CEAPTER VIZ

Hydrology
FART 7.1  Groundwater Hydrology

7.31.2 Existing Groundwater Resources

7.1.2.1 Regional Groundwater Hyvdrologzy
The water table elevation has been es 1i
the general area by the U,5,5.5., water In
gations Branch, at an elevation of 7,8% feet,
This determination was made in T163, R7Z, Se
tion 29, in the KW: of the NW=, by means of
drill holg We feel it would be near this
elevation in the nermit area,

The follewing information is »r
study dcone by Vaughr }ansen and S
‘ Swisher Coal Company which was publ
i

A copy of this study is included with this Chap
as Item Number VII-1l, The area of situdy included
Crandall Canvon and we feel that this informztion

should be accepiable,

Water in the upper portion of each of the canyons
studied ( one of which was Crandall Janvo;f flows

intermittently and originates as interflow which

surfzces above or near the Castilegzate Sand tone -
Blackhawk Formation irierface and/or overla

flow, The former process tresumable domins
during the spring runof‘ season while +ne

is most common during the summer thundersh
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call Can won appear to be waterst
primarily above_and helow the B
with 1ittle groundwater activiiy showirg in “nc

Blackhawk, Field obervations i
in the San : Pri River Basins have
shown that typically, only a limited amount of
subsurface water is found in the Blackhawk For-
mation, Apparently, even though fract i
the area has presumably also nene*rated

hawk, the nature of the mat
‘ ture) is such that these f
and thus remained relativelvy im
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Continued-

7.1.6

7.2.2.1

appear, therefore, that water which does enter

the ground in either the Castlegate or Star

Point Sandstone surfaces in the same formation in
which it entered, with very little vpassing through
the Blackhawk. Groundwater flowing in thses
formations has surfaced at fractures in these
formations in the areas surrounding the permit
arez, Fractures in the more permeable sandstones
above and below the Blackhawk Formation are pre-
sumably the means whereby groundwater would

surface in the permit area, however, water
does not surfzce in the permit zrea, his
information indicates that vervy litile or no

groundwater would be encountered if coal mining
in the lower Blackhawak Formationwere to be
done in the permit area,

See 7,1, .
Gr-undwater Develonment and Mine Dewatering
W n

See 7.1.2.1 zbove,
Mine Dewatering
No mine dewaterlng‘anti

c
Zifects of Mining u,e“a ionn on Gr

bl a
A:nvaFnt determines *there will he no effect of
> overation sn sroundwater (zee 7,1.2.1 above

4

-y

¥isting Surface Water Resources .- R
(Nong)within permit area, -~

Regional Surface Water Hydrology

The nermit area is located in the Crandall C

watershed area wnich discharges water into Eunting-

ton Oresk.  We Ao not anticipate discharging any

=50~




water into this watershed area or Crandall Creek.
There are ne surface water bodies within the
permit area, however, there is 2 siream, (Cranda
Creek, ad ‘acent to the permi
Biatedihidend A S

svr”ngﬁ férther up
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Water guality data rcan be sho
in the adjiacent areas zs datz
water cuality and hydrologic
Hansen and Associates for
and oub' shed in 1977.. Y&
Yonitoring Plan"),. :

from a
udy done by Vaughn

sher Cozl Company

rt of VII-2, "water
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. Based on the data vresenisd »r ground and suxrface .
water in 7,1.2.1 2nd 7.2.2.1, we believe the
proposed underground mining activities will
rrobably not contaminate, diminish or interrapt and
underground or surface source of area for do-
estic, agricultural, industirial or other legi-

timate use,
7.2.2,2 Mine Plan Area Watersheds and St*eams
Characteristics Y
Characteristics

See 7.2.2.1 above,
face Water Development, Contro
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T.2.4 ng e
Appllcant determines that mining will have no
effect on surface water duekto fact, there is
ro surface water in o ropose‘mine plan. area,

P

~£0-




PART 7,2 Continued-

PART 7.4

7.2.4,1 Hydrologic Balance
See 7.2.,4 above.
T.2.4,2 ‘guality
See 7.2.4 above,
7.2.5 Mitigation and Control Plan
Applicant determines these unnecessary, unless
indicated by determinations and data which
evolve from applicant's Surface Water Monitoring
Plan referred to in 7.2.6 of this Chapter
7.2.6 Surface Water Monitoring Flans
Contained in this Chapter as Item VII-Z2,

Alluvial Valley Floor Determination
Letermination made - rione.

Bibliography
None included
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CONTRACT RESPONSIBILITY

The study described in the following report was conducted for
the purpose of determlnlng the potential 1mpact on ground water
resulting from mining operations of Swisher Coal Company with
recommendations for mitigating any potentially serious groundl

water impacts.
PROBLEM

Swisher Coal Company plans to expand their mining activity at
Huntington Creek Mine No. 4 and Mill Fork Canyonj; which is ‘
approximately twelve miles northwest of Hﬁntington, Utah up
Huntington Canyon. The expansion would be to the northwest

in the vicinity of Little Bear Spring in Little Bear Canyon.A
Water from the spring is being used near Huneington for a do-
mestic water supply. Concern has been expressed that extension
of coal mining activity toward Ltittle Bear Spring might interr‘
Cepf part or all of the flow that is now appearing at the spring

and also that the quality of the spring water might be deteriorated.
OBJECTIVE OF THE STUDY

Vaughn Hansen Associates was requested to study the water quality
and the hydrology in the vicinity of the jntended activity. Two
objectives were to guide the endeavor: (1) to determine the
probable impact on Little Bear Spring of expanded mining and (2)
to obtain background information pertaining to water quality

for a reference to assess the cause of any changes in future

quantity and quality of water at Little Bear Spring;
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COORDINATION WITH FOREST SERVICE

B

Leases essential to the intended expansion of the mine are being
requested from the U. S. Forest Service; This Federal Agency is
concerned, therefore, about the probable adverse impact from the

miniﬁg.

Several meetings have been held with staff from the Price office

" of the Forest Service to discuss the problem, to outline data

acquisition procedures, and to discuss observations.

Forest Service personnel were to make geologicalwébservations
in the area. Vaughn Hansen Assdciates.was to gather and have
analyzed water quality samplés and to study the hydrblogy anq
fracturing patterns that may be related to water movement and

water yield.

PERIOD OF FIELD STUDY

_Field studies were conducted from November 8th through the 12th,

1976. These observations were after a dry fall and before the
winter storms commenced. Data from water samples would, in
general, reflect a base flow condition. In addition, samples
were taken and field observations made during the period of

May 31st through June &4th, 1977. This period of observation and
sampling was precéeded by an unusually wet May. Some ice was
still melting in the deeper séctions of Little Bear Creek. How-

ever, the snow cover had melted.
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Little Bear Canyon, a tributary to Huntington Creek, is situated

between Crandall Canyon and Mill Fork. (See Figure 1). It is
located primarily in sections 8 and 9 of T.165., R.7E. Be-

cause of the abrupt drainage divide created by the incision of

‘Crandall Canyon and Mill Fork, Little Bear Canyon has been left

quite isolated from surrounding canyons by past geologic events.

Its average change in elevation of 1600 feet per mile compares

‘o with 660 feet per mile in Crandall Canyon énd 590 feet'pér

milé in Mill Fork. This rate of change diffefencg and degree

of isolation is especially striking when seen from aerial

4photos and from figure 1, which shows that lines of equal ele-

vation occur in Little Bear Canyon ét a point.mﬁch furthér eést é
than in the sﬁrrounding canyons. Ridges are sharp and»the sid?s |
of the canyons 5urrodnding‘L1ttle Bear Canyqn are steép;

Drainage into Crandall Canyon and into Mill Fork Canyon has

eroded to @ common sharp ridge only one-half of a m;le westtof

the head of Little Bear Canyon. This erosional\patterﬁ essentially
infercepfs any shallow ground wéter flow before it can reach

Little Bear Canyon.:

The drainage basin of Little Bear Canyon, covering abproximately
755 acres, exposes six different geologi; types, prima;ily
cretaceous in age (See Fiéure 2): The North Horn Formation

(a fluvial sandstone and mudstone), the Price River ?ormation
(fluvial and marine sandstone and mudstone), the Castle Gate
Sandstone (deltalic in origin), the Blackhawk Formation (sandstone,

mudstone, shale, and coal), the Star Point Sandstone (deltaic

and beach deposits), and the Masuk Shale member of the Mancos




. FICURE 1: ELEVATION CONTOUR MAP OF LITTLE BEAR

AND NEIGHBORING CANYONS

N

LEGEND

— — — VWatershed boundary \\‘ ~— —
® Water quantity and BN ‘ T
| . quality sampling- \\\\\\“__““_‘\
| A ) point

‘ 1 1 0 : 1 2 miles
HHEHHHHH . i B ] .
. ’ Scale

Contour interval'z 500 feet




@

FIGURE 2:

CROSS-SECTION OF LITTLE BEAR CANYON FROM
WESTERN MOST POINT TO MOUTH SHOWING GEO-
LOGICAL TYPES, SEEPS, AND SPRINQS.
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Tw = North Horn Formation
7 Kp = Price River Formation
Kec = Castle Gate Sandstone
Kb = Blackhawk Formation
Ksp= Star Point Sandstone
Km = Mancos Shale (Masuk Member)




shale (marine in origin):' The Hiawatha and Blind Canyon Coal
Seams, of'interest in this stﬁdy, appear at or near the bottom
of the Blackhawk Formation; Springs surface iﬁ the upper
reaches of the cényon neér the Castle Gate Sandstone - Black-
hawk Formation bo&ndéry while Little.sgar Spring issues from

the Star Point Séndstone; The predominate faulting pattern
~according to informétion supplied by the U.S. Forest Service,-
is from the northwest to the Soﬁtheast accompanied by additional
faults in a qortheést so&thwegt diféction and a set of faults

orthogonal to the former set extending in a soutﬂ@eSt‘- north-

east direction.

