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HYDROLOGIC INVENTORY OF
THE SOLDIER CANYON MINE LEASE AND ADJACENT AREAS
CARBON COUNTY, UTAH

INTRODUCTION

Regulations, established by the U.S. Office of Surface Mining
Reclamation and Enforcement (0SM) (Volume 44, Number 50 of the Federal
Register, dated Tuesday, March 13, 1979), require that water monitoring .
programs be established to monitor the hydrologic impacts to areas
affected by underground coal mining activities and to protect the hydro-
logic balance of such areas. As a result, a hydrologic investigation
has been conducted on the 1707 acre lease area owned by Soldier Creek
Coal Company. The lease area is located north and east of Price, Utah
in the Book Cliffs (see Figure 1). The purpose of this report is to
describe the existing hydrologic conditions of the lease area and to

propose a program to predict and monitor the impacts from mining.

This report contains a description of the hydrologic environment;
a description of the surface water hydrologic system of the Soldier
Canyon Mine lease and adjacent areas, with the during and the post-
mining monitoring program; and a description of the groundwater hydro-

logic system and associated monitoring program.

Vaughn Hansen Associates of Salt Lake City has been responsible

for the collection and interpretation of hydrologic data. Water quality



Figure 1. Location of the Soldier Canyon Mine lease area.
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samples have been analyzed by Ford Chemical Laboratory, Inc. of
Salt Lake City, Utah. Hydrologic data were gathered from September
to October of 1979, and the methodologies used to collect and analyze

the data are described in the appropriate sections of this report.



.

HYDROLOGIC ENVIRONMENT

Geology, soils, climate and vegetation are variables that influence
the hydrologic response of an area. These variables, as they pertain
to the hydrologic environment of the Soldier Canyon Mine lease area,

are described in the following sections of this report.

Geologz

The Soldier Canyon Mine lease area is located within the Book Cliffs
coal field, which extends from the Utah-Colorado state line to Castle-
gate, Utah. The general dip of the strata in the vicinity of the lease
area is to the north and east at approximately 11 percent (6 degrees)
(Doelling, 1972). The strike of the strata coincides in general with

the trend of the cliffs (Spieker, 1925).

Geologic formations exposed within the lease area are the Black-
hawk and Price River formations of the Mesaverde Group and the North

Horn and Flagstaff formations of the Wasatch Formation (see Figures

2 and 3).

Blackhawk Formation. The Blackhawk Formation, which directly over-

lies the Mancos Shale in the vicinity of the Soldier Canyon Mine (Doelling,
1972), is the middle and coal bearing unit of the Mesaverde Group. The
Blackhawk consists of a basal sandstone (the Aberdeen Sandstone), overlain
by massive beds of gray to buff sandstone with alternating beds of sandy
shale, shale, and coal (Clark, 1928). In the vicinity of the Soldier

Canyon Mine lease area, the Blackhawk Formation ranges in thickness from



‘80iB 08BO] QU UOAUuBH
10|pjos oY) jo ABojoeb edejing °g einby4

N

_ !

euojsew) jjeisbe|y 3L
uojjewiod UIOH YliOoN u)l
UOojjBWIOd JBAIY ©2)id d)Yy
euojspues ejebejisen O)
uojjewiod ymeydyoeig qy

ejeys sosuep ..:.v_

N3 D317

s NENGT R Y VS
. . \ : ;r A r.w. o —4 .. \

M

9y
ay

oM i

oy

...I..Il/ . _“ . b |
aw

S

unt

. . __
_. I | I\ 1)
PBINGE alidy & | i1 _ NS
\ : g T J 8 TR L




¢ Flagstatr o
Formation

Formation

~Ng- North Horn

Price River
Formation

Ye

~  Non-CdalBearing « '

\ Ay
- \ Zom - A '] ~

A Y
v oa
O |

v
\ "éastlegaao Sandstong

g
2
o
£
-]
w
<
2
4
&8
-
s 2
S °
A
.I
o
d
-« v
(-]
-
-l
0{
"3
2
A J

*-4" Upper Sundysldo _503’0!
’-8' Lower Sunnyside Seam

Figure 3. Generalized columnar section of the Soldier Canyon Mine
lease area (Doelling, 1972 and Pollastro, 1980).



950 feet to 1050 feet (Doelling, 1972).

According to Clark (1928, p. 19):

The coal bearing part of the Blackhawk Formation consists of
massive beds of gray to buff sandstone, alternating with smaller
amounts of sandy shale, shale and coal beds. The sandstone
is composed larely of semirounded quartz grains cemented by
carbonate of lime and is reasonably well consolidated but not
greatly indurated except some of the fine-grained and highly
calcareous beds. The shale, as a rule, is more or less sandy
and adjacent to the coal beds usually contains some carbona-
ceous material. The coal beds have been extensively burned
at the surface, and the associated rocks are greatly altered
in character and composition. At many places where coal beds
have burned, the rocks overlying them have fused, and every-
where they are predominantly red instead of gray and buff,
their original colors.

The dominant feature of the coal-bearing part of the Black-
hawk Formation consists of the massive, cliff-forming beds
of sandstone, which lie beneath many of the principal coal

beds. Some of these sandstone beds are exposed for 20 to
30 miles in east-west extent.

The presence of shale layers in the Blackhawk Formation acts as
an effective barrier to the vertical movement of water within the forma-
tion. Therefore, water penetrating into the Blackhawk probably percolates
downward until it encounters a shale layer, which then causes horizontal
movement to the surface or to another sandstone finger within the forma-

tion.

Price River Formation. Overlying the Blackhawk Formation is the

Price River Formation; composed of a massive basal sandstone, referred
to as the Castlegate Sandstone, and the non coal-bearing beds overlying

the Castlegate (Clark, 1928).



The Castlegate Sandstone consists of massive, fine- to medium-—
grainedbsandstone beds (Doelling, 1972) which are gray to buff and
composed mainly of semirounded grains of quartz (Clark, 1928). The
basal portion of the Castlegate is a transition zone from sandy shale
to sandstone and in many areas shale and sandy shale are encountered
near the top of the sandstone bed (Clark, 1928). The Castlegate Sand-
stone is approximately 225 feet thick near the Soldier Canyon Mine

(Doelling, 1972).

The non coal-bearing portion of the Price River Formation comsists
of two or more thick beds of sandstone, interbedded with thin-bedded
shale and sandy shale (Clark, 1928). The sandstone layers are massive,
white to gray beds, consisting of semi-angular grains of quartz. The
shales are predominantly gray in color with occasional traces of olive-
green shales in certain areas (Doelling, 1972). In the vicinity of
the Soldier Canyon Mine, the non coal-bearing portion of the Price River

Formation is approximately 150 feet thick (Doelling, 1972).

North Horn Formation. The North Horn Formation, the lower-most

member of the Wasatch Formation, consists of a series of shale, sandstone,
minor conglomerate and freshwater limestone. The shales vary from yellow
to gray or gray-green in color and are usually calcareous and silty
(Doelling, 1972; Clark, 1928). The sandstones are tan to yellow-gray,
fine to coarse-grained conglomerate sandstones with interbedded highly

colored sandy shale (Clark, 1928). Limestone increases near the upper



portion of the member (Doelling, 1972). Near the Soldier Canyon Mine,

the North Horn appears to be 250 to 500 feet thick.

Flagstaff Limestone Formation. The Flagstaff Limestone Formation

consists of thin-bedded limestones, shales and sandstones (Doelling,
1972). The varicolored shales are interbedded with lacustrine and
microcrystalline limestone. The sandstones are fine— to medium-grained,
reddish-brown, and generally less plentiful then the other constituents
(Doelling, 1972).
Y &
,»C"/:'! ”
Faults. There are not major faults within or adjacent to the Soldier

Canyon Mine lease area. According to Pollastro (1980), no faults have

been encountered in mining coal from the Soldier Canyon Mine.

Wilson et al. (1975) classify soils within the lease area as Bad-
land-Rock Land Association. Badland consists of shale or interbedded
sandstone and shale, while the rock land consists of bare rock outcrop
with some shallow and very shallow soils over bedrock (Wilson, et al.,

1975). Shallow soils are found on benches and mesas where the topo-

graphy is rolling.

Runoff is classified by Wilson et al. as rapid to very rapid with

very high sediment production.
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Climate

The general climate of the Soldier Canyon Mine lease area is
characterized by moderate amounts of precipitation, high potential
evapotranspiration, low temperatures, and relatively short growing

seasons.

Temperature is both spacially and seasonally variable, being
strongly influenced by elevation (U.S. Geological Survey, 1979). Temp-
eratures vary in January from a mean minimum of 6°F to a mean maximum
of 32°F; whereas July temperatures vary from a mean minimum of 53°F to
a mean maximum of 84°F (Jeppsen et al., 1968). The average frost free

season for the lease area is 60 days (Jeppsen et al., 1968).

