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APPLICATION FOR COAL PERMIT PROCESSING

Permit Change [X] New Permit[] Renewal[] Exploration[T] Bond Release ] Transfer []

Permittee: CW Mining Company d/b/a Co-Op Mining Company, Kenneth A Rushton
Mine: Besr Canyoa Mine

Title: {8, Bankruptey Tristee

Description, Inciude reason for application and timing required o implement:

Water Monitoring Amendment

Instructions: If you answer yes to any of the first eight questions, this application may require Public Notice publication.

. Change in the size of the Permit Area? Acres: Disturbed Area: [Jincrease [ ] decrease.

. Is the application submitted as a result of a Division Order? DO#

. Does the application include operations outside a previously identified Cumulative Hydrologic Tmpact Area?

. Daoes the application include operations in hydrelogic basins other than as curremtly approved?

Does the application result from cancellation, reduction or increase of insurance or veclamation bond?

Does the application require or include public notice publication?

Does the application require or include ownership, control, right-of-entry, or compliance information?

Is praposed activity within 100 feet of a public road or cemetery or 300 Feet of an occupied dwelling?

. Is the application submitted as a result of 4 Violation? NOV #

. Is the application submitted as a result of other laws or regulations or policies?
Explainm

11. Does the application afiect the surface landowner or change the post mining land use?

12. Does the application require or include underground design or mine sequence and timing? (Modificution of R2P2)

13. Does the application require or include collection and reporting of any baseline information?

14. Could the application have any effect on wildlife or vegetation outside the current disturbed area?

5. Does the application require or include soil removal, storage or placement?

16. Does the application require or include vegetation monitoring, removal or revegetation activities?

£7. Does the application require or include construction, modification, or remaval of surface facilities?

8. Does the application require or include water monitoring, sediment or drainage eontrol measures?

19. Does the application require or include certified designs, maps or calculation?

20. Does the application require or include subsidence control or monitoring?

2t. Have reclamation costs for bonding been provided?

22. Does the application involve a perennial stream, a stream buffer zone or discharges 1o a stream?

23. Does the application affect permits issued by other agencies or permits issued to other entitics?

[: Yes. No 24. Does the application include confidential information and is it clearly marked and separated in the plan?

Please attach three (3) review copies of the application. If the mine is on or adjacent to Forest Service land please submit four

() copies, thank yow. (These numbers include a copy for the Price Field Office)

Permit Number: C/015/0025

£ lrereby cenlify that | am n respoisible official of he applicant and that the infoanation contained in this appilcanon % ire and carrg
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N, TH ;&hmy
_&gi.eac_w_ix_ S 2§M 0ip_ X7

Print Name I’whm Signature (Rifiht- above chodee L 1ify then have notary sign helew)
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Moiary Publscf;;-g:bﬁg{; ’f{/ “’{ﬁ-&»{ 3¢ 4 q_ _,\ -, state of Uak

m.lhe best of ary information
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APPLICATION FOR COAL PERMIT PROCESSING
Detailed Schedule Of Changes to the Mining And Reclamation Plan

Permittee: CW Mining Company d/b/a Co-Op Mining Company, Kenneth A Rushton
Mine: Bear Canyon Mine Permit Number:

C/015/0025

Title: U.S. Bankruptcy Trustee

Provide a detailed listing of all changes to the Mining and Reclamation Plan, which is required as a result of this proposed permit
application. Individually list all maps and drawings that are added, replaced, or removed from the plan. Include changes to the table
of contents, section of the plan, or other information as needed to specifically locate, identify and revise the existing Mining and
Reclamation Plan. Include page, section and drawing number as part of the description.

DESCRIPTION OF MAP, TEXT, OR MATERIAL TO BE CHANGED
[JAdd Replace [ ]Remove Chapter 7, Table of Contents, page 7-v

[JAdd Replace [ JRemove Chapter 7, page 7-5 through 7-7

[Jadd Replace []Remove Chapter 7, page 7-11 - 7-14

[JAadd Replace [ ]JRemove Chapter 7, page 7-36

[JAdd Replace [ ]Remove Chapter 7, page 7-44 through 7-55

[JAdd Replace [ ]Remove Chapter 7, page 7-58 through 7-59

[JAdd Replace [ ]Remove Appendix 7J

[JAdd Replace [ ]Remove Appendix TN

[JAdd Replace [ |Remove Plate7-4

[JAdd [TJReplace [JRemove

[JAdd [JReplace [ JRemove

[[JAdd [JReplace [JRemove
[JAdd [JReplace [JRemove

[[JAdd [JReplace [JRemove

[[JAdd [JReplace []Remove

[[JAdd [JReplace [JRemove

[JAdd [JReplace [JRremove

[[JAdd [JReplace [JRemove

[JAdd [JReplace [JRemove
[(JAdd [JReplace []JRemove

[JAdd [JReplace [JRemove

[JAdd [JReplace [JRemove

[JAdd [JReplace [JRemove

[JAdd [JReplace [JRemove
[JAdd [JReplace [JRemove

[JAdd [JReplace [JRemove

[JAdd [JReplace [JRemove

[JAdd [JReplace [JRemove

Any other specific or special instruction required for insertion of this proposal into the Received by Oil, Gas & Mining
Mining and Reclamation Plan.
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the Star Point Sandstone (See Appendix 7-N), rather than one single aquifer within the Star Point

sandstone and Blackhawk formation.

A detailed hydrogeologic evaluation of the Star Point aquifers is included in Appendix 7-

N. General observations concerning the groundwater hydrology and geology of the permit area

and surrounding areas are presented in Appendix 7-N.

Existing Groundwater Resources

Groundwater occurs under both unconfined and confined conditions in the permit area.
The unconfined conditions occur as local perched zones within bedrock and as saturated zones in
shallow alluvial deposits along the main drainage bottoms and in the surficial soil mantle, and
are expressed as local seeps. Confined conditions occur at depth and are either fault controlled,
with the faults serving as channels and/or barriers to groundwater flow, or controlled by an

aquifer being overlain by an impermeable layer.

Data obtained from our investigations encountered perched water within the lower
portion of the Blackhawk formation. Mine roof seeps, however, do not exhibit seasonal
variation or response to precipitation and consist of persistent, relatively unvarying seeps or
infiltrations. The source of these seeps is apparently from larger, overlying perched zones,
exposed sufficiently by mining activities to allow slow drainage or possibly areas of joint

systems, sufficiently interconnected to provide a larger source area.
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Drillhole data also indicated that three separate aquifers exist within the Star Point

sandstone tongues. The investigation of these aquifers is presented in Appendix 7-N.

Fracture-enhanced permeability allows water to pass vertically through strata, which
would normally impede flow. Depending on the extent to which the fractures are interconnected,
vertical groundwater flow can be limited to a short distance, or it can extend to the regional water
table. Joint systems at the surface exhibit enlargement by weathering but, based on observations
within the mine, are expected to be generally closed or possibly non-existent with depth. Only
minor, localized diversion of flow within the mine is expected to take place through the joint or
fracture systems with no significant affect on regional flow patterns. The degree of rock
fracturing in the Bear Canyon seam and overlying mine roof rock is relatively low, based on
visual observations of the rock quality within the mine and general lack of mine roof over-break.

Outcrop examinations indicate the joint systems are not extensively interconnected.

Springs in the area, specifically Big Bear Springs, located next to the southeast corner of
the permit area, are the most significant water resource for the area. Mining activities have not
affected the volume or quality of the flow of these springs for the reasons discussed in the

following paragraph (See Appendix 7-N and Appendix 7-N).

Flows for the two major springs adjacent to the permit area, Big Bear Spring and Birch
Spring, as well as flows for two additional springs, Little Bear Spring and Tie Fork Spring, have
been included in Appendix 7N-D. Annual plots of the flows are shown in Appendix 7N-E. Plots

of the flow from Big Bear Spring show that peak flows during the period of 1980 through 1986
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occurred about one month later than peak flows at the Huntington gauging station. In the 1987-
1988 water year, the lag period between peaks in the stream and spring discharge is
approximately two months. This increase in lag time is attributed to a combination of lower
precipitation accumulations and shorter snowmelt period (See Appendix 7-N, section 2.7.3).
Because the period of record flows for Birch Spring is limited (Appendix 7-N, section 2.7.4), a

comparison of flows to Huntington Creek prior to 1990 cannot be made.

Aquifer Characteristics

Appendix 7-N, Section 4.0 discusses the groundwater aquifer characteristics in detail.
Plate 7-4 identifies the locations of springs and water monitoring points within and adjacent to
the Permit Area. A generalized stratigraphic section of the geologic units is shown in Appendix
7-N, Figure 5. Plate 7J-1 and 7J-2 show hyrologic cross-sections, which illustrate the projected

potentiometric surfaces within the permit areas.

Field measurements and drill hole data indicate the regional strike, dip and bedding
thicknesses are quite uniform within the mine permit area. Four drillholes were drilled
immediately North of the permit area and investigated by Savage Energy Services Corporation
(T-1, 2, 4, 5). Three additional drill holes were drilled by Co-Op in the same area (SDH-1, 2, 3).
Three holes were also drilled north of Wild Horse Ridge by Cyprus/Plateau (MW-114,116,117).
Lithology and water level information for all of these holes except MW-114 is shown on Plate 7-
9. Projections of bed elevations obtained from this drill hole data were in close agreement with

the equivalent bed elevations at the site, at a regional dip of approximately two degrees south.
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area. The initial interception of groundwater, expressed as roof seeps, by the mine workings was

approximately 3-'% acre ft/yr.

In 1989, a significant amount of water was encountered in the 1* North Section of the
Blind Canyon Seam, expressed as roof drips and flowing from roof fractures. Mining eventually
encountered the apparent source of this water, a significant channel sandstone, which traverses
East-West along the North end of the mine. The exact dimensions and configuration of this
channel is unknown. Isotopic dating of the water in this aquifer has indicated the water to be
approximately 1,000 years old. It is anticipated that Co-Op will eventually dewater this aquifer.
Surface and groundwater monitoring has indicated no hydraulic connection between this aquifer
and any springs in the permit area. To date, no impacts as a result of this dewatering have been
observed in any of the springs within the permit area. Additional discussion on this channel is

given in Appendix 7-N.

Isotopic dating of Big Bear Springs, as well as chemical analysis, has indicated that the
spring is not hydrologically to the mine water or the channel aquifer. Monitoring of Big Bear
Springs, as well as Birch Spring and the other springs within the permit area will continue in
order to ensure that no impacts due to mining occur. A description of the isotopic and chemical
data of the mine water and springs is shown in Appendix 7-N. In 1998, surface wells SDH-2 and
SDH-3 were sampled for baseline parameters and for isotopic dating. This information is

discussed in Appendix 7-N.
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Hydrologic information from monitor wells MW-114, 116, and 117 indicate that the
uppermost tongue of the star point sandstone is unsaturated under Wild Horse Ridge. A detailed

discussion of this aquifer is given in Appendix 7-N.

Aquifer Recharge

Snow at the higher elevations provides the greatest source of groundwater recharge.
Deuterium analyses of groundwater in the region indicate that most, if not all, groundwater is
derived from snowmelt (Danielson et. al., 1981). The percentage of water derived from
snowmelt, which recharges the groundwater system versus that which runs off to stream flow is
controlled by the surface relief, the permeability of exposed strata, the depth of snow pack, and
the rate of snowmelt. Published precipitation contours for the area indicate annual precipitation

of 17 to 18 in./yr for the permit area.

Evapo-transpiration is estimated to be on the order of three to four inches annually
(Danielson, et. al., 1981). Surface runoff, based on a mean site elevation of 8200 ft and on the
generally deeply incised nature of much of the permit area and the predominance of south, east
and west-facing slopes, is estimated to be 11 to 12 in./yr. These values correspond to estimates

by others for the general area (Intermountain Consultants, 1977).

Up to three inches average annual precipitation is thus available for recharge for the
1140-acre permit area, resulting in an equivalent 285-acre ft/yr. The large proportion of outcrop

versus total surface area of most of the permit area makes outcrop areas and drainage channel
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alluvium the principal recharge sources, with the soil mantle becoming increasingly important in

the north part of the area.

Additional discussion on groundwater recharge is given in Appendix 7-N and 7-N,

section2.4.2.

Aquifer Water Quality

Results of baseline water sample analyses for the Bear Canyon fee area are presented in
Tables 7.1, 7.2 and 7.3. The chemical characteristics of the ground and surface water in the
permit area are quite uniform with the exception of higher suspended solids content in the
surface water. It is noted that sulfate contents are lower in the Bear Springs samples while
surface water (Bear Creek), in contact with an appreciable section of the Star Point Sandstone in
its lower reaches, is relatively high in sulfate. Previous studies (Danielsen, et. al., 1981) indicate
water derived from the Star Point aquifer is higher in sulfate than the overlying units. This is

additional indication that the Bear Springs supply is not the Star Point-Blackhawk aquifer.

Baseline water quality data for the springs in and around Wild Horse Ridge and Federal
Lease U-024316 are presented in Appendix 7-M. The majority of the springs identified flow
from faults and joints in the North Horn and Price River formation. The chemical characteristics
of these springs are similar to the other springs within the permit areas. Spring WHR-6 (SBC-

14), which issues from the Star Point Sandstone (Spring Canyon Tongue), displays sample
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results for TDS consistently over 1500 mg/l. This is similar to the quality observed in Well

SBC-3, and is typical of water quality from the Star Point Sandstone.

Appendix 7-M includes some water quality information for the McCadden Hollow
springs around Lease U-024316 for 1991 and 1992 and information from springs in the
Mohrland Area. A 2010 evaluation of the monitoring plan resulted in long-term data summaries
found in Appendix 7-N. Water quality information is also summarized in Appendix 7-N, the

PHC document.
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Effects of Mining on Surface Water

The operation of Bear Canyon Mine by C. W. Mining is expected to have only a very
minimal effect on surface water on the area. The quality of Bear Creek before passing through
the mine plan area is poor. Generally, as the excess mine water is discharged into Bear Creek;
the surface water quality is improved significantly after passing through the mine site. The
potential impacts to surface waters are discussed in Appendix 7-N, section 9.1.2. The greatest
potential impact of mining operations is probably an increase in sediment loading to Bear Creek.
Controls and diversion structures have been constructed to prevent sediment-laden water from
disturbed area from mixing with local surface water, to minimize the mining impacts on the

receiving stream waters.

724.300 Geologic Information

Geologic information for use in determining the probable hydrologic consequence of
mining operations upon the quality and quantity of surface and ground water, whether
reclamation can be accomplished, and whether the proposed operations have been designed to
prevent material damage to the hydrologic balance outside the permit area is discussed in detail

in Chapter 6 Geology (R645-301-624) and under numerous headings in this chapter.
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No alternate water source is needed since we do not expect to impact any current water

sources as explained in R645-301-724.100 and R645-301-724.200.

R645-301-728 Probable Hydrologic Consequence Determination

See Appendix 7-N.

R645-301-729 Cumulative Hydrologic Impact Assessment

See Appendix 7-L.

R645-301-730 Operation Plan

R645-301-731 General Requirements
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731.100 Hydrologic Balance Protection

Effects of Mining on Groundwater Balance

Mining operations in the permit area will be contined to the coal bearing strata within the
basal part of the Blackhawk formation. The coal strata are generally dry throughout most of the
permit area, with the Tank Seam being dry throughout the entire property, and are part of an
undeveloped aquifer system, which consists of a series of generally discontinuous perched water
zones within the Blackhawk formation. Overlying formations are not uniformly saturated. The
Star Point Sandstone is unsaturated in the Southern and Eastern parts of the permit area, and
saturated in all three tongues on the Northwestern end of the permit area. The potential
groundwater impacts are discussed in detail in Appendix 7-N, section 9.0. The potential impacts
can be categorized into two basic sections: 1.) Potential impacts to groundwater quantity and 2.)

Potential impacts to groundwater quality.

Quantity

Mining affects on water quantities consist of interceptions of local perched zones, and the
interception of a larger perched aquifer at the North end of the Blind Canyon Seam workings.
Investigations have shown that this aquifer is not hydraulically connected to Big Bear or Birch
Spring (Appendix 7-N), so dewatering of this aquifer will have no impact on the quantity of
these springs. These waters are collected in sumps within the mine and either diverted for
culinary water and dust control or it is discharged into Bear Creek. Groundwater surveys are

conducted and submitted annually to the Division. Groundwater is also removed as moisture
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within the coal itself. As discussed in the PHC, the estimated volume of water removed in this

manner is 22 acre-feet per year.

The affects of subsidence in the permit area, on regional or local groundwater flow, are
expected to be minor and of short duration. Localized diversions or interceptions of short
duration only are expected due to the plastic flow of shaley units and to both development and
tightening of existing fractures which occur due to unbalanced compressive-tensile forces
associated with subsidence. The reclamation plan proposes to control post-mining subsidence
which is expected to be a maximum of 5.5 feet assuming all three seams are mined, with no
subsidence to occur in a varying 100 to 200 ft wide corridor from outcrop areas and permit

boundary areas, as well as under escarpments.

In the portion of Federal Lease U-024316 to be permitted, mining will take place in the
Tank Seam only, which will limit any subsidence to a maximum of 1.9 feet. In the event mining
reaches far enough North to mine at an elevation below Bear Creek, an adequate barrier will be
left to completely prevent any impact on Bear Creek. This barrier is shown on Plate 5-3 and

described in Appendix 5-C.

Quality

The potential impacts to water quality include contamination of water due to rock dust
usage, abandoned equipment, the usage of hydrocarbons, and contamination from road salting.
These potential water quality impacts are discussed in detail in Appendix 7-N, Section 9.0 (PHC)

and Appendix 7-P.
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Rock dust which is used for the suppression of coal dust may potentially impact the
groundwater flowing through the mine by the dissolution of the rock dust constituents into the
water. This could result in increase concentrations of TDS or sulfates. Gypsum rock dust has
been known to result in high TDS concentrations; therefore Co-Op has implemented the use of
limestone rock dust. Mine water discharged into Bear Creek is monitored for TDS, as well as
the in-mine water monitoring wells, to ensure increased concentrations do not result for the

mining activities.

Hydrocarbons (in the form of fuels, greases, and oils) are stored and used on-site for the
mining equipment. Spillage of these materials could potentially contaminate the groundwater in
the permit area. Section 9.0 of the PHC (Appendix 7-N) discusses in detail the program, which
C. W. Mining has implemented to prevent contamination of the groundwater from these sources.

Road salting is also discussed. Abandoned equipment is discussed in Appendix 7-Q.

Mitigation and Control Plans

No treatment of groundwater occurrence or other control measures in the present mine
have been required. Interference of the groundwater regime has consisted of interception of
local perched zones within the Blackhawk formation, with the significant portion of the flow

coming from a sandstone channel located at the North end of the Blind Canyon Seam workings.

No treatment of groundwater occurrence or other control measures have been required or

are expected to be required for the permit area. See the discussion on potential impacts in

Appendix 7-N.
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At this time, groundwater monitoring has shown no impact on the groundwater supply
(depletion), quality or other interference to occur in or adjacent to the permit area. No
groundwater rights have been affected to date or are expected to be affected by mining in the

permit area. Groundwater monitoring will continue to ensure no impacts do occur.

As discussed in Appendix 7-N, section 9-1, hydrocarbons in the form of oil and fuel are
stored at the mine site. A spill prevention control and counter measures plan is maintained
onsite-outlining controls to prevent and mitigate any hydrocarbon spills. Within six months of
the implementation of the Wild Horse Ridge facilities construction, this plan will be updated to

reflect the controls for the new facilities.

731.200 Water Monitoring

731.210 Groundwater Monitoring Plan

Monitoring activities are designed to determine water levels, discharge and water quality
fluctuations in relevant aquifers or groundwater occurrences in the mine area. Data is collected
from mine sumps, from monitoring wells within the mine, observation wells on the surface, and
springs. The objectives are to identify potential impacts during and after mining and, provide
continuing data on the areas aquifer characteristics and groundwater occurrences. A
recommended water-monitoring program is found in Appendix 7-N, section 10.0, but is

superceded by Tables 7-12 through 7-17.
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Springs below the mine will be sampled to determine discharge and water quality
parameters and their possible variation with time. These springs include SBC-14, Big Bear
Springs, COP Development Springs, and Birch Springs (Plate 7-4). Periodic checks will be
made of the mine area to determine any impact not currently expressed at the surface. This data
will be used to estimate seasonal fluctuations, aquifer recharge and consistent long-term changes
and to ensure that no impacts occur. Springs above the mine will be monitored for field
parameters, since the potential for impact to these springs is quantity rather than quality. SBC-9A

and SBC-4 will be monitored for lead quality.

Groundwater monitoring will follow the ground water sampling guidelines as shown in
Table 7-12 using the water quality parameter list in Table 7-13. New significant occurrences
within the present permit area will be promptly included in the sampling program, as specified
by state requirements. Operational ground water monitoring will continue through reclamation

to Bond Release.

The sampling matrix for each of the existing monitoring stations during the operational
phase of mining is included in Table 7-14. No baseline data is available for SBC-17, but will be
collected in 2000 and 2001, prior to mining occurring within the vicinity of this spring. Baseline

samples will be collected for SBC-14, SBC-15, SBC-16, MW-114 and MW-117 in 2001.
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Temporary Drill Hole Seals. Within 30 days of completion, drill holes utilized for groundwater

monitoring will be sealed in a nonpermanent fashion by installing PVC surface casing with a
threaded cap for access.

Annual Report. An Annual Report evaluating all data collected for the year will be submitted to
DOGM as required. The report will include notification of sites projected for re-initiation of
monitoring based on the projected mine plan over the next 12 months. Sampling will begin at

least 6 months prior to projected impacts from undermining.

Quarterly Data Submission. All water monitoring data will be submitted to DOGM on a

quarterly basis within 90 days or less of quarterly sampling collection.

DH-1A, DH-2, DH-3. Three observation wells, DH-1A, DH-2, DH-3, were installed in 1992

(Plate 7-4). These wells are for the collection of piezometric surface and water quality data from
the Spring Canyon tongue of the Star Point Sandstone, and are located such as to determine the
extent or occurrence of groundwater within the depths of potential impact of the mining activities
on the groundwater regime. Construction and Development of these wells are discussed in

Appendix 7-N. In 1993 DH-3 was abandoned and was replaced by DH-4, shown on Plate 7-4.

Groundwater encountered in these wells will be sampled as specified above along with
the other locations and used to correlate with the water quality data from Bear Springs, COP
Development Springs, Huntington Spring, and Birch Springs to provide a check on estimates of
groundwater contamination. These springs were selected since their flow is the sole use of
groundwater to be possibly affected by mining activities in the permit area. Discussion of initial

data gathered in 1992 from the wells are found in Appendix 7-N.
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Table 7-12 Ground Water Sampling

Baseline Monitoring

Operational Monitoring

Post-mining Monitoring

Type of Sampling site

Springs, In-Mine Flows,
Boreholes, Observation
Wells.

Springs, In-Mine Flows,
Boreholes, Observation Wells.

Springs, Observation Wells,
Mine discharge points.

Field Measurement and
Parameters (Table 7.1-7)

Water levels and/or flow and
water quality

Water levels and/or flow and water
quality

Water levels and/or flow and
water quality

Sample Frequency Each site

Quarterly Adequate to
describe seasonal variation.

Quarterly samples springs and

wells

Quarterly based on potential
impact or once per annum
(spring sampling at low flow).

Monthly recommended for
more accurate description of
seasonal variation

In-mine flows > 5 gpm at initial
interception, quarterly after st 30
days until diminished.

From

sumps and/or mine discharge

points quarterly or as required by
UPDES.

Sampling Duration

Two years (Prior to mining
in the area).

Every year until two years after
surface reclamation activities have
ceased. Site will be monitored 4

times

a year.

Until termination of bonding

Type of Data Collected and
Reported

Wells and Boreholes: Water
quality, water level or flow
logs, collar elevation; ground
elevations; screened interval;
formation where completed;
depth.

Wells and boreholes: Field water
quality and Water level or flow

Wells and Boreholes: Water
quality, water level or flow.

Springs: Flow and water quality

with one iron & manganese sample|

taken

at low flow.

Springs: Flow, water quality
with one sample taken at low
flow.

Springs: Water quality,
location, and flow.

Phase I: Whether pollution of
surface and subsurface water is
occurring, the probability of
future occurrence, and
estimated cost of abatement.

Phase II: After revegetation has
been established and
contributing suspended solids to)
streamflow or runoff outside thd
permit area is not excess of the
requirements set by UCA 40-10
17(j) of the Act and by R645-
301-751.

Phase III: Until reclamation
requirements of the Act and the
permit are fully met.

Comments

Springs and seeps should be
measured from source at
high and low flow periods.

During the year preceding re-
permitting. Spring, one water
quality sample at low flow for
expanded parameters. Other sites,
one sample for expanded
parameters.
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Table 7-13 Ground Water Quality Parameter List

Operation, Post Mining  Baseline Expanded Parameter

Field Measurements:
*

*
*
*

Water Levels or Flow

pH

Specific Conductivity (pmhos/cm)
Temperature (°C)

Laboratory Measurements: (mg/L) (Major, minor ions and trace elements are to be analyzed in dissolved form only.)

Sampling Period:
- Baseline
* Operation, Post-mining

Total Dissolved Solids
Total Hardness (as CaCO;)
Aluminum (Al)

Carbonate (CO;)
Cation-Anion Balance
Boron (B)

Bicarbonate (HCO;)
Cadmium (Cd)

Calcium (Ca)

Chloride (Cl)

Copper (Cu)

Iron (Fe)

Lead (Pb)

Magnesium (Mg)
Manganese (Mn)
Molybdenum (Mo)
Nitrogen, Ammonia (NH;)
Nitrite (NO,)

Nitrate (NO,)

Potassium (K)

Phosphate (PO,)

Selenium (Se)

Sodium (Na)

Specific Conductivity (umhos/cm)
Sulfate (SOy)

Zinc (Zn)

(Total and Dissolved)

(Total and Dissolved)

~ Expanded List acquired in the year preceding renewal
T Quarterly for sites SBC-9A and SBC4
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Table 7-14 Water Monitoring Matrix: Operational Phase of Mining

3

Location._| Status| Jan | Feb | Mar | May | Junc | July | Aug’ | Sept | Oct [ Nov
Streams
BC-1  |(Upper Bear Creek) Acthve oper oper. oper uper
BC-2  |{Lower Bear Creek) Artive pet aper et er
BC-3  |iLower Rt Fork Bear Creek) Activel nper oper. oper. oper.
BC4  |(Upper Rt Fork Bear Creek) Active] oper oper oper. oper.
CK-1__ |(Upper Cedar Creek) Active] oper oper. oper. oper
CK-2 |{Lower Cedar Creek) Activel oper oper. oper oper.
MH-1 [(Lower McCadden Hollow Creek) Inactive - Iniliale if mining in Lease field® fickd field
46481 or U-024316
MH-2 |{Upper McCadden Hollow Creek) Inactive - Initiale if mining in Lease | field field field
46481 or 11024316
FC-1  |{Lower Lef Fork Fish Creek)’ Activel field" field field
FC-2  |{Lower Right Fork Fish Creck)’ Inactive; initate when mining 116N field® ficld field
RRE Sees 20 or 17]
FC-3  |{Right Fork Fish Creck Property Line) nactive; initiate when miniog 116} field® ficld field
RRE Secs 17 or u:L
FC4  |(Upper Right Fork Fish Creek)' Inactive; initiate when mining T16} ficld® field field
RSE Secs 7 or 1
FC-5  |{Mud Spring)’ Inactive; initiate when mining T16M ficld’ field field
RSE Scc 7]
FC-6  |(Upper Left Fork Fish Creek)’ Inactive; initiale when mining T16} field" field field
RAE Sevs 18, 19 or 24|
FC-7  |(Water Right Upper Left Fork Fish Creck) Inactive; initale when mming T16H field field field
RSE Secs 18,19 ar 2/
FC-8  |(Water Right Upper Left Fork Fish Creck) Inactive; initiale when mining T16M field field field
RRE Secs I8, 19 or 21|
Springs
SBC4  |(Big Bear Springs)* Active] oper per. oper. aper
SBC-5 |(Birch Spring)® Active per oper. oper. oper
SBC-9a |(Hiawalha Seam) Active] oper oper oper. oper
SBC-12 |(16-7-13-1) Inactive; initiate when mining begins i field" field field
Mahrland
SBC-14 |(WHR-6) Active] pe o e
SBC-15 |{WHR-5) Activy] field® field field
SBC-16 [(wHR-4)* Active] field® field field
SBCI6A | Active] ficld” field field
SBC-16B |" Active] field® field field
SBC-17 |(16-7-24-4) Actine] e wper. 0 opet
SBC-18 |{wHR-2) Inaclive; initiate when aclive mining i field® field field
Mine #4 or Mohrland area is within 500
SBC-20 |{16-8-18-4) Inactive; iniliale when active mining field field field
Mine #4 or Mohrland area is within 5
SBC-21 |{16-8-18-1)" Inaclive; inibale when active mining if field" Tield field
Mine #4 or Mohrland area is within S(X)
SBC-22 |{Stockwaler Trough) Inactive; initiate when aclive mining i field" field field
Mine #4 is within 501/
SCC-1  |{16-8-20-1) Inactive; initiale when aclive mining 1 field" field ficld
Mine #4 or Mohrland arca is within S04
SCC-2  |(16-8-18-5)7 Inactive; initiale when aclive minng 1 field" fickd flekd
Mine #4 or Mohrland arca is within S
SCC-3  {(Mohrland Portal) Active ficld' ficld ficld
SCC-5 |(16-8-7-3) Inaclive; initiate when active mining | field" ficld field
Mohrland area is within 5t) fec
SMH-1 |(FBC-6) Inactive - Initiale if mining in Leasc | field field field
46481 or U-024314
SMH-2 |(FBC-5) Inactive - Inifiale if mining in Lease | field field field
46481 or U-124316
SMH-3 |(FBC-13) Inactive - Initiale il mining in Lease | field field field
46481 or U-0243 16
SMH4 |(FBC-4) Inactive - Initiale if mining in Lease { ficld" field ficld
46481 or U424316
SMH-5 |{Stockwater Trough) Inactive - Initiate il partal accessing U Reld field field
61048 and 11-61049 is opened
Wells
SBC-3  |{Creek Well) Activel iper o uper aper.
SDH-2 |{Well Sec. 11, T16S, R7E) Inaclive - [nitiate 1f mining in Lease 1] levet’ level Tevel
46481 or 024114
SDH-3 |{Well Sec. 10, T16S, R7E) Tnactive - Initiate il mining in Lease 1 level’ Tevel Tevel
46481 or L1-0243 16
MW-114 |(Well Sec. 18, T16S, R8E) Active] Tevel’ level level
MW-117 |[Well Sec. 12, T16S, R8E) Active] Tevel' level level
Bies See Tables 7-13 and 7-17 for listing ol water quality moniloring paramelers

oper = aperational  base. = baseline

B N O

Expanded List paramelers laken in August of year $ prior (o each perml renewal
SBC-4 and SBC-5 shall also be (ested for ail and grease

First sample to be laken in May or June, when Gentry Mountain is accessible

A comment will be inade regarding the level of the pand feeding the spring.

