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Rule 2.04.7(1)

SECTION 1

GROUNDWATER

A comprehensive groundwater monitoring program has been
undeftaken by DorchesterICoal Company to characterize the ground-
water resources of the leése éréas. A total of 24 monitoring
wells havé beenvinstalled én the three leases to oBtain.hydro—
logic data for the overburden, coal seams and the next lower
aquifer below the coal seam. Compleﬁion data for each of these
weils are shown on Table 2.04.7-1. Completion diagfams for wells
installed in 1982 are included in the Appendix 2.04.7-A. In
addition, four alluvial &ells have 'been installed along Big Salt
Wash (M-1, M-2, M-3 and F-50 (Alluvial)). The locations of all
wells are also éhown on Mép 2.04.7-2. The CM and‘M series wells

were installed in 1980; the remaining wells were completed during

1982.

Monitoring wells were installed in conjunction with the
exploration drillingiprogram. Selection of the holes to be
completed as monitoring wells was, to a’large extent, determined

by the amount and location of water encountered during drilling.

‘Most of the Northern Lease area is an area of high relief located

between two large drainages, East Salt Wash and Big Salt Wash.

The Sheridan Enterprises' mine permit application for an area

adjacent to the North Lease Area indicates that much of the coal
seam and the overburden are unsaturated. Field investigations
indicate that, except for Big Salt Wash, all tributaries crossing

the North Lease area are ephemeral. 1In addition, few springs or

1




. TABLE 2.04.7-1

MONITORING WELL DATA

: Elevation Total Depth Strata in Perforated
Well No. _Top of Casing Feet Which . Completed Interval
CM-1 5570 483 Anchor coai seam 454 - 457
CM-2 5719 772 Cameo coal seam 373 - 376
CM-3 5840 620 Overburden 589 - 592
CM-4 6190 1023 Cameo & Interburden No perforated
CM-7 5640 605 ‘Interburden - 559 - 562
43 5533 195 Overburden & -Cameo Open hole
43A 5542 113 Overburden & Cameo Open hole
41 5991 910 Overburden & Cameo Open hole
50C 5638 500 Cameo 125 - 140
50 (Alluvial) 5638 500 Alluvium 45 -~ 55
56C 5650 680 Cameo 228 - 238
56UA 5650 680 Overburden 78 - 88
5808 5780 836 - Overburden 417 - 427
58¢C 5780 836 _ Cameo 460 - 470
59U4 5963 1170 Upper Aquifer 51 - 61
5908 5963 1170 Overburden 711 - 731
59¢C 5963 1170 Cameo. 760 - 770
59W/UA 5966 774 Upper Aquifer 52 - 62
59/0B 5966 774 Overburden 723 - 733
59W/C 5966 774 Cameo 763 ~ 773
620B 6565 1580 Overburden 1040 -1050
62C 6565 1580 Cameo 1150 -1170
690B 6202 1005 Upper Aquifer 290 - 310
69C 6202 1005 Cameo 620 - 640
70UA 6194 - 1600 Overburden 670 - 690
70C 6194 1600 Cameo . 1119 -1129
7108 6646 1576 Overburden 1023 -1033
71C 6646 1576 Cameo 1055 -1075



~

Table 4
Groundwater Monitoring Wells within the Study Area

Monitoring Monitoring
Drill hole Zone Interval depth (ft) Remarks
, 1-80 Anchor Coal 454 - 457
CM2-80 Cameo Coal 373 - 376
w/CM3-80 Carbonera Roof 589 - 592 Seam joined w/ Cameo
CM7-80 Anchor Roof 559 - 562
\/F -34WW-84 Cameo Coal 170 - 178
F50-82 Alluvium o - 55
s Cameo Coal 125 - 140
54,82 Alluvium 30 - 45 Well sediment filled
56-82 Sandstone 65 - 90
Cameo Coal 215 - 240 _ g
J58-82 Overburden 30 - 435
) Cameo Coal 440 - 470 -
‘,PSiSZ Upper Zone 35, - 65
Overburden 65 - 1740 Well bridged @ 430’
Cameo Coal 740 - 770
F59W-87 3 Upper Zone 35 - 65
Overburden 65 - 735
/ Cameo Coal 740 - 773
,VE€2-82 Overburden 25 - 1110
Carbonera and Cameo 1115 - 1170 Coals split by ~ 28’
\/P@-SZ Upper Zone 295 - 310
pd Cameo Coal 610 - 640
LF%—SZ Upper Sandstone 665 - 690
Cameo Coal 1110 - 1130 Well bridged at Cameo
/F7{82 Overburden 220 - 1030
Cameo Coal 1040 - 1075
M-2 Alluvium 0o - 40
M-3 Alluvium 40 - 45
E Dsrt Alluvium 28 - 80

42




Rule 2.04.7(1)

’seeps were identified in the North Lease Area. Due to the

limited groundwater resource in the vicinity of the Northern
Lease, only two monitoring wells were compléted in this area.
These wells were completed along Big Salt Wash, the area most

likely to contain water-bearing zones.

1.1 IDENTIFICATION OF AQUIFERS

-During the 1982 drilling prog;ém and the well and spring
inventory, observations were made in brder to_determine what
geplogic strata may be.conSidered‘aquifers that may potentially'b
be affected by the Fruita Mine operations. All wéter—bearing
éohes down through the Anchor Coal Zone were evaluated for their

water yielding properties;

The location of the aquifers was determined by data obtained

- during drilling and through the use of geophysical logging. The

selection of drilling procedures is partially controlled by the

_ presence or absence of water in the formations. If the forma-
_tibns being drilled are relatively dry, it is usually possible to

drill without fluids, i.e., compressed air drilling. When suffi-

cient water is encountered in the formations, this necessitates

that drilling fluids (soap or mud) be injected and circulated.

The presence of a specific water—béaring zone can be. detec-
ted by a sudden increase in fluid volume and/or pressure during

circulation. Increasing the rate and/or viscosity of the injec-

ted drilling fluids will counteract the effects of "making water"

down the hole. 1In general, the amount and viscosity of the

3
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drillinéufluids added is roughly proportional to amount of water

being produced by the formation.

During core drilling in holes where a water-bearing zone was

penetrated, water accumulated down thé drill hole between coring

runs (i.e., 20 ft. sections). This water must be blown out prior

to resuming core drilling in order to regain circulation.

Approximate inflow rates were determined by estimating the volume

of water that accumulated over a specific period of time.

Each hole was logged using gamma ray, density, resistivity
and caliper methods. Temperature logs and neutron logs were also

taken on selected drill holes.

Generally it was possible to use compressad air d:illing
methods to drili through the ﬁunter Canyon Formatidn, which
indicates that this formation is relaiivély dry. This is suppor-
ted by data from the spring inventories which showed a lack»of»-

springs in the Hunter Canyon Formation.

For many drill holes, it was also possible to drill into the

~Mount Garfield Formation using compressed air methods. The fol-

lowing répresentative'drill_holes were drilled during 1982 to the
core point immediately above the Upper Cameo Coal Seam using
compressed air drilling methods: F-55, F-57, F-60, F-64, F-65,

F-66, F-67, F-68, F-69, F-72, F-73, and F-74.

During core drilling of the holes listed above, no appreci-

'able amounts of water accumulated between core runs. This is

further evidence that no water-yielding zones were present in the

4
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overburden. Locations of these drill holes are shown on Map

B > ' 2.04.7-3.

Drill holes in which drilling fluids Were required to drill
the overburden zone (i.e., whefe water-yielding zones were en-
coﬁhterd) were those located_along the axis of the syncline or
along the major drainages of the stﬁdy area. Water was encoun-
tered in the.overburden in the_fbllowing holes: F-56, F-58, F-

59, F-62, and F-70.

The maximum inflow rate, as heasured‘during the drilling
program, was in hole F-70 at 680 ft. (approximately 20 gpm). .
This drill hole is located near the cénter of the syncline, .
Inflow ratés for the oyerburden in F-56, F-58 and F¥59 ranged

f/:) | from 2 gpm in F-58 to 15 gpm in F-56.

Although certain strata within the overburdeﬁ were saturated
in the drill holes listed above, the saturated zones do not -
‘appear to be laterally continuous. The lithology of this 20ne.ié
very complex due to the deltaic environment in which the strata
were deposited. .The overburden sequence is composed of multipie
sandstone and shale facies. ‘Some of the individual sandstones,
for example in holes P(F-56-82), and R(F-59-82), had flow rates
as high as 15 gallons per minute (gpm). However, these more
permeable zones were determined to be of 1imited-areél extent,
théreby 1imiting any_sustainea yield of water from these water-

bearing zones (US Bureau of Mines, 1983).

Figures 2.04.7-1 through 2.04.7-3 show the electric logs and

lithologic logs for drill holes F-56, F-58 and F-59W. The inter-
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f ) bedding'of thin sandstone beds, siltstones and'shales, as shown
ih these'logs, is typical of a fluvial depositional environment .
with rapid changes in the_energy of transport (U.S. Bureau of
Mines, 1983). Together with the presence of coal beds, the
evidence shown by the logs indicates that these clastic sediments
were deposited in an aliuvial pléin which contained swamps.
Except fer the Cameo Coal Seam and a few other minor coal seams,
the rock units do not show continuity between the various bore-
holes. Lenticular beds are characteristic of an alluvial environ-
ment dominated by braided river_systems. This was the case in
the Rocky Mountains in‘the Upper Cretaceous (U.S. Bureau of
Mines, 1983). Figures 211.10-22 and -23 (Volume 10-Confidential)
are geologic cross;sections>which illustrate the lenticular

: \j) nature of strata in the overburden;

Because of these'lenticular characteristics, the overburden
is not considered an‘aquifer, but is a water-bearing zone. Fur-
ther evaluation of the overburden water yielding characteristics

is presented in subsequent sections.

Core drilling through the Cameo Coal Seam indicated some
water accumulation between core runs when coriﬁg the coal seam in
holes F-50, F-52, F-54, F-56, F-58, F-59, F-70. The coal seam
was dry, however, at drill holes F-55, F-57, F-62, F-64, F-66, F-

| -————~ - Because of the continuity of the Cameo Coal Seam throughout
é ) . the leases and the extent of the saturated zohe, the Cameo Coal

Seam is considered to be an aquifer (i.e., Yield sufficient water

9
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) _ for a beneficial use).

A sandstone unit, referred to as the Rollins equivalent
sandstone occurs below the C%meo Coal Seamvin some areas of the
leases. The distribution of this sandstone within the leases and
its relationship to the Cameo Coal Seam is shown on the geologic
cross-sections (Figures 2.11.10-22 énd 23). The Rollins equiva-
lent sandstone was_encountered below thé Cameo Coal Zone in holes
-F—58,_F—59; F—66, F-67, F-68, and F-71, Holes F-66, F967, and F~- .
68 were air drilled to the Anchor Coal Zone which indicates that
the Rollins equivalent sandstone and thé:remainder of the inter-
burden is unsaturated in this area. Drilling fluids werevused to
drill through this sandstone in'f-58, F-59 and F-71 because of

fj) moisturevencountered above this zone. However, there were no
) detectable changes in fluid, volume or viscosity when dfilling
through the Rollins equivalent,sandstone in these‘three drill

holes. '

Inspection of core materials ahd outcrops indicate that»this
sandstone is fine grained (very fine sand or silty sand) in the
vicinity of the Fruita Mine. This géologic.unit is considered a
tight zone with little primary or secondary permeability, par-
ticﬁlarly when compared to the permeability of the Cameo Coal
Seam (Tsegaye Hailu, éite geoldgist, J.F. Sato and Assoéiates,

March, 1983).

This sandstone is lenticular, varying in thickness from 60

to 80 feet on the face of the Book Cliffs between Laytdn Wash and

Lipan Wash to .approximately 10 feet thick to the east and west of

10 _
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this area. The area of maximum thickness for this sandstone unit
hay represent a distributary channel for a fluvial system that
existed when this lithologic unit was deposited. The thinner
deposits to the east probablyvrepresent a delta plain depési-
tional envifonment. To the west, the sandstone interfingers with
thin beds of coal. This may represent a swamp environment formed
on‘the.fringes of the distributary channel that fed the sand

facies.

For the reasoné‘deScribed above,‘the Rollins equivalent

sandstone is not considered to be an aquifer in the vicinity of

the leases.

The'exploration program included drilling and sampling of
the Anchor Coal Seam, a coél seam located aboﬁt 400 feet below
the Cameo Seam. Observations during drilling of the interval
between the Cameo and Anchor Seams indicate that continuous

sandstone units are present between the Main Cameo and Anchor

Coal Seams. This is shown on the geologic cross-sections

(Figures 2.11.10-22 and 23, Volume\lO). Data from both rotary
and core drilling operations indicate, however, that detectable
quantities of water were not encountered when drilling thfough
these Sandstone units (i.e., no sudden changes in fluid volume or
viscosity during rotary drilling and no significant accumulation

of water in the hole between runs during core drilling).

Interbedded with these sandstones are numerous shales and
siltstone. Several of these units are over 100 feet thick and

are continous throughout the leases (see Figures 211.10-22 and

11
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23). These shales and siltstones are aﬁ‘effective'barrier to
prevent communication of mining impacts to aquifers below the

Cameo Coal Seam.

Minor amounts of water were encountered in the interburden
immediately above the Anchor Coal Seam in drill hole CM-7. Well
CM-7 was completed in this interval to monitor this source of

water,

The Sego Sandstone is a massive sandstone unit that inter-

tongues with the Anchor Coal Seam. In the lease area, this

sandstone is medium-grained and "dirty", containing coal, shale

and clay inclusions. It is cross-bedded and laminated; contacts

‘are often gradational with the siltstone/shale lithologies above.

No detectable quantities of water were encountered in this forma-

tion during drilling activities.

The next lower unit that could potentially be a water-
bearing zone is the Anchor Coal Seam. Water was encountered in
the Anchor Coal Seam at hole CM-~1 and a monitoring well was

completed at that location. This well is located along Coal

~Gulch in an area where the overburden is relatively shallow (450

feet). It is possible that the Anchor Seam is saturated in this
area due to downward percplation of water from the surface or
overlying water-bearing zones. Detectable quantities of wéter
were not encountered in this formation in other drill holes that

penetrated the Anchbr Seam.
Drilling has also been conducted to determine the hydrologic

12
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characteristics of the Big'Salt Wash alluvium. This‘testing

indicated that the alluvium of Big Salt Wash is not an aquifer.
The upper reaches of the valley contain alluvial groundwater.
seasonally. The alluvium adjacent to the mine area is dry

throughout the year. Alluvial wells M-1, M—2,'and M-3 (Map

'2.04.7-2) were monitored monthly from 12/80 to 12/81. Wells M-2

and M-3 were dfy during the entire period. Well M-1 contained
water during the winter and spring, but dried up during the

summer months. An additional alluvial well (II(F-50-82)) was

"installed in 1982. Monitoring has indicated that this well is

also dry.

In summary, the Cameo Coal Seam is the only continuous

water-bearing zone in the permit and adjacent area associated : {

with the Fruita Mine that is considered to be an aguifer. The
overburden is considered to be a discohtinuous water;bearing zone
and not an aquifer. Althdugh correlateable sandstone units exist
below the Cameo Coal Seam, data obtained during the drilling
program do not indicate that significant quantities of water are

present in these formations.