Jeppson et al. (1968) indicate a normal annﬁal precipitation
of approximately 20 inches and a potential eQapotrénspiration
of 18 to 21 inches per year in and near Little Bear Canyon. A
comp§rison of the area with the headwaters of the nearby Price
Rive; Basin (as reported by Mundorff, 1972) leads one to believe
that most of this precipitation falls as snow during the winter
months. The steepness of Little Bear Canyon suggests that onlj.

a small portion of the summer precipitation infiltrates and ap-

pears later as spring flow, The bulk presumably runs off as

surface flow.

METHODS OF DATA COLLECTION

A total of sixteen water quantity and quality sampling stations

were selected in Crandall, Little Bear, Mill Fork, and Rilda

Canyons (see Figure 3). A more complete description of the
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FIGURE 3: WATER QUANTITY AND QUALITY SAMPLING STATIONS

NEAR HUNTINGTON CREEK MINE NO. &
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TABLE 1
DESCRIPTION OF WATER QUANTITY AND QUALITY SAMPLING .
‘ STATIONS NEAR HUNTINGTON CREEK MINE NO. &
Station . .
Code Location* : Description
s-c-1 (D-16-7) 6 dab crandall Canyon, 100 yards above :
) confluence with West Branch. ;
s-C-2 (D-16-7) 6 dba Crandall Canyon, 1.6 miles above

highway, 200 yards above confluence

. with East Branch.
S-C-3 (D-16-7) 4 bbd Crandall Canyon Creek above con-
fluence with Huntington .Creek.

) s-c-n (D-16-6) 1 acb >.5 miles up Crandall Canyon on
A / Right.Fork of Each ?ranch, beyond

fence. — .

S-C-5 ' (D-16-6) 1 acbhb 5.5 miles up Crandall Canyon on
. Left Fork of East Branch, beyond
fence.

. S-L8-1 " (D-16-7) 8 daa Little Bear Creek, 2400. feet north
i and 500 feet west of southeast
corner of Section 8.

S-1B-2 (D-16-7) 9dac Little.Bear Creek, above confluence
with Huntington Creek.

S-1LB-3 (D-16-7) 9cad Little Bear Spring, 0.3 mile up
- Little Bear Canyon. _

S-LB-& (D-16-7) 8dbd Oraw flowing north-west from hill-
‘ side, below last fork, Little Bear

~ Canyon.

S-LB-5 (D-16-7) 8 dbb Middle Fork.of south branch, Little
: ' Bear Canyon. ’

S-MF-1 (D-16-7) 21 baa Mill Fork Canyon Spring near lower
coal loading area, 1 mile up canyon.

S-MF-2 . (D-16-6) 13 aab spring 3.9 miles up Mill Fork Canyon,
on north branch.

S-MF-3 (D-16-7) 18 abd ~ Mill Fork Canyon, 100 yards below
major split in canyon east side. .

. S-R-1 (D-16-7) 28 cab Rilda Canyon Creek, 30 feet above
bridge at old Helco Mine.
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- TABLE 1 con't

DESCRIPTION OF WATER QUANTITY AND QUALITY SAMPLING

. STATIONS NEAR HUNTINGTON CREEK MINE NO. &

Station o . . :

Code ' Location¥® Description
S-R-2 (D-16-7) 29 bdd Rilda Canyon Springs water system,
’ 2.6 miles up canyon on north fork.

S-R-3 , (D-16-6) 14 cdb Spring near the head of Rilda Canyon,

»*

near upper rldge.

.

Based on the well and spring nﬁmbering system used in the
State of Utah.
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stations 1is found in Table 1. Stations four and five in Crandall
and Little Bear Canyons as well ‘as station three in Rilda Canyon
were added for the June 1977 sampling period along with the

other eleven stations sampled in November 1976.

During each of the sampling periods, deta were collected to assess

water quantity and quality. Flow measurements were estimated

.by the float method when applicable or by ;isealiestimation in

the case of low flows. The flow at Little Bear Spring was mea- .
sured at a 90° V-notch weir located slightly downstream from the

spring. Dip samples were also collected for chemlcal analyses.

"Those samples to be analyzed for,trace metals were fixed with

nitric acid. Chemical anelyses were completed by Ford Chemical

Laboratory in Salt Lake City;

For convenlence in making comparisons, stetions S-CB-B, S-MFll,

_and S-B-1 have been grouped together and collectively called

the lower springs. "All other stations will be referred to as
the upper stations. This wés deemed jdstifiable due to the

similarities found among the lower springs, as will be discussed.

RESULTS AND DISCUSSION

_Water Quantity

Water in the upper portion of each of the canyons studied flows

jntermittently and originates as interflow which surfaces above

or near the Castle Gate Sandstone - Blackhawk Formatlon interface




Springs throughout the area appear to be surfacing primarily'

~11-

and/or overland flow. The former process presumably dominates
during the spring runoff season whiie the latter is most common’

during the summer thundershower period, especially in‘Little Bear

Canyon as previously discussed.

above and below the Blackhawk Formation, with little groundwater

activity showing in the Blackhawk,’ field observations in mines

located in the San Rafael and Price River Basins have shown that

typically; only a limited amount of subsurface water is found in

the Blackhawk Formation; Apparently, even though fracturing in

the area has presumably also penetrated the Blackhawk the nature d

of the material (i.e. flne texture) is such that_thggg,ﬁragtures W o

have sealed and thus 1 remained relatively impermeable. It would

st NS

appear, therefore, that water which does enter the ground in

either the Castle GCate or Star Point Sandstone surfaces 1in the
same formation in which it entered with very. little passing

through the Blackhawk

W2 ol

. p- /"*SJ
Substracting the previously<indicated annual potential evapo- o @

transpiration from the nérmal annual precipitation, the expected
yield from Little Bear Canyon should be on the order of one to
two inches per year. A comparison with similar areas in the

nearby Price River Basin 1ndicates that an upper limit of four

inches of runoff might be expected from the canyon annually

(See-Utah Division of Water Resources, 1975). Measurements of

flow quantities at Little Bear Spring during'each of the two

i

’

|
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sampling periods, however indicate an average annual yield of
approximately six inches from the spring alone during the course
of a severe drought period - This suggests that at least a por-
tion of the water in Little Bear Spring is originating at some
p01nt other than on the watershed to the west above Hughes1 has
indicated that springs 1ssu1ng from fractures in the Star Point
Sandstone between Rilda Canyon and Bear Creek Canyon to the south
produce flows at a fairly constant rate, almost independant of
season. Such 2 faulting system is present in the Star Point at
and near Little Bear Spring, as indicated by field observations

by the U.S. Forest Sérvice and Vaughn Hansen A55001ates.

It‘has_been observed that spring and surface water flow rates

decrease in a southerly direction from canion to eanyon in the
study area. Thls phenomenon is especially marked in the lower
springs as seen in Figure 4. In addition, information supplied

[N

by the U.S. Forest Service indicates that the number of springs

in the Huntington Creek drainage decrease as one approaches Little

Bear Spring from the northwest. This, plus the information al-
ready presented leads to the conclusion that ground water is
approaching the area from the north or northwest, with a pro-

gressive downstream depletion of the aquifer.

1 : .

Treavor C. Hughes, A55001ate Professor of Civil and Environ-
mental Engineering, Utah Water Research Laboratory, Logan, Utah.
¥ritten communicatlon received 18 July 1977.
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. FIGURE lt; FLOW RATES MEASURED AT THE LOWER SPRINGS

NEAR HUNTINGTON CREEK MINE NO. &
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In summary, fractures in the more permeable sandstones above and
below the Blackhawk Formation are presumably the means whereby
ground water is surfacing in the area. The presence of the less
permeable Blackhawk, the isolated nature and relatively small
surface contributing_area of Little Bear Canyon, the large flow

measured at the spring, and the southward depletion in spring

‘flow rates throughout the area indicafe that water at Little Bear

Spring originates primarily in the north, flowingdthrough the

Star Point Sandstone, rather than originating on the watershed to

the west.

The waters of Crandall, Little Bear, ﬁill Fork; end Rilde édnyons
are all chemically very closely related The eetion-enion configo—
ratlons for all samples collected confirms this (see Figure 5
and 6). A progressive deterioration in water quality from north
to south and west to east is also seen. It appears that if the
water could be intercepted high in the system and discherged with-
out passing through the lower portions of the various canyons,
water of a higher quality would be available. Yﬁ&ﬂ;

| =
The major cation and anion concentrations remained fairly constent
from November 1976 to June 1977. An increase in magnesium, noted
at the lower statlons, was observed in June with decreases in
most other cases. The cation-anion ratios for all stations were

simllar during both sampllng periods. The follow1ng is a synopsis

of chemical ‘quality results of the samples collected. See Appendix A
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FIGURE 5: CATION-ANION DIAGRAMS OF SAMPLES COLLECTED

NOVEMBER 8 THROUGH 12, 1976
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FIGURE 6: CATION-ANION DIAGRAMS OF SAMPLES COLLECTED

MAY 31 to JUNE &4, 1977
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for a tabular presentation of all water quality data and Appendix

B for maps showing the location of these data in the field.

Total Dissolved Solids

" deeper parts of the various canyons. (ﬁ;»

The recommended drinking water standard limit of 500 mg/l was
exceeded at eight of the eleven stations séﬁpled in the Fall.
The average concentration was 563 mg/l. No samples in Crandall

Canyon were in excess of 500 mg/l. During June 1977 two of‘the.

eleven stations sampled had TDS concentrations in excess of 500

mg/l. The average concentration was 461 mg/l. The two stations
in excess of the recommended standard were the lower stations in
both Mill Fork and Rilda Canyons. Concentrations typically in-

creased from north to south in the study area.

Hardness ' ) . ' .

Hardness levels tended to increase as- the water reached the

. Alkalinity

Increases in'alkalinity levels are seen as the water reaches the

deeper canyon area.