Weekly monitoring ta begin on¢ month prior 10 mining in area and continuc until one month afler

Monthly monitoring will then be done fur an additivnal six months
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Site ID
SBC-1
SBC-2
SBC-6

In Mine
Sources
SBC-7
SBC-8
SBC-9
SBC-10

SBC-11
SBC-13
SBC-23

Wells
DH-1A
DH-2
DH-3
DH-4
MW-116

Description

Underground Seep

Portal Well

COP Development Spring

Sump #1
Sump #2
Sump #3
Sump #4

Hiawatha Seam 1st North
1st Pillared Section
Bear Creek Landslide Spring

2nd W. Monitor Well

3rd W. Monitor Well

1st E. Monitor Well

3rd W. Bleeder Monitor Well
Gentry Mtn Monitor Well

Table 7-15 Past Monitoring Sites

Status

Dried up early 1988, and monitoring was discontinued.

Dry from 1987. Caved in, lost (2) quarters and relocation in 1991

Dried up in 1987, with no flow through 2000. Monitoring discontinued in
2000

Dried up and discontinued in 2000

Dried up and discontinued in 2000

Abandoned in 1999 due to retreat mining and replaced by SBC-13

Flow first measured Dec. 1991. Monitoring initiated Jan. 1992. In July,
1995, retreat mining progressed past this sump, making it inaccessible.
Monitoring was discontinued in August 1995. Flows from this area have
subsequently flowed through the pillared area and out of the 1st East
pillared section.

Abandoned in January 2003

Abandoned in April 2002 due to retreat mining and replaced by SBC-9A
Abandoned in 2010 due to limited flow from landslide

Abandoned in 2001 due to retreat mining
Abandoned in 1999 due to retreat mining
Abandoned in 1993 due to retreat mining
Abandoned in 1999 due to retreat mining
The side caved in and the well was lost

Rev. 8/24/2010

7-54




SDH-1, SDH-2, SDH-3. These three monitoring wells were installed in 1995 from the surface

(Plate 7-4). These wells are completed in the Spring Canyon tongue of the Star Point Sandstone,
with SDH-1 and SDH-2 located to monitor the potentiometric surface in conjunction with the
DH wells discussed previously. SDH-3 was installed West of the Blind Canyon fault (western
boundary of the permit area) in order to observe the relationship of the Spring Canyon aquifer on
each side of the fault. Completion diagrams of these wells are included in Appendix 7-A. The
initial baseline data is included in Appendix 7N. Based on these baseline levels, a potentiometric
surface for the Spring Canyon aquifer was developed. This is shown in Appendix 7-N, Figure

13b, and on Plate 7]-2.

In 1996, SDH-1 well plugged and was lost while attempting to unplug the well. SDH-2

and SDH-3 are monitored for water levels as shown in Table 7-14.

MW-114, MW-116, MW-117. These three wells were drilled in 1991 by Cyprus/Plateau, and

are located North of the Wild Horse Ridge expansion area. All three wells are located East of
the Bear Canyon fault. MW-114 is located immediately North of and adjacent to the permit area.
These wells were also completed in the Spring Canyon member of the Starpoint Sandstone.
Baseline water levels for these wells are included in Appendix 7N, and well completion
diagrams are included in Appendix 7-A. Water age dating and chemical information will be
collected from these wells to verify that the hydrologic patterns in the Wild Horse Ridge area are
consistent with the patterns discussed in the PHC which have been found in the existing permit
area. This information will also be collected from any new wells installed within or adjacent to

the Wild Horse Ridge area.
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Table 7-16 Surface Water Sampling

Baseline Monitoring

Post-mining Monitoring

Operational Monitorin 4

Type of Sampling Site

Surface Water Bodies

Surlace Waler Bodies

Surface Water Bodies

Field Measurements and
Parameters (Table 7.1-
7)

Performed during water
level/flow measurements,

Performed during
water level/flow
measurements.

Performed during water
level/flow measurements

Sample Frequency

Quarterly for lakes,
reservoirs and

impoundments (water level
and quality); monthly flow

measurements and
quarterly water quality

measurements (one sample

at low flow and high flow

each) for perennial streams.

Monthly flow and water
quality measurements
during period of flow for
intermittent streams.
Sampling for ephemeral

streams determined at pre-

Quarterly for lakes,
reservoirs and
impoundments (water
level and quality);
quarterly flow and
semi-annual water
quality measurements
(one WQ sample at
low flow and high flow]
each) for perennial
streams. Quarterly
flow and water quality
measurements during
period of flow for
intermittent and

Two per annum for
perennial streams (high
& low flow); two per
annum during snowmelt
and rainfall for
intermittent streams.

year of data befoe
submission of PAP).

years after surface
reclamation activities
have ceased.

design conference. streams.
Sampling Duration Three years (one complete |Every year until two  [Every year until

termination of bonding.

Flow and/or water

Flow and/or water levels

should be performed
concurrently with water
level/flow measurements.

should be performed
concurrently with
water level/flow
measurements.

Type of Data Collected |Flow and/or water levels |levels and water and water quality per
and Reported and water quality quality operational parameters.
IComments All field measurements All field measurements| All field measurements

should be performed
concurrently with water
level/flow measurements

Additional Comments

For every fifth year
preceding re-~
permitting, one sample
at low flow and high
flow each should be
taken fr expanded
water quality
parameters.

The construction
monitoring prgram wil
be conducted on a site-
specific basis in
addition to the
operational monitoring
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Table 7-17 Surface Water Quality Parameter List

Field Measurements:

* # * *
LR |

Water Levels or Flow

pH

Specific Conductivity (umhos/cm)
Temperature (°C)

Laboratory Measurements: (mg/L) (Major, minor ions and trace elements are to be analyzed in dissolved form only

# = A
# - A
" A
- A
N A
- A
- A
] A
< A
. ) A
) A
* = A
- A
- A
" A
S A
- A
# * - A
- A
Sampling Period:
- Baseline
* QOperation, Post-mining
# Construction
A Expanded List

Total Settleable Solids

Total Suspended Solids

Total Dissolved Solids

Total Hardness (as CaCO5)
Aluminum (Al)

Arsenic (As)

Boron (B)

Carbonate (CO;)

Bicarbonate (HCO;)

Cadmium (Cd)

Calcium (Ca)

Chloride (CD)

Copper (Cu)

Iron (Fe) (Total and Dissolved)
Lead (Pb)

Magnesium (Mg)

Manganese (Mn)  (Total and Dissolved)
Molybdenum (Mo)

Nitrogen, Ammonia (NH;)

Nitrite (NO,)

Nitrate (NO3)

Potassium (K)

Phosphate (PO,)

Selenium (Se)

Sodium (Na)

Specific Conductivity (pmhos/cm)
Sulfate (SOy)

Zinc (Zn)

Oil and Grease (if visible sheen)
Cation-Anion Balance
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Appendix 7J

2010 Characterization of Groundwater and
Surface Water Monitoring




C.W. Mining engaged Norwest Corporation in 2010 to evaluate the water
monitoring performed at the site, and to seek justification to reduce the monitoring.
Table 1 documents the objective of each monitoring site, recommends a revised
status, and provides the rationale for the change in status. Table 2 is a statistical
analysis of water quality parameters by sampling location type, i.e. stream, spring,
or well. Table 3 is a statistical analysis of water quality parameters by water quality

parameters.




Table 1: Objective and Status of Bear Mine Monitoring Locations
Site Type Site ID |Location Site Objective Status Rationale
BC-1 |(Upper Bear Creek) UpS of Portal Retain Control for Bear Ck
Disturbance
BC-2 |(Lower Bear Creek) DS of Portal Retain Below Existing Portal
Disturbance Disturbance
BC-3 |(Lower Rt Fork Bear Creek)|DS of Mine 3&4 Retain Below Existing Portal
Portal Disturbance Disturbance
BC4 |(Upper Rt Fork Bear Creek) |UpS of Mine 3&4 Retain Control for Rt Fork of Bear
Portal Disturbance Ck
CK-1 |(Upper Cedar Creek) UpS of Mohrland Retain Control for Cedar Ck above
Portal SCC-3 which is discharging
CK-2 |(Lower Cedar Creek) DS of Mohrland Retain Below SCC-3 which is
Portal discharging
MH-1 |(Lower McCadden Hollow (JDS of Leases U- Inactive - Initiate if mining in |No mining in area; initiate
46481 or U-024316 |Lease U-46481 or U-024316 |when mining T16N R7E
@ Hiawatha Spg Secs 11,12 or 14
MH-2 |(Upper McCadden Hollow (JUpS of Leases U- Inactive - Initiate if mining in |No mining in area; initiate
46481 or U-024316  |Lease U-46481 or U-024316 |when mining T16N R7E
@ Bear Cyn Fault Secs 11,12 or 14
FC-1 |(Lower Left Fork Fish Creek|DS of Mines 3&4 in |Retain Mining upstream
Stream T16N R8E Secs 20 or
117
FC-2 |(Lower Right Fork Fish Creg DS of Mines 3&4 in [Inactive; initiate when mining [No mining in area.
T16N R8E Secs 20 or |'T16N R8E Secs 20 or 17
17
FC-3  |(Right Fork Fish Creek Prop{DS of Mines 3&4 in |Inactive; initiate when mining [No mining in area.
T16N R8E Secs 17 or[TI6N R8E Secs 17 or 18
18
FC-4  |(Upper Right Fork Fish Cree|UpS of Mines 3&4 in |Inactive; initiate when mining |No mining in area.
T16N R8E Secs 17 or|T16N R8E Secs 7 or 18
18
FC-5 |(Mud Spring)’ UpS of Mines 3&4 in |Inactive; initiate when mining |No mining in area.
T16N R8E Secs 17 or|T16N R8E Sec 7
18
FC-6 |(Upper Left Fork Fish Creek|Control UpS of Mines|Inactive; initiate when mining |No mining in area.
3&4 in T16N R8E T16N R8E Secs 18, 19 or 20
Secs 18 or 19
FC-7 |(Water Right Upper Left For|Overlying Lease U- |Inactive; initiate when mining |Water right of record
61048 T16N R8E Secs 18, 19 or 20
FC-8 |(Water Right Upper Left For|Overlying Lease U-  |Inactive; initiate when mining |Water right of record
61049 T16N RSE Secs 18, 19 or 20
SBC-4 |(Big Bear Springs)’ Water right SW of  |Retain Water right of record
Mines 1 & 2 in Bear
Ck below portals
Springs SBC-5 |(Birch Spring)4 Water right SW of  |Retain Water right of record
Mines 1 & 2 above
Huntington Ck SW of

Mines | & 2




Table 1:

Objective and Status of Bear Mine Monitoring Locations

Site Type Site ID |Location Site Objective Status Rationale
SBC-9a |(Hiawatha Seam) Spring in Bear Ck Retain In disturbed area
portal area
SBC-12 |(16-7-13-1) Source Spring at head | Inactive; initiate when mining |No mining in area
of Bear Creek begins in Mohrland
SBC-14 |(WHR-6) Wild Horse Ridge Retain Immediately downstream of’
Spring #6 in trib to Mine #3 portal
Bear Ck Canyon
SBC-15 [(WHR-5) Wild Horse Ridge Retain Overlying or within 600’ of
Spring #5 in trib to active operations in Mine #4
Bear Ck Canyon
SBC-16 [WHR_4)6v7 Wild Horse Ridge Retain Overlying or within 500 ft
Spring #4 in trib to of development in Mine #4
Left Fork of Bear Ck
Canyon
SBCI6A|’ Spring on Wild Horse |Retain Overlying or within 500 ft
Ridge in Left Fork of of development in Mine #4
Bear Ck Canyon
SBC-16B|’ Spring on Wild Horse |Retain Overlying or within 500 ft
Ridge in Left Fork of of development in Mine #4
Bear Ck Canyon
Shrings SBC-17 |(16-7-24-4) Spring by waterfall in |Retain Located between Mines
Bear Ck Canyon 1&2 and Mine 4
SBC-18 |(WHR-2)’ Wild Horse Ridge Inactive; initiate when active |No mining in area
Spring #2 in tribto | mining in Mine #4 or
Left Fork of Bear Ck |Mohrland area is within 500'
Canyon
SBC-20 [(16-8-18-4) Upper Left Fk Fish  |Inactive; initiate when active |No mining in area
Ck mining in Mine #4 or
Mohrland area is within 500'
SBC-21 |(16-8-18-1)’ Upper Left Fk Fish  |Inactive; initiate when active |No mining in area
Ck mining in Mine #4 or
Mohrland area is within 500
SBC-22 |(Stockwater Trough) Unnamed trib of Bear |Inactive; initiate when active |No mining in area
Creek Canyon mining in Mine #4 is within
500"
SBC-23 [(FBC-12) Bear Creek Landslide |Discontinue; little flow
Spring
SCC-1 |(16-8-20-1) Spring in Right Fork |Inactive; initiate when active |No mining in area
of Fish Ck from mining in Mine #4 or
Flagstaff, North Horn,|Mohrland area is within 500’
Price Riv. Formation




Table 1: Objective and Status of Bear Mine Monitoring Locations
Site Type Site ID |Location Site Objective Status Rationale
8CC-2 ((16-8-18-5)" Fish Creek Right Fork|Inactive; initiate when active |No mining in area
Spring mining in Mine #4 or
Mohrland area is within 500'
SCC-3 |(Mohrland Portal) Mohrland Portal Retain Active Discharge
Discharge
SCC-5 |(16-8-7-3) Spring in Right Fork |Inactive; initiate when active |No mining in area
of Fish Ck - Gentry |mining in Mohrland area is
Mountain Drainage  [within 500 feet
Spring
SMH-1 |(FBC-6) McCadden Hollow, |Inactive - Initiate if mining in |No mining in area; initiate
Left Fork Springs Lease U-46481 or U-024316 |when mining T16N R7E
. Secs 11,12 or 14
Springs SMH-2 |(FBC-5) McCadden Hollow, |Inactive - Initiate if mining in |No mining in area; initiate
Left Fork Trough Lease U-46481 or U-024316 |when mining TI6N R7E
Secs 11,12 or 14
SMH-3 |(FBC-13) McCadden Hollow, |Inactive - Initiate if mining in |No mining in area; initiate
Left Fork Trough Lease U-46481 or U-024316 |when mining T16N R7E
Secs 11,12 or 14
SMH-4 |(FBC-4) McCadden Hollow  |Inactive - Initiate if mining in |No mining in area; initiate
Lease U-46481 or U-024316 |when mining TI6N R7E
Secs 11,12 or 14
SMH-5 |(Stockwater Trough) Spring inunnamed  |Inactive - Initiate if portal Portal not constructed
tributary above accessing U-61048 and U-
McCadden Hollow  |61049 is opened.
SBC-3 |(Creek Well - Completed in [Right Fork Creek Retain Active Bear Creek Canyon
alluvium and underlying SS |Well Portal Area
46', Sec 25, R16N, R7E)
SDH-2 |(Well - Spg Cyn Member of [McCadden Ridge Inactive - Initiate if mining in |No mining in area; initiate
Star Point SS, W of Bear  [Well Lease U-46481 or U-024316 |when mining T16N R7E
Cyn & Double Fault, 1930' Secs 11,12 0r 14
deep, Sec. 11, T16S, R7E)
SDH-3 [(Well - Spg Cyn Member of | Trail Ridge Well Inactive - Initiate if mining in |No mining in area; initiate
Wells Star Point SS, W of Trail Lease U-46481 or U-024316 |when mining T16N R7E
Cyn Fault, 1804' deep, Sec. Secs 11,12 or 14
10, T16S, R7E)
MW-114|(Well - Spg Cyn Member of |[Mohrland Well #14 |Retain Spg Cyn Well in Mine #4
Star Point SS, E of Bear Area
Cyn Fault, 1838' deep, Sec.
18, T16S, R8E)
MW-117](Well -Between Blind Cyn |Mohrland Well #17 |Inactive; initiate when active [Recent changes in water

and Hiawatha Coals,
1759.7', Sec. 12, T16S,
R8E)

mining in Mine #4 or
Mobhrland area is within 500'

levels despite no mining in
Mine #4 or Mohrland area.




Table 2: Water Quality Statistics by Type

ow D 18.30 8
Water Level feet 8.2 8. 8.20| 1 0
pH S.U. 2.83 9.1 764 503 0 6.5-0.0 6.50.0 6.5-9.0
Specific Conductivity umhoslcm 22 2890 742|608 0
Temp Deg.C 14 67 11.1] 598 0 27
Dissolved mgfl 5.1 10) 78 1 1 >6.5 >5
Specific Conductivity umhos/cm 350 27 952 380 0 =
[ Total Dissolved Solids mg/l 149 380 q 1200
Total Hardness (as CaC03) [mg/l 143 14 5186 399 0
Total Settleable Solids mall a 040 5 9
| Total Suspended Solids mg/| 24.?5 : 5
0il and Grease mg/| 0| 21| 0. ] £
6. 176 00371 365 0

mgl| 0. 253  70.32] 390 3

gl ssg 654 321 68

mgll 1 13. 382 [

{HCO3-) mall 213 660} 363.?; 185 0
Carbonate (C03-2) mall 10) 445 13 171
Spring |Chloride mg/l 1 66 962 397 0
Sulfate mg/l 1158 222 389 0
Alumi Dissolved mgll nlal al ] 180
Arsenic, Dissolved mgfl 0.01 0.0 3 186 0.087 0.75
|Boron, Dissolved mg/l 0.01 0. 0100 157 28 0.01 0.1 0.15 0.34
Cadmium, Dissolved mafl 0.01 0.01 0.01 188
Copper, Dissolved 0.01 0.44 0,1 3 186 0.01 0.01 0.00025 | 0.002 |
iron, Dissolved 0.05] 0.54) 0.8 10 375 0.2 0.009 0.013
Iron, Total mgll 0 38.5 079 142 255
Lead , Dissolved mgll 0.02 0.2] 011 2 207
[Manganese, Dissolved mall 0.002 0.1 0.0 62 318 0.015 0.1 0.0025 0.065
Manganese, Total mg/l 0 1.41 0.0 134 260
Molybdenum, Dissolved mgll 0. 0.2} 006 5 183
Selenium, Dissolved mgl] 0.0 0.04) 0.0 16 160 0.05 0.05 00046 | 0.0154
Zinc, Dissolved maJl 0.004 346 0. 81 137
Nitrate mafi 0.01 2.54 035 175 39 4 4
Nitrite mgll 0 0.1 004 14 198
Nitrogen (A ) mg/l 0| 04 018 26 177
|P' pt 0 0.12 0.0 36 50 0.05 0.05
Flow jﬁwlm 0 8000 61 400 6
|EH SU. 5 s_g 822 353 0 6.5-0.0 8.50.0 6.5-0.0
Specific Conductivity umhasfcm 7.8 8350| 102429 381 0
Temp Deg. C . ao% 4. 370 [ 27
Dissolved Oxygen mgfl .4 842 297 [ >6.5 >5,3
Specific Conductivity umhasiem 302 6730] 130143 239
Stream |Total Dissolved Solids mgll 163 B181] 990.77] 247 1200

[ Total Hardness (as CaC03) [mg/l 164 38 699. 256
Total Settleable Solids mafl 0 72 8. 46 147
Total Suspended Solids mag/l 0 95a80] 52446 155 41
Oil and Grease mgll 0 33 7. 15 181
Calci mall 83 454l 101, 256 0
Magnesi mall 12| 647 10811 257 0




Table 2: Water Quality Statistics by Type

A
Potassium ma/l 0.1 36. 693 235 11
Sodium maf| 233 670 6 36.24 248 2
Bi HCO3-) mall 174) 677] 31473 04 0
[Carbonate (CO3-2} mall_ 814 35 59
Chioride mall 13¢ 4621 258 0
Sulfate mgll 4 6000| 48577 245 0
Aluminum, Dissolved mall n/al v 0 87 0.087 0.75
Arsenic, Dissolved mall n 1 0 87 0.01 (K] 0.15 0.34
[Baron, Dissolved mol 0.01 n.g 008 64 8
Cadmium, Dissolved mgll n/al [E ; 0 86 0.01 0.01 0.00025 | 0.002
Copper, Dissolved mail 0.01 01 o,gg 1 &6 0.2 0.009 0.013_|
Stream [iron, Dissolved magll 0 % 44 0. 14 237
Iron, Total mgl 0.0 115.43 513 220 37
Lead , Dissolved mall i nia) a0 88 0.015 01 0.0025_| 0.065 |
Mai Dissolved mgh 0. 021 004 70 181
Mang Total mall 0. 2.819 0.12 198 58
Molybd: Dissolved __|mgJ 3 69
[Selenium, Dissolved ma/ 2 75 0.05 0.05 0.0046 | 0.0154
|Zinc, Dissolved mg/l 30 57
Nitrate mgll 51 55 4 a
Nitrite mag/l 15 90
Nitrogen (A ia 11 B4
[Phosphate % o T B 0.05 0.05
IEM gpm 0 17 3
Well [Water Lavel feel 1& 17833] 125625 107 0
[Temp Deg. C o oon 1 0 27

Source: Rule R317-2. Standards of Quallly for Waters of the Stafe, htip. niles ulah, TH317-002 htmBT16
Trace Metal Standarts givan for & hardness of 100 mg/
CWB - Cac Later.
(9b) The one-hour average cancentraian of fotal ammoria
nitrogen (in mg/l as N) does not exceed, more than once every
three years on the average the acute clerion calcirated
using the fallowing equations
Class 3
mg/l & N (Acute) = (0.275(1410 % )) + (39 /141073 )
Class 38, 3C, 3D:
mg/l as N (Actte) = 041141410 T2 )) » 56 4141077 %))

* Calclum combines “Total Calcium (mg/)™ and "Calcium Dissolved (mg/)”
* Sodlum combines “Total Sodium (mgh)* and *Sodum Dissolved (mg/)”

* Magnesium combines “Tolal Magnecium (mgf)” and "Magnesium Dissolved (mg/)*

* Potassium combines “Total Folassium (mg/)" and "Potassium Dissoived (mg/)”

* Nitrats combinas "NO2+NO3 AS N (mg/)" and "NITRATE AS N (mg/)”
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REVISED HYDROGEOLOGIC EVALUATION
OF THE BEAR CANYON MINE PERMIT
¢ AND PROPOSED EXPANSION AREAS

1.0 INTRODUCTION

1.1  Scope

This report is an evaluation of the potential for operations at the Co-Op Mining
Company Bear Canyon Mine to affect water quality and quantity at Birch and Big Bear
Springs. The report also addresses revisions to the Bear Canyon permit area to allow
incorporation of new Federal Coal leases U-024316 and U-024318, and the potential impacts
that the lease expansions may have on the springs. This document is intended to supersede
a previously-issued hydrogeologic evaluation report (EarthFax Engineering, 1991), which is
herein updated and supplemented with additional hydrogeologic and water-quality data.

The work performed for this evaluation included:

1) A review of technical literature from the United States Geological Survey and
the Utah Division of Water Resources, and permits on file with the Utah
Division of Qil, Gas, and Mining.

2) Visits to the mine site to evaluate springs, collect historical spring flow data,
tour accessible underground workings to evaluate groundwater inflow, and
conduct preliminary water quality assessments (pH, temperature, and
conductivity) of all accessible water sources.

3) A search of surface water and groundwater rights recorded with the Utah
Division of Water Rights for the mine permit area and adjacent sections.

1-1 Revised 1-31-96
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4) Discussions with Co-Op Mining representatives concerning historic groundwater
inflows to the mine and the general operational history of the Bear Canyon
mine.

5) Analysis of monthly precipitation, stream flow, spring flow, and geochemical
data derived from monitoring stations in the vicinity of the Bear Canyon Mine.

6) Incremental drilling and aquifer testing of three borings from the mine floor to
the Mancos Shale, and completion of the borings as monitoring wells.

7 Installation of dedicated purging and sampling systems in the monitoring wells,
and collection of groundwater quality samples. .

8) Drilling and installation of in-mine monitoring well DH-4 in January, 1994, to
replace well DH-3, which was abandoned in November, 1993.

This report is divided into six sections, including this introduction. Section 2.0 is a
description of area hydrogeology, Section 3.0 is a description of monitoring well installation
and groundwater sampling, and aquifer testing is summarized in Section 4.0. Conclusions and
recommendations are presented in Section 5.0, and references are contained in Section 6.0.

1.2 Background Information

The Bear Canyon Mine is located near the eastern margin of the Wasatch Plateau Coal
Field in Bear Creek Canyon, a tributary to Huntington Creek Canyon (Figure 1-1). The mine
is located approximately 9.5 miles west of Huntington, Utah.

Coal mining in the region of the study area began in the early 1900’s. Mining

operations have been or are presently being conducted by U.S. Fuel at Hiawatha, by Plateau
Resources at Wattis, and by Co-Op Mining Company in the Trail Canyon and the Bear Creek

1-2 Revissd 1-31-95
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Canyon. All of these operations have intersected the faults with which Big Bear and Birch
Springs are associated, although the Co-Op Mining Company Trail Canyon and Bear Canyon
operations are closest to the springs. The Trail Canyon Mine discontinued operations in late
1982 and has since been sealed; operations have been continuous at the Bear Canyon Mine
since 1982.

1-4 Revised 1-31-86
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2.0 HYDROGEOLOGY
2.1 Climate

The Bear Canyon Mine permit and adjacent area (referenced herein as the study area)
are located near the eastern margin of the Wasatch Plateau. Elevations within the study area
range from approximately 6,500 to over 9,000 feet above sea level. This elevation range
results in a significant variation in average annual precipitation amounts. At the higher
elevations of the Wasatch Plateau, the average annual precipitation exceeds 40 inches.

. Precipitation data has been collected at the Bear Canyon Mine since August 14, 1991.
Because the period of Bear Canyon Mine precipitation records is short and because the data
is collected at only one location, data from five surrounding precipitation recording stations
were averaged to provide a more representative estimate of precipitation across the study
area. The stations used in the averages are the NOAA weather stations at Hiawatha and
Electric Lake and the SCS SNOWTEL stations at Stuart Ranger Station, Red Pine Ridge, and
Cottonwood-Mammoth (Figure 2-1). The Bear Canyon Mine data, monthly precipitation data
from each of the five stations and monthly five-station precipitation averages are presented
in Appendix A.

2.2 Geology

2.2.1_General. Table 2-1 is a summary of stratigraphic relationships of the geologic
units in the study area. The stratigraphic sequence of the lower Cretaceous-to-lower Tertiary
section in the area suggests a regressive trend, from marine (Mancos Shale), through littoral
and lagoonal (Blackhawk and Star Point Formations interbedded silt/mudstone and sandstone),
to fluvial (Castlegate Sandstone, Price River Formation, and North Horn Formation sandstones
and conglomerates), and lacustrine (Flagstaff Limestone) deposition.

2-1 . Rovised 1-31-96
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Table 2-1

Stratigraphic relationships, thicknesses, lithologies, and water-bearing characteristica
of geologic units in the upper drainages of Huntington and Cottonwood
Creeks (adapted from Stokes, 1964)

System

Searies

Formations
and members

Thickness
(feet)

Lithology and water-bearing characteristics

Quatemary

Holocens and
Pleistocene

0-100

Alluvium and colluvium; clay, silt, sand,
gravel, and boulders; yields water to
springs that may cease to flow in late
summer.

Tertiary

Eocene and

Paleocens

Flagstatf
Limestone

10-300

Light-gray, dense, cherty, lacustrine lime-
stone with some interbedded thin gray
and green-gray shale; light-red or pink cal-
careous siltstone at base in some places;
vields water to springs in upland areas.
{See table 9.)

Paleocene

Cretaceous

Upper
Cretaceous

North Horn
Formation

800+

Variegated shale and mudstone with inter-
beds of tan-to-gray sandstone; all of
fluvial and lacustrine origin; yields water
to springs. (See table 9.)

Price River
Formation

600-700

Gray-to-brown, fine-to-coarse, and con-
glomeratic fluvial sandstone with thin
beds of gray shale; yields water to springs
locally.

Castlegate
Sandstone

150-250

Tan-to-brown fluvial sandstone and con-
glomerate; forms cliffs in most exposures;
yields water to springs locally.

Blackhawk
Formation

600-700

Tan-togray discontinuous sandstone and
gray carbonaceous shales with coal beds;
all of marginal marine and paludal origin;
locally scour-and-fill deposits of fluvial
sandstone within less permeable sedi-
ments; yialds water to springs and coal
mines, mainly where fractured or jointed.

Star Point
Sandstone

350-450

Light-gray, white, massive, and thin-bedded
sandstone, grading downward from a
massive cliff-forming unit at the top to
thin interbedded sandstone and shale at
the base; all of marginal marine and
marine origin; yields water to springs and
mines where fractured and jointed.

Masuk Member

Mancos Shale

600-800

Dark-gray marine shale with thin, discon-
tinuous layers of gray limestone and
sandstone; yields water to springs locally.