Precipitation is affected by altitude and topography in the area
of the Soldier Canyon Mine. Jeppsen et al., 1968, indicate that the
normal annual precipitation of the lease area is 14 inches with 8
inches occurring as snow from October to April and 6 inches occurring

as rainfall between May and September.

The annual potential evapotranspiration of the lease area is
approximately 22 inches. Due to the fact that annual potential evapo-
transpiration exceeds normal annual precipitation, the lease area at
the Soldier Canyon Mine is not considered to be an important water

source.
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Vegetation

A wide variety of vegetative communities are encountered within the
lease area at the Soldier Canyon Mine, resulting from the varied topo-

graphy, aspect, and elevation found therein.

The lease area is covered with Pinyon-Juniper, Mountain Shrub,
Sagebrush-Grass, Conifer-Aspen (Bentley et al., 1978), and Ponderosa
Pine vegetative communities (U.S. Geological Survey, 1979). The Sage-
brush-Grass and Mountain Shrub communities fringe and intermix with the

other communities throughout the lease area.
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SURFACE WATER HYDROLOGY

Regional Surface Hydrologic System

The Soldier Canyon Mine lease area is situated in the Book Cliffs
near the headwaters of the Price River Basin. The entire lease area

drains toward Soldier Creek, a perennial tributary of the Price River.

Snowmelt is the major source of water for the perennial streams of
the Price River Basin. Ephemeral streams are abundant in the basin,
existing primarily at lower elevations where potential evapotranspiration

exceeds precipitation.

Water use upstream from Castle Valley (the monoclinal valley con-
taining most of the agricultural land noted in Figure 4) is primarily
for stockwatering and industrial purposes (coal mining and electrical
power generation). Within Castle Valley, agriculture and power pro-
duction utilize nearly all of the inflowing water (Mundorff, 1972), with
minimum flows in the gaged streams and rivers in the basin occasionally
reaching zero. Storage reservoirs are common at higher elevationms.

Transbasin diversions occur throughout the area.

In general, the chemical quality of water in the headwaters of
the Price River Basin is excellent, with this watershed providing most
of the domestic water needs of the people below. However, this quality
rapidly deteriorates downstream as the streams cross shale formations

(particularly the Mancos Shale in and adjacent to Castle Valley) and
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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 tribu-
taries generally have a dissolved solids concentration of lessbthan
400 milligrams per liter upstream from Helper. The water in this

area is of a calcium bicarbonate type. Between this point and the
confluence with Miller Creek, most of the flowsroriginate on or tra-
verse Mancos shales. Much of the flow is derived from irrigation
return flows. The Price River at Wellington, which is near the center
of the basin, has an average dissolved solids content of about 1700
milligrams per liter and is of a mixed chemical type (calcium-magnesium-
sodium—-sulfate). At Woodside, which is about 22 miles upstream from
the confluence of the Price River with the Greeﬁ 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,

Sediment yield from the upper portion of the basin is probably
neglible (Mundorff, 1972). According to the U.S. Soil Conservation
Service (1975), erosion rates in the Price and San Rafael River Basin
vary from 0.1 to 3.0 acre-feet per square mile per year. The bulk of
the sediment’yielded each year at the mouth of the Price River comes

from limited areas covered with highly erodable shales (Mundorff, 1972).
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Drainage Basin Characteristics

The lease area of the Soldier Canyon Mine is part of the Soldier
Creek perennial watershed. Stream channels from the lease area flow

in all directions except north.

Topography in the area is rugged, with elevations varying from
6600 feet to approximately 8300 feet above sea level. Slopes vary
from vertical cliffs to less than 2 percent (1.2 degrees) along the
ridges. The dominant aspect of the Soldier Canyon Mine lease area is
to the south and east on the west side of Soldier Creek and to the

south and west on the east side of Soldier Creek.

Water sources within or adjacent to the lease area at the Soldier
Canyon Mine are a few springs and streams, which will be discussed in
subsequent sections of this report. There are no major water bodies

located within or adjacent to the lease area.

Rainfall-runoff relationships for the Soldier Canyon Mine lease
area were determined from the runoff curve number technique as defined
by the U.S. Soil Comservation Service (1972). According to the curve
number technique, the algebraic and hydrologic relationship between storm
rainfall, soil moisture storage, and runoff can be expressed by the

following equations:

- (p-0.25)”
Q P+0.8S (1)
and
1000
cN = 10+S (2)
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where Q is the direct runoff depth 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 dimensionless expression of S referred to as the curve number.

Hawkins (1973) indicates that runoff curve numbers tend to vary
inversely with precipitation depth in forested mountain watersheds.
In the vicinity of the Soldier Canyon Mine lease area the exact re-
lationship between runoff curve numbers and precipitation depth is
undetermined. Therefore, an average curve number of 75 was determined
for the lease area based upon vegetative type, hydrologic soil grouping,
and ground cover density (as outlined by the U.S. Soil Conservation

Service, 1972).

Equation (1) is based upon the assumption that Ia = 0.2S, where
Ia is the initial abstraction from storm rainfall, defined as the rain-
fall which must fall before runoff begins (i.e. to satisfy interception,
evaporation, and soil-water storage). Therefore, determination of run-
off from equation (1) is valid only when P;Ia or P30.2S. Below this
point, no runoff can occur. Based on the average curve number of 75
for the lease area and equation (2), I is equal to 0.67 inches. Figure

5 illustrates the rainfall-runoff relationship for the lease area.
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Flow Characteristics

According to Jeppson et al. (1968), the mean annual water yield

for the Soldier Canyon Mine lease area is approximately 1.0 inch.
Two additional hydrologic methods were used to estimate the meén annual
water yield to increase the confidence level of the estimate. The
first, "Grunsky's Rule", was originally developed by Grunsky (1908) and
later adapted by Sellars (1965). According to Grumsky, the average annuél
water yield can be determined from

Q =ap® (for P>1/2(()) (3)
and

A=P-1/(4d) (for B£1/(200))) (&)

where Q is the mean annual water yield in inches, P is the normal annual

precipitation in inches, and €is a runoff coefficient in inches—l. Alpha
() for the lease area was estimated to be 0.009 inches—1 from guidelines
set forth by Hawkins (1976). 1In accordance with equations (3) and (4),
1/(2a) equals 55.6 which is greater than the normal annual precipitation
of 14 inches determined from Jeppson et al. (1968). Therefore, equation
(3) is applicable to the lease area and, according to Grunsky's Rule, the

mean annual water yiéld from the lease area is 0.0 inches.

The second method used in estimating the mean annual water yield is
known as Ol'deKop's formula (Sellars, 1965). The mean annual water yield
is determined from

Q=P - E tanh g
°e o - (5)
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where Q and P are as previously defined and Eo is the annual potential
evapotranspiration in inches. As indicated in the climatic section of
this report, the mean annual precipitation and annual potential evapo-
transpiration for the lease area are 14 and 22 inches respectiﬁely. As
estimated from 0l'deKop's formula, the mean annual water yield from the
lease area is 1.6 inches. Therefore, estimates of the mean annual water
yield from both 0l'deKop's and Grunsky's formulas compare favorably with
the estimate from the Hydrologic Atlas of Utah prepared by Jeppson et al.

(1968) which is assumed to be the true estimate.

Monthly flows for Soldier Creek were computed as the percentage of
annual flow for the year 1978 to determine the seasonal distribution of
flows for perennial streams in the vicinity of the lease area. The results
are presented in Figure 6. The distribution of flows, as depicted in
Figure 6, is typical of high mountain regions in the west, in which most

of the streamflow occurs from March through June as a result of snowmelt.

As mentioned previously, all of the lease area drains toward Soldier
Creek. The U.S. Geological Survey has established a gaging station on
Soldier Creek just below the Soldier Canyon Mine and has obtained periodic
measurements of discharge and water quality from July through November.
Eureka Energy Company also maintains a gaging station upstream from the
mine near the junction of Soldier Creek with the tributary from Pine Canyon.

Data is available from both gaging stations since 1978. Based upon the
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periodic measurements of these two sites since 1978, the maximum measured

flow of Soldier Creek is 19.0 cubic feet per second and the minimum mea- %A}MJ
sured flow is 0.1 cubic feet per second. Peak discharges in Soldier Péfiﬁﬂkdn?ﬁf
Creek are expected to be much higher than these periodic measurements.

Summer thunderstorms, common in this area, would produce flows well in

excess to these measured values.

Estimates of peak flow recurrence intervals for Soldier Creek near
the Soldier Canyon Mine were prepared by Vaughn Hansen Associates (July,
1979). Peak flow estimates were determined from the runoff curve number
and unit hydrograph technique as defined by the U.S. Soil Conservation
Service (1972). According tovVéughn Hansen Associates (July, 1979) the
estima;ed peak discharge of Soldier Creek from the 10-year, 24—h9ur event
is 285 cubic feet per second, and the peak discharge from the 25-year,

6-hour event is 391 cubic feet per second.