Barium

None of the water samples exceeded the mandatory maximum limit

- of 1.0 mg/l. The concentrations ranged from 0.002 mg/l to 0.37

mg/1.

s Zrra. xere

(gt e PPy N TR S P

TRV T T T T T T Ty

B umATRCE
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Bicarbonate

Bicarbbnate showed the same increasing trends as alkalinity and

hardness.

Boron
Doron

In November 1976, all analyses for boron were below the laboratory
detection limit of 0.001 mg/l. In June 1977, the concentrations

for boron ranged from less than 0.001 mg/l to 0.085 mg/l.

Calcium:

Calcium concentrations increased as the water ygached the deeper
portions of Huntington Canyon. The highest concentrations were

found in Rilda Canyon.

Chloride

Chloride is of little concern in this area. The recommended
maximum concentration for drinking water supplies 1is 250 mg/1l
énd the highest concentration fouﬁd was 10 mg/l. The average

concentration was 5 mg/l.

" Copper

Copper concentrations were consistently low. The high concentra-
tion was 0.040 mg.l, found in Little Bear Spring, Mill Fork,
and Rilda Canyons during the November sampling period. The high

concentration in June was 0.035 mg/l in lower Crandall.

Fluoride
Fluoride concentrations averaged 0.18 mg/l. The concentrations

increased deeper in the canyons.
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Iron
Iron conceqtrétions aQeraged 0.14 mg.l for both sampling periods..

Upper Little Bear Canyon had the high concentration of 0.311 mg/1

in November 1976.

Magnesiuﬁ

Magne51um concentrations ranged from 2. 88 mg/l on top of Rilda
Canyon to 46.08 mg/l at the lower Rilda Canyon station. The
average concentration for all samples was 25.09 mg/l. The June

sampling averaged 10 mg/1 higher in concentration than the November

samples. _ _ ' -

Manganese

No Qiolations of the 0.05 mg/l recommended 1imit were observed.

The average concentration was 0.008 mg/l.

Potassium

A

Potassium concentratiéns averaged 1.17 mg/1l in November and 1.99

~mg/l in June. The concentrations increased as the water reached

the deeper‘parts of the canyons.

Sodlum concentratlons 1ncreased in the deeper portions of Huntington

Canyon. The November average was 31.1 mg/l. June's averaQe con-

Sodium

centration was 9. 6 mg/l.
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Sulfate
Sulfate concentrations increased from north to south withviie;
highest concentfations being found in Rilde Canyon. The average
concentrations were 74.9 mg/l and 41.8 mg/1l in Nouember and June,

respectively. - There was a greater range of sulfate concentrations

in the Fall (27.7 to 167 mg/1l) over the Summer (34 to 66 mg/l).

Zinc

Zinc concentrations increased in the lower waters... The average

in November was 0.055 mg/l while only 0.010 mg/l in June.

//
-

The water quality data thue far collected indicate concentration
gradlents in both a north-south and west-east direction. This
again leads to the conclusion that subsurface water supplies
originate from one of two sources: (1) water which falls in the
upper portlons of the canyons tributary to Huntington Creek and
subsequently infiltrates and flows east, su;fac1ng normally above
the Blackhawk Formation or (2) water whichlenters the area through
aquifers in the Star Point Sandstone from the north, possibly .

being fed by Huntington Creek or its tributaries.

Déta from this study and from the 208 water Quality Study show

increases in concentration from increased contact with the mancos

derived soils. The deeper the canyon, the more both the Blackhawk -

formation above the Star Point Sandstone and the underlying mancos
formation are exposed. The longer the flow path, the greater the

concentration.

m e ——
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CONCLUSIONS

Water quantity and quality data collected during November 1976 ;'
and June 1977 suggest that surface and subsurface water enters

the study are both from the west and also from the north .

Because of the apparant limited amount of ground water which flows
through the less permeable Blackﬁawk Formation, water at Little
Bear Spring is suspected to originate in the north, flowiné_

through aquifers in the Star Point Sandstone, and surfacing usually B

‘at fréctures e in the formation; The southward depletibn in flow

(:} noted at the lower springs suggests that little ground water it
. — . )

would be encountered if mining coal at the Blackhawk Formation- i

-Star Poxnt Sandstone interface were to expand in that direction. " {

' The water table at Little Bear SpringAis below the coal seams :

e

to be mined. ' Crandall Canyon serves as a major interceptor drain

e au!

cutting into the Star Point Formation. These conditions indicate
that increased mining proposed by Swisher Coal Company would have

little or no affect on the Little Bear Spring.

Water quantity and quality should be monitored dﬁring the mining

»

operation to document the impact on adjacent ground water.
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APPENDIX B

WATER QUALITY SAMPLING
LOCATION MAPS




B-1

WATER QUALITY SAMPLING LOCATIONS

HUNTINGTON CREEK MINE 4

SWISHER COAL COMPANY

01b —N-
S-C-4
s-Cc-2 s-c-3Y %
s-C-5 ScCr on -5 2
. 0.7 éﬂdall cany ¥/ | (:;
®; 3
_ N 3
Little Bear Caﬂyon .0.3
’ S-LB-2
N — s S-LB-1g_1p-3
S-MF-2 S-LB-4 (Spg.lﬁf) 2
. s-Mp-3 0.0/ &
S-R-3 @ 0.
2,00 | 41y, ML
i : Fork
| &, y
, <z
& .
o
o cﬁpﬂ°
S-R-2
S-R-1
0.0
Parameter_- /4ZWKJ .
Date. ﬂ?a/y 3/ /D S.ZLC 4 /?77

Vaughn Hansen Associates
B 5620 South 1475 East
Salt Lake City, Utah 84121

} - 1

b 0

NOTE: Stations marked in red
are outside of state limits
for the sample taken during
the above sampling period.

EEETE
Scale

LIMITS:
lower
upper
1 2miles
= ]




B-2 .

‘ WATER QUALITY SAMPLING LOCATIONS
‘ HUNTINGTON CREEK MINE 4
SWISHER COAL COMPANY

Little Bear Canyon 270

. S-1B-2
- . 2.0/ . s—},‘%éls-LBt3
S-—}'iF-Z S"LB"S (Sprlng)

- - (¢4
. _ 4 W S-MF-3 . . o,

S-R-3 @ . N S .85

Parameter - //D&«), 4[./5.

bate Abpezber 8-42, 177

NOTE: Stations marked in red

are outside of state limits

- for the sample taken during
B ’ the above sampling period.

Vaughn Hansen Associates _ LIMITS:
5620 South 1475 East
Salt Lake City, Utah 84121

lower
upper

1 L o 1 2miles
Fes=s=i=E-a——— ]




B-3

' WATER QUALITY SAMPLING LOCATIONS .
HUNTINGTON CREEK MINE &
SWISHER COAL COMPANY

36 -N-
S-C-4 .
s-c-2 s-c-3 N\ £
s-Cc-5 @S¢ 3
34 Tandap, cany®™ A0 T
~~ : s-C-1 2
; %%
-7 . P o
. - Little Bear 'Cany'on ' 57
. . ‘ S-LB-2
S-MF-3 7 o .
37 - . - .
g
S-R-3 @ Lz

S-MF-1

Fork .
Rr
2
A ]
4™
. - g0y
S-R-2 ©
S-R-1
A

Parameter - yz(/)é)é .
Date_ 7k 3/ Fo \7w7£49//,/‘777

NOTE: Sta{:i'ons marked in red
are outside of state limits
for the sample taken during
) ) the above sampling period.

) ’ Vaughn Hansen Associates © LIMITS: '
- .5620 South 1475 East
-"Salt Lake City, Utah 84121

lower

" upper_2Z250 p‘rlol/-( Fecommended

1 b 0 1 2miles
FoE=R =R T—— ]




B-4

WATER QUALITY SAMPLING LOCATIONS
HUNTINGTON CREEK MINE &4
. SWISHER COAL COMPANY '

-

S-MF-2

S-R-3 @

Vaughn Hansen Associates
5620 South 1475 East

Salt Lake City, Utah 84121

1 3 0

Crandall

s55 S-C-3
Caﬂy ot 277
S-C-1
0

%
=)
2
¥
)
@
«
o
-y

-

Lit;ie Bear iCaﬂypn

’ S-LB-2
S kg'ls-LB-3
S_1p.4 (SPTinE)

. 338

S-1B-5

'S-MF-3
33

(e}
“
T
-~

: o
J67 s

Parameter - \SZZ/¢5z45

Date /\/4/)&;7(gr g-12, 1976

NOTE: Stations marked in red
are outside of state limits

for the sample taken during

the above sampling period.

LIMITS:
lower

upper_250 15, 77 Jocommended

1 Zmiles

R

1 —] _d




B-5

WATER QUALITY SAMPLING LOCATIONS
HUNTINGTON CREEK MINE 4

SWISHER COAL COMPANY

S-C-4

5-C-5

o

N

S-R-3 ®

JP_,JG'

Vaughn Hansen Associates
5620 South 1475 East
Salt Lake City, Utah 84121

1 X

2 d ¢ -

¥/70 -
C s-C-2
randall Caﬁ‘jon
s-c-1
9%

s-c-3 N T
¥50 ™
.
k=]
@
S
-]

-
-

Li;tle-Bear -Canypn

450
-MF

‘; [o)
5 S
S-R-2

S-R-1
=D

Parameter Zré/ 0;350/05/\52//%

Date Mpember §-12,/92¢

NOTE: Stations marked in red
~are outside of state limits

for the sample taken during

the above sampling period.