EarthFax
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Plate 1 depicts surface outcrops and geologic structures within the study area.
Regionally, the strata in the study area dip to the south and southeast at an angle of two to
three degrees (Brown, et al., 1987); this dip direction was confirmed by the stratigraphy
observed during in-mine drilling conducted for this study, although dip angles determined from
in-mine drilling ranged from 0.44 to 1.47 degrees. As shown on Plate 1, the Bear Canyon and
Trail Canyon Mines are located in a complex graben bounded by the Pleasant Valley Fault (on
the west) and the Bear Canyon Fault (on the east). Vertical displacements on both faults are
approximately 100-150 feet. Brown, et al. (1987) describe a shattered zone within the
graben, approximately two miles north of the current northernmost extent of the Bear Canyon
Mine. In the portion of the graben within the permit area, only minor faulting (vertical
displacements of 20 feet or less) has been identified, with the exception of the Blind Canyon
fault (Plate 1), which is estimated to have approximately 220 feet of vertical displacement
(down to the west) in the vicinity of the Bear Canyon Mine (Co-Op Mining Company, 1990a).

The major coal-bearing unit of the Wasatch Plateau Coal Field is the Blackhawk
Formation. In the Bear Canyon mine, coal is removed from three seams within the Blackhawk
Formation: the Tank and Blind Canyon seams (300 and 100 feet, respectively, above the
Blackhawk/Star Point contact, and the Hiawatha seam, which thins and (in places) pinches
out, and liesin direct contact with the Star Point Sandstone (Co-Op Mining Company, 1990a).

2.2.2 Stratigraphy of In-Mine Drillholes. Descriptive logging and aquifer testing was
conducted in four in-mine drillholes installed as part of this study. During the investigation,

it was revealed that the Star Point Sandstone beneath the permit area is comprised of three
separate sandstone units (in descending order: the Spring Canyon, Storrs, and Panther
Tongues) interbedded with two mudstone units (inferred to be tongues of the Blue Gate
member of the Mancos Shale). In this report, the mudstone tongue between the Spring
Canyon and Storrs is termed the Mancos No. 1 mudstone, and that between the Storrs and
the Panther is termed the Mancos No. 2 mudstone. A similar intertonguing of Blue Gate shale
with the three Star Point sandstone units has been documented in the area of the Scofield
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S.W. and Scofield S.E. quadrangles, immediately north of the study area (Doelling, 1972).
Characteristics of the three Star Point Sandstone aquifers are summarized in Section 2.5, and
stratigraphic logs are contained in Appendix G.

2.3 Surface Water

2.3.1 Hydrology. Most of the study area is drained by two canyons, Trail Canyon (on
the west) and Bear Canyon (on the east). Several smaller canyons drain the remaining
southeast portion of Bear Canyon permit area. The Trail Canyon and Bear Canyon drainages
contain intermittent streams, while the small drainages in the southeast portion of the permit
area contain ephemeral streams. These streams discharge to Huntington Creek, the major
drainage in the area.

The tributary streams primarily flow during the snowmelt period. From 65 to 80
percent of the annual discharge at the Huntington Creek gauging station (located near the
Utah Power and Light diversion for the Deer Creek Power Plant) occurs during the snowmelt
period from April through July (Danielson, et al., 1981). Flow records for the period from
1981 through 1983 and 1985 were obtained from Utah Power & Light. Data for the 1984 -
1985 water year are not available. Flow records for 1986 through September, 1991 were
obtained from the U.S.G.S. Water Resources Division. Stream flow data are summarized in
Appendix B.

2.3.2 Surface Water Quality. Danielson, et al. (1981) conducted surface water
sampling of flows from selected streams in the study area. The waters sampled at the
Huntington Creek gauging station were predominantly a calcium-bicarbonate water type.
Waters sampled from the tributaries of Huntington Creek were predominantly a calcium-,
magnesium-bicarbonate water type. During periods of low flow, the concentrations of sulfate
in the tributaries were up to ten times greater than in Huntington Creek itself (Danielson, et
al., 1981).
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Stream water monitoring points BC-1 (Upper Bear Creek) and BC-2 {Lower Bear Creek)
were monitored for stream flow six and seven times, respectively, during the period from
February through November, 1990 and average flow rates are presented in Table 2-2. During
1990 average flow rates increased by 12 gpm from BC-1 to BC-2. Water samples were
collected from both BC-1 and BC-2 three and four times, respectively, during 1990 (Co-Op
Mining Company, 1990b) and averages of these data are presented in Table 2-2. These
averages were examined using a Student’s t-test to test the hypothesis that the differences
between the mean values for BC-1 and the mean values for BC-2 are insignificant. The t-test
for difference in means is defined by the following formula:

i'! - )—(2
& s 5

o + —

N, N,

where

r\hs,2 + stzz
N, +N; -2

Q
|

with: N, and N,
X, and X,
s, and s,

number of samples from the two populations,
the means of the two populations,
the standard deviations of the two populations.

If the absolute calculated t value is less than the table t value, the difference in the means of
the two data sets is considered insignificant (Spiegel, 1961). Table 2-3 presents the results
of the statistical analysis. According to the Student’s t-test, the means of the 1990
parameters for BC-1 and BC-2 displayed in Table 2-2 are not significantly different. Thus, the
data suggest that there is no significant difference between the surface water collected
upstream from the mine at BC-1 and the surface water collected downstream from the mine
at BC-2.

Prior to 1991, all water inflows to the mine were used in mining operations, and no
discharge was made to the surface. Increased mine water inflow as development continued
to the north made it necessary to begin discharging to Bear Creek in 1991. During 1991,
discharge rates increased from 60 gpm to 194 gpm (Co-Op Mining Company, 1991). Mine
water discharge in 1992 has typically been 300 gpm (Co-Op Mining Company, 1992a).
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Comparison of 1990 and 1991 Surface Water Monitoring

L

Results for BC-1 and BC-2

2-7

BC-1 BC-2

Average Flow Rate (gpm) 32 27 44 100
Average pH 8.1 8.0 8.2 8.0
Average Specific 1392 971 1170 837
Conductance (mmhos)

Average TSS (mg/l) 1770 623 1712 342
Average TDS (mg/l) 1361 783 1066 793
Average Fe (mg/l) 4.1 26.3 3.8 4.0
Average Oil & Grease <5 <5 60 <5
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During the period from May through October 1991, Bear Creek stream flow was
measured seven times. Average stream flow increased from Upper Bear Creek (BC-1) to
Lower Bear Creek (BC-2) by 73 gpm (Table 2-4), due to discharge from the Bear Canyon Mine.
Surface water samples were collected quarterly from both BC-1 and BC-2. Utilizing the
Student’s t-test defined above, the 1991 data suggest that the one significant difference
between the surface water collected at BC-1 and at BC-2 is the increase in flow rate due to
mine water discharge from the NPDES discharge point (Table 2-4).

Flow rates above the mine' water discharge, specific conductance, TSS, and TDS
concentrations generally decreased from 1990 to 1991. Total precipitation measured at Red
Pine Ridge and Mammoth-Cottonwood also decreased from 26.20 and 22.30 inches,
respectively in 1990, to 13.20 and 6.00 inches respectively, in 1991 (Appendix A). The
decrease in precipitation caused a decrease in both runoff and recharge to springs. In turn,
the erosion of sediments due to runoff decreased and likely caused the decrease in chemical
and sediment concentrations. During November 1990 and February 1991, chemical
concentrations in both BC-1 and BC-2 increased to several times the concentrations detected
throughout the balance of each respective year. The fact that this increase occurs both
upstream and downstream of the mine suggests that it is not related to mining activities.

The mine water discharge typically has a pH of 7.9 and a specific conductance of 546
mmhos. The TDS and TSS concentrations average 371 and 13 mg/, respectively. Iron
concentrations are typically 0.11 mg/l and oil and grease are usually less than detection.
These concentrations are generally less than the corresponding concentrations at both the
upper and lower Bear Creek monitoring stations (Co-Op Mining Company, 1991). Thus, itis
unlikely that the mine water discharge decreases the quality of water in Bear Creek.

Mine water collected in sumps in the mine is discharged to Bear Creek, and is
monitored according to guidelines in NPDES Permit number UTGO40000. During the months
of January and March, 1992, TDS concentrations measured at the NPDES discharge point
exceeded the maximum allowable concentration of 2,000 |bs./day. This increase was
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attributed to localized sulfur-bearing minerals in the mine’s 3rd West section and the use of
gypsum rock dust in the mine (Co-Op Mining Company, 1992a), which began in 1991 (Co-Op
Mining Company, 1992b). This problem was corrected by using lime dust in the active
sections of the mine. The 3rd West section is not presently active. Should mining resume
in 3rd West, discharge from that part of the mine will be restricted (Co-Op Mining Company,
1992a).

o

2.4 Groundwater

~ The groundwater system in the study area has been investigated by Danielson, et al.
(1981), Co-Op Mining Company (1986), and Montgomery (1991). The recharge, movement,
and discharge of water within the groundwater system is dependent on climatic and geologic
conditions in the study area. Although groundwater occurs in all of the geologic units listed
in Table 2-1, none of the units are saturated everywhere (Danielson, et al., 1981).

2.4.1 Occurrence of Groundwater. The formations in the study area have been
identified as having a combination of perched and regional water tables. In most of the study
area, perched zones exist in the North Horn, Price River, Castlegate Sandstone and upper
Blackhawk Formations.

Although a regional aquifer (termed the Star Point-Blackhawk Aquifer by Danielson, et
al., 1981) has been proposed for the area, in-mine drilling and aquifer testing conducted for
this study indicate that the three aquifers within the Star Point Sandstone have individual
static water levels. Further, in the southernmost hole (DH-3) none of the three aquifers are
fully saturated (Figure 2-2). The fact that the Star Point aquifers are separate and
hydraulically distinct (a single water table does not transect the stratigraphic units as proposed
by Danielson, et al. 1981) suggests that the "regional” aquifer in the study area is actually
located below the Star Point/Mancos Shale contact.

2'1 1 Revieed 1-31-85
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2.4.2 Recharge. Snow at the higher elevations provides the greatest source of
groundwater recharge. Deuterium analyses of groundwater in the region indicate that most,
if not all, groundwater is derived from snowmelt (Danielson et al., 1981). The percentage of
water derived from snowmelt which recharges the groundwater system versus that which
runs off to stream flow is controlled by the surface relief, the permeability of exposed strata,
the depth of snowpack, and the rate of snowmelt. The highest recharge occurs in areas of
low surface relief and on formations which have high permeability from fractures and/or
solution openings.

. In the study area, the criteria which encourage recharge from snowmelt are typical of
the areas of exposed North Horn and upper Price River Formations. The main recharge area
to the groundwater system in the area of the Bear Canyon Mine is expected to be the
shattered zone identified by Brown, et al. (1987) in Section 1, 2, and the north half of Section
11, in Township 16 South, Range 7 East (Plate 1). An additional area of recharge could also
be expected in the southern half of Section 11 and the northern half of Section 14, due to the
surface exposure of North Horn Formation (Plate 1), however, this area is not as highly
fractured as the area to the north.

Outcrops within the permit area include the Price River Formation, Castlegate
Sandstone, Blackhawk Formation, Star Point Sandstone, and the Mancos Shale. Danielson,
et al. (1981) indicate that recharge to the Blackhawk-Star Point aquifer from direct infiltration
of snowmelt to formations which outcrop below the North Horn Formation is small in
comparison to recharge through low relief surfaces on the North Horn Formation. In the study
area, low-relief exposures of formations below the North Horn Formation and above the coal
outcrops is limited due to the steepness of the canyons. Therefore, the potential for recharge
through these formations to the regional groundwater system within the permit area is limited.

Co-Op Mining Company has conducted spring and seep surveys of the permit and

adjacent area and has identified three springs and two seeps which occur above the coal
seam. These water sources are located in the northern part of the permit and adjacent area.
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As shown on the water rights map (Figure 2-3), no groundwater rights are found on the ridge
overlying the Bear Canyon Mine. The only groundwater sources identified in the southern
portion of the permit and adjacent area are Big Bear Spring and Birch Spring. These springs
are located approximately 500 feet below the Blind Canyon seam mine floor, and issue from
the contact between the Panther Tongue of the Star Point Sandstone and the Mancos Shale.
The limited number of springs which occur in areas which overlie the mine is further indication
that only limited recharge occurs in the Bear Canyon permit area.
¢

2.4.3 Movement. The movement of groundwater in the study area is strongly
controlled by faults and the dip of strata. Most of the water movement in the study area is
through fractures, faults, and partings between the beds (Danielson, et al., 1981). According
to Danielson, et al. (1981), a portion of the snowmelt recharge water is discharged close to
the original recharge source, where the downward movement of water is impeded by
impermeable beds of shale or mudstone. If lateral movement occurs close to the canyon
edge, this movement continues until the land surface is encountered and discharge occurs
as a perched spring. |If the movement occurs on the interior of the mountain, the lateral
movement continues until other vertically permeable lithologies or zones of fracturing are
encountered.

Fracture-enhanced permeability allows water to pass vertically through strata which
would normally impede flow. Depending on the extent to which the fractures are
interconnected, vertical groundwater flow can be limited to a short distance, or it can extend
to the regional water table (see Figure 2-4). Lines (1985) indicated that for the
hydrogeologically similar area of Trail Mountain (south of the study area), despite a thick
section of very low-permeability rock, some hydraulic connection exists between the perched
aquifers and the proposed regional aquifer; such transfer occurs as downward unsaturated
flow from perched aquifers to the regional aquifer along the fractures and faults.
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2.4.4 Discharge. Groundwater naturally discharges through springs, seeps, and by
evapotranspiration. Some discharge from the groundwater system in the mine area may occur
either by flow in the faults and fractures out of the Huntington Creek drainage or as
subsurface flow to alluvial fill in the canyons, although such flow cannot be quantified. The
major source of quantifiable discharge is springs. Within the area of the mine, two major
springs have been identified: Big Bear Spring and Birch Spring. Two additional nearby springs
(Tie Fork and Little Bear) have been identified outside the Bear Canyon Mine permit area. The
locations of the springs are shown on Figure 2-5.

_ Big Bear Spring (maintained by the Castle Valley Special Services District) discharges
from three prominent joints. Birch Spring (maintained by the North Emery Water Users
Association) discharges from a normal fault which has approximately 20 feet of vertical
displacement. Both springs issue from the lowest sandstone unit of the Star Point Sandstone
(the Panther Tongue), where the Mancos Shale serves as a barrier to downward movement
of groundwater (Montgomery, 1991). Tie Fork is not a true spring, but two flowing
geophysical boreholes which have been developed by the Castle Valley Special Services
District. Little Bear Spring issues from faults, and also is maintained by the Castle Valley
Special Services District. Flow records for these springs have been obtained from the water
companies and are presented in Appendix D. Big Bear Spring has an 12-year period of record
(1981 to present), Birch Spring has a 4-year period of record (1989 to present), Tie Fork has
an 9-year period of record (1984 to the present), and Little Bear Spring has an 11-year period
of record (1982 to the present).

2.4.5 Inflow to Mine. According to Wendell Owen, the Bear Canyon Mine had water
inflow to the old abandoned workings prior to the start of operations by Co-Op Mining
Company in 1982. During the development of the East Bleeder entries (Plate 7-10A), water
was encountered in two small faults subsidiary to the Bear Canyon Fault. Within a short time
of this interception, the inflow to the abandoned workings ceased. The rate of inflow to the
East Bleeders during development was approximately that which previously had flowed to the
abandoned workings.
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Inflow to the East Bleeders continued until the summer of 1989, when water was
encountered as the North Main entries were advanced northward. According to Wendell
Owen, inflow to the East Bleeders gradually diminished and flow into the North Mains was
approximately 110 gpm. As the North Main entries were advanced, former zones of inflow
several crosscuts back from the working face would drain, and the inflow rate would diminish
and eventually cease. This observed coordination between upgradient inflow interception and
downgradient inflow cessation as mine development advanced northward indicates a high
degree of hydraulic interconnection through fractures in the portion of the Blackhawk
Formation which overlies the mine, and that this fracture system directs flows to the
southeast, along the dip of the beds.

The current major areé of water inflow to the mine is located at the north end of the
North Mains entries (Plate 7-10A). Sumps located in the Second East and North Main entries
in the area of the inflow are used to collect and store this water. A Portion of the water from
these sumps is diverted for in-mine use. The remainder of the water is pumped to the surface
and discharged into Bear Creek (such discharges are recorded in the annual reports). A
portion of the inflow to the area of the North Mains is used for culinary purposes at the mine.

Additional minor inflows to the mine consist of small quantities from diffuse sources
throughout the mine. During the February 1991 underground tour, only one small roof dripper
was found with sufficient flow (0.1 gallon per minute) to be sampled. Values of pH,
temperature, and conductivity measured at the time of sampling are presented in Table 2-5.
At the time of the underground tour, Wendell Owen indicated that several of the areas
surveyed had previously been much wetter; however, only limited water inflows were found
during the survey. This pattern is similar to that observed in other mines (e.g., Deer Creek,
Plateau, and others) in the Wasatch Plateau (Danielson et al., 1981). In areas which do not
intersect faults upon initial mining, moderate water inflows occur from diffuse sources
(primarily from roof bolts). Flows from such sources are generally less than one gallon per
minute. Typically, the roof bolt intersects and provides a drain for a localized perched
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TABLE 2-5

Field Parameter Results

'

e — e 1
Sample pH Temperature Conductivity
1.D. (Units) (°C) (bmhos/cm)
Big Bear Overflow 6.9 10.9 460
Seepage Above Big 8.1 12.4 2000
Bear Spring
Roof dripper in 3rd 7.7 14.2 510
West Entries
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aquifer, often a sandstone lens, which has a limited extent and limited quantity of water in
storage. Once the stored water is drained (typically in one or two months), recharge to the
perched zone is not sufficient to maintain the previous flow, and the inflow is reduced or
ceases entirely.

Inflows in the north ends of the North Main and Second East entries are through roof
bolt holes and hairline fractures which are presumed to drain overlying perched aquifers in the
Blackhawk Formation . An indeterminate amount of water flows upward through the floor
in the area of the Second East entries, and probably originates from the Spring Canyon
Tongue aquifer (extrapolation of the Spring Canyon piezometric surface determined during
testing of three in-mine monitoring wells indicates it would be approximately 15 feet above
the mine floor in the north end of Second East).

Because mine inflow is from numerous and diverse sources, and because
measurements prior to 1992 were not metered, the precision and accuracy of the flow rate
measurements is considered by Co-Op to be insufficient to demonstrate that flow rates
decrease over time when mine advancement is halted. Flow meters were installed in 1992
to allow more accurate and precise measurement of inflows, and continued periodic
monitoring of inflow rates will provide more reliable data from which more definitive
conclusions regarding the nature of the inflows may be drawn. Based on observations by Co-
Op personnel, however, consistency of inflows in the north ends of the North Main and
Second East entries is related to the rate at which the entries are advanced northward. When
advancement is relatively constant and new fractures are encountered and drained, inflows
are relatively constant. When the entries are not advanced, as the fractures are drained of
their storage the inflow rate decreases (as was evident in 1992).

2.4.6 Long-Term Impacts. Springs in the vicinity of the Bear Canyon Mine issue from
joints at the contact between the Panther Tongue and the Mancos Shale. Water inflows to
the mine through bolt holes and fractures are from perched zones, often of limited storage.
Most of the inflow observed to migrate with northward mine advancement in the North Mains
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and northern Second East areas is presumed to be due to the interception of stored water in
fractures which drain a more laterally continuous perched aquifer. This concept is further
supported by the observation that inflows to the Third West Bleeders diminished and
eventually ceased as the North Mains and Second East entries were advanced northward in
1989.

The absence of springs and the presence of efflorescence on sandstone outcrops in
areas of seepage in the downgradient (southern) portions of the permit area suggests that
groundwater movement potential in aquifers perched above the Bear Canyon seam is limited.
Additionally, the absence of spring flows from the strata above the Panther Tongue/Mancos
Shale contact and the presence of efflorescence on sandstone outcrops indicates a slow rate
of groundwater movement and that most of the groundwater that reaches the outcrop
evaporates on contact with the atmosphere. Further, no drainage through the mine floor in
areas of known faults, or other evidence of hydraulic connection between such perched zones
and the springs which issue from the Panther Tongue/Mancos Shale contact has been found.
Thus, dewatering and diversion of inflows such as those discussed in Section 2.4.5 are not
expected to affect nearby spring water quality or quantity in either the long- or short-term.

Potential negative impacts to spring water quality due to water leaking from the old
workings and flowing over mudstones and into the spring collection system will not occur,
because pumping into the old workings will not occur. To prevent inadvertent or accidental
discharge into the old workings, a locked valve has been installed in front of the pressure relief
valve shown on Plate 7-10a.

After mining and associated dewatering/diversion operations cease, the local
piezometric surface will recover toward pre-mining conditions. Although inflows are expected
to diminish and cease once the perched zones are drained, if inflows continue after mining is
completed, the abandoned mine will not flood because the strata dip to the south-southeast;
natural flow through the subsided entries and drainage to the surface will prevent
accumulation (flooding) in the mine. As shown on maps of Bear (Blind) Canyon Seam
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structure and the 1990 water survey (Plates 6-4 and 7-10A, respectively, of the M&RP) mine
inflows originating in the northern portions of the current mine and proposed expansion areas
will be conveyed to the surface through the subsided entries and will uitimately discharge
along the eastern limits of the mine, probably from the area of the present fan portal, which
is the lowest-elevation coal outcrop in the lease area (7,440 feet).

Flooding of the old (pre-Co-Op) abandoned workings in the south end of the lease area
and potential consequent impacts to water quality or quantity due to surface-flow
contamination of springs 500 feet downslope from the coal outcrop will not occur; the lowest
floor elevation of the sealed entries which lead into the old workings is 7,494 feet, or 54 feet
above the elevation at the fan portal. Any post-abandonment inflow originating in the
northern portions of the mine will be conveyed to the east, over the mine floor surface, well
north of the old workings. Discharge from the fan portal will be conducted via culvert to
channel RC-3 (Plate 7-7), which is designed to accommodate a 10-year, 6-hour flow of 3.77
cfs (1,700 gpm). The addition of a hypothetical 1.11 cfs (600 gpm) discharge from the mine
would not require a change in channel design. Further, a hypothetical 2.22 cfs (1,000 gpm)
discharge would require only that the channel riprap Ds, be increased from 9 inches to 10
inches. Culvert sizing and other design details will be revised prior to mine reclamation, if
required, when quantities and conditions are known. However, for current mine conditions,
the reclamation plan is adequate to accommodate discharges in excess of those currently
intercepted by the mine.

2.5 Summaries of Star Point Sandstone Aquifers

2.5.1 Spring Canyon Tongue. The Spring Canyon Tongue of the Star Point Sandstone
is 88 feet thick at DH-1A, 103 feet thick at DH-2, 98 feet thick at DH-3, and 90 feet thick
at DH-4. It is generally light gray with minor dark minerals, but varies from dark gray to
white. The grains range in size from fine to medium, and are moderately well sorted,
subangular to subround, and cemented with calcium carbonate. The unit is generally
moderately- to well-indurated. Bedding is variable through the unit, from massive to laminated,
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with muddy zones and partings and locally dense bioturbation. The contact with the overlying
Hiawatha coal seam of the Blackhawk Formation is abrupt; the lower contact with the Mancos
No. 1 mudstone tongue is gradational.

The static water level measured in the Spring Canyon aquifer during drilling and testing
was 3 feet below the top of the unit in DH-1A, 71 feet above the top of the unit in DH-2, 25
feet below the top of the unit in DH-3, and 62 feet above the top of the unit in DH-4. Thus,
the Spring Canyon aquifer is confined by the Hiawatha coal seam in the northernmost
drillholes (DH-2 and DH-4), and unconfined in the remaining two (DH-1A and DH-3).

2.5.2 Storrs Tongue. The Storrs Tongue is 96 feet thick at DH-1A, 105 feet thick at
DH-2, and 120 feet thick at DH-3 (the Storrs Tongue was not penetrated in DH-4). Itis
generally light gray to dark gray, with minor dark minerals. The grains range in size from very
fine to fine, and are moderately well sorted, subangular to subround, and well cemented with
calcium carbonate. The unit is generally well-indurated. Bedding is variable through the unit,
from massive to laminated, with muddy zones and partings and locally dense bioturbation,
particularly in the lower portion of the unit. The contacts with the overlying Mancos No. 1 and
underlying Mancos No. 2 mudstones are gradational. The Storrs Tongue sandstone is
generally finer-grained, more dense, more highly indurated, and less permeable (as
demonstrated by aquifer tests, Section 4.0) than the other two Star Point Sandstone aquifers.

The static water level measured in the Storrs aquifer during drilling and testing was 30
feet above the bottom contact of the confining Mancos No. 1 mudstone in DH-1A, 89 feet
above the bottom of the Mancos No. 1 in DH-2, and 23 feet below the top of the unit in DH-
3. The Storrs is unconfined by the Mancos No. 1 mudstone in only the most southern
drilihole (DH-3).

2.5.3 Panther Tongue. The Panther Tongue is 105 feet thick at DH-1A, 88 feet thick

at DH-2, and 97 feet thick at DH-3. It is generally light gray with minor dark minerals, but,
like the Spring Canyon and Storrs tongues, varias from dark gray to white. The grains range
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in size from fine to coarse, and are poorly to moderately well sorted, round to subround, and
poorly cemented with calcium carbonate. The unit is generally poorly to moderately-well
indurated, and locally friable. Bedding is variable through the unit, from massive to laminated,
with muddy partings and local bioturbation. The contact with the overlying Mancos No. 2
mudstone is gradational; the lower contact with the Mancos Shale is abrupt. The Panther
Tongue sandstone is less dense, coarser-grained, less well-cemented, less indurated, and more
permeable than the Spring Canyon and Storrs tongues.

The static water level measured in the Panther aquifer during drilling and testing was
33 feet below the top of the unit in DH-1A, 103 feet above the top of the unit in DH-2, and
27 feet below the top of the unit in DH-3. The Panther aquifer is confined by the Mancos No.
2 mudstone only in DH-2; unsaturated conditions exist in southern drillholes DH-1A and DH-3.

2.6 Groundwater Quality

Monitoring stations are sampled four times per year as a part of the Co-Op Coal
Company hydrologic monitoring program (Plate 2). A summary of water-quality analyses for
groundwater samples collected is presented in the Annual Hydrologic Monitoring Report (Co-
Op Mining Company, 1991). Groundwater-quality samples are routinely collected in the
permit and adjacent areas from the underground bleeders, monitoring wells, and springs
associated with faults and joints in the Panther Tongue of the Star Point Sandstone.

The general character of the groundwater in the permit and adjacent areas is that of
slightly alkaline calcium-bicarbonate water that contains low concentrations of total dissolved
solids (TDS), nutrients, and metals. Field conductivity and pH range from 300 to 842 mg/l
and from 6.1 to 8.1, respectively. TDS is typically 400 mg/l. Historically, acidity is zero and
average alkalinity is 290 mg/l. Sulfate and magnesium concentrations are typically 70 and
40 mg/l, respectively. Iron and manganese concentrations are typically 0.3 and 0.1 mg/,
respectively.
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Figure 2-6 presents a Piper diagram of average analytical results of the sampling events
in 1991 for six groundwater monitoring points: Birch Spring (SBC-5, eight samples), North
Mains (SBC-9, five samples), Ball Park Spring (BP-1, two samples), Big Bear Spring (SBC-4,
eight samples), Co-Op Spring (CS-1, two samples), and Trail Canyon Spring (TS-1, two
samples). The Piper diagram is divided into three fields: cations, anions, and the combined
field. Values are in percent milliequivalents, and are plotted in the anion and cation fields and
projected into a combined field. Spatial relationships that are repeated in all three fields are
indicative of relationships between waters. The spatial relationships among the six waters
differ from field to field. Birch Spring has the least similarity to the other waters. For example,
Birch Spring water plots very close to mine water in the cation field, but it plots as an outlier
in the anion field and in the combined field. This is due to a higher percentage of sulfate in
Birch Spring water than in the mine water or the other spring water in the area. In fact, the
mine water and BP-1 water have the lowest percentages of sulfate of the groundwater
represented in the Piper diagram. Thus, the spatial relationships exhibited in the Piper diagram
suggest that the mine water is of a higher quality than Birch Spring water. Furthermore, the
difference in spatial relationships in the different fields suggests the waters are not
hydraulically or chemically connected.

Figure 2-7 presents a series of Stiff diagrams which characterize waters from the same
six groundwater monitoring points used in Figure 2-6. The six waters display a similar Stiff
pattern, that of a calcium-bicarbonate water. Additionally, the Stiff patterns indicate that
SBC-9 (North Mains) water has the lowest sulfate concentration (1.18 meq/l) and SBC-5
(Birch Spring) has the highest sulfate concentration (2.62 meg/l) of the groundwater sampled.
SBC-4 (Big Bear Spring) water has a sulfate concentration of 1.36 meqA. SBC-9 also has the
lowest chloride value of the groundwaters sampled, while SBC-5 has the highest chloride
value. This relationship between the sulfate and chloride concentrations does not suggest
that the mine water could diminish the quality of the spring water in the area.
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The major portion of water inflow to the mine is used within the mine or for culinary
purposes by Co-Op Mining Company. According to the Co-Op Bear Canyon Mining and
Reclamation Plan, the water which flows from Big Bear Spring (also called Huntington
Spring)and Birch Spring is used by the Huntington community for culinary purposes (Co-Op
Mining Company, 1985). Water collected in Trail Canyon from TS-1 (Trail Canyon Spring) is
also used locally for culinary purposes. CS-1 (Co-Op Spring) was used in the past, but is no
longer used for culinary purposes (Co-Op Mining Company, 1992a).

Waells in the permit and adjacent areas are either observation wells owned by Co-Op
Mining, or exploration wells owned by Northwest Energy. Three new monitoring wells (DH-
1A, DH-2, and DH-3, Plate 1) were drilled within the permit area for this study. DH-1A and
DH-2 were drilled in late 1991 and DH-3 was drilled in early 1992. The three wells were
completed in the Spring Canyon Tongue of the Star Point Sandstone, and were developed,
tested, and sampled in May, 1992. The results of laboratory analyses of the monitoring well
samples are summarized on Table 2-6, and complete analytical reports are presented in
Appendix H.