1.2 AQUIFER CHARACTERISTICS

The groundwater program included testing to determine the

hydraulic characteristics of the water-bearing zones. Standard

pumping tests were‘not feasible due to the low yield rates of the
water-bearing zones and the depth of some of the well completion

intervals., As an alternative, the slug test procedure as des-

cribed by Ferris and Knowles (1963) was used. A known quantity

13 : ?
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ofvﬁater was injécted into the well instantaneously and measure-
" ments were made of the falling water level. Results were plotted
as residual head versus the reciprocal of time, in minutes.

Transmissivity was then détermined by solving the féllowing equa-

tion for transmissivity,

<. 114,6 V
T S
Where;
s = residual head
V = volume of water injected
T = coefficient of transmissiVity in gallons per day

per foot (gpd/ft)
t = length of time since injection stopped
Slug tests were performed in the 1982 program in holes P(F—Sé-'
82), FF(F-58-82), R(F-59-82), and R(F-59W-82). The result of

these tests are given in Table 2.04.7-2.

Slug tests’represent the aqﬁifer characteristics in the
immediate vicinity of the ﬁcnitor hole. The transmissivity
values thus represent the intengranular, or primdry, tfansmis—
sivity. As noted previously, jointing has been identified in the
area of the Fruita Mine. The joints impart a secondary transmis-
sivity to the formation which ié typically an order of magnitude
higher than the primary transmissivity. When considering the
‘behavior of the aquifer systems, both the primary and secondary

transmissivities should be considered.

14
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Another method of aquifer testing was tried during this
pfogram._ More specifically, air lift pumping was attémpted at
hole R(F-59-82) while using R(F-59W-82) as an observation well.
However, due»to the_small changes in the water level and the

insufficient degree of submergence, this technique did not give

“adequate results. However, the air lift testing was suitable for

evacuating water from the hole and allowing measurements of the

recovery. Recovery measurements were then used in the Ferris and

Knowles (1963) equation to estimate transmissivity.

1.3 WATER LEVELS

"Water levels-in the water-bearing zones have been monitored
by bofh DCC and its consultants. The-locations of these monitbr-
ing wells are shown on Map 2}04.7-2. Water levels for wells
drilled in 1980'are provided in Table 2.04.7-3. Additional data

for the monitoring wells drilled in 1982 are given in Table

2.04.7-4.

Figures 2.04.7-4 and 2.04.7-5 show the areal distribution of

water leVels for wells drilled in 1982 and cqmpletéd in the Cameo

Coal Seam and the ovérburden. The data indicate a general east-

to-west gradient for the water levels in both the coal and the
overburden. These data were also used to draw a cross section of
the potentiometric surface along Coal Gulch. This cross section

is presented in Figure 2,04.7-6.

Springs in upper Coal Gulch emanate from the upper sandstone
or from joints which connect the spring outlets to the potentio-

metric level in the overburden. Springs in lower Coal Gulch

16




CM-1

CM-3
cM-7

CM-1
CM~-2
CM-3

cM-7

- CM-1

CM-2

CM-3 -

CM-7

- CM-1

CM-3

TABLE 2.04.7-3
Water—-level measurements: in .feet from -the

' top of casing for the CM well series,
' drilled in 1980

. 1980 Measurements

11-2-80° © 11-6-80° - - 11-16-80 ' 12-7-80
9.0 T | 97.8 | 100.8
177.0 -178.2 | 182.2 | 188.0
271.0 270.0 o 137.4 135.5
Not taken 120.0 1242 113.5

- 1981 Measyrements

1~3+81 3 2—14;81 "3421481' 4-12-81 “5425+81 - 6-14-81 7-19-81
©104.3 107.1 106.0 107.5 108.1 110.0 110.5
191.2 195.3 196.3 199.3 198.0 199.8 199.0
136.0 171.3 183.8 189.2 191.3 193.4 192.1
124.3 138.3 - 146.4 149.8 150.8 - - 113.6 146.1

8-31-81 ~'9-30-81 . 10-26-81 12-<7-81

107.8 - 101.3  104.1
199.6 - 199.5 201.5
192.5 - 196.0 196.0
1510 - 149.7  150.6

o . 1982 Measurements
"5430482"'6423;82"'7-114§2 "7429f82 : 10;8+82

110.3  109.0  112.7  111.8
203.9  211.3°  213.3  213.3
139.3  138.8 139.0  139.5 139.19
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FIGURE 2.04.7-4 -
Potentiometric Map Showing Water Levels For
Monitoring Wells Completed in Cameo Coal Seam.
Dashed Line Inferred From Local Topography.
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FIGURE 2.04.7-5

Potentiometric Map Showing Water Levels For
Monitoring Wells Completed in Cameo Overburden.
Dashed Line Inferred From Local Topography.
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Rule 2.04.7(1)

emanate from the coal and overburden water-bearing zoneé which
outcrop just downsﬁream from P(F—56—82).; The potentiOmetrig'
levels measured in P(F-56-82) are very near the surface and
suggest that a discharge point is very near. In upper Coal
Gulch, the overburden potentiometric level is about 70 feet above

the coal potentiometric level. However, in lower Coal Gulch,

near the outcrop of the coal seam, the two potentiometric levels

-move closer together, and the potentiometric level of the coal

may even rise above the potentiometri¢ level of the overburden,

somewhere in the vicinity of P(F-56-82). Therefore, Coal Gulch

represents the primary discharge point for both the Cameo Coal

Seam aquifer and the overburden water-bearing zone.

In the upber'part of Coal Gulch and in the areas adjacent to
Coal Gulch, the potentiometric surface in'the overburden is‘abdve
that in the Cameo Coal Seam which allows groundwéter to hove
vertically downward from the overburden to the Cameo Coal Seam.
This downward leakage may. be the source of reéharge for the coal
in the permit-area. The groundwéter then moves laterally in the
coal towards Coal Gulch. 1In the middle and lower part éf Cbal

Gulch, the potentiometric surface in the coal is above that in

"~ the overburden and groundwater from the coal moves vertically

upward into the oﬁerburden where it is eventually discharged at

springs located along Coal Gulch.

1.4 RECHARGE, 'DISCHARGE, AND GROUNDWATER MOVEMENTS

‘The groundwater recharge and discharge characteristics are

controlled by the local structure and the ruggéd topography of
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the area. This is particularly true for the discharge points as

‘represented by springs, which'follow £he synclinal axis. (See

Map 2.04.7-1)

Rechargé’occufs,along the drainages_where streémflow ctosses
the coal aﬁd sandstone_outcrops. Recharge areas are also located
aioﬁg the Book Cliffs and the'steep'valleyrwallé where the Hunter
Canyon and Mount Garfield fofmations are exposed, as well as

along the Hunter Canyon Anticline. 1In the Eastern Lease Area,

‘the Cameo Coal Seam is recharged by downward leakagé from the

overburden. In much of the Northern Lease Area, the coal seam

and the overburden are unsaturated. This area is also a recharge

area,

Estimates of groundwater rates rédharge 6f approximately 5
to 20 percént of the average annual precipitation are common in
groundwater studies in west central Colorado. The US Géological
Survey estimates feéharge in Piceance Creek, just to the north of
the permit area, as 0.5 to 1.0 inches per year. The climate of
the Piceance Creek is similar to the Ffuita Mine area, but the
téfrain is much flatter. Average annual recharge is considered
to be very low in this area of the Fruita Mine due to the very
steep hillslopes and large areas of bedrock outcrop. Average
annual precipitation in the area of the Fruita Mine is estimated
as 10 to 1l inches. Therefore, a recharge value of 0.25 inches
was determined to be appropriate and represents approximately 2.5

percent of average annual precipitation.

Groundwater movement in the Central and Eastern Lease areas
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is primari1y‘east—to¥west. The most appérent control on ground-

water movement is the unnamed syncline. This structure plunges

to the southeast. Fracturing is most severe along the axis of

the syncline, and this may provide a preferential path for
groundwater movement. The spring survey has identified numerous

springs where the synclinal axis intersects Hunter Canyon and

- Coal Gulch.

Groundwater discharge occurs as springs along the drainage

bottoms in the Central and Eastern Lease Areas. In Hunter

Canyon, Coal Gulch, and Garvey Canyon, springs support limited

reaches of streamflow. No flowing springs were identified ih the

Northern Lease Area.

During thé fall of 1983, a low-flow investigation was con-
ducted along Big Salt Wash to identify groundwater contributions
to Streamfléw. Results of this investigation indicate that the
reach of stream crossing thelléase area is neither a géining nor
a 1osiné stream. Therefo;e,'groundwater recharge or discharge

along this reach iSvinsignificant.

1.5 COMPUTER MODELING

In addition to the field data, a groundwater model Was
developed for a portion of ﬁhe lease érea by the Bureau of Mines
(U.S. Bureau of Mines, 1983). This model was used to refine
parameters collected in the minesite. Based on the calibrated

model,‘the following aquifer characteristics have been identi-

fied: a local potentiometric surface that shows flow generally
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toward Coal Gulch, and then down the Gulch from east to west;
average annual recharge of 0.25 inches; transmissivities of 40
ft/day for the coal; permeabilities of 0.07 to 0.5 ft/day for the

overburden; and verﬁical hydraulic conductivities through the

confining layer over the coal of 7 x 10 ° ft/day. Permeabilities

were used to characterize the hydraulics of the overburden
because the extremely variable saturated thicknesses caused cor-

responding wide ranges in transmissivity.

1.6 WATER QUALITY

Water qguality samples from the monitor wells have been
analyzed by the US Bureau of Mines (in 1982 and 1983), and by DCC
(from 1980 to 1983). Results for the CM series wells are shown

on Table 2.04.7-5. Water quality data for wells completed in

1982 are shown on Tables 2.04.7-6 a, b, and ¢, and 2.04.7-7.

The analyses indicate that sodium is the major cation for -

water from the overburden and Cameo Coal Seam, with bicarbonate

or sulfate dominating the anion species. Wells completed in the
coal seam are generally dominated by the bicarbonate ion. Water
from wells completed in the interburden and Anchor Coal Seam. is

dominated, however, by calcium and bicarbonate ions.

Water in the overburden and Cameo Coal Seams is extremely
hard, and high in total dissolved solids concentrations. Total
dissolved'solids (TDS) concentrations in the coal seam samples

average 2203 mg/l and in the overburden samples average 2652

.mg/l. These concentrations may be excessive for domestic use but

are acceptable for agricultural and livestock use.
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TABLE 2.04.7-6b

'GROUNDWATER QUALITY ANALYSIS®®C

(U.s. Bureau of Mines, March 31, 1983)

7 F=56UA F56C © F=59UA°
Conductance (umhos) 4200 3700 5100
pH (Field) 8.47. ' 8.74 . 8.24
Alkalinity 967 . 1740 782
Calcium 95 14 238
_Hardness 253 53 752
Magnesium 40 : 6 | 150
Sodium 606 901 - 936
Sulfate 850 ’ 48 o 1750
Iron 0.01 0.78 ’ 0.20
Copper ¢ 0.01 0.01 0.01
*f:) Zinc < 0,001 0.11 0.09
- Manganese 0.02 0.08 0.73
Lead 0.035 0.113 0.047
Cadmium 01001' 0.021 0.022
Boron' 0.90 £ 0.001 : £ 0.001
Nickel 0.10 0.003 0.48
Flouride 2.90 3.5 1.19
Chloride 5 £0.01 4
Nitrate 0.4 1.1 0.2
 Phosphoris .008 £ 0.001 5.4
Potassium 2.1 5.3 0.000
.a Only wells F-56 and F-59 sampled due to poor rdad conditions and weather
constraints -

b Equipment malfunction precluded sampling of F-590B and F-59C

c All concentrations in mg/l unless otherwise specifically stated
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Rule 2.04.7(1)

The sulfate levels in thé overburden wells exceed 500 mg/1,
which is the recommended limit for stock watering (McKee and.
Wolf, 1963), and substantially exceed 250 mg/1, whigh is the
recommehded»limit for domestic USe-(Hem,»1970). Water in the
coal seam has lower sulfate concentrations than the overburden,
but would be marginal for human consumptlon because of the high

TDS concentrations.

Water in the interburden and Anchor Coal Seam has relatively
low hardness total dissolved solids and sulfates and would be

suitable for éll potential uses.

1.7 GROUNDWATER UTILIZATION

A search for registered water wells was conducted using the

records of the Colorado State Engineer in October of 1982, and

was updated in August, 1983. Originally, no registered wells

were located within 5 miles of the Fruita Mine Lease Area. (This

information was verified by conversations with two local ran-

chers, Don Hitchborne and John Cuddy (personal communication,
October, 1982)). The nearest registered wells were the Humphries
wells located in T11lS, R100W, Section 23. (These wells are
completed in the Colorado River allﬁvial aquifer more than 10
miles from thevminesite.)

Recently, one well has been completed in the v1c1n1ty of the

. Law® Phanngems S

Fruita Mine. The U.S. Bureau of Reclamation has completed a well
less than two miles from the lease boundary (Permit #12-90-10,

T8S, R102W, Sec. 14, SE, NE). This well is 100 feet deep and
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Rule 2.04.7(1)

takes water from Big Salt Wash alluvium for stockwatering pur-

poses.

In summary, groundwater utilization in the vicinity of the
Fruita Mine (within a 5 mile radius of the lease boundary) is
limited to one well. This well is located in Big Salt Wash

alluvium downstream from the Fruita'Mine'Lease'Area. No wells

- are completed in the Cameo Coal Seam.
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Rule 2.04.7(2)

SECTION 2

SURFACE WATER

The surface water adjacent area associated with the Fruita

mine is shown on Map 2.04.7-1. The vast majority of the permit

area and adjacent area falls within the Big Salt Wash drainage
‘area.  The southern-flowing Big Salt Wash is a perennial stream

- that joins the Colorado Riéer near Fruita, Colorado. A small

area in the northwest corner of the lease area drains to Munger

Canyon, an ephemeral tribﬁtary of East Salt Creek.

Much of the area to be undermined is drained by Coal Gulch
and Garvey Caoyon; both'of which are ephemeral drainages with
intermittent reaches supported by springs. The southeastern
portion of.the permit area is drained by Laytoh Wash and Lipan

Wash, both of which eventually flow into Big Salt Wash. These

drainages are also ephemeral with intermittent reaches supported

by springs. The remainder of the drainages in the area to be
mined (including Hatchet and Buniger Canyons) and the area along

the front of the Bookcliffs, are ephemeral drainages.

2.1 SPRING INVENTORY AND UTILIZATION

Identification of the springs in the Fruita Mine permit and
adjacent areas began in the summer of 1982. 1In 1982, Kaman Tempo
and J.F. Sato and Associates conducted an intensive field

investigation for springs in the drainages of Big Salt Wash,

Garvey Canyon, Coal Gulch, Lipan Wésh, and Laytoﬁ Wash in the

study area.
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Rule 2.04.7(2)

In 1983, additional field investigations by Kaman Tempo
expanded the spring inventory to include‘Hatchet Canyon, two
, unnamed_tributaries to Big Salt Wash (north vaHatchEt Canyon-and
north qf Buniger Canyon), ?ost Canyon, Hunter Canyon; Buniger
Canyon, and‘Stoﬁe Canyon. 1In addition, Coal Gulch and portioné
of Layton Wash and Lipan Wash Qere‘revisited. The sérings which
 were identified are locaﬁed»qn'Map‘2.04.7—1, and Tables 2.04.7-8
>through’2.04.7-11, provide-additional information on these
_sbrings with réSpect to geologic source, discharge rate, and
field water‘quality parameters (i.e., tehperéture, pH, and

specific electrical conductance).