Surface Water Quality

i ing the fall period of
Surface water quality data were collected during the 4

analysis (September-October, 1979) from two sites on Soldier Creek ravvf b~£o
M\m»{ ’6@
(18-1 and 18-2) within the Soldier Canyon Mine lease area (see Figure 7) line

These stations were located to obtain data from Soldier Creek both above

and below existing surface facilities of the Soldier Canyon Mine. Addi- Lﬂ na

fr a0

oW
“pdw‘( &“'Cab f’)
Ly’bna"

tional water quality data were obtained from unpublished data of the
U.S. Geological Survey and Eureka Energy Company of Salt Lake City, Utah,
for two gaging stations on Soldier Creek. The USGS gaging station is

f, ', Clocated immediately downstream from the Soldier Canyon Mine and the ’
. . W frs,
Eureka Energy Company gaging station is located upstream from the mine, Sypeﬂyﬁ
/fnz OFH O p
below the confluence of Soldier Creek and its Pine Canyon tributary. ReTS ors
f"ffJfarzeS.
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Water quality samples collected by Vaughn Hansen Associates were
analyzed according to the schedule of parameters listed in Table 1.
Attachment A summarizes the analytical methods used in both the field
and laboratory and Attachment B contains the results of the chemical
analyses of surface water samples collected within the lease afea during
the study period. Field analyses were completed at the time
of sample collection, and samples were préserved for laboratory analysis

according to the methods outlined by the American Public Health Associa-

tion et al. (1976).

/

Table 1. Comprehensive water quality analytical schedule.

Field Measurements

Laboratory Measurements

Discharge

pH

Specific Conductance
Temperature, Air
Temperature, Water

Acidity (as CaCoO,)
Alkalinity (as CaCO3)
Arsenic, Total
Barium, Total
Bicarbonate

Boron, Total
Cadmium, Total
Calcium

Chloride

Chromium, Total
Copper, Total
Fluoride

Iron, Total

Iron, Dissolved
Lead, Total

Magnesium

Manganese, Total
Mercury, Total

Nitrate (NO, as N)

0il and Grease

Phenol

Phosphate (PO4 as P) Ortho
Potassium

Selenium, Total
Silver, Total

Sodium

Sulfate

Suspended Solids

Total Dissolved Solids
Zinc, Total

Where data were available, seasonal variations in water quality as

indexed by major cations and anions were determined and are illustrated
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in Figure 7. Total dissolved solids concentrations were lowest during
the months of April through June when flows were highest. This inverse
relationship is caused by a dilution effect from snowmelt in the early
spring and runoff period. Later in the year as flow decreases and the

majority of flow is derived from groundwater, this diluting effect is w/wﬁgéag
MT“P )

less pronounced, resulting in increased total dissolved solids con-

centrations. Total dissolved solids concentrations for Soldier Creek

were relatively high for a mountain stream, ranging from 374 milligrams

per liter during the high flow season to 860 milligrams per liter during

the low flow season in the vicinity of the lease area.

From the data gathered during the fall period of analysis and

‘other previously mentioned sources, suspended solids concentrations of

Soldier Creek were found to vary from 1.0 to 1,644 milligrams per liter.
All suspended solids concentrations measured during the summer and fall
seasons of the year were less than 17 milligrams per liter. The only
suspended solids concentration to exceed 17 milligrams per liter (1,644
mg/1) was measured in April during the snowmelt runoff period. Suspended
solids concentrations are generally higher during the snowmelt runoff
period than during the portion of the year when baseflow conditions exists.
During the runoff period it is not uncommon for suspended solids concen—
trations in Soldier Creek to naturally and significantly exceed the

federal coal mihing effluent stﬁndard of 45 milligrams per litef (see

OSM regulation section 817.42).
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The hydrogen ion activity (pH) of Soldier Creek was found to vary
in the vicinity of the lease area from 7.4 to 8.7 units. The basic
condition of Soldier Creek is probably due to the high concentration
of bicarbonates (American Public Health Association et al., 1976).

Most natural waters are buffered to some extent by reactions involving
dissolved carbon dioxide species, with the most effective buffering
action from these species being within the range from 6.0 to 8.5 pH units.
Therefore, the relatively constant and basic pH coupled with low acidity
and high alkalinity concentrations, indicates that waters in the area
are not significantly influenced by pollution (Hem, 1970). _
N
Data gathered by Vaughn Hansen Associates duripg the fall period
of analysis (September — October, 1979), data from Eureka Energy Company,
and data obtained from the USGS indicate that both total and dissolved
iron concentrations are somewhat related to flowrate, with higher con-
centrations occurring during the snowmelt runoff period when suspended
sediment concentrations are high and with lower concentrations occurring
during baseflow conditions. Data from Eureka Energy Company and data
obtained during the fall study period indicate that dissolved iron con-
centrations in Soldier Creek have varied from less than 0.0l milligrams
per liter to 0.385 milligrams per liter, with the higher concentrations
occurring in April and May during the snowmelt runoff period and. the

lower concentrations occurring during summer and fall baseflow conditionms.

With the exception of data gathered during the fall period of

analysis, data was not available to compare total iron with dissolved iron
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concentrations. From the fall period of analysis, dissolved iron
concentrations were approximately one-tenth to one-twentieth of the
concﬁrrent total iron concentrations, with the dissolved and total
iron concentrations varying from less than 0.01 to 0.02 and 0.19 to

0.37 milligrams per liter, respectively.

Total manganese concentrations were low in Soldier Creek, varying
from 0.009 to 0.119 milligrams per liter. No distinct seasonal varia-

tion in manganese concentrations can be determined.

The Utah Division of Health has classified the waters within the
Soldier Canyon Mine lease area as 3C (protected for non-game fish and
other aquatic life) and 4 (protected for agricultural uses including
irrigation of crops and stockwatering). Tables 2 and 3 contain the
numerical Qater quality standards applicable to these various classifi-
cations. Few exceedances of these chemical standards were noted from
data gathered during the baseline study and other previously noted
sources. Most of the chemicél;standards in Tables 2 and 3 are for
dissolved rather than total constituents, while most of the various

water quality parameters analyzed during the fall period were an-

alyzed for the total rather than the dissolved form of the constituents.

With the exception of cyanide, phenol, copper, barium and zinc; all
of the total constituents were well within the limits established for

the dissolved constituents in the chemical standards of Tables 2 and 3.
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Table 2. Utah Division of Health numerical standards for water in

’