In-mine monitoring well DH-4 was completed in the Spring Canyon Tongue in January,
1994 to replace well DH-3. DH-3 was abandoned in November, 1993 because the pillars
were pulled in the 1st East section of the mine. Table 2-7 is a summary of minimum,
maximum and mean analytical results for groundwater collected in 1994 from the four in-mine
monitoring wells. Complete analytical reports for 1994 quarterly in-mine monitoring well
samples are in Appendix I.

Figure 2-8 presents Stiff diagrams of major ionic species in groundwater from the in-
mine wells. Waters from DH-2 and DH-3 have Stiff patterns similar to those of the calcium-
bicarbonate spring water depicted on Figure 2-7. Water from DH-1A has a calcium,
magnesium, sodium, potassium-sulfate pattern. This pattern is distinctly different from other
groundwater that has been sampled in the permit and adjacent areas and shows a relatively
elevated sulfate level, which is presumed to be due to the dissolution of locally-occurring
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TABLE 2-6

Summary of Laboratory Analytical Results
for Groundwater From In-Mine Monitoring Wells

ANALYTE (mg/l) DH-1A DH-2 DH-3
Aluminum 0.2 <0.1 <0.1
Arsenic <0.05 <0.05 <0.05
Barium 0.071 0.127 0.129
Cadmium <0.01 <0.01 <0.01
Calcium 38.9 51.9 50.9
Chromium 0.025 <0.01 <0.01
Copper ; <0.01 <0.01 <0.01
Iron 0.505 0.280 0.220
Lead <0.01 0.030 <0.01
| Magnesium 20.1 29.5 28.9
Manganese 0.062 0.101 0.232
Mercury <0.0005 <0.0005 <0.0005
Molybdenum 0.058 0.010 <0.01
Nickel <0.01 <0.01 <0.01
Potassium 31.2 1.5 2.6
Selenium <0.0005 <0.0005 <0.0005
Sodium 14.1 8.8 15.2
Zinc <0.01 <0.01 <0.01
Oil & Grease 2.0 <0.5 <0.5

" Oil and Grease expected (hydraulic fluid leak on rig).
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TABLE 2-6 (Continued)

Summary of Laboratory Analytical Results
for Groundwater From In-Mine Monitoring Wells

ANALYTE (mg/) | DHAA | DH2 | __ DH-S l
TDS 285 330 339
Hardness as CaCO3 162 321 307

Boron <0.05 0.064 0.061
Alkalinity as CaCO3 94 285 294
Bicarbonate 110 340 336
Carbonate 2.3 3.5 11.5
Hydroxide 0 0 0

Chloride 4.9 4.2 4.2
Fluoride 0.28 0.18 0.16 J
Ammonia <0.2 0.64 0.22
Nitrate 0.42 0.74 <0.5
Phosphate 0.129 0.25 0.027
Sulfate 128 33 38

Sulfide <0.1 <0.1 <0.1 i
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sulfate salts. Groundwaters sampled from the in-mine wells have a TDS range of 290 to 597
mg/. Dissolved iron concentrations range from less than 0.20 to 1.40 mgA.

2.7 Spring Flow

Big Bear and Birch Springs were visited on February 18 and 19, 1991, during a site
survey to evaluate the geology of the spring locations and to collect samples of discharge
water, if available. No surface flow occurred at the Birch Spring and the collection system
was locked. At Big Bear Spring, a sample was taken from the spring overflow from the
northernmost joint.

A second sample was taken from seepage flow which occurs on the slope above the
Big Bear Spring. The seepage originates from the cliffs at the contact between the Star Point
Sandstone and Blackhawk Formation, and occurs in two areas approximately 100 yards apart.
Seepage in each area appears to occur directly from the formation contact, along
approximately 100 to 150 feet of the outcrop. The flow is difficult to quantify, but it is
concentrated at several bedrock ledges, and was estimated at the time of the site visit to be
approximately 10 gallons per minute. The easternmost seep occurs at a location that is in
shade most of the day, and considerable accumulations of ice where found at this seep, due
to continual freezing of the discharge. The pH, temperature, and conductivity values for these
samples are presented in Table 2-5.

Asindicated on Table 2-5, the electrical conductivity of water within the mine is similar
to that of water from Big Bear Spring. Water from seeps above the spring is considerably
different, with a conductivity approximately four times that of the spring samples, presumably
due to the dissolution of gypsum from mudstone in the area from which the seeps issue.

Monthly flows from the Big Bear, Birch, and Little Bear springs and the Tie Fork wells
were analyzed. Little Bear Spring and the Tie Fork wells were included in the analysis because
of their long periods of record and their proximity to the mine permit area. The spring flows
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were compared to five-station average monthly precipitation {(see Appendix A) and stream
flow for Huntington Creek gauging station above the Deer Creek Diversion (see Appendix B)
plotted against time. These three plots were combined in a single graph to allow a direct
comparison. For readability, the graph durations were limited to one year per sheet for each
spring analyzed (an example is presented in Figure 2-9). All graphs are presented in Appendix
E.

2.7.1 Little Bear Spring. Plots of flow from Little Bear Spring for the period of 1982
through 1985 show that the peak spring flows occur one month behind the peak stream fiow
in Huntington Creek. In 1986, the peaks occur in the same month, possibly indicating an
early snowmelt. In 1987, the peak from Little Bear Spring was delayed by two months.

in the period from 1988 through 1990, no significant spring peak flow is evident.
There was a gradual rise in the flow in the fall of 1988 and a gradual decline in early 1989.
During 1991, peak spring flow occurred one month behind peak stream flow.

2.7.2 Tie Fork Wells. Flows from the Tie Fork wells show no seasonal variation,
except for a period from July through November, 1988. By December, 1988 flows had
returned to approximately the previous level and flows through 1991 have been essentially
constant. This flow fluctuation corresponds to the flow increase in the Little Bear Spring,
though the fluctuation of Little Bear was over a longer period.

2.7.3 Big Bear Spring. Plots of flow from Big Bear Spring show that peak flows during
the period of 1980 through 1986 occurred about one month later than peak flows at the
Huntington gauging station (above the Deer Creek Mine access road). In the 1987-1988
water year, the lag period between peaks in the stream and spring discharge is approximately
two months. This increase in lag time is due to a combination of lower precipitation
accumulations (28.4 inches average annual precipitation 1980-1986 versus 19.75 inches
1987-1990, see Appendix A) and shorter snowmelt period.
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Year-by-year comparisons of the flow recessions at Big Bear Spring for the years 1980
through 1986 show very similar patterns; the slope line of the spring flow decline and the
base flow level for the spring are generally the same from year to year. This indicates that
the snowmelt recharge is greater than the volume required to recharge the groundwater
system storage, and that excess water is being discharged from the system as peak flows
through the spring. It also suggests that no outside influence (i.e., mining) affected the
groundwater system.

For the period from 1988 to 1991, no snowmelt peak can be identified on the flow
spring flow graphs. Also, a comparison of spring flow from years 1987 through 1991
indicates a general decline in flow. This is inferred to be due to the small amount of
precipitation during this period. The quantity of snowmelt recharge during these years was
not sufficient to create either of the following conditions: 1) completely fill the depleted
storage in the system, (resulting in a base flow lower than that of the previous year), or 2)
provide a spring flush (although recharge may be sufficient to restore deleted storage).

Under the first condition, the groundwater system is being drained and a new base
flow condition will eventually be established, provided precipitation inputs are stabilized. Once
the groundwater system was stabilized, the second condition would prevail until the
precipitation (and recharge) increased sufficiently to fill the excess storage capacity in the
groundwater system. It appears that the first condition occurred at the Big Bear Spring during
the period of 1987 through 1991.

2.7.4 Birch Spring. The Birch Spring flow increased by almost 300 percent for a three
month period and a reduction in water quality in the fall of 1989 (North Emery Water Users
Association, 1991). Table 2-8 is a summary of water quality data before, during, and after
the anomalously high flow event, and shows that water quality returned to normal once flow
rates normalized. The reason for this fluctuation is unknown. The event occurred shortly
after the Bear Canyon mine intercepted an inflow of about 110 gpm in the North Mains,
though the response of the spring if this were a mine related impact would be a reduction in
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TABLE 2-8
Summary of Birch Spring Analytical Results

Parameters April 1987 October 1989 March 1991
pH 8.0 8.33 8.05
Conductivity (umhos/cm) 748 1090 812
TDS (mg/) 412 810 484
TSS (mgh) 2 56 1
Bicarbonate (mg/l) 392 367.17 376
Chloride (mg/) 7 12.65 8.17
Sulfate (mg/l) 102 298.34 129
Calcium (mg/) 87 128.01 101
Magnesium (mg/l) 48 71.82 425
Potassium (mg/) 2 5.56 2.09 I
Sodium (mg/l) 7 10.80 6.1
Iron (mg/l) <0.05 0.21 0.10
Manganese (mg/l) <0.02 0.02 <0.02
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flow rather than an increase. -Montgomery (1991) attributed this flow rise to a release of
collected water in the abandoned Trail Canyon Mine. This is highly unlikely as both the Trail
Canyon and Bear Canyon Mines are above the regional water table, as discussed in Section
2.4.1. Additionally, a sustained discharge of 230 gallons per minute for 90 days would result
in a cumulative flow volume of approximately 30 million gallons (92 ac-ft) of water. This
would require a significant storage volume; assuming that four entries each 12 feet wide and
8 feet high were filled with water, they would need to be 2 miles long to be able to store the
required volume of water to sustain this flow during a low flow period of the year. Prior to
the increased flow at Birch Spring, the pillars were pulled in the Trail Canyon Mine. The
subsidence of the mine significantly reduced the open area within the mine where water couid
collect. Portals on the down-dip side of the mine have been visually monitored on a regular
basis since reclamation. No seepage has been observed at these portals, suggesting that the
mine was dry before, during, and after the increased flow at Birch Springs (Co-Op Mining
Company, 1992a). Given the contention that the area is extensively faulted and the faults
and fractures are interconnected, the possibility of storing this volume of water as a perched
water table above a large extent of the mine, without discharge occurring in other locations,
is very unlikely.

An alternative source of the surge in flow could be the opening or connection of
saturated fractures which previously did not convey water to Birch Spring. These fractures
could have contained a significant volume of water which had built up over a long period of
time. As these fractures drained, the flow contributed to the Birch Spring was sufficient to
raise the water level in the fractures to a level which previously had not conveyed water. This
would result in a flush of sediment and dissolved constituents, as reported by North Emery
Water User Association, which had accumulated over time. Once the excess water in the
fractures had drained the flow in the spring and the water quality returned to normal levels.

Because the period of record for Birch Spring is limited, and the published stream flow
data for Huntington Creek do not include the period of record for Birch Spring, a comparison
to stream flow prior to 1990 cannot be made.
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The flows from Birch Spring show some seasonal fluctuation; however, three years of
data do not provide sufficient information to identify the general flow characteristics. The
available data (Appendix E) indicate that flow from the spring gradually diminished in 1990,
an occurrence that was noted by the North Emery Water Users Association (verbal
communication, 1991). Flow during 1991 was stable, with only slight fluctuations.

The declining flow at Birch Spring is considered a result of below-normal precipitation
in the region over the past four to six years. Big Bear and Little Bear Springs also exhibited
similar flow reductions. Here again, as proposed for Big Bear Spring, when recharge to the
groundwater system is reduced below the amount required to replace the storage volume
depleted by base flow discharge over the previous year, the discharge from the system at the
various discharge locations is adjusted to balance the change in storage of the system.

2.8 Water Rights Search

To assist in understanding the potential impacts of the mining operations on the
surrounding water resources, a search of the Utah State Water Rights records was conducted.
The computer records were scanned for all water rights, surface and groundwater, which
exist in the area of Sections 10 through 15 and 22 through 27 of Township 16 South, Range
7 East. The search included an area between one half and one mile beyond the permit
boundary. The water rights which were identified are located on Figure 2-3 and presented
in Appendix C.

There are three surface water rights within the permit and proposed expansion areas
(Figure 2-3). No springs with water rights were identified above the coal seams within the
permit or proposed expansion areas. In the adjacent area, 30 surface water rights and 29
groundwater rights were identified. Fifteen of the groundwater rights were associated with
flows from Big Bear and Birch Springs. The remaining rights were associated with the mines
or with small stockwatering springs north of the permit area.
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3.0 MONITORING WELL INSTALLATION AND GROUNDWATER SAMPLING
3.1  Waell Drilling

For the purpose of collecting stratigraphic and hydrologic data for this study, three
holes were drilled from the mine floor (the base of the Blind Canyon coal seam) to the Mancos
Shale (Figure 3-1). A Diamec model 251 hydraulic drilling rig was used by Co-Op personnel
to drill the holes, and EarthFax Engineering geologists performed lithologic logging and aquifer
testing within the Star Point Sandstone. The holes were later completed as monitoring wells,
to allow groundwater quality in the uppermost aquifer below the mine to be characterized.
Monitoring well DH-3 was abandoned in November, 1993, so that the pillars could be pulled
in the 1st East section of the mine. A replacement monitoring well was installed in the 3rd
West Bleeders section in January, 1994. Stratigraphic logs and completion diagrams for all

four in-mine wells are contained in Appendix G.

The original drilling program specified the use of AW-size drilling rod and core barrels
to produce a 1.89-inch diameter pilot hole, which would be enlarged by reaming to a diameter
of 3 inches prior to aquifer testing. Difficulties in reaming the pilot hole required that larger
BW-size equipment be used to produce a 2.36-inch diameter hole. No fluid additives or lost
circulation material was used during drilling; only clear water was used as drilling fluid.

The holes were drilled and the aquifers were tested incrementally; i.e., as each aquifer
was penetrated, drilling would cease, the aquifer would be isolated, and aquifer testing would
be conducted. Because underlying impermeable shale was used as a seal at the bottom of
the aquifer to be tested, a single packer was placed at the top of the subject aquifer. Aquifer
testing procedures are discussed in Section 4.0.

3.1.1 Drill Hole DH-1A. To obtain detailed stratigraphic information, drill hole DH-1
was continuously cored with AW rod from the mine floor to a depth of 195 feet. Due to drill-
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stem instability during attempted reaming of tHe AW hole to a diameter of 3 inches, DH-1 was
abandoned and a second hole (DH-1A) was offset approximately 20 feet to the east. DH-1A
was drilled with BW rod to 195 feet (through the interval for which core had already been
obtained from DH-1), and then cored continuously from 195 to 535 feet (total depth).

As core was retrieved from the borehole, it was cleaned, described, allowed to dry, and
boxed. The core boxes were permanently labeled as to the hole and depth interval from
which the samples were obtained. All core samples are in the possession of Co-Op Mining
Company.

3.1.2 Drill Holes DH-2 and DH-3. Drill holes DH-2 and DH-3 (Figure 3-1) were cored
selectively, across intervals within which stratigraphic contacts were expected (based on the
stratigraphy observed in the continuous core from DH-1 and DH-1A). Table 3-1 is a summary
of intervals cored in each of the drillholes. Lithologies of drilled intervals between core runs
in DH-2 and DH-3 (Appendix G) were inferred from the color of drill cuttings. Because the bit
used in drilling these intervals produces a fine rock powder, no grains or lithic fragments are
contained in the drilling fluid returns. DH-2 was drilled to 530 feet, and DH-3 was drilled to
545 feet below the mine floor.

3.1.3 Drill Hole DH-4. Drill hole DH-4 was installed to replace abandoned well DH-3.
DH-4 was drilled to a total depth of 238 feet and was terminated in the Mancos No. 1
Tongue.

3.2 Well Completion and Development

To plug the lower portion of the drillhole and isolate the Spring Canyon aquifer for well
completion, DH-1A was filled with cement from a total depth of 535 feet to 171 feet below
the mine floor. Due to binding of the tremie line during cement emplacement in DH-1A,
gravity-emplaced granular bentonite was used to plug the lower portions of DH-2 (from 530
to 190 feet) and DH-3 (from 545 to 189 feet).
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TABLE 3-1

Drillhole
1.D.

Summary of Cored Intervals

Cored Interval
(depth in feet below
mine floor)

Stratigraphic Targets

DH-1 0 - 195’ Continuous core.

DH-1A 195 - 535’ Continuous core.

DH-2 95 - 106’ Blackhawk/Spring Canyon contact.
190 - 245’ Spring Canyon/Mancos No. 1/Storrs contacts.
335 - 430’ Storrs/Mancos No. 2/Panther contacts.

500 - 530’ Panther/Mancos Shale contact.

DH-3 82 - 98’ Blackhawk/Spring Canyon contact.
175 - 440’ Spring Canyon/Mancos No. 1/Storrs/
Mancos No. 2 /Panther contacts.
- 500 - 545’ Panther/Mancos Shale contact. -
DH-4 170-238’ Spring Canyon/Mancos No. 1 contact.

Revised 1-31-96



Co-Op Mining Company . Appendix 7-N
Bear Canyon Mine Revised Hydrogeologic Evaluation
April 26, 1993

= -

Each well was completed with 20 feet of 1.5-inch diameter, flush-threaded Schedule
40 PVC 10-slot screen set near the base of the Spring Canyon Tongue. Blank casing of the
samespecification was used to complete the wells to the mine floor. A 20-40 mesh silica
sand filter pack was emplaced in the annular space from the bottom of the screen to the top
of the Spring Canyon Tongue, and granular bentonite was placed on top of the filter-pack to
prevent infiltration of cement. The upper 50 feet of annular space was filled with neat
cement. A 10-inch diameter cast-iron watertight manhole was cemented flush with the mine
floor at each well. To further protect the monitoring wells, wooden barricades were installed
across the mine openings on either side of each well. Well completion diagrams are contained
in Appendix G.

The completed wells were developed with a 1-inch diameter stainless steel bailer
attached to stainless steel cable. The bailer was used to surge and bail the well until the
water was visibly clean.

3.3 Groundwater Sampling

3.3.1 Monitoring Wells. One-inch diameter bladder pumps were installed in each of
the monitoring wells. The pumps can be driven with nitrogen or other non-flammable
compressed gas, and are intrinsically safe for mine use. The sample lines, drive lines and the
bladder are constructed of Teflon, and the pump body is stainless steel. The dedicated pumps
are designed to be left in-place throughout the life of the wells, thus, the need for
decontamination and storage of purging and sampling equipment between sampling rounds
is eliminated.

To ensure the collection of samples representative of formation water, each well was
purged of three casing volumes prior to sampling. Samples were collected in laboratory-
supplied containers, and were stored in insulated ice chests at 4° C until delivery to the
analytical laboratory. Laboratory analytical results for samples collected during the May 1992
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sampling round are presented in Appendix H. Analytical results for 1994 quarterly sampling
rounds are in Appendix |I.

3.3.2 Additional Sampling Points. Groundwater-quality samples are routinely collected
by Co-Op Mining personnel from the North Mains section of the mine (SBC-9 and SBC-10),
Bear Creek (BC-1 and BC-2), and from springs associated with faults and joints in the Panther
Tongue of the Star Point Sandstone (SBC-4, SBC-5, and BP-1). Samples are also collected
from two locations in Trail Canyon: from the Hiawatha coal seam (TS-1), and a spring which
issues from the Spring Canyon Tongue of the Star Point Sandstone (CS-1). Sampling
locations are depicted on Plate 2.

3.4 Radioisotope Dating

Groundwater samples were collected from SBC-4 (Big Bear Spring), SBC-5 (Birch
Spring), SBC-9 (North Mains), and SBC-10 (Mine Floor water) in April, 1992, and submitted
for tritium analyses to the Rosenstiel School of Marine and Atmospheric Science Tritium
Laboratory in Miami, Florida.

The results of the tritium analyses are presented in Table 3-2. Tritium concentrations
(expressed as tritium units, TU) for Birch Spring (1.12 TU), North Mains (0.90 TU), and the
floor water (1.73 TU) are within the same order of magnitude, whereas the concentration for
Big Bear Spring (17.4 TU) is an order of magnitude greater.

According to Thiros and Cordy (1991), prior to above-ground nuclear weapons tests
conducted from 1953 to 1969, the natural tritium concentration in precipitation was 8.7 TU.
Assuming a half-life of 12.26 years, tritium levels in groundwater stored since 1952 would
now be 0.95 TU, thus, water collected from SBC-3 (North Mains) sample is likely 100% pre-
bomb groundwater (water stored since before 1953). Waters from SBC-5 (Birch Spring) and
SBC-10 (floor water) are probably mixtures rich in stored pre-bomb groundwater, with a slight
amount of post-bomb water.
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TABLE 3-2

Tritium Analytical Results

‘ Sampling Point |.D. Location Tritium Concentration
SBC-4 Big Bear Spring 17.2 TU
SBC-5 Birch Spring 1.12 TU
SBC-9 North Mains 0.90 TU
SBC-10 Floor Water 1.46 TU
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There are three possible explanations for the relatively high concentration of tritium in
the SBC-4 (Big Bear Springs) water: 1) The groundwater could be freshly recharged; current
tritium concentrations in freshly fallen rain water in Utah range between 10 and 20 TU
(Thiros, verbal communication, 1992); 2) it could be stored post-bomb water which originally
had a very high concentration of tritium which has since decayed; or 3) water from Big Bear
Springs could be a mixture of pre-bomb and post-bomb waters.

Because tritium concentrations in rainwater were greater than 1000 TU during periods
of active above-ground weapons testing (Fritz and Fontes, 1980), the age of water from Big
Bear Spring cannot be determined. Regardless of the source(s) of recharge to Big Bear Spring,
the concentrations of tritium in the remaining groundwater samples (SBC-5, SBC-9, and SBC-
10) suggest that Birch Spring water and the mine inflow are of similar age (pre-1953), and
are not significantly recharged by modern precipitation.
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4.0 AQUIFER TESTING
4.1 General

To estimate the hydraulic conductivities of the aquifers within the Star Point
Sandstone, slug injection and withdrawal tests were conducted in each of the in-mine borings.
To ensure that test results were representative of the individual aquifers, testing was done
incrementally in DH-1A, DH-2, and DH-3; as each aquifer was penetrated, an inflatable packer
was used to isolate the subject aquifer from over-and underlying formations. Only the Spring
Canyon Tongue was tested in completed well DH-4; the procedures followed during testing
of DH-4 were the same as those used during incremental testing of the other three wells,
except that no packer was used.

A slug test consists of rapidly changing the water level in a well or borehole by means
of the injection or withdrawal of a body of known volume (a "slug”) into or from the water
column. When the slug is rapidly lowered into the water column, the water level rises
abruptly. Rapid withdrawal of the slug after the water level has fully recovered causes the
water level to drop abruptly. The rate of water level recovery to static conditions is monitored
through time.

The slug used in this investigation consisted of a five-foot length of 0.5-inch diameter
316-stainless steel rod attached to 0.05-inch diameter stainless steel cable. The five-foot
long slug has a displacement of 11.78 cubic inches, which is equivalent to a displacement of
3.20 feet in the 0.625-inch inside diameter of the drill rod.

Although it is recognized that the radius of influence for slug tests is smaller than for
the more conventional long-term pumping tests, slug tests are considered to provide adequate
information about hydraulic conditions in areas where studies are not aimed at designing an
exploitation program of the aquifer (Freeze and Cherry, 1979). Both the slug injection and

4-1 Reviead 1-31-96




Co-Op Mining Company Appendix 7-N
Bear Canyon Mine Revised Hydrogeologic Evaluation
April 26, 1993

slug withdrawal tests produce similar results if performed under similar field conditions, and
if a sufficient length of time is allowed to achieve maximum recovery of the water level.

4.2 Field Procedures

4.2.1 _Water-Level and Total Depth Measurements. The static water level was
measured with a pressure transducer in each subject aquifer prior to slug testing. The packer
and transducer were placed at a known depth in the drillhole, and the water column height
measured by the transducer was added to this known depth to approximate the water level.
Total depth was determined by tallying the five-foot lengths of drill pipe as they were removed
from the hole after a completed drilling or coring run.

Static water level and total depth measurements in the completed monitoring wells
were made with an electric water-level indicator. Each of the measurements were made
relative to the top of the protective surface casing. These values were used to determine the
saturated thickness of the zone to be tested.

4.2.2 Open-Hole Slug Tests. During open-hole testing, an Instrumentation Northwest
pressure transducer with an operating range of O to 50 pounds per square inch (up to 115.5
feet of water) was attached to the packer. Data derived from the transducer were recorded
by a model 21X Micrologger manufactured by Campbell Scientific. The micrologger was
programmed to record water-level changes to within 0.001 foot at either one-half second or
one second intervals, depending on the response of the aquifer.

During the drilling program the bore hole was advanced through an aquifer into a
confining unit. The top of the aquifer was then sealed off and isolated from overlying aquifers
with a 2-inch diameter pneumatic packer (Aardvark model 12). The transducer was
connected to the packer, and measured the height of the water column inside the drill stem.
After pre-test measurements the slug was introduced through the drill stem and the test was
recorded by the micrologger.
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As data were collected, water-levels displayed by the micrologger were examined to
monitor trends and the progress of the test. The accuracy and completeness of data were
thereby reviewed before each test was terminated. Each test was allowed to proceed until
the water-level recovered at least 95% of the height displaced by slug injection. All data were
stored in the final memory of the micrologger and transferred to a data-storage module in the
field. Data from the storage module were transferred to diskette storage in the office.

Following completion of the slug injection test and stabilization of the water-level, a
slug withdrawal test was performed. Hence, a minimum of two tests were conducted in each
well. When recovery was rapid, additional slug tests were performed. All data thus collected
are on file with EarthFax Engineering.

4.2.3 Slug Tests in Completed Wells. Because the larger diameter of the well casing
(1.5-inch) would permit a less restricted and more representative test (e.g., more smooth
introduction and withdrawal of the slug, less turbulence within the water column) than that
possible through the drill stem (0.625-inch) and packer, slug tests of the Spring Canyon
Tongue aquifer were repeated after completion and development of DH-1A, DH-2, and DH-3
as monitoring wells (as noted, the only test of DH-4 was conducted after completion). The
hydraulic characteristics of the Spring Canyon Tongue aquifer listed on Table 4-1 and
contained in Appendix F are those obtained from tests conducted in the completed wells.

A pressure transducer with a maximum operating pressure of 10 pounds per square
inch (23.1 feet of water) was used to measure water levels during the slug tests in the
completed and developed wells. After pre-test measurements and programming of the
micrologger, the pressure transducer was lowered into the water to a depth that was below
the lowest point to which the slug would be lowered, but within the depth range of the
transducer. The slug was then rapidly lowered into the water column in the monitoring well,
and data were recorded as in the open-hole tests.
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Co-Op Mining Company
Bear Canyon Mine

TABLE 4-1
Hydraulic Conductivity and Transmissivity Values
Well Identification | Aquifer Saturated Hydraulic Transmissivity Average Linear

and Test Number Thickness Conductivity (ft*/day) Velocity

(ft) (ft/day) (ft/day)

DH-1A SPRING 88.0 0.146 12.848 0.0443

DH-1A STORRS 97.0 0.031 3.007 0.0155

DH-1A PANTHER 70.0 0.732 51.24 0.1911

DH-2 SPRING 103.0 0.012 1.238 0.0036

DH-2 STORRS 106.0 78.422W 8,3139 39.21%

DH-2 PANTHER 88.0 0.025 2.200 0.0065

DH-3 SPRING 65.0 0.058 3.770 0.0176

DH-3 STORRS 87.0 0.008 0.070 0.0040

DH-3 PANTHER 72.0 0.096 6.912 0.0251
DH-4 SPRING 177.2 0.163 28.99 0.049 I

‘s Anomalous value (see Section 4.4)
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4.3 Interpretation Procedures

Data recorded on the data-storage module in the field were transferred to diskette by
means of either a model PC201 tape and serial I/0 card and associated software or a PC208
software package and serial cable with adapter, both developed by Campbell Scientific. These
data sets are stored as comma-delineated ASCII data files. The contents of each data file
were subsequently transferred to an analytical program (AQTESOLV™), which allows rapid,
graphical representation and log-linear regression analysis of test data.

~ Recently published microcomputer software AQTESOLV™ (Duffield and Rumbaugh,
1989) was used to evaluate the slug test data. The method of Bouwer and Rice (1976),
which determines hydraulic conductivity for wells penetrating unconfined aquifers, is available
in the AQTESOLV™ software for the evaluation of slug test data, and was used to estimate
the hydraulic conductivities of aquifers tested for this study.

Values of time and actual water-level displacement due to injection or withdrawal of
the slug are displayed on a semi-logarithmic plot (i.e., water-level displacement is represented
on a logarithmic y-axis and time is represented on a normal arithmetic x-axis). The hydraulic
conductivity is estimated from the equation:

r2 In(RJr
K- NAI1 Yo (4-1)
2L t % ‘
where:
Yo = initial drawdown or residual drawdown in well due to
instantaneous removal or injection of the slug from the well (ft)
Y. = drawdown in well at time t (ft)
L = length of well screen (ft)
r. = radius of well casing (ft)
R, = equivalent radius over which head loss occurs {ft)
(. = radius of well, including gravel pack (ft)
H = static height of water in well (ft)
t = time (min)
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and

1.1 C ..
In RJr,) = + 1 4-2
RJr) = (- D ur.) (4-2)
where:
C = dimensionless parameter which is a function of L/r,, (see Equation
4-1);

and other parameters are previously defined.

According to Bouwer and Rice (1976), Equation (4-1) allows the hydraulic conductivity
to be calculated from the water-level change in the well. Because the hydraulic conductivity,
casing radius, well radius, the radius over which head loss occurs, and the screen length are
constants, (1/t) In y./y, must also be a constant. Thus, the time-drawdown data should
approximate a straight line if plotted in terms of In y, versus t. The quantity (1/t) In y y, in
Equation (4-1) is obtained from the first straight-line segment drawn through the field data.

The AQTESOLV™ software program prompts the user to supply values of well casing
radius, drill hole radius, aquifer saturated thickness, well screen length, and static height of
water in the well. Time and water-level data are read into the software program in the form
of ASCII data files, which are down-loaded from the field data-logger.