Thrée types of springs were.identified during the survey.
The occurrence of the majority of the springs was
-stratigraphically controlled. These spriﬁgs were associated
primarily with sandstone outcrops or subcrop, although a few were
- found to be issuing from coal seams and stringers of coal. ‘Othef
springs, located along the course of stream channeié; appéar to 
be alluvial spriﬁgs; (In some casés, these springs may actually.
flow from subérop.) Finally, some Springs were fracture -
controlled, such as Spring CGS2 in Coal Gulch {Map 2,04.7-1). 1In
1982, all springs in the study area had low discharge rates
(i.e., less than 5 gpm). 1In ﬁost cases, discharge rates were
1es§ than 1 gpm. In September of 1983, estimated'flow rates were
somewhét'higher. However, flows‘for all springs measured in

November, 1983 were below two gallons per minute.

Discharge from most of the springs is not constant. The
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Rule 2.04.7(2)

majofity‘of the sérings dry up during the summer. Somé of.the_
'springs located in Coal.Gu‘lch (cGsl, CGS2, CGS3, and CGS4) and
leunter Canybn may be perennial. Springs CGS1, CG82,vCGS3 and
CGS4 were flowihg in October, 1982. In Septehber and November,v
1983, séringé in Coal Gulch and Hunter Canyon supported |
streamflow in limited reaches of the valleys. Estimated total

" flow from'springs in the central part of the study area ié on the
 order of 150 gpm (Bureau of Mlnes, 1983). Of tﬁié amount, 130
gpm is attrlbuted to Coal Gulch Spr1ngs,,5 gpm to sprlngs in
Layton Wash, Svgpm to springs in tributary 1, and 5 gpm to
springs in tributary 2. (Tributary l is a tribuﬁary extending
from the north into Cpal Gulch in the center of the Central Lease
mine area. Tributary 2 joins Coal Gulch from thevnorth in the
northwest corner of the Eastern Lease mine area. These
btributaries are shown on Map 2.04.7—1.5 The flow data collected

in November, 1983 indicates that these estimates may be high.

The sources of most springs in the study area eminate wiﬁhin
the stream channels of the major dréinages. During the late
spring and early'summer flow from these springs is obscured by
the natural runoff. Thus, it is not possible to collect flow of'
. water quality daﬁa for individual springs during this period of
the year. Flow and water quality data for the drainages
coliected during the spring and early summer montlis représent a

composite of the spring flow and surface runoff.

The rugged topography of the area exposes numerous sandstone
units along the valley walls. These sandstone outcrops may

' contain springs supported by perched water tables. The springs
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Rule 2.04.7(2)

along trlbutarles 1 and 2 are probably in thlS category._ In ﬁany
1ocat10ns, white salt dep051ts along the sandstone outcrops

suggest the presence of intermittent sprlngs. These intermittent
Springs do not represent a significant water resource ana are not

identified on the hydrologic map (Map 2.04;7—1)._

The :esults of water;Quelity analyses'oh selected springs is
-provided in Tables 2.04.7-12 throughv2.04.7—l4.-‘The waﬁer_is a
'sodium—sulfate type with higﬁ concentrations of.TDS,'sodium, and
sulfate. The water is of poor quality and would not be suitable
for domestic use. Tﬁeesulfate and TDS concentrations both exceed
U.S. Public Health Service (1965) standardé fer drinking:water
supplies. The remaining parameters analyzed were not ekcessively

high and would not limit water use.

None of the identified springs have been develeped for any
‘use. Most springs are loceted at high elevations in nafrow rocky
_canyons making utilization by wildlife difficuit. However,
utilization of the lower springs by upland game birds has been
observed (Lonnle Renner, consultlng w11d11fe blOlOngt, personal
communlcatLlon,>Marchf 1983). 1In addltlon, the water quality of
several springs limits their potential use for livésﬁoCk because
vof high concentrations of sulfates and TDS. vSprings CGSs1, CGSZ,
r1s2, T183, T1S4, T2S1, T252, and T2S3 have average sulfate
concentrations of 2460 mg/ll(range 1200—3600 mg/1l). This sulfate
levei is well above the recommended stock water limit of 500 mg/l
(McKee and Wolf, 1963). In addition, the TDS concehtrations of

several spring approach or exceed the recommended stock. waterlng
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‘ ' - TABLE 2.04.7-13

Results of Léboratory Wéter Quality Analyses for Spring in Coal Gulch (3/83)

ce-13P | ceg-22
‘Conductance (umhos) 5400 3800
pH ' 7.51 | 7.35
Magnesium _ 24 v o 138
Sodium o 1102 627
‘Zine . o 0.07 , 0.01
Manganese 1_' . 0.30 - 0.02
Lead ' - 0.025 0.034
Cadmium | 0.003. ~0.017
Nickel ' 0.124 0.059
. Potassium ' 10.2 . 3.2
Alkalinity | - | ' 375
. Calcium - o 475
. Hardness | - 1046
Sulfate | - 2300
Iron - ‘ ' 0.04
Copper - 0.19
Boron - 0.10
Fluoride | - 1.38
Chloride - - ' 6
Niﬁrate ' | , - 0.9
Phosphorous ' ‘ - S 0.07
a All concentrations in mg/l unless otherwise specified
‘ b Limited analyses due to ‘Vinsufficient sample
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TABLE 2.04.7-1%4 .
SPRING WATER QUALITY ANALYSES FOR SELECTELC SPRINGS

v SAMPLE I.D.

Parameter (mg/l unless CGS2A ~ CGS2 LWS10A LWS12 Liss GCS‘
otherwise noted )

Arsenic - <0.002 - <0.002 <0.002 <0.002 <0.002 <0.002
Bicarbonate (as CaC0;) 371 - -408 1,100 904 512 481
Cadmfum <0.005 <0.005 0.006 0.016 6.014 <0.005
Calcium ) 199 217 80 . 150 278 204
Chloride 28 . 29 73 130 60 25
Conductivity (umhos/ . .

cm @ 759 ¢) 4,290 4,560 5,830 12,100 © 5,880 5,390
Iron 0.48 0.11 0.82 0.24 0.26 @ 0.1l0
Magnesium " 140 135 105 735 275 155
Manganese 0.04 0.02 0.73 0.03 0.04  0.10
Mercury <0.001  <0.001 <0.001 <0.001 <0.001 <0.001
Nitrogen, Ammonia 0.07 0.04 0.17 0.08 0.06 0.08
Nitrogen, NO3, NO, 0.18 0.19 0.12 ‘<0.02 <0.04 <0.02
pH (units) 7.9 7.9 8.2 7.9 7.5 7.8
Phosphorus (Ortho} <0.02 <0.02 <0.02 0.02 <0.02 <0.02
‘Selenium <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
Sodium 763 831 1,600 2,700 1,000 1,030
Solids, Dissolved 3,870 4,025 4,690 12,300 5,720 4,830
Solids, Suspenrded 18 76 28 28 30 12
sulfate 2,320 2,490» 2,420 7,790 3,300 2,900

Zinc 0.17 0.026 0.021 0.029 0.033 0.019

NOTE: Metals are total recoverable.
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Rule 2.04.7(2)
limit of 5,000 mg/l.

2.2 BIG SALT WASH .

The Big Salt Wash basin above the discontinued U.S.
Geological éurvey (USGS) gaging station at Fruita (approximately
12 miles downstream of the Fruita Mine) has an area of
approximately 142 square miles. The éustained flow for this

stream comes from groundwater and snowmelt in the upper basin and

from irrigation return flow just below the confluence with Coal

Gulch and below the Highline Canal.

Flow has been diverted from Big Salt Wash (just above the

confluence of Coal Gulch and Big Salt Wash) for irrigation since.

- the early 1900's. Three reservoirs were built around 1910 by the

Quaker Oats Company to support diversions for domestic
consumption and frﬁit oréhards.r Echo Lake (6rigina1 storage
capacity of 300 ac-ft) is located high in the Big Salt Wash
drainage basinrto store and regulate snowmelt runoff. The Ruby
Lee Ditch was built to divert flow from Big Salt Wash just above
the confluence with Coal Gulch into a shallow reservoir used to
settle the high sediment loads. From there, the flow was stored

in Ruby Lee Reservoir (capacity of 40 ac-ft) for use in

~irrigating land in the lower basin. Two of these reservoirs,
" Echo Lake and Ruby Lee Reservoir, are still used for agricultural

purposes. Ruby Lee Ditch has recently been upgraded to

facilitate maximum use of the water‘stored in these reservoirs.
In addition, a second diversion ditch currently diverts flow

from Big Salt Wash to irrigate fields of tall wheatgrass located
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on terraces of Big Salt Wash near the mouth of Coal Gulch.
Downstream of the irrigation diversions, Big Salt Wash is

frequently dry.

There are two extended flow records for Big Salt Wash. The
Buréau of Reclamation collectéd 43'f1§w measurements during 1973-
1979 at a location above the Government Highline Canal (NW, SW,
SE, Sec, 8, T2N, R2W). These data represént instantaneous fldw
measﬁrements collected throughout the year over é Six—year
peridd. The USGS had a éontinuous recording gage (at Fruita)
from March,'1973, to September, 1977. Both of these records were
affected by irrigation diversions in the middle of the basin
(just above the confluence of Coal Gulch with Big Salt Wash)
during the period of sampling. The USGS station was also

affected by irrigation return flows. -

__The Bureau of Reclamation data, presented in Table'2.04.7—15

show a maximum flow of 0.527 cubic meters per second (cms) or 11

cubic feet per second (cfs). A minimum flow of 0.02 cfs was

- observed.

Four years of USGS floﬁ data for Big Salt Wash (at Fruita)
(Table 2.04.7-16) show a mean flow of 61.8 cfs, maximum and
minimum instantaneous flows of 1,730 cfs and 5.3 cfs,
respectively, and an évéragé énnual flow volumes of 44,793 acre-
feet (ac-ft). The average and maximum flows calculated from this
data may be lower than actually occurred since_major diversiohs.
were made upstream of the gége during the period of record.

Field investigations have indicated that some sections of the
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g“\) : TABLE 2.04.7-15
- US BUREAU OF RECLAMATION
INSTANTANEOUS FLOW DATA FOR BIG SALT WASH
ABOVE THE HIGHLINE CANAL

Date CMS CFS Date CMS CFS

03/01/73 . 280 5.8 04/16/76 .003 0.1
03/23/73 .028 - 0.6 05/07/76 - .003 0.1
04/20/73 . 025 0.5. 06/11/76 .003 0.1
05/30/73 .130 2.7 07/20/76 . 006 0.1
08/23/74 .003 0.1 09/09/76 .028 0.6
09/13/74 - . 008 0.2 10/29/76 .014 0.3
10/24/74 . 042 0.9 11/09/76 .024 0.5
11/01/74 .226 4.7 04/08/77 .003 0.1
11/18/74 .003 0.1 08/10/77 .003 0.1 .
01/20/75 .003 0.1 12/29/77 .003 0.1
02/12/75 .003 0.1 01/18/78 .001 0.0
02/24/75 .003 0.1 02/09/78 .006 - 0.1
03/18/75 .034 0.7 03/17/78 .035 0.7
04/21/75 .054 1.1 04/17/78 .467 9.7
05/27/75 127 2.7 05/19/78 . 527 11.0
07/17/75  .071 1.2 - 11/09/78 . 001 0.02
11/21/75 .003 0.1 02/28/79 .042 0.9

/i:) 12/23/75 .003 0.1 04/04/79 .028 0.01

s 01/30/76 . 003 0.1 05/14/79 .529 11.0
02/25/76 .003 0.1 07/12/79 .003 0.1
03/16/76 .003 0.1 10/29/79 .001 0.02

0.1

04/16/76 .003

TABLE 2.04.7-16
~ SUMMARY OF USGS FLOW DATA
FOR BIG SALT WASH, STATION #09153270

Monthly - ’
Flow rate, cfs Annual
- Flow volume,
"Year Mean Maximum Minimum acre-feet
1974 59.1 158 5.4 42,760
1975 63.7 le64 6.9 46,110
1976 60.1 145 5.3 43,660
‘1977 64.4 248 5.3 46,640
4-yr extremes —_—— 248 5.3 —-_——

4-yr average 61.8 - -—- 44,7936
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main channel are dry during summer months due to these

_> diversions.

Instantaneous flow measurements for Big Salt Wash have also
been collected in conjunction with water quality sampling and
other related activities. These data are presented on Table
2.04.7-17. A crest stage gage was installed during the fall of
1982 to record peak flows for Big Salt Wash. Peak flow estimates
for Big Salt Wash based on crest stage gage readings (Table

2.04.7-18) range as high as 1600 cfs.

.Avflume,with a continuous recorder has been installed in Big
Salt Wash by Dorchester Coal‘Company. The fluﬁe is located
downstream-of Garvey Canyon and upstreaﬁ of diveréion point of
_ the Ruby Lee Ditcﬁ; No diversions exist upstream of the site.
v'\:) ‘ Thus; flow, as measured at the flume, is representative of

baseline conditions for Big Salt Wash in the study area.

The flume was originally installed in Mérch 1983.
Unfortunately, the flume was ﬁashed out by flood flows.shortly
after installation. It was not possible to reinstall the flume
until the unusually high flows encountered during 1983 had
receded. The flume was reinstalled in October, 1983. Continuous
flow records for thebperiod from Octobet'18 tovDecember 18
indicate on average flow of approximately 6 ofs and a range of

from 1.2 to 54 cfs.

In November, 1983, a low-flow investigation (seepagé run)

‘was conducted on Big Salt Wash for the purpose of identifying

surface and ground water interactions. Streamflow, electrical

: 56
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TABLE 2.04.7-17

Stream Flow (Instantaneous Readings)

BIG SALT WASH

Déte ’ ’ Flow‘(cfs)
11/17/80 o 1-2b
12/7/80 - b
2/14/81 2b
) 3/2/81 | 1 b
| 4/12/81 1 b
6/14/81 0.75P
7/19/81 | 0.50
8/30/81 ~ 0.5P
10/26/81 | 1.5P
3/31/83 Moderate? &
6/2/83 | 33¢
10/16/83 2.5C
11/4/83 o6

a Flow reported as low, moderate, high or flooding

b Flow measured at S-1
¢ Flow measured at S-3

57



TABLE 2.04.7-18

Flood Flow Estimates - Crest Stage Gage

BIG SALT WASH

Date of Reéding : , » _ ﬁéfiﬁaééd flgﬁ (éfs)
3/31/83 : : Né measureéblé reading
6/2/83 | - 90
7/7/83 o 680

8/15/83 - | 1600

9/7/83 570

12/27/83 : : 60

(:)
COAL GULCH

7/30/82 | | - " | 750

8/4/82 . 200

3/31/83 , R No meaéureable reading
6/2/83 , | : B No measureable reading

GARVEY CANYON

3/31/82 No measufeablevreading
6/2/83 : : No measureable reading &
a Staff gage missing, apparently removed by vandals

L& ’
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conductivity, and temperature were measured at six locations.
The first station was located just upstream of the confluence of
Post Canyon and Big Salt Wash, and the last station was located

just upstream of the Ruby Lee flow diversion.

Streamflow was”detefmined by surveying a channel cross-
section and then measuring flow velocity at various points across
the channel. Flow velocity was measured with a Price AA Current
Meter using the,six-ténths method, except for the fifth station

which was measured at the DCC flume on Big Salt Wash.