the State.
CLASSES
Domestic Recreation hquatac kgri- | Inous{
Source § Aesthetics Wildlife cu\tur4 try ISpecial
Constitutent 1A 18 1C 2A 2B 3A 3B 3C 30 4 5 6
Bacter$olocica) (No./100 m})
(30-day Geometric Mean)
Feximum Tctal Coliforms 1 50 5,000 {1,000 5,000 * - * .
Vaximum Fecal Coliforms . d 2,000 200 2,000 hd * * -
Phvsical
Total Dissolved Gesses . . . * d “(b) (b) - *
Vinime DO (m5/1) (o) . - 5.5 5.5 5.5 6.0 5.5 5.5 .
Vaximur Temperature . . * - . 200C 27°C - -
Parirsm Temp. Change . - . . b 20C 40C . .
pH 6.5-9.0 6.5-9.0 6.5-9.0]6.5-9.0 6.5-9.4 6.5-9.0 6.5-9.0 6.5-9.0/6.5-9.0
Turtidity incresse (c) . - * 10 NTU 10 NTU | 10 NTU 10 NTU —_ 15 NTU *
3]
Cherical (Meximur mg/1) . o
Arsenic, dissolved .05 .05 .05 * - . . : :g . .1
Bariur, dissolved | 1 1 - - - - ] - .
Cadwivm, Cissolved .00 .010  .010 * + |.oooa(d) .o0ad) - .01
Chromium, dissolved .05 .05 .05 - hd .10 .10 (] .10 .10 v v
Cosper, cissolved - . - A - .0 .01 Q - .2 < <
Cvanide - . . - - .005 .005 = - - = )
Jror, dissolved * - - - - 1.0 1.0 - 1.0 - u w
Lead, dissolved .05 .05 .05 - - .05 .05 = . .1 = =
Mercury, total -.002  .002  .002 . « | 00005 .00005 < ,00005 . i -
Phenol . . . - - .01 .01 o * - e =
Selenium, dissolved .01 .01 01 - - .0% .05 a - .05 & u
Silver, dissolved .05 .05 .05 . o .01 .0 S . - g s
2inc, dissolved * . * - . .05 .05 > - . < <
w z =
Ny 2s K {un-ionized) * * . * . .02 .02 ] . . c =)
Chlorine - * . - .002 .0l < - - = o
Fluoride, dissolved (e) |1.4-2.4 1.4-2.4 1.4-2.4 - b . * < » . = =
ND, as K 10 10 10 : Z = =
Bc;on. dissolved . LSRRI - - - * o - .75 w w
S * * > * . .002  .002 w - . w o
165 (f) * - - - - - - ; - 1200 w w
b3 = P
Radiolooical (Maximum pCi/1) EE = =
e . 8 | =
Gross Alpha 15 15 15 - - 15(g) 15(g) w 15(g) | 15(g) - -
Radium 226, 228 combined 5 5 5 * * . - . 5 - . e =
Strontium 90 B 8 8 - - - - > - - = =
Tritivm 20,000 20,000 20,000 * . - * = * - = =z
“ r -
Pesticides (Meximum vug/1) E
(=]
. Endrin .2 .2 .2 . . .004 004 2 om4 | ¢
Lindane 4 4 4 - * .0l -.01 w .0l -
¥ethoxychlor 100 100 100 * d .03 .03 .03 *
Joxzphene 5 5 5 * hd .005 .005 .005 *
2, 4&-D 100 100 100 - - . A A hd
2. 4, 5-TpP 10 10 10 - - - - - -
Pollution Indicators (9)
Gross Betz (pCi/1) 50 50 50 - . 50 50 . . 50 50
B0D (mg/1) * - 5 5 5 5 5 3 g
KC3 2s K (mg/1) 4 4 4 4 . .
POz 2as P {mg/1)(h) . - . .05 05 .05 .05 - - .
hd Insufficient evidgnce to warrant the establishment of (e) PMaximum concentration varies according to the
numerical standard. Llimits assigned on case-by-case daily maxirmum mean air temperature.
basis.
Temn. ©OC mo/1
(a) These limits are not applicable to lower water levels
in deep impoundments. 12.0 and below 2.4
. 12.1 to 14.6 2.2
(b) Not to exceed 110% of saturation. 14.7 to 17.6 2.0
17.7 to 21.4 1.8
{c) For Classes 2A, 2B, 3A, and 3B 2t background levels of 21.5 to 26.2 1.6
103 NTUs or grezter, 2 10% incresse limit will be used 26.3 to 32.5 1.4

instead of the numeric values listed. for Class 3D at . . .
background Jevels of 150 WIUs or greater, 8 10% increase  (f) Tot21 dissolved solids (T05) limit rmay be adjusied

licit will be used instead of the numeric value listed. on 2 czse-by-c2se basis,
fzzztb::;:.vernnces w2y be considered on 3 case-by- {g) Investigztions should be conducted to develop more infor-
ration where these pollution indicator levels are ex-
(6) Licit shall be increesed threefold 1f Cal0; hardness ceeded.
in water exceeds ]5.0 mg/1. (h) POz as P{ma/1) limit for lakes and reservoirs shall be
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Table 3.. Numerical standards for class 3C water use:(see Table 2).

Physical
Minimum D.O. (mg/l) .5
Maximum Temperature 27°C
Maximum Temperature Change 4°C
pH 6.5-9.0
Turbidity Increase (NTU) 15%% %%

Chemical (Maximum Mg/1)

o
)

Cadmium, dissolved
Chromium, dissolved
Copper, dissolved
Cyanide

Iron, dissolved

QO
wv

.

0.0
0.1
0.0
0.0
1.0
Lead, dissolved 0.05
Mercury, total 0.0005
Phenol 0.01
Selenium, dissolved 0.05
Silver, dissolved 0.01
Zinc, dissolved 0.05
Chlorine 0.2
HZS 0.02

Radiological (Maximum pCi/1)

Gross Alpha 15
Gross Beta 30

Pesticides (Maximum mg/1

Endrin 0.004
Lindane 0.01
Methoxychlor 0.03
Toxaphene 0.005

Pollution Indicators***

BOD (mg/1)

N03 as N (mg/1)

&~ U
.

***Investigations should be conducted to develop more information where these
pollution indicator levels are exceeded.

*x%x**At background levels of 150 NTU's or greater, a 10% increase limit will
be used instead of the numeric values. Short term variances may be
considered on a case-by-case basis.
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Phenol concentrations of Soldier Creek were found to exceed state
standards for Class 3C waters (0.0l milligrams per liter) in only one
sample. At Station 18-1, immediately upstream from the Soldier Canyon
Mine surface facilities, a phenol concentration of 0.026 milligrams
per liter was measured. The occurrence of phenolic compounds in surface
waters is generally considered an indicator of waste products, however
the U.S. Environmental Protection Agency indicates that phenolic com-
pounds also arise from naturally occurring organic sources. Therefore,
the breakdown of organié residue in the area (both plant and animal) may

be the source of phenol occurrences.

Cyanide concentrations were found to exceed state standards for
Class 3C waters (0.005 milligrams per liter) in only one sample. The
cyanide concentration of a sample collected by Eureka Energy Company,
upstream from the Soldier Canyon Mine near the confluence of Soldier
Creek with the Pine Canyon tributary, was measured at 0.02 milligrams
per liter. The reason for the occurrence of cyanide in this one sample
is not known since the appearance of cyanide is generally associated

with industrial waste (Hem, 1970).

Concentrations of barium, copper, and zinc slightly exceeded state
standards for Class 3C (0.01 mg/1 dissolved copper and 0.05 mg/l dis-
solved zinc) and Class 4 waters (0.1 mg/l dissolved barium) in one or

two samples collected by Eureka Energy Company at station E-22. In one

sample, the dissolved barium concentration. was measured at 0.14 milligrams
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per liter. In two samples the dissolved copper concentration was
measured at 0.012 milligrams per liter, and in one sample the dissolved

zinc concentration was measured at 0.061 milligrams per liter.

Sediment Yield

Estimates of the average annual sediment yield to be expected
from the mine 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 4 and 5 contain the parameter estimates and sediment yield com-
putation results of the respective methods. Using a sediment delivery
ratio of 24 percent (based on Renfro, 1975), the average annual sedi-
ment yield predicted by the Universal Soil Loss Equation is 1.0 ton per
écre. This converts to 0.37 acre-feet per square mile if a sediment
unit weight of 80 pounds per cubic foot ié assumed (see Flaxman, 1975).
This compares favorably with the estimate made by the PSIAC method, con-
sidering the accuracy of the methods. The sediment delivery ratio

estimate probably accounts for a majority of the difference.

Assuming an average from the‘two methods of 0.39 acre-feet per square
mile, the Soldier Canyon Mine lease area yields a yearly average of 1.04
acre-feet of sediment to the Price River Basin. Although no published
sediment yield data are available for the upland areas of the basin, this
is undouﬁtedly only a small portion of the total amount of sediment

yielded from the mountainous areas of the Price River Basin.
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Table 4. Average annual sediment yield estimate of Soldier Canyon Mine
lease area using the PSIAC method.
Factor Description Rating
Surface Geology Sandstones and interbedded shales and 6
sandstones, moderately fractured.
Soils High percentage of rock fragments. 0
Climate Precipitation primarily as snow. 0
Runoff High peak flows per unit area. 0
Topography Steep upland slopes, high relief and 10
little flood plain development.
Ground Cover Area mostly protected by vegetation. =5
Land Use Ordinary road construction, less than 0
50% intensively grazed.
- Upland Erosion About 257 of area characterized by 10
landslide erosion.
Channel Erosion’ Moderate flow depths, occasional 10
bank erosion.
Total 46

Sediment Yield (from Figure 8) = 0.41 AF/mizlyr.

Table 5. Average annual sediment estimate of the Soldier Canyon Mine
lease area using the Universal Soil Loss Equation.
Equation: A = RKLSCP
Variable
R Rainfall factor 16
K Soil erodability factor 0.20
L Slope length factor (1000 ft.)
LS = 95
S Slope gradient factor (61%)
C Cropping management factor 0.013
P Erosion control practice factor 1.0
A Estimated soil loss (tons/acre/year) 3.95
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Surface Water Momitoring Program

An ongoing hydrologic monitoring program will be conducted at the
stations shown in Figure 9. Stations 18-1 and 18-2 were selected to
monitor the impacts of surface drainage from the surface mine.facili-
ties. Station E-22 was selected upstream from the Soldier Canyon Mine
lease area to monitor any impacts on the surface hydrologic system

from underground mining activities.

Samples will be collected from all surface water stations shown on
Figure 9 annually and analyzed as outlined in the comprehensive schedule
given in Table 1 (or an approved abbreviated schedule) with the exception
of orthophosphates and cyanide. Totél phosphate will be anélyzed in place
of orthophosphate because state standards are based upon the total form.
Cyanide will be added to the comprehensive schedule due to the appearance
of background cyanide concentrations in a sample collection from Soldier
Creek by Eureka Energy Company aé previously discussed in this section.
These samples will be collected during the month of August each year to
allow sufficient time prior to snowfall to collect additional data if the
laboratory results show unique, unexpected conditions. Samples will be

analyzed according to Attachment A and preserved as previously outlined.

