

91-1018 U.S. Forest Service Tributary to Mud Creek Stockwaterina July to September 30

91-1019 U.S. Forest Service Tributary to Boerdinghouse Stockwaterlng July to September ]0
Canyon Creek



Table 16. Continued

Water U•• Flow
Clelm 110. OImer Source (cfs) Purpose of Us. Period of Us.

91-1020 U.S. Forest Service Boardinghouse Cenyon Creek Stockwatering July to September 30

91-1021 U.S. Forest Servica Boardinghouse Canyon Creek Stockwatering July to September 30

91-1022 U.S. Forest Service S. Fork Eccles Canyon Cr. Stockwatering July to September 30

91-1023 U.S. Forest Service Tributary to South Fork Stockwatering July to September 30
Eccles Canyon Creek

91-1024 U.S. Forest Service Tributary to South Fork Stockwatering July 1 to September 30
Eccles Canyon Creek

91-1025 U.S. Forest Service Tributary to Eccles Canyon Cr. Stockwatering July to September 30 \0
\Jl

91-1026 U.S. Forest Service Tributary to Eccles Canyon Cr. Stockwatering July to September 30

91-1027 U.S. Forest Service Eccles Canyon Creek Stockwatering JUly to September 30

91-1028 U.S. Forest Service Eccles Canyon Creek Stockwatering July to September 30

91-1029 U.S. Forest Service Tributary to Winter Quarters Stockwatering July to September 30
Canyon Creek

91-1030 U.S. Forest Service Tributary to Winter Quarters Stockwatering July 1 to September 10
Canyon Creek

91-1031 U.S. Forest ServIce Tributary to Winter Quarters Stockwatering July 1 to September 30
Canyon Creek

91-1032 U.S. Forest Service Tributary to Winter Quarters Stockwatering JUly 1 to September 30
Canyon Creek

91-1033 U.S. Forest Service Winter Quarters Canyon Creek Stockwatering July to September 30

91-1034 U.S. Forest Service Tributary to Winter Quarters Stockwatering July to September 30
Canyon Creek

91-1037 U.S. Forest Service Tributary to Winter Quarters Stockwatering July I to September 30
Canyon Creek

91-1148 Leon & Tom Nicolaides Green Canyon Stre_ Stockwatering January 1 to December 31
Mary Stathis
Bessie Dar.ban



Table 16. Continued

Water U.. n ....
Cld.. No. Owner Source (efs) Purpo.e of U.. Period of Un

91-1678 Calvin K. Jacob Stream Stoenaterine May to November 30

91-2018 Angelo Georgedea Green Canyon Stream wlth Stoenatering May to October 31
Storale

91-2019 Angelo Georgede. Stream wlth .torage Stoenaterine May to October 31

91-2020 Angelo Georgedel Green Canyon Stream Stoenaterine May to October 31

91-2048 John Joufla. E.tate Pleuant Creek Stoenaterine May 1 to October 31

91-2146 Elrie and Bertha Simon.en Winter Quartera Creek Stoenaterine June 1 to November 30

91-2548 John Jouflu !state Pleuant Creek Stocnaterinl May 1 to October 31
(2/3 intere.t)

-0
91-2549 Lee S. Thoma. Plea.ant Creek Stoenatering May 1 to October 31 0'

(1/3 interest)

91-2971 Lee S. Thoma. Clear Creek O.lOb Irrigation March 1 to November 30
0/3 interest)

91-2972 John Joufla. Estate Clear Creek 0.10b Irrilation March 1 to November 30
(2/3 interest)

91-2973 John Joufla. E.tate Clear Creek 0.381 Irrigation March to November 30

91-2974 Ju. tu. O. Seely Clear Creek 0.170 Irrigation March to November 30
Stoenaurine

91-2977 S. J. Harknes. Clear Creek 0.075 Irrigation March to November 30

91-2978 Ju.tus O. Seely Clear Creek 0.683 Irrigation March to November 30
Stoenaterine

91-2979 S. J. Harkne.. Clear Creek 0.453 Irrigation March to November 30

91-2980 Helen Miller Clear Creek 0.10 Irrigation March to Novemb.r 30

91-2981 Orion Maroine Clear Creek 0.10 Irrigation March to November 30

91-2982 Lillie P••rlon Clear Creek 0.10 Irrigation March to Noyember 30

91-298] Thomas 81CC", Jr. Clear Creek 0.10 Irrieation March to November ]0

91-2984 Waino !. Burton Clear Creek 0.10 Irrigation March to November ]0



Table 16. Continued

Watar U.a Flow
Claim Mo. Owner Source (ch) Purpon of U.e 'eriod of Un

91-2985 Phyllis M Conover Clear Creek 0.10 Irrigation March to November 30

91-2986 William & Armeda Sherman Clear Creek 0.015 Irrig.tion March to November 30

91·2987 Leah B. John.on Clear Creek 0.10 Irrigation March 1 to November ]()

91-2988 E. D. & Elizabeth Jacob.on Clear Creek 0.10 Irrigation March to November 30

91-2989 Scofield Town Clear Creek 0.10 Irrigation March to November 30

91-2990 Della L. Had.en Clear Creek 1.lb1> Irrigation March to November 30

'".....91-2991 John B. Jones Clear Creek 4.58 Irrigation March to November ]()

91-3007 Elrle M. & Bertha Simon.en Winter Quarters Creek 0.63 Irrigation March 1 to November 30

91-3008 S. J. Harkness Winter Quarters Craek 0.693 Irrigation March to November 30

91-3009 Urie M. & Bertha Simonsen Winter Quarters Creek O.bS Irrigation March to November 30

91-3010 S. J. Harkne.. Winter Quarters Creek 0.213 Irrigation March to November 30

91-3011 S. J. Herkne.. Winter Quarters Creek Stockwatering January 1 to December 31

91-3014 Anton Micheloe Snidar Creek Stockwatering January 1 to December 31

91-3015 Anton Micheloe Mud Creek Stockwatering January to December 31

91-3040 Tom Nicolaides Clear Creak Stockwatering January to December 31
Leon Nico1aide.
M.ry Stathis
Bes.l. Dar.ban

91-3045 Milton A. Qaan Clear Creek Stockwatering January to o.cember 31

91·3051 John Ma rsk!. E.tate Clear Creek Stockwatering January to December 31
(; interest)

91-3052 Hick Marskis Clear Creek Stockwatering January 1 to December 31
(; interest)



Table 16. Continued

Water Ua. Flow
Claim No. Owner Sourc.e (etl) PurpOle of Ule Period of Uoe

91-3053 Mil ton A. Oman Clear Creek Stockwatering January 1 to December 31

91-3056 Tom Nicolaides Stre8lll Stockwltering January to December 31
Leon Nicolaides
Mary Stathis
Bude Daraban

91-3057 Milton A. Oman South Fork Eccles Canyon Cr. Stockwatering January to December 31

91-3059 John Marakh Eltate South Fork Ecclel Canyon Cr. Stockwotarlnl January to December 31
(; interut)

91-3060 Nick Marakis South Fork Ecclel Canyon Cr. Stockwaterlna January to Decembe.r 31 \0
(; lnterut) 00

91-3070 John Marakia Eltate Ecclea Canyon Creek Stockwatering January to December 31
(; interut)

91-3071 Nick Marakis Ecclel Canyon Craek Stockwaterlng January 1 to December 31
(; interest)

91-3072 Milton A. Oman Eccles Canyon Creek Stockwaterlnl January to December 31

91-3074 Milton A. Oman Eccles Canyon Creek Stockwaterlng January to December 31

91-3075 Tom Nicola idea Ecclea Canyon Creek Stockwaterinl January to December 31
Leon Nicolaidel
Mary Stathis
Besde Daraban

91-3080 Mil ton A. Oman Boardinghouse Canyon Creek Stockwatering January to December 31

91-3081 Jack Thomal Boardinghouse Canyon Creek Stockwatering January to December 31

91-3082 Milton A. Oman Boardinghouse Canyon Creek Stockwaterinl January to December 31

91-3083 Lavern Jensen Finn Canyon Creek Stockwatering January to December 31

91-3084 Milton A. Oman Finn Canyon Creek Stockwaterinl January to December 31

91-3086 Anton Michelo& Long Canyon Creak Stockwatering January to December 31



Table 16. Continued

Water Uaa Plow
Claim No. Owner Sourca (cfs) Purpo.e of Use Pariod of U..

91-3088 Anton Michalog Tributary to Mud Creek Stockwaterina January to December 31

91-3089 Anton Michalog Stream Stockwataring January to December 31

91-3090 Anton Michalog Stream with Honge Stoekwatering January to December 31

91-3440 Calvin It. Jacob Clear Creek Stockwatering May 1 to November 30

91-3587 North American Coal Corp. Boardinghouae Canyon Creek Stockwatering Juna to Nonmber 30

91-3588 North American Coal Corp. Finn Canyon Creek Stockwaterina Jun. 1 to November 30 1.0
1.0

91-3589 North American Coal Corp. Mud Creek Stockwatering Jun. to November 30

91-3591 Calvin It. Jacob Stream Stockwatering May 1 to November 30

91-3622 Mae Nlcolodema. Clear Creek 0.016 Irrigation March 1 to November 30

91-3633 D. Euray Allred Winter Quarten Creek Stockwatering May to November 30

91-3635 D. Euray Allred Stream Stockwatering May to November 30

91-3644 Ju.tu. O. Seely Clear Creek Stoekwatering June to November 30

91-3645 S. J. Harkoe.. Clear Creek Stockwaterlng Jun. to November 30

91-3bb5 John Hankla Estate Clear Creek Stockwatering January to December 31

91-3bbb Nick Mankla Clear Creek Stockwatering January to December 31
(I.l intereat)

9l-3bb7 Angelo Ceorgedes Clear Creek Stockwatering January 1 to December 31
Domestic



Table 17. Surface water rights in the San Rafael River Basin located on and adjacent to
the Valley Camp lease area.

Water Uae Flow
Claim No. Owner Source (cfs) Purpo.. of Use Period of Use

93-1 U.S. Forest Service Kitchen Fork of Huntington Cr. Stoebatering July to October 10

93-2 U.S. Forest Service Kitchen Fork of Huntington Cr. Stoebatering July to September 30

93-3 U.S. Forest Service Kitchen Fork of Huntington Cr. Stoebatering July to September 30

93-4 Crowther Investment Co. Kitchen Fork of Huntington Cr. Stoebatering July to September 30

93-6 U.S. Forest Service N. Fork of Huntington Creek Stoebeterinl July to September 30

93-7 John Carlisle Bear Canyon Creek Stoebaterinl July to September 30 ~

Mana H. Conder 0
0

93-8 U.S. Forest Service Unnamed fork of Huntington Cr. Stoebatering July to September 30

93-9 U.S. Forest Service Huntington Creek Stoebeterinl July to September 30

93-10 L.O.S. Church Swens Canyon Creek 5toebatering . __._._------_._.._..-
93-11 U.S. Forest Service Swens Canyon Creek Stoebatering July I to September 30

93-12 U.S. Forest Service Huntington Creek Stoebatering July to September 30

93-13 U.S. Forest Service Burnout Canyon Creek Stoebatering July 1 to September 30

93-14 U.S. Forest Service James Canyon Creek Stoebatering July to September 30

93-16 U.S. Forest Service Jame. Canyon Creek Stoebatering July 1 to September 30

93-18 U.S. Forest Service Flat Canyon Creek Stoebatering July to September 30

93-19 U.S. Forest Service Flat Canyon Creek Stoekwatering July to September 30

93-20 U.S. Forest Service Bou1ger Creek Stoekwaterinl July to September 30

93-21 U.S. Forest Service Boulger Creek Stoekwatering July to September 30

93-32 Lela C. Hover Jackson Spring 11 Stream Irrigation ----_._-------.__._..-
Stoekwatering



Table 17, Continued

Watar U.a Flow
Claim No. Owner SOUTce (d.) Purpose of Us. Period of U.a

93-33 Clyde K. Cox Jackson Spring H Stream Irrigation ------------------_._.
Stoclcwataring

93-35 Newel B. Cox Cabin Hollow Stream Irrigation ----------------------
Stoclcwatering

93-3b Newel B. Cox Cove Spring Stream Irrigation ------------.--.----.-
Stoclcwatering

93-37 Newel B. Cox Jackson Spring #1 Stream Irrigation ------------.-.--.----
Stoclcwatering .....

93-38 Clyde K. Cox Cabin Hollow Stream Irrigation ---------------------- 0

Stoclcwatarlng
.....

93-41 Newel B. Cox Burna Cox Spring Stream Irrigation --------------------_.
Stoclcwatering

93-48 .Stanley Cox Jackaon Hollow Stream Irrigation ----------------------
Stoclcwatering

93-49 Clyde K. Cox Jackaon Hollow Strea. Irrigation ----------------------
Stockwatering

93-51 Stanley Cox Weat Fork Jackson Hollow Stream Irrigation ----------------------
Stoclcwatering

93-57 Clyde K. Cox Worth Spring Stream Irrigation -----.----------------
Stoclcwaterlng

93-71 Roacoe C. Cox Worth Spring Stream Irrigation ----------------------
Stockwatering

93-73 A Ira Cox Rosa Spring Strea. Irrigation ----------------------
Stoclcwatering

93-74 Evan Cox Ros. Spring Stream Irrigation ----------------------
Stockwatering

93-71> Phelpa Dodge Corp. Bear Canyon Creek Storlcwatedng July 1 to September 30



Table 17. Continued

Weter Uae Flow
Clai.. Mo. Oomer Source (cfs) Purpoae of Un Period of Un

93-77 Utah Power & Light Co. Bear Canyon Creek Stocbataring July to September 30

93-78 U.S. Fore.t Service Coal Creek Stocbatering July to September 30

93-79 U.S. Forest Service Coal Creek Stocbataring July to Septembar 30

93-80 Reed Neil.on Huntington Creek Stocbatering July to September 30

93-81 Banard Mlaben Huntington Creek Stock.atering July to September 30

93-82 Utah Power & Light Co. Huntington Creek Stoebatar i ng July 1 to September 30 ....
93-83 U.S. Forest Service Cox Canyon Craek Stoebatering July September 30 0

to N

93-84 U.S. Forest Service Valentine Gulch Stoebetering July to September 30

93-85 U.S. Forest Service Valentine Gulch Stoebatering July to September 30

93-81> Kemmerer Coal Company Valentine Gulch Stoebataring July to Septamber 30

93-87 Phelps Dodge Corp. Valentine Gulch Stocbatering July to September 30

93-92 U.S. Forut Service Huntington Creak Stoeltwatering July to September 30

93-95 U.S. Fore.t Service Huntington Creak Stoebatering July to Saptember 30

93-97 U.S. Forut Service Huntington Creek Stocbatering July to Septambar 30

93-99 U.S. Fora.t Service Hughe. Canyon Creak Stoeltwataring. July to Septembar 30

93-100 U.S. Forelt Service Huntington Creek Stoebatering ----------------------
93-101 U.S. Forelt Service Hugha. Canyon Creek Stoebatering July to Septembar 30

93-102 U.S. Forest Serviea Hughel Canyon Creek Stoeltwatering July to Saptembar 30

93-103 U.S. Forut Serviea Hughel Canyon Creek Stoeltwatering July to Saptember 30

93-104 U.S. Forut Serviea South Fork Hughes Canyon Creek Stoeltwatering July to Saptembar 30

93-105 U.S. Forelt Servica South Fork Hughes Canyon Creek Stoebatering July to Saptember 30



Table 17. Continued

Water Uae Fl_
Cld.. 110. Owner Source (cta) Purpose of Use Period of Uae

93-123 U.S. Forest Service Dipping Canal Creek Stockwatering July to October l'

93-124 U.S. Forest Service Dipping Canal Creek Stockwatering July to September 30

93-113 U.S. Forest Service Dipping Canal Creak Stockwatering July to September 30

93-121> U.S. Foreat Service Woodward Canyon Creek Stockwatering July to September 30

93-127 U.S. Forest Service South Fork Hughea Canyon Creek Stockwatering July to September 30

93-21>3 Kemmerer Coal Company Coal Creak Stockwatering July to September 30 t-'
0

September 30
W

93-21>4 Phelps Dodge Corp. Coal Creek Stockwatering July to

93-21>5 Utah Power and Light Co. Coal Creak Stockwatering July to September 30

93-2bb U.S. Fore.t Service Coal Creek Stockwaterlng June I> to Sept_ber B

93-290 Utah Power and Light Co. Coal Creek Stockwaterlng July 1 to September 30

93-338 U.S. Forest S.rYice Huntington Creek Stockwatering July to September 30

93-341> L.n.S. Church Little Swens Canyon Cr. Stockwaterlng Juna to Ho"...ber 30

93-399 Utah Power end Light Co. Huntington Creek Stockwa tering July to September 30

93-434 Willlam R. Whitehead et al Kitchen Fork of Huntington Cr. Stockwetering June to Ho"...ber 30

93-498 Kemmerer eoel Company Left Fork Huntington Creak Stockwaterlng July to September 30

93-543 Morri. S. & Betty A. Cook Coal Creek Stockwaterlng July to September 30

93-544 Kemmerer Coal Company Coal Creak Stockwaterlng July to September 30

93-545 Phelps Dodge Corp. Coal Creek Stockwatering July to September 30

93-549 Kemmerer Coal Company Cox Canyon Creek Stockwaterlng July to September 30

93-550 Phelps Dodge Corp. Cox Canyon Creak Stockwaterlng July to September 30



Table 17.

Water Use
Clalm Mo.

9]-551

9]-553

93-559

9]-610

9]-768

9]-769

93-772

9]-776

9]-777

93·778

93-831

9]-8n

Continued

Owner

Utah Power and Light Co.

Utah Power and Light Co.

Utah Pover and Light Co.

Phelps Dodge Corp.

W. Chad Cox

Donald B. Cox

Donald B. Cox

Mewel B. Cox

Donald B. Cox

A. Ira Cox

Clark-Hontana Realty Co.

Kemmerer Coal Company

Souree

J ....s Canyon Creek

Bear Canyon Creek

Left Fork Huntington Creek

Burns Cox Spring Stream

Burns Cox Spring Strea..

West Fork Jaekson Hollow Stream

Flat Canyon Creek

Flat Canyon Creek

Flat Canyon Creek

Bear Canyon Creek

Bear Canyon Creek

Flov
(efs) Purpose of U..

Stoekwatering

Stoekwatering

Stoekwatering
Irrigatlon

Stoekwatering

Stockwatering
Irrigatlon

Stoekwatering
Irrigatlon

Stockwatering
Irrigatlon

Stockwataring

Stoekwatering

Stockwatering

Stockwatering

Stockwatering

·Period of Use

July to September ]0

July to September ]0

July 1 to September ]0

July 1 to September ]0

....
o
+:'"



Table 18. Ground water rights in the Price River Basin located on and adjacent to the
Valley Camp lease area.

\l.ur Uee Flow
!fbim 110. Owner Source (efa) Purpo.. of U.. ,Period of U.e

91-200 Ut.h lI.tural G•• Comp.ny Underground vater, vell 0.134 Domutie J.nuary 1 to Dee.ml>ar n
(; interest) lrril·tion

91-201 E.rl Thomas Spring with .tor.,. 0.068 Stoelar.tarinl April 15 to November

91-408 Celvin K. J.eob Spring 0.011 Stoelar.tarinl May 1 to November 30

91-424 IUek Marekl! Sprinl with .toral' O.Oll Stoelareterinl J.nu.ry 1 to Dec_bar n
(; int.rest)

.....
91-425 Niek Marakl!: Sprin, 0.022 Stoelar.terinl J.nuary 1 to D.e....h.r 31 0

(; interest) VI

91-432 Niek Marakl! Spring O.Oll Stoelaret.rinl J.ou.ry 1 to Deeemb.r 31
(; interest)

91-433 Niek Marakl! Spring with storale O.Oll Stoelarat.ring J.ou.ry 1 to December Sl
(; interest)

91-434 Nick Marakl! Spring with storage O.Oll Stoelar.t.ring Jaouary, 1 to Dec_her Sl
(; interest)

91-435 Nlek Marakla Spring O.Oll Stoelar.tering J.ou.ry 1 to December S1
(; lnt.rest)

91·455 Robert Radakovich Spring O.Oll Stoelar.t.ring May 1 to Deeemh.r l'

9l-4b3 John M.r.ki. I,t.t. Spring vlth stor'I' 0.011 Stoelar.t.rinl J.ou.ry 1 to Dee!lllb.r n
(; interest)

91-464 John Maraki. Estate Spring 0.022 Stoelar.tariog J.nu.ry 1 to Dee.bel' :n
(; lnterest)

'1-412 John Mar.kl. I,tat. Spring 0.011 Stoclar.terinl Januery 1 to December Jl
(; lnt.rast)

\



Table 18. Continued

WatU Usa Flow
Claim No. OImer Source (ds) Purpose of Us. Period of Us.

91-473 John Harak1s Estat. Spring with storage 0.011 Stockwatering January 1 to December 31
(~ interest)

91-474 John Harak1s Estate Spring with storage 0.011 Stockwatering January 1 to December 31
(~ interest)

91-475 John Harak1s Estate Spring 0.011 Stockwatering January 1 to December 31
(~ interest)

91-481 Robert Radakovich Spring 0.011 Stockwatering Hay 1 to December 15

91-1000 U.S. Forest Service Spring 0.015 Stockwatering July to September 30 ....
0

91-1001 U.S. Forest Service Spring 0.015 Stockwatering July to September 30 C1'

91-1002 U.S. Forest Service Spring 0.015 Stockwatering July to September 30

91-1003 U.S. Forest Service Spring 0.015 Stockwatering July to September 30

91-lb43 Jack Thoma. Spring with storage O.Oll Stockwatering January 1 to December 31

91-lb44 Lee Thomas Spring Stockwatering Hay 1 to Oc tober 31
(1/3 interest)

91-1b79 Calvin K. Jacob Spring O.Oll Stockwatering Hay 1 to November 30
Domestic

91-lbSO Calvin K. Jacob Spring O.Oll Stockwatering Hay to November 30

91-lbSl Calvin K. Jacob Spring 0.011 Stockwatering Hay to November 30

91-198b Angelo aeorgedes Spring with storage 0.05 Fish Culture January 1 to December 31

91-2049 John Jouflas Estate Spring 0.011 Stockw.tering Hay 1 to October 31
(2/3 interest)

91-2144 Elrie and Bertha Simonsen Simonsen Spring 0.022 Domestic January 1 to December 31
('l interest)

91-2145 Robert Radakovich Simonsen Spring 0.022 Domestic January 1 to Decemb.r 31
('l interest)



Table 18. Continued

Water Use Flow
Cld.. No. Owner Source (cfa) Purpose of Uae Pedod of Us.

91-2&69 Della Simonsen Spdng 0.011 Stoclntauring April 1 to November 30

91-2970 Angelo Georgedes Spring 0.015 Stoclntauring May 1 to De tober 31

91-297.5 Justus O. Seely Spring 0.011 Irrigation January 1 to December 31
StoclntaUring

91-297& Justus O. Seely Spring 0.011 Irrigation January 1 to December 31
Staclntatering

91-3012 Angelo Georgedes Spring 0.015 Irrigation January 1 to December 31
Stoclntatering

91-307& Hilton A. Qnan Spring 0.011 Stoclntatering January to December 31

91-3078 Hilton A. Oman Spring 0.011 Stoclntatering January to December 31

91-3087 Anton Hichdo& Spring with storaga 0.011 Stockwatering January to December 31 .....
0

3 Springs 0.033 Municipal to December 31
-..J

91-3094 Scofield Town January

91-304& Dalla L. Madsen Spring 0.011 Stockwatering April 1 to NoYetllber 30

91-34&0 Mountain Fuel Supply Co. Underground water, well 0.134 Domestic January 1 to December 31
(, inter.. t) Irrigation, Hile.

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

91-3500 Lavern Jensen Sprin& 0.011 Stoclntatering January 1 to December 31
Domestic

91-358& North American Coal Corp. Clear Craek Spring Area 0.50 Stoclntatering January 1 to December 31
Domestic
Irrigation
Industrial

91-3590 North American Coal Corp. Clear Creek Hine Tunnel No. 3 0.44& Industrial January 1 to December 31
(Underground Water)

91-3595 North American Coal Corp. O'Connor Hine Tunnel No. 0.030 Industrial January to December 31

91-359& North American Coal Corp. O'Connor Hine Tunnel No. 0.047 Industrial January to Dec""'ber 31

91-3&68 Angal0 Georgedes Spring 0.015 Stockwatering May 1 to De tober 31
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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.

Wat.et' Us.
Cld. No.

93-5

93-34

93-39

93-40

93-43

93-44

93-45

93-4b

93-47

93-50

93-52

93-53

93-54

93-59

93-bO

93-bi

93-b2

Owner

U.s. Forest Seryice

Clyde K. Cox

Newel 8. Cox

W. Chad Cox

Newel B. Cox

Newel B. Cox

Newel 8. Cox

Robert N. Anderson

Robert N. Anderson

Robert N. Anderson

Stanley Cox

Stanley Cox

Clyde K. Cox

Clyde K. Cox

Roscoe C. Cox

Rosco. C. Cox

Stanley Cox

Source

North Huntington Spring

Jackson Spring 12

Cove Spring 12

Burns Cox Spring

Cold Spring

Milk House Spring

Spring House Spring

Unnamed Sprlng 12

Unnamed Spring 13

Unnamed Spring 14

Worth Spring 11

Worth Spring 12

Clyde Spring

Saw Hill Spr1ng

Sten Spring 11

Stan Sprlng 12

Saw Hill Sprlngs

Flow
(ch)

0.022

0.20

0.1337

0.011

Purpose of U..

Stoclewatering

Stoclewatering
Irrigation

Stockwatering

Stoclewaterlng

Stoelewa te ring
Irrigation

Stoclewatering
Irrigation

Stoclewa tering
Irrigation

Irrigation
Stoclewatering

Irrigation
Stoclewaterlng

Irrigation
Stoclewatering

Stoclewatering

Stoclewatering

Stoclewaterlng

Irrigation
Stoclewatering

Stoclewaterlng

Stoclewaterlng

Irrigation
Stockwaterlng

·Period of Use

July 1 to September 30

Hay to October 15

Hay 1 to October 15

Hay 1 to October 15

....
o
OJ
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Table 19. Continued

Weter Uae Flov
Clal. No. OImer Souree (eta) Purpoae of Uae ·Perlod of Uae

93-63 Stenley Cox Stan Spring II Irrigation --_.----------------------
Stoebateri",

93-b4 Roscoe C. Cox Stan Spring 11 Irrigetion --------------------------
Stoebatering

93-65 Doris R. Cox Stan Spring 12 Irrigation --------------------------
Stoebetering

93-66 Donald II. .Cox Stan Spring 12 Irrigation --------------------------
Stoebatering

93-67 Ne_lll. Cox Mineral Spring 12 Irrigetion .------------------.------
Stoebatering

~

0
93-68 Evan Cox Stan Spring 12 . Irrigation -------------------------- \0

Stoebatering

93-69 A. Ira Cox Stan Spring 12 Irrigation ------------------------..
Stoebatering

93-70 Olea D. Cox Mineral Spring 12 Irrigation --------------------------
Stoebatering

93-71 Roaeoe C. Cox Worth Spring Stream Irrigation --------------------------
Stocbatering

93-72 Even Cox Ross Spring 12 Stoebatering --_.----------------------
93-75 Evan Cox Rosa Spring 13 Stoebatering --------------------------
93-90 L.D.S. Chureh Unnamed Spring 0.022 Stoebatering June 1 to November 30

Domes tie

93-98 U. S. rorelt Seniee Sulphur Spring 0.033 Stoebatering July to September 30

93-114 L.D.S. Church Unnamed Spring 0.022 Stoebetering June to November 30

9';-127 L.D.S. Chureh Unnamed Spring 0.022 Stoekvatering June to November 30

93-145 L.D.S. Church Unnamed Spring 0.022 Stoekvatering Juna to November 30

93-153 L.D.S. Chureh Unnamed Spring 0.022 Stoekvatering June to November 30

93-154 L.D.S. Chureh Unnamed Spring 0.022 Stoekvaterlng June to November 30



Table 19. Continued

Water Us. Flow
C1aia No. Owner Sourc. (cto) Purpose of Ule ·Period of U..

93-172 L.D.S. Church Unnamed Spring 0.022 Stockwaterlng June to NO'l'ember 30

93-18b L.D.S. Church Unnamed Spring 0.022 Stockw.terlng Jun. to November 30

93-187 L.D.S. Church Unnamed Spring 0.022 Stoekwlt.rlng June to November 30

93-205 L.D.S. Church Unnamed Spring 0.022 Stockwaterlng June to Novemb.r 30

93-207 L.D.S. Church Unnamed Spring 0.022 Stockwlterlng June to November 30

93-232 Osmond & Idenl J. Crother Brooks Canyon Dlvide Sprlng Stoekwater lng July to September 30

93-279 Crowther Inv.stment Comp.ny Unnamed Spring 0.011 Stockwatering June to October 15 t-'
DOIHstlc t-'

0
93-331 David J. Stone Unnatlled Spring 0.02 Stoc:kwatering June to October 15

93-332 R. PhU Shumway Unnamed Spring 0.02 Stockwatering June to October 15

93-333 Richard S. Christensen Unnemed Spring 0.02 Stoc:kwatering June to October 15

93-334 Douglas G. Marriott Unnamed Spring 0.02 Stockwetering June to October 15

93-343 David J. Stone Unnamed Spring 0.02 Stockwat.rlng June 1 to Octobar 15

93-344 R. Phil Shumway Unn....d Spring 0.02 Stockwaterlng Jun. to October 15

93-345 Richard S. Chrhtensen Unnamed Spring 0.02 Stoekwatering June to October 15

93-3b5 Doug1.. Marrlott Unnamed Spring 0.02 Stoekwaterinc June to October 15

93-379 RUllet o. Brown Unnamed Spring 0.0222 Stockwatering June 1 to Octob.r 15

93-380 H. Dover Hunt Unnamed Spring 0.0222 Stockwaterlng June to October 15

93-381 Don Evans Unnamed Spring 0.0222 Stockwaterlng June to Octob.r 15

93-391 Ell Claylon Unnamed Sprlng 0.0222 Stockwatering June to October 15

93-402 Clark T. Thorstensen Unnamed Spring 0.0222 Stockwatering June to Octob.r 15



Table 19.