The results of the low-flow investigation are shown in
Figure 2.04.7-7. Dischargé ranged from 5.10 cfs to 6.86 cfs with
an average of 5.99 cfs. Although the data show some variation,
there'is no trend. This variation is due to measurement error.
There is no pattern of increasing or decreasing fldw. The
electrical conductiViﬁy data is even more consistent. Electrical
donductivity values ranged from 1100 to 1140 umhos/cm, with a

mean value of 1124 umhos/cm.

' The data indicate that Big Salt Wash, from Post Canyon to
the Ruby Lee Diversion is neither a gaining nor a losing stream.
No-groundwater recharge or discharge was identified. Big Salt

Wash, in this reach, simply acts as a conduit fd; upstream flows.

Water quality information on Big Salt Wash is available for

- the USGS gaging station, the U.S. Bureau of Reclamation

monitoring site, and Dorchester Coal Company's own monitoring

sites.
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Rule 2.04.7(2)

Table 2.04.7-19 presents‘water quality data collected on Big

Salt Wash. Analyses were performed by SOLTESCO Soil and Water

‘Consultants, Grand Junction Laboratories and Book Cliffs

Laboratory.

The water of Big Salt Wash within the study area is a sodium -
bicarbonate type. TDS concentrations (average TDS = 1306 mg/1l)

preclude the water from domestic use. However, it appears that

this water is suitable for general agricultural use (i.e.,

irrigation).

Total Suspended Solids (TSS) concentrations are highly
variable, ranging from less than 10 to 71 mg/l during low flow

periods to over 3000 mg/l1 during high flow periods.

The U.S. Bureau of Reclamation monitored surface water
quality and quantity at a station on Big Salt Wash (NW, SW, SE,
Sec. 8, T2N, R2W) above the Highline Canal from March, 1973 to
February, 198l. The results of that monitoring are summarized in

Table 2.04.7-20.

The water at this location is;a sodium’sulfate type with
extremely high average values of TDS (7,748 mg/l). - The SAR
values ranged from 2.77 to 70.03, with an average value of 21.66.
The high sulféte and TDS concentrations preclude this water from
domestic and livestock use. This water is also unsuitable for
agricultural purposes because of the high.TDS and SAR values.
(This water would be classified as having a very high salinity

hazard and a high sodium‘hazard).
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TABLE 2.04.7-20

WATER QUALITY SUMMARY FOR BIG SALT WASH

f-) | ABOVE HIGHLINE CANAL
’ (MARCH, 1973 TO FEBRUARY, 1981)

Parameter : Mean Maximum Minimum
pH (units) 8.16 . - 8.60 7.40
Temperature (OF) - M7 - 32.2 0.0
Electroconductivity 8,031 20,032 686
(umhos/cm @ 250C) ' ‘
Total Dissolved Solids 7,748 - 22,538 - 507
(mg/1) - '
Turbidity (NTU) 1,456 9,999 1.2
Calcium (mg/1) 198 381 : 19
Magnesium (mg/1) 446 1,143 5
Sodium (mg/1) 1,842 ’ 4,552 75
- Potassium (mg/1) | 13 235 2
Carbonate (mg/1) 0.31 10 0
Bicarbonate (mg/1) ' 522 863 - C 207
Chloride (mg/1) 137 317 4
) Sulfate (mg/1) 5,499 13,875 145
- Flow (cfs) ' 2.97 80.70 - 0.00
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Rule 2.04.7(2)

By comparing the water quélity at Station S-1 (at the
northern-most boﬁndary of the lease area) to the quality at the
Bureau of Reclamation stationb(above the Highline Canal but below
the southern-most boundary'of the lease area) (Table 2.04.7-21),
it is possible to illustrate the natural changes in the water
quality of Big Salt Wash as it flows from the Book Cliffs into
the Grand Valley. These changes are most likely due to changes
in geology and goil type. ,Bedrock'in the lower part of the. basin

consist primarily of Mancos Shale, a highly-saline, marine shale.

As is evident, the water is transformed from a sodium
biéarbonate type to a sodium sulfate type. TDS values increase
by an average of about 500% and conductivity increases by an
average of about'450%}'which indicateé an.increase in salt
loading. These data serve to illustrate the fact that the Big
Salt Wash drainage basin is naturally subject to large variations

in water quality, particularly with respect to dissolved

constituents. It may be deduced that this drainage basin is,

generally speaking, one that is unstable with respect to
erosional characteristics. Vegetative cover is, in most
instances, sparse, espedially.in the lower reaches of the basin.
Large Quantities of TSS and TDS are naturally transported into,
through, and out of the drainage basin in direct response to
snowmelt and the short duration-high intensity rainstorms that

are typical of the area.

2.3 COAL GULCH

Coal Gulch is an easterly trending tributary to Big Salt

69




Parameter
pH (units)

Conductivity
(umhos/cm)

Total Dissolved
Solids (mg/1l)

Calciﬁm (mg/1)
Magnesium (mg/l)
Poﬁaséium (mg/1)
Sodium (mg/1)

Bicarbonate
(mg/1)

Carbonate (mg/1) -

Chloride (mg/1)

Sulfate'(mg/l)

TABLE 2.04.7-21

COMPARISON OF WATER QUALITY
IN BIG SALT WASH UPSTREAM

Station

8.32
1816
1456

57
114

231

385
48
56
630

AND DOWNSTREAM

S-1
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BUREAU OF RECLAMATION
Station

'8.16
8,031

7,748
198
446
13
1,842

522
0.31
137
5,499
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Wash»and has a toral drainagerarea of 18.8»square miles. The
basin is narrow and steep with Iarge areas of bedrock outcrops in
both the channel and valley sides, as shown on Map 2.04.7-1.
Altitudes in the drainage range from 5150 feet above mean sea

level (msl) at the confluence with Big Salt Wash, to 8640 feet

msl at the watershed divide. The Coal Gulch basin has'veryrhigh |

relief, as much as 1000 feet in less than a mile.

In the upper and middle pbrtions of Coal Gulch, the valley
wails directly abut the chanﬂel. Only a very small body of
alluvium (i.e., a maximum width df approximately 1750 feer) is-
contained in the lower basin. The maximum depth of alluvium is

50 feet. Overall, the Coal Gulch stream system is degrading,

'owing to the steep average slopes in the system. However,

certain reaches of channel aggrade during flow events when high

sediment loads are deposited upstream of rock obstructions.

A total 6f 14 springs have‘been.identified in the main
channel and in some of the northern tributaries to Coal Gulch.
Some of the springs dry up in early summer whiis others flqw as
late as November and probably flow year-round. All flows from
springs percolate into the channel botrom within a short distance
(generally less than 0.2 miles) of their origin, and therefore,

the lower reach of Coal Gulch is normally dry. It should be

noted that the Coal Gulch streambed is primarily flowing on

bedrock along the upper valley down to the approximate location
of the coal outcrop. The streambed is normally dry along these

reaches (except where isolated bedrock springs are located)

71




Rule 2.04.7(2)

indicating that no alluvial aquifer is present in this area. A
) more complete description of springs in this area is provided in

Section 2.1.

There is an abandoned diversion ditch near the mouth of Coal
Gulch. 1In past years, runoff was diverted for use in flood
irrigation. Two local ranchers considered flow from Coal Gulch -
to be insufficient to justify the continued use of ﬁhe ditch

.(John Cuddy and Don Hitchborne, personal communication,
September, 1982). Springs in the basin provide water for upland
game birds (Lonnie Renner( private cOnsuitant, personal |
communication, April, 1983). These are the only past, present,

or projected uses of surface water from Coal Gulch.

,/j) o The US Soil Conservation Service (SCS) has delineated four

- eoil mapping units in Coal Gulch with differing hydrologic
characteristics. Roughly 80 percent of the basin is classified
as rock outorop characterizea by very steep slopes. There are:
minor areas of stony soil with little or no trees, forbs, or
grasses. Runoff is very high portion of total rainfall and the
steep slopes produce high peak runoff rates. Small amounts of

groundwater recharge occur through fractured outcrops.

The caps of weathered ridges near the mouth of the Coal
Gulch basin are covered with shallow silty to silty clay loam
soil units. There are no trees -and optimum ground cover is about

20 percent.

The sides of these weathered ridges are classified by the

SCS as belonging to the badlands soil mapping unit. The area is

- » 72 | | |
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characterized by rolling steep, nearly barren walls of
interbedded gypsiferous shales and sandstones. This area
produces a large amount of sediment even though soil coverage is
only 10 percent. Vegetation on these soils is mainly shrubs with

some grases.

'The fourth soil mapping unit occurs in thervalley bottom in
the lower half of»the.main stem of Coal Gulch. Soils in this
study area are deep and well—drained. Underlying layers are
sandy clay loams to clays and in some places contain gravel,.
These soils are nearly level and have a slow to rapid water
intake rate. Water movement through the snils is slow to
moderate. The plant community is about 65 percent grasses and

forbs, and 35 percent shrubs.

Flow observation and instantanéous flow measurements have
been made in conjunction with water quality sampling and related
field activities. Results are presented in Table 2.04.7-22.
These data indicate that most reaches of Coal Gulch are normally
dry except during the late spring and early summer months.
Continuous flow was maintained along Coal Gulch from late March
to mid—August during 1983 due to the unusually high precipitntion

and snow melt that occurred during that period.

A crest stage gage was installed in July, 1982 near the
mouth of Coal Gulch to record peak flows. Estimates of peak'flow

based on the crest gage readings are presented in Table 2.04.7-

18.
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TABLE 2.04.7- 22
STREAM FLOW (INSTANTANEOUS READINGS)a

. Date : ' ‘Coal Guléﬁ Garvey Canyon
7/6/82 ‘ Dry | Dry
8/23/82 Dry? | Dry”
9/9/82 v Flooding® B Flo_odingc
9/21/82 : Dry Dry -
10/5/82 o Dry ‘Dry
10/12/82 . Dry ' Dry
10/27/82 - Dry . ‘Dry
11/17/82 . : Dry Dry
12/20/82 Dry ' Dry
3/31/83 Moderate® Moderate®
6/2/83 | ' ¢ 0.1 cfs® «.0.1 cfsP
8/16/83 o 0.1 cfs? < 0.1 cfs®
9/5/83 | .Dry Dry
'10/16/83 ‘ ‘ ' Dry | . Dry’
11/7/83 ’ : Dry Dry
12/28/83 _ 1.25 . 0.3.

Flow at crest stage gage at mouth of Canyon
Evidence of recent flood flows ,
c No flow measurement taken, flow described as low, moderate,

high or flooding
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During August, 1982, two water quality samples were taken.
7) o The fesults of the analysis of those samples are pfesented in
Table 2.04.7-23. At the time the first water quality sample was
taken, the peak flow of Coal Gulch was approximaﬁely 750 cfs
(with a depth at the crest stage of 44 inches). This event
occurréd on July 30, 1982. The second funoff event occurred
three to four days later on or about August 4, 1982. The
depth of flow at.the crest gtage gage was 24 inches and flow was
approximately 200'cfs. The magnitude of these peak flows are

capable of destroying irrigation structures.

Calculations of theoretical flood peaks for Coal Gulch are

presented in Appendix 2.04.7-B.

Water quality samples have been collected from Coal Gulch on
six occasions beginning in July, 1980. Water quality data are
presented in Table 2.04.7-24. The dominant cation in this wéter
is sodium, and the dominant anion is sulfate. The high a&erage
value for TDS (3640 mg/1) indi@ates a high salinity hazard (Heﬁ,
1970). The high sulféte concentrations (mean value of 1783 mg/l)
preclude this water even from stock watering use. (The
recommended sulfate stock water limit is 500 mg/l1-McKee and Wolf,
1963). Thé water quality at the mouth of Coal Gulch is similar
to the water in Big Salt Wash just below Garvey Canyon, high
concentrations of TDS, and sulfates preclude this water from
being used as a domestic water supply. However, it may be
suitable for agricultural use. The TSS cohcentfationS'are highly

variable; a maximum value of 85,400 mg/l was reported during

flooding conditions (9/15/82).
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TABLE 2.04.7-23

WATER QUALITY ANALYSIS OF GRAB SAMPLES
- FROM COAL GULCH

Parameter Runoff Event 1  Runoff Event 2
pH | | 7.4 - 7.3
Conductivity(micromhos/cm) 2000.0 1700.0
Hardness ' 1000.0 . 580.0.
Sulfate (as SO,) | : 880.0 580.>0
TDS (at 180C) 2400.0 | 1100.0
) Turbidity, NTU 13,000.0 150,000.0
Iron (total)  6000.0 2500. 0
Flow (cfs) | 750.0 © 200.0
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TABLE 2.04.7 - 24

) | SURFACE WATER QUALITY DATA COAL GULCH

10/26/81 9/15/82b

Dissolved Oxygen

7/9/80° 8/12/80P
8.07 8.1

a A1l concentrations in mg/1 unless otherwise indicated

b Metals reported as dissolved

: ¢ Metals reported as total recoverable
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3/31/83% 6/2/83%
) 8.3

pH _ . 8.04 7.58 3.3 .
Electrical Conductivity (umhos) 4440 3900 4410 . 2860 2220 4030
Dissolved Solids ' 4530 3606 4100 2280 . 1670 3370
Suspended Solids 14 89 11 85,400 9840 344
Iron <0.1 0.22 0.72 <0.02 22 - 1.87

~ Manganese <0.1 0.03 0.05 <0.02 2.77 0.06
Sodium 760 675 320 273 698
Calcium 172 283 158 165
Magnesium 126 84 58 159
Temp - 7 - 8 -
Turbidity - - - -
Arsenic 0.00 <0.001 0.017 <0.002
‘Barium 0.00 - - -
Cadimium 0.001 < 0.005 <0.005 <0.005
Chromium 0.004 - - L.
Floride 0.45 - : - .-
Lead 0.03 < 0.02 0.15 0.07
Mercury 0.00 <0.001 <0.001 <0.001
Nitrate 0.07 0.96 .0.88 0.33
Selenium . 0.008 0.003 <0.002 <0.002

P ilver - - - -

:::iicarbonate 225 111 175 208
Carbonate 13 - - -
Potassium ' 10 - - -
Color (Co/Pt units) - - - -
Hardness 964 - - S -
Aluminum 0.00 < 0.2 25.5 0.2
0i1 & Grease - - - 1
Chloride . 26 12 6 20
Sulfate 2050 1640 1040 2400
Alkalinity (total) - 111 - -
Nickel » 0.13 - -
Copper 0.016 < 0.02 0.11 <0.02
Zinc 0.002 0.009 0.21 0.034

“Molybdenum 0.00 <0.2 <0.2 - <0.2
Ammonia 0.15 - - -
Phosphate '0.47 0.01 0.04 0.03
Boron 0.14 - - -

6.0 - - -
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2.4 GARVEY CANYON

Garvey Canyon is an east-west trending tributary to Big Salt
Wash, located approximately 2 miles north of Coal Gulch. ‘This
‘tributary is very similar to Coal Gulch in shape, with large

areas of bedrock outcrops in both the éhannel and valley sides.

Garvey Caﬁyon drains an 8.07 square mile watershed.
‘Altitude fanges from 5440‘feet msl at the confluence with Big
Salt Wash, to 8420 feet msl at the watershed divide. As with
Coal Gulch, the‘Garvey Canyon basin has very high relief, up to

1000 feet in less than a mile.