LIMITS:
lower
upper_500 m/a//.[

Retnmmlrded

2miles

0

1

HEEHEEH e 1

|

Scale




B-6

WATER QUALITY SAMPLING LOCATIONS
. HUNTINGTON CREEK MINE &
SWISHER COAL COMPANY

420 = -N-
S-C-4
: s-C-2 s-c-3 Y %
S-C-S r 0 90 $
yz2 38day, A (A
. ' S-C-1 , 3,
~ - g E ) - ) <
s o %
- Little Bear .Ca"YOn . {%02
. ' JIT78.; S-1B-1¢_1B-3 ) ~ o
- Lo - - - 3 i
S-MF-2 - S_LB-4 CSP;?gg Q
{I' : W s-MF-3 Y20 . ® .
- 450 - o ] -
270 - } : )
~S-R-3 ® - _ : . &P
: : ' S-MF-1
51,111
o Fork
2,
A .
N4
. cépﬁo._ §
S-R-2 ,
i
o . §s-R-1 g
- T ] . ) as

Parameter 70'/61/ D:'sso/zjt/' .50//2/5
Date a2/ Ao Tine %1977

{ ' . NOTE: Stations marked in red
A are outside of state limits
for the sample taken during

the above sampling period.

o em e e -

ughn Har;sen Associates : LIMITS:
20 South 1475 East lower
Salt Lake City, Utah 84121 ) . upper _<po ﬂ%yg/ d?caﬁ¢muﬂaéé(
i 1 L 0 1 2miles’
i CHEEEHEHAEE + 4 1

~ Scale




B-7 . ’ A

WATER QUALITY SAMPLING LOCATIONS.
. oo HUNTINGTON CREEK MINE 4
- SWISHER COAL COMPANY

T 430b ' N
S-C-4 - : '
s-c-2 5-c-3y T
s-C-5 ScCr on ’ %
2,80 andaj cany led ol
S-C-1 - >
~ S
S - s
- Little Bear 'Canypn .50
» S-LB-2
N . . s S-LB-1g ;o 3 :
 S-LB- . 1 >
S -MF-2 S-LB-4 (SPE ;f) Q
® L 'S-MF-3 250 ’ S
_ M | . x .
/5,0 ~ ' B -
S-R-3 ® . : L7- 2N U
v . s—!ﬁ.-l 4 A
» : ”1’11 . - L-
. _ - Fork F -
&y . 8
- 1 -
A :
¥
by o E
i N c@‘do
S-R-2
a
. §-R-1 éﬁ
. 2.70

W e
LA

Parameter - 2/6;4/;74/
Date_ 27ay .9/7 Tine o, 7977

NOTE: Stations marked in red
are outside of state limits
for the sample taken during
the above sampling period.

ghn Hansen Associates ‘ LIMITS:
0 South 1475 East . lower
Salt Lake City, Utah 84121 ' upper
. 1 k 0 1 2miles
HHHEHHE 1 = ]
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B-8

. WATER QUALITY SAMPLING LOCATIONS
. . 'HUNTINGTON CREEK MINE 4
' SWISHER COAL COMPANY

. -N-
S-C-4 .
S /.L0 <3 -
N -C-2 -C- <
S-C-5
’ Crandall C,aﬂ’i°“ z.20 ‘33:” '
S-C-1 -]
7:/0 O
o
-
Li;tle Beat .'Canyﬂm| 2,50
| S-LB-1 S-1B-2
- - L hZo S-LB-5 Z.50 S‘LB‘:3
: . S-MF-2 S-LB-4 (Sp/r';gg) Q
. : - o S-MF-3 : ®
‘ .0 \ - NF
S-R-3 @ . ~ 3.50
. -7 ,1,1.1 S-MF-1
* Fork .
Ry ‘
2,
O'e -
O
0.7z 030‘30
S-R-2
S-R-1
- /1.00
Parameter - erém///c/
Date Alepember 8- 12, 192¢
NOTE: Stations marked in red
are outside of state limits
for the 'sample taken during
_ the above sampling period.
Vaughn Hansen Associates LIMITS:
5620 South 1475 East lower
Salt Lake City, Utah 84121 upper
1 p 0 1 2miles
HHEHEEEHE e < —__ 1




B-9

. _ WATER QUALITY SAMPLING LOCATIONS
HUNTINGTON CREEK MINE 4
SWISHER COAL COMPANY :
2904 - , -N-
S-C-4 o
S-C-2 5-c-3§ T
§-C-5 Cra ot 2435 R
- z904 fdaly cany ‘:5
s-C-1 -
O ¢
o
5 .
//
. Little Bear  Canyqn 37z
. S-1LB-2
3:4.8 S-LB’ls-LB-:;
. : S"‘LB-S . S 'n -
: S-MF-2 7 S-LB-4 ( %1;1‘-%) C‘i
‘ ' s-MF-3 - 233 - 5
_ . - . . Je7:Y .- ' : -
1928 .
' — S-MF-1
ﬁyll g
' Fork
&4
- Jbg . |
o™
: o) .
S-R-2 ,
. . - S-R-1
- ‘ : 31,9
Parameter éﬁwaAonaﬁé
Date Ma/q.?//o Tl fl/, /977
NOTE: Stations marked in red
are outside of state limits
for the sample takem during
the above sampling period.
Q'aughn Hansen Associates °~ . LIMITS:
- 620 South 1475 East lower
Salt Lake City, Utah 84121 upper
i 1 b 0 . 1 2miles
' - BHHEHEHEE t — —]
Scale ,




B-10

© WATER QUALITY SAMPLING LOCATIONS
. HUNTINGTON CREEK MINE &
SWISHER COAL COMPANY

S-C=4

Sy

Crandag,

s-C-3

S"C'S Canyoﬂ 3/213

-~ : yzz.7 S-LB;S
S-MF-2 S-LB-4

. . (g
p . L
‘ _ o S-MF-3 ®
: . . 373'3 ‘ ) 'F

S-R-3°@ < >, - 77

. id“
38% Py
S-R- c

S-R-1
373.2

Parameter 5/'64f&/2¢/&

Date Abgenber §-12,/976

NOTE: Stations marked in red

are outside of state limits
i for the sample taken during

the above sampling period.

Vaughn Hansen Associates LIMITS:
5620 South 1475 East lower

Salt Lake City, Utah 84121 upper

1 L 0 1 2miles
LCEHHEEHE T — 1
Scale




’ ‘ : o B-11

‘ WATER QUALITY SAMPLING LOCATIONS
. B HUNTINGTON CREEK MINE &
SWISHER COAL COMPANY
Z33 -N-
S-C-4 ] .
s-C-2 s-c-3 Y £
S-C-5 Cra onh 1 =)
238 fdaj; cany 2 e«
_ s-c-1 2,
J | %
>
? -
: Little Best , Canyon 240
: ' . S-LB-2
258 S-LB-1¢ 1p-3
SMF-2 -LB-3 #Q 154 (spring)\ o
i z29Z sl
‘ S-MF-3 z3z o
252 d
/5% ;
S-R-3 @ 328 ,
S-MF-1
1111
) . A Fork
. 2,
<
O"9 -
<
- - B Gs{\ﬂo
S-R-2 :
S-R-1
359
Parameter -7ofé/ /// 7;1//4
Date /p?a}, 3]4  Tune ‘{.’/777
NOTE: Statiouns marked in rted
. are outside of state limits
for the sample taken during
the above sampling period.
Qghn Hansen Associates LIMITS:
- 0 South 1475 East lower
~ Salt Lake City, Utah 84121 upper
1 k (4] 1 2miles
i ESEs R E T — 1




‘B-12

WATER QUALITY SAMPLING LOCATIONS

‘ . HUNTINGTON CREEK MINE &
SWISHER COAL COMPARY

S-C-4
739 .

%
§-C-5> PCrang,,, canyo” A
k)
%
o]
=]

Little Bearl "Canyop g2 -
S~1LB-2

Q

340 S-1B-5 StEls-1m-3 L
S-MF-2 S-LB-4 (SP?J‘ZS) Q-
S-MF-3 S

. | . _ ' 30l

S-R-3 ® ' - '
. o ' ; S-MF-1

o%
3/5 gﬁﬁ
S-R-2 ] -

S-R-1
3/0

varameter . Albalinity (7527
Nopembel gz, 197&

Pate

jons marked in red
are outside of state limits
for the sample taken during
the above sampling period.

NOTE: Stat

ughn Hansen Associates LIMITS:
- 20 South 1475 East lower
- Salt Lake City, Utah 84121 upper

1 2miles

1 X 0
HEEEE T 1

-
(7
(a]

o

[
n




B-13"-

WATER QUALITY SAMPLING LOCATIONS
' - HUNTINGTON CREEK MINE 4
SWISHER COAL COMPANY

o -N-
S-C-4
2Z2
s_co5 S-C-2 _—5-C-3 Y T
== Crang Canyo® 270 2
aly -
s-C-1 2
~ ] Z3Y ‘%
</ =}
. Llictle Bear g Canyon %00 -
) S-1B-1 S-18-2
29z S-LB-5 z9z %;LBT3
- S-MF-2 5 P 1e-s VPTG
l.'b . i S-MF-3 _ A %?
_ o 299 '
S-R-3 @ 3259
‘ 5311 S-MF-1
. : : quk
2, o
{q, .
) ‘ N
) 38z cﬁﬁs
_ S-R-2
s-R-1
370

Parameter'-/zénfkeéj

NOTE: Stations marked in red
are outside of state limits
for the sample taken during
the above sampling period.

ngl’m Hansen Associates . LIMITS:
- 20 South 1475 East lower

Salt Lake City, Utah 84121 upper

1 X 0 1 2miles
L HEEEEHH = 1 — |

Scale




‘ WATER QUALITY SAMPLING LOCATIONS
HUNTINGTON CREEK MINE & ;
SWISHER COAL COMPANY

- Little Bear 'Canyc,n 308

T S-LB-1
S-LB-5 : (Spring)

. SME-2 S-LB-4 gL N
.A o s-MF-3  2é6Y o

/70
S-R-3 @

o
. : c;b‘do
S-R-2

S-R-1
390

. ' . i ) Parameteff /4é/1fa¢5$
. Date /77a;/ 2] Ao <Jupe X, /777

NOTE: Stations marked in red
are outside of state limits
for the sample taken during
the above sampling period.

|

‘ \ghn Hansen Associates - LIMITS:
\
| o]

TS South 1475 East lower

Salt Lake City, Utah 84121 upper
i ' 1 L 0 1 2miles
: R T —

Scale




" ~ WATER QUALITY 52&ING LOCATIONS
HUNTINGTOK X MINE &
SWISHER [ COMPANY

‘e

v

3
$
e o o mm——— o n
N : il ..