Once the field data and constants are entered, the AQTESOLV™ software generates
semi-log plots of the data and automatically fits a straight line to the data according to user-
defined weighting. If the entire range of field data do not approximate a straight line, only
those early data which form a valid straight-line segment are weighted by the user such that
the software package produces the desired straight line approximation through the valid part
of the data set.
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The straight-line fit produced by AQTESOLV™ automatically determines the value of
Yy, (y-intercept) and an arbitrary value of y, at time t to solve Equation (4-1). Based on user-
defined values of screen length and drill hole radius, the software determines the value of C
to evaluate R, in Equation (4-2).

The software generates the straight line approximation by meahs of a nonlinear
weighted least-squares parameter estimation technique, i.e., the Gauss-Newton linearization
method (Duffield and Rumbaugh, 1989). The estimation technique minimizes the difference
between observed and estimated values through iterative solution of the system of linearized
equations until convergence is achieved. To ensure the fit of the straight line, the software
prints out the values of actual water levels, calculated water levels, and residual values (the
difference between the actual and calculated water levels) derived by the parameter
estimation technique. Additionally, the statistical values of mean, standard deviation, and
variance also are provided for the weighted residuals. These statistics indicate the goodness-
of-fit of the straight line generated through the weighted slug test data by the estimation
technique. Table 4-2 is a summary of the information collected in the field and subsequently
used in the slug test analyses.

4.4 Aquifer Test Data and Results

Slug test plots for the wells tested are presented in Appendix F. Included with the
time-drawdown plots are printouts of well constants and field data used to estimate values
of hydraulic conductivity. Also listed in Appendix F are values of actual water levels,
calculated water levels, and residual values (the difference between the actual and calculated
water levels) derived by the parameter estimation technique. Statistical values of
mean,standard deviation, and variance also are provided for the weighted residuals. Table 4-1
is a summary of aquifer saturated thickness, hydraulic conductivity, transmissivity, and
average linear velocity values calculated for each well.
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TABLE 4-2

Slug Test Input Data

e
Well Identification Static Water Diameter Of | Radius Of Screen Total Aquifer
And Test Number Level Casing Borehole Length Depth Saturated

{ft btc’) {in) {in) {ft) (ft) Thickness
{ft)

DH-1A SPRING
DH-1A STORRS 97.0 2.9 2.9 95.0 NA 97.0
DH-1A PANTHER 70.0 2.9 2.9 60.0 NA 70.0
DH-2 SPRING 160.0 25 2.9 20.0 190.0 160.0
DH-2 STORRS 106.0 2.9 2.9 104.0 NA 106.0
DH-2 PANTHER 190.0 2.9 2.9 86.0 NA 88.0
DH-3 SPRING 50.0 2.5 2.9 20.0 190.0 50.0
DH-3 STORRS 127.0 2.9 2.9 70.0 NA 72.0
DH-3 PANTHER 72.0 2.9 2.9 70.0 NA 72.0
DH-4 SPRING 62.0 2.5 2.9 20.0 190.0 177.7

* Below Top of Casing.
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The hydraulic conductivity values used are taken directly from AQTESOLV™ plots, and
a plot from each slug test is analyzed. Plots with convoluted or broken data lines are rejected.
Plots from tests that were aborted prematurely or had other technical difficulties are also
rejocted. One plot was selected per formation, per hole from the remaining plots, based on
goodness of fit.

According to Driscoll (1986), hydraulic conductivity indicates the quantity of water that
will flow through a unit cross-sectional area of a porous media per unit time. Transmissivity
is the transmission capability of an aquifer, and can be calculated by multiplying the saturated
thickness of an aquifer by its hydraulic conductivity.

The horizontal rate of groundwater flow (or average linear velocity) of groundwater in

each tested aquifer was calculated using a modified form of the Darcy equation (Freeze and
Cherry 1979):

v = (KIn)(dhd)) (4-3)

where
v = average linear groundwater velocity (ft/day).
K = hydraulic conductivity (ft/day).
n = porosity (fraction).
dh/dl = hydraulic gradient (ft/ft).

Calculation results are shown in Table 4-1. The results from all of the tests are
deemed satisfactory, with the exception of tests run on the Storrs Tongue aquifer in DH-2.
During analysis of test data for this aquifer and later field checks, it was discovered that the
packer bladder had not seated properly during slug testing of this interval, and had allowed
water to communicate around the packer. This fact explains the very large discrepancy
between the values from this unit, as compared to values derived from Storrs tests in DH-1A
and DH-3.
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5.0 CONCLUSIONS AND RECOMMENDATIONS

Conclusions

Based on this study the following conclusions are made:

i} The groundwater system in the area of the Trail Canyon and Bear Canyon
mines is mainly controlled by geologic structures (faults and fractures) and
lithology.

0 In the area of present development, the regional water table is located below

both the Blind Canyon and Hiawatha seams in the Bear Canyon mine, as
indicated by in-mine drilling and aquifer testing. The three aquifers within the
Star Point Sandstone have separate, distinct static water levels, and are not
fully saturated in the southern portion of the permit area.

0 At the present time, there is no evidence to suggest that interception of water |
within the workings of the Bear Canyon mine has had an impact on water
quantity or quality at Big Bear Spring or Birch Spring.

-- Tritium analyses suggest that Bear Canyon Mine water is
primarily relict "pre-bomb" water, and does not recharge Big
Bear Spring which is "post-bomb" (more recently recharged)
water.

- Analysis of Piper diagrams does not suggest a hydraulic
relationship between Bear Canyon Mine water and the water
from Birch Springs.
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-- Analytical results of groundwater samples collected in 1991
indicate that water intercepted by and stored in sumps within
the Bear Canyon Mine is of higher quality than that discharged
at Big Bear and Birch Springs.

o Mine water discharge may increase the quantity and improve the quality of
water in Bear Creek.

o Subsidence over the southwest portion of the Bear Canyon Mine cannot impact
Birch Springs; Blind Canyon truncates the coal seam before it reaches Blind
Canyon Fault or the fault and fracture zone associated with Birch Springs.

o The recent reductions in spring flows appear to be the result of significant
reductions in precipitation amounts over the last five to six years.

5.2 Recommendations

The following recommendations are presented to assist in addressing some of the
concerns of the water companies and the Utah Division of Oil, Gas, and Mining:

o] Co-Op Mining Company should continue to periodically monitor flows and water
quality at Big Bear and Birch Springs. Regular monitoring will ensure the
collection of adequate data for the evaluation of potential mining-related
impacts to the springs. Each round of flow monitoring and sample collection
should be performed by the same individual, to reduce the possibility of error

due to technique.

Special attention should be paid to sampling and preservation techniques.
Recently obtained comparative laboratory results should be reviewed and
consideration should be given to the selection of a new laboratory. Quality
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assurance/quality control samples should be submitted with each round of

samples, to allow sampling techniques and laboratory performance to be
evaluated.
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In 2001 C. W. Mining hired Mayo and Associates to do a detailed hydrologic study and a PHC
of the 2001 permit area, and of the future Wild Horse Ridge and Mohrland expansion areas. This
report entitled “Investigation of Groundwater and Surface-Water Systems in the C. W, Mining
Company Federal Coal Lease and Fee Lands, Southem Gentry Mountain, Emery and Carbon Counties,
Utah: Probable Hydrologic Consequences of Coal Mining in the Bear Canyon Permit Area and
Recommendations for Surface Water and Groundwater Monitoring™ is included in the appendix

immediately following these pages.

In 2006 during the Mohrland permit expansion the Forest Service expressed concerns that the
PHC included n the first Mayo report did not fully address the Mohrland area. and that it was outdated.
Because of this C. W. Mining again hired Mayo and Associates to update the PHC included in the first
report. Instead rewriting the first report. Mayo and Associates wrote a second report entitled “Revised
Probable Hydrologic Consequences of Coal Mining in the Bear Canyon Mine, Wild Horse Ridge, and
Mohrland Permit Areas™. This second report is included in this appendix immediately tollowing the
first report. When reading the first report section 9 which includes the PHC should be ignored and the

second report should be used instead.

Additionally neither of the reports addressed de-watering of the old Mohrland workings since

net increase of water being discharged is expected as described below.

Due to safety concerns de-watering of the old Mohriand workings will likely take place during
initial development of the new Mohrland mine, and while retreat mining of long-wall panels 1, 2, and 3
of this block (see Plate 3-1B). U. S. Fuel officials reported that it took 18 months for these mine

workings to fill up and begin discharging. Based on this the volume of water stored in the old
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workings 1s approximately 600 acre-ft.

C. W. Mining anticipates needing between 200 and 250 gpm during the long-wall mining
operations. While mining is taking place in the Blind Canyon and Tank coal seams the water will
come from the Bear Canyon #1 mine discharge and from treated surtace waters as allowed by our
shares in Huntington Cleveland Irrigation Company. When mining begins in the Hiawatha seam the
Mohrland discharge will be intercepted and this water will be used. It any new inflows are encountered
this water will be used, and less of the old mine workings inflows will be diverted. Because the in-
flows from the old workings will be diverted and the de-watering of the old workings will take place
over a 3 to 4 year period the discharge is not anticipated to be greater then the current rate of 250 gpm
even it de-watering is taking place or if new inflows are encountered in the new workings. An

anticipated time line of these activities is outlined below.

New Mohrland
Year Mine Operations Mine Use Inflows Discharge
2010 Mine development begins 150 gpm 0 gpm 100 gpm
2010-2011  Dewatering ol old workings begins 150 gpm 0 gpm 100-200 gpm
2013 Longwall mining begins 250 gpm () gpm 0 gpm
2012-2017*%  New inflows are encountered 250 gpm 0-120 gpm  0-120 gpm

* 1f new inflows are encountered before longwall mining begins, the dewatering flows will be decreased to ensure an
average discharge is 250 gpin.

If conditions arise that prevent C. W. Mining from following the proposed schedule the

discharge may increase to 330 gpm as stated on page 22 of the second Mayo report.
[=o] v & g=
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1.0 INTRODUCTION
C.W. Mining Company intends to expand their current operations at the Bear Canyon Mine
into Federal coal leases in the Wild Horse Ridge area (U-020668 and U-38727) and into
Federal coal leases (U-46484, U-61048, U-61049, and U-0243 16) and fee lands in the
Mohrland area (Figure 1). These lands include 9,320.54 acres on Gentry Mountain in the
Wasatch Plateau Coal Field. The current Bear Canyon Mine lease area, the Wild Horse
Ridge area, the Mohrland area, and lands immediately adjacent to these areas comprise the

area of study for this investigation.

This report describes the surface-water and groundwater systems of the current mine lease
area, the Wild Horse Ridge area, and the Mohrland area, and is written in support of Chapter
7 of the Mining and Reclamation Plan (MRP). This portion of the MRP requires, among
other things, a description of groundwater systems, an analysis of the probable hydrologic
consequences of coal mining within and adjacent to the permit area, and a surface-water and

groundwater monitoring program.

While this report generally focuses on the probable hydrologic consequences of underground
coal mining in the study area, specific attention is given to two springs. As culinary water
supply sources, these springs, Birch Spring and Big Bear Spring, have been the subject of
particular concemn to regulatory agencies, local communities, and private citizens. This
report provides greater insight into the possible relationship between mining operations and

the water quality and quantity of Birch and Big Bear Springs.
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2.0 PROJECT OVERVIEW
2.1 Purpose of investigation
The purpose of this investigation is to characterize surface-water and groundwater resources
in the study area in order to assess the probable hydrologic impacts of mining, and to

formulate a surface-water and groundwater monitoring program.

2.2 Methods of investigation

Surface-water and groundwater resources in the study area have been evaluated by analyzing:
1) solute and isotopic compositions of surface waters and groundwaters, 2) surface-water and
groundwater discharge data, 3) piezometric data, and 4) geologic information. Specific

methods of investigation are described below.

2.2.1 Compilation of water quality, discharge, and piezometric data
Water quality, discharge, and piezometric data were obtained in electronic format from C.W.
Mining and compiled into an electronic database management system. A printed copy of the

data that are included in this database is attached in Appendix A.

2.2.2 Collection and analysis of isotopic data

As part of this investigation, Mayo and Associates have collected water samples from six
stream sites, 19 springs, three wells, and two in-mine locations for stable and radiogenic

isotope analysis. Additional isotopic data collected previously by Mayo and Associates,

C.W. Mining Company, and consultants retained by the Castle Valley Special Services
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District and the North Emery Water Users Association have been incorporated into this

study. These additional data are from springs, in-mine locations, and one well.

Isotopic samples for 8°H, §'*0, and tritium analyses were collected, sealed, and preserved in
appropriate glass or HDPE plastic bottles. Dissolved inorganic carbon for 8"*C and

radiocarbon analysis were precipitated with BaCl,-2H,0.

For this investigation, Mountain Mass Spectrometry, Evergreen, Colorado, performed stable

isotopic analysis for 8’H and $"*0 compositions. Geochron Laboratories, Cambridge,

Massachusetts, performed stable isotopic analyses for 8" C composition and radiogenic
radiocarbon content. The University of Miami Tritium Laboratory, Miami, Florida
performed tritium analyses using electrolytic enrichment and low-level counting methods.

Laboratory reporting sheets for isotopic analyses are included as Appendix B.

2.2.3 Data analysis

Geochemical, isotopic, discharge, and other data were analyzed by graphical, statistical, and
computer methods. Solute compositions were graphically analyzed using Stiff (195 1)
diagrams. Groundwater "“C residence times were calculated using methods described by

Fontes (1980), Mooke (1980), and Pearson and Hanshaw (1970).
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3.0 PHYSIOGRAPHIC, CLIMATIC, AND GEOLOGIC SETTING
3.1 Physiography
The study area lies within the central Wasatch Plateau region of the Colorado Plateau
physiographic province. The principal physiographic features of the study area are visible on
a digital shaded relief image (Figure 2). The northem and central portions of the study area
are dominated by Gentry Mountain, a flat-topped mesa at an elevation of approximately
9,400 feet. Most of Gentry Mountain is relatively flat, except for McCadden Hollow in the
northwest comer of the study area, which forms a shallow valley as much as a few hundred
feet lower than the rest of the mesa. The remainder of the study area consists of steep,
narrow canyons cutting into Gentry Mountain from the southwest, south, and east. These
canyons include Trail Canyon and Bear Canyon to the southwest, the Left Fork and Right

Fork of Fish Creek to the south, and Cedar Canyon to the east.

3.2 Climate

Average precipitation is measured by C. W. Mining Company at the Bear Canyon Mine
facilities and in Trail Canyon. For the period 1993-1 997, the average yearly precipitation
was 10 inches in Bear Canyon and 14.75 inches in Trail Canyon. Precipitation at the NOAA
station (NCDC, 1999a) at the town of Hiawatha on the northern extent of the study area
averaged 13.8 inches per year during the period 193 1 - 1992. These three precipitation
stations are located in the lower elevations of the study area and represent climatic conditions
at the base of the plateau escarpment. The National Resource Conservation Service (NRCS)
maintains two higher elevation precipitation stations west of the study area. During the

period 196 1- 1990 (NRCS, 1995) the average annual precipitation was 29 inches at the
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Mammoth-Cottonwood Station (elevation 8,800 feet), and 33 inches at the Red Pine Ridge
station (elevation 9,200). These latter stations are more representative of precipitation in the

higher elevations of the study area.

The Palmer Hydrologic Drought Index (PHDI; NCDC, 1999b; Karl, 1986; Guttman, 199 1)
indicates long-term climatic trends for the region. The PHDI is a monthly value generated by
the National Climatic Data Center (NCDC) that indicates the severity of a wet or dry spell.
The PHDI is computed from climatic and hydrologic parameters such as temperature,
precipitation, evapotranspiration, soil water recharge, soil water loss, and runoff. Because the
PHDI takes into account parameters that affect the balance between moisture supply and
moisture demand, the index is a useful tool for evaluating the long-term relationship between

climate and groundwater recharge and discharge.

Figures 3a and 3b show the PHDI for Utah Division 4 (south central) and Division 5
(northem mountains), respectively. The study area lies near the boundary of these two
regions. These graphs indicate several extremely wet years during the early and mid 1980s,
followed by several years of drought in the late 1980s and early 1990s. From 1993 through

1998 the regions have had mostly wet conditions with several short dry periods.

3.3 Geology
The geology of the current Bear Canyon Mine permit area is described in Chapter 6 of the

Bear Canyon Mine MRP. The geology of the area is also described by Spieker (193 1),
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Witkind and others (1987), and Brown and others (1987). This geologic information is relied

on in the following discussion.

3.3.1 Stratigraphy

Seven bedrock formations, ranging in age from Cretaceous to Eocene, crop out in the study
area. These formations are (from oldest to youngest) the Mancos Shale, Star Point

Sandstone, Blackhawk Formation, Castlegate Sandstone, Price River Formation, North Hom
Formation, and Flagstaff Limestone. These formations are shown on a geologic map (Figure
4) and on a generalized stratigraphic column (Figure S5). The outcrop of the Flagstaff
Limestone is not shown on Figure 4 because it was not mapped by previous workers
(Spieker, 193 1; Witkind and others, 1987) on Gentry Mountain. Field observations indicate

that the Flagstaff Limestone is exposed on Gentry Mountain.

Except for the Flagstaff Limestone, these bedrock formations were deposited during
transgressions and regressions of the shoreline of the Western Cretaceous Interior Seaway
during the Late Cretaceous and Early Tertiary. This ancient shoreline was located along the
eastem edge of the tectonically uplifted mountains of the Sevier Orogenic Belt. Sediments
eroded from the uplifted mountains were carried toward the seaway by fluvial systems and
deposited as terrestrial, shoreline, marine, and interfingered marine and non-marine

sedimentary sequences.

On the terrestrial side of the shoreline, sediment deposition occurred in lacustrine (lake

carbonates, marls, and sands), alluvial plain (sands and clays), fluvial (stream sands and
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overbank muds), and carbonaceous backshore (coal swamp) environments. Along the
shoreline, marine foreshore deposits (beach sands) accumulated. Offshore, sands swept from
the beaches were laid down as bars and blankets of sand in the near-shore shallow marine
water. These blankets of sand are known as shoreface deposits. The clay fraction of stream-
transported sediments which reached the shoreline was deposited as thick marine mud (shale)

in the deeper and more quiescent portions of the seaway. Because the transgression and

regression of the shoreline was accompanied by the continual deposition of sediments, a
variety of horizontally and vertically discontinuous sediment types occur throughout the coal
district. This depositional history has resulted in a heterogeneous rock record that has had a

profound effect on the water-bearing characteristics of these rocks.

Each of the geologic units that crop out in the study area is discussed briefly below.

3.3.1.1 Mancos Shale

Castle Valley, located east of the study area, is developed on the easily eroded Mancos Shale.
This formation is also exposed at the base of the Wasatch Plateau escarpment. The Mancos
Shale was deposited in deep, quiescent portions of the Western Cretaceous Interior Seaway
from Early to Late Cretaceous time. Consequently, the formation is over 4,000 feet thick and
underlies vast portions of the Colorado Plateau. The shale is carbonaceous, gypsiferous, and
slightly calcareous. The unit is medium-gray to bluish-gray and is locally fissile with
discontinuous stringers of siltstone and mudstone. The contact of the Mancos Shale with the

overlying Star Point Sandstone is conformable and intertonguing.
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3.3.1.2 Star Point Sandstone

The Star Point Sandstone, which is present throughout the area, forms prominent cliffs where |
exposed at the surface. The sandstone was deposited as marine shoreface blanket sands

which are laterally continuous, but thin basinward (to the east). Landward (to the west),

these sandstones terminate abruptly into the mud- and organic-rich backshore facies.

Because many of the organic-rich facies have been converted to mineable quality coal,

locally the Star Point Sandstone has immediate contact with coal seams. Elsewhere

sandstone bodies of the Star Point Sandstone are overlain and underlain by lower shoreface

and open marine shales of the Mancos Shale. What this means is that the marine shoreface

sandstones are three dimensionally encased by low-permeability marine shales and fine-

grained carbonaceous backshore coal-bearing facies.

The Star Point Sandstone thins eastward and merges with the underlying Masuk Member of
the Mancos Shale. Three prominent tongues of the Star Point Sandstone inter-finger with the
Mancos Shale. These three sandstone members, from bottom to top, are the Panther, Storrs,
and Spring Canyon Sandstones. Valuable information about the Star Point Sandstone in the
Bear Canyon Mine area was obtained from three in-mine drill holes that penetrated the entire
thickness of the Star Point Sandstone (EarthFax, 1993). Data from these holes indicate the

following stratigraphic thicknesses in feet:

DH-1 A DH-2 DH-3 Average

Spring Canyon S§ 88 103 98 96
Mancos Shale §7 37 40 45
Storrs ss 96 105 120 107
Mancos Shale 37 43 84 55
Panther SS 105 88 97 97
Investigation of groundwater and surface-water 13 25 June 2001
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The Panther Sandstone is a fine- to coarse-grained sandstone that is poorly cemented.
Bedding in the Panther Sandstone is variable from massive to laminated, with muddy
partings and local bioturbation. The Panther Sandstone is less dense, coarser-grained, less

well cemented, less indurated, and more permeable than the other tongues of the Star Point

Sandstone.

The Storrs Sandstone is a very fine- to fine-grained sandstone that is well cemented and well
indurated. Bedding ranges from massive to laminated with muddy horizons and parting. The
Storrs Sandstone is generally finer-grained, denser, and more highly indurated and less

permeable than the other two tongues.

The Spring Canyon Sandstone is fine- to medium-grained sandstone that is well cemented.

Like the other tongues, bedding is variable in the unit with muddy horizons and partings.

3.3.1.3 Blackhawk Formation

The Blackhawk Formation consists of an upper non-marine, suspended-load fluvial portion
and a lower marine shoreface and non-marine foreshore portion. Massive, cliff-forming units
are common in the upper portion, and thinner-bedded, slope-forming units are common in the
lower portion. The thickness of the Blackhawk Formation ranges from 600 to 700 feet in the
study area. Most of the thicker coal seams occur in the lower portion of the Blackhawk

Formation.
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The upper portion of the Blackhawk Formation was deposited in an alluvial-plain/suspended-
load fluvial channel environment. In these environments layers of mud are more abundant
than channel sands, and sandstone channels are generally isolated from each other both

laterally and vertically by mud-rich overbank and interfluvial deposits.

The lower portion of the Blackhawk Formation contains the mineable coal deposits and
consists of more thinly bedded sandstone and shale layers. The coal-bearing units of the
lower Blackhawk Formation overlie and are laterally juxtaposed to marine shoreface
sandstones of the Blackhawk Formation and Star Point Sandstone. On a large scale, these
sandstone bodies are laterally continuous but terminate abruptly into the mud- and organic-
rich backshore faces in a landward direction. However, individual rock layers are lenticular
and discontinuous, with abundant shaley interbeds. The fine- to medium-grained sandstones
occur as thin- to massively-bedded paleochannel deposits. The paleochannels increase in

frequency, thickness, and lateral extent upward in the formation.

The coal seams mined at the Bear Canyon Mine include the Tank Seam, the Blind Canyon
Seam, and the Hiawatha Seam. Other seams, which are of lesser economic importance in the
permit area, include the Bear Canyon Seam and the upper beds. The uppermost coal seam
mined at the Bear Canyon Mine is the Tank Seam, which ranges from 0 to 8 feet thick. The
underlying Blind Canyon Seam, which ranges in thickness from 0 to 10 feet, is separated
from the Tank Seam by approximately 240 feet of sandstone, mudstone, and shale. The
stratigraphically lowest coal seam in the permit area is the Hiawatha Seam, which is

separated from the overlying Blind Canyon Seam by between 40 and 110 feet of interbedded
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sandstone, mudstone, and shale. The Blind Canyon Seam ranges in thickness from 5 to 8
feet. In most locations, the Hiawatha Seam has direct contact with the underlying Spring

Canyon Sandstone.

3.3.1.4 Castlegate Sandstone

The resistive Castlegate Sandstone forms a distinct cliff above the Blackhawk Formation.
The Castlegate Sandstone was deposited by a bed-load fluvial channel system. The unit
lithology is dominated by sandstone with occasional siltstone and claystone interbeds.
Sandstone channels are varied in size and interpenetrate. Sands within the channels are
coarse-grained and can be conglomeritic. Although the primary porosity is high, the
existence of mudstone drapes and pervasive carbonate and silica cement greatly reduces the
overall porosity. The Castlegate Sandstone ranges from 150 to 250 feet thick within the

study area.

3.3.1.5 Price River Formation

The Price River Formation forms a series of ledges and slopes above the precipitous cliffs of
the Castlegate Sandstone. It ranges in thickness from 600 to 700 feet in the study area and
consists of poorly cemented argillaceous sandstone that is easily eroded. The depositional
environment of the Price River Formation is a mixed-load fluvial channel system, which
created interbedded sandstone and shale/claystone layers. This unit was deposited on a
coastal plain and as a result contains thin lenses of channel sands and thin, discontinuous coal

beds.
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3.3.1.6 North Horn Formation

The North Hom Formation overlies the Price River Formation and consists of reddish-brown
and grayish-brown mudstone with interbedded siltstone, sandstone, and limestone.
Limestone beds are dark gray, dense, thin-bedded, and locally fossiliferous. The deposition
of the North Hom Formation was in alluvial plain, lacustrian, and fluvial channel
environments. Because sand occurs mostly in fluvial channels, mudstone is more abundant
than sandstone. Sandstone channels are isolated spatially by overbank mudstone deposits

and lacustrian clays. The North Horn Formation is about 800 feet thick within the study area.

3.3.1.7 Flagstaff Limestone

The Flagstaff Limestone overlies the Price River Formation and consists of freshwater
limestones with some marls and thin sandstone stringers. It typically forms a steep cliff at
the top of the Wasatch Plateau, and forms the top of Gentry Mountain within the study area.
The thickness of the Flagstaff Limestone on Gentry Mountain has not been measured but
varies in other locations from 10 to 300 feet. The Flagstaff Limestone contains abundant

secondary fractures produced during uplift and subaerial exposure.

3.3.2 Structure

Rock layers within the study area are nearly flat, with an approximate regional dip of 2 to 3
degrees to the south and southeast (Brown and others, 1987). The western portion of the
study area includes portions of the Pleasant Valley Graben, a complex north-south trending
structure consisting of several parallel or sub-parallel faults. Individual faults within this

structure show displacements on the order of 20 to 200 feet. The Pleasant Valley Graben is

Investigation of groundwater and surface-water 17 25 June 2001
systems in the C.W. Mining Company
coal leases and fee lands




Mayo and Associates, LC

bounded on the west by the Pleasant Valley Fault, which approximately follows Trail
Canyon, and on the east by the Bear Canyon Fault, which approximately follows Bear

Canyon. In the area east of this graben, there are no other reported faults.
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40 PHYSICAL HYDROGEOLOGY
Within the study area, groundwater naturally discharges from the Flagstaff Limestone, North
Hom Formation, Price River Formation, lower Blackhawk Formation, and each of the three
tongues of the Star Point Sandstone (Table 1). No significant groundwater discharge has
been identified from the Castlegate Sandstone, upper Blackhawk Formation, or Mancos
Shale. Groundwater is also encountered in mine workings in the Blackhawk Formation. The
discharge characteristics and the spatial and stratigraphic occurrence of groundwaters in the

study area are discussed below. Monitoring locations and details are listed in Table 1.

4.1 Spring discharge rates

The combined discharges of springs discharging from the geologic formations within the
study area are plotted on a bar graph in Figure 6. In Figure 6a, the bar lengths represent the
sums of the maximum recorded discharges for all springs in an individual geologic
formation. Figure 6b shows the minimum discharges measured for springs in the individual
geologic formations. Thus, Figure 6a represents the maximum groundwater discharge rate
from each formation during the high-flow season, while Figure 6b represents baseflow
groundwater discharge rates during the low-flow season and during periods of drought.
There is a large variation between the combined discharge rate for all formations during high-
flow conditions, approximately 1,000 gpm, and the baseflow rate of only 135 gpm. The
more than seven-fold decline in discharge rates during the low-flow season reflects the

importance of seasonal recharge and climatic variability to groundwater systems in the area.
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Figure 6 Plot of combined discharge rates from each formation.
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Individual geologic formations respond differently to seasonal precipitation and climatic
variability.  Spring response values (“R-values”) are presented for each geologic formation in
Table 2. The “Max Q” column represents the sum of the maximum recorded discharges (in
gpm) for all of the identified springs in the formation. The “Min Q” column represents the
sum of the lowest recorded flows (in gpm) for all of the identified springs in the formation.
The R-value represents the ratio, expressed as a percentage, of measured minimum discharge
to maximum peak discharge for each formation. The larger the R-value, the more constant
the discharge from the formation. Very low R-values are indicative of groundwater systems
in which discharge declines greatly during the late summer and fall months or during

droughts.

Table 2 Maximum and minimum discharge rates for each formation

N Max Q Min Q R-Value
Flagstaff  Limestone 5 168 2.5 1.5%
Flagstaff  Limestone/North Horn Formation 6 21 6.0 2.7%
North Horn  Formation 13 224 29 12.9%
Price River Formation 2 22 0 0.0%
Castlegate  Sandstone 0 0 0 -
Blackhawk  Formation 4 125 7.55 6.0%
Spring  Canyon  Sandstone 2 15.75 0.5 3.2%
Storrs  Sandstone f -— —- —
Panther  Sandstone 2 186 89 47.8%
Mancos Shale 0 0 0 -

A discussion of groundwater discharge characteristics from each of the water-bearing
geologic formations in the study area is presented below. Spring discharge hydrographs for

representative springs in each geologic formation are presented in Figure 7.
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4.1.1 Flagstaff Limestone Springs

The distribution of Flagstaff Limestone springs is limited to the highest elevation areas on
Gentry Mountain. Hvdrographs are available for four springs that discharge from the
Flagstaff Limestone in the study area (Figures 7a through 7d). These springs include 16-8-7-
3, 16-8-18-4, 16-8-18-5, and SBC-19. Each of these springs displays large variations in
discharge rates from the high-flow season during the annual snowmelt event to the low-flow
season in the late summer and fall months. The R-value for Flagstaff Limestone springs
(1.5%) is among the smallest calculated for any of the geologic formations (Table 2),
indicating that these springs have the greatest dependence on seasonal recharge. Each of the
Flagstaff springs has been observed to be dry on occasions. Commonly, maximum spring
discharge rates are measured during the first sampling event of the year when the spring sites
are first accessible after the melting of winter snows. When the Flagstaff Limestone springs
are revisited during subsequent monitoring events during the year, the springs are commonly
dry (e.g. springs 16-8-7-3 and 16-8-18-4). Exceptions to this condition occasionally occur
during extended wet spells. This type of spring response indicates that the storage capacity
of the limestone rock is low and/or the groundwater flow velocities are high. Groundwater
travel times (from recharge location to discharge location) are less than one year. This
condition occurs because groundwater flow in limestone rock occurs primarily within
fractures, where groundwater can flow rapidly under conduit flow conditions. Groundwater
storage does not occur in the bulk (pore spaces) of the rock as commonly occurs in clastic
rocks. Rather, storage is limited to the volume of interconnected fractures within the rock.
Because groundwater flow velocities are high and the storage volumes are small, the

formation drains rapidly after the recharge (seasonal snowmelt) ends. In the future, it will
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likely be common for these springs to be completely dry during periods of prolonged

drought.