The valley sides of Garvey Canyon directly abut the channel
in the ﬁpper and middle portions of the basin. 1In the lower end

of the basin, only a very small body of alluvium is present.

Five springs have been observed in Garvey Canyon. Some Qf
the springs dry up in early summer while others appear to flow
year-round. Flows from all of the springs percolate into the
channel within a short distance (generally less than 0.2 miles)
of théir origin.' The only use fqr these springs is to provide.
watér for wildlife. Springs are described in detail in Section
2.1 of this permit application. The soils of Garvey Canyén are
nearly identical to those found in Coal Gulch with large areas of
rock outcrop. Vegetative characteristics in Garvey Canyon are

similar to those for Coal Gulch,

Streamflow in Garvey Canyon is ephemeral except for limited
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/A) reaches of flow supported by springs. In November, 1983,
baseflow in the reach of stream supported by these springs was

less than 2 gpm.

Flow observationg and ihstantaneous flow measurements have
been made for Garvey Canyon in conjunction with water quality.
sampling and related field activities. Stream flow data are
shown on Table 2.04.7-22. These data indicate that the flow
regime is similar to that in Coal Gulch. Flows are generally
lower ih Garvey Canyon than in Coal Gulch dﬁe.tb sméller drainage

area and fewer springs.

A crest stage gage was installed near the mouth of Gafvey
Canyon in March, 1983; Observations for the crést stage gage are
/i) included on Table 2.04.7-18. No measureable flow was recorded
h between March and June, 1983.> The crest gage was apparently
'washed‘out by flood flows that occurred during Juiy or Aﬁgust,
1983. Calculations of theoretical peak flows (using several

methods) for Garvey Canyon are presented in Appendix 2.04.7-B.

The Qeneral water quality of this sampling point (at the
mouth of»Garvey Canyon) Table 2.04.7-25, is generally quite
similar to that observed for Coal Gulch (Table 2.04.7-24). The
Qater type is also sodium sulfate. As for Coal Gulch, the water
in Garvey Canyon has highly variable TSS values, high TDS values
(1923 mg/1), and high sulfate values (1219 mg/l). TDS and
sulfate concentrations exceed public health standards for

domestic use. The high sulfates precludes use as a stock water

source. However, the water could probably be used for general
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 TABLE 2.04.7 - 25
_SURFACE WATER QUALITY DATA

Garvey Canyon Layton Wash
9/15/82b 3/31/83° 6/3/83c 6/3/83¢
‘ pH 7.58 8.6 8.1 8.6
Electrical Conductivity (umhos) 1100 2170 4140 6050
Dissolved Solids 770 1770 3230 4490
Suspended Solids 98,400 3630 1110 ' 26
Iron 0.14 25 4.15 0.17
Manganese 0.49 - 1.42 0.21 0.02
Sodium . . 145 370 678 1370
Calcium : 93 . 91 140 64
Magnesium 36 48 - 156 : 132
Temp - 9 '
- Turbidity - - - ’ :
Arsenic 0.002 <0.002 <0.002 < 0.002
. Barium . » - -
Cadimium <0.005 <0.005 - <0.005 <0.005
Chromium - -
Fluoride ' 7 - -
*i:)ead <0.02 0.10 0.09 0.08
_hercury <0.001 <0.001 <0.001 <0.001
Nitrate _ 1.31 0.31 0.18 0.08
Selenium , : 0.003 0.004 <0.002 <0.002
Silver - - :
Bicarbonate 151 263 289 777
Carbonate ' - -
Potassium L .- -
Color (Co/Pt Units) - -
Hardness - - - _
Aluminum <0.2 22.8 <0.2 <0.2
0il & Grease : - - <1 -
Chloride : 11 7 20 : 75
Sulfate 459 969 2230 2800
ATkalinity (total) 151 -
Nickel - v -
Copper <0.02 0.06 0.02 < 0.02
Zinc ' <0.005 0.153 0.039 0.016
Molybdenum <0.2 <0.2 - <0.2 <0.2
Phosphate 0.03 0.03 1 0.04 0.03

a A1l concentrations in mg/1 unless otherwise noted

b Metals reported as dissolved

Metals reported as total recoverab]e
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agricultural activities.

2.5 LAYTON WASH

Layton Wash, along with Lipan Wash, drains the southeast

portion of the permit area and is characteristic of the other

drainages discussed previously in this report. Layton Wash has a

drainage area of 5.46 square miles (above the Fruita Mine permit

boundary), with a range in eievation from 5300 feet msl where it
leaves-the'ﬁine plan area boundary, fo 7405 feet msl at the
watershed divide. High relief, steep valley sides, and large
areas 6f bedrock outcrops characterize Layton Wash, which
eventually flows into Big Salt Wa$h just above the Governmenﬁ

Highline Canal.

A totél’of l4_spfings have béen,observed in Layton Wash.
Similar to the springs found inlﬁhe other drainages in the area,
some flow intermittently while others appear to flow year-round.
Flows.from’all of the springs percoléte into the channel within a

short distance (generally less than 0.2 miles) of their oriéin.

The soils in Layton Wash are very similar to those found in
Coal Gulch with the primary soil type being rock outcrops.

Vegetation types are also similar to those found in Coal Gulch.

Observations of flow and instantaneous flow readings have
been made for Layton Wash in conjunction With hydrology
monitoring and other field activities. Flow data are presented
in Table 2.04.7-26. Flow at the mouth of the cahyon in.Layton

Wash has only been observed on one occésion (6/2/83). One water
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TABLE 2.04.7-26
STREAM FLOW (INSTANTANEOUS READINGS)a'

Date | - Lipan Wash - Layton Wash |
8/23/82 Dry : Dry
9/7/82 7 ' Dry Dry
9/21/82 : Dry Dry
10/5/82 : : Dry - Dry
10/12/82  Dry Dry
10/27/82 Dry Dy
11/17/82 - Dry Dry
12/20/82 Dry Dry
3/31/83 |  Dry Dry’
4/15/83 DryP DryP
6/2/83 DryP 0.1 cfsP
7/8/83 DryP DryP
8/16/83 Dry?- Dry?
9/5/83 - Dry Dry

10/16/83 - Dry Dry

a Flow as measured at mouth of canyoh
b  Evidence of recent flood flows
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quality sample has been collected. Results of analyses for this

sample are presented on Table 2.04.7-25.

Evidence of recent flooding has been detected on four

occasions (4/83, 6/83, 7/83 and 8/83). It has not been possible

to sample this drainage during runoff conditions because of the

inaccessibility of the site. Layton and Lipan Washes are
accessible only by 4-wheel drive trails and pedestrian travel.
Precipitation events that would generaté surface flcws, rendcr
the roads to these areas totally impassable. Water quality of
samples from Layton and Lipan Washes collected during runoff
periods would be quite similar to those collected in Coal Gulch
and Garvey Canyon due to similar geology and vegetative cover in
these drainages. Calculations of peak flows (using several

methods) for Layton Wash are presented in Appendix 2.04.7-B.
2.6 LIPAN WASH

Lipan Wash is a northeast-trending tribctary to Layton Wash,
but does not intersect it until after leaving the Fruita Mine
lease area. Lipan Wash is located just northeast of Layton Wash,
and is almost identical with respect to drainage-basin
characteristics. The Lipan Wash watershed (within the lease
area) encompasses an area of 4.0l square miles, with a.range in
elevation from 5190 feet msl where it leaves the lease area

boundary, to 7180 feet msl at the watershed divide.

A total of six springs have been noted in the Lipan Wash
drainage basin. Some of these springs may flow year-round.

Lipan Wash is considered ephemeral because the flow from springs
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disappears in a short distance from its source.

Soils and vegetation in the Lipan Wash watershed are very

~similar to those in Coal Gulch} the primary soil units are rock

outcrop.

Flow has not been observed at the mouth of the Canyon of
Lipan Wash (Tabie 2.04.7-26). Evidence of ptevious’flooding has
been observed. It has not been feasibie to collédt_fldw 6r water
quality data due té the-inaccessibility of the area following

precipitation events. Calculations (using several methods) for

peak flows in Lipan Wash are presented in Appendix 2.04.7-B.

2.7 SURFACE WATER UTILIZATION

Utilization of surface waters (i.e., streams and‘springs) in
the vicinity of the Fruita Mine is quite limited. Upland game
birds utilize the few springs on the larger valley flodrs, while
large game animals utiiize streams during periods of spring
runoff (Lonnie Renner,; wildlife biologist, private consultant,
personal communication, April, 1983). No springs have been
developed for any usé. The streams.in the‘area are also utilized

by domestic stock and for irrigation diversion.

A review of water righﬁs was conducted in the hydrologic
adjacent area of the Fruita Mine to identify which waters are
being utilized, and also to identify particular water uses. The
review of surface water righﬁs involved a search of the State
Engineer's records. The review examined both drainages crossing

the mine area (i.e., Big Salt Wash, Coal Gulch, Garvey Canyon,
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Hatchet Canyon, Bunniger'CanYOn; Lipan Wash, and Layton Wash) and
drainages adjacent to the mine area (Post Canyon, Stove Canyon,

East Salt Creek, and Little Salt Wash). (See Map 2.04.7-1).

Water rights along Big Salt Wash were evaluated down to the

‘Highline Canal. Below the Highline Canal, Colorado River water

from the canal is extensively used. The search for surface water
iights in and around the study area indicted that severalbwater
users take. water from Big Salt Wash, East Salt Wash, Salt'Waéh
and East Gulch Creek (Table 2.04.7-27). The uses of the water
include irrigation, domestic use, and stodk watering. No water
rights have been filed on the other small drainéges in the mine
aréa (i.e., Coal Gulch, Garvey Canyon, Lipan Wash, Layton‘Wash,

and Hunter Canyon).

Several-étockponds are located upon the ephemeral drainage
soﬁth of the Book Cliffs (Map 2.04.7-1). Many of the stockponds

identified are no longer fuhctional. Because of the flashy

nature of runoff in the area and the extremely high sediment

yields from Mancos shale watersheds, many of these stockponds are

breached or filled with sediment.
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TABLE 2.04.7-27

SURFACE WATER RIGHTS IN THE FRUITA MINE ADJACENT AREA
INCLUDING BIG SALT WASH DOWNSTREAM TG THE HIGHLINE CANAL

Structure Meme » Type Source T, R, Sec. Use Amount Adj. Date Adj .«Type
Hasselbusch f+iich D Big Salt Wash 75,101W,10 I 0.9 cfs 2/28/1914 0
Hasselbisc itch D Big Salt Wash 75,101W,10 I 1.64 cfs 2/28/1914 0
Hasselbiuz-h Ditch D Big Salt Wash 75,101%,10 I 1.8 cfs 2/28/1914 0
Echo Lzie Reservoir R Big Salt Wash 75,101W,10 IND 290,88 cfs 2/28/1914 0
MiddYacamp No, 1 D Big Salt Wash 75,10TW, 3TNW 1 0.6 cfs 2/28/1914 0
Middlecamp No. 2 D Big Salt Wash 75,101W, 3TNW 1 ‘0. cfs 2/28/1914 0
Dentention Reservoir R Big Salt Wash 9S,101W,6NESE DS 7.6 af 7/21/1959 S
No. 5 Reservoir R Big Salt Wash 9S,101W,26NENE DS =~ 31.5 af 7/21/1958 S
Mine Road Reservoir R Big Salt Wash 9S,10TW,3INENW DS 4.3 af 7/21/1959 S
Gavin Canal
Coal Ditch D D Big Salt Wash 85,102W, 1 3NWNW I 1.44 cfs 6/01/1916 S
Gavin Canal
Coal Ditch D D Big Salt Wash 85,102W, T 3NWNW 1 7.56 cfs 6/01/1916 S,C
"~ Williams Ditch D Big Salt Wash 8S,102W, 14SENW 1 1.71 cfs  2/07/1980 ]
Ruby Lee Reservoir R Big Salt Wash 8S,102W,14 I 367.0 af 6/01/1916 S
Upper Salt Wash D Big Salt Wash 85,102W, 23NENK I 1.7 cfs 2/07/1890 0
Ruby Ditch D Big Salt Wash 85,102U, 23NW I 9.0 cfs 6/01/1916 S
'Ruby Ditch D Big Salt Wash 85,102H,23NW I 46.0 cfs 6/01/1916 S,C
Cuddy Reservoir R Big Salt Wash 85,102W,355ESE DS 0.7 af 7/21/1959 S
Warner Ditch D E. Gulch CK T7S,R101W,8ect5 I 1.0 cfs 2/28/1914 0
E. Gulch Ditch D E. Gulch CK T7S,R101W,Sec15 ID .6 cfs 2/28/1914 0
/) E Canon Ditch D E. Canon CK T75,R]O]N,Sec23 1D .6 2/28/1914 0
g Dale Mitchell D E. Salt CK T75,R102W,Sec8 1 .9 4/6/1936 0
McClain Ditch D E. Salt CK’ T75,1024,Sec2] 1 .65 . 4/6/1936 0
McClain Ditch D E. Salt CK 175,102, I 1.32 11/30/1934 0
McClain Ditch D E. Salt CK T75,102W,Sec2] I 2.0 9/5/1952 S
Howard Salt River D E. Salt CK T75,102W,Sec31 1 1.0 4/6/1936 0
‘Howard Salt River D E. Salt CK T7S,102N;$ec31 I 2.0 9/5/1952 S
Davenport Ditch D E. Salt CK t75,R102W,Sec32 I 3.12 11/30/34 0
Davenport Ditch D E. Salt CK T7S,R102W,Sec32 I 1.12 4/6/1936 0
McCabe Ditch D E. Salt CK T7S,3102W,Sec32. 1 .8 5/11/1889 0
Dam-#9 Reservoir R E. Salt CK T9S,R102W,Sec08 I 15.4 af 7/21/1959 )
Coyle Ranch Ditch D Salt Creek T6S,R102W,Sec36 1 2.0 3/1/1910 0,C
Coyle Ranch Ditch D Salt Creek T6S,R102W,Sec36 I 2.0 . 3/]/19]0 0,CA
Coyle Ranch Ditch D Salt Creek T6S,R102W,Sec36 I 2.2 3/1/1910 0
Coyle Ranch Ditch D Salt Creek . T6S,102W,Sec36 I 1.3 9/5/1952 S
LEGEND:
‘C: conditional D: ditch DS: domestic/stock
I: idrrigation ID: drrigation/domestic  IND: industry
0: original R: reservoir S: supplemental
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SECTION 3

ALTERNATIVE WATER SUPPLY

Surface and groundwater use in the permit and adjacent areas
is limited to surface water use along Big Salt Wash, and one
alluvial well used for stockwatering purposes. This well is
located along Big Salt Wash (T8S, R102W, Sec. 14). It isvﬁot
énticipaﬁed that mining'operations would affect either of these
uses. However, undeveioped springs in the lower valleys of Coal
Gulch and Garvey Canyon may experience reductions in flow. Thesé
springs are used by upland game birds (Lonnie Renner, private
consultant, wildlife biologist, pe:sonal communication, March,
1983). Therefore, an alternate supply of water may be necessary
to maintain this water use. 1In the event that waﬁer supplies in
the springs along the lower Coai Gulch and Garvey Canyon vaileys
are lost, Dorchester Coal Company will construct water collection
structureé, called Quzzlers, to provide a water source for wild-

life.

There is less potential for affecting springs located in
Hunter Canyon. These springs are located outside of the area to
be mined, and it is unlikely that their source of water would be

affected.