R R ek
T T2

1 -N— .
¢

-~ 4

s _ t

1ittle Bear Canyon 2.0/3 . E
. S-1LB-2
: _  poes = S ids-18-3 3
) 005 3~1LB-5 (Spring) o k
/\S‘-_M/F;Z’\ ~ 7 s-1LB-4 A
- . 2.637 © toy
. ‘:‘MF'3 L. » ® =
. . L 008 o 9 2
S-R-3 ® - : v .37 i
: Do S-MF-1 2
, ‘ 1‘1111 A 3
. . ~ Fork . .
L7 ' =
s E
] - .
o
2.0z . S0
S-R-2 P
L : S-R-1
‘ 2.02%
Parameter . 54/‘/.0.77 .
pate Myenber E-12, /97
. NOTE: Stations marked im red
are outside of state limits
for the sample taken during
the above sampling period.

. Vaughn Hansen Associates LIMITS: ) g
5620 South 1475 East , lower ‘
Salt Lake City, Utah 84121 vpper_Adme /L Zhadalory

B // /
I ' 1 Y 0 1 2miles
B —— _ 4

-sile




B-16

‘ . WATER QUALITY SAMPLING LOCATIONS
’ HUNTINGTON CREEK MINE &
SWISHER COAL COMPANY

0,090 -N-
S-C-4 ) |
A Y - ¢
S-C-2 s-C-3 N
§-C-5 Cl‘ on 2
2,005 20daj, 4 cany "’_097 ‘.';
~ . -c-1 2,
- : - L
- Little Bear - Canypn a},_g - 4
: . ' S-LB-2 , )
. = - : ‘ sd'ﬁ? p $-1B-1¢ 13-3 ' ]
' : S-MF-2 S-LB-A‘(S?;ZEE) Q
' ) ) ‘S-MF-3 2.706 %
- . R v ] 2.002 . = .
2.003 . o
S-R-3 @ . A ' 0,004
‘ ) ;,2.1 S-MF-1
v Fork
Ry
2o, .
) o
. -cﬁpﬂo
- S-R-2
S-R-1
0.0/2

Parameter ESoS\uvw

Date YY\adﬂ'E\ ko EQA“CJAEYﬁ‘r7

! NOTE: Stations marked in red
| . ’ L ) are outside of state limits
‘ ' ' for the sample taken during
the above sampling period.

hn Hansen Associates,
5620 South 1475 East
Salt Lake City, Utah 84121 -

Lo

1 X 0

LIMITS:
lower

upper_/2o )nipl/—( Warm/dﬁf/l/

2miles

HEHHHHEE

1
t — .




B-17
WATER QUALITY SAMPLING LOCATIONS
‘ . HUNTINGTON CREEK MINE 4
" SWISHER COAL COMPANY
-N-
S-C-4 F
S-C-2 s-c-3 Yy T
S-C-5 :
Cranga); cany® =
\ < 4
O $ %4
; L 2 4
Little Bear Canypn
- ' S-LB-2 ‘ g
. S-1B-15_1p-3 : : 1
| Gz SBT3 B p (Serived\q | 1
) N - . " . - - Q
‘I’- SN S-MF-3 ©
S-R-3 @ : ‘ ; ' o i
z 461 S-MF-1 E
Fork : . v
4?'[ ’ .’ .
o, 3
) , o |
. i : 3° :
- o’ i
- A Sam/O'éS S-R-2 o ;
(&.oa/m7/1 _ ~— i
) " . . v Parameter -.<fi9/b/7
: . Date_Nopember =12, /92&
NOTE: Stations marked in red
are outside of state limits
for the sample taken during
i _ the above sampling period.
| -aughn Hansen Associates LIMITS:
}7 0 South 1475 East : lower
° Salt Lake City, Utah 84121 " upper
i : 1 k 0 2miles
| BHEEHHHEHTY 3 =i o
Scale




’ " B-18

: 1
1 WATER QUALITY SAMPLING LOCATIONS |
| . ' . HUNTINGTON CREEK MINE &
‘ o | SWISHER COAL COMPANY.-
|
0.0l -N-
S-C-4 |
S-C-2 —"5-c-3Y ¢
S o /" Cranda) Canyo® oot
S-c-1 - 2
N Pad
. >)
@ 3
- pLittle Bear Canyg, 50'05‘22
. . -LB-
. 0.012 S-LB-1s 1B-3°
somp-z SBT3 BG 1py (Serined\ g
) . - . 510,7 “;
. . e s-MF-3 . 405 7T 3 -
\ S ’ \ 0.0/ N : g .
0'017 .\, - J -. . )
S-R-3 @ : ] ’ - ;019
. — S-MF-1
. ”111
- Fork
&z
1‘7'9 .
oo
: c_,z“‘;
S-R-2
S-R-1
0085
Parameter '%oFOV\
Date Y\aou 3\ ‘o June ', \477
. \
| NOTE: Stations marked in red
i . ) are outside of state limits
‘ . for the sample taken during
the above sampling period.
B hn Hansen Associates . . S LIMITS: R
B South 1475 East lower
Salt Lake City, Utah 84121 upper
i 1 X 0 1 2miles
a o HHHEHEEHEHE 1 — |




B-19
WATER QUALITY SAMPLING LOCATIONS
® - HUNTINGTON CREEK MINE 4
’ ' " SWISHER COAL COMPANY
a -N-
S-C-4
8. 5
S-C-5 s-C-2 S-C-3 <
Tanda, cany®™ g4y ?:,
S-C-1 ?q
-~ ¢8.8 <
J 9“/
Little Bear _ Canyg, 25 : . i
o ' S-LB-1 S-LB-2 g
28 SoLB-s S-1B-3 :
. : S-MF-2 S-LB-4 (Spru;/g) Q 8
: : 7. S ,
' S-MF-3 ®,
S-R-3 @ L . vz -
}f"'.l S-MF-1
Fork .
NS
) Jde' .
E \]60
7888 >
S-R-2 3
S-R-1
100.8
. | R
Parameter - fa/d/zllﬂ
Date__Abopepber I-12, /97¢
NOTE: Stations marked in red
are outside of state limits |
for the sample taken during |
. the above sampling period.
V-—-<chn Hansen Associates LIMITS:
5, South 1475 East lower
‘Sart Lake City, Utah 84121 upper
‘ .
| : 1 % 0 1 2miles
} HEEHHTE — =




B

WATER QUALITY
HUNTINGTON
SWISHER

-20

SAMPLING- LOCATIONS
CREEK MINE &
COAL COMPANY

6LL -N-
S-C-4
s-C-2 s-c-3 Yy T
S-C-5 r o [2)
Y *ndaly A N
. s-Cc-1 =
S
G .
- Little BearT Canypn 530
) S-LB-2
. 28 S-1B-15_1rp-3
S_MF-2 - _ S-LB-4 (Spring). 's}
‘ S-Mr-3 £L.8° 3
- B.z .
. 63.2 ;
S-R-3 @ | 72
- S-MF-1
t‘!jlj
\ " Fork
&s
- A .
o™
. : Ca(\’io
S-R-2
S-R-1 '
79.z
[
. Parameter_. gﬂ/&'{gm
Date /774/:/ 3/ Fo Tunc %/777
NOTE: Stations marked in red
| are outside of state limits
‘ for the sample taken during
: the above sampling period.
‘' aaighn Hansen Associates LIMITS: '
!__ South 1475 East lower
i Salt Lake City, Utah 84121 upper
3 1 X 0 1 2miles
HEHEHEHH T — 1
|




B-21
| WATER QUALITY SAMPLING LOCATIONS
‘ : HUNTINGTON CREEK MINE 4
‘ SWISHER COAL COMPANY .
-N_
S-C-4 2 )
S-co5 Sc s-C-2 s-c-3Y T
randall CagYO“ ‘y ?:_
) ; s-C-1 %
N /'5 (é
| : - _ . - {l
| : g . VLittle .Bear Ca”)’on _— | ‘
. : . 5-1p-1 §-1B-2 -
- - ) 5_5 S-1B-5 S"I.B'.B |
: S-MF-2 S-LB-4 (sPr;“g) Q
. . S-MF-3 %
V z ¢
S-R-3 @ 3
- S-MF-1
4'111
R Fork .
&Ky ‘
Jde .
i . <
| , A A c‘a(\‘l
| S-R-2 :
S-R-1
¢
Parameter - KA/&/‘/%&
Date_ Mjember E-12, 19726
NOTE: Stations marked in red
are outside of state limits :
| for the sample taken during |
‘ ] the above sampling period. i
hn Hansen Associates LIMITS:
. South 1475 East lower '
" Salt Lake City, Utah 84121 upper. Z80 mmalL frammended ‘
77 .
| 1 ) 0] 1 2miles
HEHHEEHEHE 4 — i