In addition to the annual comprehensive sampling in August, surface
water samples will be gathered and analyzed on a quarterly basis (November,
February, and May) throughout the period of mine operation. These samples

will be analyzed in accordance with the parameters listed in the abbrevi-

ated schedule of Table 6.
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The derivation of Table 6 was based on the need to clarify back-
ground conditions and future impacts. Because of the relatively high chem-
ical quality of waters in the Soldier Canyon Mine lease area, as determined
by fhe inventory, suspended solids has been included in the abbre-
viated schedule as the single most important impact indicator. Phenol
and cyanide are included because of the 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
regulations. Certain parameters of Table 6 may be dropped or the fre-
quency of sampling altered with the concurrence of the regulatory agency

if subsequent data justifies such an alteration.

Surface water monitoring will continue on a quarterly basis (August,
November, February, and May) during post-mining operations until the
reclamation effort is approved by the regulatory agency. Post-mining

samples will be analyzed in accordance with the abbreviated water quality

Table 6. Abbreviated water quality amalytical schedule.

Field Measurements Laboratory Measurements

Discharge Bicarbonate Phenol

pH Calcium Potassium

Specific Conductance Chloride Sodium

Temperature, Ailr Cyanide Sulfate

Temperature, Water Iron, Total Suspended Solids
Magnesium Total Dissolved Solids

Manganese, Total
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analytical schedule with the exception of the August sample, which will
be analyzed for the parameters as listed in Table 1 (or an approved

abbreviated schedule).

An NPDES discharge permit has already been acquired by Soldier
Creek Coal Company for discharge from surface mine facilities. Monitoring

of all discharges will be conducted in accordance with this permit.
As required, water quality data collected from surface water moni-
toring stations will be submitted to the regulatory authority (Utah

Division of 0il, Gas, and Mining). Such reports will normally be sub-

the speed of the laboratory analyses.
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GROUNDWATER HYDROLOGY

Regional Groundwater Hydrologic System

The principal factor controlling the occurrence and availability
of groundwater in any area is geology. As noted by Price and Waddell
(1972), nearly all of the region surrounding the Soldier Canyon Mine
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 fact that the sandstone beds are relatively
impermeable and by the existence of the impermeable interbedded shale
layers, which prevent the downward movement of a significant amount of

water.

According to the U.S. Ceological Survey (1979), groundwater 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 sedimentary 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.

The Book Cliffs, where the Soldier Canyon Mine is located, and the
adjacent Wasatch Plateau act as recharge areas for regional groundwater

systems (Price and Arnow, 1974). Only a small portion of the annual
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precipitation, probably much less than five percent, recharges the ground-
watef supply (Price and Arnow, 1974; U.S. Geological Survey 1979). The
depth of water infiltrating through the surface to saturated beds is

small due to the presence of the relatively impermeable shale layers near
the surface over much of the area and to the potential evapotranspiration

being greater than the rainfall.

Price and Arnow (1974) indicate that properly constructed wells
in the Price River Basin would have only limited yields (normally less
than 50 gallons per minute). Wells immediately adjacent to the Soldier
Canyon Mine lease area could normally be exﬁected to yield less than
10 gallons per minute (Price and Wadell, 1973). Increased yields could

possibly be expected from wells penetrating highly fractured sandstones.

“
!H’»W‘ heo oL

Rocks in the mountainous areas near the Soldier Canyon Mine 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 groundwater in the Price River Basin deteriorates
with distance downstream much the same as surface water. Dissolved solids
concentrations in ground water range from less than 500 milligrams per

liter near the Soldier Canyon Mine lease area to 3000 milligrams per
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liter near the confluence of the Price River with the Green River
(Price and Waddell, 1973). This increase in dissolved solids con-
centration is the result of increased contact of water and rock as
travel distance increases, with saline shales contributing a major

portion of the dissolved constituents.

Characteristics of Seeps and Springs

All springs and seeps were sampled within and adjacent to the Soldier
Canyon Mine lease area during September, 1979 to obtain an index of ground-
water hydrologic conditions in the area. Discharge and water temperature
measurements were made and a water quality sample was collected and ana-
lyzed for the comprehensive list of parameters in Table 1. Results of the

field investigation and chemical analyses are illustrated in Figure 10.

Only three springs were found within or adjacent to the lease area,
two of which were located/outside of the lease boundary. All three of
the springs were located near the base of a dominant sandstone formation.
Both springs S$8-1 and S31-1 issue near the interface between the Flagstaff
and North Horn formations and spring S7-1 issues at the contact between
the Castlegate Sandstone and non coal-bearing portion of the Price River
Formation. As mentioned previously, all three of these formations consist
of a series of shale and sandstone layers with both the Flagstaff and North
Horn formations containing beds of limestone. Shale layers act as impeding
members to deep percolation, forcing at least a portion of the water that
percolates through the soil mantle to move somewhat horizontally to be

discharged at the surface as spring water.
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The three springs encountered near the Soldier Canyon Mine were
located at higher elevations with recharge zones suspected to be the
small areas of the nearby flats located along adjacent ridges. Flows
from the springs were low during the inventory, ranging from less than
one gallon per minute to two gallons per minute. Due to the localized
nature of the springs, flows are expected to be higher during the snowmelt
runoff period and are expected to be quite sensitive to the amount of

precipitation received during any given year.

As illustrated on Figure 10, the groundwater, as indexed by springs
in the lease area, is of a strong calcium bicarbonate type with high
sulphate concentrations measured at spring §7-1. Total dissolved solids
concentrations varied from 386 to 969 milligrams per liter. These re-
latively high concentrations are probably due to the prolonged contact of
the water with the shale layers of the Flagstaff, North Horn, and Price
River formations. Shales tend to contain an abundance of soluble minerals
and allow more surface contact to water flowing through them than would

be expected in coarse-textured rocks (Bently et al., 1978).

All three of the springs located during the hydrologic inventory
of the lease area were selected for continued water quality and quantity
monitoring. Although springs S8-1 and S31-1 are located outside of the
lease area and potential area of impact from underground mining activities,
they were selected for continued monitoring as an index to background

conditions.
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Groundwater Quality

Water quality samples were collected and analyzed for the three springs
withiﬁ and adjacent to the Soldier Canyon Mine lease area as an index to
groundwater hydrologic conditions within the Flagstaff, North Horn, and
Price River formations. In addition, a water quality sample was collected
from water dripping from the ceiling within the mine to index the ground-
water hydrologic conditions of the Blackhawk Formation. One additional
water quality sample was collected and analyzed from groundwater encountered
in an enclosed pit, dug at the mine train loadout facility near Sunnyside
Junction, referred to hereafter as the "Banning Siding'" sample (see Figure 1

for location).

Since no active coal exploration program is being conducted on the
lease area, high cost relative to expected benefits precluded the drilling

of observation wells in the area and the collection of reliable groundwater

hydrology data therefrom. The cost of constructing and developing wells

Vgﬁo obtain reliable data would have far exceeded the benefits derived there-

from considering the lack of groundwater use in the area, the absence of a
significant groundwater aquifer, and the ability to obtain within the mine
water quality data for the Blackhawk Formation. The three monitored springs

account for nearly all groundwater use in the area.

All water samples were collected and preserved as previously outlined.
The results of the chemical analyses for samples from springs, from within
the mine, and from the pit at the train loadout site are presented in

Attachment C.
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Variability in groundwater quality in the geologic formations was
analysed by comparing water quality constituents. Concentrations of the
various constituents were relatively consistent between the Flagstaff and
North Horn formations, with fhe groundwater from within these formations
being primarily of a calcium-bicarbonate type (see figures 10 and 11).
Groundwater in the Price River Formation is also strongly calcium-bicar-
bonate, but sulfate concentrations are much higher than those of the Flag-

staff and North Horn formations.

According to the analysis of the sample taken from within the mine,
the groundwater from the Blackhawk Formation is predominantly sodium-
bicarbonate. Tﬁe Blackhawk formation is extremely discontinuous in
nature; therefore the groundwater quality within the Blackhawk Formation
itself is expected to be highly variable, as has been demonstrated at
other locations within the Price River Basin (Vaughn Hansen Associates,

December of 1979).