Watar Use
Cl"18 No.

93-404

93-411

93-429

93-430

93-431

93-432

93-433

93-435

93-449

Continued

Owner

Russel O. Brown

H. Dover Hunt

Don Evans

Ell Clayton

Clark T. Thor.tenlen

Crowther Investment Company

William R. Whitehead et al

Crowther Investment Company

Crowther Investment Company

Souree

Unnamed Spring

Unnamed Spring

Unnamed Spring

Unnamed Spring

Unnamed Spring

Brooks Canyon Divide

Unnamed Spring

Unnamed Spring

Unnamed Spring

Flov
(eb)

0.0222

0.0222

0.0222

0.0222

0.0222

0.011

0.011

0.011

0.011

Purpoae of U..

Stoekwatering

Stoekwatering

Stoekwetering

Stoekwetering

Stoekwatering

Stoekwatering

Stoekvetering

Stoekwetering

Stoekwaterlng

·Period of U.e

June to October 15

Juna to October 15

June to October 15

June to October 15

june to October 15

June 1 to October 15

Juna to October 15

June to October 15

June 1 to October 15

93-500

93-502

St. of Utah Stete'Land Board North Cleveland Re.ervoir Spring

St. of Utah Stete tand Board Welt Cleveland Reservoir Spring

Stoekwatering

Stoekwatering

July to September 30

July to September 30

93-763

93-770

93-771

93-773

93-774

93-775

Robert N. Anderlon

W. Chad Cox

Donald B. Cox

ROleoe C. Cox

A. Ira Cox

A. Ira Cox

Unnamed Spring 18

Spring Houle Spring

Spring House Spring

Ross Spring 11

Ike Spring 11

Ike Spring 12

0.018 Stoekwatering

Irrigetion
Stoekwaterinll

Irrigation
Stoekwatering

Stoekwetering

Stoekwaterinll

Stockwaterlng

June 15 to October 15

93-838

93-839

93-840

t.D.S. Chureh

t.D.S. Chureh

N. H. Jenlen Inveltment Co.

Unnamed Spring

Unnamed Spring

Unnamed Spring

0.022

0.022

0.022

Stoekwaterlnll

Stoekwaterlng

Stoekwatering

June

June

to November 30

to November 30

to November 30



Table 19. Continued

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

93-841 N. H. Jensen Investment Co. Unnamed Spring 0.022 Stockwatering June 1 to November 30
Domestic

I-'

N. H. Jensen Inveotment Co. Unnamed Spring 0.22 Stockwatering June November 30
I-'

93-842 to N

93-843 L.D.S. Church Unnamed Spring 0.022 Stockwatering Juna to November 30

93-844 N. H. Jensen Investment Co. Unnamed Spring 0.022 Stockwatering June to Navemb·!r 30

93-845 N. H. Jenlen Investment Co. Unnamed Spring 0.022 Stockwetering June to November 30

93-846 N. H. Jensen Investment Co. Cove Spring 0.022 Stockwatering June to November 30
Domestic
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Table 20. Water right exchanges in the Valley Camp lease area.

wnor U..
Chi_ 110. ClIm.r Sourc. 'loy Pyrpo.. of U.. 'uld .f p..

. '1-452 &ob.rt ladakorich W.ll 1.0A.P. Itocklln.rilll Marcil 1 to ."''''r 3D

, '1-772 Vall., Cup eoAl Co8p'D1 W.ll 0.446 eta Induetri.l JaDurp 1 to Dec.-ber 31
Dc.eatle

, 91-140 CoOt.b.rrp IDt.rptl.. IDc. Sprlnp 66.0 A.P. Do_tic JUllOrp to Dec.-bor 31

91-10se Prlc. liver W.t.r U••r. AI.oc. w.U 7.7A.P. IDduatr1al J.DIIOl'7 to Deullblf 31
Do_tic

91-1114 Co••t.l It.t•• In.rlP Co. w.ll. 30.0 A.P. IDduatrld J'DUOrp to Dec.llbor 'I
Do..otlc

'1-1560 Co••tal It.t.. ID.rlP CO. W.ll. 111.0 A.P. Induatrio1 J'DUOrp 1 to Dec.-b.r 'I
Do..otlc

........
W
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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. In 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'Conrtor 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. I 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 ~ich 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 flo~ngfrom 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 1n 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 layers, 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 21st century.
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As has been noted, the occprrence 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. Thus, 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 Section 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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ATTACHMENT A

Water Quality Analysis Methods
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Table 21. Field methods used for the analysis of water quality samples.

Parameter

Flow

Temperature

pH

Conductivity

Diss. Oxygen

Units

cfs

o
C

units

micromhos/cm
@ 2SoC

mg/l

Instrument

Marsh-McBirney current meter, float
measurement, or voll.DDetric measure­
ment

Thermometer

Beckman Model 1009 pH meter

Hydrolab TC-2 conductivity meter

Hydrolab TDO-2 dissolved oxygen
meter



Table 22. Laboratory methods used for the analysis of water quality samples, with standard reference
page numbers.

(

1974 14th Ed.
EPA Standard

Parameter Unit Method Methods Methods
Page No. Page No.

Acidity, as CaC03 mg/l Titration "1 273

Alkalinity, as CaC0
3

mg/l Manual or automated electrometric 3 278
titration to pH 4.5, or automated method -:5

Ammonia, asN mg/l Manual distillation (at pH 9.5) followed 410
by nesslerization, titration, electrode, 159 412
automated phenolate 165

168
.....
N

mgll
V1

Arsenic Digestion followed by silver diethyldithio- 285
carbamate, or atomic absorption '9 283

95 159

BOD, 5-day mg/l Winkler (azide modification) or electrode 543
method

Barium mg/l Digestion folloWed by atomic absorption or 97 152
colorimetric

Bicarbonate mg/l Titration 278..
Boron mgll Colorimetric (Curcumin) 13. 287

Cadmium mgll Digestion followed by atomic absorption or 101 148
colorimetric 182

Calc1UJq mg/l Digestion followed by atomic absorption 103 . 148
or titration 182



)
Table 22.

,
Continued.



1974 14th Ed.
EPA Standard

Parameter Unit Method Methods Methods
Page No. Page No.

MPN Fecal 'Co1iform MPN/I00 m1 MPN'procedure 922

MPN Total Coliform MPN/I00 m1 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

....
mg/1 NMercury F1ame1ess atomic absorption 118 156 -...J

Nitrate. as N mg/1 Cadmium reduction, brucine sulfate. automated 201 423
cad~um or hydrazine reduction 197 427

207 620

Oil & Grease mg/1 Liquid extraction with f;-eongravimetric 229 515

Phenol mgt1 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
colorimetric or flame photometric 235

234

Selenium mg/1 Digestion followed by atomic absorption 145 159

Silver . mg/1 Digestion followed by atomic absorption 146 148
or colorimetric



)
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1974 14th 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/l Gravimetric, turbidimetric, or automated 493
colorimetric 277 , 279 496

Suspended Solids mg/1 Glass fiber £11t ration , I050 C 268 94

Total Suspended Solids mg/l Glass fiber filtration, I800 C 266 92
I-'

Total Organic Carbon mg/1 Combustion - infrared 236 532 N
00

Turbidity NTU Nephelometric 295 132

Zinc mg/l Digestion followed by atomic absorption 155 148
or colorimetric 265
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Results of chemical analyses of surface water quality
samples collected at Station VC-001.

-~------

Parameter Unit. 9-28-77 10-12-77 10-26-77 11-9-77 12-14-77

YIELD MEASURKENTS

Illscharge ch 0.007 0.007 0.004 0.003 0.0004
Dissolved Oxygen mgll 7.2 8.4 7.5 8.4
pH unita 8.10 8.2 7.8 7.7 7.5
Specific Conductance umhoalcm @ 25' C
Temperature, Air 'C 12 10 12 5 6
Temperature, Water 'C 10 6 6 9 1

LABORATORY MEASUREMENTS

Acidity, as CaC03 mgll 30.0 10.0 20.0 20.0 30.0
Alkalinity, as CiC03 mgll 218 226 232 222 214
Aamonia, NH3 as N mgll
Arsenic, Total mgll
Arsenic, Dissolved mgll

BOD, 5 Day mgll 2.5 2.0 1.2
Barium, Total mgll
Barium, Dis.olved mgll
Blcarbonate mgll
Boron, Total mgll

Boron, Dillolved mgll
Cadmium, Total mgll
Cadmium, Dissolved mgll
Calcium mgll
Chloride mgll

Chromium, Total mgll
Chromium, Dissolved mgll
Copper, Total mgll
Copper, Dissolved mgll
Cyanide mgll

Fluoride mgll
Gross Alpha Radioactivity pCill
Gross Beta Radioactivity pCill
Iron, Total mgll 0.207 0.221 0.138 0.141 0.158
Iron, Dissolved mgll

Lead, Total mgll
Lead, Dissolved mgll
MPN Fecal Coliform MPN/IOO ml <2 <2.2 <2
MPN Total Coliform MPN/lOO ml 14 34 2
Magnesium mgll

Hanganes., Total mgll
Mercury, Total mgll
Nitrate, N03 as N mgll
011 and Grease mgll <1.0 ~1.0 2.0
Phenol mgll

Phosphate, POlo as P mgll
Potassium mgll
Selenium, Total mgll <Xl. 001 41.001 <Xl. 001
Selenium, Dissolved mill
Silver, Total mgll

Silver, Disaolved mgll
Sodium mgll
Sulfate mgll
Suspended Solida mgll 14.0 15.0 10.0 49.0 6.0
Total Dissolved Solida mgll 263 221 254 272 2bO

Total Organic Carbon mgll
Turbidity NYU
Zinc, Total agll
Zinc, Dissolved mg/l



Table 23.

FIELD HEASURKItm

Discharge
Di••olved OXygen
pH
Specific Cooductance
Te.peratura, Air
Te.peratura, Watar

UIORATORY KEASUilEKENTS

Acidity, 18 Caco3Alkalinity, as CiC03
~ia, NH3 aa H
AraeniC, Total
Arsenic, Diaaolvad

aoD, S Day
Barium, Total
Barium, Diaaolvad
Bicarbonate
Boron, Total

Boron, Diaaolved
Cadmium, Total
Cadmium, Disaolved
Calcium
Chloride

Chromium, Total
Chromium, Dissolved
Copper, Total
Copper, Dissolved
Cyanide

Fluoride
Cross Alpha &adioactivity
Crosa Beta Radioactivity
Iron, Total
Iron, Dissolvad

Lead, Total
Lead, Dissolved
MPN Fecal Coliform
MPN Total Coliform
Magnesium

Hanganese, Total
Mercury, Total
Nitrate, H03 aa H
011 and Crease
Phenol

Phosphate, po. as P
?otassium
Selenium, Total
Selenium, Diaaolvad
S~lYer, Total

Silvar, Diaaolvad
Sodium
Sulfate
Suspended Solida
Total Diaaolved Solid.

Total Organic Carbon
Turbidity
line, Total
Ziue. Diaaolva.

Continued.

u..iu

ell
..gil
unit.

umbos/CII @ 25' C
'C
'C

.,.11
mgll
.,./1
mgll
.,.11

mgll
.,./1
.,./1
mg/l
mgll

.,./1

.,.11

.,./1
mgll
.,.11

mgll
.,.11
me/ l
me/l
me/ l

mg/l
pCill
pCill
mel1
me/ l

me/l
me/l

HPH/lOO ml
HPH/100 ml

mg/l

mg/l
mg/l
mg/1
mg/l
me/l

mg/1
me/l
.,./1
mgll
mg/l

me/l
mg/l
mg/l
.,./1
mg/l

.,./1
IIl'lI
-ell
-ell

12-28-77

o

131

1-11-78

o

1-2S-71

o

2-8-71

o

2-22-71

o
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Para_ter Unit. 3-8-78 3-22-78 4-12-78 4-2b-78 5-10-78

FIELD MEASURHENTS

Discharge ch 0 0 0 0.15 0.27
Dissolved Oxygen mgll 7.1 7.b
pH units 7.3 7.5
Specific Conductance umhos/cm @25· C
Temperature, Air ·C b 15
Temperature, Water ·C 3 7

LABORATORY MEASUREMENTS

Acidity, as CaC03 mg/l 32.0 18.0
Alkalinity, as CaC03 mg/l 112 104
Ammonia, NH) as H mg/I
Arsenic, Total mg/l
Arsenic, Dissolved mg/l

BOD, 5 Day mg/l lb.O
Barium, Total mg/l
Barium, Dissolved mg/l
Bicarbonate mg/l
Boron, Total mg/l

Boron, Dissolved mgll
Cadmium, Total mg/l
Cadmium, Dissolved mg/l
Calcium mg/l
Chloride mg/l

Chromium, Total mg/l
Chromium, Dissolved mg/l
Copper, Total mg/l
Copper, Dissolved mg/l
Cyanide mg/l

Fluoride mgll
Gross Alpha Radioactivity pCill
Gross Beta Radioactivity pCi/l
Iron, Total mg/l 0.045 0.104
Iron, Dissolved mg/l

Lead, Total mgll
Lead, Dissolved mg/l
.WN Fecal Coliform MPH/IOO ml <2
.WN Total Coliform MPH/lOO ml 12
Magnesium mgll

Manganese, Total mg/l
Mercury, Total mgll
Nitrate, NO) as N mg/l
Oil and Crease mg/l 15.b
Phenol mg/l

Phosphate, POlo .. P mgll
Potassium mg/l
Selenium, Total mg/l 0.013
Selenium, Diaaolved mg/.l
Silver, Total mg/l

Silver, Dissolved mg/l
Sodium mg/l
Sulfate mg/l
Suspended Solids mg/l 178 Ib2
Total Dissolved Solids mg/l 208 240

Total Organic Carbon mg/l
Turbidity NTU
Zinc, Total -.g/l
Zinc, Disaohad mg/l
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Parameter Unit. 5-24-78 0-14-78 b-28-78 7-12-78 7-2b-78

fIELD MEASURHENTS

Discharge ch 0.18 0.3b 0.23 O.Ob 0.03
Dissolved Oxygen mgll 7.2 b.8 b.3 t.7
pH units 7.b 7.8 7.5 7.b 8.0
Specific Conductance umbo./em @ 25· C
Temperature, Air ·C 8 18 24 21 28
Temperature, Water ·C 11 13 12 13 13

LABORATORY MEASUREMENTS

Acidity, a. CaC03 mgll 14.0 14.0 20.0 14.0 18.0
Alkalinity, as CaC03 mgll 33b 219 220 218 210
Allmon ia, NH3 as N mgll
Arsenic, Total mgll
Arsenic, Di.solved mgll

BOD, 5 Day mgll <1.0 <1.0 12.0
Barium, Total mgll
Barium, Dissolved mgll
Bicarbonate mgll
Boron, Total mgll

Boron, Dis.olved mgll
Cadmium, Total mgll
Cadmium, Dissolved mgll
Calcium mgll-....- Chloride mgll

Chromium, Total mgll
Chromium, Dissolved mgll
Copper, Total mgll
Copper, Dissolved mg/l
Cyanide mgll

fluoride mgll
Gross Alpha Radioactivity pCi/l
Gross Beta Radioactivity pCl/l
Iron, Total mgll 0.014 0.034 0.08b 0.095 0.178Iron, Dissolved mgll

Lead, Total mgll
Lead, Dissolved mgll
MPN Fecal Coliform MPN/IOO ml <2 <20 <2MPN Total Coliform MPN/IOO ml 110 330 9Magnesium mgll

Manganese, Total mgll
Mercury, Total mg/l
Nitrate, N03 as N mgll
011 and Grease mgll <1.0 <1.0 <1.0Phenol mgll

Phosphate, POlo as P mg/l
Potassium mgll
Selenium, Total mgll <0.001 <0.001 <0.001Selenium, Di.solved mgll
Silver, Total mgll

Silver, Di.solved mgll
Sodium mgll
SulC.te mg/l
Suspended Solids IIgll 153 38.0 b.2 41.0 24.0Total Dissolved Solid. mgll 24b 300 250 274 33b

Total Organic Carbon mgll
Turbidity NTU

',,- Unc, Total mg/l
Zinc, Dissolved mg/l
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Parameter Unita 8-9-78 8-23-78 9-13-78 9-27-78 10-11-78

FlELO HEASURMEIn'S

Discharge cfs 0.04 0.01 0.02 0.003 0.009
Dissolved Oxygen mgll b.8 b.9 b.9 8.4 7.1
pH units 7.9 7.9 7.5 8.2 7.7
Specific Conductance umhos/cm @ 25' C 141>0 438 430
Temperature, Air 'C 17 23 15 Ib 15
Temperature, Water 'C 15 12 10 9.5 7.5

LABORATORY HEASUREHEIn'S

Acidity, as CaC03 mg/l Ib.O 20.0 2b.0 22.0 22.0
Alkalinity. as CaC03 mg/l 21b 192 198 200 204
Ammonia, NH3 as N mg/l
Arsenic, Total mg/l
Arsenic, Di~solved mg/l

80D, 5 Day mg/l <1.0 1.3
Barium, Total mg/l
Barium, Dissolved mg/l
Bicarbonate mg/l
Boron, Total mg/l

Boron, Di••olved mgll
Cadmium, Total mg/l
Cadmium, Di.aolved mg/l
Calcium mgll
Chloride mg/l

Chromium, Total mg/l
Chromium, Di.solved mg/l
Copper, Total mg/l
Copper, Dissolved mg/l
Cyanide mg/l

Fluoride mg/l
Gross Alpha Radioactivity pCill
Cross Beta Radioactivity pCill
Iron, Total mg/l 0.19b 0.012 0.019 0.015 0.172
Iron, Dissolved mg/l

Lead, Total mg/l
Lead, Dissolved mg/l
MPN Fecal Coliform MPNIlOO 011 <2 <2
MPN Total Coliform MPN/IOO 011 33 23
Magnesium mg/l

Manganese, Total mg/l
Mercury, Total mg/l
Nitrate, N03 as N mg/l
Oil and Grease mg/l <1.0 <1.0
Phenol mg/l

Phosphate, P04 as P mg/l
Potassium mg/l
Selenium, Total mgll <0.001 <0.001
Selenium, Dissolved mgll
Silver, To tal mg/l

Silver, Dissolved mgll
Sodium mg/l
Sulfate mg/l 28.0
Suspended Solids mg/l b7.0 7.0 M.O 11.0 71.0
Total Dissolved Solida mg/l 951 283 270 280 274

~
Total Organic Carbon mgll
Turbidity In'U
Zinc, Total -.g/l
Zinc, Dissolved -.gil
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Par.metel" Unit. 10-2S-78 11-8-78 11-21-78 12-13-78 1-10-79

FIELD MEASURHENTS

Discharge cfa 0,01 0 0 0 0
Dissolved Oxygen mg/l 8.4
pI! unit. 7.0
Specific Conduct.nce umhos/cm @ 25' C 440
Temperature, Air 'C 4
Tt:h1perature, W.teT 'C 5

LABORATORY MEASUREMENTS

Acidity, .s C.C03 mg/l 12.0
Alkalinity, as CaC03 mg/l 206
Amnonia, NH3 AI N mg/l
Arsenic, Total mg/l
Arsenic, Dissolved mg/l

BOD, 5 Day mg/l 1.7
Barium, Total mg/l
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/l
Copper, Total mg/l
Copper, Dissolved mg/l
Cy.nide mg/l

Fluoride mg/l
Gross Alphs Radioactivity pCi/l
Gross Beta Radioactivity pCi/l
Iron, Total mg/l 0.024
Iron, Dissolved mg/l

Lead, Total mg/l
Lead, Dissolved mg/l
MPH Fecal Coliform MPH/IOO ml <2
MPH Total Coliform MPH/IOO ml 110
Magnesium mg/l

Hanganese, Total mg/l
Mercury, Total mg/l
Nitrate, N03 .. N mg/l
Oil and Gre..e mg/l <1.0
Phenol mg/l

Phosphate, P04 AI P mg/l
Potassium mg/l
Selenium, Total mg/l <Xl,OOl
Selenium, Dissolved mg/l
Sil ver, Total mg/l

Silver, Dhsolved mg/l
Sodium mg/l
Sulfate mg/l
Suspended Solid. mg/l 27.0
Total Dissolved Solid. mg/l 270

Total Organic Carbon mg/l
Turbidity NTU
2ine, Total mg/l
Zine, Dinohed mg/l
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Parameter Unit. 5-9-79 5-24-79 &-13-79 &-27-79 7-11-79

FIELD MEASURHENTS

Discharge cfa 0.0005 0.008 0.27 0.37 0.09
Dissolved Oxygen mg/l 9.4 7.3
I'll units 7.&5 8.2 8.4 7.75 7.7
Specific Conduct.nce umhos/cm @ 25· C 490 520 4900
Temperature, Air ·C 0 14 20 22 20
Temperature, Water ·C 1 10 13 12 1&

LABORATORY MEASUREMENTS

Acidity, as Cec03 mg/l b.O 12.0 20.0 24.0 18.0
Alkalinity, as CaC03 mg/l 144 200 248 220 210
Armnonia, NH3 as N mg/l
Arsenic, Total mg/l
Arsenic, Dissolved mg/l

BOD, 5 Day mg/l 3.7 2.8 <1.0
Barium, Total mg/l
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/l
Copper, Total mg/l
Copper, Dissolved mg/l
Cyanide mg/l

Fluoride mg/l
Cross Alpha Radioactivity pCill
Cross Beta Radioactivity pCi/l
Iron, Total mg/l 0.04 1.934 0.015 0.04& O.ObS
Iron, Dissolved mg/l

Lead, Total mg/l
Lead, Dissolved mg/l
MPN Fecal Coliform MPN/lOO ml <2.0 <2.0 <2.0
MPN Total Coliform MPN/lOO ml <2.0 1l.0 2.0
Magnesium mg/l

Manganese, Total mg/l 0.012 0.004 0.010
Mercury, Total mg/l
Nitrate, N03 as N mg/l

1.0Oil and Grease mg/l <1.0 <1.0
Phenol mg/l

Phosphate, 1'04 as I' mg/l
Potassium mg/l
Selenium, Total mg/l <0.001 <0.001 <0.001
Selenium, Dissolved mg/l
Silver, Total mg/l

Silver, Dissolved mg/l
Sodium mg/l
Sulfate mg/l
Suspended Solids mg/l 2.0 52.0 5.0 5.0 2.0
Total Disaolved Solid. mg/l 200 314 320 330 300

Total Organie Carbon mg/l
Turbidity NTU
Zinc, Total 1IIg/l
Zine. Disaolnd rull
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Para..ete~ Unitt 7-25-79 8-8-79 8-22-79 9-12-79 9-26-79

FIELD MEASURMENTS

Discharge cfa 0.36 0.12 0.03 0.21 0.18
Dis.olved Oxygen mgll 6.0
pH units 7.3 7.6 7.8 7.6 7.6
Specific Conductsnce umboslcm @ 25' C 400 430 500 480 450
Temperature, Air 'C 23 24 15 14
Temperature, Water 'C 13 16.5 9 11.5

LABORATORY MEASUREMENTS

Acidity, as CaC03 mg/l 8.0 14.0 13.0 22.0 12.0
Alkalinity, as CaC03 mg/l 180 272 242 210 214
AImlonla, NH3 as N mgll
Ar.enic, Total mgll
Arsenic, Di.solved mg/l

BOD, 5 Day .,gIl <1.0 1.5
Barium, Total mgll
Barium, Dissolved mg/l
Bicarbonate mgll
Boron, Total mgll

Boron, Di.solved mg/l
Cadmium, Total mg/l
Cadmium, Diasolved mgll
Calcium mgll
Chloride mgll

Chromium, Total mgll
Chromium, Dis.olved mgll
Copper, Total 11&11
Copper, Dis.olved mg/l
Cyanide mgll

Fluoride mgll
Gros. Alpha Radioactivity pCi/l
r.ross Beta Radioactivity pCi/l
Iron, Total mg/l 0.210 0.09 0.590 0.57 1.290
Iron, Dissolved mgll

Lead, Total mg/l
Lead, Dis.olved mgll
t~N Fecal Coliform MPN/IOO ml <2.0 5.0
HPN Total Coliform MPN/lOO ml 17.0 33.0
tlagnesium mgll

Hanganese, Total mgll 0.002 0.004
Mercury, Total mg/l
Nitrate, N03 a. N mgll
Oil and Grease mgll <1.0 1.4
Phenol mg/l

Phosphate, palo as P mgll
Potassium mgll
Selenium, Total mgll <0.001 0.001
Selenium, Diaaolved mgll
Silver, Total mg/l

Silver, Di••olved mgll
Sodium mgll
Sulfate mgll
Suspended Solida mgll 7.0 3.0 7.0 64.0 67.0
Total Di.aolved Solida mgll 240 310 300 310 440

Total Organic Carbon mgll
Turbidity NTU

~
Zinc, Total 11&/1
Zinc, DisaolYed II&/l
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Par...ter Units 10-10-79 10-24-79 11-14-79 11-28-79 12-12-79

FIELD HEASURKENTS

Discharge cfa 0.22 0.18 0.01 0 0
Dissolved Oxnen mgll
pll units 7.7 7.3 7.58
Specific Conductance umhoslcm @25' C 450 390 460
Telllperature. Air 'C 1
Temperature. Water 'C 6 1

LABORATORY MEASUREMENTS

Acidity, as CaC03 mgll 8.0 12.0 20.0
Alkalinity, as CaC03 mgll 196 204 210
Ammonia, NII3 as N mgll
Arsenic, Total mgll
Arsenic. Dissolved mgll

BOD, 5 Day mgll <1.0 <1.0
Barium, Total mgll
Barium, Dissolved mgll
nicarbonate mgll
horon, Total mgll

',- Boron, Dissolved mgll
Cadmium, Total mgll
Csdmium. Dissolved mgll
Calcium mgll
Chloride mgll

Chromium, Total mgll
Chromium, Dissolved mgll
Copper, Total mgll
Copper, Dissolved mgll
Cyanide mgll

Fluoride mgll
Gross Alpha Radioactivity pCill
Gross Beta Radioactivity pCill
Iron, Total mgll 0.155 0.580 0.440
Iron, Dissolved mgll

Lead, Total mgll
Lead, Dissolved mgll
MPN Fecal Coliform MPNIlOO 811 20.0 <2.0
MPN Total Coliform MPNllOO ml 490 110
Magnesium mgll

Manganese. Total mgll 0.021 0.445 0.008
Mercury, Total mgll
Nitrate. N03 as N mgll
Oil and Grease mgll 1.6 0.8
Phenol mgll

Phosphate, P04 as P mgll
Potassium mgll
Selenium, Total mgll <0.001 <0.001
Selenium, Dissolved mgll
Silver, Total mgll

Silver, Dissolved mgll
Sodium mgll
Sulfate mgll
Suspended Solids mgll 4.0 12.0 <1.0
Total Dissolved Solids mgll 370 285 308

Total Organic Carbon mgll
Turbidity NTU
Zinc, Total mg/l
Zinc, Dissolved mgll
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FIELD HEASURHENTS

Discharge
Dissolved Oxygen
pH
Specific Conductance
Temperature, Air
Temperature, Water

Continued.