Finally, Dorchester Coal Companyvcould divert waters from
the Colorado River and its tributaries for use at the Fruita mine
property. DCC has the right to divert water from Big Salt Wash
(20 cfs), East Branch Big Salt Wash (10 cfs), and the Colorado
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o River (10 cfs). 'Péints of diversion for these water rights are
 ) described as follows:
,'Big Salt Wash, tribﬁtary to the Colorado River 20 cfs
The point of diversion is located on the East
bank of the Big Salt Wash, at a pointrwhence the
Southwest Corner of Section 29, T. 2 N., R, 2 W.,

Ute Meridian, bears S. 55° 36' 05" E. 3,248.36 feet.

East Branch Big Salt Wash, tributary to the
Colorado River ' _ 10 cfs
The point of diVeréion is locaﬁedron the West |
bank of East Branch of Big Salt Wash at a
point whence the Northwest Corner of Section 33,

f:) T. 2 N., R. 2 W., Ute Meridian, bearsbN. 59° 56!

50" W. 559.91 feet

‘Colorado River Main Stem 10 cfs
The point of diversion is located on the North

bank of the Colorado River at a point whence the

East Quarter Corner of Seétion 18, T. 1 N.,

R. 2 W., Ute Meridian bears N. 71° 55' E.

2,986 feet

Copies of these water right decrees are provided in Appendix’

2.040 7_Co
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APPENDTIZX 2.04.7-A

WELL COMPLETION DIAGRAMS







B

Genera] Well Completion Procedure:

PROCEDURE:

install 11/2% PVC cosing A 40 TD 774 with 20"
of screen ond plug ot bottom {see key)

2. Set 2" PVC tremie pipe to 752,
3. Tremie down Fountain Sond fo pock the hole up
to depth of 754 . Check depth with {remie pipe.
4. Roise tremie pipe fo 745",
5. i'»rr_cmi_o d‘ov_m 174" fock grovel upto'747'.
Check depth.
6. Roise fremie pipe to 740'.
7. Tremie down bentonite pellm up to 742.
Check depth.
8. Pull fremie pipe out..
9. Set 2" PVC casing to 742" with 10’ of screen
ond piug at the bottom.
{0. Pour down through the onnulor spoce 4 bogs
‘of Fountoin Sond.
11. Bockfill onnular spoce with 1/4" grovel up to
65 below surfoce.
12. Drop bentonite pelle?s through annuiar space
to bring level up to 62
13. Set 2" PVC casing C to 62" with 10" of screen
and plug at the bottom.
14. Pour down through annular spoce Fountain
~ Sand to bring level up to 52"
15. Backfill to 36' with 1/4" grovel.
16. Drop bentonite pallm through onpular spoce
to bring level to 31’
17. Bockfill to ground level with 1/4" grovel.
I8. Cap cosings A,B and C,
FACTS:
Cap
Solid PVC cosing
Slotted PVC screen
Plug
ﬁ’ Fountoin sond
o 3/8" grovel
Ao grav
= Benionite peliets

A-1

25—

50

N
& ]
1

Db D

> ol

nw2"pve

0
0
1

5bbbm‘a_obﬂoobb{

> 610 b

6 1/4" hole

3

700

725+

v U

750 —

SCALE: 1" =40'

PoDDO O
5 5 5 0.0

20

SURFACE CASINGS:

F-59 — 32 of 9%,

F-59W— 35'of 674" steel




Completion Diagram For Well II(F-50-82'(A11uvium,C)).

Procedure:

1) 24 gals. of 3/8" gravel from 145" to 172! Well F-50

2) 4 gals. of bentonite from 141* to 145' 0 47} EL"
3) 1 gal.-of gravel from 140' to 141" _ f; 1l
4) Set 15 ft. of screen in the Cameo coal seam from 10 al B IS
. 125* to 140' ' | " | Bl [
5) 15 gals. of saad from 124" to 140 7 o
6) 2 gals. of gravel from 122' to 124" 30 -ri §~
7) 4 gals. of bentonite from 118" to 122° ﬁ %
g) Gravel from 60' to 118’ 40 -Tﬁ 1Ak
! s |
1s. of bentonite from 56' to 60' & |
o 1o ‘ ' to 56 50 1 f-Auviu -
10) 1 gal. of gravel from 55° to ‘ TR K
11) Set 10 ft. of screen from 45* to 55° for Alluvium &0 J{: ’EL
3]2) g9 gals. of sand from 45' to 55' AE ﬁ
~~"13) Gravel from top to 45’ 70 A
8o o2 | L
AR B
AR
90 ..AA A
pAL R
TOO—-AA AL
o |pal
1104A A ﬁ—
N LYAYEN
120 o -
o8 i
=] Camco
130 &b
I
1401998 5k|
150404 A
Aot
layViwA
1601 A D5AR
X DAA
AA
A-2 1704 n"AF
TD= 172 ft.




. Completion Diagrams For Wells KK(F- 1 ‘
¥ ) | e ells KK(F-54-82(0B/C)) ", P(F-56-82(UA,C)) And FF(F-58-82(0B,C)).

MONITOR WELLS COMPLETED

UTH F-56 ™. F-BO
FEET : -~ H FEET
6s T Gs. o ‘uﬂﬁ 6s
1 = . 4 A }a
/4 Sieel F_ (9%- Sree! . : . tblb.!o!n!
Surfoce | = 15— s Surtoce MRA A Sor toce
Cosing = Y Cosing = 4, B2 Cosing
E=  so- i .
& =2 K
= - - ] b ¢ ol
S5 I . kg 7 :"‘Z-Z-
2" PVC = 2 2" PVC 1= 1 485 2 pvC
Cosing 1 © o- Casing = al 14 “ Cening
- o 1 P A _:_.';'1 s p 4
2 -f B |5 41110
o == Y 100 t
24 p0- “al [ ;:
] L
= 7 ’ ’
el "hote (2] 103 ‘L B| 265" o
== a sl I ® .
1 1z0- 4 [
1001, 4 4 = 150 —s :J L
s =4 13- ‘K
L s [ ,‘ “HE LA
120 Mt =4 150~ ,’ A [4
o ARTNE
1 165 200 —{4 | |4 Pd
e a
gy o
T‘: 180 — ‘o “ :
o~ = ' 4
i ] st 1Y s
210— zso—*,| P [+
nit :.
225~ . sl ] L4
.: » o “
240~ = ¢l pl 14
N " ——
KEY TO _COWPLETION S A =1 300 % 1 [
- L ¥ a ¢
' h Pl
p-—CAP ““4‘: s ‘A
' 270=1"4 0 04 18
- r ] ) ') r "
l-—soun PVC CASING + | PP
[ ~——SLOTTED PVC SCREEN 3so— 4[| [
L—PLUG “ aBi
A
:.. -‘l ROCK GRAVEL s bk
l‘ N "j
. 1
% -es 4
-~ FOUNTAIN SAND {2-3mm) KEY YO LITHOLOGY y 400 N : r‘
e S8 e
o b3 ]
W  BENTONITE PELLETS : RN =
p GRAVEL : 2 | (B
W  CEMENT Ky a] [[ole
' - SANDSTONE 450 o
r Y )
GS  GROUND SURFACE " : «70 TR
SHALE

SHALE B SANDSTONE

coAaL

COAL & SHALE

1. Well KK(F-54-82(0B/C)) is dry and therefore will not be rﬁom‘tored.
A-3




Completion Diagrams For Wells R(F-59-82(C,0B,UA)) And R(F-59w-82(C,0B,UA)).

)

MONMOR WELLS COMPLETED

F-%9 . F-59W
- 54.67 —t
C IB (57 | u/A
o >
ﬁ F LITH, :
- o SRy ’ »
N a B e
b 11 A
=3 o
a } &
A - ¥y
PN i a
A 173
i a
jo L) .:. ’. .
o .. -.. o
L] L] -9
b o . »
- » e -
- o .o’
X LJ L ] »
\d L] *®
- - L]
) - [ R J
. ) »
- - [ 1J
Abb
A A&
V-3 -3
) o) _go
- =K 360 360—rx
V- b V- -y b
A] V- - - - L
A S 1 & & F-3
_LITHOLOGY al4p a s a
alh a
N4k a a o
g SANDSTONE a|h s a
£ 4B a a A .
£ ' Aa. LA la & & AA
g SHALE a1k a
s » Aq l‘ K A A X AA
) E SHALE B SANDSTONE AldL%s%a = a
. . S S By Ay
o S [ s
" coat o 416 7416
—_——
o 689 — /1 —689 L
Ig END . . h a
_ Y L b
A b aa
CAP oY A b
. 4 K a4 a
N - -
——SOLID PVC CASING 41a a2
o VS =Y
SLOTTED PVC SCREEN X1 = KXTXTID
PLUG >’- :»— one a..‘
4 11" rock eRAVEL
ah
%  FOUNTAIN SAND (2-3mm)
"Bl BENTONITE PELLETS
Y CEMENT
_ —T70 173
XX CAVED-m FORMATION : .
XX MATERIAL . VERTICAL SCALE: | =30

NOTE:
P —————
C — CASING COMPLETED IN CAMEO SEAM

0B~ CASING OPEN TO OVERBURDEN OTHER THAN UPPER AOQUIFER -

U/A-CASING COMPLETED IN UPPER AOQUIFER

6.5.-GROUND SURFACE

A-4




j Completion Diagram For Well M(F-62-82(0B, Combined Upper No. 2 and Main Cameo Seam)).

PROCEDURE:"

2 #. of 3/8" grovel from 1174’ to 1176".
4 gols. of bentonite from 1171’ 40 174"
1 £t. of grove! from 170 to N7I".

set 20 ft. of 1.5" diom'. scresn in the upper
Comeo Seom from 1150 to H7O.

26 gals. of sand from 1150 +o 170",

33 gols. of grovel from 1125'to 1150"

10 ft. of screen set in the upper Comeo seom
from MS' to n25" ’

I3'qo|s.
2 gols.
4 gals.
2 gals.

of sand from 1115’ to N25",

of gravel from 114" to N5’
of bentonite from U1 to 1114,
of grove! from 1110' to 1Il'.

10 fi. of screen for overburden from 100 o IO
13 gals. of sond from 1100 to 110", '

. 59 gols. of gravel from 1050’ to IIOO'.‘

10 #. of screen for overburden from 1040'to 1050".
I3 gals. of sond from 1040 to 1050" .

1192 gals. of grave!l from 25'to 1040,

5 gals. of bentonite from 2i'to 25'.

25 gols. of grovel from top to 2I'_-

COMMENTS:

H0 between 240'-250', approx. 5 gpm.
H20 tevel ot 1110 when logged on 10/18/82.
Metal 8.75" cosing to 21'.

FACTS:

Cop
}——solid PVC cosing
~——-Sictted PVC screen

~ Plug

‘ -~ Fountuin sond .

25. 3/8" gravel

| | Bentonite pellets
. % Cement

A-5

1150~

Comeo
Zone —grovel

Lower X0 ‘ cul_—-qrovel
H7rsS——

1200

SCALE: I"= 40'
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Completion Diagram For Well 0(F-69-82(C,08)).

un -

SowNoo A

b=

PROCEDURE:

3/8" woshed grove! from 646't01003".
4 buckets of bentonite from 640 1o 646'.

Set 1.5°720' screen from 620’ to 640’ In the
Comeo coal zone,

5 bags of sond 612’ o 640'.
378" grave! from 611’ to 612",
4 buckets of bentonite trom 605'+o 611'.
'3/8" gravel from 314’ to 605",

_ 4 buckets of bentonite from 310’ to 314",

Set 1.5"/20" screen from 300'+0 310'.

3 bags of sond from 295'to 310°.

4 buckets of bentonite from 289" to 295'.
3/8" gravel from 289’ to the top of the hole

COMMENTS:

Possibly H,0 at 300'to 3I0', Ies# than lgpm.

Temperature log indicoted approx. LI2°F
neor Cameo zone.

Ho0 level wos at 780', 8/2/82. On the

morning of the next day it was only slightly lower.

FACTS:

Cop

———Solid PVC casing -
Siotted PVC screen

Plug

3’:“ Fountain sond

20 3/8" grave!
. Bentonite pellets
4 Cement

A-6

F-69
°7a =&
P OO o
Aﬂ L
100 4 A al 1o
In o
q 1,2 bT
Oq N &
200 4o fa) a
o f'a .
Jo 4]
q | o] L&
300 88 B ss
o faa
- N b fa
. Pat AAA
Jo b O
400 a o o O
Irn{ } &0 O
1 & o O
1A b . o
500 { o |6 & A
Foy b O
O o & b
1) h &6 O
O o o 4

600 darn & .
) o T o0 0 —gravel
L LM JUE 3B 2 ]

70040 0 & O O

800 1 & &6 o o

900;6066

1
>
o>
o]
(o}
o]

1000 4a_a _a T.D.

100

1200

SCALE: 1"= 200’




... Completion Diagram For Well X(F-70-82(UA,C)).

w

O N LA

PROCEDURE:

Hole bridged ot 1129', 80 a 1.57710" screen
wos run down to the bridge in on ottempt
to breok through it. Set the 10’ screen from
M9' o 1129’ hoping there is still o contoct
with the CameO seom.

. Added 3 bogs of sond from 112" to 1129,

Added 4 buckeis of bentonite from 1oo’
to m2' i
3/8" gravel from 695’ 0. 1100",

3.5 buckets of bentonite from 690" to0 695

. Set 1.5"/20 screen from 670 to 690.

Added & bogs of sond from 665 to 690"
3.25 buckets of bentonite from 660.10 665.

Due to o bridge ot 295 we were unaoble to
set grovel below this bridge ond our third

siring which would hove been set at 500 to 520.
. 3/8" gravel from 295 to the top of the hole.

COMMENTS:
HpO ot 310', approx. | gpm.
H20 ot 520', approx. 5.5 gpm.
H O ot 680, approx. 20 gpm.

STOPPED drilling ot 900’ for 7min. to check .

HZO, measured 12 gpm,

Hzo level hod risen from 407’ to 255"
overnight from 9/8/82 to 9/9/82..

FACTS:

Cap

}-——— solid PVC cosing

Siotted PVC screen -

NEP Y

Plug’

Fountain sond”
/8" grovel
Bentonite pellets

Cemant

F-70-
—0
100 -
200
A
300 -4 —Bridge
— 5'/4"Di0.
500 — hote
|
N D
600 -
E 5.5 ’5:5 - Sondstone
70094 & & A
A Y- -
1 4 (& & &
A b L& A
8O0 + q A A Al
o S-S
1 4O |&A A &
"y b A A
8004 A |ao A
Y h A A
- A L N
hlbaa
1000 — & 4o
N - b A A
4 & & A
B W-W
1HO0 gl m
g eoconl. Brid '@
—  Comeo e
/’_'-_‘—,;._ —————— b 129
Coal ' :
1200 —

SCALE: |'; 200'
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Completion Diagram For Well Z(F-71-82(0B,C)).

PROCEDURE:

1. Cemented from 1580 0 1360,

2. 69./5 gol. buckets of washed 3/8" grovel
from 1360’ to 1069,

3, l.5'/26' screen set in lower Comeo from
1055" 1o 1075"."

5 bags of silica sand from 1041' o0 1069".
2 gal. of grovel on fop of the sond.
8 gal. of bentonite from 1033’ 4o 1041".

1.57/10' screen from 1023 to0 1033 for
total overburden.