Phenol and total dissolved solids concentrations measured during the
fall study period were the only constituents to exceed state water quality
standards for the uses specified for water in the area of the Soldier
Canyon Mine. None of the springs sampled éxceeded state standards. The
only sample to exceed state standards was taken from within the mine,
having a phenol concentration of 0.012 milligrams per liter, and a total
dissolved solids concentration of 1500 milligrams per liter which exceeds

the state standard for Class 4 waters (1200 milligrams per liter).
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Figure 11. Comparison of water quality data collected from
the springs and mine from the separate geologic
formations within the Soldier Canyon Mine lease
area.
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Concentrations of other constituents sampled at stations throughout %’ -
Wfﬂ?ﬁ%/k¢w
the vicinity of the Soldier Canyon Mine were quite low. In many cases, o wﬁ?

trace metal concentrations were consistently below the level of detection
by routine laboratory techniques (particularly cadmium, lead, mercury,

selenium, and silver).

Groundwater taken from the Banning Siding site at Sunnyside Junction
was of a calcium-sulphate type. With the exception of the total dis-
solved solids concentration, no exceedances to state standards for water
use in this area were detected. The total dissolved solids congentration
at this site was measured at 2540 milligrams per liter, which exceeds
the state standard for Class 4 waters (1200 milligrams per liter). However,
the water quality from the Banning Siding site is of comparable quality to
surface waters in the near vicinity. Total dissolved solids concentrations
in Grassy Trail Creek at Sunnyside Junction have been measured in excess
of 3500 milligrams per liter. Therefore, total dissolved solids concen-

trations naturally and significantly exceed state standards at this point.

Groundwater Monitoring Program

An ongoing groundwater monitoring program will be conducted at each
of the springs shown in Figure 9. 1In addition, data will be collected from
within the mine and from the Banning Siding sampling station at the mine

train loadout facility.

As stated previously, the quality of water issuing from springs and

seeps is representative of groundwater within the various geologic formatioms.

¢
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P

Groundwater usage in the area consists almost entirely of springs; therefore,
because of the desire to monitor impacts from mining activities, the moni-

toring of springs on the site takes on added importance.

Although Soldier Creek near the Soldier Canyon Mine is accessible
most of the year, such is not the case with springs. Therefore, water %2;%z25;;éle>
quality data will be collected once a year (during the month of August) v
from the springs noted in Figure 9. The collection of a sample in the early
spring from springs may result in the inclusion of a significant amount of
snowmelt runoff, whereas a later sample would not normally allow the col-
lection of additional data before snowfall if unique and unexpected condi-

tions are found. Each of the water quality samples will be analyzed as

outlined by the comprehensive schedule of Table 1 or an approved abbreviated

schedule.

Water quality samples will be collected guarterly from seepage near

the working face of the mine and from the Banning Siding site at Sunnyside

Junction. The sample taken during the month of August will be analyzed
according to the schedule of Table 1. 1In addition to the annual compre-
hensive sample in August, water quality samples will be gathered from these
two sites and analyzed during the months of November, February, and May
throughout the period of mine operation. These sampleé will be analyzed

in accordance with the parameters listed in the abbreviated list of Table 6.

An amendment to the existing NPDES discharge permit (as required by

the regulatory agency) will be acquired to discharge water currently stored



within the mine. Monitoring of all discharges will be conducted in

accordance with this permit.

As required, groundwater quality data collected from the lease area
will be submitted to the Utah Division of 0il, Gas, and Mining within
60 to 90 days of the end of each quarter, depending upon the speed of

laboratory analyses.
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Table 7. Field methods used for the analysis of water quality samples.

Parameter Units Instrument

Flow cfs Marsh-McBirney current meter, float
measurement, or volumetric measure-
ment '

Temperature °c Thermometer

pH units Beckman Model 1009 pH meter

Conductivity : micromgos/cm Hydrolab TC-2 conductivity meter

@ 25°C




81 - uotleI1lII 10

841 _€01 uoyidiosqe dTwole £q pamoTToF UOTISBIQ T/8u tmyoTe)

281 . m—— 9Fa3ouWEIOToD

8v1 101 10 uotidiosqe oFwole £q PaMOTTO3F U0FIsaIQ T/8u unjwpe)

L8 €1 . (upundan)) STIIBWFIOTOD T/3u uoxog

- 8Lz . . UOTIBIITL T/3u 831BUO0QIBO Tg
. DTIIWFIOTOD

rAS L6 10 uojidiosqe OFwole £q pamoTT03F UOTIS3ZTQ T/3u uniaeq

poyaeum

1329 - 8p0O13D9T3 10 (UOTIBDTFTPOW dPT2B) IBTUTM T/3u Lep-¢ ‘ao€

6S1 56 :

€87 . 6. uotidiosqe OTWO3IER 10 ‘®3IPUWEQIED

1914 ——- -OTYITPTAUISTP I3ATTS £q pamoTT03 UOTIS?ITQ T/3u dFussay

- :
1 .

- 891

— S91 ’ ajeTouayd peajewolne

71y 6ST ‘9p0o1309T2 ‘UOTIBIITI ‘UOTIBZTIATSSAU £q

o1y - pomoTT03 (6°6 HAd 38) UOTIBTTFISTP TENUEBK T/3u N se ‘®vTuowmy

— 6. poy3lauw pajewoine 10 ‘G°y Hd 03 UOFIBAITI c

8L2 € DJ132WO01309T9 pPojewWoIN® 10 TEBNUBK T/3u 008D se ‘AITUTTeATV

€Lz - 1. . UOT3IBAITL - T/%uw A moomo se ‘LITPTIOV

‘oN 28eg *oN 98eg

s§pOYIay SpPOYIaN pPoyaIal ITun . I930wBaRy
pavpuels vdd
*PT VINT vL61

*saaqunu afed
adua13za1 paepuels yiym ‘saTdues L3jrenb 133em Jo sTsATBuUEB 8yl 103 pasn spoylaw A1o03eioqeT g IIQEY




SI¢ ——— 9FI32WEIOTOD

841 Z11 10 uoradxosqe uaﬁoum £q pamoTTO03 uor3IsadIq T/%u pe®1
802 —— _ 9TI39WTI0T0D
891 011 . 10 uotidiosqe DFwole Aq POMOTTOJ UOTIS3I(Q T/8u uoay
%9 — , I93UNod UOTIBTTFIUFOS T/¥0d K3T7aT30BOTPRY
B39g 85019
149 - I923Unod UOTIBTTTFIUTOS . T/70d £3TAF30EROTPRY
eydTy ssoxs
%91 19
€6t 6S
16€ 69 auoxaTdwod pajewo3ine I0 “SANVIS
68€ — ‘9pox3oaTe uof £q pPamOTTOF UOTIBTTTISIA T/8u apraonTy
DFa3swrIoTod (PFOB OFANITqIeq
10) 2uotozexld auppfadd 10 UOFIBIITI
19€ oY 93BT X2ATTS Aq POMOTTOF UOTIETTITISI( T/8u apyuef)
< ‘
N 961 — DFAJOUFIOTOD
8%l 801 X0 uoridiosqe o2Twole Aq PamMOTTOF UOTISa3I(Q T/3u _ aaddoy
[41¢ 1418
- 68 9TJ139uWTa0Tod ‘uoTidiosqe OTwole PUB UOTIRIIXY T/3u IA ‘unfmoxy)
€19 B £ ’
%0€ 62 9JI139WFIOTO
£0€ —— pajewoane Io .wumuuﬁnAoﬁusoumE ¢23BIITU JBATTS ) H\ms 9pPTIOTYD
‘oN @3eg ‘oN @3ed v ‘
spoyaay SpOYI AN POyISN aTun lajaweaeyq
paepuels vdid
*PT Yayl 2L61

*PaNUTIUC) '8 BTqEL




2Fa139WFI0T0d 10

8hT 991 uofadaosqe OFwole Lq pamoTToJ uofiIsadiQ T/%0 29ATTS
651 Syl uofidiosqe OFwole Lq PomoTIT03F UOTIS|TTA T/3u wnyuaTd§
9ee -
CET — O9Fajowojoyd Swely 10 DTIIBWTIOTOD
— €Y1 ‘uoyidiosqe DTwole Aq PIMOTTOF UOTFIS3BT(Q T/%u unysselod
%29 9¢t
18% 69%¢C UOTFIONPaI PJOE DTqAODSE PdJRWOINE IO TENUBK T/3u d se ‘ajeydsoyq
[4:19 1844 (avv-%) OTa3LuWTI0T0) T/3u Touauyd
SIS 622 2J13oWTABISUOR1] YITM UOTIOBIIXD PEnbY] T/3uw 288219 ¥ 110
0Z9 L0t
LY Lol U0F3IOoNpaa 9uTzZeapAy 10 WNTWPED
€Ty 102 pe3jeWoOINE ¢33BJTNS 2UTONIQ ‘UOTIONPII WNTWPE) T/3u N se ‘®3ex3IN
“ 961 811 uotidaosqe ow&oum ssoTauwe Ty T/8uw Landaay
[T
Y44 - JTI38WTI0TOD
8h1 911 10 uoyridiosqe dTwole Aq PamoTTOF uOT3IsaIT(Q T/3u agoueduey
12¢ - - DFajsuwFaARas
8yl 911 10 wuotidiosqe DTFwole £q POMOTITOJ UOTISIZT(Q T/8u unysaudey
(44 - aanppooad NAW TW O0T/NdH WIOFFTOD TBIOL NdW
44 - aanpadoad NAW T® 00T /NdW WIOITFTOD. TEY3d NJW
*oN 2884 *oN 2884 _
spoyla| spoyIal pPoYyaan ITUN EEPEDN:-F8:F
pispuels vda
‘PA YNl hL61