Unita

cis
mgll
units

umhoslcm @ 2.5' C
'C
'C

139

12-26-79

o

1-9-79

o

LA80RATORY MEASUREMENTS

Acidity, as CaCO)
Alkalinity, as CaCO)
ARmonia, NH) sa H
Arsenic, Total
Arsenic, Dissolved

800, .5 Day
Barium, Total
Barium, Dissolved
Bicarbonate
Boron, Total

Boron, Dissolved
Cadmium, Total
Cadmium, Dissolved
Calcium
Chloride

Chromium, Total
Chromium, Dissolved
Copper, Total
Copper, Dissolved
Cyanide

Fluoride
Gross Alpha Radioactivity
Gross Beta Radioactivity
Iron, Total
Iron, Dissolved

Lead, Total
Lead, Dissolved
MPH Fecal Coliform
MPN Total Coliform
Magnesium

Manganese, Total
Mercury, Total
Nitrate, NO) as N
Oil and Grease
Phenol

Phosphate, P04 as P
Potassium
Selenium, Total
Selenium, Dissolved
Silver, Total

Silver, Dissolved
Sodium
Sulfate
Suspended Solids
Total Dissolved Solids

Total Organic Carbon
Turbidity
Zinc, Total
Zinc, Dissohed

mgll
mgll
mgll
mgll
mgll

mgll
mgll
mgll
mgll
mgll

mgll
mgll
mgll
mgll
mgll

mgll
mgll
mgll
mgll
mgll

mgll
pCi/l
pCill
mgll
mgll

mgll
mgll

MPNIlOO ml
MPN/IOO ml

mgll

mgll
mgll
mgll
mgll
mgll

mgll
mgll
mgll
mgll
mgll

mgll
mgll
mgll
mgll
mgll

mgll
NTU
ag/l
mgll
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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 HEASURMENTS

Discharge cfs 14.0 8.1 8 15

Dissolved Oxygen mgll 10.0 8.4 6.8 7.1

pH units
Specific Conductsnce umboslcm @ 25' C 641 730 670 780 7DO 640

Temperature, Air 'C -4.0 2.0 10 4

Temperature, Water 'C 0 1.0 6 2

LABORATORY MEASUREMENTS

Acidity, ss CaC03
mgll

258 236 218
Alkalinity, as CaC03 mgll 218 216 278

A!mlonio, NH3 AI N mgll
0.002 <0.001

Arsenic, Total mgll <0.01 <0.001 0.007 0.003

Arsenic, Dissolved mgll

DOD, 5 Day mgll
Barium, Total mgll <0.01 0.03 0.084 0.065 0.044 0.023
Darium, Dissolved mgll
Dicarbonate mgll 264.20 314.76 263 339.1 287.9 265.9
Boron, Total mgll <0.01 <0.01 <0.001 <0.001 0.005 <0.001

Boron, Dissolved mgll
Cadmium, Total mgll <0,001 <0.001 <0.001 <0.001 <0.001 <0.001
Cadmium, Dissolved mgll
Calcium mgll 68.0 77.6 59.2 78.4 72.8 63.2
Chloride mgll 6.0 8.0 9.0 8.0 6.0 6.0

Chromium, Total mgll <0.01 <0.01 <0.001 <0.001 <0.001 <0.001
Chromium, Dissolved mgll
Copper, Total mgll <0.01 <0.01 <0.001 <0.001 <0.001 <0.001
Copper, Dissolved mgll
Cyanide mg/l. <0.01 <0.01

Fluoride mgll 0.18 0.23 0.23 0.36 0.25 0.28
Gross Alpha Radioactivity pCi/l
Gross Beta Radioactivity pCi/l
Iron, Total mgll 0.05 0.095
Iron, Dissolved mgll

Lead, Total mgll <0.01 <0.001 0.018 0.004 <0.001 <0.001
Lead, Dissolved mgll
MPN Fecsl Coliform HPNIlOO OIl
MPN Total Coliform MPN/lOO OIl
Magnesium mgll 25.55 26.4 28.3 32.16 20.16 20.16

Hanganese, Total mgll <0.01 0.01 0.042 0.040 0.050 0.058
Mercury, Total mgll <0.001 <0.001 <0.0001 <0.0001 <0.0001 <C. 0002
Nitrate, N03 as N mgll 0.08 0.04 0.173 0.145 0.140 0.17
Oil and Gre..e mgll <1.0 <1.0 <1.0
Phenol mgll

Phosphate, P04 as P mgll 0.05 0.02 0.07 0.155 0.150 O.lbO
Potassium mgll 2.01 2.28 2.87 2.78 2.88 1.b3
Selenium, Total mgll <0.01 <0.01 0.055 0.012 0.015 0.019
Selenium, Dissolved mgll
Silver, Total mgll <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Silver, Dissolved mgll
Sodium mgll 3.72 5.0 12.1 3.50 19.4
Sulfate mgll 49.70 45.0 65.0 46.0 56.0
Suspended Solids mgll
Total Dissolved Solids mgll

Total Organic Carbon mg/l 12.0 14.0 12.0 10.0
Turbidity NTU 1.70 1.4 0.16 2.bO O.bO 1.30
Zinc, Total mg/l 0.05 0.009 0.430 0.032 0.029 0.021
Zinc, Dissolved mgll
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Parameter Units 8-2b-7b 9-30-7b 10-27-7b 11-29-7b 12-28-76

FIELO MEASURHENTS

Dischsrge eta b 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 umbosfem @ 25' C 720 520 7bO 840 750
Temperature. Air 'C 15 19 0 -4 -5
Temperature, Water 'C 15 9 1.5 1.0 0

LABORATORY MEASUREMENTS

Acidity. as CaC03 mg/l
Alkalinity. as CaC03 mg/l 2bO 102 294 30b 290
Anrnonia. NH3 as N mg/l
Arsenic. Total mg/l <!l.001 <!l.001 <!l.001 <!l.001 <!l.001Arsenic. Dissolved mg/l

BOD, 5 Day mg/l
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/l <!l.001 <!l.001 <!l.001 <!l.001 <!l.001

Boron, Dissolved mg/l
Cadmium, Tota1 mg/l
Cadmium. Dissolved mg/l
Calcium mg/l 09.0 b9.1 52.0 40.0 b8.8
Chloride mg/l 12.0 98.0 4.0 b.O t.O

Chromium. Total mg/l
Chromium, Dissolved mg/l
Copper. Total mg/l 0.005 0.009 0.010 0.015 0.003

\'-.,.--- C~pper. Dissolved mg/l
Cyanide mg/l

Fluoride mg/l 0.39 . 0.27 0.12 0.20 0.19Gross Alpha Radioactivity pCi/l <1 <1
Gross Beta Radioactivity pCi/l <3 <2
Iron. Total mg/l 0.310 0.220 0.223 0.275 0.228
Iron. Dissolved mg/l

Lead. Total mg/l <!l.001 <!l.001 <!l.001 <!l.001 <!l.001
Lead. Dissolved mg/l
t~N Fecal Coliform MPN/lOO ml
MPN Total Coliform MPN/IOO ml
Magnesium mg/l 25.0 19.60 42.0 04.8 31.M

Manganese. Total mg/l 0.049 0.015 O.Olb 0.010 0.012
Mercury. Total mg/l <!l.0002 <!l.0002 <!l.0002 <!l.0002 <!l.0002
Nitrate. N03 as N mg/l 0.18 0.12 0.10 0.08 O.Ob
Oil and Grease mg/l <1.0 4.0 2.b 2.4 ~1..0
Phenol mg/l

Phosphate. P04 as P mg/l 0.lb5 0.200 O.lbO 0.130 0.150
Potassium mg/l 2.51 2.54 2.51 3.23 2.4b
Selenium. Total mg/l O.Olb 0.004 <!l.001 <!l.001 <!l.001
Selenium, Dissolved mg/l
Silver, Total mg/l

Silver. Diasolved mg/l
Sodium mg/l 17.0 8.10 12.0 4.7 12.0Sulfate mg/l 37.b 33.0 33.8 bl.O 39.0Suspended Solids mg/l 18.0 21.0 11.0 7.0

. Total Dissolved Solida mg/l 470 350 500 550 510

Total Organic Carbon mg/l 11.0 12.0 3.0 2.b 3.0
Turbidity NTU b.50 5.10 2.40 0.48 2.0Zinc. Total mg/l 0.019 0.015 0.025 0.034 0.027
Zinc. Disaolved mg/l
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Parameter Unita 3-17-77 b-1b-77 b-28-77 8-23-78 10-25-78 12-27-78

FIELD MEASUIlMENTS

Discharge cfa 6 2.4 19 3 4.7 2.9
Dissolved Oxygen filiI 1 10.15 8.8 8.5 11.0 10.4
pH unita 7.5 7.6 7.1 8.3 7.5 7.8b
Specific Conductance umhoa/= @ 25' C 670 450 325 390 540
Temperature. Air 'C 3 Zl 20 27 5 -17
Temperature. Water 'C 5 12 1b 15 3 0

LABORATORY MEASUREMENTS

Acidity, aa CaC03 mgll
Alkalinity. aa CaC03 mgll 244 262
Annonle. NH3 aa H mgl1 0.15 0.25
Anenic. Total mgll <0.001 <0.001 <0.001 0.004 <0.001 <0.001
Araenic. Diaaolved mgll

JOD. 5 Day mgll
Barium. Total fIlI/l 0.006 0.056
Barium. Dissolved filiI 1
Bicarbonate filiI 1 297.6 319.6 195.2 253.7 295.2 336.7
Boron. Total mg/1 <0.001 0.017

Boron, Dissolved fIlIll
Cadmium. Total filiI 1 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Cadmium. Dissolved filii 1
Calcium mg/l 65.6 68.0 48.8 57.b 74.4 84.0
Chloride mg/1 4.0 10.0 10.0 10.0 8.0 12.0

Chromium. Total mgll <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Chromium. Dissolved filiI 1
Copper, Total ms/1 0.013 0.015 0.005 0.004 0.015 0.010
Copper. Dissolved mgll
Cyanide fIlI/l <0.01

Fluoride fIlI/l 0.17 0.27 0.14 0.15 0.16 0.16
Cross Alpha Radioactivity pCill 2
Cross Beta Radioactivity pCill 6
Iron. Total filiI 1 0.201 0.146 0.099 0.237 0.170 0.139
Iron, Dissolved filiI 1

Lead, Total fIlIll <0.001 <0.001 <0.001 <0.001 <0.001 <n.ool
Lead, Dissolved fIlIll
MPN Fecal Coliform MPN/lOO ml <20
MPN Total Coliform MPN/lOO ml 110
tlagnesium fIlIll 28.32 28.32 11.52 24.5 24.0 26.4

.bnganese. Total filiI 1 0.014 0.047 0.049 0.025 0.030 0.053
Hercury, Total mg/l <n.0002 <0.0002 <n.0002 <n.0002 <n.0002 <0.0002
Nitrate. N03 as N filiI 1 0.02 0.01 0.20
Oil and Grease mgll <1.0 <1.0 <1.0 1.3 1.6 1.1
Phenol filiI 1 0.009 0.009 0.008 0.028 0.006

Phosphate. P04 as P fIlIll 0.042 0.035
Potassium mgll 2.53 2.30 1.155 2.09 2.450 2.215
Selenium. Total mgll <n.001 <0.001 <n.001 <n.001 <n.001 <n.OOl
Selenium. Dissolved mg/1
Silver, Total mgll <0.001 <n.001 <n.001 <n.001

Silver, Dissolved mg/l
Sodium mg/1 5.33 5.66 18.0 4.14 4.00 8.5
Sulfate fIlI/l 43.0 22.0 28.0 31.5 38.0 46.0
Suspended Solida mg/1 13.0 22.0 12.8 2.0 4.0 16.0
Total Dissolved Solida mg/l 440 320 ZlO 255 295 34b

Total Organic Carbon filii 1 3.0 8.0 18.0
Turbidity NrU 1.50 7.50
Zinc, Total mgll 0.018 0.013 0.007 0.010 0.007 0.004
Zinc, Dissolved mgll
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Parameter Units 2-28-79 4-18-79 6-20-79 8-23-79 10-31-79

fIELD MEASURKENTS

Discharge cfs 5.7 12.6 12.3 4.8 2.7
Dissolved Oxygen mg/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 umhos/em @ 25' C 440 480 375 510 550
Temperature, Air 'C -7 13 10 11 -1
Temperature, Water 'C 0.2 b.5 4 8.0 7.9

LABORATORY MEASUREMENTS

Acidity, as CaC03 mg/l 10.0 6.0 14.0
Alkalinity, as CaC03 mg/l 23b 238 190 228 220
Anmonia, NH 3 u N mgll
Arsenic, Total mg/l <0.001 <0.001 <0.001 <0.001 <0.001
Arsenic, Dissolved mg/l

BOD, 5 Day mg/l
B.:lrium, Total mg/l 0.210
ll,rlum, Dissolved mg/l
Bicarbonate mg/l 287.92 292.8 231.8 278.16 286.40
boron, Total mgll 0.050

Boron, Dissolved mgll
Cadmium, Total mg/l <0.001 <0.001 <0.001 <0.001 <0.001
Cadmium, Dissolved mg/l
Calcium mg/l . 61.6 77.b 56.0 96.0 63.20
Chloride mg/l <0.1 14.0 4.0 1.0 8.0

Chromium, Total mgll <0.001 <0.001 <0.001 <0.001
Chromium, Dissolved mgll
Copper, Total mg/l 0.003 0.004 0.002 0.007 0.010
Copper, Dissolved mgll
Cyanide mgll

fluoride mg/l 0.18 0.16 0.24 0.25 0.17
Gross Alpha Radioactivity pCill
Gross Beta Radioactivity pCill
Iron, Total mg/l 0.40b 3.428 1.080 0.390 0.320
Iron, Dissolved mg/l

Lead, Total mgll <0.001 0.003 0.004 <0.001 <0.001
Lead, Dissolved mg/l
HPN Fecal Coliform HPN/IOO ml
HPN Total Coliform HPN/IOO ml
Magnesium mg/l 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
Oil and Greue mg/l 1.2 1.4 3.2 <1.0 <1.0
Phenol mg/l <0.001 0.008 <0.001 0.108 <0.001

Phosphate, P04 as P mgll
Potassium mg/l 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/l <0.001 . <0.001 <0.001 <0.001 <0.001

Silver, Dissolved mg/l
Sodium mgll 10.2 8.83 4.10 9.80 9.60
Sulfate mg/l 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
Zinc, Total mg/l 0.008 0.012 0.004 0.005 O.OOb
Zinc, Dissolved mg/l
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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 6-14-76
FIELD HEASURHENTS

Discharge cfs 14.0 8.4 8.0 15.0Dissolved Oxygen mg/l 9.9 1l.2 6.5 8.0pll units 7.80 7.63 7.9 8.3 8.2 8.5Specific Conductance umbos/em @ 25' C
Temperature, Air 'C
Temperature, Water 'C

LABORATORY MEASUREMENTS

",cidity, as CaC03 mg/1
Alkalinity, as CaC03 mg/1
Anmonia, NII3 II N mg/l
Arsenic, Total mg/l <0.01 <0.001 <0.001 <0.001 <0.001 <0.001Arsenic, Dissolved mg/l

BOD, 5 Day mg/l
Barium, Total mg/l <0.01 0.06 0.008 0.006 0.009 0.012Barium, Dissolved mg/1
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
Csdmium, Total mg/l 41.001 <0.001 <0.001 <0.001 <0.001 <0.001Csdmium, Dissolved mg/l
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 <0.001Chromium, Dissolved mg/l
Copper, Total mg/l 0.02 <0.01 <0.001 <0.001 <0.001 <0.001Copper, Dissolved mg/1
Cyanide mg/l <0.01 <010.

Fluoride mg/l 0.14 0.25 0.25 0.34 0.30 0.27Gross Alpha.Radioactivity pCill
Gross Beta Radioactivity pCill
Iron, Total mg/l 0.13 0.160 0.130 0.210 0.244 0.250Iron, Dissolved mg/l 0.01 0.080