4.1.2 Flagstaff Limestone/North Horn Formation Transition Springs

Seven springs discharging near the contact with the Flagstaff Limestone and the North Hom
Formation have been routinely monitored for flow in the study area. These springs include
16-7-1-6, SBC-12, 16-8-20-1, FBC-12, SBC-18, SBC-16, and SBC-15. All of the discharge
hydrographs (Figures 7e through 7k) for these springs display large seasonal fluctuations in
discharge, with an R-value of 2.7% (Table 2). Five of the seven Flagstaff/North Hom springs
display large variability in seasonal discharge rates but have more gradual yearly discharge
declines. The delayed release of the annual recharge is attributable to the presence of clastic
rocks (primarily sandstone channels) near the surface and colluvium at the surface. These
materials allow storage of water in the springtime (during the snowmelt event) and a more
gradual release of the water as these sediments are slowly drained. Each of these springs has
occasionally been dry, or discharged at less than about 10% of their peak discharge rates,
during low-flow conditions and in dry years. This suggests that the groundwater systems that
support these springs are generally small in size (i.e., the amount of groundwater in storage is

generally less than one year’s discharge).

Two of the Flagstaff/North Horn springs (16-8-20- 1 and SBC- 16) exhibit discharge
characteristics similar to those of the Flagstaff Limestone springs discussed above. It is
likely that these springs do not have much communication with the more porous rocks and

colluvium of the upper North Hom Formation.
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4.13 North Horn Formation Springs

Discharge hydrographs (Figures 71 through 7v) are available for 11 springs that discharge
from the North Hom Formation in the study area. These springs include 16-7-12-6, 16-8-5-1,
16-8-6-1, SMH-4, SMH-2, SMH-1, FBC-6A, FBC-6B, FBC-7, FBC-8, and SMH-3. All of
these springs show large seasonal variations in discharge rate, with all but two of the North
Hom Formation springs having a maximum flow at least 10 times the minimum measured
flow. Maximum discharge rates are typically measured during June or July shortly after the
peak of the annual snowmelt event. However, only three of the North Horn Formation
springs have ever been observed to be completely dry. Most of the North Horn Formation
springs monitored in the area appear to have a baseflow component that is less than 1-2 gpm.
This information suggests that 1) North Hom Formation springs are principally recharged by
the annual snowmelt event, 2) groundwater storage volumes are small relative to the ability
of the formation to transmit water, 3) widely scattered sandstone channels and colluvium of
the North Hom Formation facilitate some storage and delayed release of recharge water
throughout much of the year, and 4) North Hom Formation groundwater systems are not part

of a regional groundwater system.

Because of the small storage capacities of North Horn Formation groundwater systems,
springs discharging from the North Hom Formation are very sensitive to changes in climate.
There is generally good correlation between spring discharge hydrographs and the plot of the
PHDI (Figure 3) for the region. During periods of extended drought, the discharge rates of

most springs discharging from the North Hom are expected to decline dramatically. Many

Investigation of groundwater and surface-water 35 25 June 2001
systems in the C.W. Mining Company
coal leases and fee lands




Mayo and Associafes, LC

springs may cease flowing entirely after the colluvial material and sandstone rocks that

support the springs have completely drained.

4.14 Price River Formation Springs

A discharge hydrograph (Figure 7w) is available for only one spring (FBC-9) in the Price
River Formation in the study area. This spring, and one other spring for which discharge data
are not available (FBC-3), are located in the Trail Canyon drainage. On a single occasion in
August 1991, a large discharge (greater than 20 gpm) was measured at FBC-9. However, on
all six subsequent monitoring events the spring was dry or discharged only about 1 gpm. The
great variability in the discharge rate at this spring suggests that the groundwater system
which supports this spring is small, and that the storage capacity of this system is small
relative to the rate at which groundwater can discharge from the system. Thus, this

groundwater system is not part of a large regional system.

Generally, the lack of springs in the Price River Formation suggests a lack of hydraulic
communication between higher elevation groundwater recharge areas on the Flagstaff

Limestone and North Horn Formation and the rocks of the Price River Formation.

4.1.5 Blackhawk Formation springs

Groundwater discharge from the Blackhawk Formation (excluding water encountered in the
mine) is limited to outcrop areas in the southem half of the study area. Spring discharge
hydrographs (Figures 7x through 7aa) are available for four springs that discharge from the

lower Blackhawk Formation in the study area. These include springs 16-s-8-5, CS- 1, TS- |,
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and FBC-11. Each of these springs shows large seasonal fluctuations in discharge rates, with

the maximum discharge commonly exceeding the minimum discharge by several times.

The R-value (6.0%) of groundwater discharge from the Blackhawk Formation indicates that
the baseflow component of springs in the Blackhawk Formation is small relative to high-flow
discharge rates. The fact that there is a 94% decrease between the maximum and minimum
discharges suggests that the Blackhawk Formation groundwater systems from which the
springs discharge are generally small, local groundwater systems that are highly dependent
on seasonal recharge. This suggests that the Blackhawk Formation groundwater discharging
along the southeastern margins of the study area has not migrated deep beneath the highlands
of Gentry Mountain. Rather, these groundwater systems are likely shallowly-circulating
systems with both recharge areas and discharge areas occurring in the southeast portion of the

study area.

4.1.6 Star Point Sandstone Springs

Relatively few springs issue from the Star Point Sandstone in the study area. Four Star Point
Sandstone springs have been monitored by C.W. Mining. These include BP-1 and SBC-14,
which issue from the Spring Canyon Sandstone, and Big Bear Spring (SBC-4) and Birch
Spring (SBC-5) which issue from the Panther Sandstone. Two other Star Point Sandstone
springs, Defa #1 and Defa #2, have also been identified in lower Bear Canyon. These springs
discharge from the Storrs and Panther sandstones, respectively. The discharge hydrographs
for BP-1 and SBC-14 are shown in Figures 7bb and 7cc. The discharge hydrograph of Big

Bear Spring is shown in Figure 8 and the hydrograph of Birch Spring is shown in Figure 9.
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In the vicinity of the Bear Canyon Mine, and throughout the Wasatch Plateau, groundwater
discharge from the Star Point Sandstone generally occurs from faults and fractures.
Significant groundwater discharge from diffuse flow from the Star Point Sandstone is rare.
This is because the relatively low primary porosity of the sandstone rock is generally many
orders of magnitude less than the secondary porosity associated with the fracture systems.
Where diffuse discharge from the sandstone does occur, these discharges are commonly

limited to small seeps.

Spring BP- 1 from the Spring Canyon Sandstone discharges small quantities of groundwater
(less than 1 gpm) and has seasonal variations in discharge, suggesting that it is related to a
local groundwater system. Spring SBC-14 also discharges from the Spring Canyon
Sandstone. The discharge from this spring varies from 0.5 to 15 gpm, suggesting that it is
highly influenced by seasonal precipitation and is not derived from deeper, bedrock-derived

groundwater sources.

Groundwater discharge from the Panther Sandstone is anomalous in that it is not as
influenced by seasonal groundwater recharge events or by climatic variations to the extent
that discharge from each of the other geologic units is. The R-value for the Panther
Sandstone (47.8%) indicates that nearly half of the high-flow maximum discharge may

persist throughout the year.
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Big Bear Spring and Birch Spring are of particular significance in this investigation because
they are important culinary water supplies to adjacent municipalities. The discharge

characteristics of these two springs are discussed below.

Big Bear Spring (SBC-4)
Big Bear Spring discharges from a set of fractures near the base of the Panther Sandstone.
Maximum historic flows at Big Bear Spring have exceeded 350 gpm while a baseflow of

approximately 100 gpm has persisted even during periods of prolonged drought.

Discharge data are collected by the Castle Valley Special Service District. The district’s data
(Personal Communication, Darrel Leamaster, 1998, 1999) are plotted on Figure 8 and are
tabulated in Appendix A. The hydrograph of Big Bear Spring (Figure 8) shows prominent
seasonal discharge peaks from 1980 through 1986. Figure 8 also shows a graph of the PHDI
for Utah Region 5. The first large peak indicated by the data occurred in 1980, the first wet
year, following a severe regional drought during the late 1970s. Large discharge peaks were
measured in each year from 1983 through 1986. These peaks correspond to an intense wet
period that the region experienced during that time. That large seasonal discharge peaks are
seen in the data intimate that these peak discharges are likely supported by a local
groundwater system (i.e. a system with a short flow path from recharge area to discharge area

and a small storage volume).

Peak discharges ended and a gradual diminution in flow began about 1987. These events

correlate with the onset of a major regional drought in the late 1980s (Figure 8). The gradual
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flow recession continued until about 1990 when the spring discharge rate somewhat
stabilized between 100 and 120 gpm. This approximate baseflow rate persisted throughout
the remainder of the drought period (1990-1 993) and beyond. That such a large and fauly
stable baseflow component was sustained through the drought periods suggests that a more
extensive (longer flow path) and/or more buffered (larger storage) groundwater system

supports the baseflow component than supports the seasonal peaks.

The region began to experience a moderate wet cycle starting in 1993 and continuing to the
present. Despite the wetter climatic cycle, the large seasonal peak discharges that previously
occurred have not been observed at Big Bear Spring. However, starting in about 1993, much
smaller seasonal peaks in discharge began to occur. These peaks are somewhat muted (i.e.,
the peaks on the discharge hydrograph are not as sharp or as high) relative to those occurring
before 1986. Additionally, whereas the seasonal peaks in discharge rate at Big Bear Spring
before 1986 commonly occurred in June or early July, the yearly peaks after 1993 have
occurred in the fall months (September to November). The relationship between the small

seasonal peaks now observed and the large seasonal peaks observed previously is uncertain.

It seems unlikely that the recent lack of seasonal discharge peaks from Big Bear Spring is a
delayed response to drought conditions. As indicated on Figure 8, a large discharge peak
occurred during the first wet year (1980) following the drought of the late 1970s, indicating
that peak discharges should have returned during the first wet year following the drought of
the late 1980s. The likely explanation for the lack of large seasonal peaks is that the water

that once supported the sharp yearly peaks has been diverted to another location because of
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some physical change at some point in the groundwater system. This change could have
been caused by a number of factors including natural changes, catastrophic events (such as
the earthquake that occurred on 14 August 1988), or mining-related activities. A more
detailed examination of the cause of the loss of large seasonal peak discharges is presented in

Section 8.1, following the presentation of solute and isotopic data in subsequent sections.

Birch Spring (SBC-5)

Birch Spring discharges from a fracture zone near the base of the Panther Sandstone in lower
Huntington Canyon. Discrete discharge occurs from several individual fractures and diffuse
discharge occurs along a sapping front at the base of the Panther Sandstone. Spring boxes
have been constructed around the water-bearing fractures and a french-drain-like system
collects diffuse flow. Since the spring was first developed in the 1970s, it has been necessary
on several occasions to excavate and rework the collection system due to decreasing flows

resulting from plugging in the system (Informal Conference, 1997).

There are three sets of discharge data for Birch Spring. During 1978-79, the USGS
(Danielson and others, 198 1) made measurements of spring discharge (labeled by the USGS
as (D-16-6) 26BCA-S1). The Star Point Mine MRP (1996) reports spring discharge data for
the period 1985 to 1997. It is reported (UDOGM, 1998) that these data were obtained by
Star Point Mine personnel from an individual who worked for NEWUA but that these data
are not available through NEWUA. The third set of data is that on file at NEWUA and was

obtained by C.W. Mining. The USGS data may be incongruous with the latter data because

of redevelopment of the spring in 1980 and 1984. The Star Point Mine and the NEWUA data
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do not agree between about 1986 and 1991. Because discharge data are irreconcilable and
possibly incongruous, it is prudent to use caution when interpreting the discharge data from
Birch Spring. Nevertheless, all three sets of data are plotted on Figure 9 and are tabulated in

Appendix A. Also shown on Figure 9 is the PHDI for Utah Region 5.

The first available discharge measurements were made in 1978 and 1979, at the end of a
major regional drought. The measurements made during 1978 showed little seasonal
variation and ranged from 19-23 gpm. The discharge reported for June and July 1979 are
about half (9-10 gpm) of the discharge observed in 1978. During August through October
1979, discharge (19-2 1 gpm) was comparable to that observed in 1978. Because there is
consistency in all of the 1978 discharge measurements and the latter 1979 measurements, we
suspect that the early 1979 data is questionable. This is important because if the early 1979
measurements are excluded, the data indicate a constant baseflow of about 20 gpm. Because
this occurred during a drought cycle, this baseflow is likely being derived from an extensive

groundwater system.

Discharge measurements are not reported in any data set between 1980 and 1985. The Star
Point Mine MRP data begin in January 1985. Monthly measurements in the Star Point data
are constant (81-89 gpm) between January 1985 and July 1988. This time period
corresponds to the end of the wet cycle of the early to middle 1980s and the onset of the
drought of the late 1980s. That these data show no fluctuations either due to season or an

abrupt shift in climatic patterns is suggestive of baseflow discharge and lack of
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communication with nearby recharge areas. Three data points in the NEWUA data during

this time show fluctuations between 30 and 70 gpm, suggesting a possible seasonal influence.

The Star Point Mine MRP data show an abrupt increase in the discharge rate of Birch Spring
in August 1988. The timing of the abrupt increase in discharge correlates with the
occurrence of a magnitude 5.3 earthquake that occurred in the San Rafael area on August 14,
1988 (Star Point MRP, 1996). Shortly following the earthquake, discharge measured in
Birch Spring rose from 81 gpm to 133 gpm. By the beginning of 1989, discharge rates at
Birch Spring had returned to near pre-earthquake levels. A similar discharge increase at this
time is reported (Star Point MRP, 1996) for the free-flowing Tie Fork Wells located on
Gentry Mountain immediately north of the study area. These wells are completed in a
fracture zone in the Spring Canyon Sandstone. Thus, it seems likely that the fracture system

from which Birch Spring discharges was impacted in some way by the 1988 earthquake.

The Star Point Mine MRP data indicate that following the abrupt peak associated with the
1988 earthquake, discharge rates at Birch Spring fluctuated significantly until late 1990 and
included a four month period (October 1989-January 1990) when the reported discharge was
230 gpm. During this time the NEWUA data show a discharge of 100 gpm. Although there
are no apparent explanations for the previous disagreements between the Star Point MRP and
NEWUA data, this discrepancy may be a function of how the measurements were taken. Mr.
Jack Stoyanoff of NEWUA explained at the Informal Conference (1997) that when this peak
discharge occurred there was also groundwater discharge from the cliff areas above the

spring and water flowing in the ephemeral stream near the spring. Stoyanoff noted that the
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flow in the stream was 120 gpm and the flow in the spring box had increased from 40 gpm to
about 110 gpm. The sum of these flows is 230 gpm, the value reported in the Star Point
Mine MRP data. This suggests that the discharge in the NEWUA data set (100 gpm) is likely
the flow from the spring boxes only and that the Star Point MRP data may include both the

discharge from the spring collection system and the cliff faces.

The cause of the large increase in discharge is not known and has been the subject of
protracted scrutiny. That the increased discharge observed in 1989 and 1990 occur during the
middle of the drought of the late 1980s and early 1990s, suggests that the increase is not

climate related.

A flow meter was installed in the Birch Spring collection system in 1991 and after this time,
the Star Point Mine MRP and the NEWUA data are in good agreement. These data indicate a
slow steady decline from about 34 gpm in January 1991 to 15.5 gpm in August 1998. During
this time, spring discharge data do not show indications of either seasonal or climatic
influence. As shown on Figure 9, the drought period ended in 1993 and the region has
generally had wet conditions since that time. In September 1998, part of the spring collection
system was unearthed and the spring boxes were exposed. The combined discharge from the
exposed spring boxes and the unearthed portion of the system was 25 gpm (Personal
Communication, C. Reynolds, 1999), indicating that plugging of the pipes in the spring
collection system is partially responsible for decreased spring flow. It is suspected that part
of the decreased discharge from Birch Spring is attributable to diversion of water to nearby

areas. Groundwater seeps below Birch Spring (between Highway 33 and Huntington Creek)
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are reported (Personal Communication, C. Reynolds, 1998) to be flowing only recently. At
least one of these seeps has a stable isotopic affinity for water discharging from Birch Spring
(Section 5.4). This suggests the possibility that the present water collection system at Birch

Spring is not capturing all of the discharge from the area.

The fact that recent discharge from Birch Spring does not show significant seasonal variation
suggests that the groundwater system from which the spring originates is a large, buffered
groundwater system. The radiocarbon age of the groundwater discharging from Birch Spring
(Section 5.3) is 1,700 to 3,600 years old, indicating that either groundwater travel times are
slow or the distances from recharge area to discharge area are large. The tritium contents of
water discharging from Birch Spring are low (0.35-1 .12 TU) suggesting that the groundwater

system that supplies Birch Spring is for the most part hydraulically isolated from the surface.

Given these two conditions, groundwater that contains little trittum and has antiquity, we
expect that discharge from this groundwater system would, over time, have a constant
baseflow component. Although the data are ambiguous, two baseflow rates are suggested by
the data. First, the USGS data from 1978-1979 suggest a baseflow of about 20 gpm.
Following redevelopment in 1984, discharge, according to the NEWUA data, was 30 gpm in
September 1986. Following the installation of the in-line flow meter in 1991, the initial
discharge was 33 gpm. After part of the spring collection system was unearthed in 1998, a
flow of 25 gpm was measured. These data suggest that the baseflow discharge is about 20-30

gpm. Fluctuations from this likely arise from collection difficulties. Second, the Star Point
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Mine MRP data suggest a baseflow component of about 80 gpm. The relationship between

these two apparent baseflow discharge rates is uncertain.

Possible relationships between mining at the Bear Canyon Mine and the fluctuations in flow
seen at Birch Spring are examined in Section 8.2, following the presentation of solute and

isotopic data in subsequent sections.

4.2 In-mine groundwater occurrence

The mode of occurrence of groundwater in the Bear Canyon Mine and in the mines on
Gentry Mountain immediately north of the study area (the Star Point Mine and the Hiawatha
Complex) provides insight into the nature of groundwater systems of the Blackhawk
Formation deep within Gentry Mountain. A brief history of the encountering of groundwater

during mining operations is presented below.

4.2.1 Bear Canyon Mine

Mining at the Bear Canyon Mine began in 1982. Three seams are mined at the Bear Canyon
Mine. Inflows to each of these seams are described below. Discharge hydrographs for
significant groundwater inflows in the Bear Canyon Mine are presented in Figure 10. The
monitoring locations of mine inflows in the Bear Canyon Mine are shown on Figures 11 a

through 11 c.
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Figure 10 Discharge hydrographs of inflows to the Bear Canyon Mine.
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Blind Canyon Seam workings

Prior to mining in the Blind Canyon Seam, natural groundwater discharge from the
Blackhawk Formation occurred at a spring (SBC-7) near the mine entrance. The discharge
hydrograph for SBC-7 is presented in Figure 1 Oa. The first recorded flow measurement at
SBC-7 was taken in March of 1988 at 18 gpm. The discharge at SBC-7 did not display
significant seasonal variation, varying by only about 1 gpm. By September 1988, the flow
had dropped to 14 gpm. Discharge at SBC-7 continued to decline until the spring ceased

flowing entirely by February of 1990.

The first significant groundwater encountered in the Blind Canyon workings was at SBC-8 in
the East Bleeder section (Figure 1 la). SBC-8 originated from the mine roof and discharged
at approximately 18 to 21 gpm (Figure 10b). During 1988 and 1989, the total groundwater
discharge from the mine workings consisted of SBC-7 (18 gpm) and SBC-8 (18-21 gpm) for

a combined discharge of approximately 40 gpm.

In August 1989, as mining progressed northward in the Blind Canyon Seam, mining
operations approached the margins of a large sandstone channel in the mine roof. By
November 1989, large roof drips began to be encountered in the mine roof. In August 1989
the discharge at SBC-8 dropped to 12 gpm, and by February 1990, both SBC-7 and SBC-8
had gone dry. The fact that both SBC-7 and SBC-8 went dry shortly after the sandstone
channel was drained or depressurized suggests that some of the groundwater at SBC-7 and

SBC-8 was likely related to the groundwater in the sandstone channel.

Investigation of groundwater and surface-water 53 25 June 2001
systems in the C.W. Mining Company
coal leases and fee lands




Mavo and Associates, LC

Because of poor coal quality in the vicinity of the sandstone channel, mining was not
continuous in the area. Rather, as coal market conditions fluctuated, it was periodically
economically feasible for coal mining operations to retum to the sandstone channel area.
Thus, lateral coal mining advances toward the sandstone channel occurred on several
occasions. Groundwater from saturated river-bank deposits on the margins of the sandstone
channel was first encountered in the mine roof 1,400 feet laterally from the main channel.
When mining operations advanced laterally toward the sandstone channel, water would drip
from the mine roof. However, these roof drips commonly dried up rapidly after they were
first encountered. Typically, after mining had advanced about two cross cuts from a water

inflow, flow from the roof drips would completely cease behind mining operations.

The fact that the discharge from the roof drips near the sandstone channel at SBC-9 declined
rapidly, and eventually ceased entirely, suggests that the groundwater systems from which

the discharge occurred are not in good hydraulic connection with recharge areas at the

surface. This also suggests that the groundwater is not part of a large, continuous aquifer.

The discharge hydrograph for SBC-9 is presented in Figure 10c. The first flow measurement
taken at SBC-9 (the sandstone channel) was in February 1990. A flow of 120 gpm was
measured at that time. Subsequent measurements taken between 1991 and 1994 indicate that
the discharge from the channel fluctuated substantially during that time. The rapid increases
in the discharge rate from SBC-9 correlate with the timing of mining advances into the
sandstone channel. When mine workings first intersected the sandstone channel, water was

rapidly drained from the channel. Most of the water emanated from roof bolt holes and from
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fractures in the mine roof. When mining in an area ceased, the flow from the area gradually
declined. Thus the fluctuations in the discharge from SBC-9 between 1991 and 1994 are
more the result of variability in mining operations than a result of conditions in the channel

itself

Since about 1994, the flow from the sandstone channel at SBC-9 has steadily declined. The
steady decline suggests that the sandstone channel is gradually being drained. From the
initial encounter of the sandstone channel in August 1989 until late April 1993, groundwater
inflows to mine workings occurred primarily from river-bank deposits associated with the
sandstone channel in the mine roof. On 27 April 1993, mine workings intersected the main
body of the sandstone channel. The presence of the sandstone channel precluded further

mining development to the north.

During 1991, as mining in the Blind Canyon Seam progressed in the 2nd East North section
east of SBC-9 (Figure 1 la), water was encountered in a segment of the same sandstone
channel from which SBC-9 discharges. Initial inflows at this site (known as SBC-10) were
approximately 250 gpm. The discharge hydrograph for SBC- 10 is shown on Figure 10d. It
is likely that the portion of the sandstone channel from which SBC-10 originates is isolated
from the main channel at SBC-9. When the discharge from SBC-10 occurred, the discharge
at SBC-9 was not impacted. By 1993, the discharge from SBC- 10 had declined to about 40
gpm. By October 1994, the discharge had diminished to approximately 20 gpm. The site
became inaccessible after May 1995. In 1997, water began to discharge from the gob area at

the head of the 1st East section. This source is identified as SBC-13 (Figure 1 la). It is

Investigation of groundwater and surface-water 55 25 June 2001
systems in the C.W. Mining Company
coal leases and fee lands




Mayo and Associates, LC

believed that the water at SBC-13 is water from SBC-10 that has filled the gob area and is
now spilling out the top of the system (Personal Communication, C. Reynolds, 1999). The
discharge from SBC-13 (which averages approximately 20 gpm) is similar to that which was

discharging from SBC-10 before it became inaccessible.

An analysis of historic mine water discharge rates at the Bear Canyon Mine suggests that the
mine has not intercepted a large continuous aquifer system, or a system which receives
constant recharge from overlying horizons. Historic mine water discharge rates are plotted
against the cumulative tons of coal mined at the Bear Canyon Mine in Figure 12. The
cumulative tons of coal mined is used as a surrogate for the total open volume of the mine. 1f
the mine workings intercepted a large aquifer system or a zone of constant recharge, it would
be anticipated that the mine water discharge would increase in proportion to the size of the
mine workings. For example, a large diameter well with a long well screen will produce
more water than a small diameter well with a short well screen. That this is not the case
suggests that the mine has intercepted a series of perched groundwater systems that are
isolated from recharge areas. Because there is little recharge to the perched systems, they are

rapidly drained and the discharge ceases.

Tank Seam workings

The mine workings in the Tank Seam are dry and dusty in almost all locations where it has
been mined, and it is necessary to import water for dust suppression. However, groundwater
has been encountered in a few locations in the Tank Seam workings. In one isolated location,

a small groundwater inflow of approximately 0.5 gpm occurred from a sandstone channel in
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the Tank Seam workings. However, after a few months this inflow dried up. During the
springtime months, a small groundwater inflow into the North Mains section of the Tank
Seam mine occurred. The inflow, which was estimated at less than 10 to 15 gpm, occurred
adjacent to a fault in an area that had recently been subsided as a result of mining in the
underlying Blind Canyon Seam. The water leaked into the mine in a location that was not
accessible. A small sump tilled in the springtime months, then drained out in the summer
and fall months. This seasonal inflow pattern is likely related to the fact that the Tank Seam
was being mined after the underlying Blind Canyon Seam had been mined and subsided (i.e.
mining was occurring in the zone impacted by subsidence-related, upwardly-propagating
fractures). During 1999, the inflow into the North Mains section did not occur. This
suggests that the subsidence-induced fractures have been filled with sediment or with
swelling clays and are no longer conduits to groundwater flow. The fact that more than 99%
of the total mined area in the Tank Seam was completely dry when it was mined indicates
that there is no widespread downward migration of groundwater through the Tank Seam that

could be recharging underlying groundwater formations.

A small roof drip in the North Bleeder of the Tank Seam was sampled as part of this
investigation (T.S. North Bleeder; Figure 1 Ib). This roof drip discharged about 0.5 gpm
from small sandstone channel in the roof. This inflow dried up several months after it was

encountered.
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Hiawatha Seam workings

During mining operations in the Hiawatha Seam (the lowest coal seam), individual
groundwater inflows never exceeded about five gallons per minute. Individual sources dried-
up shortly after being encountered in the mine. A single sample was collected from SBC-11,
a groundwater inflow in the Hiawatha Seam, which had a flow rate of approximately 5 gpm.
This location is adjacent to well DH-1 A which is completed in the Spring Canyon
Sandstone, which directly underlies the Hiawatha Seam in the region. The water level in
DH-1A was approximately five feet below the elevation of the coal seam. This suggests that,
as mining progresses northward, the mine workings may pass below the local pressure
surface on the Spring Canyon Sandstone, and upwelling of groundwater through the mine

floor may occur.

4.2.2 Hiawatha Complex

The Hiawatha Complex, located immediately north of the Mohrland area, includes the
workings of the Blackhawk, Mohrland, Hiawatha, and King mines. Many of these workings
are interconnected and groundwater discharges from this complex to the surface via the

Mohrland (King No. 2) Portal, the downdip end of the complex. Limited information

regarding the groundwater occurrence in these workings is contained in the Hiawatha Coal
Company MRP (1992). In this permit it is noted that large groundwater inflows to mine
workings in the past have occurred where mine working have encountered the Bear Canyon

Fault and that discharge from the fault probably accounts for most of the water presently

being discharged from the Mohrland Portal.
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In the King No. 4 Mine, a western development encountered the Bear Canyon Fault and an
inflow of approximately 100 gpm occurred from the floor of the mine. In the King No. 4
Mine, water has also been observed draining from the roof near the portal during years of
high spring runoff. No information is found in the Hiawatha MRP (1992) to indicate whether

the discharge rate of inflows to the King No. 4 Mine declined over time.

At one time, water which accumulated in the Blackhawk Mine was pumped to the portal and
discharged. Discharge of water from the portal ended when bulkheads were broken in the
mine and water was diverted to the Mohrland Portal. Recently, Hiawatha evaluated the
possibility of diverting the discharge from the Blackhawk Mine from the Mohrland Portal to
the Blackhawk Portal (Personal Communication, C. Reynolds, 1999). However, it was found
in the old workings that groundwater discharge from the Blackhawk Mine workings is now

just a trickle.

4.2.3 Star Point Mine

The Star Point Mine workings are north and east of the study area. Information about
groundwater inflows to these workings are reported in the Star Point Mine MRP (1996). 1t is
reported that east of Gentry Ridge, much of the mine inflow water discharges from sandstone
paleochannels. These inflows may initially be large (greater than 5 gpm) but drop off
rapidly. Larger mine inflows (20-100 gpm) were generally associated with the western

boundary fault of the Gentry Ridge Horst.
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4.3 Potentiometric data

Cross sections have been previously constructed (EarthFax, 1997) showing potentiometric
surfaces for each of the three members of the Star Point Sandstone in the vicinity of the Bear
Canyon Mine (Figures 13a and 13b). These maps are based on water level information from
wells (Appendix A) in and adjacent to the mine permit area and on the locations of springs.
Generally, it has been our experience in the Wasatch Plateau coal field that these maps are of
limited value because of the lateral discontinuity of groundwater systems. However, in the
relatively small region of the Bear Canyon Mine, the potentiometric surface maps may be

representative of actual conditions in the members of the Star Point Sandstone.