B-22
) WATER QUALITY SAMPLING LOCATIONS
. ' HUNTINGTON CREEK MINE & _
SWISHER COAL COMPANY
Y -N-
S-C-4
s-c-2 - s-c-3 Y %
S-C-
/E > Fand, ), canyo® 7 3‘;
S*q-l. : -4 -
N . .- . Pod .
H 9 ..
oA D -
. Little Bear 'Cahyon
. S-LB-2
- s 1‘.'5 ] S-LB-1¢ yp-3-{ ¥
S-MF-2 7 $-LB-4 (Slpréng) QU
. _ME - b . L
® A N S i
S-R-3 @ . ‘ M .
) i o S-MF-1
AQI
' Fork
; &y
— Jde e é
| ' i
o® 't
- C‘a(\‘] ;‘P
S-R‘z 3
} 4
S-R-1 :
& :
3 .
. 3
Parameter . CZé/é/ﬁQjQZ }
Date_ Jhay 3/ fo ~Tanc 4 1777 ;
/. 7 i
NOTE: Stations marked in red i
are outside of state limits
for the sample taken during
the above sampling period. '
| ‘Qghn Hansen Associates LIMITS: : l
- 7 South 1475 East o - lower ’ R
Salt Lake City, Utah 84121 upper Z50 me /XL /?f{ommfﬂf/(d |
‘ : 77
} 1 k 0 1 2miles i
* HEHHHTE : — B P




B-23

WATER QUALITY SAMPLING LOCATIONS
. ‘ HUNTINGTON CREEK MINE 4
: - SWISHER COAL COMPANY

-N-
S-C-4 )
4,002 -
S-C-5 5-C-2 - S ©
‘ Tanda Cany© 0.0z %
2
- _ S-c-1 2
C : - 8.007 c:é
J o > -
Little Bear Canyo, 2.03/.
~ S-LB-1 §-1B-2
2,502 S-LB-5 4032 S(;LB.::j )
S-MF-2_ - s-LB-& P UE\Q
S-MF-3 ©
0,002 *
S-R-3 ® 2.0%0
. S-MF-1 ‘
Fork A -
‘?,[ - )
) :
0/ de ) ;
o
4,046 - (p‘do }
S-R-2 . f
"§-R-1
20.030 .

Parameter - Cop,oe/
Date Abuember 8-1Z,/97&

NOTE: Stations marked in red
are outside of state limits
for the sample taken during
the above sampling period.

- yghn Hansen Associates LIMITS:
0 South 1475 East '

lower :
321t Lake City, .Utah 84121 upper_ /A0 mo /X Pcomaeniod
/7

1 L 0 1 2miles
} . HEEEHET : — 1




|
5 B-24
| ,
‘ _ WATER QUALITY SAMPLING LOCATIONS
' HUNTINGTON CREEK MINE &
) SWISHER COAL COMPANY .
'O.DZb‘ -N-
S-C-4 ‘
S-Cc-2 s-c-3\ T
s-C-5 SCr, on > :
2,006 Rdap; cany 4,035 < ;
s-Cc-1 . 2 i
« i
Y S ;
Lt | ,
. - Little Bear  Canyg, o,o'éy
. S-1LB-
. Y.00L S-1B-1¢ 15-3
. A S-MF-2 'S-LB-S S-LE-4 (szlnlgo) Q
- "S-MF-3  0.0/7 .0 %
. ) . 2,003 : 7~ - :
. ’ :
N ﬂabﬂf *
. S-R-3 © . . 2,004
| - S-MF-1
-‘I_(I
. Fork ]
Ky {
¥4
- CA .
-7
- " 0{\
_ Cgt\‘l
S-R-2
S-R-1 ) .
‘ d;ﬂob :
i " Parameter - (]mog_
Date 27, 3/ 74 Jaf)é# /777
NOTE: Sta{ions marked in red
- are outside of state limits
| for the sample taken during
- the above sampling period.
v azhn Hansen Associates : . LIMITS: |
"South 1475 East lower
Salt Lake City, Utah 84121 upper /’o”}}/"’ Beommended.
1 k 0 1 2miles
} SE=R=E=N=M: : = - !




B-25

WATER QUALITY SAMPLING LOCATIONS
‘ ' _ HUNTINGTON CREEK MINE &
' SWISHER COAL COMPANY

S-C-4
f 2d> S-C-3
randall Ca“yo“ Aﬂ/7

s-C-1
o7

=
S-C-5 %ﬁ
V'
2
©
“
°
=]

o,

Little Bear CanyQn
S-1B-1

- S-LB-3
_ o.15 TR 0,18 X
~ sSifoy - SLB-5 $G 15y (Serine)

o

: . - 213 pd

o S-MF-3 5
: _ &/t @

S-R-3 @ ' ' , ' a0z

o
o.z) G@dio

S-R-1
2,20

Parameter /74(0/74/6
Date Appenber 8-1Z, /197

NOTE: Stations marked in red
are outside of state limits
for the sample taken during
the above sampling period.

ughn Hansen Associates LIMITS:

20 South 1475 East YA Y VL4 /Pcéam;';afﬂ/fd/
Salt Lake City, Utah 84121 - upper__Z 0 %/[ /antalRrYy.
/

i 1 b (o] 1 2miles
o EH A E T — 1

e o a=
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B-26

‘ WATER QUALITY SAMPLING LOCATIONS
‘ HUNTINGTON CREEK MINE &
SWISHER COAL COMPANY

0',9 -N-
S-C-4
s-C-2 s-c-3§y %
) 2,77 anqall Caﬂy .20 “R’ )
‘ : o S-C-1 % .
] ] oo _ . : «
G S R
- Little Bear -Can)'on 2.2
. . TR S-LB-2
-t - = : - . . - g'zL/B 5 S-LB 15'LB"'3 )
» o sz S PN CorineiNe
‘ ‘ , S-MF-3 2.23 : .
. ) . o ¢ .
0,74 I ’ -
S-R-3 L J c ) : v 36’221
& - -
. i
i o Fork
Ry .
A .
, . o“.
. e
S-R-2 ©
S-R-1
0.23
,
Parameter - ///zor//e_
_Date /Z’a/r{.?/ /o <74//;é41’,/977
NOTE: Stations marked in red
are outside of state limits
for the sample taken during
) . the above sampling period.
gghn Hansen Associates . . LIMITS: '
0 South 1475 East ‘ 1.0 me/ll ffcomprﬂd'?/
Salt Lake City, Utah 84121 upper g,oﬂ:’%’g mga&,érlv
1 b 0 1 2miles
L EHHEHEHH 1 — |

Scale




B-27
WATER QUALITY SAMPLING LOCATIONS
. . HUNTINGTON CREEK MINE &
' ’ SWISHER COAL COMPANY
. -~N-
S-C-4
L4 ".
S$-C-2 S-C-3 =
S-C-
> MCrang,, 1 Conyor as58 (%
S-C-1 3’-‘
~N . o297 <
Wi 2.
Little Bear "Cany‘)n Si'B/zg
L Ar3y LBt Sabils-13-3 |
L S-MF-2 LB-5 G 1p-s (SPTinE)\ o
; ) . d.’?g ©
S-MF-3 ’ ©_
, , : 2.066 -
S-R-3 @ . : : /63 -
: . : Ar S~-MF-1
: . 12;
N ' . Fork .
2 '
<
@, .
o
0.z15 e
S-R-2 '
S-R-1
- 8,723
Parameter ._Z ror - (75%;/)
Date_ Nouember 812, 197¢&
NOTE: Stations marked in red
are outside of state limits
for the sample taken during
the above sampling period.
V _hn Hansen Associates LIMITS: ’
| 5, South 1475 East lower
:Seit Lake City, Utah 84121 upper 23 mo LL /Fc):(amn//l/(/
, 1 b 0 1 2miles
} HEEEHH E—— — —
Scale




B-28

WATER QUALITY SAMPLING LOCATIONS
. HUNTINGTON CREEK MINE 4
SWISHER COAL COMPANY

0.0 - -N-
S-C~4
T s-c-5 y S-C-2 s-c-3§ % :
0,049 2nday, canyO®  2¥7 ?:',.
S-C-1 =]
3 T
O :
®.
- ) : ' ‘ -b
- Little Bear‘ CanYOn 0.249 . .
S-LB-2
6,053 S-LB-1s 1B-3
. swr-2 P2 PG (s";f;,’gg) Q
‘. ' ’ ' "S-MF-3 0,096 ’ %
‘ . a lo72 . : ol
0,682 _ - - ' ]
5-R-3 @ 5,739 -
& S-MF-1
111
Fork
&y
Z
% . -
. ) 1
RS
: PR
S-R-2 c
S-R-1
2. M1b
Parameter - Z/pp /7379/8
Date ey 3/ Tine 4, 1977
NOTE: Stations marked in red
are outside of state limits :
for the sample taken during :
o the above sampling period. i
ghn Hansen Associates - LIMITS: T
- 0 South 1475 East " lower
Salt Lake City, Utah 84121 upper 2.3 mm lf Arwmmended - -
/74 5
} 1 L 0 1 : 2miles :
HEEHE FE——TF—— ) ;

c
-

.0
%)
ro
(8]




B-29

. WATER QUALITY SAMPLING LOCATIONS
‘ HUNTINGTON CREEK MINE &

SWISHER COAL COMPANY.

z5.92 -N-
S-C-4 -
e $-C-2 “5-c-3 § T
2599!85 Crang,) canyo® 3072 (%
' 1 %-c-1 3
~ e
vl % -
- Little Bear Can},On 417t
S-LB-2
i o 7332 S-1B-15 18-3
) ' S-MF-2 §-LB-5 (Spring)\ o
- A . o S‘LB“‘O 37';’\' Lol
. ‘ o . S-MF-3 z9.z8 . ®
. : 25,44 d
2.88
S-R-3 @ T
. -MF-1
Hjl
Fork
fr
2
A .
01\
. .S )
S-R-2 c
S-R-1"
44.08

Parameter /%00&5/2//77

Date /e o/ A Tune 4:. /977

NOTE: Stations marked in red
are outside of state limits
for the sample taken during
the above sampling period.