Lead, Total mg/1 <0.01 <0.001 0.002 0.001 <0.001 <O.OO!Lead, Dissolved mg/l
~~~ Fecal Coliform MPNIIOO ml
MPN Total Coliform MPNIIOO ml
Magnesium mg/l 20.16 27.36 27.8 29.76 24.0 23.0
~bnganese, To tal mg/l <0.01 <0.01 0.035 0.024 0.050 0.058Hercury, Total mg/l <0.001 <0.001 <0.0001 <0.0001 <0.0001 <0.0001Nitrate, N03 as N mgll 0.10 0.04 0.069 0.130 0.155 0.16Oil and Grease mg/1 <1.0 <1.0 <1.0Phenol mg/l

Phosphate, P04 II P mg/l 0.07 0.05 0.12 0.120 0.165 0.165Potassium mg/l 1.85 2.52 2.10 1.91 1.94 1.42Selenium, Total mg/l <0.01 <0.01 <0.001 <0.001 0.009 0.008Selenium, Dissolved mg/l
Silver, Total mg/l <0.001 '<0.001 <0.001 <0.001 <0.001 <0.001

Silver, Dissolved mg/1
Sodium mg/1 3.52 12.0 19.0 4.87 16.0 6.5Sulfate mg/l 41.85 55.0 80.0 56.0 50.0 46.0Suspended Solids mg/1
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 18.0Turbidity NYU 1.50 0.84 0.24 2.30 0.50 1.40Zinc, Total mg/l 0.02 0.015 0.013 0.015 0.015 0.005Zinc, Dissolved mg/l
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Parameter Units 8-27-7b 9-30-7b 10-27-7b 11-29-7b 12-28-7b

FIELD MEASURMENTS

Discharge cfa 5.b 4.0 5.0 4.3 2.0
Dissolved Oxygen mg/l 8.8 7.3 10.5 10.2 9.3
pll unita 8.2 7.3 7.5 7.1 7.8
Specific Conductance umhos/cm @ 25· C bbO.O 740.0 760.0 780.0 750.0
Temperature, Air 'C 19.0 20.0 2.0 -2.0 0
Temperature, Water 'C 8.2 7.3 7.5 7.1 7.8

LABORATORY MEASUREMENTS

Acidity, as CaC03 mg/l
Alkalinity, as CaC03 mgll 234.0 2b2.0 282.0 30b.0 278.0
Armlonia, NH 3 as N mg/l
Arsenic, Total mg/l 4>.001 4>.001 4>.001 4>.001 4>.001
Arsenic, Dissolved mg/l

BOD, 5 Day mg/l
0.010 0.004Barium, Total mg/l 0.002 0.004 0.004

Barium, Dissolved mgll
319.bBicarbonate mg/l 285.4 334.0 373.3 339.2

Boron, Total mgll 4>.001 4>.001 4>.001 4>.001 4>.001

Boron, Dissolved mgll
Cadmium, Total mgll
Cadmium, Dissolved mgll
Calcium mgll b5.0 7b.8 52.0 40.0 77.b
Chloride mgll 8.0 8.0 4.0 b.O 4.0

Chromium, Total mgll
Chromium, Dissolved mgll
Copper, Total mg/l O.OOb 0.012 0.008 0.002 0.003
Copper, Dissolved mgll
Cyanide mg/l

Fluoride mgll 0.35 0.25 0.20 0.20 0.18
Gross Alpha Radioactivity pCi/l
Gross Beta Radioactivity pCill
Iron, Total mg/l 0.280 0.300 0.310 0.260 0.270
Iron, Dissolved mg/l

Lead, Total mg/l 4>.001 4>.001 4>.001 4>.001 4>.001
Lead, Dissolved mgll
MPN Fecal Coliform MPN/IOO ml
MPN Total Coliform MPN/IOO ml
Hagnesium mgll 24.0 18.60 42.0 b4.8 24.9

Manganese, Total mgll 0.048 0.017 0.011 0.017 0.012
Hercury. Total mgll <0.0002 4>.0002 <0.0002 <0.0002 <0.0002
Nitrate, N03 as N mgll 0.10 O.Ob 0.05 O.Ob 0.005
Oil and Grease mg/l <l.0 <l.0 <l.0 <l.0 <l.0
Phenol mg/l

Phosphate, P04 as P mgll 0.140 0.165 0.095 0.085 0.110
Potassium mgll 2.14 2.27 2.21 3.23 2.09
Selenium, Total mgll O.OOb 0.004 4>.001 <0.001 4>.001
Selenium, Dissolved mgll
Silver, Total mg/l

Silver, Dissolved mgll
Sodium mgll 10.0 18.0 11.0 4.70 10.0
Sulfate mg/l 40.0 39.0 41.0 bl.0 35.0
Suspended Solids mg/l 8.0 7.0 b.O 4.0
Total'Dissolved Solida mg/l 430.0 480.0 498.0 510.0 489.0

Totol Organic Carbon mgll 15.0 11.0 9.0 b.O b.O
Turbidity NTU 9.90 3.40 2.00 0.54 1.9
Zinc, Total mgll O.OOb 0.011 0.002 0.005 0.018
Zinc, Dissolved mgll
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Parameter Units 3-17-77 6-16-77 b-28-78 8-23-78 10-25-78 12-27.78

FIELD MEASURHENTS

Dischsrge efs 3.5 2.3 Ib.O 1.5 3.2 5.7
Ilissolved Oxygen mgll 9.75 7.1 8.b 10.0 11:1
pH units 7.b 7.b 7.2 8.0 7.2 7.92
Speeifie Conduetsnee umbos/em @ 25' C b90.0 425.0 335.0 395.0 500.0
Temperature, Air 'C -1.0 21.0 24.0 2b.0 3.0 -11.0
Temperature, Wster 'C 2.0 13.0 Ib.O 12.0 3.0 a

LABORATORY MEASUREMENTS

Acidity, as CaC03 mgll
Alkslinity, as CsC03 mgll 244.0 240.0
Ammonia, NH3 as N mgll 0.13 0.13
Arsenic, Total mgll <n.001 <n.001 <n.001 <n.OOo <n.001 <n.ool
Arsenie, Di.solved mgll

BOD, 5 D.y mgll
Bsrium, Total mgll 0.005 0.018
Barium, Dissolved mgll
111earbonste mgll 297.7 292.8 207.4 270.8 297.b 329.4
Boron, Total mgll

Boron, Dissolved mgll
Cadmium, Total mgll <n.001 <n.001 <n.001 <n.001 <n.001 <n.ool
Cadmium, Dissolved mgll
Caleium mgll be.O b7.2 51.2 57.b 72.0 80.8
Chloride mgll 4.0 12.0 10.0 4.0 9.0 b.O

Chromium, Total mgll <n.001 <n.001 <n.001 <11.001 <n.001 <n.001
Chromium, Dissolved mgll
Copper, Total mgll 0.002 . 0.007 0.005 O.OOb 0.009 0.001
Copper, Dissolved mgll
Cysnide mgll <n.Ol

Fluoride mgll O/lb 0.20 0.14 0.14 O.lb 0.17
Cross Alphs Rsdioaetivity pCill a
Cross Beta Radioaetivity pCill a
Iron, Total mgll 0.223 0.137 0.103 0.1b4 0.188 0.200
Iron, Dissolved mg/l

Lead, Total mgll <n.001 <n.001 <n.001 <n.001 <n.001 <n.O::
Lead, Dissolved mgll
MPN Fecal Coliform MPN/IOO ml
MPN Total Coliform MPNIlOO ml
Magnesium mgll 2b.40 25.92 11.50 2b.90 25.90 2b.40

Mangsnese, Total mgll 0.017 0.003 0.050 0.02b 0.030 0.047Mercury, Total mgll
Nitrate, N03 as N mgll 0.03 0.01 0.20
Oil and Crease mgll <1.0 <1.0 <1.0 1.5 2.0 1.2
Phenol mgll <n.001 0.008 0.002 0.004 0.003

Phosphate, P04 as P mgll 0.Ob2 0.025
Potassium mgll 2.18 2.28 1.289 1.82 1.80 2.17b
Selenium, Total mgll <n.001 <n.001 <n.001 <n.001 <n.001 <n.001
Selenium, Dissolved mgll
Silver, Total mgll <n.001 <0.001 <0.001 <n.001

Silver, Dissolved mgll
Sodium mgll 8.b3 4.78 14.0 3.9b 3.90 4.4b
Sulfste mgll 52.0 28.3 2b.0 31.0 39.0 43.0
Suspended Solids . mgll 8.0 3.0 2.2 b.O 5.0 22.0
Total Dissolved Solids mgll 450.0 280.0 21b.0 2bO.0 298.0 328.0

Total Organie Carbon mgll 4.0 3.5 19.0
Turbidity NTU 1.50 3.50
Zinc, Total mgll 0.017 0.011 0.005 0.012 0.009 O.OOb
Zinc, Dissolved mgll
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Parameter Units 2-28-79 4-18-79 b-20-79 8-23-79 10-31-~'

FIELD MEASURHENTS

Discharge cfs 5.1 12.0 13.6 8.4 5.0
Dissolved Oxygen mg/l 9.6 9.1 9.5 8.3 10.0
pH units 7.7 7.73 7.9 8.1 7.3
Specific Conductance umbos/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 'C 0.2 6.5 4.7 6.0 1.0

LABORATORY MEASUREMENTS

Acidity, as Cec03 mg/l 10.0 10.0 16.0
Alkalinity, as CaC03 mg/l 2bb.0 238.0 184.0 244.0 228.0
Amnonia, NH3 as N mg/l
Arsenic, Total mg/l <0.001 <0.001 <0.001 <0.001 <0.001
Arsenic, Dissolved mg/l

BOD, 5 Day mg/l
Barium, Total mg/l 0.217Barium, Dissolved mgll
Bicarbonate mg/l 324.57 292.8 224.48 297.88 278.16Boron, To tal mg/l O.ObO

Boron, Dissolved mgll
Cadmium, Total mg/l <0.001 <0.001 <0.001 <0.001 <0.001
Cadmium, Dissolved mg/l
Calcium mg/l 72.0 80.8 57.6 96.0 bS.bO
Chloride mg/l <0.1 14.0 4.0 2.0 8.0

Chromium, Total mgll <0.001 <0.001 <0.001
Chromium, Dissolved mgll
Copper, Total mg/l 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 0.18Cross Alpha Radioactivity pCill
Cross Beta Radioactivity pCill
Iron, Total mgll 0.519 2.236 1.150 1.210 0.8bOIron, Dissolved mgll

Lead, Total mg/l <0.001 0.002 <0.001 <0.001 <0.001Lead, Dissolved mg/l
MPN Fecal Coliform MPNIlOO ml
MPN Total Coliform MPNIIOO ml
Magnesium mgll 24.96 19.20 12.96 9.bO 29.76

Manganese, Total mg/l 0.079 0.118 0.053 O.Obb 0.052
Mercury, Total mg/l <0.0002 <0.0002 0.0002 0.0002 0.0002
Nitrate, N03 as N mg/l 0.12 0.10 0.28 <0.01 <0.01
Oil and Crease 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, P04 as P mgll
Potassium mg/l 2.243 2.234 1.048 2.134 2.240
Selenium, Total mgll <0.001 <0.001 <0.001 <0.001 <0.001
Selenium, Dissolved mg/l
Silver, Total mg/l <0.001 . <0.001 <0.001 <0.001 <0.001

Silver, Dissolved mg/l
Sodium mg/l 14.0 8.85 2.63 4.92 5.85
Sulfate mg/l 40.0 41.0 14.8 44.1 bO.O
Suspended Solids mg/l 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 Carbon mg/l
Turbidity NTU
Zinc, Total mg/l 0.005 0.009 0.006 0.004 0.007Zinc, Dissolved mgll
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Results of chemical analyses of surface water quality
samples collected at Station VC-4.

Parameter

FIELD HEASURMENTS

Units 9-30-76 10-27-7b 11-29-7b 12-28-7!> 3-17-77 b-1b-77

Ilischarge
Ilissolved Oxygen
pll
Specific Conductance
Temperature, Air
Tomperature, Water

LABORATORY MEASUREMENTS

Acidity, as CaCO)
Alkalinity, as CaCO)
AlmIonia, NH) as N
Arsenic, Total
Arsenic, Dissolved

BOD, 5 Day
Barium, Total
Barium, Dissolved
Bicarbonate
Boron, Total

Boron, Dissolved
Cadmium, Total
Cadmium, Dissolved
Calcium
Chloride

Chromium, Total
Chromium, Dissolved
Copper, Total
Copper, Dissolved
Cyanide

Fluoride
Cross Alpha Radioactivity
Cross Beta Radioactivity
Iron, Total
Iron, Dissol1red

Lead, Total
Lead, Dissolved
.~N Fecal Coliform
MPH Total Coliform
Magnesium

Manganese, Total
Mercury, Total
Nitrate, ·NO) as N
Oil and Crease
Phenol

Phosphate, P04 as P
rotassium
Sdenium, Total
Selenium, Dissolved
Silver, Total

Silver, Dissolved
Sodium
Sulfate
Suspended Solids
Total Dissolved Solids

Total Organic Carbon
Turbidity
Zinc, Total
Zinc, Dissolved

cfs 0 0
mgll
unita

umhos/cm @ 25' C
'C
'C

mgll
mgll
..gil
mg/l
mg/l

..gIL

..gIl
mg/l
..gIL
..gIL

mg/l
..gIl
mg/l
..gil
..gIL

..gIL

..gIl

..gIl
mg/l
mg/l

..gIl
pCi/l
pCi/l
mgll
mg/l

..gIl
mg/l

MPN/IOO ..1
MPN/IOO ..1

..gIl

mg/l
..gIl
mg/l
mgll
mg/l

mg/l
mgll
..gIL
..gIl
mgll

..gIl

..g/l

..gIl

..gil

..gIl

mg/l
NTU
..gIl
mgll

o o o o
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Parameter Units 5-10-78 b-14-78 7-12-78 8-23-78 10-25-78 12-27-78

fl~LD KEASURHENTS

Discharge efa 0 1.0 0.07 0 0 0
Dlssolved Oxygen mg/l 9.4 7.3
pH units 7.0 7.7
Specific Conductance umhos/em @ 2~' C 120.0 130.0
Tcf:'per,ature. Air 'C 20.0 21.0
Tc~per&ture. Water 'C 4.0 14.0

LABORATORY KEASUREKENTS

Acidity, as CaC03 mg/l
Al~linity, as CaC03 mg/l
Almlonia, IIH3 II II mg/l 0.10
Arsenic, Total mg/l ~.OOI ~.OOI

Arsenic, Dissolved mg/l

BOD, 5 Day mg/l
Barium, Total mg/l
Barium, Dissolved mg/l
Bicarbonate mg/l 73.2 92.72
Boron, Total mg/l

Boron, Dissolved mg/l
Cadmium, Tota 1 mg/l ~.001

Cadmlum, Dissolved mg/l
Calcium mg/l 23.2 11.2
Chloride mg/l 8.0 <l.0

Chromlum, Total mg/l ~.OOI

Chromium, Dissolved mg/l
Copper, Total mg/l 0.007
Copper, Dissolved mg/l
Cyanide mg/l

Fluoride mg/l 0.08
Cross Alpha Radioactivity pCi/l
Cross Beta Radioactivity pCi/l
Iron, Total mg/l 0.128 0.215
Iron, Dissolved mg/l

Lead, Total mg/l ~.OOI <0.001
Lead, Dissolved mg/l
f~~ Fecal Coliform MPN/IOO 811
f~1I Total Coliform MPN/IOO 811
~t.J,bneslum mg/l 1.92 1.92

}bnt;.snese, Total mg/l 0.013 O.Oll
flercury, Total mg/l ~.0002 ~.0002

tlitra te, N03 as N mg/l
Oil and Grease mg/l 0.10
Phenol mg/l ~.OOI

Phosphate, P04 as P mg/l
Potassium mg/l 0.439 0.b18
.selenium, Total mg/l ~.OOI ~.OOI

Selenium, Dissolved mg/l
Silver, Total mg/l ~.OOI ~.OOI

Silver, Dissolved mg/l
Sodium mg/l 5.5 28.0
S;J} fAte mg/l 8.0 24.0
~uspended Solids mg/l 85.0 10.0
Total Dissolved Solids mg/l 84.0 110.0

Total Organic Carbon mg/l 10.0
Turbidity NTU
2ine, Total mg/l O.OOb 0.018
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 cfa 0 0 0.1 0.01 0
Dissolved Oxygen mg/l 8.1 7.4
pH units 8.0 8.3
Specific Conductance umbos/em @ 25· C 112.0 360.0
Temperature, Air ·C 16 17
Temperature, Water ·C 7 7.5

LABORATORY MEASUREMENTS

Acidity, as CaC03 mg/l 6.0 10.0
Alkalinity, as CaC03 mg/l 60.0 202.8
Anmonia, NH3 as N mg/l
Arsenic, Total mg/l <0.001 <0.001
Arsenic, Dissolved mgll

BOD, 5 Day mg/l
Barium, Total mgll
Barium, Dissolved mgll
Bicarbonate mg/l 73.20 246.44
Boron, Total mgll

Boron, Dissolved mgll
Cadmium, Total mgll <n.001 <n.001
Cadmium, Dissolved mg/l
Calcium mgll . 21.60 72.0
Chloride mgll <1.0 <n.l

Chromium, Total mgll <n.001
Chromium, Dissolved mgll
Copp.er, Total mg/l 0.007 0.011
Copper, Dissolved mgll
Cyanide mgll

Fluoride mgll 0.10 0.20
Gross Alpha Radioactivity pCi/l
Gross Beta Radioactivity pCill
Iron, Total mgll 0.880 1.150Iron, Dissolved mgll

Lead, Total mgll <n.001 <n.001
Lead, Dissolved mgll
~W~ Fecal Coliform MPN/IOO ml
~WN Total Coliform MPNIIOO ml
Magnesium mgll 8.16 4.80

~~nganese, Total mgll <n.001 0.168
N~rcury, Total mg/l
Nitrate, N03 as N mg/l 0.12 <0.01
Oil and Grease mgll 1.4 <1.0
Phenol mgll <n.001 0.004

Phosphate, P04 as P mgll
Potassium mgll 0.575 0.733
Selenium, Total mg/l <n.001 <n.001
Selenium, Dissolved mgll
Silver, Total mgll <n.001 <n.001

Silver, Diasolved mgll
Sodium mgll O.bS 3.50
Sulfate mgll 28.6 10.0
Suspended Solida mgll 64.0 35.0
Total Dissolved Solids mgll

Total Organic Carbon mgll
Turbidity NTU
Zinc, Total mgll 0.004 0.055
Zinc, Dissolved mgll
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Results of chemical analyses of surface water quality
samples collected at Station VC-5.

Parameter Unita 1>-14-76 8-2-76 9-30-76 10-27-76 11-29-76 12-28-7/:

FIELD HEASURHENTS

Discharge cb 0.7 0.1 0 0 0 0
Diaaolved Oxygen mgtl 6.8 8.6
pH unita 8.4 8.4
Specific Conductance umboatem @ 25' C 490.0 490.0
Temperature, Air 'C 8.0 24.0
Temperature. Water 'C 5.0 10.0

LABORATORY MEASUREMENTS

Acidity, aa CaC03 mgll
Alkalinity, aa CaC03 mgll 162.0 190.0
Amnonia, NH3 II H mgtl
Arsenic, Total mgll
Arsenic, Diaaolved mgtl <n.001

BOD, 5 Day mgll
BArium, Total mgtl
BArium, Diaaolved mgtl 0.210
BicarbonAte mgll 197.6 231.8
Boron, Total mgtl 0.015

Boron, Dissolved mgtl
Cadmium, Total mgtl <n.001
Cadmium, Dissolved mgtl
Calcium mgtl 48.8 54.0
Chloride mgtl 2.0 6.0

Chromium. Total mgtl <n.001
Chromium, Dissolved mgtl
Copper, Total mgtl 0.130
Copper, Dissolved mgtl
Cyanide mgll <n.Ol

Fluoride mgll 0.14 0.37
Cross Alpha Radioactivity pCill
Cross Beta RadioactiVity pCi/l <1 <3
Iron, Total mgtl 0.250
Iron, Dissolved mgll

Lead, Total mgtl <n.001
L.aJ, Dissolved mgll
IIPN Fecal Coliform MPHtlOO ml
IIPN Total Coliform MPNtlOO ml
Ilagnesium mgll • 13.44 17.0

I~nganese, Total mgtl 0.042
Ilercury, Total mgtl 0.0002
Nitrate, N03 as N mgtl 0.10
Oil And Cre..e mgtl <1.0
Phenol mgtl <n.001

PhosphAte, P04 as P mgll 0.120
Potassium mgtl 1.01 1.10
Sclenium, Total mgtl <n.OOl
Selenium, Dissolved mgll
Silver, Total mgt1 <0.001

Silver, Dissolved mgtl
Sodium mgll 16.0 2.20
Sulfate mgtl 46.0 11.0
Suspended Solids mgll 18.0
Total Dissolved Solida mgll 320.0 320.0

Total Organic Carbon IIlgtl 19.0 8.0
Turbidity NTU 20.00 2.50
Zinc, Total mgtl 0.039
Zinc, Dissolved mgll
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Parameter Unit. 3-17-77 &-16-77 5-10-78 &-14-78 7-12-78 8-23-78

FIELD MEASURHENTS

Discharg_ ch 0 0 1.4 1.6 0.3 0.01
Dissolved Oxygen mg/l 9.9 '.0 8.1 8.2
pH unit. 7.5 7.1 8.3 8.4
Specific Conductance umbos/em @ 25· C 310.0 250.0 355.0 320.0
Temperatura, Air ·C 110 2S0 27.0 22.0
Temperature, Water ·C 2.5 10.0 20.5 8.0

LABORATORY MEASUREMENTS

Acidity, a. CaC03 mgll
Alkalinity, a. CaC03 mg/l
Ammonia, NH3 a. N mgll 0.12
Arsenic, Total mgll <0.001 <0.001 <0.001 <0.001
Arsenic, Di ••olved mgll

BOD, 5 Day mg/l
Barium, Total mg/l
Barium, Dissolved mg/l
Bicarbonate mg/l 50.0 134.2 202.52 219.6
Boron, Total mgll

Boron, Dissolved mg/l
Cadmium, Total mg/l <0.001 <n.001
Cadmium, Dis.olved mg/l
Coleium mg/l 47.3 38.4 32.5 49.6
Chloride mg/l 10.0 8.0 2.0 <1.0

Chromium, Total mgll <0.001 <0.001
Chromium, Dissolved mg/l
Copper, Total mgll 0.002 0.009 0.006

'-,,~ Copper, Dissolved mg/l
Cyanide mg/l

Fluoride mgll 0.19 0.14 0.12
Gross Alpha Radioactivity pCi/1
Gross Beta Radioactivity pCill
Iron, Total mgll 0.039 1.442 0.098 0.011
Iron, Dissolved mgll

Lead, Total mg/l <0.001 <0.001 <n.ool <0.001
Lead, Dissolved mg/l
MPN Fecal Coliform MPNIlOO ml
MPN Total Coliform MPN/IOO ml
MagnesiUII mill 8.64 5.76 0.80 19.2

Hanganese, Total mg/l 0.015 0.013 0.070 0.011
Mercury, Total mgll <0.0002 <0.0002 <n.OOO2 <0.0002
Nitrate, N03 as N mg/l 1.12 0.46
Oil and Grease mg/l 15.2 <1.0 16.0 12.0
Phenol mg/l 0.005 0.250

Phosphate, POlo as P mg/l
PotasalUII mg/l 1.364 1.032 1.436 1.481
Selenium, Total mg/l <0.001 <n.001 <n.ool <n.001
Selenium, Dissolved mg/l
Silver. Total mgll <0.001 <n.001 <n.001 <n.001

Silver. Dissolved mgll
Sodium mgll 3.79 7.5 62.0 2.97
Sulfate mg/l 102.0 10.0 78.0 26.0
Suspended Solida mg/l 2640.0 869.0 75.0 8.0
Total Dissolved Solida mgll 200.0 138.0 283.0 210.0

Total Organic Carbon mg/l 9.0 23.0 20.1
Turbidity NTU
Zinc. Total mg/l 0.008 0.008 0.014 0.017
Zinc. Dissolved mg/l
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Parameter Units 10-25-78 12-27-78 2-28-79 4-18-79 1>-20-79

FIELD MEASURHENTS

Dlaeharge efa 0 0 0 0.3 0.6
Dissolved Oxygen m&/1 20.1 6.0
pH units
Speeifie Conduetsnea umbos/em @25· C
Temperature, Air ·C
Temperatura, Water ·C

UJlORATORY MEASUREMENTS

Acidity, as CaC03 mg/l <1.0
Alkalinity, as CaC03 IIg/1 190.0 174.0
AIlmonia, HH3 .. II mg/1
Arsenic, Total mg/l <0.001 0.004 <0.001
Arsenic, Dissolved mg/l

BOD, 5 Day mg/l
Barium, Total mg/l
Barium, Dissolved mg/l
Bicarbonate mg/l 770.0 360.0
Boron, Toul IIg/1

Boron, Dissolved mg/l
C.• dmium, ToUI mg/l <0.001
Cadmium, Dissolved IIg/l
C.>lcium Dlg/1 77.6 56.0
Chloride IIg/l 12.0 0.16

Chromium, ,Total mg/1 <0.001
Chromium, Dissolved IIg/l
Copper, Total IIg/l 0.007 <0.001
Copper, Dissolved mg/l

'-.- Cyanide mg/l

Fluoride IIg/1 0.20 0.16
Gross Alpha Radioaetivity pCi/l
Gross Beta Radioactivity pCi/1
Iron, Total IIg/l 88.5 0.750
Iron, Dissolved mg/1

Lead, Total mg/l 0.006 <0.001
Lead, Dissolved IIg/1
MPH Fecal Coliform MPH/IOO ml
MPH Total Coliform . MPH/100 ml
Magnesium IIg/1 11.010 12.48

Manganese, Total mg/l 1.532 0.063
llerc:ury, Total mg/1 <0.0002 <0.0002
Nitrate, N03 ss II mg/1 '1.09 0.20
Oil and Gresse mg/l 1.8 2.2
Phenol mg/l 0.008 <0.001

Phosphate, POI," P mg/l
Potassium IIg/l 2.532 1.321
Selenium, Totsl IIg/l <0.001 <0.001
Selenium, Dissolved Dlg/l
Silver, Toul mg/l <0.001 <0.001

Silver, Dlasolved IIg/l
Sodium mg/1 5.58 2.85
Sulfate mg/l 191.0 32.5
Suspended Solids mg/l 39 0.0 18.0
Total Dissolved Solids IIg/1 510.0 210.0

Total Organic Carbon IIg/l 6.0
Turbidity NTU
Zinc, Total mg/1 0.108 0.015
Zinc, Dissolved mg/l
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Parameter Unita 8-23-79 10-31-79

FlELD MEASURHENTS

Diseharge efa 0.09 0
Dissolved Oxygen IIg/1 8.8
pH unita 8.1
Speeifie Conduetanee umboa/em @ 25· C 450.0
Temperature, Air ·C Ib.O
Temperature, Water ·C 5.5

LABORATORY MEASUREMENTS

.~ddlty, as Caco3 IIg/l 10.0
...: '..1linity, aa tiC03 IIg/1 198.0
Am.onia, NH3 aa N IIg/1
Arsenie, Total IIg/1 <0.001 <0.001
Arsenie, Dissolved mg/l

~O:J, 5 Day IIg/l
Barium, Total IIg/1
Barium, Disaolved IIg/1
Bicarbonate IIg/l 241.5b
Boron, Total me/ l

Boron, Diaaolved IIg/1
C3dmium, Total mg/l <0.001 <0.001
Cadmium, Dissolved IIg/1
Calcium IIg/l 5b.0 85.b
Chloride IIg/1 4.0 4.0

Chromium, Total me/l <0.001

"-
Chromium, Dissolved me/l
Copper, Total me/ l <0.001 0.013
Copper, Dissolved mg/l
Cyanide mg/l

Fluoride mg/l O.lb 0.22
Cross Alpha Radioaetivity pCi!l
Cross Beta Radioaetivity pCi/l
Iron, Total mg/l 0.750 O.llO
Iron, Dissolved me/l

Lead, Total IIg/l <e.OOl <0.001
Lead, Disaolved mg/l
MPH Feeal Coliform MPN/lOO III
MPH Total Coliform MPN/lOO III
MagnesiUIII mg/l 12.48 b.24

~~nganese, Total mg/l 0.Ob3 O.ObO
Mereury, Total me/l ~.0002 <0.0002
Nitrate, N03 aa N mg/l <0. 01
Oil and Greas. mg/l <1.0
Phenol mg/l 0.08b

r~osphate,
,

POlo as P mg/l
Potassium me/I 1.321 1.800
Selenium, Total me/l <0.001 <0.001
Selenium, Disaolv.d mg/l
Silver, Total IIgll ~.OOI <0.001

Silver, Dissolved mg/l
Sodium IIg/l 2.85 4.73
Sulrate IIg/l 44.9
Suspended Solida mg/l 1.0
Total Disaolved Solida me/I 275.0

Total Organie Carbou me/l
Turbidity NTU
~ine, Total IIg/l 0.015 <0.001
Zine, Disaolved me/l

........._~-
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Results of chemical analyses of surface water quality
samples collected at station VC-6.

Par_t-r '·1JIIJ.u 6-14-76 1-:1-76 9-:JO-76 10-27-76 11-29-76 12-28-76

nlUt HlASUIEIlDITI

DUellerso et. ).7 1.7 l' 1.7 1 0.6
It••oly.. Gay... aa/l 6.9 1.4 t.6 10.0 t.S . I.'.. aniU ..) '.1 7.6 7.7 7.4 7.1
.pecUic Con4uc:ta..... uaho./ca • 250 C 530 660 130 720 720 700
T..,eratvn. Air °c I Z4 II 4 -5 ....
T..,erat.o. V.tor ·c 7 12 9 :I I 2.S

LUOUTOIlT MEASllIEH!IrTI

AcUity. •• CaCO) , ..11
Alblblty. o. CiCO) "'1 188 :141 J06 271 271 266
~..) ... ..11
Annie. Tot.l . aa/l Lo.ool .t'0.001 ,"0.001 (0.001
lonnie. Jlta.ol.... ..11

100. 5 Day ..11
lerl... Total ..II 0.017 0.040 0.012 O.Dl)
lariu8. Di••ol.... ..11
Ilcarbonata ..11 :l2f.) 302 .., )7J.) 339.2 399.2 324.5
laroe. Total ..11 LO.OOI <:0.001 (0.001 ~0.001

Ioroa. Dl••olved ..11
Codod... Total ..II <: 0.001 LO.OOI <"0.001 <:0.001
Codal.. , Jlta.obed ..11
CalelUII ..11 56.8 70.0 77.4 84.0 44.1 70.t
Chloride ..11 2.5 1.0 12.0 4.0 6.0 2.0 .

Chro-l.., Total ..11 lei.ool <II: 0.001 J:O.ool <:0.001
Chrowl_. Di••ob,•• ..II
c..ppu. Total ..11 0.079 0.006 0.002 0.009
Copp.r. Di••ol.... "'1Cy.oide aa/l

nuorlde ..11 0.27 0.34 .0.25 0.19 0.11 0.11
Cra•• Alpha bdioaetlvity ,clll
C:ro.. gua b.ioactlvity pCill

0.364 O.OSS 0.331 O.JIGIron. Total ..11
Iron. Die.ob_ aa/l

tead, Total ..11 LO.ool <:0.001 <"0.001 £0.001
te••, Di••ol.... ..11