As discussed in Section 4.1.6, groundwater flow in the Star Point Sandstone occurs primarily
in fractures. A lesser amount of flow occurs in the intergranular spaces of the sandstone.
Therefore, in interpreting the potentiometric surface maps, it is necessary to understand
whether the Star Point Sandstone wells used as control points are representative of conditions
in the fracture system or the diffuse, intergranular system. It is unknown whether the wells
used as control points encountered significant, water-bearing fractures or whether they
encountered only unfractured sandstone. Because this is unknown, there is some ambiguity
in the interpretation of the potentiometric surface maps. However, some important

conclusions can be made based on these maps.

First, the fact that distinct pressure surfaces exist in each of the members of the Star Point
Sandstone suggests that there is not significant hydraulic communication between the

sandstone members. If groundwater were leaking downward in significant quantities across
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the members of the Star Point Sandstone and the formation as a whole was acting as a single
aquifer in good communication with the surface (i.e. an unconfined system), it would be

anticipated that there would be pressure equalization between all three members.

Second, the hydraulic gradients of the three members of the Star Point Sandstone in the
vicinity of the mine suggest that groundwater flow is primarily horizontal beneath the mine
area. In each member, the slope of the potentiometric surface is such that the hydraulic head
is greatest in the north and declines toward the south, where the members are exposed at the
surface. This suggests that flow is predominantly horizontal, from the north toward the
south. This is consistent with anticipated groundwater flow characteristics in interbedded
higher permeability and lower permeability rocks. In the rock sequence of the Wasatch
Plateau, horizontal hydraulic conductivity commonly exceeds the vertical hydraulic

conductivity by one or more orders of magnitude.

The ages of groundwaters (Section 5.3) in the Blackhawk Formation and Star Point
Sandstone in the vicinity of the mine also support the idea that groundwater flow in these two
formations is predominantly horizontal. Groundwater discharging from the sandstone
channel in Blind Canyon Seam, which makes up approximately 95% of the total discharge
from the mine, is approximately 1,500 years old. Groundwater in the underlying Spring
Canyon Sandstone sampled from DH-2, approximately 2,200 feet south (down-gradient) of
the sandstone channel is only about 1,000 years old. This suggests that there is not vertical
communication between these two systems. If this were the case, groundwater at DH-2

would be expected to be older than that at the sandstone channel.
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Analysis of the water level hydrographs for the four wells completed in the Spring Canyon
Sandstone directly beneath the Bear Canyon Mine indicates that groundwater systems there
are not influenced by seasonal recharge. Water level hydrographs for the four in-mine
piezometers in the Star Point Sandstone are shown in Figure 14. Three of the wells (DH-1 A,
DH-3, and DH-4) show relatively stable or slightly increasing water levels through time,
while DH-2 shows a slightly declining trend. Because no significant quantities of
groundwater have been removed from the Star Point Sandstone, it is highly unlikely that the
responses in the Star Point Sandstone wells are the result of the extraction of water from the
formation. Rather, we suspect that these responses are more likely the result of the
redistribution of stresses and confining pressures on the Star Point Sandstone resulting from

mining activities in the overlying Blackhawk Formation.
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5.0 SOLUTE AND ISOTOPE CHEMISTRY
Analysis of the solute and isotopic compositions and concentrations of waters in the study

area is helpful in understanding the interrelationships between groundwater systems.

5.1 Explanation of chemical reporting units and terms

Reporting units are milligrams per liter (mg/1) and milliequivalents per liter (meq/l) for ionic
solutes and per mil (%o) for stable isotopes. Stable isotopic reference standards are Standard
Mean Oceanic Water (SMOW) for 8°H and 6'°Q, and Pee Dee Formation Belemnite (PDB)
for §"*C. The radiogenic isotope 'C is reported relative to percent modemn (1950) carbon
(pmc), and the radiogenic isotope *H is reported in tritium units (TU). One TU is equivalent

to 3.2 pCv1 (pica-Curies per liter).

In addition to the familiar mg/l concentration unit, laboratory solute data have been converted
to meq/l for analysis and reporting purposes. The meg/l unit allows direct comparison of
reacting concentrations of cations and anions. Conversion factors between meq/l and mg/1

for major ions follow:

meq/l mg/l

Ca®* 1 20.0
Mg* ! 12.2
Na* 1 23.0

K' l 39

HCO, 1 61.0
SO,” 1 48.0
Cr I 35.5
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From the conversion factors it is apparent that heavy anion molecules such as SO, and
HCO; contribute disproportionately to TDS relative to their reacting cation counterparts,

such as Ca”".

The stable isotopic composition of a sample is reported as the per mil (%o) difference of the
sample relative to the isotopic composition of a standard using the delta (6) notation defined

as:

(Rsam e _RS naar )
5= (p;e @rd’?” 1000 (%o)

standard

where R = *Q /0, *H/'H, PC/"*C, and **S/*S. The § notation is reported in terms of the

heavy isotope in the ratio R (i.e., 8"C for PC/"C).

A summary of the application of isotopic methods to hydrogeologic investigations is
included as Appendix C. Readers who are not familiar with the use of isotopes in
hydrogeologic investigations are encouraged to read Appendix C prior to proceeding with the

remainder of this report.

5.2 Solute chemistry

5.2.1 Chemical reactions

Solute compositions of groundwaters are the result of interactions between groundwaters and
bedrock lithologies and between groundwaters and atmospheric and soil gases. The general
reactions responsible for the chemical evolution of groundwaters in the study and adjacent

areas are described below.
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Groundwater acquires most of its CO,,,, in the soil zone where the partial pressure of CO,
greatly exceeds atmospheric levels. This CO, combines with water to form carbonic acid
according to

CO,,, + H,0 = H,CO,. (1)
Carbonic acid dissociates into H* and HCO; as

H,CO, = HCO, + H". )
The H' ions temporarily decrease the pH of the water but are quickly consumed by the
dissolution of carbonate minerals that are abundant in the soil zone and in most aquifers.

Carbonate mineral dissolution is represented as

2H" + CaMg(CO,), = Ca** + Mg** + 2HCO;, and (3)
(dolomite)
H' + CaCO, = Ca** + HCO;,. (4)
(calcite)

The net effect of reactions 2 through 4 is to increase the pH and the Ca’*, Mg*’, and HCO,’
contents of waters. Dissolution of gypsum, which is present in many formations in the
region, can elevate the Ca** and SO,* contents in the absence of additional CO,,,, and H"

according to
CaS0,*2H,0 = Ca** + SO,* + 2H,0. (5)
(gypsum)
Elevated Na’ concentrations may result from either the dissolution of halite or from ion
exchange on clay particles or on sodium zeolites. Halite dissolution will increase the overall

solute concentration (i.e. TDS) and will yield equal Na" and CI° contents when the solute

compositions are reported in meq/l units. Ion exchange will not directly elevate the overall
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solute content, but will result in increased Na' concentrations at the expense of reduced Ca®
and/or Mg** concentrations. Halite dissolution may be represented as
NaCl = Na"+CI, (©)
and ion exchange may be represented by reactions involving the sodium zeolite analcime,
2NaAlSi,0H,0 + Ca* = Ca(AlSi,0¢),*H,0 + 2Na’, and ()
2NaAlSi,0,H,0 + Mg" = Mg(AlSi,0),H,0 + 2Na', @®)
or clay mineral exchange which may be represented as
Ca* + Na-clay = 2Na’ + Ca-clay, and 9

Mg** + Na-clay = 2Na" + Mg-clay. (10)

5.2.2 Solute compositions

The mean solute concentrations of creeks, springs, wells, and in-mine sources are reported in
Table 3 and illustrated as Stiff diagrams in Figure 1.5. Locations of these sampling sites are
shown on Figure 1. In the calculation of mean solute composition, all analyses that had

cation-anton error balances greater than 15% (Appendix A) were excluded.

The solute concentrations of waters in the Flagstaff Limestone, North Hom Formation, and
Price River Formation are very similar. The mean TDS concentrations of each of these
groups are not distinguishable using a two-tailed t-test analysis. Groundwaters from these
formations are generally calcium-bicarbonate or calcium-magnesium-bicarbonate type
waters. The mean TDS concentration of these waters is about 300 mg/l (Table 3). The solute
concentration of these waters is a result of the dissolution of carbonate minerals in the soil

zone and aquifer matrix.
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The solute composition and concentration of North Hom Formation spring FBC-6A i

substantially different than the remainder of the springs in the upper formations. Water from
FBC-6A is a magnesium-calcium-bicarbonate-sulfate type water with a mean TDS
concentration of 1,361 mg/l. The chemical composition of this water indicates the
dissolution of carbonate minerals and gypsum. That this water discharges near the discharge
location of SMH-1, a low-TDS calcium-bicarbonate water, suggests that groundwater
discharging from the North Hom Formation is not supported by a large aquifer system, but

instead by a number of small, localized systems that are not in good hydraulic

communication with each other.

With the exception of two springs, groundwaters that discharge from springs in the
Blackhawk Formation are similar to waters in the overlying formations. These waters are

calcium-bicarbonate type waters with a mean TDS concentration of 3 19 mg/l (Table 3).

Two waters with distinctive solute composition discharge near the base of the Blackhawk
Formation in Bear Canyon just east of the trace of the Bear Canyon Fault. These waters, 16-
7-24-3 and SBC-17, are magnesium-sulfate waters with elevated TDS (mean about 1,450
mg/l). Similar solute compositions are found in water of the Star Point Sandstone (SBC-14)
and in the Bear Canyon alluvial sediments (well SBC-3), which are derived from the Mancos
Shale. SBC-14 and SBC-3 are also located in Bear Canyon immediately to the east of the
Bear Canyon Fault. The evolution of this distinctive solute composition is problematic, and

the mineralogy of the rocks that contributed to this solute composition is unknown.
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Magnesium sulfate (epsomite) is not a common evaporite mineral but may be associated with

these marine rocks.

Groundwater inflows to the Bear Canyon Mine, to both the Blind Canyon Seam and the Tank
Seam, are calcium-magnesium-bicarbonate type waters with mean TDS of 345 mg/l (Table 3;
Figure 15). Waters of the Spring Canyon Sandstone below the workings of the Bear Canyon
mine (DH-2, DH-3, and DH-4) and water discharging from Big Bear Spring have nearly
identical chemical compositions to those waters encountered in the Blind Canyon Seam and
Tank Seam workings. We attribute the similar solute compositions and concentrations in
mine inflow waters, the Spring Canyon Sandstone, and Big Bear Spring to similar
geochemical evolutionary pathways. However, taken alone, these data might suggest that
these waters are in hydraulic communication with each other. One indication that these
waters are not in hydraulic communication is the solute composition of well DH- 1A. This
well is completed in the Spring Canyon Sandstone and is located only 1,500 feet from DH-3.
Water from this well has a much greater sulfate concentration (124 mg/l) than water from
DH-2, DH-3, and DH-4 (mean = 34 mg/l) and somewhat higher magnesium, sodium, and
potassium concentrations. This water appears to be influenced by contact with the Mancos
Shale rocks that occur immediately below the Spring Canyon Sandstone. The fact that water
encountering the Mancos Shale becomes elevated in solute content suggests that water does
not migrate downward from the Blackhawk Formation or the Spring Canyon Sandstone

through the interbeds of Mancos Shale to provide water to the Panther Sandstone.
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Groundwater inflows to the Blind Canyon Seam and Tank Seam workings have lower solute
and TDS concentrations than water encountered in semi-horizontal drill holes drilled across
the Blind Canyon Fault. Water on the west side of the Blind Canyon Fault (3rd West South;
Table 3) has a TDS concentration of 739 mg/l compared to 345 mg/l in the waters east of the
fault, and a higher sulfate concentration of 234 mg/l compared to 39 mg/l east of the fault.
This suggests that waters that are west of the Blind Canyon Fault do not flow eastward into
the area of the Bear Canyon Mine workings. This is also confirmed by observations of dry

fault gouge material where mine workings encounter the fault.

Similarly, waters that are east of the Bear Canyon Fault likely do not flow into the workings
of the Bear Canyon Mine. As noted above, waters discharging from two springs, 16-7-24-3
and SBC-17, on the east side of the Bear Canyon Fault in Bear Canyon have large
magnesium and sulfate concentrations. Waters with similar concentrations have not been

encountered west of the Bear Canyon Fault.

Groundwater at in-mine sampling point SBC-13 is collected from a mine sump. That this
water has higher concentrations of calcium, magnesium, sulfate, and TDS is attributed to
exposure to the mine environment and is likely a result of the dissolution of rock dust and the

oxidation of pyrite.

Groundwater discharge from the Bear Canyon Mine at NPDES-004 closely reflects the
composition and concentration of water at SBC-9, which is water from the large sandstone

paleochannel encountered in the northem extent of the Blind Canyon workings. Mine water
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discharge at the Mohrland Portal has higher concentrations of TDS, calcium, magnesium,
bicarbonate, and sulfate than most groundwaters that discharge from the Blackhawk
Formation. The cause of this increased mineralization is likely due to the interactions of

groundwater with the mine environment.

Most groundwaters in the Star Point Sandstone are calcium-magnesium-bicarbonate type
waters. Exceptions to this generalization are waters from wells SDH-1, SDH-2, and SBC-14.
With the exception of these three waters, the average TDS concentration of water in the Star
Point Sandstone is 420 mg/l. Star Point Sandstone groundwaters are discussed in the

following paragraphs.

Water discharging from Defa #1 Spring discharges from the Storrs Sandstone in close
proximity to Big Bear Spring and Defa #2 Spring. Discharge from all three of these springs
is fracture-related, but not necessarily from the same fracture. Water from Defa #1 Spring
has substantially higher concentrations of magnesium and sulfate (Table 3) than do waters
discharging from either Defa #2 or Big Bear springs. What this means is that water that
discharges from Defa #2 or Big Bear Spring is not in good hydraulic communication with

water in the rock or fractures of the overlying Storrs Sandstone.

Like water discharging from Defa #1 Spring, water in Bear Canyon Creek at BC-1 has higher
magnesium and sulfate concentrations than water discharging from Defa #2 or Big Bear
springs. What this indicates is that Bear Canyon Creek is likely not a significant source of

recharge to the Panther Sandstone.
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As noted previously, water that discharges from SBC-14, east of the Bear Canyon Fault is
highly mineralized compared to any water that discharges from the Star Point Sandstone west
of the Bear Canyon Fault. The evolutionary pathway of the chemistry of SBC-14 1s

unknown.

Water in wells SDH-1 and SDH-2 have lower TDS concentrations (260-280 mg/l; Table 3)
than other waters in the Star Point Sandstone. When Mayo and Associates collected the
water sample from SDH-2, water in the well bore still contained drilling foam (water was
soapy with an elevated pH). We did not collect the sample from SDH-1, but it also has an
elevated pH. Based on these observations we are reluctant to say that the chemistry of these
waters are representative of groundwater conditions in the Star Point Sandstone at these
locations. The fact that residual drilling foam was present in these wells may indicate that
there is not sufficient active flow in the Spring Canyon Sandstone in the vicinity of these
wells to disperse the drilling foam. While residual foam could be attributed to inability of
groundwater to mix in the well bore, water extracted from well SDH-3, which was
constructed in similar manner to SDH-1 and SDH-2 and was only sampled once with limited

purging, does not show indications of residual drilling foam.

In October 1998, while the spring collection system at Birch Spring was undergoing repairs,
discrete solute samples were collected from two sources (Birch Spring #1 Source and Birch
Spring #2 Source) and a composite sample was collected from the remaining sources (Birch
Spring Overflow). The designations of these sources are given by NEWUA on the spring

development diagrams (Appendix D). The solute concentrations of Birch Spring #1 Source
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and Birch Spring #2 Source are similar to other waters in the Star Point Sandstone. The
concentrations of TDS, calcium, magnesium, and sulfate in Birch Spring Overflow are
somewhat elevated relative to other Star Point waters. The elevated solute concentrations in

Birch Spring Overflow are attributed to influence from Mancos Shale rocks.

The impact of groundwater contact with the Mancos Shale is clearly demonstrated by the
solute chemistry of SBC-3. This well is constructed in the alluvium of Bear Canyon at a
point where much of the alluvium is derived from a sliver of Mancos Shale on the east
(upthrown) side of the Bear Canyon Fault (Figure 4). The average TDS concentration of this
water is 2,842 mg/l and has especially elevated calcium, magnesium, sodium and sulfate

concentrations.

The baseflow solute compositions and concentrations of a given creek reflect the chemistry
of the groundwater discharge within that particular drainage. The water quality of creeks is

addressed in greater detail in Section 7.0.

5.3 Tritium and Radiocarbon

The concept of groundwater age is difficult to define because water arriving at a well or
spring seldom travels via pure piston flow. Instead, it is usually a mixture of water molecules
that recharged at different locations and at different times, and thus water has no unique age.
It is, therefore, best to think of a groundwater ‘age’ as the mean residence time of the water
molecules sampled at the well or spring. In this report, the term radiocarbon age is

synonymous with the concept of mean residence time.
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In this investigation, two radiogenic isotopes, tritium (*H) and radiocarbon (*“C), have been
used to evaluate mean residence times. Tritium is a qualitative tool indicating if groundwater
has a component of water that recharged since about 1954. Groundwater that recharged prior
to about 1954 will contain essentially no tritum. Radiocarbon provides information
regarding the number of years that have elapsed since the groundwater became isolated from
soil zone gases and near-surface waters. Like tritium, radiocarbon can indicate if
groundwater has a component that recharged since the 1950s. Groundwaters with
radiocarbon contents greater than about S0 pmc contain anthropogenic (human-induced)
carbon associated with atmospheric nuclear weapons testing. It is not uncommon for
groundwater issuing from a spring or occurring in a well to be a mixture of old (i.e.

containing no tritium) and younger groundwaters.

The tritium and radiocarbon contents of groundwaters in the study area are listed in Table 4

and are discussed below.

Flagstaff, North Horn, Price River, and Blackhawk springs

The tritium contents of 10 spring waters that discharge from the Flagstaff Limestone, North
Hom Formation, Price River Formation, and Blackhawk Formation were measured. Tritium
contents in these springs varied from 12 to 32 TU (Table 4) which indicates that modem
recharge water supports these springs. This is consistent with the seasonal and climatic
discharge fluctuations observed in these springs (Section 4.1). Samples were collected from
five of these springs in both the springtime and the fall. Although tritium concentrations

varied spatially, concentrations varied only slightly between spring and fall. What this
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Table 4 Isotopic compositions of creek, spring, well, and mine waters

co-op.iso.xls 03/08/00

nta  oH 80 % sMs "¢ M Calcalated
Site Jate Source (%) (%) (%) (%) (pmc) (TU)  DRadiocarboa  Age
Creeks
BC-1 5126198 1 -113.19 -14.70 5.9 +75 57.90 13 Hodern
3C-1 10129198 | -115.84 -15.50 23
BC-1 11619 I -113.28  -15.405
BC-2 51261%8 l -116.03 -15.05
BC-2 1161% 1 -10.2 (16,745
Cedar Creek 1011819 I -116.94 -15.47
(X-2 §12019%8 I -118.35 -15.63
(k-2 10112198 I -111.96 -14.43 17
MH-1 110158 1 -121.08  -16.01
MH-1 10/12/98 1 -120.89 -16.05
Killer Creek 10118196 l -124.55  -16.01
Bear Canyon Alluvium Well
SBC3 1119158 l -115.95 -15.54 -11.4 +65 69.00 1.79 Modern
Flagstaff Limestone-North Horn Formation-Price River Formation Springs
16-7-12-6 6110198 -122.13 -16.47 20
16-7-12-6 10112198 -125.18  -16.51 20
16-8-5-1 10/18/96 -120.32 -15.61
16-8-5-1 6/30/98 -119.98 -15.96 13
16-8-5-1 10112198 -118.66 -15.88
16-8-6-1 1011819 -119.58 -15.58
16-8-6-1 6129198 -121.15 -15.99 -11.5  +20 97.42 12 Hodern
16-8-6-1 10/12/98 -120.99 -16.07 -10.2 +18 80.25 12 Hodern
168-7-3 6129198 -113.00 -15.66
FBC-12 6129198 -121.14 -16.18 29
FBC-12 10/12/98 -123.04 -16.30 32
SBC-15 6129198 -122.41 -15.84
8SBC-15-UP 6129198 -119.33 -15.95
SBC-16 6129198 -119.78 -15.70
SBC-19 6129198 -121.51 -15.86
SME-1 6110198 -124.49 -16.15 -11.1 +19 77.66 22 Modem
SMH-1 10112198 -125.65 -16.46 25
SHE-2 6110198 -122.31  -16.01
SMH2 10112198 -123.64 -16.07 21
SHH-3 6110198 -117.80 -16.19 -11.0 +0 84.12 Modem
SHH-3 10112198 -120.71 -16.10 22
SHH-4 6/10/98 -122.43 -16.21
SHH-4 10/12/98 -125.17 -16.50 22
Blackhawk Formation Springs
16-8-8-5 6129198 -123.06 -15.62 12
CanyonRoadSpring 10/18/96 -116.62 -15.33
CanyonRoad Spring 6130198 -119.31 -16.00 20
CanyonRoadSpring 10/12/98 -112,10 -14.70 19




Data &H &% 8¢ & ¢ H Calculated

Site Date  Source (%) (%) (%) () {pmc) (TU)  Radiocarbon Age
East-of-fault deep Blackhawk Formation groundwaters
Jrd West Bleeder 5196 4 122 168 123 006 0.05
Jrd West Bleeder 11/13/96 2 -10.9 52.16 500 years
SBCY 4/8/92 4 0.87
SBC-9 Source 5196 4 42 411 20 14 0.40
SBC-9 Source 5115196 3 430 7.2 100 +113 0.36
SBC-9 Source 111131% 2 -10.5 48.04 050 1,400 years
SBC-9 Source 116199 ? 12982 -17.14 -104 435 4162 362 2,200 years
SBC-I0 4/8192 4 1.46
T.S. North Bleeder 5126198 1 13301 -17.01 98  +31 4433 007 1,200 years
West-of-fault deep Blackhawk Formation groundwaters
3rd West South 5196 4 123 170 120 +108 2.22
3rd West South 11113196 2 -10.6 27.16 5,400 years
3rd West South 12191% 2 -0.02
3rd West South 116199 * -11899 -16.71
Mohriand Portal Discharge
16-8-a-1 0 1 0/18/96 ' -128.37  -16.62
16-a-2-10 6110198 ' 12399 -16.83  -94 +11.0 1985 552 Mixed /9,200 years
16-2-a-10 10/12/98 | 12899 1693 92 +10 1a39 541 Mixed /9,400 years
Spring Canyon Tongue Wells
DH-2 11115196 2 -125 171 -108 50.17  -0.03 900 years
SDH2 6130198 I 41941 1709 256 4.1 6505 013 Problematic
SDH3 6/30/98 | 12163 1719 116 +168 3514 032 3,000 years
Storrs Tongue Spring
Defa Spring #1 116199 ! -118.58-16.53  -7.9 407 52.95 770 Mixed
Panther Tongue Springs
Big Bear Spring (SBC4) 4/a/92 17.2
Big Bear Spring (SBC-4) 5120196 3 421 167 97 454 14.2
Big Bear Spring (SBC4) 5/26/98 ‘ 12977 -16.51 96 +60 56.02 14 Mixed
Big Bear Spring (SBC) 10/29/98 | 12539 1665 -105 +51 5439 17 Mixed
Big Bear Spring (SBC-4) 116/99 ' -119.66 -16.58
Birch Spring (SBC5) 4127192 4 112
Birch Spring (SBC-5) 512019 3 29 170 -103 +38 0.35
Birch Spring (SBCS) 5/26/98 ' -12690 -16.85 -106 +30 4305 049 1,700 years
Birch Spring (SBC-5) 9/15/98 ' 12961 -17.04
Birch Spring Drip 9/15/98 ' 13131 17.20
Birch Spring Lower East Seep 9/15/98 ' 12851 -17.01
Birch Spring Lower West Seep 9/15/98 | -105.07 -13.58
Birch Spring #1 Source 10/29/98 ' 12949 1705 124 451 4033 033 3,600 years
Birch Spring #2 Source 10/29/98 ' 13094 1718 88 450 3621 037 2,500 years
Birch Spring Overflow 10/29/98 | 12815 1707 104 78 4547 047 1,100 years
Defa Spring #2 111/99 ' 12063 -16.645 -102 +35 4221  7.69 Mixed /1,600 years

Data sources

| Collected by Mayo and Associates for this investigation

2 Collected by Mayo and Associates for the 1996 hearing

3 Collected by EarthFax Engineering
4 Collected by Co-Op Mining Company
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suggests is that most groundwater recharge to these particular systems likely occurs as a

single event during the snowmelt.

Bear Canyon Mine inflows

Three groundwater inflows to workings in the Blind Canyon Seam have been sampled as part
of this and previous investigations. Sampling locations in the Bear Canyon Mine are shown
on Figure 11. Samples have also been collected for tritium and radiogenic carbon analysis
fi-om angled test holes drilled from the Blind Canyon workings across the Blind Canyon
Fault. As part of this investigation, a sample from a recent inflow to the Tank Seam was

analyzed for trittum and radiogenic carbon.

The largest groundwater inflow to the Bear Canyon Mine occurred in the northem extent of
the Blind Canyon workings. This inflow is associated with a large sandstone paleochannel.
Two sites (SBC-9 and SBC-10) have been established to monitor the quality and quantity of
this water. Samples were collected at both of these sites for tritium in 1992. In May and
November 1996 and in January 1999 samples were collected directly from one of numerous

roof drips contributing water to SBC-9. These samples are designated SBC-9 Source.

Water from this sandstone channel contained little tritium (0.36 to 0.87 TU) when sampled in
1992 and 1996. A radiocarbon age of 1,400 years was calculated for water collected from
SBC-9 Source in November 1996. However, when sampled in January 1999, the tritium
concentration increased to 3.62 TU and the radiocarbon age increased to 2,200 years. What

this suggests is that the groundwater system supporting the discharge from the sandstone
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channel was not in active hydraulic communication with the surface prior to being
encountered by mining. The increased tritium content measured in January 1999 is possibly
the result of induced downward migration of surface water along a small fault in the Bear
Canyon Fault Zone, both sides of which have been subsided. The increase in the radiocarbon
age of the water is attributed to induced flow from some other part of the sandstone

paleochannel that contained older water.

A small inflow from the roof in the 3rd West Bleeder of the Blind Canyon workings was
sampled in May and November 1996. The sample contained no tritium and had a
radiocarbon age of about 500 years. This suggests that this inflow was not in active

hydraulic communication with the surface.

A large sandstone channel that yielded water was encountered in the northem extent of the
Tank Seam workings. This water (T.S. North Bleeder) contained no tritium and had a
radiocarbon age of 1,200 years, indicating that this groundwater system is not in active

hydraulic communication with the surface.

Test holes drilled from the Third West South area of the Blind Canyon workings intercepted
groundwater west of the Blind Canyon Fault. This water was sampled in May 1996 for
tritium. The tritium content of this water was 2.2 TU. However, in December 1996, water
discharging from these holes contained no tritium. Because one of the test holes encountered
the soil zone, the tritium content of the water in May 1996 is attributed to snowmelt water

entering this test hole. Consequently, the December 1996 sample is more representative of
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groundwater in the rocks west of the Blind Canyon Fault. The radiogenic carbon content of
this water was measured in a sample collected in November 1996. The calculated
radiocarbon age of this water is 5,400 years. The disparity between the radiocarbon ages of
water encountered west of the Blind Canyon Fault and groundwater inflows to the Bear

Canyon Mine suggests that the Blind Canyon Fault is a hydraulic barrier.

Star Point Mine groundwater inflows

One sample of a groundwater inflow to the Star Point Mine was collected by Cyprus Plateau
Mining Company (Star Point MRP, 1996). This sample was from a roof drip in the Wattis
Seam workings. This sample had a radiocarbon content of 34 pmc. We have calculated the
radiocarbon age of this water using a linear mixing model (Pearson and Hanshaw, 1970) to
be 2,500 years. (The Star Point MRP (1996) reports the radiocarbon age of this water as
8,670 years; this is an incorrect age because the necessary corrections have not been applied
to account for the contribution of dead carbon from the dissolution of carbonate minerals in

the groundwater system.)

Mohrland Portal Discharge

Groundwater discharging from the Mohrland Portal in Cedar Canyon was sampled for tritium
and radiogenic carbon in June and October 1998. Water discharging from these abandoned
mine workings contains 5.5 TU and has a radiocarbon age of 9,000 years. This indicates that
the water is a mixture of modem waters with waters in excess of 9,000 years old. We suspect
that the modem water component enters the mine working where the overburden is thin

and/or may be related to water that was diverted (until 199 1) from Miller Creek into the
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workings of Hiawatha #2 Mine which were used for water storage, (Hiawatha MRP, 1992).
The old component is likely associated with the Bear Canyon Fault, which has been
identified as the source of much of the water discharging from the Mohrland Portal

(Hiawatha MRP, 1992).

Spring Canyon Sandstone wells

Three wells completed in the Spring Canyon Sandstone have been sampled for tritium and
radiogenic carbon. Well DH-2 was drilled from the Blind Canyon workings of the Bear
Canyon Mine. Water from this well, sampled in November 1996, contained no tritium and
had a radiocarbon age of 900 years. Wells SDH-2 and SDH-3 were drilled from the surface
and were sampled in June 1998. Water from these wells contained essentially no tritium and
water from SDH-3 had a radiocarbon age of 3,000 years. A radiocarbon age for water from
well SDH-2 could not be calculated because of the residual influence of drilling foam in the
well. (Water from the well formed soap bubbles when extracted from the well; difficulty in

pumping water from 1,600 feet precluded purging of the well.) This is indicated by the

unusually negative §"°C value (-25.6) and elevated pH (10.0).