-3 bags of silica sond from 1039' t0 1033".
3/8" woshed grovel from 1019" to top of hole.

Npoos

v o

NOTE:

Becouse ¢I>fv cove-in materiol falling in the hd_le'
overnight which covered the screen up to 1069,
it wos not possible to use o bentonite seal ot _

the base of the screen,
COMMENTS:

HoO leve!l at1272' when logged.

| gpmor less ot 620.

FACTS:
Cop

Solid PVC casing
Slotted PVC screen
Plug

1L

3 Fountain sond

ga 3/8" gravel

= Bentonite petllets

b4 Cament ’ | ‘Cameo

XXX Coved-in formotion

A-8

SCALE: 1"= 200’

F-7I
0] 2 [2
A A b
A A
al o g BA
.y Al
100 AJ A &
B al. fa
A A h
- Bal al {a
200 ¢gal la | b
) 4l [a]
~qA A h 4
ARG ﬁ 6% "Dia.
A
300 54 A A hole
H A h 4
V. A AA
) Al & p.
sl la] N4
1 4 al-la
Al (o .
500 — 4 Al |a
A h A
-3 Al lat
Fo¥ Pa h 4
600 — A Fal
al la | b4
-1 4 VsV B Vo
al {a | p 4
700 4 4 A A
Al a1}
- 2 Nl 1A
Fa O h 4
soo—p 4 | 8 {a
A A h 4
— £ A ¥
al la w.
900 -b 4 Al {a
al- la W
— 4 Py A
A) 7a¥ b 4 Total
. A A/—— ota
1000 —J% P 0 ¥=et72q overburden
.-A.  6°°'°°
noo—{a a & a
A L A L
A AL A
O A D Al
A AL A A
1200 A A A
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Water Quality Data






BLM Surface Water Analytical Data
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USGS Surface Water Analytical Data






Date

4/4/1973
4/12/1973
4/20/1973

5/2/1973

6/5/1973

7/6/1973

8/3/1973

8/8/1973

11/28/1973
2/20/1974

3/8/1974
5/29/1974
8/13/1974

12/10/1974

3/5/1975
5/22/1975

8/5/1975
11/4/1975

12/15/1975
1/14/1976

2/6/1976

3/9/1976

4/6/1976

5/4/1976

6/8/1976

7/2/1976

8/6/1976

9/7/1976
10/6/1976

11/30/1976
12/16/1976
1/18/1977

2/2/1977

3/8/1977

4/8/1977

7/8/1977

10/19/1977
2/14/1978

4/5/1978

7/11/1978
11/14/1978
3/13/1979

5/9/1979
7/23/1979
11/7/1979
1/29/1980
4/23/1980
7/17/1980
10/7/1980
2/18/1981
5/14/1981
7/23/1981
12/3/1981
3/24/1982
6/15/1982

10/14/1982

1/6/1983

5/3/1983
8/10/1983

9/7/1983
3/20/1991
6/25/1991
8/27/1991

2/4/1992
3/24/1992
4/27/1992

6/8/1992
7/15/1992
8/10/1992

12/15/1994
1/20/1995
2/13/1995
3/13/1995
4/24/1995

Temperature Discharge

°C

16.5
20
23

175

16
185

3.5
13
225
10.5

115
14
16.5
20.5

135

25
10
21
10

12
20.5
19.5

145
19

13
135

18.5
21

3.9
10.6
14

cfs

16

67

9.9

91

pH

8.1
7.8

7.8
8.1

7.6
7.7
8.1
7.8

Specific
conductance
mS/cm at
25°C

5410
1630
2970
5090
4700
1710
1490
4870
1870
2780
1830
4970

1670
4540

1330
1020
1280

4750
4760
4930
3610
1350

Station Number 9163490

Turbidity Fluoride Selenium Bicarbonate

severity
code

USGS Station -
Salt Ck nr Mack

mg/l

ng/L

mg/L

Hardness
mg/L as
CaCoO3

820
2300
2200
1400

650

730
1700
1900

450

760
2200
2300
2300
1800
2000
2300

640

570

850

810

790

650
2200
2300
2300
2200
2300

610

730

580
2500
1700

800
2100

870

560

740
2100
2000

400

610

850
2100

550

820
2500
2200

610

510
2400

630

850

590
2200

620
2100

2200
2200
2000
1300
370

Sodium Sulfate

mg/L

140
420
480
350
110
130
410
460
100
130
380
420
450
400
530
550
170
100
130
140
170
160
400
440
420
430
450
220
180
170
440
400
140
420
230
160
120
420
460
130
120
190
630
150
160
480
550
110
130
490
160
160
120
500

130
420

470
460
540
410
130

mg/L

780
2500
2600
1800

610

660
2900
2300

390

720
2400
2600
2700
2100
2500
2900

640

500

810

660

670

550
2400
2500
2500
2500
2500

560

640

510
2700
1900

730
2300
1100

580

700
2200
2400

380

570

740
2800

470

710
2900
2800

620

450
2800

650
1200

700
3300

570
2400

2500
2600
2500
1700
280

Suspended
sediment
concentration
mg/L

Page 1 of 6



Date

5/25/1995
6/27/1995
7/24/1995
8/22/1995
9/27/1995
10/24/1995
11/20/1995
12/15/1995
1/16/1996
2/12/1996
3/11/1996
4/9/1996
5/14/1996
6/27/1996
7/24/1996
8/26/1996
9/19/1996
10/18/1996
11/13/1996
1/6/1997
3/10/1997
5/13/1997
7/9/1997
8/13/1997
5/13/1998

Temperature Discharge

cfs

Specific
conductance
mS/cm at
25°C
1130
1280
884
1070
1390
1630
4170
4670
4960
4790
4870
1090
1240
1050
1190
1580
1260
1390
4260
4110
3940
1430
1180
1160
1040

Station Number 9163490

Turbidity Fluoride Selenium Bicarbonate

severity
code

USGS Station -
Salt Ck nr Mack

mg/l

ng/L

12

26

11

mg/L

220

Hardness
mg/L as
CaCoO3

380
490
340
380
460
540
1800
2100
2300
2100
1900
340
430
450
470
560
400
410
2100
1900
1400
500
480
410
380

Sodium Sulfate

mg/L

98
99
59
76
120
140
380
480
530
530
560
100
110
64
81
130
110
120
380
350
470
120
66.6
87.1
89.3

mg/L

300
480
280
300
360
470
2100
2500
2700
2400
2600
290
420
350
370
470
310
330
2200
2100
2100
480
411
337
299

Suspended
sediment
concentration
mg/L

3790

Page 2 of 6



Date

71211973
7/19/1973
7/24/1973

8/8/1973

8/8/1973
9/11/1973
9/27/1973

11/27/1973
2/20/1974

3/8/1974
5/29/1974
8/13/1974

12/10/1974

3/4/1975
5/22/1975

8/5/1975
11/4/1975

12/15/1975
1/13/1976

2/6/1976

3/9/1976

4/6/1976

5/4/1976

6/8/1976

71211976

8/6/1976

9/7/1976
10/4/1976

11/30/1976
12/16/1976
1/18/1977

2/2/1977

3/8/1977

4/8/1977

7/8/1977

10/19/1977
2/14/1978

4/1/1978

7/14/1978
11/15/1978
3/13/1979

5/9/1979
7/23/1979
11/6/1979
1/29/1980
4/22/1980
7/16/1980
10/7/1980
2/18/1981
5/12/1981
7/23/1981
12/3/1981
3/24/1982
6/15/1982

5/2/1991

2/4/1992

Temperature Discharge

°C

28
17
18
23
23
18
12
5
2
6.5
14
145
3
4.5
9.5
23
12
2
3
15
125
115
16
24
23.5
20.5
20
17
4.5
1
15
5
8
19.5

cfs

pH

Specific
conductance
mS/cm at
25°C

7320
9150
3180
7640
5200
3220
7050
6860

East Salt Ck near Mack
Station Number 9163310

Turbidity Fluoride Selenium Bicarbonate

severity
code

USGS Station -

mg/l

0.5

ng/L

mg/L

521

472
605
355
297
530
523
256
309
414
565
593
599
255
469
595
440
447
369
404
425
488
568
580
573
585
587
520
430
430
460
220
230
530

Hardness
mg/L as
CaCoO3

2200

2200
2400
730
820
1900
1800
560
340
1300
2100
2400
2300
610
850
2000
830
850
990
1300
1500
1900
2200
2300
2300
2400
2500
2200
1700
2100
2500
630
640
2000
680
240
1900
2300
2100
450
1200
1600
2100
2400
1100
2700
1600
1000
2000
2300

Sodium Sulfate

mg/L

660

850
990
360
120
600
650
270
94
290
640
770
900
330
490
1100
430
450
240
320
380
510
720
800
870
910
960
880
360
570
740
210
180
630
330
160
590
830
810
160
640
660
1200
1600
380
1400
800
450
1200
1000

mg/L

2700

3300
3700
1300
920
2400
2500
780
250
1400
2500
3100
3400
1000
1400
3400
1200
1300
980
1300
1600
2200
3000
3100
3400
3100
3500
3300
1700
2300
3200
810
670
2700
970
310
2600
3200
2900
540
2000
2200
3600
4500
1300
4700
2600
1500
3900
3600

Suspended
sediment
concentration
mg/L
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Date

3/7/1973
4/11/1973
5/2/1973
6/4/1973
6/19/1973
6/20/1973
8/2/1973
8/7/1973
11/27/1973
2/19/1974
3/8/1974
5/28/1974
8/12/1974
12/10/1974
3/4/1975
5/22/1975
8/5/1975
11/4/1975
12/15/1975
1/13/1976
2/5/1976
3/9/1976
4/6/1976
5/3/1976
6/8/1976
7/1/1976
8/4/1976
9/3/1976
10/4/1976
11/30/1976
12/15/1976
1/18/1977
2/2/1977
3/8/1977
4/8/1977
71611977
3/20/1991
6/25/1991
8/27/1991
2/5/1992
4/27/1992
6/8/1992
11/20/1995
12/15/1995
2/12/1996
3/11/1996
4/9/1996
5/13/1996
6/27/1996
712411996
8/26/1996
9/6/1996
9/6/1996
9/19/1996
10/18/1996
11/11/1996
12/3/1996
1/6/1997
3/10/1997
4/15/1997
5/13/1997
6/16/1997
7/9/1997
8/13/1997
5/13/1998
11/19/1998
12/17/1998
1/20/1999
3/8/1999

Temperature Discharge

°C

125

115
14
17

18.5
11

4.5

cfs

17

pH

Specific
conductance
mS/cm at
25°C

3350

1870
3390
1330
1560
3300
3050
3300
3360
931
1290
1290
1780
1850
1680
1690
1720
1810
2380
3300
3350
2400
1300
1070
1040
1490
1250
1060
3190
3170
3180
3150

Big Salt Wash at Fruita
Station Number 9153270

Turbidity Fluoride Selenium Bicarbonate

severity
code

USGS Station -

mg/l

ng/L

20
12
13

12

mg/L

228

Hardness
mg/L as
CaCoO3

660
1800
1600
1400

550

750
1700
1100

410

780
1800
1600
1700
1600

800

920

630

590

800

870

910

630
1700
1600
1700
1700
1600

520

820
1500

730
1500

1600
1500
1600
1600
310
530
590
780
720
610
610
680
660
1100
1700
1600
800
400
420
490
640
490
420
1500
1700
1500
1600

Sodium Sulfate

mg/L

130
280
270
260
78
140
260
220
70
130
250
250
260
250
200
250
120
83
110
150
170
140
240
250
250
250
260
180
180
290

130
270

220
220
270
270
73
7

110
140
130
130
130
130
180
230
260
250
122
61.7
59.4
82.7
84.2
71.2
211
232
227
230

mg/L

640
1800
1500
1400
450
670
1600
1000
330
690
1600
1600
1700
1500
850
1000
540
490
720
680
760
490
1500
1600
1600
1500
1500
420
730
1500

660
1500

1500
1200
1400
1500
240
450
450
640
610
500
520
550
550
890
1500
1500
960
324
330
361
529
385
317
1440
1420
1430
1420

Suspended
sediment
concentration
mg/L

1570
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Date

7/27/1973
8/8/1973
9/14/1973
10/10/1973
11/27/1973
11/28/1973
1/8/1974
1/22/1974
2/20/1974
2/20/1974
3/6/1974
3/21/1974
4/11/1974
4/23/1974
5/14/1974
5/28/1974
6/11/1974
6/25/1974
7/16/1974
8/12/1974
8/15/1974
9/9/1974
12/10/1974
3/4/1975
5/22/1975
8/5/1975
11/4/1975
12/15/1975
1/13/1976
2/5/1976
3/9/1976
4/6/1976
5/4/1976
6/8/1976
71211976
8/6/1976
9/7/1976
10/4/1976
11/30/1976
12/16/1976
1/18/1977
2/2/1977
3/8/1977
4/8/1977
7/8/1977
10/18/1977
2/14/1978
4/3/1978
7/14/1978
11/15/1978
3/13/1979
5/10/1979
7/23/1979
11/6/1979
1/29/1980
4/22/1980
7/16/1980
10/7/1980
2/18/1981
5/12/1981
7/23/1981
12/3/1981
3/24/1982
6/15/1982

Temperature Discharge

°C

10.5

115
22
14
9.5

135
14
12
15
13
18
11

15

16.5

16
22

8.5
20.5

cfs

7.8

2.4

2.2

32

33

pH

Specific
conductance
mS/cm at
25°C

2570
3650
1380
1600
3960
3400
1700

Mack Wash near Mack
Station Number 9163340

Turbidity Fluoride Selenium Bicarbonate

severity
code

USGS Station -

mg/l

0.7

0.3

0.5

0.3

0.3

ng/L

mg/L

227

262

250

163

135

271
253
168
161
272
269
259
253
248
252
245
145
227
157
152
165
268
265
258
262
250
180
160
170
260
260
270
280

Hardness
mg/L as
CaCoO3

1600

1900

1900

440

440

2000
1900
370
630
1900
1900
1900
1900
1800
1900
1800
310
1400
530
470
360
1900
1900
1900
1900
1900
440
440
330
2000
1900
1800
1900
1800
290
1900
1900
1900
350
360
1300
1900
620
580
1900
1900
690

Sodium Sulfate

mg/L

200

240

230

110

100

230
230
100
100
240
210
230
220
210
220
220

180
99
110
120
220
220
220
210
210
170
150
150
240
230
240
240
240
83
53
230
220
120
73
280
250
300
130
240
240
110

mg/L

1700

1900

1900

380

410

2000
1900
260
600
1800
1900
1900
1900
1800
1900
1900
230
1400
450
390
270
2000
1900
1900
1800
1800
370
360
240
1900
1900
1800
1900
1800
200
1400
1900
1900
250
300
1200
1900
340
500
2100
1900
610

Suspended
sediment
concentration
mg/L
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Date

9/12/1973
9/26/1973
9/12/1976
10/3/1976
9/11/1977
10/7/1977
3/3/1978
4/1/1978
1/22/1979
3/13/1979
4/11/1979
2/19/1980
4/21/1980
8/25/1980
7/17/1981
7/17/1981
8/12/1981
8/13/1981
8/14/1981
9/14/1981
10/5/1981
2/24/1983
2/28/1983
3/14/1983
3/15/1983
4/13/1983
5/3/1983
5/17/1983
5/24/1983
6/7/1983
6/13/1983
7/6/1983
7/26/1983
8/9/1983
9/7/1983
12/4/1995
3/13/1997