KI'Il F.cal CoUfoao KI'Il/IOO al
KI'Il Tot.l COlifoao KPIl/lOO al
Kasn."" ..11 11.72 n.o 16.0 15.' 47.0 26.4

IIonS.o.... Total ..11 O.lto .t'0.001 0.011 ' 0.012
Kercury. Total aa/l L 0.000:1 LO.0002 LO.OOO:! .iO.OOO2
11trar•• 110) a•• ..11 0.09 0.05 0.12 0.17
Oil end Cr.... ..11 .{1.0 Ll.O <,,1.0
P1wnol ..11

Pho.ph.t•• P04 .. P ..11 0.220 0.17' 0.010 0.070
Pat.aat.. ..11 1.28 2.34 2.11 1.94 2.75 2.21
Jalnl_. Total -all 0.005 LO.OOI LO.OOI iO.ool
1.I...i ... Di..ol." ..11

lO.OOI <"0.001 4.001 .a.DOlIHYU. Total "'1
Sil.-r.·Di.;.l.... ..11
....1.. .,11 4.11 4.00 ]7.0 12.D 3.10 1.0 .
Selfata ..11 38.0 .25.3 25.0 21.4 32.' )3.5
S...pencll•• SOU.. .,/1 2.0 10.0 9.0 5.0
T.tal Di••ol_. SOU.. aa/l 350 430 540 470 470 460

Total Ors.llle Carboo ..11 2.5 4.0 1.5 10.D
T_bl.lty . IlTU 3.50 13.0 2.00 2.10 0.39 l.t
11_. Total ..II 0.032 0.02' O.OU 0.05'

',- ilK. Die••I .... ..11
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rara..tel' lhdu. )-17-71 6-16-77 5-10-71 6-14-71 7-12-71 8-2)-71 10-25-71

nlUl Il!AStmlMDITI

'behara- ef. O.f 0.' 4.' .., 2.1 0.4 O.J
H ..oh" Oxn- -all '.0 7.0 '.0 ,., 1.0 '.f 11.1.. unit. 7.' .7.7 8.0. 7.4· 8.' r '.1 7.1
l,.eUIe Coaeluetanco iiooho./C8 f 2,0 c . 630 ,SO 3$5 260 386 n~- 440
T.-per.tura. 111' ·c 0 18 1.5 U 21 20 '.Tooperatura. Vator ·c 1 14 6 , 14.5 U.' 0.'

LAIOUtlln HItlSllUHIlII'rI

Aciclity••• caCO, ..11
Alblhlty. aa CiCO) 0&11 244 206
.......10. !'B3 a.' ..11 0.21 11.1' 0.10
lruoie. Total ..11 LO.OOI ~1t.OOl ~O.OOI t'0.001 .to.OOI LO.OOI LO.OOt
Arude. 111..01... ..11

100. , 1la7. '..11
lad... Total ..11 0.020 O.OlS
lartua. 111••01... ..11
81carbonata ..II 297.7 251.3 238 1.56.1 222.04 236.7 263.'
Ioroo. Total ..11 0.00' 0.014'

101'00. lIb.ol.... ..11
C.dIoI.... Total ..11 iO.OOl ~O.OOI ~O.OOI LO.OOI .tn.OOI
C.dIo1UM, Di..o1.... ..11
C.1c111O ..11 73.' 64.0 13.2 45~f 28.0 60.0 65.6
010ride ..11 4.0 f.O '.0 10.0 2.0 2.0 1.'

Chrooi... Total ..11 <: 0.001 lO.OOl ~O.OOI <0.001 LO.OOI
O ...ooIUM, DI..01..cI· ..11
Copper. Total ..II 0.010 O.DOt 0.006 <'0.001 0.006 0.005
Copper. Die.o1Yec1 ..11
ey.delo ..11 lO.81

F1uodcl. ..II 0.16 0.24 0.14 o.n 8.14 0.15
Cra•• Alpha ••elloaetlYltr pei/1 0
Cro•• I.ta Jaelioaetlyltr pelll 0
Iron, Total ..11. 0.609 O.f25 0.02' 0.161 0.062 ~O.OOI 0.056
Irati. DI..01.. "'1

t.... Total ..II lO.OOI <0.001 .(0.001 <:0.001 LO.OOI .(0.001 ~O.OOI
t..cI. Di••ol.... ..II
l11'li '.cal ColifoN l11'li/100 01
l11'li Toul CoUfON l11'li1100 01 .
Malo.d.. ..11 11.72 14.40 13.92 6.24 S.2' 14.' 20.10

Manl.nua. Total ..II 0.011 LO.OOI 0.011 0.032 O.OlO~ 0.002 O.oot
Mereurr. Total ..II .to.0002 LO.0002 .lO.0002 "'0.0002 .l0.GOO2 .lO.OOO2 <0.0002
titru•• 110] a•• ..II 0.15 0.05 1.OS 0.49
Oil anel Cre..a ..II i1.0 Ll.0 10.4 ,.. 1.0 1.'
"'....1 ..11 iO.OOI 0.004 0.010 11.001

....ph.t•• P04 ... ..II 0.0" 0.310
hu.d_ ..II t.34 1.31 1.176 0.'11 1.00S 1.171 1.21•
'deaIUM. Totat "'1 ~d.ool LO.OOI . LO.OOI La.OOI La.OOI I. 0.001 .to.001
hlaa1.., Die.olY.. ..11
'UYer. Total ..II . iO.OOl (0.001 ,(0.001 .lO.OOI <0.001 iO.OOl .(O.GOI

IllYer. Dia.ol'" ..11
J~n.oeI1.. -./1 6.15 2.1' l.1I 7.0 54.0 J.GO

...fata ..11 2'.0 10.1 14.0 14.0 27.0 20.0 It••

.ua.....cI.cI SoUcIa _Ill 10.0 . '.0 11.0 42.0 1.0 1.0 6••
Total Dio.ol..eI SOU..

"'1 4U 230 241 160 UI 220 2SS

r.t.1. Oraanle Carboo ..II 1.0 S.O 1.0 21.0 H.e
T"rlllelity JmI 3.50 2.00
IInc. Total ..II 0.060 0.012 0.00' 01004 0.010 0.001 O.oot
line. DI..olYec1 ..II
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P.r...cu Uaic. 11...-71 12-27-71 5-11-79 6-20-79 7-20-79 1-2)-79

nlU IlUSIaIKIIltI,
at.llar.. ef. 0.5 0.1 1.5 2.4 1.1 0.7

Ha..l .... o.n.. "'1 11.' 11.0 t.J 1.1 7.4 1.1.. uaic. 7.4 7.21 1.4 1.4 7.52 I.J
Specific e-.tuccuc. u-hoa/ca , 2'· C 462 390 370 410 410

"-P.racur•• u.~ OC 2.0 -I 0 Ii 24 20

'fe-per.c..... v.ca~ ·c 0.) .2 0.) , 12 t.O

~TtlI' IIIAIlIUIlIIrtS

AcUier••• c:aeo, ·../1 12•• 2•• 10.0 12••
AlaUder... CiCOJ "'1 202 174 114 204

"..."...••J ••• ..11 CO.I0 CO.Ol .cO.Ol 0.10

Araeate. ~ocal well 10.001 «0.001 (0.001 ~O.OOI <to.001 <0.001

An.ate. Di..ol.... well <0.001 <0.001 <0.001 <0.001

_.5"," ..11
4:0.001led... 'f.cal well 0.002 0.050 0.060 o.on 0.011

lertua. DU.ol".. "'1 0.02 0.030 0.020 0.020.

llearboDac. well 211.04 302.56 246.4 212.28 236.61 241.13

1orooI. Tocal -ell 0.ot5 0.050 0.095 0.078

Ioroa, 01••01.... ..11 0.090 0.020 0.010 ~O.OOI

Co_I... 'fatal ..11 CO.OOI CO,OOl <0.001 ~.OOI CO.OOI <0.001
Codal_, Dluol".. ..11 .c0.001 .c0.001 <0.001 ,(0.001

Cold.. ..11 n.1 n.i ".60 i2,40 61.60 71.40

Qlori" ....1 2.0 10.0 6.0 <1.0 4.0 i.O

Qr_l... 'focal ..11 .c0.001 .cO. 001 0.005 0.001 0.00) . 0.006
Qr_l... Db.ol".. ....1 <0.001 <0.001 <0.001 CO.OOI
Copper. Toc.l ..11 0.004 0.121 0.005 0.078 0.001 0.010
Copper. Db.ol.... ..II 0.003 ..001 0.005 0.001
CJ·at.. "'1 i'0.01 0.002 ,(0.001 ~.OOI ~O.OOI

n ....d .. well O.U O.li 0.11 O.lf 0.06 0.21
ero•• Alpha ...loacciyitJ _ pCi/l '.1 ~2.0

erM. lee....loacc1yiC7 pet/l U.5 1.5
hOll. Tocal" "'1 O.otl 0.100 0.627 O.JOO 0.140 0.160
hoo.Dis.o1".. well 0.024 0.020 0.010 O.OlS

....... 'focal "'1 .iO.OOl 0.001 0.002 0.00' <0.001

...... Dluoh.. "'1 .e.O.OO1 <0.001 ~O.OOI c.c.001
IIPII 'e.,.l Colifora IlPII1100 111 <2.0 63.,
IIPII Toc.l Colilora IlPII/lOO 111 78.0 790
lIa.oeal.. "'1 17.2' 1'.64 U.44 '.60 15.14 4.tO

........... Tocal ..11 0.014 0.012 0.007 0.007 0.007 0.004
IIHcuq. Tocal "'1 "0.0002 "0.0002 .co.OOO2 " 0.0001 ~O.OOOI

ainue. *'J ... ..11. O.st 0.74 2.40 0." 0.01 0.1t
011 .... IOn... ..11 1.i <1.0 1.0 <1.0 <t••
.......1 ..It .cO.oot 0.042 <0.001 0.014 0.001

.....pl>ac•• P04 ... well 0.06 0.011 0.020 .....
"cud.. ....1 1.387 1.272 "1.151 O••U 1.004 1.UO
..leal_. 'focal well <0.001 <0.001 <0.001 .c0.001 . .c0.001 .c0.001
..leal... Dluob_ "'1

. lO.ool .c0.001 .c0.001 A 0.001
at1ftC'. 'focal well .c0.001 .c 0.001 0.004 0.004 0.002 <0.001

,11-. Hu.l"" ..11 <0.001 CO.001 ~0.001 <0.001
Wi.. "'1 . '.n 7.50 2.74 2.41 )...02 )..
SIl1I.ce ..11 U .• 21.0 t.O 24.' 2).0- 13••. :
...p...... 'oU" ..11 11.0 li.O 21.0 ,.. 4.0 20••
'f.cal Olu.h•• SOU" well 260 21i 260 210 21' 2U

Tocal Clqaote Can- ..11 ••• It.O 10•• ).0 I." 2••
'f~14ter IfTV 4•• 5.' )." 1••
l1Ilc. 'fecal ..II 0.00) 0.004 0.015 0.012 0.011 0.001
11K. Db.ol".. "'1

0.007 0.001 0.009 0.001

"'--
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\J:

Par_ter Ulliu 9-26-79 10-31-79 11-30-79

FlE1Jl HUSUlHEIITS

Iliadulrae d. 0.4 0.3 0.6
1l1••o1ye' Oxya" 11&/1 7.% 9.%
pll ullita. 7.50 7.80 7.3
Speel.l1c CoaductallCe ..-ho./aa' 15' C 40'.0 505.0 475
T.,tlperature. Air 'C 16.0 -1.0 • -5
T&tIp"ratun. W41ter 'C -7.S 0.15 0.3

UJOIl4TOl't HUSUUIWITS

AddUy... Ca~ 11&/1 10.0 11.0
Alkall.lty... 003 11&/1 196.0 116.0
....""la. l1li) a•• 11&/1 <0.01 <0.01
Araellic. Toul 11&/1 <0.001 <0.001
Ar • .,1I1c. Di••olye' ../1

IOD. , Day 11&/1
!ari_. Toul 11&/1 0.036 0.1"
lariua. Dl••olved ../1
licarbollate ../1 239.11 263.S2 297.61
"'roil. Toul "'1 0.070 0.060

JoroD. Di••olye' ../1
Cadtaiua. Toul 111&/1 <0.001 <0.001
Cadmlua. Dl.ao1ve. 11&/1

10.00Calcl_ 111&/1 60.50 61.80
Chloride 111&/1 ).0 6.0 4.0

Chrlllli.... Tot.l "'1 <0.001 <0.001
CbrCllllua. Dillol"d ../1
Copper. Toul 111&/1 0.02S 0.010
Copper. Di••olnd 11&/1
CyaDide 11&/1 <0.001

Fluoride "'ill 0.14 O.U
Cro•• Alpha Ra.ioactlvity pCl/1
Cro••· ..t. Radio.ctivity pCl/1
Iroo. Tou1 11&/1 0.020 0.180
IrOD. Dino1n. "'1

La.... Toul ../1 <0.001 <0.001
La.d. Diuolved ../1
HPX F.,c.1 Colifora MPX/IOO a1
HPH Toul CoUfora MPIi/100 a1
Haglleslua 111&/1 12.40 11.72 14.81

Halleau.e. Tou1 III&!1 0.020 0.019 0.0l!
Mercury. Tou1 11&/1 <0.0002 <0.0002
1l1tr.te. 110] ••• 111&/1 0.20 0.59
OU a.... Crea.e ../1 2.3
Phenol- "'1 <0.001 <0.001 0.062

'bosphau. P04 ... 111&/1 <0.001 0.080
'ouasi_ 11&/1 0.42 3.00 1.291
Sd.,111.... Tou1 ../1 <0.001 <0.001
5.,1.,111_. Dl••oln. 11&/1
SUnr. Toul 11&/1 <0.001 <0.001

Sllyer. Di••o1ye' 111&/1
Sodlua 11&11 S.OO 1.10 3.32
S"lfaU 111&/1 15.0 40.0 22.0
Su.p.,lId.,. SOli•• 11&/1 1.0 24.0 24.0
Tot.1 Dl••01ve' SOli•• 111&/1 212.0 288.0 277

Total Ora&llic Carlloa 111&/1 3.0 10.0
Turbidity HTU 3.10
ZlIIC, Tot.1 "'1 O.OS O.OOS
&lK, Disso1", ac/1

'--
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Results of chemical analyses of surface water quality
samples collected at station VC-7.

'ar_ter Duita 1-2b-76 ~28-76 8-2-76 10-27-76 11-2'J-7b

FIELD MEASIJRKENTS

Diacharge cfa 1.2 2.0 0.3 0.5 1.5
Di••olved Oxygeu 111&/1 9.8 9.0 8.2 9.5 9.8
pH units 8.5 8.2 8.2 7.b
Specific Conductance lllIlbos/Clll @ 25· C 630.0 640.0 660.0 800.0
Temperature. Air ·C -2.0 ,12.0 0.3 0.5 1.5
Temperature. Water ·C 2.0 10.0 11.0 4.0 1.0

LABORATOB.Y MEASUREMENTS

Acidity. as Caco3 111&/1
Alkaliuity. as CaC03 111&/1 194.0 230.0 242.0 304.0
AIIaouia. NH3 aa 11 111&/1
Auenic. Total mg/1 <0.001 <0.001
Arseuic. Di.solved 111&/1

BOD. 5 Day mg/1
Barium. Total mg/1 0.028 0.220
Barium. Di.aolved 111&/1
Bicarbonate 111&/1 236.6 280.6 295.2 370.9
Boron, To tal 111&/1 0.005 <0.001

Borou. Dis.olved 111&/1
Cadmium. Total 111&/1 <0.001 <0.001
Cadmium. Di.solved mg/1
Calci.... 111&/1 52.0 2-.8 72.0 18.4
Chloride 111&/1

Chromium. Total mgll <0.001 <0.001
Chromium. Dissolved 111&/1

'-- Copper. Total 111&/1 <0.001 O.~
Copper. Dissolved 111&/1
Cyanide 111&/1

Fluoride 111&/1 0.23 8.21 0.39 0.27
Gro•• Alphs Radioactivity pCi/l
Gro.s Beta Radioactivity pCi/l
Irou, Total 111&/1 0.078 0.194
Iron. Diaaolved mg/l

Lead, Total 111&11
Lead. Dissolved 111&/1 0.015 <0.001
KPN Fecal Colifor- KPN/lOO III
KPH Total Coliform KPN/100 III
Kagnealum me/1 36.90 43.6 23.0 42.70

Mansanese. Total 111&/1 0.016 0.033
Mercury. Total 111&/1 <0.0002 <0.0002
Nitrate. N03 aa H 111&/1 0.075 0.05
on and Grease 111&/1
Phenol 111&/1

Phosphate. POlo a. P 111&/1 0.11 0.150
Pota.alum 111&/1 2.24 1.67 1.70 2.38
Selenium, Tote1 111&/1 0.004 0.015
Selenium, Di.so1ved mg/l
Silver, Total 111&11 <0.001 .... <0.001

Silver, Dissolved 111&/1
Sodium 111&/1 2.70 22.0 6.00 52.0
Sulfate 111&/1 69.0 50.0 32.6 35.0
Suspended Solid. 111&/1
Total Di.solved Solids 111&/1 410.0 418.0 430.0 520.0

Total Orsauic Carb01l 111&/1 5.0 19.0 6.0 5.0
Turbidity NTU

O.~ 20.0 g:8oa . 0.48Zinc, Total -ell O. 7
liac. Diaaolved III/I
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Results of chemical analyses of surface water quality
samples collected at station VC-8.

Parameter Units 1-2b-7b 4-28-7b b-14-7b 8-2-7b 9-30-7b

FIELD MEASURHENTS

nischarge eft 1.7 3.0 b.4 2.1 1.0
Dissolved Oxygen mgll 9.b 8.0 8.8 11.8
pll units 8.5 8.2 8.2 8.2
Specific Conductance umhos/cm @ 25' C 130.0 b60.0 770.0
Temperature, Air 'C -2.0 12.0 5.0 18.0 19.0
Temperature, Water 'C 2.5 8.0 5.0 11.0 12.0

LABORATORY MEASUREMENTS

Acidity, as CaC03 mgll
Alkalinity, aa CaC03 mgll 218.0 22b.0 2bS.0
An11lonia, NH3 AI N mgll
Arsenic, Total mgll O.OOb 0.004
Arsenic, Dissolved mgll

BOD, 5 Day mgll 4.8 4.8 3.0 4.5
Barium, Total mgll
Barium, Dissolved mgll 0.131 0.450
Bicarbonate mgll 2b5.9 271.2 32b.9
Boron, Total mgll 0.012 0.018

Boron, Dissolved mgll
Cadmium, Total mgll
Cadmium, Dissolved mgll ~.001 ~.001

Calcium mgll bS.O bO.O 8b.0
Chloride mgll 2.0 b.O 10.0

Chromium, Total mgll ~.001 ~.001
Chromium, Dissolved mgll
Copper, Total mgll

0.015Copper, Dissolved mgll 0.015
Cyanide mgll

Fluoride mgll 0.25 0.27 0.40
Gross Alpha Radioactivity pCill
Gross Beta Radioactivity pCill
Iron, Total mgll 0.093 0.305
Iron, Disaolved mgll

Lead, Total mgll
Lead, Dbaolved mgll O.OOb ~.001
MPN Fecal Coliform MPN/IOO OIl 230.0 430.0 2300.0 430.0
~~N Total Coliform MPN/IOO OIl 4300.0 430.0 4300.0 2300.0
Magnesium mgll 2b.40 28.3 27.0

Manganese, Total mgll O.ObS 0.102
Mercury, Total mgll ~.OOOI ~.0002

Nitrate, N03 as N mgll 0.180 0.11
Oil and Grease mgll
Phenol mgll

Phosphate, P04 AI P mgll 0.30 0.330
Potassium mgll 1.b7 2.57 2.54
Selenium, Total mgll 0.005 0.019
Selenium, Dissolved mgll
Silver, Total mgll

Silver, Dissolved mgll ~.001 ~.001
Sodium mgll 18.0 9.0 4.20
Sulfate mgll 9b.0 5b.0 55.0
Suspended Solids mgll
Total Dissolved Solids mgll 47b.0 432.0 500.0

Total Organic Carbon mgll
Turbidity NTU 0.34 0.52 2.2
zinc. Total mgll
Zinc, DissolYed mgll 0.04b 0.017
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Parameter Unita 10-27-7b 11-20-7b 12-28-7b 3-17-77 b-lb-77

FIELD MEASURKENTS

llischaree cfl 0.9 0.9 1.0 0 29.0
Ilissolved Oxygen mell 10.8 8.7 9.b 9.4 8.8
pI! unit. 7.7 7.7 7.7
Specific CODductanee umhos/cm @ 25' C 1000.0 980.0
Temperature, Air ·C 4.0 -4.0 2.0 0 29.0
Temp.rature, Water 'C 7.0 3.0 5.0 5.0 Ib.O

LABORATORY MEASUREMENTS

Acidity, n C.C03 mel l
Alkalinity, a. C.C03 mell 312.0 30b.0
At.11lonil, NH3 51 N mell
Arsenic, Total mgll
Ar.enic, Di••olved mgll

BOD, 5 Day mgll 2.4 3.4 3.5 2.b 1.5Barium, Total mgll
B.rium, Di ••olved mell
Bic.rbon.te mgll 380.0b 373.3
Boron, Total mell

Boron, Di.solved mgll
C.dmium, Total mgll
Cadmium, Di.aolved mgll
Calc111111 mgll 90.4 89.b
Chloride mel l 4.0 4.0

ChromI II1II , Total mell
Chromium, Di.aolved mell
Copper, Total mgll
:c~per, Dia.olved mell
Cyanide mgl1

Fluoride mell 0.39 0.35
Cross Alpba Radioactivity pCill
CrOSI Beta Radioactivity pCi!l
IrOD, Total mel l
Iron, Diuohed mell

Lead, Total mgll
Lead, Diuolved mell
MPN Fecal Coliform MPNlloo ml 2300.00 2300.0 2300.0 23000.0 43000.0
MPN Total Coliform MPNIlOO m1 9300.0 93000.0 9300.0 930.0 7500.0
Magnesium mell 32.1b 35.04

Mangane.e, Total mgll
Mercury, Total mel l
Nitrate, N03 aa N mgl1
011 and Grene mgll
Phenol mell

Phospbate, P04 51 P mell
Po ta 55 illlll mgll 2.88 2.90
Selenium, Total mell
Selenilllll, Dlaaol...ed mgll
Sl1ver, Total mgll

Silver, Di ••olved mgll
Sodium mgll 33.0 28.b
Sulfate mgll 117.0 110.0
Suspended Solid. mell
Total Dis.olved Solid. mgll bSS.O b40.0

Total Organic Carbon mell
Turbidity NTU 2.20 0.75
Zinc, Total al&1l
Zinc, Dillolved mel l
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Table 31. Results of chemical analyses of surface water quality
samples collected at station VC-9.

, ......t ... hit. 1-26-76 . J-9-76 4-21-76 1-14-7l. _ 1-2-71

na..o IlEASIIUHDITS

Dlacha.... d. 4.0 1.4 4.) '.7 2.4
DI••olv.' Oa,••• -all t.I t.1 1.1 7.0 1.4.. wdu 7.t I.) '.1 I.) I.)
Specific Coo'uct.ac. tabo.'", •150 C 760 610 595 600 630
T.-p.r.tur•• Air °c -4.0 -'.0 U U. II
T..p.... tur•• V.t.r 0c: 1.0 2.0 7 6 14

UIOUTOI1' KEASUUKDITI

Aci.it,••• caCO] "'IAlkAliott, ••• CoCO) . -all 202 2]1 204 208 224

....."t.a. l1li3 ••• ..'I
A....oic. 1'ot.l -all o.~ 0.002 0.008
A...."ic. Di••ol... ..'I
I0Il. 5 Do, ..'I
lari... Total ..'I 0.151 0.U1 0.1S7
lariua. Dluolv" ..'I
U .....bo... t. ..'I 246.4 290.) 241.1 ZS3.7 273.2
lor..... Tot.l ..'I 0.011 0.010 O.OlS

101'00. Di••olwa' ..'I
Ca_I_. Tot.l -all ~0.001 (0.001 ~0.001

Cadal_. Dia.ol..... ..'I ".0Cold_ ..'I n.2 n.2 50.4 ".1
CIlloI' I'. ..11 '.0 <0.01 2.0 2.0 1.0

Cb....i_. Total ..'I lO.OOI ~0.001 .{0.001 (0.001

Cbr..I_. Di••olve' ..'I lO.OOI lO.OOI 0.091COpp.... To... l ..'I 0.001
Copp.... Di••olv.' ..'I
c,.ai•• ..'I
'luori•• ..'I 0.11 0.'0 0.25 0.21 0.41
e..... Alpha ...loac:..hi.., pCI'l
Croa. I ....... ioac..i.i .., pCI'l
I ....... To... l ..11 0.1» 0.142 0.221 0.427
I ..... Dluolvo4 ..'I
La". To... l ..'I O.OU 0.001 ~0.001 iO.OOlLa.,. Db.olv•• ..11
IlPII Fecal CoUfo... tlPll/lOO ..
MPI To...1 Colifo... tI1'Il/100 ..

""I··al- ..'I t.60 26." 27.] 11.72 23.0

""...na... To... l ..'I 0.052 0.040 0.04' 0.06]
.....cury. Tot.1 ..'I (0.0001 ~O.OOOI (0.0001 .(0.0002
Iltr..... 10] ••• ..'I 0.260 0.165 O.lS
Oil .ad e...... ..'I
"'-I ..'I
Plooapha .... P04 ••• ..'I 0.11 0.110 0.140,,,........ ..'I 1.64 1.24 2.20 1.04 2.02
..1••1... Total _.'1 0.002 (0.001 <0.001 O.OU
..1001... DiuolY" ..'I
IU...... Tot.l ..'I ,(0.001 <0.001 (0.001 <0.001

111v.... Di••ol••• ..'I
Sod I.. -all 66.0 12.1 1.0 17.00 5.00
IlI1f.t. ..11 117 n.1 SO.O 46.0 )5••
I ..p.o'.' Solido ..11
T.t.l DI••olv.' Soli•• ..'I 495 441 ]17 ]95 410

T....l Orl.oic C...~ ..11 1.0 6.0 1'.0 11.0 '.0
T..... I.lt' lTV 0.20 0.91 0.]5 1.10 4.0
Uac. Total ..'I 0.017 O.OlS 0.011 0.016
11_. DI••olvad -all
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'ar_t.r lJaita 9-30-76 10-%7-16 ll-Z9-7' 12-ZI-76

rULII IlUIUlDmlTl

lti.~"'r•• eta 2.1 ]., 2.2 1.'
IIt••ol... Oxya.. .all '.7 10.' '.7 ,.,.. unit. 7.S 7.6 7.2 7.'
S,oeifie Con'uct.nea u-ho./~ • 25· C 640 690 '70 670
T..,.retuTe, Air ·c 20 -1 -1 6
T..,oratura. V.tar ·c 11 2 1.0 1

UJOIAT'Oat If!ASUIDlERTS

Aci.lty. a. C.co] ..11
Alkallelty. aa tiCO] ..11 Z30 ZS6 U4 U4
~ni8••] a.' 111/1

{0.001Area.ie. Total ..11 <0.001
Aroanle, 111••01... ..11

100. , Doy ..11
"rl.., Total ..11 0.OZ7 0.005
"rl_. Dia.ol... ..11
.tr.r....... t. ..11 ZSO.' ]12.3 JOt., 309.'
lor..... Total ..11 <0.001 <0.001

Ior~•• lti••ol... ..11
r..ct-I... T~ta1 ..11
Cad.t... DI••ol... ..11
Cold.. ..11 66.' 72.0 24.' 63.2
Clolori'. ...11 S.O 4.0 4.0 4.0

r.hr~I... Total ..11
OIr_I... DI..oh.. ..11
c..,,.,r. T..tal ..11 0.010 0.017
C..,por. DI....1••• ..11
Cyanl'e ..11

Fluori'e ..11 O.ZO 0.40 0.27 0.24
Cro•• Alpha "dloa~tl.Ity pCl/l
Croa. '.t. "dloa~tl.lty pCI/1
Ir..... Tot.l 111/1 0.3]] 0.410
Iron. Dia.ol", ••/1

I..... Total ..11 <'0.001 ( 0.001
I.•••• ltiaaol.a' ..11
~ raral C..11foco HPII/IOO .1
M?W T~tal Collf~co KPIllloo oJ."_1.... 1.. ..11 15.10 21.10 48.90 30.72

"-n••n•••• Total ..11 o.on • 0.012"'reury. Total ..11 ~ 0.0002 <'0.0002
Iitrata, NO] ao • ••/1 0.12 0.06
011 .... Cr.... ..11
"'.....1 ..11

~.phat •• PO, •• , ..11 0.110 O.UOr..ta..l .. ..11 1.'1 1.97 2.'4 2.02
S.I••I... Totd ..11 0.002 (0.001
••1.nl... DI••ol... ..11
.1 len. Total ..11

.IIYer. DI.aol... ..11

.ndl.. ·al1 1'.0 13.0 14.0 2."
'"lhto ..11 36.0 31•• '0.0 ».0
.... ,.nd•• SoU•• ../1
Total 01••01... Soli•• ..11 420 450 43S 440

Total Or••nle Car~oe ..11 15.0 ].0 4.0 I'.'T"rbl.lty JrT1J Z.IO 4.30 0.45 2.2tI
ZInc. Total ..11 0.011 0.011
Zinc. Dia.o1... ..11
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rara_tar thdto 3-17-77 6-16-77 S-10-71 6-14-71 7-U-71

n Il.O IlEASIlIlDl!XTl

Dhchar.a ela 3.5 . 1.7 5.0 11.J J.4
Dtnahed Oxy.o. aall 9.5 7.1 1.1 •••• 1.0,. unito 7.1 7.6 7.9 7.J 1.0
I~tftc Conduct.nc. .-ha./ea • BOC 640 410 380 290 UI
T~.r.ture. Air °c 0 22 14 U 27
T.-perature. W.ter °c 1 IS 10 11.S 17

UIOIATOIY HEASUUHDrTS

Acidit,. a. CaCO) ../1
Alkalinit,. a. CiCO

J
..11

'-onia. IIR, .0 • ..11 0.27 0.14 0.10
Areenic. T..tal a./l lO.OOl ~0.001 ~0.001 LO.OOI LO.OOI
Ar.enic. Di.... l ••d ../1

IOD. 5 Dey ../1
lari_. Total ../1 0.009 0.063
lartua. Oiuolved ../1
Iturbon.te ../1 273.3 275.7 242 163.41 236.61
'oron. Total ../1 <0.001 0.025

'ornn. Dt••nl..d ../1
Cad.tll1l. Tntal ..11 <0.001 JO.OOI <'0.001 lO.OOl
Cad.tum. Dl••olved a./l
Calciua ..11 64.0 58.4 67.2 . '1.2 28.0
Chlortde a./l 4.0 6.0 8.0 10.0 4.0

ClIr(lOliua. Total ..11 ~0.001 ~O.(icll (0.001 (0.001
Chroaiua. Oi••ol.od ..11
Capper. Total ..11 0.015 0.005 0.007 0.004
C..pper. Ota.ol••d a./l
C,aa1d. ..11 <0.01

Fluoride ..11 0.16 0.23 0.16 0.14ero•• Alpha aadioacti.it, pCill
Cro•• I.ta ladioacti.ity pCill
Iron. Total ..11 0.092 0.346 0.040 1.887 0.112
Iron. Oiuolv" aa/l

t.ad. T.. tal ..11 (0.001 ~0.001 <0.001 0.003 LO.OOI
t.ad. Diuoh.d ..11
MPH Focal Colifora KPN/lOO al
MPH Tntal Colifnra KPN/lOO a1
Halnni_ ..11 24.96 26.88 16.32 4.10 7.61

Han~ane••• Total ..11 0.053 0.050 0.012 O.lU O.04J
llercury. Tot.l ..11 <0.0002 CO.0002 iO.0002 <0.0Q02 (0.0002
Jttr.t., "0, ... ..11 0.05 0.03 0.72 D••
OU and Cr.... ..11 <1.0 <1.0 9.6 1.1
Phenol ..11 iO.OOl 0.003

""'.ph.te, P04 a•• ..11 0.038 0.130
"'taut.. ..11 1.90 1.98 1••7. 1.817 1.481
blent... Total aa/l lO.OOl <0.001 <0.001 <0.001 LO.OOI
1.lenl... Di••ol.ed ..11
IllYer. Total ..11 lO.OOl <0.001 <0.001 <0.001 (0.001

Itlver. Diuo1Yed a./l
soeli.. a./l 7.10 4.24 4.92 J." n.'hHu. ..11 SO.O 28.0 33.0 10.0 16.0
I ..pended Solido a./l 23.0 14.0 JOt 247 27.0
Total Di••olYed Solido ..11

Tot.l Or••nic Ca~ ..11 11.0 4.0 1t.0 11.0
T...bidity JTU 3.S0 2.20. Ifnc, Total ..11 0.033 0.014 0.016 O.OlS O.OU
IfllC, Diuol... ..11



Table' 31. Continued.

165

Para_ter hita 8-U-7' 10-2.5-7. 12-27-7' 2-21-71 4-11-79

nlLD HUSIA.DIElf!'I

liacur•• efe 1.S J.I 1.J 1.1 I.'
l1aeolw.. 0aJ••• "'1 ,.. 10.4 12.4 t.7 t.4.. .-ito 1.0 7.1 7.tl ••0 7.n
'peclfle e:-.uct..eo u.ho.'ca • 2So C 370 410 460 490 470
T....r.t.r•• air °c 21.5 4 -10 -1 ,
T....r.tur.. V.tor °c U.S 4 0.5 I ,
UIOI.&toI.T M!ASll'IDIDItI

a.l.lt,. a. CoCO) rell
alkal101t,••• CiCD

S "'1 252 lSI
~la••) ••• __'I
Annie. Total "'1 LO.OOI ~O.OOI ~0.001 LO.OOI <0.001
ar••olc. Dta.olY" ..'1
_. S Do, __'I
Iorl_. Total "'1
Iorlue. Ol••oly.. ..'1
Ilcarbooota ..'1 lSl.:I 210.' 2t7.7 307.44 213.04
Ioroe. Total rell

~o•• Dl••ol... __'I
r....l .... Total ,,'1 iO.OOl ~0.001 <0.001 ~O.OOI

c:..01_. 01.001... ~/l