"penutiuc) ‘g -aTqeL




69¢ - _ Uﬁuumsﬂuoaao o0

8vl (ol | uotidiosqe dFwole £q PamoTTo3 uoF3Ise81q T/%u , 100 4/
(4% $67 dTa3worayden NIN . A3TPTQIN]
rANS 9€2 PoliBi1JUT ~ UOTISNQUO) , T/3u uoqaey djueldig Teliol

© .

i 4 99¢ Do08T ‘UOTIBIITTF I2qTF SSBIY T/8u  spjos pepuadsng TE30L
%6 897 0,501 ‘uoTiealT[T3 19qI3 SSEID T/3uw spyIos papuadsng
96y 6LT ‘LLT OTI33UWEIOTOD
£6h -_— pojewoine Jo ‘OTAIL2WTPTIQING ‘OTIIPUTABIY T/3u 23e3INns
0S? - ‘ sTa39w030yd BweTF
— L9l ‘uoyadiosqe oTwole Kq pomOTTOF UOTISATIQ T/8uw unypos

‘on 28eg *oN 28e4g

spoy3Iay spoy3lapn DEE| ITUN Iajaweae]
pivpuelg vdid

*PT uiavl L6l

*panuijuo) g o9Iqel




~

57

ATTACHMENT B

Results of Surface Water

Quality Analysis



Table 9.

58

Results of chemical analyses of surface water quality
samples collected by VaughnHansen Associates.

. Lower Lower .
Station Number Soldier Soldier 18-2 18-1 E-22 E-22
Parameter Units 4-10-79 6-21-79 9-26-79 9-26-79 4-10-79 6-21-79
FIELD MEASUREMENTS '
Discharge cfs 11.1 12.0 1.2 1.2 10.7 13.0
Dissolved Oxygen mg/1 9.8 10,8
pH units 7.88 8.0 7.6 7.60 7.93 8.0
Specific Conductance unhos/cm @ 25° C 740 780 840 830 570 620
Temperature, Air °c 0.0 12.0 0.0 13.0
Temperature, Water °C 6.0 13.0 13.0 6.0
LABORATORY MEASUREMENTS
Acidity, as CaCO mg/1 22.0 18.0 )
Alkalinity, as CaCo mg/1 266,0 292.0 310.0 284.0 260.0 302.0
Ammonia, NH, as N mg/l
Arsenic, Total mg/1 0,002 0,002
Arsenic, Dissolved mg/1
Barium, Total mg/1 0.130 0.120
Barium, Dissolved mg/1
Beryllium, Dissolved mg/l
Bchrbona;e mé/l 324,52 356.24 378.20 346.48 317.20 368,44
Boron, Total mg/1 0.160 0.180
Boron, Dissolved mg/1
Cadmium, Total mg/1 <0,001 <0,001
Cadmium, Dissolved mg/l
Calcium mg/1 60.0 56,80 104.00 88,00 45,60 55,20
Chloride mg/1 12,0 12.0 16.0 12.0 8.0 8.0
Chromium, Total mg/1 <0,001 <0.001
Chromium, Dissolved mg/l
Cobalt, Dissolved mg/1
Copper, Total mg/1 <0,001 0.002
Copper, Dissolved mg/1
Cyanide mg/1
Fluoride mg/1 0.38 0.39
Germanium, Dissolved mg/l
Gross Alpha Radioactivity pCi/1
Gross Beta Radioactivity pCi/1
Iron, Total mg/1l 0.37 0.19
Iron, Dissolved mg/1 0.020 <0.010
Lead, Total mg/1 <0.001 <0.001
Lead, Dissolved mg/1
Hagn;slum mg/l 39.36 45,60 9.60 19,20 32.16 36.48
Manganese, Total mg/l 0,023 0.012
Manganese, Dissolved mg/l
Mercury, Total mg/1 <0.0002 <0.0002
Mercury, Dissolved mg/1
Nitrate, N03 as N mg/1l 0.04 <0.01
0il and Grease mg/1 1.4 <1.0
Phenol mg/l 0.026
Phosphate, POA as P Ortho mg/l 0.15 0.100
Potassium mg/l 2,20 1.929 2.762 2.318 1.300 1.188
Selenium, Total mg/1 0.002 0.003
Selenium, Dissolved mg/l
Stlica, as SlO2 mg/1
Silver, Total mg/l 0,001 <0,001
Silver, Dissolved mg/l
Sodium mg/l 39,40 84.20 80.80 53.00 34,71
Sulfate mg/1 150.0 109.0 143,0 160.0 72.0 52.0
Suspended Solids mg/l 1644,0 1.0 17.0 6.5 1113.0 6.0
Total Dissolved Solids mg/1 480.0 442.0 542.0 538.0 374.0 379.0
Total Organic Carbon mg/l .
Turbidity FTU 250 200
Z2inc, Total mg/1 0.005 0.003
Zinc, Dissolved ng/l




59

Table 10. Results of chemical analyses of surface water quality
samples collected at Station E-22 (Data obtained from

Anderson, 1979).

Station Number E-22 E-22 E-22 E-22 E-22 E-22 E-22
Parameter Units 7-21-76 8-25-76 5-18-77 8-18-77 4-13-78 8-2-78 10-19-78
FIELD MEASUREMENTS
Discharge cfs 0.16 0.15 0.40 0.01 3.7 0.29 0.25
Dissolved Oxygen mg/1 7.5 9.0
pH units 8.4 8.35 8.7 8.65
Specific Conductance unhos/cm @ 25° C 700 1060 850 780 635 633 785
Temperature, Alr *C 22.0 6.2 18.3 11.0 22,0 17.0
Temperature, Water c 16,0 16.0 11.3 15.5 0.0 19.0 13.0
LABORATORY MEASUREMENTS
Acldity, as CaCoO, mg/1
Alkalinity, as caco, mg/1
Ammonia, NH, as N mg/l 0.78 0.40 0.05 0,22 <0,01 0.10
Arsenic, Total mg/l
Arsenic, Dissolved mg/l 0.001 <0,001 <0,001 <0.001 <0,001 0,001 «0.001
Barium, Total mg/l
Barium, Dissolved mg/1 0.021 0.094 0.062 0,010 0.140 0.100
Beryllium, Dissolved mg/l <0,001 0,003 <0,001 0.005 0,011 0,005
Bicarbonate mg/l 332.0 368.4 478.2 414.8 307.4 388.0 458.7
Boron, Total mg/1
Boron, Pissolved mg/l 0.080 <0,001 0.034 0.022 0.123 0.020 0.180
Cadmium, Total mg/l
Cadmium, Dissolved mg/l <0.001 <0,001 <0.001 <0.001 <0.001 ~0.001
Calcium mg/l 43.0 28,9 29,4 32.0 38.4 32.0 26,4
Chloride mg/l 12.0 14.0 16.0 12,0 10.0 12.0 16.0
Chromium, Total mg/1
Chromium, Di{ssolved mg/1 <0,001 <0.001 <0.001 <0.001 0,001 <0.001 <0.001
Cobalt, Dissclved mg/l 0.011 0.009 <0,001 <0.001 0.009 <0.001
Copper, Total mg/l
Copper, Dissolved mg/1 0.012 0.008 0,003 0.012 0.009 0,004
Cyanide mg/l <0,001 <0,010 <0,010 0,020
Fluoride mg/l 0.4 0.5 0.62 0.37 0,58 0.49 0.45
Germanfum, Dissolved mg/l <0.001 <0.001 <0.001 <0.001 ~0.001 -0.001
Gross Alpha Radiocactivity pCi/1 <3.5 3.7 4.4 3.7
Gross Beta Radioactivity pCi/1 <1.5 12.0 12.0 11.0
Iron, Total mg/1
Iron, Dissolved mg/1 0.010 0.197 0.385 0.076 0.110 0.03? 0.045
Lead, Total mg/l
Lead, Dissolved mg/1 0,002 <0,001 <0,001 <0,001 <0,001 0,001 <0.001
Magnesium mg/l 35.0 30,2 61.9 34.6 28.8 37.4 44,2
Manganese, Total mg/l
Manganese, Dissolved mg/1 0.014 0,119 0.009 0.018 0,018 0.048
Mercury, Total mg/1
Mercury, Dissolved mg/l <0,0002 <0,0002 <0.0002 <0.0002 <0,0002 <0.0002 <0.,0002
Nitrate, NO3 as N mg/1 0.11 0.04 0.14 0.12 0.20 0,02 0.02
0il and Grease mg/1 <1.0 <1.0 1.2 2.6 2.4 <1.0
Phenol mg/1
Phosphate, PO, as P Ortho mg/1 0.01 0.085 0.260 0.020 0.020 0.023 0.065
Potassium mg/l 2,5 4.1 2.3 3.8 1.8 1.4 1.9
Selenium, Total mg/1
Selenium, Dissolved mg/l 0.001 0.003 <0.001 0,001 <0, 001 <0,001 0,001
Silica, as SiO2 mg/l 8.2 12.1 28,5 8.15 6.5 7.6 6.0
Silver, Total mg/1
. Silver, Dissolved mg/l 0.008 0.003 <0.001 <0.001 0,001 0,001 -<0.001
. Sodium mg/1 64.0 118.0 134,4 112,0 95.2 71.1 110.0
Sulfate mg/l 90.0 130,0 190.0 114.0 72.0 67,0 92.0
Suspended Solids mg/1 12,0 968.0 11.0 1.0
Total Dissolved Solids mg/l 421.0 690.0 860.0 412.0 512.0
Total Organic Carbon mg/l 10.0 29.0 14,0 10.0 6.0 17.0
Turbidity FTU
Zinc, Total mg/1
Zinc, Dissolved mg/1 0.000 0.050 0.014 0.007 0.061 0.021 0.003