Temperature Discharge

°C

29
10
135
16

N

10

25
24

cfs

0.97
0.06

pH

7.2

7.3

8.4
7.2

8
7.7

Specific
conductance
mS/cm at
25°C

2070
9910

7070

11200
1980

11700
1820

Station Number 9153400

Turbidity Fluoride Selenium Bicarbonate

severity
code

USGS Station -
West Salt Ck nr Mack

mg/l

0.2
0.1

pg/L

mg/L

142
90

180
45
220
97
220

Hardness
mg/L as
CaCoO3

670
2600
510
320
890
590
1300
480
540
650
1800
2500
740
2400
1300
5100

2600

1000

5100
950

4200
500

Sodium Sulfate

mg/L

310
510
190

120

340
360
72
2000

1100
290
1600
120

2000
210

mg/L

1200
3500
490
380
900
590
1500
890
490
780
3400
3500
4300
3000
1100
6900

4500
1400
8200
1100

7400
810

Suspended
sediment
concentration
mg/L

130000

318000

6980
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Red Cliff Mine Surface Water Analytical Data






Bowie Resources, LLC
Bowie No. 2 Mine
2006 Annual Hydrology Report

Red CIiff Mine
Surface Water SW-1

TC-03-01 East (R)
Terror Creek - Monitoring Well
Elevation - 7118’

Ground Water

Easting 1063946
Northing 572835

8/30/2006 10/24/2006

Summary Information

Field Baseline
Parameters UNITS Min Ave Max
Static Water Level Feet 0f--- OI I
Water Elevation Feet 0.0]--- 0.0
FieldComment
ph su 0f--- 0
Conductivity umhos/cm 0f--- 0
Temperature Celsius 0f--- OI I
Lab
Parameters UNITS
pH mg/L 7.89 7.89 7.89 7.89
Conductivity mg/L 1780.2) 1780.16{ 1780.16 1780.16
Total Dissolved Solids |mg/L <MDL 1364 1364 1364
Total Suspended Solids [mg/L 595 595 595 595
Total Alkalinity umhos/cm 48.85| 48.85| 48.85 48.85
Bicarbonate mg/L 48.85| 48.85| 48.85 48.85
Carbonate mg/L 2 2 2 2
Hydroxide mg/L 0 0 0 0
Sulfate su 901.69| 901.69| 901.69 901.69
Calcium mg/L <MDL| 193.8] 193.8 193.8
Magnesium mg/L 44.5 44.5 44.5 44.5
SAR in water mg/L 0.783] 0.783] 0.783 0.783
Ammonia mg/L 0f--- 0
Hardness mg/L 667.17| 667.17| 667.17 667.17
Chloride mg/L <MDL 0.5 0.5 0.5
Sodium mg/L 46.5 46.5 46.5 46.5
Potassium mg/L 9.04 9.04 9.04 9.04
Aluminum mg/L 13.7 13.7 13.7 13.7
Nitrate mg/L <MDL|--- 0
Nitrite mg/L 0f--- 0
Nitrate-Nitrite
Phosphate mg/L 0f--- 0
Arsenic - Dissolved mg/L <MDL| 0.039| 0.039 0.039
Boron mg/L <MDL| 0.263| 0.263 0.263
Copper mg/L <MDL 0.015 0.015 0.015
Cadmium - Dissolved |mg/L <MDL|--- 0
Iron - Dissolved mg/L 1.39 1.39 1.39 1.39
Iron - Total Recoverable|mg/L 0f--- 0
Lead mg/L 0.03 0.03 0.03 0.03
Manganese (Dissolved) |mg/L 0.06 0.06 0.06 0.06
Manganese (Total) mg/L 0f--- 0
Mercury - Dissolved mg/L 0f--- 0
Selenium - Dissolved  |mg/L 0.019] 0.019| 0.019 0.019
Zinc - Dissolved mg/L 0f--- 0

Baseline Information Collection initiated on 9/27/03 and not yet considered complete.




Bowie Resources, LLC

Bowie No. 2 Mine

2006 Annual Hydrology Report
Red Cliff Mine
Surface Water SW-2

Easting 1068149
Northing 570094

Summary Information

TC-03-01 East (R)
Terror Creek - Monitoring Well
Elevation - 7118’

Ground Water

8/30/2006  10/24/2006

Field Baseline

Parameters UNITS Min Ave Max

Static Water Level Feet 0f--- 0

Water Elevation Feet 0.0]--- 0.0

FieldComment

ph su 0f--- 0

Conductivity umhos/cm 0f--- 0

Temperature Celsius 0f--- 0

Lab

Parameters UNITS

pH mg/L 7.92 7.92 7.92 7.92
Conductivity mg/L 1171} 1170.95f 1170.95 1170.95
Total Dissolved Solids |mg/L <MDL 967 967 967
Total Suspended Solids [mg/L 249 249 249 249
Total Alkalinity umhos/cm 91.5 91.5 91.5 91.5
Bicarbonate mg/L 91.5 91.5 91.5 91.5
Carbonate mg/L 2 2 2 2
Hydroxide mg/L 0 0 0 0
Sulfate su 67.8 67.8 67.8 67.8
Calcium mg/L 124.8] 124.8| 124.8 124.8
Magnesium mg/L 37.1 37.1 37.1 37.1
SAR in water mg/L 0.279] 0.279f 0.279 0.279
Hardness mg/L 464.4 464.4 464.4 464.4
Chloride mg/L 0.5 0.5 0.5 0.5
Ammonia mg/L 0.5 0.5 0.5 0.5
Phosphorous mg/L 0f--- 0

Hardness mg/L 0f--- 0

Chloride mg/L <MDL|--- 0

Sodium mg/L 13.85| 13.85| 13.85 13.85
Potassium mg/L 4.36 4.36 4.36 4.36
Nitrate-Nitrite mg/L 0f--- 0

Aluminum mg/L 0.055| 0.055[ 0.055 0.055
Nitrate mg/L <MDL|--- 0

Nitrite mg/L 0f--- 0

Nitrate-Nitrite mg/L 0f--- 0

Phosphate mg/L 0f--- 0

Arsenic - Dissolved mg/L <MDL| 0.012| 0.012 0.012
Boron mg/L <MDL| 0.261f 0.261 0.261
Copper mg/L <MDL 0.01 0.01 0.01
Cadmium - Dissolved |mg/L <MDL|--- 0

Iron - Dissolved mg/L 0.09 0.09 0.09 0.09
Lead mg/L 0.07 0.07 0.07 0.07
Iron - Total Recoverable|mg/L 0f--- 0

Lead mg/L 0f--- 0

Manganese (Dissolved) |mg/L 0f--- 0

Manganese (Total) mg/L 0.01 0.01 0.01 0.01
Mercury - Dissolved mg/L 0f--- 0

Selenium - Dissolved  |mg/L 0.01 0.01 0.01 0.01
Zinc - Dissolved mg/L 0f--- 0

Baseline Information Collection initiated on 9/27/03 and not yet considered complete.




Bowie Resources, LLC
Bowie No. 2 Mine

Ground Water

2006 Annual Hydrology Report TC-03-01 East (R)
Red Cliff Mine Terror Creek - Monitoring Well
Surface Water SW-3 Elevation - 7118’
Depth - 871"

Easting 1076754
Northing 574609

Date 8/30/2006 10/24/2006

Summary Information

Field Baseline Operation
Parameters UNITS Min Ave Max Min Ave
Static Water Level Feet 0f--- 0
Water Elevation Feet 0.0]--- 0.0
FieldComment
ph su 0f--- 0
Conductivity umhos/cm 0f--- 0
Temperature Celsius 0f--- 0
Lab
Parameters UNITS
pH mg/L 7.95 7.95 7.95 7.95
Conductivity mg/L 28200| 28200 28200 28200
Total Dissolved Solids |mg/L <MDL| 26024| 26024 26024
Total Suspended Solids [mg/L 260 260 260 260
Total Alkalinity umhos/cm 355.34| 355.34| 355.34 355.34
Bicarbonate mg/L 355.34| 355.34| 355.34 355.34
Carbonate mg/L 2 2 2 2
Hydroxide mg/L 0 0 0 0
Sulfate su 16193| 16193.4| 16193.4 16193.38
Calcium mg/L 398.6| 398.6] 398.6 398.6
Magnesium mg/L 1797 1797 1797 1797
SAR in water mg/L 1.25 1.25 1.25 1.25
Hardness mg/L 8395.4| 8395.35| 8395.35 8395.35
Chloride mg/L 45.02| 45.02] 45.02 45.02
Ammonia mg/L 0f--- 0
Phosphorous mg/L 0f--- 0
Hardness mg/L 0f--- 0
Chloride mg/L <MDL|--- 0
Sodium mg/L 263.5| 263.5| 263.5 263.5
Potassium mg/L 47.3 47.3 47.3 47.3
Nitrate-Nitrite mg/L 0f--- 0
Aluminum mg/L 0.054| 0.054| 0.054 0.054
Nitrate mg/L <MDL|--- 0
Nitrite mg/L 0f--- 0
Nitrate-Nitrite mg/L 0f--- 0
Phosphate mg/L 0f--- 0
Arsenic - Dissolved mg/L <MDL| 0.216] 0.216 0.216
Boron mg/L <MDL| 0.261f 0.261 0.261
Copper mg/L <MDL 0.072 0.072 0.072
Cadmium - Dissolved |mg/L <MDL|--- 0
Iron - Dissolved mg/L 0.15 0.15 0.15 0.15
Lead mg/L 0.73 0.73 0.73 0.73
Iron - Total Recoverable|mg/L 0f--- 0
Lead mg/L 0f--- 0
Manganese (Dissolved) |mg/L 0.75 0.75 0.75 0.75
Manganese (Total) mg/L 0f--- 0
Mercury - Dissolved mg/L 0f--- 0
Selenium - Dissolved  |mg/L 0.361] 0.361| 0.361 0.361
Zinc - Dissolved mg/L 0f--- 0

Baseline Information Collection initiated on 9/27/03 and not yet considered complete.




Bowie Resources, LLC

Bowie No. 2 Mine
2006 Annual Hydrology Report

TC-03-01 East (R)
Terror Creek - Monitoring Well

Ground Water

Red Cliff Mine
Pond P-6 Elevation - 7118
Easting 1073163
Northing

8/30/2006 10/24/2006

Summary Information

Field Baseline
Parameters UNITS Min Ave Max
Static Water Level Feet 0f--- 0
Water Elevation Feet 0.0]--- 0.0
FieldComment
ph su 9.6 9.6 9.6 9.6
Conductivity umhos/cm 800 800 800 800
Temperature Celsius 13.2 13.2 13.2 13.2
Lab
Parameters UNITS
pH mg/L 9.17 9.17 9.17 9.17
Conductivity mg/L 725.93 725.93| 725.93 725.93
Total Dissolved Solids |mg/L <MDL 518 518 518
Total Suspended Solids [mg/L 0.5 0.5 0.5 0.5
Total Alkalinity umhos/cm 75.77 7577 75.77 75.77
Bicarbonate mg/L 75.77 7577 75.77 75.77
Carbonate mg/L 0 0 0 0
Hydroxide mg/L 0 0 0 0
Sulfate su 281.95 281.95| 281.95 281.95
Calcium mg/L 57.8 57.8 57.8 57.8
Magnesium mg/L 415 415 41.5 415
SAR in water mg/L 141 141 1.41 141
Hardness mg/L 315.22 315.22| 315.22 315.22
Chloride mg/L 0.5 0.5 0.5 0.5
Ammonia mg/L 0f--- 0
Phosphorous mg/L 0f--- 0
Hardness mg/L 0f--- 0
Chloride mg/L <MDL|--- 0
Sodium mg/L 57.4 57.4 57.4 57.4
Potassium mg/L 6.23 6.23 6.23 6.23
Nitrate-Nitrite mg/L 0f--- 0
Aluminum mg/L 0.066 0.066| 0.066 0.066
Nitrate mg/L <MDL|--- 0
Nitrite mg/L 0f--- 0
Nitrate-Nitrite mg/L 0f--- 0
Phosphate mg/L 0f--- 0
Arsenic - Dissolved mg/L <MDL 0.036] 0.036 0.036
Boron mg/L <MDL 0.261| 0.261 0.261
Copper mg/L <MDL 0.01 0.01 0.01
Cadmium - Dissolved |mg/L <MDL|--- 0
Iron - Dissolved mg/L 0.15 0.15 0.15 0.15
Lead mg/L 0.05 0.05 0.05 0.05
Iron - Total Recoverable|mg/L 0f--- 0
Lead mg/L 0f--- 0
Manganese (Dissolved) |mg/L 0.02 0.02 0.02 0.02
Manganese (Total) mg/L 0f--- 0
Mercury - Dissolved mg/L 0f--- 0
Selenium - Dissolved  |mg/L 0.953 0.953| 0.953 0.953
Zinc - Dissolved mg/L 0f--- 0

Baseline Information Collection initiated on 9/27/03 and not yet considered complete.




Water Rights Data






Table G-1
PERMITTED WELLS WITHIN THE PROJECT AREA

Permit

Principal

Number Use Meridian (PM) Township Range Section Q160 Q40
15498 Irrigation 6th PM South 7S 102w 36 NE SE
223206 Domestic 6th PM South 7S 102 W 36 NE SE
223205 Domestic 6th PM South 7S 102 W 36 NE SE
32752 Industrial 6th PM South 7S 102w 21 NE SW
256861 Domestic 6th PM South 8S 103 W 24 NE SW
189882 Stock 6th PM South 8S 102 W 26 NW NE
270165 Monitoring Well | 6th PM South 8S 102w 9 NE SE
270164 Monitoring Well | 6th PM South 8S 102w 16 NE NW
277300 Domestic 6th PM South 8S 102 W 34 NW SE
8 Geothermal 6th PM South 9S 102w 2 SE NW
35524 Monitoring Well | 6th PM South 9S 103w 34 SE SE
28 Geothermal 6th PM South 9S 103w 33 SE NW
53 Geothermal 6th PM South 9S 103w 33 NW SE
162328 Stock Ute 2N 3W 34 NE NW
13139 Domestic Ute 2N 3w 35 SE SE
16219 Irrigation Ute 2N 3W 19 Sw SwW
30149 Monitoring Well Ute 2N 3w 19 SW SW
208755 Monitoring Well Ute 2N 3W 19 SwW SE
208752 Monitoring Well Ute 2N 3W 19 S SE
208751 Monitoring Well Ute 2N 3W 19 SW SE
208753 Monitoring Well Ute 2N 3W 19 SwW SE
208754 Monitoring Well Ute 2N 3W 19 S SE
32983 Monitoring Well Ute 2N 3W 19 SW SwW
35212 Monitoring Well Ute 2N 3W 19 SW SW
35721 Monitoring Well Ute 2N 3w 34 SwW NE
216478 Monitoring Well Ute 2N 3W 19 SW SW
215189 Domestic Ute 2N 3W 34 SwW NE
217304 Monitoring Well Ute 2N 3w 34 NW sSwW
217305 Monitoring Well Ute 2N 3W 34 NW SW
35929 Monitoring Well Ute 2N 3w 34 NW SW
247833 Domestic Ute 9S 102 W 15 SW SE
43882 Monitoring Well Ute 2N 3w 19 SW SW

Source: Colorado Division of Water Resources 2008
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