,, Q:ghn Hansen Assciciates V LIMITS:
: 20 South 1475 East lower

Salt Lake City, Utah 84121 upper -

1 b 0 1 2miles




B-30

WATER QUALITY SAMPLING LOCATIONS
HUNTINGTON CREEK MINE &
SWISHER COAL COMPANY

s-c-3
n -]
Canyo Iz;?‘ o
.
. k=)
«
«
o)
K-

-,
O
]

/728

S-MF-2 S-1B->

S-MF-3
2170

S-R-3 @

o™

s?ffi’z/ <

S

-R-1
2752

Parameter /7227ﬂ£SA2zﬂ

Date Ahgemlber 8-12,/276

NOTE: Stations marked in red
are outside of state limits

for the sample taken during

the above sampling period.

ughn Hansen Assoéiates
0 South 1475 East
Salt Lake City, Utah 84121

1 k 0

LIMITS:
lower

upper

1 2miles

HEEHE E T

Scale

] ]




' B-31

WATER QUALITY SAMPLING LOCATIONS
‘ ' © A HUNTINGTON CREEK MINE 4
| ) SWISHER COAL COMPANY

s-C-1
2.0/Z

S-R-3 @

Parameter mmqa//e:se,

Date  Nopenbel 8-1Z, /77¢& -

NOTE: Stations marked in red
are outside of state limits
for the sample taken during
the above sampling period.

ghn Hansen.}_@sociates LIMITS:
- 0 South 1475 East lower

©.Salt Lake City, Utah 84121 vpper 4,05 ol I’ecomm/cd
. /77 .

; : 1 L 0 1 2miles
EHEREEHEH : o 1

T

Scale




B-32

WATER QUALITY SAMPLING LOCATIONS
. ' HUNTINGTON CREEK MINE &
SWISHER COAL COMPANY

0.000 -N-
S-C-4
s-C-2 —"5-c-3Y T
0.0/0 anday Canyo™ 4,007 A
"'"\’ S-C-1 “:‘
S 5
S . . - Little Bear Canyop 0.007 }
' ' i S-LB-2 ‘ ,
- - - g' 01?86-5 S-LB-IS"LB“B - L
' S-MF-3 0,007 : e .
2, = .
0,070 ; - |
S-R-3 @ ' . 017
' ‘ : 5-MF-1
‘!111
‘ Fork
&s
- <
s -
-
: c,é.'l"io _ |
S'R‘Z )
S-R-1 -
2,009

Parémeter /2 noonlsSE.
Date /222 .3/ A Tunt 51’./777

NOTE: Stat/ions marked in red ‘
_are outslide of state limits :
for the sample taken during }
the above sampling period.

' ghn Hansen Associates LIMITS: . ]
- 0 South 1475 East o ’ - : lower : ;
 Salt Lake City, Utah 84121 = ° ‘ UPPEY_WML |

2miles

1
T EE —— ]




' B-33

WATER QUALITY SAMPLING LOCATIONS
HUNTINGTON CREEK MINE 4
SWISHER COAL COMPANY

_N_.
S-C-4 y : .
"7/
S—Co5 s-c-{ s-c-3 Y T
Cr ang Caﬂyo“ 290 ?«
] 4 s-C-1 )
Py ®
‘ ;; < ﬂ/?/ \3
2 ..
Little Bear Ca"}’On 124
S- LB 1 S-1B-2
S-MF-2 S_LB-4 (Sp/':'lzg) Q
. S-MF-3 %
‘ -~ 5177 =
s
S-R-3 @ L5
bfj S-MF-1
Fork
Rr
z
/I de -
oo
477 o™
S-R-2
S-R-1
ZY
Parameter -. /0 7&55’[0?7
Date  Abdember §-/2, /976
NOTE: Stations marked in red
are outside of state limits
for the sample taken during
the above sampling period.
hn Hansen Associates LIMITS: .
-5 South 1475 East ) lower
‘Salt Lake City, Utah 84121 upper
! 1 L 0 1 2miles
EHHHEHAHE T —q 1
Scailie




B-34
) WATER QUALITY SAMPLING LOCATIONS
. : ' HUNTINGTON CREEK MINE &
" SWISHER COAL COMPANY
/:0?3 . ) -N-
S-C-4 .
S-C-2 s-c-3 Y %
$-C-5 c ()
1,135 fandap, Canyo® 2935 (=
S-C-1 % :
9 S
w 3.
: Little Beatr Ca"de L8065
) . S-1LB-2
- - . g,/?g J S-LB-1. ;5. 3 ,
: :S-MF-2 T 7 soLB-s .(st,f,;g) Q- ' - i
' o ‘S-MF-3 = 4790 % -
. /:/3 L \a)
4.50 > '
S-R"3 . .3"/5
S-MF-1
6311
Fork
s
- <,
~ CA .
o™
|
S-R-2 c
S-R-1
Z2L
Parameter - /37255ﬂ207
Date kg3l ro ~Tune %, /977
. / L 4
NOTE: Stations marked in red
are outsiﬁe of state limits - :
for the sample taken during §
) the above sampling period.
‘ shn Hansen Associates - LIMITS: ’
- #) South 1475 East lower
Salt Lake City, Utah 84121 - . upper |
. {
1 & 0 1 2miles
= T —— = ]




B-35

i ‘ WATER QUALITY SAMPLING LOCATIONS
HUNTINGTON CREEK MINE 4
SWISHER COAL COMPANY

O

S-R-3 @

ghn Hansen Associates
0 South 1475 East

® galt Lake City, Utah 84121

1 L 0

]

Little Bear  Canygp

S-LB-1g 13-3

S-LB-5 ' -
S-LB-4 (SPZ;pg)
S-MF-3 ‘
5

BT Y
s

S-R-1
9/

- Parame ter 52&;2(/77

pate Nppember §-1Z,/97&

NOTE: Stations marked in red
are outside of state limits
for the sample taken during
the above sampling period.

LIMITS:
lower

upper

2miles

>t — _J

BHEEHHE




B-36

WATER QUALITY SAMPLING LOCATIONS
‘ ' - HUNTINGTON CREEK MINE &
SWISHER COAL COMPANY

_N_
S-C-4 )
S-C-2 s-c-3 3y %
S“C‘S Cr on >
725 anda) cany 5._(,1- e
s-C-1 - %
f‘\; P
\J %'/
- Little Bear lca“YOn 2.35
A ' _ S-LB-2
- - ; S 57'955 S-LB-15 18-3
S-MF-2 -LB- S_LB-4 (Spring) a : :
® » - ‘soup-3 780 @8 \& |
N\ /4206 : - - N
3235 ' - © .
S-R-3 @ v . - o 2830
Ar S-MF-1
111
Fork .
‘?l' -
¥4
% .
o™
cﬁpﬁ
S-R-2
S-R-1
/8,73
Parameter_- §de4uzn
Date kg 3/ Fo Tune Y1977
NOTE: Stations marked in red .
are outside of state limits
for the sample taken during
the above sampling period.
i hn Hansen Associates . LIMITS; ’
. South 1475 East : lower
" salt Lake City, Utah 84121 upper
} 1 X 0 1 2miles
= B L —] 1
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i
WATER QUALITY SAMPLING LOCATIONS
. : HUNTINGTON CREEK MINE &
v SWISHER COAL COMPANY
~N-
S-C-4 »
Oo
S_c-5 s—c—g‘3 s-c-3\ %
Crang,; 1 cany°™  00Y7 ?:;
S-C-1 ?ﬂ
N s,09% <
(4 )
Little Pear Canyop, 2.065
. o S;Lgéls o3 S-LB-2
- 8.0 - - 4 .’ N
S- MF%Z S-LB-5 S-LB-4 (Spring)\ a
. , . : 2,052 3
. _ : S-MF-3 - G
2,097 S <
$S-R-3 ©. o : 2.055 . .
- : - S-MF-1 —_
1‘!111
Fork .
Rr
Z .
Y
. 1°°
U,O?Z c,a(\
S-R-2
S-R-1
2.07/
Parameter Zjhc
Date  ANoVember 8-12, 1976
NOTE: Stations marked in red
are outside of state limits
for the sample taken during
the above sampling period.
ughn Hansen Associates LIMITS:
0 South 1475 East . lower
Salt Lake City, Utah 84121 . upper ,5;_,,.@/_[ /?«)),ﬂ,,,mgd
- : 4 X 0 1 2m11es
} L HHBEHHE I — B |
Scale
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WATER QUALITY SAMPLING LOCATIONS
HUNTINGTON CREEK MINE 4
SWISHER COAL COMPANY

S-C-4
\ s-C-2 s-c-3 ) £
S-C-5 r onh o2 k)
2.0/ anday; s canyo" 282/ <
~ s-C-1 2,
\a” N %-
° Li‘ttle Bear Cany0n o'o/y
' S-LB-2
: - ] %"fé ; S-LB-1g 13-3 ' '
p -S-MF-2 -LB=2 P -1B-4 (Spn;g) 5}
. S-MF-3 2.0/0 o . ?‘%
. 0,003
J.Doy * o . M
S-R-3 @ ' : 2,005
: ' ' o S-MF-1
) %1y
- - : Fork
Rr
<
A .
~ IS
) - ) .. B c’go‘i
S-R-2
S-R-1
2005
Parameter_- Z,',,c,
Date g 3l Lo Tunc 4 (77T
/ 7
NOTE: Stations ma:ked in red
are outside of state limits
for the sample taken during
* the above sampling period.
Qghn Hansen Associates LIMITS: N
- 5620 South 1475 East lower
salt Lake City, Utah 84121 upper 5,0 o7 ¢
1 LY 0 1 2miles
'F,:EL — H = L 4__{ J
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A PLAN FOR THE COLLECTION, RECORDING AND REPORTING OF
GROUND AND SURFACE WATER QUALITY AND QUANTITY DATA

This plan is hereby submitted to Part 784.14 (b)(3), and is based
on the requirements in Part 817.52, and also the "Proposed Guidelines
for Surface and Groundwater Monitoring", published by the State of Utah,
Department of Natural Resources, Division of Qil, Gas and Mining.