c:.lc1...

__II
".1 Sl.' 73.6 68.1 n.o

00lor1" "'1 4.0 5.0 '.0 4."0.1 '.0

Qr_l_. Toto1 ..'1 iO.OOl ~0.001 <'0.001 <:0.001
Chroel_. 01.001... "'1Copper. Tot.l __'I O.OOJ O.OOJ O.OOJ 0.004 0.001
Copp.r. Di••ol... ..'1
cr·"" "'1
'11IOr1. __'I 0.15 O.U 0.11 0.17 0.16
eroo. alpha ...loactlyltr ,clll
Cree. lor. Io.looctlylc, pet'l
ltole. Total "'1 0.216 0.141 0.354 0.310 5.160
ltole. Dtaool'" "'1
Loa•• Tot.l ..'1 LO.OOI <G. 001 <.0.001 lO.OOI 0.001
Loa•• Db.oly.. "'1... '.col CoUrON ""100 -J.
... Total CourON ..., 100 -J.
.....1_ "'1 11.1 21.J 14.0 22.56 11.11

......... Total __'I 0.031 0.011 0.066 O.W, 0.117
"'n~. Total "'1 10.0001 lO.OOOI lO.OOOI 10.0001 <0.0001
Itlrru•• .03 " • "'1 0.10 0.40
on ... Cr.... ..'1 1.0 1.J il.0 ll.0 J.I
......1 "'1 0.010 0.010 0.004 i'0.001 0.004

........ t •• 104 ... rell"u.at.. __'I I.'" 1.SlO 1.ttS 1.11t 1.'U'
101••1... Toral "'1 '10.001 <0.001 <0.001 ~0.001 lO.OOl
Iolnl... Dla...... "'1.11_. Total "'1 iO.OOl (0.001 <0.001

.n_.Ol...1'" "'1...1_ -all J.14 '.SO 3.41 14.30 4.ot
'.Uara __'I 11.0 40.0 ".0 31.0 40.0
........... SoIU. "'1 11.0 11.0 10.0 n.o 217
Total Db.ol_4 loU. "'1 140 17t 3lIl )11 lOS

TMo1 Ora..lc Culloa __'I 14.0 7.0
T,.n.41rr ....
UK. Total __'I 0.014 0.011 0.004 0.005 O.OU
Iloe, Dlooeh.. "'1
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•ar_.ur Dnlu !-1l-7' 6-20-7' 7-20-7' '-23-7t

"lUI MLUUUKlXTI

DJacbar•• d. 5.2 7.1 4.' 2.4
IJ••ol••' Oay••• ·al1 I.' '.45 .., '.1.. unit. '.45 '.4 7.4 '.0
Spee lI.c Concluc ••ac. u-ho./ca • 250 C 490 450 480 490
Y..,.racure. Air DC 5 16 , 13
~..,.r.tur•• Vater DC , 4.5 • 5.5

UIOlIATO&Y MUSlIUMEJITS

Acl'l." •• CaCO] ..11 22.0 10.0 26.0 14.0
Alka1 ••1t,••• Caoo, .&11 236 216 22. 234
.....n1a. lIII) ••• ..11 0.20 <0.01 -< 0.01 ~ 0.05
Arudc. Total "'1 0.002 .e. O.OOL " O.Oell ~ 0.001
Ar•••le, D.e.ol••' ••/1 ~ 0.001 " 0.001 < 0.001 ~ 0.001

_. 5 De, ..11 < 1.0 1.6
lad_. Toul ..11 0.550 0.060 0.053 0.020
ladua. DllIeol." ..11 0.51 0.045 0.050 0.016
Iturbout. ..11 2'7.t2 261.52 271.16 215.41
IClroa. Total ..11 0.110 0.06] 0.090 0.075

'''TOIl. D1aeolv" ..11 0.105 0.060 0.010 0.060
Ca..l .... Toul ..11 4 0.001 < 0.001 c:: 0.001 <' 0.001
Cadai .... Dluol... ..11 L 0.001 L 0.001 c:: 0.001 L 0.001
Calel.. ..11 70.40 60.10 63.20 96.00
Clllor.c1. ..11 6.0 2.0 6.0 2.0

OotOlli... Tou1 ..11 0.014 0.002 0.00l 0.005
(brOlll... Die.ol••' ..11 L 0.001 LO.001 LO.OOI ""'0.001
Copper. Total ..11 0.017 0.005 0.005 0.006
Copper. 01••01... ..11 0.017 0.002 0.003 '0.001
CJ-t•• ..11 0.002 0.001 LO.OOI c:: 0.001

f .....dd. ..11 o.n 0.14 0.15 0.23
Gl"oa. Alpha Iadloace1YhJ pClll 3.5 ":2.0
Croe. I.t...dloaetl.lt, pClll 10.0 3.5
tr_. Total ..11 5.780 1.040 0.760 0.190
tro.. Dl..oh.. "'1 0.022 0.036 0.010 0.0411

Lea,. Toul ..11 0.006 0.005 0.002 .e.O.OOl
Lea'. Die.oh•• ..11 L 0.001 c:: 0.001 C::O.OOI c:: 0.001
II!'II r.ul Colllora KPN/l00 al '.0 13.0
II!'II Tor.1 Col. fora KPN/IOO al 7'.0 310
"",n•• l.. ..11 11.72 11.52 22.01 3.36

Man'.o•••• Toul ..11 0.043 0.053 0.036 0.004
Marc...,. Tot.l ••/1 L 0.0002 L 0.0002 ..: 0.0002 ~0.0001

IIU.t•• 10] ••• ••/1 1.41 0.33 0.14 0.01
011 ••d Cr.... ..11 ~ 1.0 1.' "1.0 Ll.0
'baal ..II 0.022 ..c0.001 0.010 .e.0.001

_plult•• P04 ••• ..11 0.24 0.020 ""'0.001
r.c-.... ..11 5.33 1.151 1.716 4.100
Sal••l ... Tot.l ..11 L 0.001 "0.001 ..c0.001 LO.OOI
S.I..1... Dla8OI... ..11 L 0.001 LO.OOI L 0.001 '0.001
Sl1..r, Tot.1 ..11 0.002 0.003 ~ 0.001 L 0.001

Ill.er. Dl...l ... ..11 L 0.001 L 0.001 ~0.001 c:: 0.001
Sod... .&11 7.01 12.50 '.36 4.10
S..If... ..11 10.0 14.0 27.0 ]2.0
S..,endd SoU" ..11 251 24.0 26.0 10.0
Tot.l 01••01... Soil•• "'1 lOCI 240 261 290

Tara! Oranle Carb.. ..11 5.0 2.0 15.0 4.0
T....~J.lt' JrTV 6.50 10.00 1.00 2.00
11_. Total ..11 0.061 0.016 0.00' O.OU
l1llC. Dinah" ..11 0.502 0.012 0.007 0.006
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Par_tal" DalU .-tt,-79 10-31·79 11-30-79

nELD MUSIllHUfS

Dhchar•• eta 3.0 1.7 1.8
Dl ••01y.d Ox,••• 11&11 8.0 9.8 10.9p. uolU 7.bS 7.70 b.9
Sp.clflc Cooduct.DC. vah4./m" U· C 510.0 SbO.O 525
T.apft.tllr•• Air -e b.O 0 -7
T•.,lr.tllr•• V.t.r -e 6.0 2.0 0.3

LAJOlATOIT MLUUUHEIITS

Addit,... COCO ../1 15.0 18.0
AlkaliDit,••• Cleo, 11&11 130.0 210.0
"'ooi.. MH] a. • ../1 ~.OOl ~.01

AralDic. Toto1 ../1 ~.OOl ~.OOI

Ar••oic. Di••o1y.. 11&11

100. 5 Do, 11&/1
lariua. Total 11&11 0.024 0.220
lari_. Di ••o1y.' 11&/1
lic.rboo.t. 11&/1 280.bO 256.20 292.80
loroo. Toto1 ..11 0.050 0.050

loroo. Dl••oly.' 11&/1
Coclmi_. Total 81&/1 ~.OO2 ~.OOl

C.clml_. Di••oly.' 11&/1
Colcl_ 11&/1 bit. 20 S7.bO 74.40
Ch10rid. ../1 4.0 2.0 4.0

Chroml_. Total ../1
Chromlua. 01••01'1.' ../1 ~.001 ~.OOl

Copper. Total ../1 0.019 O.OlS
Copper. 01••01'1" 11&/1 0.001C,aold. ./1

Fluorid. 11&'1 0.17 0.17
Cro•• A1ph. tadl••ctlylty pCl/1
Cro•• let. a.dioactlylty pCl'l
Iroo. ""Tot.l .'1 0.340 0.296 0.b70
Iroo. Dluo1.,.' ..'I
Load. Total -ell ~.OOl ~.001

Load. Diuoha' 111'1
MPH recal Collfo.. MPII/100 al
MPII Total CoUfo.. MPH/lOO al
Mal\oulllll ..'I 6.20 24.48 n.se.
KaOI\.o•••• Total 11&11 0.005 0.062 0.095
Hercur,. Total ../1 ~.OOO2 ~.0002

Nltr.t•• 1103 ••• 111'1 0.02 ~.01

011 .od Cre..o ..'I 1.2
Pheool 11&'1 ~.001 ~.001 0.008

Pho.ph.t•• po. a•• ..'I ~.OOl 0.070
Pot.ui_ ..'I 1.5bO 2.850 2.112
So1ooi_. Total 81&'1 ~.OOl ~.OOI

Selo01wa. 01••01.,.' 11&/1
SUnr. Total aa/I ~.OOI ~.OOl

Siher. Dluol.,.d ..'ISodi.. ..'I 34.b 7.20 3.41
Sulf.to aa/l 32.0 4'.0 40.0
Suspeodod Solld. ..'I S.O 24.0 23.S
Tot.l Dl••olyod Soll'o ..'I 280.0 270.0 298

Total Orl\oDlc Corboa ..'I 3.0
Turbidlt, wru 2.b
UDC. Total -ell 0.048 O.Olb
Uoc. Dluo1.,.' ..'I
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Table 32. Results of chemical analyses of surface water quality
samples collected at station VC-IO.

'.r__tar tIDlt. 6-14-71 7-12-71 1-23-7i lo-U-71 11-1-71 12-27-71

nzu MLUlUMDITI

Ibeharl. et. I.S 1 0.2 0.3 0.3 0.2
It••o1.... 0xJ,•• aall '.0 7•• '.1 11.3 11.' 10.t.. ".uu 7.3 '.3 '.0 7.' 7.5 7.65
Specifte Conduct.aca uoho./ca I 250 C 210 346 305 420 425 395
T.-p.r.tvr•• Air °c 22 21 20 3 2 -2
T_,.utott•• V.car °c , 16 12 0.5 0.2 2

LUOIATOIT IlUSUUK!MTS

Act.iC, ••• CoCO] ..11
Alu1hlc,. u caCO) ..11
Aaaool•• .a) •• I _- ..11

4'0.001 <'0.001 LO.OOI lO.OOIAn.ale. Total aa/1 cO.OOl ~O.OOI

Ar••nle. Dl••01.... ..11

100. , Da, ..11
Jari_. Total ..11 0.030 . 0.026
..ri.... Dl..01,,04 ..11
Ilurbonac. ..11 251.21 %19.6 241.5 261.01 213.04 290.36
10....... Tocol ..11

Ioroo. DIDDo1.... ..11
~0.001Cadal.... Tocal ..11 ,,(0.001 lO.OOI ,,(0.001

CDdal_. D1DDolved ..11
Calc1_ ..11 41.6 26.4 52.1 59.2 66.4 11.24
Chlorida ..11 '.0 <1.0 iO.10 <1.0 2.0 6.0

Chroal_. Total ..11 0.001 <0.001 LO.OOI ~0.001

Chroal_. Di..o1"•• ..11
Copper. Toc.l ..11 "'-0.001 0.002 0.003 0.002 0.003
Copp.r. Dl••01.... ..11
c,••U. aa/l <0.01

rlvorida ..11 o.n 0.13 0.14 0.12 0.15
ero.. Alpha ladioaechlt, pCl11
etoe. I.e....l00etlvltJ pCl11
IrtItl. Tocol ..11 O.,.t 0.0" 0.052 0.086 0.11' 0.07'
Ires. Dia.ol"" aa/l

...... Tocol ..11 (0.001 <0.001 <0.001 40.001 <0.001
La••• Di..o1.... ..11
KFI r.ul Collfor. KPII/100 a1
KFI Total CoUfor. KPII/100 al
110&0..1_ ..11 7.61 5.76 11.2 20.10 19.2 11.24

Mao.on.... Tot.l ..11 0.022 0.005 0.016 0.004 0.01' 0.012
Ilere..r,. Toc.l ..11 ~0.0002 LO.0002 "'0.0002 4:0.0002
Itcr.t•• 10) .. I ..11 0.1' 0.12 0.26
011 .... Cu... ..11 <1.0 <1.0 2.2 <1.0 1.0
"'._1 ..11 0.002 0.004 0.011 £0.001

Pbo.phoc•• P04 u • ..11
ht..d_ ..11 0.'77 0.t14 0.U7 0.190 1.027 O.Ut
.. l ...i_. Total ..11 .cO.OOl <0.001 (0.001 10.001 LO.OOI <0.001
"laoi~. Di•••l".. ..11
.U...t. Total ..11 lO.OOI lO.OOI .c 0.001 <0.001 <0.001

.U...t. DlI~l"" ..11

...1_ aa/l 2.00 67.0 2.05 3.2 2.24 4.:10

.... rac. ..11 •• 0 15.0 10.0 It.O 12.0 14.0
S\&Opend.. Soil•• a,/l 19.0 '.0 4.0 4.0 t.O· 1'.0
T.cal DIIDol".. ioU•• aa/l 13' 205 200 2)1 2" 256

Tot.l Ora.ale Catboa ..11 27.0 22.0 11.0 4.0
Tuni.l tJ lTV
11K. Tocal ..11 0.003 0.01' 0.015 O.Olt 0.002 0.00]
liae. DiI.ol.... ..11
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'.r....t.1' Volca S-II-7' 6-20-79 7-11-7' I-U-"

PI EUI IlEASl&DtDfTI

110,,1uor.a efa 0.' 3.1 1.2 0.6
IIooolv04 Ox,.o. -a/1 9.3 1.7 1.0 1.3.. unlca I.' 1.11 7.72 1.15
Spael'le Cooduetaoea uaho./e_ • 2So C 410 340 420 410
T.-paruura. Air °c 0 16 24 20
T..perature. Vater °c 2.S S.; 9 1.0

LAIO&ATOU K!ASlIUHEHTS

AcI4IC,. aa CoCO, ..11 1.0 2.0 2••0 12.0
Alt.llalt,. aa CaC0

3 ..11 230 112 220 214
-..la. N11 3 aa • ..11 .( 0.10 olO.OI <0.01 <O.OS
A..oale. Total aa/l .to.001 .to.001 .( 0.001 0(0.001
Ar.o.le. Dl••01v04 ~/l .( 0.001 ~0.001 <0.001 <0.001

100. , Do, ..11
a.rl_. Total ..11 0.040 0.04' 0.030 0.040
aart_. Diaoolv" "'1 0.02 0.040 0.020 0.012
••cArbonate ..11 210.1 222.04 26•• 40 261.01"'roo. Total ..11 0.010 O.OlO 0.090 0.050

aoroa, Dl••o1ved ..11 0.070 O.OU 0.015 0.002
1"....1_. Total ..11 (0.001 <"0.001 <0.001 ~0.001

Cadaf_. Db.olved ..11 <0.001 <'0.001 <0.001 ,(0.001
Cold_ ..11 61.0 54.4 64.1 12.4
Oloride ..11 1.0 <1.0 2.0 <0.1

Olr_l_. Tocal ..11 0.003 0.002 0.002 0.004
Olr_I_. Di••olva. ..11 LO.OOI <0.001 lO.OOI 0.002
Cop...r. Total ..11 0.003 0.003 0.006 0.004
Copper. Di••olva. ..11 0.002 <0.001 0.006 0.002
CJanide _./1 (0.001 ,(0.001 '"'0.001 (. 0.001

'l....rl4o ..11 0.11 0.15 0.15 0.20
ero.a Alpha IadloaetlvlC7 pClll 2.' (.2.0
Cro•• lata Iadloaeelvlt7 pClll 12.0 4.2
Ie.... Toca1 ..11 0.350 0.260 0.2lO 0.250
Itotl. Di..olvM -a/l 0.023 0.020 0.050 0.046

t.a4. Tocal ..11 0.002 0.002 lO.OOI ~O.OOI

t.a4. Dl..01va4 ..11 <0.001 lO.OOI <0.001 <0.001
... 'aeal CoUlol'D KP1I/100 al <2.0 1.0
HPI Toeal Coll'oCD KPIl/lOO al 70.0 2300
Ita.o..l_ ..11 13.92 12.41 13.92 ].36

Ma........ Tocal ..11 0.007 0.009 0.022 •• 002
"",reurl. Total ..11 {0.0G02 <'0.0002 iO.0002 (0.0002
.Ierar•• 10] aa • ..11 1.)2 0.0' 0.10 0.06
011 .04 Cr.... ..11 1.6 41.0 ~.O ·1.0
""--1 ..11 0.076 ~.OOI 0.010 <0.001

""'.phat•• P04 .. , . ..11 0.06 0.040 O.OlO 0.090
Poe••• t ... ..11 1.002 0.691 . 0.902 0.'10
Salaat_. Total aa/l ~O.OOI 4:0.001 <.0.001 40.001
laJaoiue. Dl••01v" "'1 <'0.001 <0. DIll <0.001 40.001
II har. Total ..11 <0.001 0.002 0.001 <0.001

Illver. Dta.olva4 _./1 iO.OOI ~.001 <0.001 (0.001
..... i .. -a/l 6.lO 1.71 2.02 2.26
•••Hua ..11 '.0 10.0 '.0 10.0
.......od.4 loU4o ..11 11.0 7.0 7.0 16.0
TecAl Di••olvo. Iolld. aa/l 270 196 225 232

Total Or.a.le C.rboa ..11 ••0 1.0 12.0 '.1
T.....141t' IITU '.50 6.00 4.20 1.10
11_. Total ..11 0.011 0.016 0.017 0.010
l1oc. Dl..olY" ..11 0.004 0.004 0.009 0.003
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Par&metar Unite 9-2b-79 10-31-79

FIELD MEASURKENTS

Diaeharge efa 16.0 -1.0
Dissolved Oxygen mg/l 6.8 9.4

pH unite 7.70 7.90
Specific Conductance umhos/em @ 25' C 420.0 38.0
Temperature, Air 'C 16.0 -1.0
Temperature, Weter 'C 8.5 0

LAIlORATORY MEASUREMENTS

Acidity, II ClC03 mg/l 19.0 24.0
Alkllinity, as CaC03 mg/l 218.0 222.0
AlIraonia, NH3 II N mgll 41.01
Areenic, Total mgll 41.001 41.01
Arsenic, Dissolved mgll

80D, 5 Day mgll
Blrium, Total mg/l 0.050 0.214
Barium, Dissolved mgll
Bicarbonate IIll/l 265.96 270.84

Boron, Total mg/l 0.050 0.030

Boron, Dissolvld mg/l
Cldmium, Total mg/l 41.001 -cu. 001
Cadmium, Dissolved mg/l
Calcium mgll 63.85 68.80
Chloride mgll 2.0 4.0

Chromium, Total mg/l -cu. 001 41.001
Chromium, Dissolved mgll
Copper, Totel mg/l 0.015 0.016
Copper, Dissolved mgll
Cyenide mg/l 41.001

Fluoride mg/l 0.19 0.15
Grosl Alphl Radioactivity pCill
Groll 8ete Rldioactivity pCill
Iron, Total IIllIl 0.050 0.030
Iron, Diasolved mg/l

Lead, Total mgll 41.001 41.001
Lead, Dissolved mg/l
MPN Fecal Coli fora KPNIlOO ml
MPN Totll Coliform MPN/IOO OIl
Higneoium mgll 14.10 16.80

Hanganese, Total mg/l 0.036 0.050
Mercury, Total mg/l 41.0002 41.0002
Nitrate, N03 la N mg/l 0.03 41.01
Oil and Grease mg/l 1.0
Phenol mg/l 41.001 41.001

Phosphite, PO. as P mg/l 0.020
Potassium mgll 0.530 2.800
Selenium, Total mg/l 41.001 41.001
Selenium, Dislolved mgll
Silver, Total mgll -cu. 001 41.001

Silver, Dilsolved mg/l
Sodium mg/l 4.90 8.50
Sulfate mg/l 10.0 31.0
Suspended Solid. mgll 4.0 24.0
Total Dissolved Solid. I1gll 227.0 275.0

Total Organic Carbon mgll 1.0
Turbidity NTU 4.20 4.40
Unc, Total I1g/1 0.055 0.022
Zinc, Dillolved mg/l
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Table. 33. Results of chemical analyses of surface water quality
samples collected at station CS-l.

Par...t.~ U..In 11-"'71 S-:U-79 6-20-79 7-1"'79 "'2~79

fllLD IlEASUUxEIITI

allle"'r•• d. 0.4 0.6 ,.. 0.4 0.'
al••olv•• Oa,... aall u.s 1.7 1.4 1.7.. ....In 7.4 1.4 1.4 7.62 7.1
Specific Conduct.ac. uaho./ca • 2So C 440 4lO 3U ""420 420
f..,.r.t~r•• AI~ ·c 1 I' 21 11
t ......t~r•• V.t.r °c 1 7 7.S • 5

UIOUroa, tlUSUI.!M£KTI

AcLllt,. aa C.co) -all 14.0 12.0 24.0 16.0
Alkall ..It,••a CiCO) -all 234 171 210 240
_ ..ta••) a•• ..'I 10.10 <0.01 <0.01 <0.05
a....le; Total -all <0.001 <0.001 (0.001 <0.001 <'0.001
&r...le. DI••alv.' ..'I <0.001 <0.001 <0.001 <'0.001

IDe. 5 liar ..'I (1.0 2.1
lerl... Toral ..'I O~OU 0.010 0.090 0.030 0.020
lerlua. DI••alv.. ..'I 0.01 0.050 0.020 O.OU
lIurbooa•• ..'I 217.92 2IS .... 217.16 '256.20 292.10
........ Tou1 ..'I O.llO O.Ost 0.077 0.015

"'co•• DI..ol.... ..'I O.lOS 0.040 0.050 0.010
"....I ... Total ..'I (0.001 <'0.001 <0.001 <0.001 <'0.001
C...I ... DI••o1v" ..'I (0.001 <0.001 < 0.001 (' 0.001
CaJcI... ..'I 62.4 72.0 55.2 61.' n.2
Clalarl" a,'l 1.0 '.0 2.0 4.0 0.1

«:hr_I.... Total ..'I <0.001 0.00) 0.00) 0.00) O.OOS
Chr_I... DI..oh.. ..'I (0.001 (0.001 <0.001 ( 0.001
Copp.r. Total ..'I 0.005 0.00) 0.00) 0.001 0.005
Copp.r. DI••alv" ..'I 0.00) 0.00) 0.005 0.001
C,aald. aall <0.01 0.006 0.005 (0.001 (0.001

fl ....rI•• ..'I O.U 0.12 0.12 0.16 0.20
Cro•• Alpha ladloactlvltr pCI'l 2.t <Z.O
C......... Iadloaerlvl., pCI'l t.S 4.0
I.... To.al ..'I 0.045 0.011 0.330 0.100 0.149
IrOll. Dla.o"''' "'1 0.022 0.200 0.030 O.OU

....d. To.al ..'I 0.00) O.GOt 0;001 (0.001
&.#ad. DI..olv.' al'l <0.001 <0.001 <0.001 <. 0.001
'" 'ccal CoUfora """100 a1 2.0 4.0
M" Tot.l Collfa.a KPII/lDO al 49.0 700.
""...cat.. ..'I 15.114 17.21 11.52 14.'" 3.14

~nl.nc••• To~l ..'I 0.00' 0.002 O.OOS 0.005 ~ 0.001
lI.re".,. To.a1 ..'I (0.0002 <0.0002 (0.0002 (0.0002
lIIU.... 110) aD • ..'I 0.15 1.21 0.11 0.01 O.ot
011 aDd C...... .'1 ( 1.0 ;' 1.0 < 1.0 c 1.0
"'.DOI ..'I 0.010 0.001 0.024 '0.001

..-'h.... P04 aa • ..'I 0.05 O.OlS 0.020 0.120

'"..ul.. ..'I 1.022 O.t62 0.677 0.9ot 1.140
~1••I ... To.al aal1 lO.OOl (0.001 <0.001 01 0.001 <'0.001
S.1••1... D1aaolv" -all <'0.001 <0.001 <. 0.001 (0.001
lilver. To.al ..'I 0.001 0.005 0.003 0.001 <0.001

illvc•• DI••alv" ..'I <0.001 <0.001 <0.001 ( 0.001
Sod I.. a.11 n." 2.lO 1.67 3.11 t.OO
Suit... ..'I 14.0 10.0 6.0 10.0 '.0
S¥apcad.. Sollda a.'l 11.0 4.0 n.o S.O ••0.
f.t.1 Dl••olva. Sollda "'1 2S1 270 Ito 22) 254

Tatal O.I••le c••~... ..'I 4.0 1.00 ).00 10.SO t.OOTutlll.", IITU O.IS lO.OO ).to 2.00
%1"". to..l ..'I 0.004 O.DOt 0.017 0.020 0.031
%Iac. Dluah" ..'I 0.00' 0.010 0.011 <0.001
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Results of chemical analyses of surface water quality
samples collected at station CS-7.

'araNt.r Onin 11-8-71 5-11-79 6-20-79 7-20-79 8-23-79

FIELD KUSlJIlDlEKTS

Dlachua· cIa 0.' I.J 5.5 2.0 0.'

Dla.olved OryaeB _all 11.6 '.2 7.4 7.3 7.4

pi unit. 7.4 7.' '.3 '.15 7.2

Specific Conductane. ....ho./c... nOc 370 360 290 345 ]70

T.-prrature. Ai~ DC 14 I 11 21

T..peratur•• V.ter DC 1.5 2 12 U 12.'

LABOllATORt KV.5UREMEHTS

Acidity. a. CaC03 ..11 16.0 2.0 16.0 4.0

Alkaltntty. a. CaCO] _./1 1116 170 190 1.4

A..ont•• NH] a•• ..11 (0.10 <0.01 <0.01 (0.01

Arsenic. Total _all <0.001 <'0.001 <'0.001 <'O.OCll <,0.001

Ar.entc. DLa.olved _all <' 0.001 <'0.001 " 0.001 (0.001
,

100, 5 o.ay ..11
lartua. Toc.l -S/I .{ 0.01 0.010 0.040 0.020 o.on
lariua. Dt.solv.d IIs/l 0.010 0.040 .( 0.001 0.002

licarbonat. _s/l 239.12 226.92 207.40 2]1.11 224.41

loran. Total IIIlI/l 0.065 0.046 0.095 <0.005

loron, Dissolved ..11 0.060 0.015 0.090 0.045

r.ed",tUII. Total ",./1 <0.001 <0.001 <'0.001 <'0.001 LO.OOI

C.daiua. Di.solved •• /1 <0.001 • <.0.001 <0.001 <0.001

I".. lciua -ell 59.2 65.60 sa.40 60.00 73.60

Chloride _./1 <0.01 6.0 <1.0 2.0 <0.1

r.hrC'l.tUWI. Total ..11 <'0.001 0.006 0.001 0.001 0.004

Chromiu., Di••olved .,,/1 <0.001 <0.001 <'0.001 0.002

Cl'pper. Tot.l •• /1 0.001 O.OU 0.005 0.004 0.006

I"~pper. Dl••olved _.11 0.004 0.005 <0.001 (0.001

Cyanide -sl1 <0.01 <0.001 <0.001 0.001 <0.001

!'luortd. .,,/1 0.09 0.10 0.52 0.14 0.17

Cro•• Alpha Radioactivity pCi/l 2.4 <2.0

Cro•• Ie•• 'adtoactlvtty pCi/l 12.0 4.0

Iron. Totd .,,/1 0.090 0.201 0.270 0.240 0.2"

Iron. Di••olved -S/I 0.012 0.020 0.030 O.ose

Leed. Total 111/1 0.00] 0.001 0.015 (0.001

Lesd, Dis.olYe. "111 <0.001 (0.001 (0.001 (0.001

MPH Fecal Colifo.. KPNIlOO _I (2.0

KPN T~.al Colif~r_ KPN/lOO _I 170

Haannlua 111/1 6.24 '.12 '.64 10.01 2."

"-n.anes•• Tot.l .,,/1 0.021 0.010 0.007 -0.012 0.002

Mercury. Total -all "0.0002 <0.0002 al.0002 (D. 0002

Nttr.t •• NO] a•• _./1 0.7' 4.00 0.62 D.7l 0.'7

011 and Creu. -s/l <1.0 (1.0 <1.0 <1..

Phenol _Ill <0.001 <0.001 0.034 0.001

",a.ph.te. P04 a. , ..11 0.0' 0.015 0.020 0.020

..... t ... i .. -S/I 0.090 0.793 0.701 0.759 0.790

Selentua. Total ••/1 <0.001 <' 0.001 (0.001 <0.001 <0.001

Selenl... Dl.aolved ..11 (0.001 <0.001 <0.001 <0.001

SHver. Total ..11 <0.001 0.003 0.003 .( 0.001 .( 0.001

stiver. Dlaaol... _./1 <0.001 <0.001 <0.001 .c0.001
Socii.. _./1 15.'2 2.07 1.91 2.20 2••
SuHat. ..11 9.0 '.0 14.0 6.0 15.'
Su.pended Solid. _.11 7.0 1.0 '.0 4.0 3.'
Totel Dt.aolve. Solid. _./1 210 240 lIS 200 210

Tot.l Or.antc Carbon ..11 U.OO 1.50 7.00 7.50
Turbidity NYU 0.'5 5.00 5.00 5.00
line. Total ..11 0.002 0.013 O.OU 0.01l 0.015
Une. DiseolYad ..11 0.004 0.010 0.007 0.001
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rau..tn Unit. 9-25-79

flELD HtASURMEHTS

III scharle cfa 0.4
Vissolved OxYlen mill
pll unite 7.25
Specific Conductanca umhos/clI @ 25' C 370.0
Temperature, Alr 'C 15.0
Temperature, Water 'C 9.0

LABORATORY HtASUREHEHTS

Addlty, as CaC03 mgll 4.0
Alkalinity, a. CaC03 IIgll 182.0
Amnonla, NK3 as II IIg11 ~.01

Arsenic, Total IIg11 ~.001

Arsenic, Dissolved 111/1

BOD, 5 Day 111/1
BariulI, Total IIg11 0.028
Barium, Dis.olved 11&/1
lIicarbonata IIgll 222.00
Boron, Total 111/1 0.140

Boron, Dillolved 111/1
Cadmium, Total 11&11 ~.001

Cadmium, Di••olvad IIg/1
CaltlUII IIg/l 75.&0
Chloride IIg/1 ~.l

Chromium, Total IIg/l O.OOE>
Chromium, Di.solved IIgll
Copper, Total IIg/1 0.010
:tpper, Dillolved IIgll
Cy.nide ragll 0.005

Fluoride IIg/l 0.13
Cross Alpha Radioactivity pCi/l
Cross Beta Radioactivity pCi/l
Iron, Total mg/l 0.030
Iron, Dissolvad IIg/1

Lead, Total IIg/l ~.001

Le.d, Dissolved ragll
HPH fecal Collfono HPN/lOO III
HPN Total Colifono HPN/lOO _1
Hagnesium ragll 2.14

Hanganese, Total ragI1 0.003
Mercury, Total mg/l ~.0002

Nitrate, N03 a. N mg/l 0.73
Oll and Cnase mgll I.E>
Phenol mg/l 0.003

Phosphau, POI, as P mg/l 0.020
PotasslUII 11&/1 0.710
Selenium, Total mg/l ~.001

SeleniulI,·Dia.olvad IIg/l
Silver, Total IIg/1 <0.001

Silver, Dillolved IIg/1
Sodiull IIg/l 2.54
SulCate 11&/1 18.3
Suspended Solid. IIg11 1.0
Total Dis.olved Solid. IIg/1 210.0

Tot.l Organie CarbOD 11&/1 4.0
Turbidity NTU 5.30
Zinc, Total _gIl 0.019
Zinc, Dillolved ragll



Table 35. Results of chemical analyses of surface water quality
samples collected at station UPL-3.

.<

'ar_ter Uft1ta 7-31-74 9-5-74 10-3-74 11-3-74 12-2-74 1-3-75 2-4-7S

rIEUl MUSllUl1!IlTI

DbcMr•• ch 11 15.3 10 7.65 7.10 7.8
Dlaa~lved Oxy... .s/l 7.60 7.75 . 7.15 7.20 '.2 8.U 7.90
pi unit. 7.10 7.SS 7.60 7.65 7.45 7.22 7.20,
Specific Conductance ..-hoa/ea • 250 e
Te.per.ture. Air °c 21 17 • II -5 -4.4
Teaper.tura. Vatar °e 6 5 6 4 3 3.S

UBORAtoRT KEASORDlEIITI

Aridity••a C.003 ..11
Alkalinity. aa caco

3
WI./l 122.0 112.0 144.0 128.0 lS2.0 140.0 142.0

•...,'d.. IlRJ a•• ..11
"rsanic. Tot.l .s/l 0.0000 0.000
Arsenic. niaaolve' ••/1

BOD.S Day ..11 3.5 3.1
lad.... Tot.l ..11 0.0000 0.0000
..rt.... Dbao1vet! ..11
lirarbonata ••/1
101'_. Tot.l ..11

101'011. Dis.olve' ..11
C.cIooiua. Tot.l ..11 O.ooas 0.0011
C•••i .... Dissolvet! ••/1
Calet... .,,/1
Cbl"rld. ../1 2.0 1.6

Chroai.... Total ..11 <0.010 <0.010
Cbroai.... ni••olve' ..11
c..pper. Total ..11
Copper. Di.solva' ..11
Cyuicloo ·all

FllJOri'e ..11 0.14 O.U
r.r~s. Alpha Radioactivity pCill
Crosa leta Radio.ctivity pCtll
II'''''. Totel ..11 0.130 O.as,
]re-II, nbsolvei ·al1

Looad. Total ..11 0.0000 0.0000
Looad. Dinolved ..11
MPIl Fecal CoUfon KPH/loo .1 L3 ~3 Q 4.3 L3 ~3 <3
RPM Totel Colifora KPH/100 .1 ~J ~3 4 ~3 ~3 <30 ~3

Hagnni.. ..11

Hang.n..... Total ..II 0.062 ': 0.071