Table 11. Results

60

of chemical analyses of surface water quality

samples collected by the U.S. Geological Survey (1978,

1979).
Station Number 18-2 18-2 18-2 18-2 18-1
Parameter Units 7-21-76 8-16-78 10-20-78 11-17-78 7-21-76
FIELD MEASUREMENTS
Discharge cfs 0.37 0.45 0.35 0.66 0.46
Dissolved Oxygen mg/1 7.6 9.2 10.8
pH units 8.4 8.6 8.6 8.4 8.4
Specific Conductance urhos/cm @ 25° C 740 764 900 990 700
Temperature, Air *C 25.0 11,0 -5.5
Temperature, Water °C 21.5 17.0 7.0 0.0 22.5
LABORATORY MEASUREMENTS
Acidity, as CaCO mg/l
Alkalinity, as CaCo mg/1 340.0 360.0 370.0
Ammonia, NH, as N mg/1
Arsenic, Total mg/l
Arsenic, Dissolved mg/l 0.002 0.002
Barium, Total mg/l
Barium, Dissolved mg/1
Beryllium, Dissolved mg/1
Bicarbonate mg/l 337.0 358.0 402.0 448,0 332.0
Boron, Total mg/1
Boron, Dissolved mg/1 0.10 0.10 0.11 0.08
Cadmium, Total mg/1
Cadmium, Dissolved og/1
Calcium mg/l 32.0 51.0 56.0 54.0 43.0
Chloride mg/l 11.0 12.0 15.0 16.0 12,0
Chromium, Total mg/l
Chromium, Dissolved mg/1
Cobalt, Dissolved mg/1
Copper, Total mg/l
Copper, Dissolved mg/l
Cyanide mg/1
Fluoride mg/l 0.40 0.40 0.40 0.40
Germanium, Dissolved mg/1
GCross Alpha Radioactivity pCi/1
Gross Beta Radioactivity pCi/1
Iron, Total mg/1l
Iron, Dissolved mg/l 0.01 0.01
Lead, Total mg/1
Lead, Dissolved mg/1 0.18 0.0
Magnesfum mg/l 41.0 47.0 51.0 49.0 35.0
Manganese, Total mg/l
Manganese, Dissolved mg/1l 0.04 0.04
Mercury, Total mg/l
Mercury, Dissolved mg/1
Nitrate, NO3 as N mg/l
011 and Crease mg/1 0.0 0.0
Phenol mg/1 0.0 0.0
Phosphate, POA as P Ortho mg/l 0.00 0.03
Potassium mg/l 3.5 3.3 3.4 2.8 2,5
Selenium, Total: mg/1
Selenium, Dissolved mg/l 0.001 0.003 |
Silica, as S10, mg/1 ‘
Silver, Total ng/l
. Silver, Dissolved mg/1
Sodium mg/l 66.0 70.0 90.0 91.0 64.0
Sulfate mg/1 98.0 110.0 150,0 180,0 90.0
Suspended Solids mg/l
Total Dissolved Solids mg/1 443,0 506.0 590.0 627.0 421.0
Total Organic Carbon mg/1
Turbidity FTU
2inc, Total mg/1
Zinc, Dissolved mg/1 0.003 0.01
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Results of the chemical analyses of water quality samples

collected from springs, within the mine, and at the Banning
Siding site at Sunnyside Junction during the fall study period.

Banning
Station Number 7-1 8-1 3l-1 Mine Siding
Parameter Units 9-26-79 9-26-79 9-26-79 9-26-79 10-10-79
F1ELD MEASUREMENTS
Discharge gpm <l1.0 2.0 2.0 <1.0
Dissolved Oxygen mg/1
pH Y units 7.6 7.4 7.10 7.20 7.20
Specific Conductance unthos/cm @ 25° C 1480 700 600 2300 3900
Temperature, Air *C
Temperature, Water *C 12.0 13.0 11.0 16.0 13.0 |

i

LABORATORY MEASUREMENTS ‘
Acidity, as CaCO mg/1 46.0 32.0 28.0 78.0 42.0
Alkalinity, as C3cO wg/1 460.0 340.0 300.0 1296,0 354,0
Ammonia, NH, as N mg/1
Arsenic, Total mg/l 0,001 <0.001 <0,001 <0,001 0.002
Arsenic, Dissolved mg/1
Barium, Total mg/l 0,090 0.160 0.120 7.530 0.095
Barium, Dissolved mg/l1
Beryllium, Dissolved mg/l
Bicarbonate mg/1 561.20 414,80 366.00 1581.12 431.88
Boron, Total mg/1 0.080 0.090 0.060 1,400 0.950
Boron, Dissolved mg/1
Cadmium, Total mg/l <0,001 <0.001 <0.001 <0,001 <0.001
Cadmium, Dissolved mg/1
Calcium mg/l 243,20 124,00 120.00 116,00 576.00
Chloride mg/l 12.0 6.0 8.0 72.0 108.0
Chromium, Total mg/l 0.002 <0.001 <0.001 <0,001 <0.001
Chromium, Dissolved mg/1
Cobalt, Dissolved mg/l
Copper, Total mg/1 0.010 0.005 0.012 0.005 0.076
Copper, Dissolved mg/1
Cyanide mg/l
Fluoride mg/l 0.40 0.29 0.27 1.27 0.12
Cermanium, Dissolved mg/1
Gross Alpha Radioactivity pCi/1
Gross Beta Radioactivity pCi/1
Iron, Total mg/l 0.580 5,850 0.310 0.100 0.560
Iron, Dissolved mg/1 0.020 0.010 0,030 <0.010 0.113
Lead, Total mg/1 <0.001 <0,001 <0.001 <0,001 <0.001
Lead, Dissolved mg/1
Magnesium mg/l 32.0 16.80 7.20 9.60 16.80
Manganese, Total mg/l 7.680 0.030 0.130 0.021 0,590
Manganese, Dissolved mg/1
Mercury, ';'otll mg/l <0,.0002 <0,0002 <0,0002 <0.0002 <0, 0002
Mercury, Dissolved mg/1
Nitrate, NO, as N mg/l 0.06 0.09 0,01 0.07
0f1 and Grease mg/1 1.4 <.0 1.2 <1.0 3.0
Phenol mg/1 <0.001 <0.001 0.12 0.002
Phosphate, POI. as P Ortho mg/l 0.08 0.060 0.060 0.040
Potassium mg/l 3.847 1.240 1.161 23,400 3.9%0
Selenium, Total mg/l <0.001 <0,.001 <0,001 <0.001 <0.001
Selenium, Dissolved mg/1
Silics, as Si0 mg/1
Sllvet: Total mg/1 <0,001 <0.001 <0.001 <0.001 ~0.001
S{lver, Dissolved © mg/l
Sodium ng/1 44.83 19.02 12.62 484,00 210.00
Sulfate mg/1 350.0 76.0 52.0 -3.0 1410.0
Suspended Solids mg/1
Total Dissolved Solids mg/1 969.0 458,0 386.0 1500.0 2540,0
Total Organic Carbon mg/l
Turbidity FTU
Zinc, Total mg/1 0.011 0.009 0.004 0.006 0.021
Zinc, Dissclved mg/1