These data indicate that groundwater in the Spring Canyon Sandstone is not in active

hydraulic communication with the surface.

Big Bear Spring (SBC-4), Defa #1 Spring, and Defa #2 Spring
Groundwater discharging from Big Bear Spring was sampled for tritium in April 1992, May

1996, and in May and October 1998. Radiocarbon contents were measured in May and
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October 1998. Groundwater sampled from Big Bear Spring had tritium contents ranging

from 14 to 17 TU and radiocarbon contents of about 55 pmc. The calculated radiocarbon age

of water from Big Bear Spring is modem.

As noted in Section 4.1.6, discharge from Big Bear Spring has two components, a seasonal
component that is likely derived from local systems and has a residence time less than one
year, and a more constant baseflow component that is part of a larger system with a longer
residence time and a large storage volume. Isotopic analysis of water from Big Bear Spring
has occurred only recently and data are available for the baseflow component only. The
trittum and radiogenic contents of Big Bear Spring suggest that the baseflow component is
itself comprised of two components: a recent component, which does not show large seasonal

discharge fluctuations and a component with some antiquity.

The trititum content and calculated radiocarbon age of water from Big Bear Spring is
consistent with modem recharge waters encountered in springs discharging from the
Blackhawk Formation and higher stratigraphic units. However the relatively low radiogenic
carbon content of Big Bear Spring (55 pmc) coupled with a large trittum content (14 to 17
TU) suggests that the baseflow component of Big Bear Spring is a mixed water. It can be
observed in groundwaters that discharge higher in the section that large trittum contents (12
to 30 TU) are accompanied by radiogenic carbon contents ranging from 77 to 97 pmc. This
is expected because tritium contents greater than about 8 to 10 TU and radiogenic carbon
contents significantly greater than about 50 pmc are a result of atmospheric nuclear weapons

testing (anthropogenic source). That a water contains anthropogenic tritium yet has a small
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anthropogenic radiogenic carbon content suggests that mixing of waters with different

residence times has occurred.

Two springs which discharge near Big Bear Spring were recently sampled in an effort to
better understand groundwater dynamics of the Star Point Sandstone. These springs have
been designated Defa #1 and Defa #2 springs. Defa #1 Spring discharges from the Storrs
Sandstone and Defa #2 Spring discharges from the base of the Panther Sandstone. Like Big
Bear Spring, both of these springs contain tritium yet do not contain appreciable
anthropogenic radiocarbon. Defa #1 Spring has a radiocarbon content of 53 pmc which
yields a modem calculated radiocarbon age. Defa #2 Spring, however, has a radiocarbon
content of 42 pmc and a calculated radiocarbon age of 1,600 years. Thus, like Big Bear

Spring, both of these springs discharge mixed water.

Because of the proximity of Big Bear Spring and Defa #2 (about 500 feet) and because they
discharge from the same stratigraphic horizon, these waters may be related. This being the
case, 1t can be surmised that the older component of water discharging from Big Bear Spring
has a residence time greater than 1,600 years. If we make the assumption that water
discharging from Big Bear Spring and Defa #2 Spring are mixtures of the same old water and
the same modem water, only in different proportions, a regression analysis yields the
approximate radiocarbon content of the old portion of the water. This analysis suggests that
the old portion of the water has a radiocarbon content of about 32.5 pmc. A linear mixing
model (Pearson and Hanshaw, 1970) yields a radiocarbon age of 3,500 to 4,500 years for the

old portion. Because of the uncertainty in the assumptions used to derive the residence time
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of the old portion of water in Big Bear Spring, we view this radiocarbon age only as a

suggestion of what the actual age might be.

The differences in the radiocarbon contents and solute compositions and concentrations
(Section 5.2.2) of Defa #1 and Defa #2 springs suggest that there is little hydraulic
communication between the Storrs Sandstone and the Panther Sandstone due to interbedded
shale separating these two sandstones. Both of these springs are fracture-related, and so this

hydraulic disconnect appears to be operative even in fracture-controlled systems.

That Defa #1 and Defa #2 springs contain a significant portion of older water suggests that
the water discharging from these springs is not likely the same water that previously provided

a portion of the seasonal flow component previously seen in Big Bear Spring.

Birch Spring (SBC-5)

A composite sample of groundwater from Birch Spring was sampled for tritium in April
1992 and May 1996 and for tritium and radiogenic carbon in May 1998. In October 1998,
while the spring collection was undergoing repairs, discrete samples for tritium and
radiogenic carbon were collected from two sources and a composite sample was collected
from the remaining three sources. Except for the 1992 sample, water from Birch Spring
contains less than 0.5 TU and has calculated radiocarbon ages of 1,100 to 3,600 years. The
1992 sample contained 1.12 TU. The small quantity of trittum in water from Birch Spring is
likely the result of mixing of older water with modem recharge water. These data are

consistent with observations reported in Section 4.1.6 that the discharge from Birch Spring
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does not show seasonal discharge variations and is likely supported by a more extensive

groundwater system than those that support springs higher in the section.

Radiocarbon data from the discrete sources supplying water to the Birch Spring collection
system lend insight into the hydrodynamics of the fracture flow groundwater system that
supports the spring. Groundwater from Birch Spring #] Source has a radiocarbon age of
3,600 years while groundwater from Birch Spring #2 Source has a radiocarbon age of 2,500
years. These spring sources discharge from fracture planes separated at the discharge point
by about 10 feet. The sample designated Birch Spring Overflow is a composite sample of the
remaining three sources and had a radiocarbon age of 1,100 years. What the differences in
these radiocarbon ages suggest is that the fracture system supporting this discharge is not
well inter-connected and that individual fractures may convey water independently of each

other. There is likely little or no lateral communication between parallel fractures.

Bear Canyon Alluvium
The tritium and radiocarbon contents of SBC-3 (Table 4) indicate a modem origin of water

from well SBC-3, which is completed in the alluvium of Bear Canyon near the mine.

Creeks
Tritium concentrations of two creeks in the study area, Bear Creek and Cedar Creek, have
been measured (Table 4). Expectedly, waters from these creeks have modem tritium

concentrations. Unexpectedly, Bear Creek water had a relatively low radiocarbon content

(57.9 pmc) relative to spring waters in the Flagstaff Limestone, North Hom Formation, Price

Investigation of groundwater and surface-water 92 25 June 2001
systems in the C.W. Mining Company
coal leases and fee lands




Mayo and Associates, &€

River Formation, and Blackhawk Formation (77-97 pmc). This combination of large tritium
content and relatively low radiocarbon content was interpreted to mean a mixed water in Big
Bear and Defa #1 springs. This might suggest, then, that groundwater with antiquity may
discharge to Bear Creek, perhaps from the Bear Canyon Fault. However, the discharge in
Bear Creek, on 26 May 1998, the day that this sample, was taken was 290 gpm, indicating
that a large fraction of the flow was snowmelt derived. Additionally, the stable isotopic
ratios (Section 5.4) of this sample of Bear Creek water are not consistent with waters having
a mixed origin Thus, the meaning of the tritium and radiocarbon data for Bear Creek is

problematic.

5.4 Deuterium and Oxygen-18

The stable isotopic ratios of deuterium (8°H) and oxygen- 18 (8"°0) of water falling as
precipitation are determined by the temperature at which nucleation of the water droplet
occurs. The stable isotopic compositions of waters are usually analyzed relative to the
Meteoric Water Line (MWL). The MWL is empirically derived from the worldwide plotting
locations of coastal zone precipitation and is defined by the equation *H = 8 80 + 10 (See
Appendix C for further discussion of the MWL). On a plot of 8°H vs. §'*0, precipitation that
forms under cooler conditions will plot more negative than precipitation which forms under

warmer conditions.

In addition to the nucleation temperature of the water molecule, several other factors may
affect the isotopic composition of recharge water. These factors include rainout and

orographic effects and the sublimation of snow prior to the springtime snowmelt.
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Except for unusual conditions such as geothermal heating above about 100°C, the 8’H and

3'0 composition of a groundwater is set at the time of recharge and is not affected by
subsurface conditions such as residence time and mineral dissolution and precipitation
reactions. In other words, the recharge and flow history of a groundwater can be evaluated

independently of the solute content of the water.

The 8°H and 8'*0 ratios of surface waters and groundwaters in the study area are reported in
Table 4 and are plotted on Figure 16. All these waters plot near the MWL indicating a

meteoric origin (i.e. rain and snow).

The stable isotopic ratios of groundwaters in the study area are divided into three groups as
indicated on Figure 16. Group 1, indicated by blue symbols, is comprised of waters with
8'*0 ratios greater than about -16.5%0. These waters are from creeks, Flagstaff Limestone,
North Horn Formation, Price River Formation, Blackhawk Formation springs, and from the
Bear Canyon alluvium well. Group 2, indicated by red symbols, includes waters having 5"*0
ratios less than about -16.5%0. These waters are from in-mine sources, wells in the Spring
Canyon Sandstone, and Birch Spring (SBC-5). The waters of Group 3 are denoted by green
symbols and are waters that have isotopic ratios that are transitional between Group 1 and
Group 2. Analysis of these groupings and two exceptions to these groupings, Birch Spring

Lower West Seep and BC-2, are discussed below.

Waters of Group 1 are modem waters while all of the waters belonging to Group 2 are waters

with antiquity. That Group 2 waters plot more negative than waters of Group 1 is interpreted
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to be a reflection of paleoclimate (i.e., cooler climatic conditions of the past). The relative
plotting locations of these groups is not a reflection of differences in the elevation of
precipitation formation. If the difterences were attributable to groundwater recharge
occurring at lower elevations where the Blackhawk Formation and Star Point Sandstone crop
out, the stable isotopic ratios of the Blackhawk Formation and Star Point waters would be
more positive than waters falling as precipitation higher in elevation. That these waters can
be distinguished based on their stable isotopic ratios indicates that Group 2 waters are not in
active hydraulic communication with Group 1 waters, meaning that Group 2 waters are

essentially isolated from surface waters and near-surface groundwaters.

Among waters of Group 1, the stable isotopic ratios of Flagstaff Limestone and North Homn
Formation springs vary spatially. However, the seasonal (spring versus fall) difference
between the stable isotopic ratios is small compared to the seasonal difference observed in

the stable isotopic ratios of creeks in the study area. A similar phenomenon is noted in
tritium contents (Section 5.3) and suggests that recharge to these groundwater systems mostly

occurs as a single event during the snowmelt and that little recharge occurs from rainfall.

Waters of Group 3 include the waters identified in Section 5.3 as being a mixture of modem
waters with waters having antiquity. Specifically, these waters are Big Bear Spring, Defa #1
spring, Defa #2 spring, and discharge from the Mohrland Portal. That the waters of Group 3
have isotopic ratios intermediate between Group 1 and Group 2 waters further supports the

idea that these groundwaters are a mixture of modem and old groundwaters.
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Bear Creek has been considered as a possible source of water to Big Bear Spring. However,
the large difference in stable isotopic ratios between waters from BC-1 and Big Bear Spring
strongly suggests that Bear Creek does not contribute a significant quantity of water to Big
Bear Spring. That the stable isotopic ratios of water from BC-2 in January 1999 are
consistent with the stable isotopic ratios of Group 2 is a reflection of the contribution of mine

water discharge to Bear Creek.

Analysis of stable isotopic ratios in water from Birch Spring (SBC-5) and two seeps below
the spring to the south indicate that at least one of these seeps is directly related to Birch
Spring. Water discharging from the lower east seep has a strong isotopic affinity for Birch
Spring water. However, water in the lower west seep has the most positive stable isotopic
composition of any water in the study area. This water may likely be related to Huntington

Creek and may also have undergone some evaporation.
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6.0 GROUNDWATER SYSTEMS
6.1 Regional picture
The whole of Gentry Mountain is for the most part hydraulically isolated from other areas of
the Wasatch Plateau. Figure 17 shows the geology of Gentry Mountain and adjacent areas.
Huntington Canyon to the west and south of Gentry Mountain s cut down to the Mancos
Shale and Castle Valley to the east is developed on the Mancos Shale. We do not believe
that water can be transmitted through the Mancos Shale into Gentry Mountain. Thus, Gentry
Mountain is hydraulically isolated on the west, south, and east from adjacent areas, including
the highlands of East Mountain to the west. To the north, Gentry Mountain can only be
hydraulically connected to other portions of the plateau via a narrow neck of land about two
miles wide between Nuck Woodward Canyon on the west and Comer Canyon on the east
(Figure 17). What this indicates is that all groundwater in Gentry Mountain either 1)
originated as precipitation on Gentry Mountain, or 2) is water that was transmitted into

Gentry Mountain through the narrow neck of land on the north.

We have characterized two general types of groundwater systems in Gentry Mountain. These
systems are
Perched groundwater systems, and

Star Point Sandstone fracture-flow groundwater systems.

We employ the concept of a “groundwater system” in our discussion. A groundwater system
includes a recharge area and mechanism, a flow path, and discharge area and mechanism. By

characterizing types of groundwater systems, we describe a collection of groundwater
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Figure 17 Regional geologic map showing the hydrologic isolation (red outling) of Gentry Min,
(after Witkind and others, 1987; and Witkind and Weiss, 1991). |
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systems that operate in a similar fashion but are not necessarily connected to one another

hydraulically.

6.2 Perched groundwater systems

A perched groundwater system occurs where rocks of low permeability impede the
downward percolation of water and cause groundwater to accumulate above the low
permeability horizon. Thus, there is an unsaturated zone beneath the perched groundwater
system. This situation is common in the rocks of Wasatch Plateau and Book Cliffs because
of the existence of relatively permeable channel sandstones that are interbedded with low-

permeability mudstones and shales.

Perched groundwater systems occur in the Flagstaff Limestone, North Horn Formation, Price
River Formation, and Blackhawk Formation. In the Flagstaff Limestone groundwater
systems are primarily supported by flow in fractures which terminate at the contact with the
top of the North Horn Formation. In the North Horn, Price River, and Blackhawk
Formations, perched groundwater systems exist in both the intergranular spaces and the joints
and fractures of sandstone channels. Based on discharge rate and isotopic information, two
types of perched groundwater systems can be discriminated. The terms ‘active’ and
‘inactive’ (Mayo and others, 1997) are used to describe these groundwater flow systems,

which are discussed below.
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Active groundwater flow systems

Active groundwater flow systems have good hydraulic communication with recharge areas
and have small storage volumes because of limited lateral and vertical extent. Thus these
systems are dependent on annual recharge events and are affected by short-term climatic
variability. Groundwater in these systems circulates shallowly and has short flow paths.
Active perched groundwater systems support the springs that discharge from all of the
bedrock formations except the Star Point Sandstone and the Mancos Shale. It has been
suggested (Mayo and others, 1997) that the active groundwater flow systems extend about
500 to 1,000 feet into cliff faces where flow is controlled by fractures and channel sands.
Further into the cliff faces the discontinuous character of channel sands prevents active
groundwater flow. The vertical movement of groundwater in the active zone is commonly
limited to 100 to 200 feet. Active groundwater flow systems contain abundant tritium and

anthropogenic radiocarbon.

Inactive groundwater flow systems

Inactive perched groundwater systems are not in good hydraulic communication with
recharge and discharge areas. Consequently, the flux of groundwater through these systems
is small enough that waters in these systems have measurable antiquity (500-9,000 years in
the Gentry Mountain area). Such inactive systems occur in sandstone paleochannels of the
Blackhawk Formation and are encountered by mine workings or drill holes. When
encountered by mine workings sandstone channels usually drain quickly, indicating poor
hydraulic communication with recharge areas. The large inflow to the Blind Canyon Seam in

the Bear Canyon Mine (Section 4.2) is from a large sandstone paleochannel. Water from this
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sandstone paleochannel contained no tritium when first encountered and had a radiocarbon
age of 1,400 years (Section 5.3). Short lived groundwater inflows were also encountered in

the Star Point Mine (Section 4.2.3).

In addition to antiquity and the lack of tritium, there are other indications that the waters in
the perched inactive groundwater systems of the lower Blackhawk Formation are not in good
communication with recharge areas on the top of the plateau. First, the lack of springs in the
Price River Formation, Castlegate Sandstone, and upper Blackhawk Formation suggests that
water is generally not being transmitted downward through North Horn Formation rocks.
Second, springs in the lower Blackhawk Formation are scarce, and the discharge from those
that do issue from the formation is dependant on seasonal recharge (Section 4.1), suggesting

that these systems are recharged locally.

In our experience, most fault-related groundwater inflows to mine workings in the Wasatch
Plateau and Book Cliffs appear to be supported by water draining from a sandstone channel
which is cut by the fault rather than by water in the fault plane itself. We suspect that the
water that was encountered in the Bear Canyon Fault in the mine workings of the Hiawatha
Complex is likely associated with a large sandstone channel. Otherwise, it is difficult to
envision a reservoir of water large enough to sustain, for such a long period of time, the
discharge of water from the Mohrland Portal that has a radiocarbon age greater than 9,000

years.
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6.3 Star Point Sandstone fracture-flow groundwater systems

Fracture-flow groundwater systems exist in the Star Point Sandstone. Although fracture flow
occurs in sandstone units of overlying formations, these fractures are of limited lateral extent
and do not convey large quantities of water over long distances. The Star Point Sandstone is
a marine shoreface sand deposit that has greater lateral extent than do channel sands in the
overlying formations, and is therefore more capable of transmitting water through fractures
for great distances. Because there are no significant shales or mudstones in the tongues of
the Star Point Sandstone, fractures in the Star Point can remain open and continuous over
large distances. However, the interbedded shales of the Mancos Shale prohibit significant
groundwater flow between the tongues of the Star Point Sandstone. Natural discharge from
fracture-flow groundwater systems supports two significant Star Point Sandstone springs on
Gentry Mountain. These are Big Bear Spring (SBC-4) and Birch Spring (SBC-5), which are

located immediately south of the existing permit area.

Analysis of solute, isotopic, and piezometric data suggests that groundwater in the fracture
system at Big Bear Spring is not in communication with groundwaters in overlying horizons.
What this indicates is that groundwater recharge to the Star Point Sandstone fracture-flow
groundwater systems does not occur through the downward percolation of water, either
through fractures or the pore spaces of rocks. Instead, groundwater recharge to each member
of the Star Point Sandstone occurs where that member is exposed at the surface. Both Big
Bear Spring and Birch Spring discharge from the Panther Sandstone; hence, recharge to these
systems occurs where the Panther Sandstone is exposed at the surface. More particularly,

recharge occurs where the specific fracture set from which a spring discharges is exposed at
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or near the surface. This is indicated by the large differences in radiocarbon ages of
groundwaters discharging from individual fracture planes at Birch Spring. This is also
demonstrated by the fact that only a few of the many fractures visible in the tongues of the
Star Point Sandstone discharge water. If water were being transmitted horizontally in
significant volumes perpendicular to fractures, more fractures would likely support
groundwater discharge. Instead, those sets of fractures that do discharge water are either
endowed with some different quality that allows them to convey water or, more likely, these
fracture sets have good recharge potential due to exposure at or near the surface probably

near a perennial surface drainage.

Discharges from both Big Bear Spring and Birch Spring have components of water with
different residence times. Big Bear Spring has as least three components, two modem and
one which may have some antiquity. The different sources of Birch Spring have
substantially different radiocarbon ages and there is a suggestion that in the past during wet
periods the spring may have had a component of modern water as well. What this indicates
is that there is not a single recharge location for these fracture-flow systems. The modern
components of these two springs are likely waters that recharged locally and had a relatively
short flow path. Waters with antiquity likely recharged some distance from the spring. We
have not been able to determine, nor do we believe that it is possible to readily ascertain,
where the recharge locations for these springs are. Possible candidates include some of the
more deeply incised canyons to the north such as Tie Fork and Nuck Woodward Canyons

(Figure 17).
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Sustained groundwater discharge from the fracture-flow systems is supported by the Panther
Sandstone and perhaps the Storrs Sandstone. (Although discharge from Defa #1 Spring has
only been measured once, we suspect that this is likely a sustained groundwater discharge
from the Storrs Sandstone.) That sustained discharge is not supported by the Spring Canyon
Sandstone suggests that 1) fractures in the sandstone are not in good communication with
recharge sources, 2) the sandstone may contain, in some location, a fraction of shale that
impedes fracture flow, or 3) there is vertical communication along fractures between the
tongues of the Star Point so that most discharge is from the lowest sandstone. Because only
two fracture sets in the Panther Sandstone convey water, and only one of these fracture sets
discharges a large quantity of water (200 gpm), it seems most plausible that fractures in the
Spring Canyon or Storrs sandstones are not in good hydraulic communication with a
significant recharge source just as the remainder of the fractures in the Panther Sandstone are
not in hydraulic communication with recharge sources. As discussed in Section 5.3, water
from Defa #1 Spring, which discharges from the Storrs Sandstone, is chemically and
isotopically distinct from water discharging from Big Bear and Defa #2 springs, which
discharge from the Panther Sandstone. All of these waters discharge from fractures within a
500 foot zone. This suggests that water is not being transmitted in significant quantities

between sandstones even where fractures exist.
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7.0 SURFACE WATER SYSTEMS
The study area is drained by several small drainages (Figure 18). Trail Creek, McCadden
Hollow, Blind Canyon, Bear Creek, and the Left and Right Forks of Fish Creck drain south
to Huntington Creek, a tributary of the San Rafael River. Surface water in the northeastern

portion of the study area drains to Cedar Creek, a tributary of the Huntington Creek.

There are large temporal variations in stream flow within the study area, resulting from
seasonal recharge by storm and snowmelt events. During the snowmelt period, ephemeral,
intermittent, and perennial streams carry large amounts of runoff water. However, during the
spring and summer, as temperatures rise and the snowpack is depleted, stream flows decrease

considerably or dry up altogether.

The locations of stream monitoring sites are shown on Figure 18. Available stream flow data
are reported in Appendix A and are presented as hydrographs in Figure 19. From these data,
several of the drainages appear to have perennial flow, including lower Trail Creek, Bear
Creek, and lower Cedar Creek. Upper Trail Creek, McCadden Hollow, Blind Canyon, Left
Fork and Right Fork of Fish Creek, and upper Cedar Creek appear to be intermittent or

ephemeral. The individual drainages are discussed separately below.

7.1 Trail Creek
Trail Creek is a tributary of Huntington Creek. The creek and surrounding hillsides are steep,
with hillsides ranging from 60% to 80% grades, and the stream channel ranging from a 10%

grade in the lower reaches to 30% grades higher up. Stream flow has been measured since
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Figure 19 Stream hydrographs.
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mid-1991 at monitoring locations LT-1, UT-1, and FBC-10. Stream flow data for station LT-
1 (Figure 19a) suggest that the lower portion of Trail Creek is perennial, while the upper
portion of Trail Creek at and above UT-1 and FBC-10 (Figures 19b and 19c) is intermittent
and dependent on seasonal runoff. The upper intermittent portions of the creek flow across
bedrock and alluvium of the North Hom, Price River, Castlegate, Blackhawk, and Star Point
formations. The intermittent nature of the creek suggests that these formations do not
contribute significant baseflow to the creek. The baseflow in the lower portions of Trail

Creek is likely sustained by discharge from springs in that area, especially spring TS-1.

7.2 McCadden Hollow

McCadden Hollow is a tributary of Trail Creek. The creek and surrounding hillsides are less
steep than Trail Creek, with hillsides having 20% to 30% grades, and the stream channel
having a 9 to 10% grade. Stream flow has been measured at monitoring location MH-1, from
mid-1991 through late 1994, and suggests that the stream is intermittent (Figure 19d). The
stream in McCadden Hollow flows across alluvium and bedrock of the North Horn and Price
River Formations. The intermittent nature of the creek suggests that these formations do not

contribute significant baseflow to the creek.

7.3 Blind Canyon

Blind Canyon is a tributary of Huntington Creek. The creek and surrounding hillsides are
steep, with hillsides having 60% to 90% grades, and the stream channel having a 12 to 25%
grade. There are no streamflow or sampling stations in Blind Canyon, but Blind Canyon

Creek is believed to be ephemeral.
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7.4 Bear Creek

Bear Creek is a tributary of Huntington Creek. The creek and surrounding hillsides are steep,
with hillsides having 60% to 80% grades, and the stream channel having a 6% grade in the
lower reaches up to a 25% grade higher up. Stream flow has been measured at monitoring
locations BC-1 and BC-2 from early 1991. Stream flow data (Figures 19¢ and 19f) indicate
that the stream is perennial, both above and below the Bear Canyon Mine, with a base flow
of 30 to 50 gallons per minute. This base flow is likely sustained by springs, such as FBC-

12, emerging from the North Horn Formation at the headwaters of Bear Canyon.

Discharge from the Bear Canyon Mine supplements the flow of the Bear Creek. The
contribution of mine water is evident when the upstream (BC-1) and downstream (BC-2)

hydrographs are compared.

7.5 Fish Creek

Fish Creek is a tributary of Huntington Creek. Both forks of Fish Creek are steep, with
hillsides ranging from 60% to 70% grades, and the stream channels ranging from 8% to 15%
grades. Stream flow has been measured at monitoring locations FC-1, FC-2, and FC-3.
Stream flow data (Figures 19g, 19h, and 19i) indicate that both the Left Fork and Right Fork
of Fish Creek are perennial. Both forks of Fish Creek flow across bedrock and alluvium of
the North Horn Formation, Price River Formation, Castlegate Sandstone, Blackhawk

Formation, Star Point Sandstone, and Mancos Shale.
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7.6 Cedar Creek

Cedar Creek is a tributary of the Huntington Creek. The creek and surrounding hillsides are
steep, with hillsides ranging from 45% to 65% grades, and the stream channel ranging from
an 8% grade in the lower reaches up to a 15% grade at and above the Mohrland Portal.
Stream flow has been measured at monitoring locations CK-1, almost a mile downstream
from the study area, and at CK-2, just upstream from the Mohrland Portal (Figure 1). Stream
flows in Cedar Creek were also monitored at stations ST-06 and ST-06a, from November
1978 through October 1988, by U.S. Fuel (Hiawatha MRP, 1992). Stream flow data (Figures
19j, 19k, and 191) suggests that the lower portion of Cedar Creek, outside the study area, is
perennial, while the upper portion of the creek is intermittent. The upper intermittent portion
of Cedar Creek flows across bedrock and alluvium of the North Horn, Price River,
Castlegate, and Blackhawk formations. These formations do not appear to contribute
significant baseflow to the upper portion of Cedar Creek, upstream from the monitoring

location at CK-2.

7.7 Discussion

Most of the recharge to creeks in the study area occurs from springtime snowmelt and
thunderstorms. Discharge rates are variable and many creeks are intermittent, with most
creeks drying up completely in the summer or fall. Perennial streams appear to be supported
primarily by drainage of water from springs near the mapped faults. Away from these faults
creeks tend to be intermittent, suggesting that little water discharges from the bedrock

formations exposed in the study area.
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7.8 Water Quality

Surface waters within the study area tend to fall into two relatively distinct groups based on
chemistry and TDS. These groups include low TDS calcium-magnesium bicarbonate type
waters and higher TDS magnesium—calcium—sulfate—bicarbonate type waters. TDS values
typically range from 200 to 400 mg/] for the low-TDS type waters and range from 400 to
1000 mg/1 for the higher TDS waters. The TDS values of the high-TDS surface waters are
not as high as the TDS values of some of the springs and mine discharges. Those waters
flowing over rocks of the North Hon, Price River, and Castlegate formations tend to be of
the lower TDS calcium-magnesium bicarbonate type, while waters flowing over the
Blackhawk and Mancos formations tend to be the higher TDS magnesium-calcium-sulfate-

bicarbonate type. Water quality of the various individual creeks is discussed below.

Trail Creek and McCadden Hollow have low-TDS type waters, with the exception of LT-1.
Waters at LT-1 show an increase in TDS, magnesium, and sulfate, suggesting a partial
change to the higher TDS type waters. This difference is likely caused by discharge of higher
TDS waters from spring TS-1, located not far upstream from station LT-1. During periods of
low flow, the water chemistry of the stream at LT-1 and spring TS-1 are similar, suggesting

that the bulk of the low-flow water in lower Trail Canyon may be derived from this spring.

Surface waters in Bear Canyon include high-TDS waters at BC-1, and intermediate or mixed
waters at BC-2. The waters at BC-2 have relatively low TDS values, ranging from 300 to

600, but high magnesium and sulfate concentrations similar to the higher-TDS waters at BC-
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1 and elsewhere. Surface waters in the Left Fork and Right Fork of Fish Creek, at stations

FC-1, FC-2, and FC-3, are all high-TDS magnesium-bicarbonate-sulfate type waters.

Surface waters in Cedar Creek include low-TDS waters at station CK-2, and higher-TDS
sulfate-rich waters farther downstream at station CK-1. The change in chemistry between
CK-2 and CK-1 reflects the addition of large volumes of high-TDS water discharging from
the Mohrland Mine, as well as streamflow over rocks of the Mancos Shale. As the volume of
water discharging from the Mohrland Mine is significantly greater than the volume of lower
TDS water into which it flows, this discharge degrades the quality of the existing water in

Cedar Creek.
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3.0 MINING-RELATED IMPACTS TO BIG BEAR AND BIRCH SPRINGS
8.1 Big Bear Spring
Big Bear Spring discharges from the base of the Panther Sandstone. The discharge 1s
collected from several distinct north-south trending fractures that are visible at the surface at
the spring site. Drought-related declines in the discharge rate occurred in the spring in the
late 1980s. However, after the end of the drought in the early 1990s, the discharge from the
spring failed to return to pre-drought conditions. Specifically, the sharp seasonal discharge
peaks that occurred before the drought did not return. Some have suggested that the loss of
the seasonal peaks is attributable to mining activities at the Bear Canyon Mine. Several lines

of evidence indicate that this is not the case.

Nearly all of the groundwater encountered during mining operations in the Bear Canyon
Mine originated from a sandstone channel in the roof of the Blind Canyon coal seam. It has
been postulated that the water that was the source of the seasonal peaks in discharge at Big
Bear Spring originated from this sandstone channel. The initial water in the sandstone
channel contained no tritium and had a radiocarbon age of approximately 1,500 years.
Seasonal variations are not associated with the d<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>