Mercury. Total aa/l. 0.0000 0.0000
Witret•• NO) ea • ..II 1.10 O.IS . 0.90 0.12 0.65 0.10 0.61
Oil end Greaaa ..11
!'benol ..11 0.0000 0.0000

"",spbate. P04 aa , ..II O.~ 0.27 0.15 0.21 O.DS 0.1' 0.11 .
, .. tatal.. ..11
I.le"i.... Total .s/1 0.0000 0.0001
Seleni... Dis.o1".. ..II
Silver. Total ..11 0.0000 0.0001

Iflver, Di.~lva' ..II"
Sodi.. .s/1
Sulfata ..11 1.0 1.1
Suspended Solid. ../1 5.0 11.0 U.O 17.' 3.0 5.' 3.'
Totel Die.olve' Solid. aa/l 161.0 165••

Totel Or.anie C.rb.. ..11
TurUdity IITV 24.0. 1.20 3.90. U.o. 3.S: 4.0. 5.40.
Zinc. Total ..11 0.001" 0.011

"
.~ Zinc. Dtaaolv" "'1



Table 35. Continued

175

'araMtar Unlta 3-5-75 4-2-75 5-1-75 6-3-75 7-22-75 10-13-75 11-12-7S

FIELD Il!ASUIlDfEHT1

Dlacharla d. 7.' 7.' 7
Dl••olv" OKYI" -all 7.50 7.2 7.1 7.4 7.2 '.Z4.. u"lt. 7.31 7.66 7.1' 7." 7." 7.St
S,.cl'lc Conductanc. ..boa/ta , 2So C
Treplr.tura. Atr DC -14.5 -12.0 Z.O IS U U •fe-peratura. V.t.~ DC 4.0 ].5 4.0 4.5 ].5 ••5 $

UIORATOlT KEASUIEMElfTI

Aetdlty. a. CaCO] ..II
AI~11Dlt,. aa CaCOJ "'1 .161.0 156.0 144 140 91.0 106••
"...,,,ta. NR J aa • ..11
Anlnlc. Tot.l ..11 0.0000
Arsl"tc. Dta.olv" ..11

.'1I. S Da, ..II 4.0
lart... Tot.l ..II 0.0000
"rlu.. Dla.olvet -Ill
It rarbonat. ..II
loron. Tot.1 ..11

lornn. Dt••nlved ./1
r.acla I"", Total ..II 0.002]
r..d.I ... Dl••o1v" ..II
Calc1u. ..11
Chloride ..II 4.0

Chrt\.tUII, Total _./1 <0.010
rhro.luD, DI••olve. ./1
Cnpp..r. Tot.l ./1
Cnpp..r. DI••o1v•• ..11
C,anid. ..11

'Iuorid. ..11 0.21
Cro•• Alpha ladlO1ctlvlt, pCl11
Cr... leta .adlO1cttvlt, pCl11
Iron, Total ..II 0.246
!:~'" Diuo1v" ..II

lA.d. Total ..11 0.0000
lAid, Dluoh•• ..II
HI'I Fecal CoUfono KPIlllOO _I 4'J ~J ~J ~J ~J ~J <J
"PI Total Collfono KPIllloo a1 1] 31 <J IS .cJ It ~J

IIolnealve .11

~:,.ne... Total Dill o.on ..
Mercvc,. Tot.1 ..11 0.0000-
_ltrat•• IfOJ aa • ..11 0.40 0.21 0.30 0.21 p... O.l' o.n
011 .,,01 Crea•• ..11
Ph....l ..II 0.0000

""".phat•• P04 a. P ..11 0.17 0.16 0.20 0.07 0." O.OJ
'.-uul.. ..11
~~h"I... Tot.1 "'1 0.0000
5..1..,,1... Dl••01v" "'1H:-;-.:. Tot.1 ..11 0.0000

Silver. Di••olve. ..11
Soil.. -./1
SaUlt. Dill ..7
S...pendd SaUdi _./1 4.5 4.0 5.20 105.0 41.0 4.'
Total DI.aolved Soltd. -s/l 145.0

Trul Orlante Cerb_ ..11
Turbldit, JmI 1.60- 1.70. J.s. '.1. 4.00 1.1.
I Inc. Totel ..11
Ziac. Di..oIv.. ..11

,.!'
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'ar... ter Ontu 2-5-76 3-3-76 3-31-76 6-15-76 1-3-76 10-1-76 ID-l...,.

rIELD H!ASllaDlDITI

Dlacher•• er- '.4 ·20 J4 J7 n
Dl.aelved 0.7." _./1 9.30 9.30 6.1 5.1 6.7 I.S.. Wliu 7.16 7.20 7.11 7.4 •• 2 7.J 7.6
Sp..,Uie Cc>nductene. UBhea/e_ • 25° C 320 300 320 410 350
TPIOperatur•• Air °c 0 -4 20 U 16 7
T..,.rature. V.ter °c J J 7 9 10 7

tAllORATOIY HUSlIIDlDlT'

Acidit" •• C.CO, ..11
110.0 112.0 122 101 124 121AlkAlinit" •• CiCO -,II 110

~nl., NR 3 ... ' ..11 0.35
Areenlc, Tet.l -,11 ~ 0.001 ~0.001 <0.001 <0.001 <"0.001
Ar••nie. Dl••elv•• ..11

IUD. 5 De, ..11
'arl~. Tot.l -./1 0.017 0.01' 0.011 0.007 0.002
'arl~, Dl••olved ..11
Itcarbonat. ..11 141.1 141.1 Ul.7 lSl.J 156.'
lor..n. Total ..11 O.OU 0.002 0.005 <0.001 <0.001

lornn, Di••olv•• ..11
Cadollu_, Tot.l ..11 lO.ool ~O.ool <0.001 <0.001 <:0.001
Cad.l~. Di••olv.d -./1
r:alc1... _,II 40•• 27.2 45.0 36.1 4l.'
Chlorld. _./1 0.' O.SO 1.0 10.0 1.1

Chro.iUII. T..td ..11 4'0.001 ~O.ool <0.001
Chromium. Dl••olv.d ..II
C<>pp.r. Tota' ..11 lO.ool 4:0.001 <0.001 <0.001 <:0.001
Copper. Di••olv•• _./1
Cyanid. _./1

Fluorid. ..11 0.14 0.11 0.1] 0.17 0.09
Cro•• Alph. "dloacttvit, pCtll
Crn•• ler. "dlo.ctlvlt, pCtll
Iron, Total ..11 0.290 0.210 0.167 0.173 0.210
Iron, Dluolve<! _./1

Lead. Total ..11 .( 0.001 <0.001 <0.001 <0.001 <0.001
teed. M ....h.d _./1
HPK recel Coltform HPN/loo _I <J <J
KPI Total Colifnr_ HPN/IOO ti <J 20
Ma...ut~ -./1 9.12 '.76 6.0 J •.cI I .•

Men........ Total ..11 0.001 0.010 " 0.101 <0.001 O.OOJ
Mercur,. Total -,II <: 0.001 <0.0002 <0.0002 <0.0002 <0.0002
aUrat., 110) ••• _./1 0.240 0.290 0.200 0.200 0.40 0.21 0.20
Otl .nd Cr.... M./l
Phenol ..11

·Pbolphet., P04 •• , ..11 0.0" o.on 0.330 0.160 0.130 0.145 0.1"
""t...l~ ..11 1.23 0.72 0.19 1.00 0.11
Seleftl~. Total _,II < 0.001 CO.ool <0.001 <0.001 <0.001
S.lenl~. DI••olved ..11
'Uver. Total ..11 lO.ool <:0.001 <0.001

sllv.r. Dl••olv" ..11
Sodh. -all 2.41 11.00 1.10 19•• •••Sulflt. ..11 15.0 9.20 21.0 11.0 n.s
Suspended Salida _./1 36.6 4.0
Totd DI..obed 5011da ..11 210 200 210 270 230

Tot.l Or••nte C.rbon ..11
Turbldlt, IITU D." 0.70 0.79 0.10 1.20 6.10 I."Zinc. Tot.l ..11 0.029 o.on 0.019 0.070 0.01'
Zinc. Dl..obed ..II
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'.r.-t_ Oldt. 11-)0-" 12-29-" 2-1-77 ~~J7 4-7-77- :5-10-77 1-2-77

'IELD K!ASUlEKDlTI

DI.rhu•• cf. II -II 12 , U , II
DI.oolv.d 0.1••• -all 8.2 8.0 7.t 8.2 7.7 8.4 '.S.. unit. '.2 7.' 7.4 7.7 7.0 7.)
Specific Conductonc. umho.'c_ , 2So C 400 320 3S0 ))0 ))0 370 360
T..p.r.ture. Air aC -2 6 -) -6 t 12 24
T~pwr.tur •• Vat.r aC 4 ) 4 4 , 6 t

VoIORATOU HUSllaEHDlTS

Acldlt, ••• caC03 ..'I
Alk.llnlt,••• C8C0

3 ••'1 146 121 130 114 12' 14' 114
"-'nla. NR3 ••• ..'I
Ar••alc. Total _.'1 ~O.OOI <0.001 ~O.OOI ~ 0.001 ~O.OOI <0.001 <0.001
Arsenic. Dl.sol••• _.'1

100. S nay ..'I
I.ri_. Total _.'1 0.004 0.002 0.003 4!'0.001 <0.001 0.003 0.004
larlue. Dissolve' ..'I
Ucarbon.t. ..'I 17•• 1 156.2 IS'.' 153.3 1S).7 17'.1 lSi.)
'oroll. Toral l1li'1 LO.OOI 4:0.001 <0.001 0.00' O.OU 0.010 0.011

loron. Dlss01y.' ..'I
C.d.I.... Total _.'1 ~ 0.001 ~O.OOI ~O.OOI

Cod.lua. Dlss01yed 0.'1
Calci_ -.'1 '1.2 40.' 45.6 42.' ".0 34.1 ... 6
Chlorld. _.'1 '.0 I.' 1.0 4!'0.01 2.0 4:0.01 ~O.ol

ChI'OIIlu•• Total ..'ICbro_l_. DlssolY.' ..'I
C<>ppn, Tot.l ..'I 0.001 O.OU 0.007 0.006 o.OOt 0.004 0.00'
Copper. Dlo.olv.d 0.'1
Cy.nld. _.'1

'Iuorld. _.'1 0.10 0.09 0.10 0.11 0.11 O.lt 0.11
Cro•• Alph...dloactlvlt, pCl'l
Cro•• let. R.dlo.ctlvity pCt'l
Iron. Tot.l ..'I 0.117 0.11' 0.113 0.090 0.01) 0.136 0.12'
Iroll. Dbsolved _.'1
IA... Tot.l _.'1 .,(0.001 ~O.OOI ,",0.001
1..... Dl..olved ..'I
Hi'll 'ecol CoUfora MPN/IOO _I
MPN Tnt.l Colifor. KPN'lOO at
Ko.nesl_ _.'1 10.08 3.2t 7.61 t.U 6.72 16.in U.44

M8na.n.... Tot.l ..'I 0.002 0.003 0.004 O.Olt O.OrS O.OIS 0.012
Herrllry, Total _.'1 .i0.ODD2 .(0.ODD2 .lO.ODD2 <0.ODD2 <to.ODD2 ..lO.OOOZ ~0.OOO2

'Itrot., NOJ ••• _.'1 0.26 0.22 0.20 O.IS 0.10 0.02 0.04
011 ODd Cr.... ..'I
"'..not _.'1

Phosphot., PO, •• P _.'1 0.130 0.110 0.110 0.110 0.092 o.OIS 0.060
'nt...I.. ..'I 0.96 0.7S 1.00 0.90 1.30 1.04 I.U
S..1O'nlua. Total _.'1 LO.OOt <0.001 .lO.OOI '{O.OOI .lO.OOI .lO.DOI '"'0.001
Selelllue. Dl.sol.ed ..'I
SUver. Totol ..'I

Silver. Dl••olved _.'1
SodI ... -all I.S 9.10 1.7S 1.63 1.92 ).U 2.n
Solt.t. ..'I 11.0 10.0 20.0 21.0 I'•• 20.00 36.t
Suspellded Soli'. -.'1Total 01••01... SoIt•• _.'1 260 ZlO 230 21t.) 2Zo UO 240 ....
Tot.l Or••nle C.rboe -.'1
Turbl'lty IITlI 0.49 0.90 O.SO 0.30 14.0 1.50 1.'
lfne, Total ..'I O.OOt 0.014 0.01~ 0.011 o.Olt 0.016 O.OU
Zinc:. Dl..oh.. ..'I



Table 35. Continued

178

Para_tal' Ualt. 7-7-77 8-4-77 t-t-77 100U..77 11-10-77

rllLD HEA5URDIDlTI

Dbehar.a era II 60 21 2Z
Dl••olved 0XYlea -all 9.2 1.4 •• 2 '.J
pl. uftlt. 1.1 1.2 •• J 7.07 7.1 .
5pe<lfle Conduetanea ..ho./CJI • nOc 230 261 230 380 241
Traperature. Ail' DC 21 21 U 19 I
T.-p.r.tura. W.ter DC 1) 15 17 9 ,
UIOUTOlf HUSlJREHENT.

Acidity. aa CaCO) D./l
Alkalinity. aa ceco

J
_./1 1)0 130 UI 142 U2

_ .......la. NR) aa I ..11
An.nle. Total D,/l ~0.001 <0.001
Ar...le. Dl••01v.' a./l

100. , Day ../1
larl_. Total D./l 0.00) 0.014 0.0)) 0.021 0.006
IarluD. Dl••01ved D./l
II ca rbona te D,'l ~8.' ~'.6 1S6.2 173.4 161.1
loron. Total ..11 0.009 O.OSS 0.10 O.tS 0.))

loron. Dl••olved ../1
r.ad_iUD, Total Dl'l
Ca.Di_. Di••o1v" _.'1
Calel... ../1 45.60 46;4 46.4 45.6 47.2
Chlorlda Dl'l LI C::O.Ol 4.0 ~0.01 <0.01

ChrOlltu-, Total ..11
Chroaiua. Di••olve' ..'I
ee.p~r. Total ..'I 0.002 0.00) 0.004 0.00) 0.002
Copper. Dl••o1ved _./1
Cyanide D,'l

Fluoride Dl'l 0.13 0.12 0.09 0.01 0.88
Cro•• Alpha a.dloaetlvlty pCl'l
Cro•• leta aadloaetlvlty pCl'l
Iroa. Total ..'I 0.190 0.092 0.163 0.114 0.064
hoe. DlI.o1ved Dall

L.a'. Total ..'Ilead. Dilloh•• D./l
KPR 'era1 Collfol'D KPN/lDO Dl
KPI Totel Co11fnl'D KPN/IOO a1
Maine.1_ ..'1 6.24 5.76 6.24 12.00 9.12

Manlane... Total ..'I 0.019 0.005 0.006 0.01' O.OM
Merrury. Total Dl'l ~0.0002 ~0.0002 4:0.0002 ~0.0002 <0.0002
III I' rate. 110) aa I D,'l O.OJ 0.02 0.0) 0.04 0.05
011 aa' Crella ..11
""1'_1 ../1

Pholphat•• po. a. P ..'1 O.OSO 0.105 0.090 0.086 0.050
Patead_ ..'I 0.90 0.80 1.14 1.02 1.01
Srhnl_. Total D./l .to.001 <:0.001
Salenl... Dllloh.. ..'1
511ftI'. Total ..'1
Sliver. Diaao1ve' D,'l
Sodl.. D,'l 1.39 9.SO 1.11 24.30 1.4
s.lfata ..'1 9.0 30.0 U.S 14.0 21.0
SUlpended So11da D,'l
Total DI••o1va. Soll'a ..'I 140 172 ISO 243 160

Total Orlanle Carboa ..'ITurbidity NTU 1.SO 0.10 0.31 0.82 1).0
line. Totd ..'I 0.012 O.OM 0.011 0.015 0.002
Zinc. Dlaaoh.. ..'I
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rara_t.r Unite 12-1'-77 1-12-71 2-7-71 3-9-71 4-13-71 5-11-71 6-IS-71

,lEU KEASllIlDfDfTI

D18char•• cl. 1.5 , l' 16 I' 27 "Dl••ol.ed OaYlea aall 12.1 9.' 9.J '.1 9.1 I.' 9.5.. unite 7.6 7.7 1.1 1.0 7.7 7.] 7.5
Specifie Conduct.nc. uehol'ee , 250 C 252 241 272 261 275 230 240
T~p.r.tur•• Air °c J 2 0 , 11
fe-peratura. Vater °c , J 2.' 11 1.' • 7.'
LAaouTOI.T HEAS ORDlEIITI

Acidlt,••1 caCO, ..11
Alkalinit,. a. CaCO

J -./1 142 150 148 146 152 124 124
'..oni•• NR3 a•• ..11 < 0.001Ara.nie. Total ..'IAr••nie. Di••ol••4 a.'l

IOD. , Da, ..11
lartue. Total _.'1 0.01l 0.140 0.030 0.070 0.020 0.022 0.040
larlue. DII.ol.ed ..11
Ilclrbonlt. ..'I 173.2 113 110.' 171.1 US ... lSl.21 ISI.21
Boron, Tot.l ..11 0.04 0.12 0.04 0.06 0.0' O.OS 0.09

loron. Dl.solYlO. ..11
CadelUl1, Total _.'1
<:'dei .. , Di..olv.... _.'1
<:'lel,.- ..'I 47.2 41.0 49.6 411.0 U.6 45.6 40.1
Chlorid. _.'1 6.0 2.0 6.0 < 0.01 2.0 6.0 I.e

Chre-t ..... Total ..11 ~ 0.001 ~ 0.001
ChroelUl1. Dll10lve. ..11
Copp.r, Total ..'I 0.011 0.002 0.006 0.006 0.003 0.002 0.001
Copp.r. Di••olv•• e./l
C,.nl•• _./1

Fluori•• ..'I 0.16 0.10 0.11 0.07 0.11 O.ot O.ot
Cro.a Alpha RAdioactl.it, pCl'l
Croaa leta .adioaetiyit, pC111

0.270 0.411 0.32' 0.067 0.02'Iron, Total ..'I 0.331 O.IU
Iron. Dillolve4 -all

Lea., Total ..11 ~ 0.001 £ 0.001

L.-d. 01110"" ..11
HPN '.eel Collfore HPIl/lOO ..
HPN Total Colifor_ HPIlIlOO ..
"-anlOl i .. ..11 '.12 '.10 '.10 9.10 10.01 '.21 7.1

"-naan.a., Total ..11 0.095 O.lot 0.011 0.071 0.041 0.047 0.011
Mereur,. Total _./1 < 0.0002 ~0.0002 ~0.0002 .to.0002 .to.0002 <0.0002 .to.0001
lit rate, N03 aa • e.'l 0.07 0.10 0.06 0.11 0.20 0.30 0.57

Oil .nd Cu... ..11
Phpnol ..11

Pho.phat., P04 a. , ..II 0.030 0.030 0.030 0.032 O.OlS 0.030 0.026
Prot.lli.. ..II" o.n 1.36 1.0' 1.51 1.121 1.000 0.11'
S..hni.., Total -all II. 0.001 .t o.oell
S.l.ni.., Dl••ol.ed ..11
Silv.r. Total ..11 c 0.001

sllver. Dillal'" ..11
Sodi.. -all 2.0 1.0 4.0 4.0 4.13 ].10 I.'
Sulf.t. ..11 12.0 1.0 11.0 22.0 22.0 12.0 16.'
Suep.nd.d Sollda _.'1
Total DI.eol••d Solid. ..11 162 166 176 171 110 ISO 110

Total Or.anle Carboa ..11
Turbidity IIT1J D." 1.6 2.20 2.4 2.1 2.20 1.10
Zinc. Total ..'I 0.046 0.011 0.004 0.014 O.D17 0.01' 0.00]
Zinc. Dillo"" ..11
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'ara..tar UnlU 7-13-71 1-10-71 9-14-71 10-10-71 11-9-71 12-14-71

nEUl K!AS\lIltKENT~

Dhchar•• cr. 67 24 I) 21 41 61
Dl••ol••• Oay••• 11./1 7.7 I.' 7.2 1.6 1.2 10.4.. unit. 7.6 7.) 7.6 7.0' 7.65
S,.clflc Conduct.nc. ..,hO.1e1l , HOC 230 23' 220 230 250 215
T...p.r8ture. A.ll' °c 27 26 12 21 14 I
f ..perature. V.ter °c 12 7.' 10 11 6.' 6

UIOlU.TOt! KUSUlDIENTS

Acl'lt,. aa CaCO) ..11
Alkallnlt,. aa Caco, 11./1 122 UI III 120 142 136
A...... ta. NH3 a•• 11./1
Are.nlc. Total 11./1 ~ 0.001 ~O.OOI ~O.OOI ~O.OOI

Ar.enlc, Dlaao1••' 11./1

IOD. , Da, ..11
lerl... Total 11./1 0.019 0.120 0.0' 0.037 0.040
Jarlua, Dlaaol••' 11,/1
Ilurbonat. 11,/1 1411.1 IU.9 143.9 • 146.4 173.24 165.9Z
loran, Total 111/1 0.04 0.04 0.090 0.550 0.090

loron, Dlaaol••' ..11
Cad..I.,.. Tot.1 11,11
C.d.t ... Dta.olved 11,/1
Ca Ie1... 111/1 Z1.6 44.0 44.0 611.0 47.2 56.0
Cl110rid. 11,11 2.0 ~.I 4.0 <'0.01 2.0 ~0.01

Chro.tu_. Total ..11 <'0.001
Chrolll... Di.aolv.' 111/1
CoPpu. Total 11,/1 O.OU 0.001 0.00) 0.001 ,( 0.001
Copper. DI••olve' 11./1
e,anl•• 11,/1

FluorI'. ..11 0.01 0.06 0.01 0.10 0.07
Cro•• Alph. Ra.loacti.it, pCl11
Cro•• leta Ra'ioactlvlt, pCl/l
Iron, Total 111/1 0.105 0.151 0.093 0.089 0.096
Iron. DI..ol... 11./1

L.••• Toul .../1 <0.001
1..0'. DI..oha. 11./1
MPN F.cal Collfora KPN/lOO a1 2
HPN Total COlifora KPN/IOO al I
~&"eai.. ../1 3.36 7.2 6.7 5.21 1.16 7.20

"""Rane.e. Total ..11 0.019 0.031 0.025 0.011 VoOII
Mercur" Total ..11 LO.OOOZ <'O.OOOZ <'O.OOOZ <O.OOOZ .cO.GOO!
litut•• NO) a. I 11./1 0.39 0.39 0.Z6 0.10 0.21
Oil an' Cr.... ..11
Ph....ol .../1

Phoaphat•• P06 ... 11./1 O.OZI 0.030 0.024 0.030 O.OU
'ota.. l .. ..11 C?.1t O.90Z 0.172 0.914 o.nl 0."1
Salenl... Total 11./1 ",0.001 ~O.OOI

S.I.nl... Di••ol... ..11
Sllv.r, Total 11./1 ,(0.001

silye•• Dla,oly.' 11./1
SodI.. 11./1 31.0 2.96 1.59 I." 6•• 1.19
Sulfate ..11 14.0 25.0 15.0 n.o 17•• 31.0
Svop.n'e' Soli'. 11./1 1.0
Total Dla.ol••' Soli•• 11./1 ISO 1" 145 150 165 IU

Total Or.anic ea.boe .../1
Turbl.ity NYU 1.60 1.2 0.60 0.15 0." I.SO
Zinc, Total ..11 0.011 0.002 0.012 0.00) 0.004
Unc, Dhaol,," ..11
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'a..... ter lint. 1-10-" 2-14-" 2-13-7' 4-17-79 5-1-7'

nlUl H!ASUtDIENTI

Dhch.r,. ef8 U., 11.5 22 34 53.5
Di••olv.d Oxy,•• -all 1.1 '-.' 10.0 1.1 10.'.. unit. 7.9 7.7 I." 7.51 1.1
Specific Conductlnc. ..ho./ea • 2,0 C 250 290 290 430 270
T..pereture. Air °c 2 0 0 , .1
f ..perature. Vater °c 4.5 4 5 ) 5.5

UoIOIATOU MEAS utlDIDiTS

Acidity••• C.CO) ..11
AI..I1Dlty••• C.CO) -,II 138
~onh. IIIfJ ••• _,II
Are'Dle. Tot.l -all J' 0.001
Ar.enle. Dillolv.d ..II

IC'D. 5 De, ..11 ).S•.d_. Totll ..11 0.030
Iorlu_. Dil.olved ..11
'ienhon.t. ..11 168.36
Boroo. Total ..11

Joron. Di••olved -all
C.... iUII. Total ...11 <. 0.001
C.d_t... Di••olved _./1
Celeiua ...11 46.'
CII10rld. a,/l 2.0

Chro.l..... Total -all <0.001
Chroui... Dt ••olv.d -all

<0.001Copper. Total -all
Copp.r. Dt••olved a./l
Cy.nid. _./1 0.005

'I""rld. _./1 0.08
Cro•• Alph••Idioaetivit, pCi/l
CrOl' I.ta I.dtolctlvity pCtll
Ir..... Totll ..11 0.164I...... Dinah" -all

ted. Total _./1 ~O.ool

t..a•• Dinoh.d ...11
~Z <Z <2 (2.0 ~2.0HPI '.cal Collfor_ KPII/lOO a1

"PI Tot.l Collfor_ KPIl/IOO a1 I 2 2J )) ••0 5.0
"-,ne'lI. a./l 10.56

"-"Klne.a. Total ...11 0.035
Mercury. Total _,II .£0.0002
Jl,.tr.te. NO) .. • ..11 0.21 0.17 0.11 0.06 0.10
011 a"d Cre... ..11
",.nol _./1

~.ph.t•• P04 .. P a,/l 0.040 O.OSS 0.020 0.06 0.0"
"'toll I.. ..11 0.861
S.I.nl... Total ..11 ~0.001
Sal.nl.. , DI••olved ..11
Sllv.r. Total ..11 ~O.ool

Silver. DI••olyed _./1
·Sodlua -./1 I.st

S..tfata -all 19.0
luapend.d Solid. _./1 1.0 6.0 1.0 1.0 I.'
Total DI..ol"d SoUd. -all 164 196 190 280 180

Tot.l Or,lnte Carhoa ..11
Turbidity IIt'V 1.00 I.SO I.SO ).60 0."
Unc. Total ..11 o.on
Uac. DI..olyed "'1
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Para_ner UnlU 6-14-79 7-19-79 8-9-79 8-29-79

FIELD HUSUIlDlEIITI

li.~lIar.a e:fa n 21 154 22.9
Dia.o1ved OXYlea -all 8.0 8.4 7.' 7.'.. uniU 7.' 7.1 7.0
Spacifie: Conductane:e ualloa'c:a l! 2So C 260 260 220 270
T~p.rature, Air °c 25 19 2S
r..per.tura. V.tar °c 7 9.0 12 7.0

lAlOllATORT MUS lJIDlENTS

Acidit" a. CaCO) _.'1 12.0
Alkalinity, a. CaC0

3
_.'1 124

A-onla, MIl) a•• _.'1 <: 0.01
Ar••ni~, Total 11.'1 <0.001
Ar.enle:, Diaaolve' _.'1 <'0.001

IlOO, S Da, 11.'1
aadUll, Total ..'I 0.045
Bariu_, Di••olved 111'1 0.040
Ile:arbonate _.'1 151.21
loron, Total ..'I 0.095

'O~OD, 01••01v•• ...'1 0.090
. r.. clal.,., Tot.l ..'I <: 0.001
r.adalu-, Di.aolved 11.'1 < 0.001
Cal.~i... ...'1 40.80
ClIloride e,'l <0.1

ChrC'WIh.... Tot.l 111'1 0.002
ClIrOlli_, Di••olvad ...'1 <: 0.001
C"pper, Total ...'1 0.009
Copper, Dia.olved ..'I 0.003
C,anida 11.'1 <0.001

Fluorida 11.'1 0.10
eroa. Alpha ladio.~tivitJ pCi'l
Crosa leta ladioae:tivitJ pCt'l
Iron, Total _.'1 0.130
Ira", Di..olved 11.'1 0.040

lAad, Total 11.'1 0.017
lAad, Di..olved 11.'1 <0.001
Jll'It 'ee:al CoUfo... KPtt'lOO III 2.0 <2.0
Jll'It Total Colifo... KP1l'lOO III 17.0 11.0
Maanui... ..'I 7.61

Kanaane••, Total ..'I 0.012
Mercury, Total _.'1 <0.0002
Nitrate, NO) a•• 11.'1 0.71 0.56 0.33
011 and Cre... 11.'1 L1.0
PlI..nol 11.'1 0.194

PlIo.p!lne, P04 ... ..'I 0.060 ~ 0.001 0.020
P"ta..i_ ..'I 1.072
hleat.., Tot.l -all <0.001
Sel."i_, Diuohed ..'I ~ 0.001
SUver, Tot.l ..'I <0.001

Silver, Dl••olve' 11.'1 <:0.001
Sodi... a,'l 2.34
Su1fat. ..'I 14.0
Suapended SolId. 11.'1 4.0 6.0 '.0
Tat.l Dl••01ved Solid. 11.'1 170 150 120

Tot.l Orlaoie: C.rbOll ..'I 7.00
Turbidity IITIJ '.50 '.00 10.00
Une:, Tot.l ..'I 0.014
ZInc, Diuolved ..'I 0.006
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Param.tar Unit. 9-20-79

FIELD MEASURHENTS

Diacharee cfl 30.0
Di ••olv.d OxyeeD 111&/1 8.b
pH unite 7.b
Sp.cific Conductance umbo./cm @ 25' C 280.0
T.mp.ratur., Air 'C 15.0
T.mp.r.ture, W.ter 'C 7.7

LABORATORY MEASUREMENTS

Acidity, •• c.CO, me/I 12.0
Alkalinity, a. CaCO) me/I 142.0
Anmonia, HH3 II H me/I <0.01
Ars.nic, Total mgll <0.001
Ar••nic, Dia.olv.d mg/l

BOD, 5 Day mg/l
Barium, Total 111&/1 0.080
Barium, Di ••olv.d mgll
Bicarbonate me/I 173.24
Boron, Total 111&/1 <0.001

Boron, Di••olv.d 1Il&/1
Cadmium, Total 111&/1 <0.001
Cadmium, Di ••olv.d mg/l
Calcium mgll 48.00

Chloride mg/l 2.0

Chromium, Total mg/l O.OOb

ChrOlllium, Di ••olved me/I
Copper, Total mgll

0.008

Copper, Di ••olved 111&/1
Cyanid. mgll

<0.001

Fluoride mg/l 0.14
Cro•• Alpha Radioactivity pCl/l
Cro.a B.t. R.dioactivity pCi!l
Iron, Total 111&/1 0.030

Iron, Dillolved me/I

Lead, Total me/I 0.001

Lead, Dis.olved mg/l
MPH Fecel Colifo~ MPH/lOO ml <2.0
MPH Totel Coli fora MPH/lOO ml <2.0
H.gn.alum mg/l 8.90

Hang.ne •• , Tot.l mgll O.Olb
Hercury, Total mg/l <0.0002
Nitrate, N03 a. H me/I 0.23
Oil end Gre... mg/l 1.b
Ph.nol 111&/1 0.110

Pho.phate, P04 II P 111&11 0.200
Potallill1l mell 1.100
Selenium, Total me/I <0.001
Selenium, Dia.olv.d me/I
Silver, Total mg/l <0.001

Silver, Di ••olv.d mg/l
Sodium mgll 12.0
Sulfete me/I 35.9
Su.p.nd.d Solid. mg/l '.0
Totel Di••olved Solid. mg/l 197.0

Total Organic CarboD 111&/1 10.0
Turbidity NTU 5.00
Zinc, Total mgll 0.0006
Zinc, Dia.olYad 111&/1
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Table 36. Results of chemical analyses of surface water quality
samples collected at station UPL-IO.

hUNur llnitl 6-15-71 7-13-71 1-10-71 9-14-7' 10-10-71 11-1-71

rt EUl MEAS lJIOWfrS

Dllthor•• ct. 34 12.1 3.0 3.5 3.4 1.'
Dillolv.d o.y.e. aall 9.6 1.7 '.0 10.1 A.' 10.1.. unitl 7.5 1.3 7.' 7.' 7.4
Sp.ciflc Conductance VllAhol/ca • 25° C 193 230 260 285 zn 320
TPMperature. Air °c 21 2' 13 17 12
T..perature. Vater °c n 16 17 • 10 •
LUORATOIT KUSUIl.DmlTS

Acidit,••1 C.COl a./l
Alk.linity. 01 Caeo I a./l 114.0 134 1S6 168 160
ABaonia. NH3 0.' 3 111/1

.(0.001 ~0.001Are.nic. Total a./l ':0.001 ~0.001 ~O.OOI ~O.OOI

Ar.enic. Dis.olv.d a.1l

BOD. 5 Da, ..11
•• rl.... ToUl .../1 0.010 0.010 0.070 ~0.01 '"'0.001 ,",0.01
"rl~t Di.solved 0./1
8icarbonate a./l 102.41 163.4 190.3 205 190.32 197.64
.oron. Toul III/I 0.12 0.05 0.07 0.140 0.045

ScrOG, D1aaolved ..11
r..d.. lua. Tot.l ..11 ~0.001 - <' 0.001
r..d.i .... Di••olved 0./1
r:.ldua .. /1 ll.2 42.4 53.' 56.0 Sl.6 49.6
r:hloride a./l 14.0 <0.10 <0.10 2.0 0.01 (.0.01

Chrollliue. Total ..11 4'"0.001 ~O.OOI ~O.OOI .i 0 .001 <0.001
Chroalua. Dll.01v.d ..11
Cnpper. Total a./l 0.005 ~O.OOI 0.003 0.002 LO.OOI 0.004
Copper. Dl110lved 11./1
C,.nid. _./1 (.0.01

Fluoride ..11 0.01 0.11 0.07 0.11 0.11 0.09
Cros. Alph. R.dl0.ctivlt, pCIll
Cro.. a.t. ladl0.ctivit, pCi/l
Iron. Total ..II 0.197 0.245 0.409 0.344 0.310 0.290
Iron. Dlllolv.d -.11
tAld. Totll a./l 0.004 <'0.001 <'0.001 <:0.001 <:0.001
Lnd. Dinolved _.Il
HrH Fec.l Coli fora KPN/lOO _I
MPH Total Collfora KPN/100 al
"'_Ineel.- ..11 1.44 5.20 7.2 '.6 1.1' 12....

~nl.nese. Total ...11 0.017 0.004 0.040 0.023 '0.030 0.Ol5
Mer-cur,. Total a./l ~0.0002 LO.0002 LO.0002 .L0.0002 .to.0002 .to.OOO2
Hltr.te. H03 al • ..11 0.17 0.20 0.21 0.02 0.21 0.26
011 and Ct.... 0./1 £1.0
no.nol a./l .i 0.001

PhD.ph.t•• P04 .. P ..11 0.045 0.025 0.021 o.on 0.022
Pota.sl..,. _./1 0.540 0.'77 0.691 0.140 0.766 0.290
S.l.ni.... Total a./l "0.001 £0.001 ..:'0.001 ~O.OOI LO.OOl LO.OOl
S.l.ni .... Dis.olved ..11
Illver. Tot.l ..11 0.004 LO.OOI 0.170 LO.OOI £0.001 ~O.OOI

.ilver. Dil~olv.d ..11
Sodi... _./1 14.0 7.0 3.35 1.00 '.0 2.01