The Crandall Canyon watershed covers approximately 5.7 square miles

and Crandall Creek 1s the only water body present ln the entire water-

Al L LA L A LG L ( \
shed area. (“ﬁ A ‘gg¢uw
"

kaﬁﬁmf f\ﬁ«

The drainage boundaries are shown on the map that acocmpanies this

plan. Crandall Creeks flows in a northeasterly direction and merges
with Huntingion Creek which upon merging with Ferron Creek forms the San
Rafael River which is a tributary to the Green River. The water in Crandall

Creek consists of runoff and flow from springs higher up in the canyon,

The ridges surrounding Crandall Canyon are sharp and the sides of the

canyon are steep. The location of our permit area in relationshlp to A;N&#v”“

i v
. . ] bea = <
the creek and springs is also shown on the accompaning map.(y i

Water q;ﬁgharge information for Crandall Creek was obtained from the
U, S. G, S., WaterMInvestigations Division for the 1979 watier year, Their
information indicates that the minimum discharge of water for any one day
that year was .37 cubic feet per second, maximum dischargeéggé'for any one
day was 19 cubic feet per second, with an daily average of 2,19 cubic feet

. uhsats

per second. The(éomputer print-out}of this information accompanies
. : ’ ’

this plan. This print-out also gives some of the seasonal variations

showing that from the end of September through the middle of March the

-1 Z =

EAA.
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‘ stream flow remains relatively the same, then gradually picks up to its
peak flow around the latter part of May then gradually drops throughout
the summer,

Water gquality information for Crandall Creek was taken from the
Vaughn Hansen and Associates Study done in 1977 for Swisher Coal Company.
The locations sampled in Crandall Canyon during Hansen's study are indi-
cated as S~C~1, 2, 3, 4, and 5 in the "Water Quality Sampling Location
Maps”, inserted as Appendix B of the study. This entire study is in-
cluded as item Y[ =7 of our mine permit appli-
cation and I will reference the following ggéiggi}m jariiﬁjlwggpf!ﬂ%f

quality to the study by Hansen.

Location S=C=3 was located at the mouth of Crandall Creek above

confluence with Huntington Creek and I will present the data from that i/
‘ location as being most representative of the creek in its entirety as
207
far as seasonal variation of water qualiiy is concerned. /L/L 7 ;If’ o
) Vi o
S-C-3 SAMPLES (HANSEN STUDY) ¥ \ “M A
Ly /sz‘ ¥ LA

May 31 to June 4 November 8 - 12

Sulfate 40 mg/1 27.7 mg/1

Total Disolved Solids 390 mg/1 450 mg/1

Turbidity 1.00 2.20

Bicarbonate 263.5 mg/1 312.3 mg/1
Alkalinity (total) 216 mg/1 256 mg/1

Hardness 248 mg/1 270 mg/1

Barium 0.099 mg/l 0.015 mg/l

Boron 0.001 mg/1 0,001 mg/l

Calcium 48 mg/1 86.4 meg/1

Chloride 4 mg/1 4 mg/1

Copper 0.03%3%5 mg/l 0.024 mg/l

Flouride 0,20 ng.l 0.17 mg/1

Iron (total) 0.147 mg/l 0.158 mg/l
Magnesium 30,72 mg/1 12.96 mg/1
Manganese 0.0009 mg/l 0.006 mg/l
Potassium 1.435 mg/1 0.90 mg/1

Sodium 5,66 mg/1 9,00 mg/1

| Zinc 0.021 mg/l 0.049 mg/1l

4 ‘ All samples taken in Crandall Canyon and in particular at this 3-C-3




. location at the mouth of Crandall Creek were within state limits for
P Yy
acceptable concentrations. pﬂ wh&ﬁtwu,&

Crandall Creek does not flow through our permit area, however, we
feel it is adjacent enough to our permit area that it could be affected by
our surface facilities or operatlons. We therefore proposed {0 sample the

,‘«"l\»}4~7 §\‘Q,‘_‘ L »z»‘:w",
creek for water quality, at the location 1nd1cated on the map that ac-

;\/J

companies this plan, to determine the effect, if any, our operation has

on the water quality in Crandall Creek. We will sample at the designated

“q o

sta‘clon monthly for the following parameterjytemperature (air and water),
specific conducta.nce, pH, total dissolved solids, total suspended solids,
total iron, dissolved iron, total manganese, oil and grease, sulphate,
acidity (if pH less than 8.3) plus any additional parameters deemed
necessary by the State of Utah, Division of Cil, Gas and Mining. /‘l‘his
station will also be sampled for a complete water quality analysis once a
. zi%rjgrlng low flow period in the fall. There will be no mine water dis-
charge point to be sampled. Cur sediment pond discharge will be sampled
in accordance with the f(equency and parameters required by our N. P. D, E,
discharge permit. Results of all sampling will be reported quarterly.
Upon our cessation of mining operations, during reclamation and after re-
clamation has been completed, our sampling, for the same parameters, dur- | %
ing the same intervals will continue to be done and will still be repori- -
ed guarierly until the State of Utah, Division of 0il, Gas and Mining deem:y
the sampling unnecessary and of no further consequence.
Our g‘rg_gngwaterﬁbase data is compiled from information in the Vaughn
Hansen Study done for Swisher Coal Company, published in 1977, and also
from Utah Power and Light Company's 1979 Annual Report of their hydrologic

monitoring program. This information as to the geologic setting of the

‘ groundwater system is contained in this application as Part 783,14 (a)




and Part 783.15 (a)(1) and (a)(2). And again, no major faulting has been
déscribed or mapped in the permit area and our own geologic investigation
reveals no major faulting in the permit area. Our grcundwater gquality
information has been compiled from U, S. G. S., water investigations

division, UPL, and Vaughn Hansen hydrclogic sources., U. S. G. S., in g§5 7
particular, has reported the location of iwo major springs in Crandall | “aﬁ’

‘Qggzgpf Neither of these is located within the permit area, but are close
enough to the permit area to provide information pertinent to this appli-
cation and this plan. These springs have been identified and sampled in
the Vaughn Hansen study. One is siationed coded by Hansen as S-C-4 and is
located 2.5 miles up Crandall Canyon on the right fork of the east branch,
the other is station coded by Hansen as S-C-5 and is located 2.5 miles

up Crandall Canyon on the left fork of the east branch., Vaughn Hansen

has also sampled another spring which is closer to the permit area, how=-
ever, on the side at the canyon opposite our permit area. Hansen has station
coded the closer spring as S-C-1,

Flow data was available on S-C-4 and S=C-5 from U, S, G. S. and is
as follows:

STATION CODE U.5,G. 0. DATE FLOW

LOCATION GPM
S-C-5 D=-16-6 1ACA 4/26/78 8
(elevation 8320ft) 11/08/78 2.2
8/23/19 26

9/17/79 22
10/16/79 8.8

S-C=5 D-16-6 1CCA 10/22/78 33
(elevation 8680ft)

No flow data was available from any source on the spring station coded as
S-C~1 by Vaughn Hansen. He gives a .002 c,f,s. flow rate recorded on
November 12, 1976. Results of water quality analysis for these three

stations, taken from the Vaughn Hansen study, is as follows (all in



| mg/liter): :

L . S=-C=1 S=C~4 S=C-5

| Sulfate 40 36 35
Total Dissolved Solids 448 420 422
Turbidity 1.10 0.63 0.80
Bicarbonate 300.1 290.4 290. 4
Alkalinity (total) - 246 238 238
Hardness 234 262 262
Barium .015 .096 .015
Boron ,001 .014 .010
Calcium 68.8 61.6 64.0
Chloride 1.5 4.0 6.0
Copper .007 .020 ,006
Flouride 17 .19 «17
Iron (total) .297 .140 .049
Magnesium 14.8 25.9 24.5
Potasgsium .91 1.09 1.14
Sodium 22 8.26 8.25
Zinc .044 012 011

After reviewing the Vaughn Hansen study and our own geologic infor-
mation on the permit and adjacent areas, and due to the fact that there
are no springs within the permit area and the old workings are not making
\’ any water at present, we feel that the best locations tc use as a sample
points for groundwater gquality and quantity monitoring would be the Hansen
1océtion at 5-C-2 and at a point downstream from where Crandall Creek passes
over the interface of the Blackhawk~-Star Point formations,

ngl;e;sg_ly_g ggil\ng 1oca‘t‘.ﬁi:o:i}§ will be sampled once in the spring and once

e -

in the fall for the following parameters: pH, specific conductance, total
iron, dissolved iron, total manganese, total dissolved solids, total /
suspended solids, sulfate, acidity (where the pH is less than 8,3), plus 7

any additional parameters deemed necessary by the State of Utah, Division / l
\
of 0il, Gas and Mining, A complete water gquality analysis will be run \;

from these locations on a quarterly basis and results from all analysis /

<

<
e

shall be reported on a quarterly basis. )

_These two @Y}ingmlocaﬁgr@) will be sampled once in the spring for the

‘ following parameters: pH, specific conductance, total iron, dissolved iron, (




' total manganese, total dissolved solids, total suspended solids, sulfate, . j
acidity (where pH is less than 8.3), plus any additional parameters deem- K ‘
ed necessary by the State of Utah, Division of 0il, Gas and Mining. Both |
stations will be sampled for a complete water quality analysis once a
year during low flow period in the fall. A water temperature and flow \
rate will be taken with all samples, Analytical resulis of all samples
will be reported within the quarter they have been taken and analized. /
Upon cessation of our mining operations, during and after reclamation opera- /
tions we will continue this same sampling and reporting procedure until /
the State of Uiah, Division of 0il, Gas and Mining deems the sampling un-

necessary and of no furthur consequence,
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ITEM VIT - 4

‘ D‘\”\ﬂ
\
\
‘
\
\
‘

DATE £pm n/mho temp
(D - 16 - 6) 1 ACA 4726/78 )
Elev, 8320 11/8/78 2.2
8/23/79 26 540 4,0
2/17/70 2 260 4.5
10/1£/79 8.8 520 1.0
(D - 16 - 6) 1 cca
Tlev, 8680 10/22/78 232

~

CW Water Level