Sulht. _./1 14.0 10.0 10.0 10.0 17.0 15.0
Suspend.d Solld. 0./1 6.0 1.0 15.0
Tot.l Dillolved Sollda _./1 125 149 170 lIS lID 1"

_ Tot.l Or••oie CarboD ..11 15.0
TurbiditJ lITU 38.0 15.0 2.5 5.5 2.30
Unc, Totel ../1 0.002 0.030 0.00) 0.005 '0.001
ZInc, Dinoh" ..11
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'._tu lIalt. 12-21-71 1-25-79 3-+7' 4-3-7' S-11-7t '-20-19

nlUl IllAllaDIIIITI

Dbellarl. cf. 4.' I 1.1 2.1 11.4 n.s
Dl.ool... o.,a.. -all I.S I.J.. uaJ.t. 7.77 7.25 7.7 7.11 1.2 I.'
I,.eifie CoDlluctonc. u.ho./e- • 2'· C 215 215 350 194 20lJ
T_p.rotur.. Air ·C -3 -3 2 -1 I 16
T....r.tur.. V.t.r ·C 0 0 0 1 J U·

UIOUTOIT JlIlASlIUKIIITS

AeUity••• CaC03 "'1 1.0 I .•
..bUaity••• caco

3 "'1
1S4 164 154 1S2 91.0 In

-'-io. 18] ••• ..11 ~O.IO ~0.10 ~0.01 LO.JO ~0.01

Aneate. t.tol "'1 £0.001 ~0.001 4.001 LO.OOI <0.001 <'0.001
Ar...ie. Di•••l ..11 ..11 <q.OOI <0.001

I0Il. 5 Do, ''''I 0.004 <0.010 0.020 0.010lad_. T.tol ..11
lad_. Dio.ol... ..11 0.01 0.040
lieorl101lote ..11 117." 200.01 117." 115.44 117.12 Il1.14
loroG. T.tol ..11 0.10' O. I.e.o, 0.030 0.150 0.01' 0.010

loroo. DI••ol... ..11 0.010 0.040
CO..i .... Tot.l ..11 ~0.001 4!'0.001 iO.OOI iO.OOI 4!'0.001 4:0.001
CO__• Dio.ol.... ..11 <0.001 <0.001
Cold... ..11 54.4 56.1 Sl.20 52.0 ]S.2 39.20
Chloride _Ill 1.0 2.0 ' 1.0 2.0 1.0 {I.'

ehr_l... T.tol ..11 4!'0.001 ~0.001 (0.001 (0.001 0.005 LO.OOI
Chr_I... Di.ool... ..11 iO.OOI ~0.001

Coppor. Tot.l ..11 0.001 0.004 0.001 iO.OOI 0.016 0.007
Copp.r. Dio.ol... ..11 0.005 0.001
c,.oid. ..11 4!0.001 <0.001

Fluod•• ..11 0.11 0.10 0.01 0.15
Cre•• Alph....iaoeti.it, pCill 2.'
Cree. I.t. Ia.iaoetiyit, pCi/l 10.0
Iron. T.tol ..11 0.164 0.U2 0."4 0.1" 0.470
Ire•• Di•••l .... "'1 0.072 0.11'

tH•• T.tol ..11 .t"0.00I 4!'0.001 iO.OOI iO.OOI ~.OOI 0.004
...... Di••olY.. ..11 41'0.001 4:0.001
KrM r.col Colifor- HPlI/100 _I 4!'2 4' 2.0
MPH T.t.l Colifor- ..../100 .. 170 7'.'
Ma....i_ ..11 1.14 7.11 5.71 1.11 4.dD 7."

Man....... Totel ..11 0.017 0.021 0.021 0.011 0.022 0.020
tlereury. Totol ..11 iO.0002 4'0.0002 <0.0002 ~.0002 £0.0002 £0.0002
Iltrot•• '103 ••• _.'1 0.42 0.31 0.74 0." 1.70 0.15
011 ... Cr.... ..11 3.1 .n.o il.'
Ph..,.l ..11 4' 0.001 <0.001 <0.001

Phoo,hote. po•.•• , ..11 0.04 0.040 0.02' 2.00 0.0' 0.020
rot••ot.. ..11 0.757 o.ln 0.710 0.120 0.119 0.'11
'.I..i ... Tot.l ..11 iO.OOI 4'0.001 c"0.001 4'0.001 iO.OOI
••lnt_. Dio...... ..11 <0.001 iO.OOI'U"'. Totol ..11 <0.001 iO.OOI <0.001 0.001. 0.004

.il¥1f. Di."l... ..11 iO.OOI <0.001

.odi.. -./1 I." 2.50 '.JOG 1.71 2." 1."

.ulf.t. ..11 10.0 11.0 1.0 14.0 7.0 I'.''uopend•• loli•• -,'I '.0 3.0 1.0 15.0 7.'
T.t.l Di•••l... Ioli•• ..11 III 11' 171 nl 130 13'.
Tot.l Ora.aie C.r~ ..'I 2.0 14.0 '.0 '.00
TurllUit, IITU 1.0 '.00
line. Totd ..11 0.003 0.004 0.012 0.002 0.031 O.UO
Ilae. Dio••l... "'I 0.010 0.001
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Table 36. Continued

n!LD HEA5llRDmlTI

7-20-79 1-23-79

Dh~horl'

Dt••ol••d OxYI.a
pi
Spe~ifie Co~du~t.~~.

Teaper.tur•• Atr
T~per.ture. V.t.~

UaolUlTORT MEASUUMENTI

Ae1dlt,., .. c.C03
Alk.li~tt,., ., C.CO,
Alllr>o~ia, N113 ...
An.tlte, Tot.l
Ar.eni~,.Di••olv.'

100, 5 DIy
lid... Toul
I.riua, Dl••olv.'
U~orbo~lte

lorotl. Tot.l

loron, Di••olv••
C.d,.iua, Toul
C.dai.. , Di••olved
Celd..
Chloride

Chroai.., Totd
Chroaiua, Diooolve.
Capper, Tot.l
Copp.r, Diooolve'
C,..nld.

Fluorid.
Cro•• Alph•••dio.~tivit,.

Croo. let. ladlo.~ti.tty

Iran, Total
Iroo, Diuolv••

t.•• , Totd
ttl., Diuoh.d
HFK 'ec.l Colifo~

KPM Tot.l Colifnr_
""snell..

M.naane•• , Total
Her~ur,.. Total
Wltr.t., N03 a••
OU .nd Cr....
",.....1

rhoophete, P04 ...
'oteui..
hlenl.. , Totel
S.lenl.., Di••o1v.'
Silver, Tot.l

sll.er. Di'~OlY1!d
Sodl..
Sulf.t.
S~p.nd.d Solid.
Tot.l Di••olve. 5011da

Total Ors.ni~ C.rboa
Turbldity
Un~, Totd
Une, Dinolved

eh
-all
unite

umhol/~ '-2So C
DC
DC

../1
_all
111/1
_all
_all

../1
_all
'"all
l1li/1
..11

·sll
-s/l
·S/l
..11
-s/l

..11

..11

..11

..11
-S/l

..11
pCi/l
pCi/l
..11.,11
.a/l
·al1

HFIl/lOO al
HFIl/IOO al

.a/l

-as/l
..11
..11
asl1
..11

..11
asll
.,/1
..11
..11

.,/1.,11

.1/1
·1/1
q/l

asll
IITU
..11
..11

5.5
6.7
1.9

175
21
15

10.0
152
0(0.01
,(0.001
L 0.001

0.030
0.020

185.44
0.088

0.080
olO.OOl
~O.OOI

53.60
2.0

0.002
.lO.OOI

0.007
~0.001

<0.001

0.10

0.620
0.080

'{O.OOI
<0.001

5.21

O.C:.
lO.0002

0.24
11.0

0.010

iO.OOl
0.694

iO.OOl
<'0.001
(0.001

.lO.OOI
1.U
6.0
7.0

164

1.00
5.00
0.009
0.006

I.'7.'
300

15

12.0
154
~0.05

LO.OOI
~O.OOI

0.026
0.013

181.88
0.030

.: 0.001
<0.001
<:0.001
58.40
<:0.1

0.009
,{O.OOI

0.005
0.003

<0.001

0.15
<Z.O

8.0
0.310
0.114

<0.001
<0.001

3.84

0.004
<0.0001

0.30
,(1.0
<0.001

0.0)0
0.950

<0.001
<0.001
<0.001

<0.001
1.80

10.9
1.0

225

9.00
1.50
0.011
0.004



Table 36. Continued.
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Parameter Unitl 9-25-79

fIELD HEASURKENTS

Discharge cfa 2.7
Dissolved Oxygen mg/l 8.3
pH unitl 7.7
Specific Cooductlnce umhoslcm @ 25' C 315.0
Temperlture, Air 'C 15.0
Temperature, ~.ter 'C 10.0

LABORATORY MEASUREMENTS

Acidity, IS CIC03 mgll 13.0
Alkllinity, II CIC03 mgll 158.0
Amnonio, NH3 II N mgll <n.Ol
Arsenic, Total mgll <n.OOl
Arsenic, Dissolved mgll

BOD, 5 DiY mgll
Borium, Total mgll 0.030
Barium, Dissolved mg/l
Bicarbonlte mgll 192.70
Boron, Total mg/l 0.030

Boron, Diosolved mg/l
Cldmium, Total mgll <n.001
Cldmium, Di.oolved mgll
Calcium mgll 52.b
Chloride mgll <n.l

Chromium, Total mgll 0.010
Chromium, Diosolved mg/l
Copper, Total mgll 0.008
Copper, Dissolved mgll
CYlnide mgll <n.001

Fluoride mgll 0.18
Cross Alpha Rldiolctivity pCil1
Cross Beta Radioactivity pCill
Iron, Total mgll 0.0&0
Iron, Dissolved mgll

Lead, Total mgll <n.001
Lead, Dissolved mg/l
MPH recil Colifore MPN/IOO ml
MPN Totll Colifore MPH/IOO ml
Magnesium mg/l 3.90

Mongonese, Totll mg/l 0.005
Mercury, Total mg/l <n.OOO2
Nitrate, N03 al N mg/l 0.04
Oil and Crease mgll 22.0
Phenol mgll 0.005

Phosphite, PO. II P mg/l 0.030
Potassium mgll 0.9&0

Selenium, Total mgll 8.00
Selenium, Dissolved mgll
Silver, Total mgll <n.001

Silver, Dilsolved mg/l
SodiUll mgll 8.00
Sulfate mgll 10.0
Suspended Solidi mgll 1.0
Total Dissolved Solidi mgll 182.0

Total Organic Carbon mgll 8.50
Turbidity NTU 2.00
Zinc, Total mill 0.015
Zinc, Dillolved mgll
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Table 37. Results of chemical analyses of water samples collected from selected springs.

Spring 2-2 b-3 b-3 b-12 7-11 7-11 19-10 24-12 24-12 24-b 25-5 25-5 25-13

Date of Discharge 9-0b-78 7-17-79 10-01-79 7-17-79 7-17-79 10-01-79 b-2b-79 b-25-79 10-03-79 10-2b-78 b-25-79 10-03-79 10-2b-78

PARA.'lETER

Discharge (ds) 0.027 0.022 <n.OOl 0.001 0.013 <n.002 0.009 0.007 0.002 0.029 0.007

Temperature, Water 10 5.5 b b 7 4 7 b 5 4 2.5

Acidity. a. CAC0
3 14.0 14.0

Alkalinity, a. CaC0
3 lbO.OO 200.00

Arsenic <.001 <.001

Barium, Total .020 .010

Bicarbonate 258.b 158.b 195.20 151. 28 134.20 244.00 197.b4 353.80 305.00 290.4 212. 28 319.64 283.0

loron, Total <.001
C.dmlum, Total <.001 <.001

Calcium 71.2 4b.4 b4.00 46.40 35.20 84.00 48.00 78.40 9b.80 79.2 58.40 105.bO 71.2

Chloride 8.0 <n.l 2.0 <n.l <n.l b.O 2.0 <n.l 34.0 .01 <.1 28.0 .01

ChromiulD, Total
....

<.001 .002 (Xl

Conduc tlvHy 395 255 370 240 194 490 320 535 490 352 310 500 430 \0

Copper, Total .004 .001

Fluoride .07 .11

Iron~ Dissolved .010 .010

Iron. Total .b40 .bbO

Lead <.001 <.001

IIagnuiulD 8.1 5.7b 14.00 2.88 5.28 19.20 12.48 22.08 5.7b 9.bO b.72 2.88 13.44

IIanganese, Total .003 <.001

Mercury, Total <.0002 <.0002

IHtrate, N0
3

a. N .Ob 2b

Oll and Crease

Phenol

Phosphate, POlo as P .110 .0bO

Potassium 3.5b 0.478 .779 .J77 .3n .693 1. 275 1.283 1.240 1. 257 .338 1.540 0.808

Seteniu.. , Toul .001

SHver, Total <.001

Sodlum 2.1 1.43 1.88 1.bS 2.30 2.13 3.05 2.33 19.50 2.95 1.50 Ib.OO 1."

Sulfate 4.0 10.0 55.0 8.0 b.O 80.0 13.0 10.0 14.2 9.0 <3.0 11.1 10.0

Total Dissolved Sollds 213 143 238 145 119 31b 220 320 323 190 200 330 232

Zinc, Total .020 .00b

pH 7.35 7.40 7.40 b.90 7.5 7.40 7.5

/'



Table 37. Continued.

Sprlnl 25-13 25-13 25-15 25-17 25-18 25-20 29-1 29-2 )0-13 )0-15 )1-13 )1-13 ~l-D

Date of Discharle b-2b-79 10-01-79 b-2b-79 9-0b-79 10-2b-78 b-25-79 7-25-79 7-17-79 b-2b-79 7-18-79 b-17-79 7-17-79 10-04-79

PARAMETEIl

Discharle (dl) 0.05b 0.001 0.07 0.004 0.OU9 0.011 0.004 0.004 0.002 0.004 0.017 0.004
Temperature. WateT 7 11 8 5 4 5 8 7 b 5 5 b
Acidity, al CAC0

3
lb.O

Alkalinity. as CaC0
3

12b.CO

Arsenic <.001

Barlulll, Total .010

8icarbonate 3b.bO 153.72 41.48 278.1 231.8 3b.bO 297. b8 309.88 33b.72 192.7b 241. 5b 258. b4 278.1b
Boron, Total

CadllllulIl, Total <.001

Calcium 1.bO 5b.00 1.bO 70.4 62.4 12.80 84.0 74.4U 84.80 4b.40 b2.4U M.OO 94.40
Chloride <.1 <'1 2.0 6.0 .01 <.1 24.0 <0.1 lb.O 4.0 2.0 <0.1 20.0

~ChrOllliUlll, Total <.001
\0

71 300 176 405 322 b9 515 5bO b40 300 370 0Conduc tivi ty 420 410
Copper, Total .003

Fluoride .11

Iron~ Dissolved .01el

IrOll, Total .2bO

Lud <.001

Magnesium .48 9.bO .48 11.0 9.bO .9b 4.40 25.44 32.M 12.UO 14.40 14.40 4.80
K&ngane.se, Total .001

Mercury, Total <.0002

Nitrate, N03 as N .24

all and Grease

Phenol

Phosphate, POlo al P .0bO

PohssilllD .555 .b33 .23b 2.95 0.bb4 .b34 1.987 1.b43 1.527 0.703 0.999 0.979 1.14b
SeleniulIl, Total .001

Sllver, Total <.001

SodlulIl 10.20 1.15 17.10 4.10 2.10 1.19 7.24 4.13 9.3b 4.40 1.41 1.b3 4.00
Sulfate <3.0 53.0 7.b 4.0 14.0 8.5 13.0 49.0 b3.0 13.0 17.0 b.O 12.2
Total Dissolved SoUds 32.U 199 52.0 219 174 43.0 310 310 38U 179 227 233 272
Zinc. Total .005

pH 7.40



Table 37. Continued.

Spring 32-2 35-10 35-13 35-13 3&-1 3&-3 3&-3 3&-7 3&-7 3&-17 3&-19 3&-19 3b-21 3&-23Date of Discharge 7-17-79 &-25-79 b-2&-79 10-01-79 &-27-79 &-27-79 10-ul-79 &-27-79 10-01-79 10-04-79 7-1&-79 10-01-79 7-1&-79 7-20-79
PARAMETER

Discharge <O.UOI 0.011 0.013 <0.002 0.OU9 0.u83 <0.001 0.018 O.Oul 0.001 0.011 0.004
Temperature, Weter 9 8 b 7 4 3 3 & 5 & 7 9
Acidity, IS CAC03 20.0 18.u 12.0 14.0
Alkalinity, IS CaC0

3 240.0U 172.00 150.uO 134.0U
Arsenic <.001 <.OUI <.001 <.001
Barium, Totd .03u .030 .020 .01U
Bicarbona te 4&&.04 l07.40 253.7& 192.80 80.5Z 209.84 102.48 183.00 2&8.40 168.3& 1&3.48 251. 32 234.24
Boron, Totd .0&0
Cadmium, Total <,001 <,001 <.001 <,001
Calcium 75.20 54.40 72.00 84.UO 24.8u 68.0U 34.40 48.00 81.&0 40.8U 44.00 &l.bO b4.8
Chloride 28.0 <0.1 2.0 2.U <.1 2.u 2.u 4.0 18.0 2.0 2.0 2.0 2.0
Chromium, Total .001 <,001 <.UUl <.001 .....

300 380 39U 3&0 430 230 385 315 '"Conductivity 80U J&O 128 182 250 300 .....
Copper, Tote1 .001 •005 .003 .002
Fluoride .13 .08 .11 .09
Iron, Dissolved .010 .010 .010 .010
Iron, Totd .27U .230 1.200 .150
Leed <.001 <.001 .003 <.001
Magnesium 21.12 10.08 4.80 12.00 2.40 12.00 1. 92 7.20 5.7b 313& 19.20 10.08 9.12
Manganese, Total <.001 .003 .005 <.001
Mercury, Total <.0002 <.u002 <,0002 <.0002
Nitrate, N03 as N .77
OU and Crease <1.0
Phenol .004

Phosphate, P0
4

IS P .0bO .080 .110 .ubO
Potassium 2.013 0.444 .38J .58J .5J7 .72& .bb4 .914 l.11U 0.349 .521 0.479 0.491
Selenlum, Total <.001 <.001 .001 <.001
SUver, Total <.001 <.001 <.001 <,001
Sodium 75.30 1.&2 4.20 2.09 1.32 2.17 1.&4 3.00 10.00 13.90 1.33 8.0 1.8b
Sul fate 21.0 9.b 4.0 20.0 8.0 45.0 10.3 &.0 10.5 &.0 5U.0 &.0 b.O
Total Diuolved So1tds 528 184 215 250 81.0 233 150 1M 280 155 198 219 20&
Zinc, Total .004 .008 .003 .008
pH 7.30 7.10 7.20 7.80 7.20
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(

~a••~====:==================~··=======

SAMPLE
S5013-1
9:55

2>AMP'LE
',;517-2
15:-:;0

10.0

SAMPLE
~;P-1

10:=;:00

12.0

::,AMr'LE
$:,17-3

l~.: ~O

10.04.0

SAMPLE
35017-1
16: 10

15.0

SAMPLE
S~14-1

9:07

8.0

SAMPLE
S51"3-3
10:50

6.0

SAMPLE
S5013-2
10:15

12.0Acidity &5 CaC03 019/1

218.00 208.00 218.00 242.00 208.00 264.00 216.00 25:0.00

Ba~ium as Ba 019/1

Bica~~onate as HC03 019/1

Bo~on as B m9/1

Cadmium as Cd m9/1

Calcium as Ca 019/1

Chlo~ide as Cl m,/l

Ch~omium as C~ m9/1

Copper as Cu 019/1

Fluoride as F 019/1

Iron as Fe (Total) 019/1

Lead as P~ .,9/1

Ma.nesium as M9 .,9/1

<'001

.020

265.96

.090

<.001

88.80

6.0

<.001

.005

.19

.350

<.001

8.64

<.001

.020

253.96

.075

<. 001

72.80

2.0

<. 001

.003

.16

.180

<.001

9.12

<'001

.030

265.96

.070

<. 001

79.20

2.0

<'001

.006

.14

.150

<'001

B.16

<.001

.020

295.24

.100

<'001

88.00

2.0

•• 001

.006

.17

.130

<'001

6.24

.001

.050

253.76

.080

<'001

77.1>0

2.0

<.001

.oo~

.15

.480

(, 001

7.20

<.001

.060

322.08

.060

<.001

98.40

4.0

<.001

.005

.16

.790

<.001

13.92

<.001

.040

263.52

.060

<.001

80.80

4.0

<.001

.003

.15

.420

(,001

4.E:0

<'001

.050

305.00

.080

<.001

84.80

2.0

<.001

.005

.15

.500

(.001

7.20
o
Hl

Potasstu•• as K m,,11

Silver as A" 01,,/1

SodilJ., as Na ••911

SuI ~ate as S04 ••911

SUlpended Solids .,,,/1

Total Dissolved Solids .,9/1

Zinc &1 Zn 111,11

.031

<.0002

1.245

<'001

<'001

5.32

40.0

39.0

282

.005

.018

<.0002

1.038

<.001

<. 001

2.85

14.0

10.0

229

.004

.011

<'0002

.873

<.001

<.001

2.41

13.0

9.0

242

.003

.004

<'0002

1.001

<'001

<.001

2.77

10.0

5.0

262

.003

.030

<.0002

1.906

<'001

<. 001

3.21

26.0

16.0

238

.005

.063

<.0002

2.473

<.001

<.001

3.69

49.0

8.0

345

, .003

.034

<.0002

'1.973

<. 00 1

<.001

11.90

30.0

15.0

321

.004

.037

<.0002

1.799

<.001

<'001

13.50

21.0

21.0

281

.004

n
o
t-'
t-'
(1)
n
l'"t
(1)
0.



12.0Acidity as CaC03 mg/l

SAMPLE
S:;19-2

14:05

2.0

SAMF'LE
5;;24-1
12: 10

Sk~lPLE

5~,24-2

12:40

10.0

~,AMPLE

S524-3
';;:/:;;'/7"".)

10.0

~.AMF'LE

':·524-4
8/:,:179

10.0

'.AMFL
,,524­
8/,,:/7

10.0

~,A"'F'LE

';524-6
E:I£'/79

6.0

~.AMF'LE

::5>;>4-7
';;;/8/79

8.0

~.AMF'LE

SS2O:;-1
8/":17'"

6.0

(

Alkalinity as CaC03 mg/l

Arsenic as As mgtl

Bar·ium as Ba mgt1

Bicarbonat. as HC03 mg/l

80r·or, as B "19/1

Cadmium as Cd mg/I

Calcium as Ca mg/l

Chlorid. as Cl m9/1

Ch~omium as Cr m9/1

Conductivity umhos/cm

Co~p~r as Cu m9/1

L..ad as Pb ",gil

Potassium as K mg/l

Silver as A9 ~./1

SuI fat. as 804 m,/l

Total Oissolv.d Solids m,/l

Zinc as Zn m,l1

174.00

<:.001

.030

212.28

.070

<.001

64.80

8.0

.001

.006

.16

.130

<.001

4.80

.005

<'0002

1.848

<. 001

<.001

16.00

34.0

4.0

238

.006

206.00

(. 001

.020

251.32

.090

<:.001

68.00

2.0

<'001

.004

.15

.140

(. 001

9.12

.005

<'0002

1.070

<. 001

(,001

~.20

13.0

7.0

228

.004

234.0('

<:.001

.030

285.48

.07(\

<.001

73.i:,O

<'1

<. 001

.003

.13

.510

_. OOJ

10.56

.039

<. ('002

.986

<:.001

<:.001

5.90

10.0

8.0

.003

210.00

<.001

.030

256.20

.055

<:.001

73.60

6.0

<.001

350

.003

.14

.110

(.001

5.71:..

.006

<.(1(102

(.1)01

<. 001

8.~(J

10.0

6.0

230

.017

204.00

<'001

.040

248.88

.060

<:.001

69.60

4.0

<'001

340

.002

.14

.070

<. 001

8.16

.005

-e. 00(12

.975

<. 001

<.001

2.08

7.0

5.0

220

.004

246.00

(.001

.040

300.12

.070

<'001

84.:=:0

2.0

.001

.001

.14

.530

<. 001

4.80

.045

(.0002

1.0~?

<. 001

<. 001

8.00

3.0

10.0

258

.003

192.00

(.001

.030

234.24

.060

<.001

68.00

2.0

<. 001

320

.003

.14

.130

<.001

3.84

.003

<:.0002

1.088

<. 001

<.001

8.00

10.0

1.0

210

.003

180.00

(,001

.020

219.60

.070

<. 001

66.40

2.0

<'001

300

.003

.14

.090

<.001

4.32

.007

(,0002

1.198

<.001

<.001

2.21

6.0

2.0

195

.037

210.00

<. 001

.020

256.20

.050

<. 001

74.40

4.0

<'001

350

.003

.14

.110

<'001

5.28

.003

<. 0002

.E:40

<'001

<'001

5.00

6.0

5.0

222

.038

CJ
o
::J
rot.....
::J
C
ro
0..
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Table 39.

196

Results of chemical analyses of mine and well water.

leU.. 10. leU.. 10.
1 Kin. 1 KiM Alpin.

O'CoDaor (110. 3 (.outh Mein SChool

Well or IIi.. VU-l Vl1-1 WI9-1 Mi.. South 220) Intry ,n Well

let. n .....1. 11-06-79 11-21-79 12-05-79 3-27-'79 3-27-79 10-11-79 3-27-79

'.r_t.r UnlU

rllLD .-.sUUIIUU

Dbcllar•• cll 90 13

Di••ol... OKJ••• ../1
pi! wiU 7.35 7.4 7.60 7.47 7.49 7.30 7.39

SpecUIc Cotwluc c.eac. 1lIfIbD./ca • 25' C 740 540 500 510 370 580 285

T.....r.ture. Air 'C
T....r.tur•• W.t.r 'C

lAIOUTOlY IlIASUUMEIftS

Acidit,••• CoCO 11&/1
AlkaU.tt,... aco) ../1 270.00 254

_i....... ../1 <.01 .<..01 <.01

u ..oic. Told ../1
.004

Ar••oic. Di••olyed ../1 <.001

led_. Totd ../1
.06

I.rl_. Dl••01••d ../1 .060

lor,111_. Di••ol••• ../1
Ilcerbooat. ea/1 278.60 329.40 309.88 241.56 312.32 258.64 197.64

Ioroo. Tot.l ../1

loroo. Dl••01••' ea/ l
Co_I_. Tot.l ea/l

<..001

Codal_. DI••ol••• ea/ l <.001 <.001 (.001

Colcb. ea/ l 43.20 112.80 75.20 82.40 69.60 92.00 32.00

Chlodd. ../1 .<.1.0 3.0 4.0 2.0 <1.0 2.0 2.0

Chramba. Tot.l ../1
<.001

thr_l_. DluolY.' ../1 .005 .001 <:.001

Cob.lt. DI••olyed ../1
Copper. Totel ../1
Copp.r. DI...1••' ../1 1.306 .004 .005

Cy.Did. ea/ l <.001 <.001 <,.001

'luorld. ../1 .13 .17 .11 .84

CeC1Ulll_. Dluol.... ../1
Cro•• A1phe le.loactl.1ty pCI/l
Cro•• let. a...loectl.lt, pCl/1

Iron. Totel ../1 .225 2.450 .465 .530

IroD. DluolY." ../1 .015 1.850 .010

Le.d. Tote1 ../1
<,001

Le.d. Db.olyed ../1 .011 <.001 <.001

MeID••l_ ../1 30.72 11.52 21.12 25.92 21.12 12.00 9.60

MeDl.n•••• Tot.1 ../1 .091 .114 .011

Menl.M••• Dl••01••• ../1
t1ercllr,. Tot.1 ../1 <,00005 ~OOOO5 <:0002 ",.0002

t1ercllr,. Di••ol••• ../1 -GOI .24 <.02
litr.t•• 10) .1 • ../1 <.01

Oil .04 Cre... ../1
,h.DOl ../1 (.001 <.001 <.001

'ho.phet•• 1'0... , Ortbe ../1
<.01

'olud_ ../1
12.500 2.117 1.419 2.213 .836 3.65 1.289

Sel.DI_. Totd ../1
<.001

S.l.ni_. DI••ol••• ../1 <.001 <.001 <.001

SiUca••• 8102 ea/1 (.001

SllYer. Total ../1
SU".r. Dluol".' ../1 <.001 <.001 <,001

Sodi_ ../1 76.50 3.89 2.51 1.84 1.75 25.65 21.32

SlIlf.t. ea/1 185 63.0 26.0 118 6.0 115 6.0

Sliep.od.d .01i" ../1
15.0 19.0

Tot.1 Dl••01••' Soil•• ../1 480 384 300 335 2SO 380 182

Tot.l Or,ulc Corboa ../1

TlIdll.lt, nu SO.OO 21.00 2.00

%inc. Told ../1 .104
%ioc. DbeolY.' ../1 .007 .006

100. 5 ••, ../1 <.1.0 <.1.0

COD ../1 8.5 4.2 5.6

Mr" r.c.l Collfoe. ..../100 .1 <,2.0 .<.2.2 <2.2 c:..2.2

Mr. Tot.l Col1fo~ 1IPIl/l00 .1 490 <;2.2 <.2.2
<2.2

Pho.ph.u, P04 •• , Totd ../1 .420 .400 .120 <.01



Document Information Form

Mine Number: C,fD 0 7 /600 L-
I

File Name: ..1Al.hi.h: OQd«~- _

To: ----------------------

From:

.Person --------------------:--
Company _

Date Received:..:...-_-----------------

Explanation:~1 - 2J o..k . \. 5l.l {" fa ce.. 6 La~

in the. (Joel l1.1j CGiXYlp Go se areD...

cc:



Document Information Form

Mine Number: «/007 /000 I

FileName: -W.h I',he Qo.k__

To: ----------------------

From:

,Person --------------------,.-
Company _

Date Received:
~------------------

Explanation: Plok 2 I StaSOYlO\ { tk"Cfh' on.s

In ffik:\~ DC c.ha,ml cod Cous:hJven..ts ; l:J ttu.
Le Q be I fA reeC\.<

cc:



Document Information Form

Mine Number: kloD7/om I

File Name: . LV ~1k Dc< \~

To: ----------------------

From:

.Person -------------------
Company ------------------

Date Received:-------------------

'"""---? llAk 3, LoudlIm ot pr 0pose.d
~ ,

D. 0 I Y'

cc:



Document Information Form

Mine Number: cIOO] (0001--

FileName: .Jlllii+c.. Oo.K _

To: ---------------------

From:

.Person --------------------:--
Company _

Date Received:------------------

Explanation: --ma.p. - pWe,. y. Idenh£e.d'----_
SapS CAtlcLS-Pl0'rl~ So w\±b (), ,leA \IQ,bu. I J) cJ-e.,----'_

-q}LlA \ity dahA cao~ f.Q~ i c ifl.f~lOl'lfXh OIL

cc:



~¥ sbLdtj_
QI2CLIi±:y {]tndL----

Document Information Form

Mine Number: tl DO 7 /1206 l

FileName:.~ QO..\.......<.:--__

To: --------------------

From:

.Person -----------------.,..-.

Company _

Date Received:
~-----------------

Explanation: jY\(J.~ . PliAk 5: ,
5>ibJkhOY1S LUl'th LdCAkr

1M \D~I-----"t.'D-::;..::...cAik~, -

cc:



Document Information Form

Mine Number: C.{0 0 7 /0OD 1,---­

FileName:~Oa,~~__

To: -----------------------

From:

.Person --------------------:--
Company -------------------

Date Received::..:..-_------------------

cc:



Document Information Form

Mine Number: C- /00 JIODO 1
I -

FileName:JAlhi.k· OQk~.__

To: ----------------------

From:

.Person -------------------
Company ------------------

Date Received:-------------------

cc:



Document Information Form

Mine Number: c./ OOl/ODQ I

File Name: .--W..h..d-f. 00t--

To:-------------------

From:

.Person ------------------:--
Company _

Date Received:-----------------

Explanation: -00Ci~ -..;

(;~hts em \Afld
LeA~ ()Y'fJ)v _

cc:


