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CHAPTER 7

R645-301-700. HYDROLOGY

711. GENERAL REQUIREMENTS

711.100-711.500  Contents

This chapter provides a description of the hydrology and hydrogeology of the proposed
Coal Hollow Mine permit and adjacent area. Specifically, this permit section includes
descriptions of existing hydrologic resources according to R645-301-720, proposed
operations and potential impacts to the hydrologic balance according to R645-301-730,
methods and calculations utilized to achieve compliance with the hydrologic design
criteria and plans according to R645-301-740, applicable hydrologic performance
standards according to R645-301-750, and reclamation activities according to R645-301-
760.

This information is presented in subsequent sections of this chapter and in Appendix 7-1.
Appendix 7-1 includes a comprehensive characterization of groundwater and surface-
water systems in the proposed Coal Hollow permit and adjacent areas, recommendations
for groundwater and surface-water monitoring, and the results of a field investigation
regarding the potential for alluvial valley floors in the proposed Coal Hollow Mine
permit and adjacent area. It should be noted that Appendix 7-1 may be updated
periodically in the future as additional hydrologic and hydrogeologic data become
available.

712 CERTIFICATION

All cross sections, maps, and plans have been prepared per R645-301-512. Compliance
with this section has been completed and certifications are available on all Drawings.
The cross sections and maps that are included in this permit application and are required to
be certified have been prepared by or under the direction of a qualified, registered,
professional engineer or a professional geologist, with assistance from experts in related
fields such as hydrology, geology and landscape architecture.

713 INSPECTION
Impoundments will be inspected as described under R645-301-514.300. Designs for

proposed impoundments in the proposed Coal Hollow permit area are shown in Drawings
5-25 through 5-31 and Appendices A5-1 and AS5-2. No impoundments or sedimentation
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ponds meeting the size or other qualifying criteria of MSHA, 30 CFR 77.216(a) exist or
are planned within the proposed Mine Permit Area.

A professional engineer or specialist experienced in the construction of impoundments
will inspect impoundments. Inspections will be made regularly during construction, upon
completion of construction, and at least yearly until removal of the structure or release of
the performance bond. The qualified registered professional engineer will promptly, after
each inspection, provide to the Division, a certified report that the impoundment has been
constructed and maintained as designed and in accordance with the approved plan and the
R645 Rules. The report will include discussion of any appearances of instability,
structural weakness or other hazardous conditions, depth and elevation of any impounded
waters, existing storage capacity, any existing or required monitoring procedures and
instrumentation and any other aspects of the structure affecting stability. A copy of the
report will be retained at or near the mine site.

720 ENVIRONMENTAL DESCRIPTION

721 GENERAL REQUIREMENTS

The existing, pre-mining hydrologic resources within the permit and adjacent areas that
may be affected by coal mining and reclamation operations are described in Appendix 7-

1 and are summarized below.

Groundwater Resources

A spring and seep survey of the proposed Coal Hollow Mine permit and surrounding area
has been conducted by Petersen Hydrologic, LLC. The locations of springs and seeps in
the proposed permit and adjacent area are shown on Drawing 7-1. Seasonal discharge
and field water quality measurements for springs and seeps in the proposed Coal Hollow
Mine permit and adjacent area have been submitted electronically to the Utah Division of
O1l, Gas and Mining Utah Coal Mining Water Quality Database (UDOGM, 2007).
Baseline discharge and water quality data for groundwater resources in the proposed Coal
Hollow Mine permit and adjacent area are have also been submitted electronically to the
Utah Division of Oil, Gas and Mining, Utah Coal Mining Water Quality Database
(UDOGM, 2007). Locations of baseline monitoring stations are shown on Drawing 7-2.
Locations of water rights in and adjacent to the proposed Coal Hollow Mine permit area
are shown on Drawing 7-3. Water rights data from the proposed Coal Hollow Mine
permit and adjacent area are detailed in Appendix 7-3. A plot showing potentiometric
levels in alluvial groundwater systems in the proposed Coal Hollow Mine permit and
adjacent area is presented in Drawing 7-13.

There are no domestic water supply springs or wells in the proposed permit area.

However, wells and springs that provide water for domestic and livestock use are located
on and adjacent to the proposed permit area (Drawing 7-2). Some lands east of and
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adjacent to the proposed Coal Hollow Mine permit area have historically been irrigated
using water from alluvial springs; However, no irrigation of these lands is currently
occurring nor has it occurred in at least the past 10 years. Additionally, limited irrigation
of lands occurs east of the proposed Coal Hollow permit area using surface waters
derived from runoff from the adjacent Paunsaugunt Plateau area. Irrigation of these lands
is largely limited to years with appreciable precipitation and stream runoff.

Groundwater discharge occurs from springs and seeps in the upland areas of the
Paunsaugunt Plateau east of the permit area (Tilton, 2001; Appendix 6-3). However,
these springs discharge from rock strata that are topographically and stratigraphically up-
gradient of and considerable distances from the proposed Coal Hollow Mine permit area.
Consequently, groundwater systems in these areas will not be impacted by mining
activities and these are not considered further here.

Groundwater resources in the Tropic Shale and underlying Dakota Formation in the
permit and adjacent area are not appreciable. During drilling activities in the proposed
Coal Hollow Mine permit and adjacent area, appreciable groundwater inflows were not
encountered in the Tropic Shale. Other than a single seep (SP-37; Drawing 7-1) which
discharges at a rate of less than 0.05 gpm from an apparent fracture system in a sandy
horizon along the eastern margin of lower Sink Valley, no springs or seeps with
measurable discharge have been identified in the Tropic Shale. The lack of appreciable
groundwater discharge in the Tropic Shale is a result of the poor water transmitting
properties of the marine shale unit. While sandstone units occur stratigraphically higher
in the Tropic Shale in the surrounding area, in areas proposed for surface mining, the unit
present consists of a fairly uniform sequence of soft shale, silty shale, and claystone with
minor siltstone horizons. Competent sandstone strata in the Tropic Shale overlying
proposed mining areas was not observed during drilling. The Tropic Shale acts as a
barrier impeding downward migration of groundwater in the proposed Coal Hollow
Mine permit and adjacent area where it is present. The unit also forms a basal confining
layer for alluvial groundwater systems in the proposed permit area.

Groundwater discharge from the Dakota Sandstone in the permit and adjacent area is also
meager. The Dakota Formation consists of shaley strata interbedded with lenticular, fine-
to medium-grained sandstone and coal. Because of the pervasiveness of interbedded
low-permeability horizons in the formation and the vertical and lateral discontinuity of
sandstone horizons, the potential for vertical and horizontal movement of groundwater is
limited. While no springs discharge from the Dakota Formation in the permit area, a
spring with a discharge of about 1 gpm and displaying little seasonal variability in
discharge (SP-4; Drawing 7-1) discharges from an apparent fault zone in the Dakota
Formation approximately 1.1 miles south of the proposed Coal Hollow permit area.
Additionally, two seeps with discharges of less than 0.05 gpm (SP-27 and SP-34;
Drawing 7-1) seep from the Dakota Formation in lower Sink Valley more than 2 mile
south of the proposed Coal Hollow Mine permit area. The results of slug testing
performed on wells screened in the Smirl coal seam indicate relatively low values of
hydraulic conductivity for the coal seam (Table 7-8). In much of the proposed mining
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area, the coal seam is dry (UDOGM, 2007). Thus, appreciable migration of groundwater
through the Smirl coal seam is not anticipated.

No water wells are known to exist in the Tropic Shale or Dakota Formation in the
proposed Coal Hollow Mine permit and adjacent area, demonstrating the inability of
these formations to transmit useful quantities of water to wells. Groundwaters from the
Tropic Shale and Dakota Formation do not contribute measurable baseflow to streams in
the proposed permit and adjacent area (at least at the surface in stream channels).

Natural groundwater discharge in the permit and adjacent area occurs primarily from
alluvial sediments. Alluvial discharge occurs both as discrete springs and seeps
(Drawing 7-1) and also locally as diffuse seepage to the surface. Groundwater discharge
areas in the proposed Coal Hollow Mine permit and adjacent area are shown on Drawing
7-4 (see also photograph section). The area of most appreciable alluvial groundwater
discharge occurs in central Sink Valley in the northwest quarter of Section 29, T39S,
R5W (see Drawing 7-4; groundwater discharge area A). The alluvial groundwater
system in this area exists under artesian conditions, resulting from the presence of a
considerable thickness of sloping, low permeability clayey sediments overlying coarser,
water-bearing alluvial sediments at depth (See cross-section Y — Y’ in Drawing 6-9).

The artesian alluvial groundwater system in Sink Valley is likely recharged via mountain-
front-recharge along the flanks of the Paunsaugunt Plateau to the east and north of the
proposed Coal Hollow Mine permit area. This artesian alluvial groundwater system that
exists along the eastern margins of Sink Valley is likely continuous from near mountain-
front recharge areas southward along the eastern margins of Sink Valley to the lower
portion of Sink Valley. Discharge from the alluvial groundwater systems in and adjacent
to the proposed Coal Hollow Mine permit area occurs primarily in two areas (Drawing 7-
4). In the northwest quarter of Section 29, T39S, RSW, considerable natural discharge
from the alluvial groundwater system occurs through springs and seeps (Drawing 7-4;
groundwater discharge area A). Minor discharge from several flowing artesian wells also
occurs in this area. The artesian alluvial groundwater system in eastern Sink Valley also
likely provides recharge to the clayey alluvial sediments in the southwestern portion of
the valley in the proposed Coal Hollow Mine permit area. Discharge from the alluvial
groundwater system in groundwater discharge area A area results in decreases to the
amount of water in storage in the alluvial groundwater system and also decreases in
artesian hydraulic pressure in the aquifer.

Appreciable discharge from the alluvial groundwater system also occurs in lower Sink
Valley in the northwest quarter of Section 32, T39S, RSW (see Drawing 7-4;
groundwater discharge area B). Sink Valley constricts markedly in this area, which
forces shallow alluvial groundwaters flowing down the valley to discharge at the land
surface as springs, seeps, and diffuse discharge to the surface (i.c., there is a significant
decrease in the cross-sectional area of the alluvial sediments). Groundwater discharge in
this area occurs from diffuse seepage to the surface and also as discharges to two springs
and several small seeps (Drawing 7-1).
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Much of the alluvial groundwater in Sink Valley likely ultimately leaves the valley via
evapotranspiration. This conclusion is based on the observation that there is very rarely
any discharge of surface water (at least at the surface in the channel) in Sink Valley Wash
below Sink Valley (See site SW-9; Drawing 7-2; UDOGM, 2007). The clayey, low-
permeability sediments present at the surface over most of Sink Valley also impede
appreciable infiltration of precipitation and snow melt waters into the deeper subsurface.
Hence, groundwater recharge to the lower half of the Sink Valley sediments (including
the proposed Coal Hollow Mine permit area) likely occurs primarily via horizontal
migration of alluvial groundwaters from up-gradient areas.

Flowing artesian groundwater conditions are also observed in monitoring wells screened
near the base of the alluvial sediments in the northwest corner of Section 32 T39S, RSW.
It is probable that the artesian alluvial groundwater system in Section 29, T39S, R5W is
continuous with that in the northwest corner of Section 32. It should be noted that within
the proposed Coal Hollow permit area, artesian conditions were not observed in
monitoring wells. While the thickness of the alluvial sediments in the artesian
groundwater system east of the proposed Coal Hollow permit area range up to 150 feet
thick, the thickness of alluvium overlying areas with mineable coal in the proposed Coal
Hollow permit area generally does not exceed about 50 feet and in many locations it is
considerably thinner.

Natural discharge of alluvial groundwater in the Robinson Creek drainage area is meager.
This condition is largely due to the presence of the elevated ridge of impermeable Tropic
Shale bedrock associated with the Sink Valley Fault that dissects and effectively isolates
the alluvium east of the fault from that west of the fault (See Drawing 6-1). Because of
the low permeability of the Tropic Shale, this condition apparently forces alluvial
groundwater east of the Tropic Shale ridge to flow to the south toward Sink Valley that
would otherwise report to the Robinson Creek drainage. During high flow conditions in
the alluvial groundwater system east of the Tropic Shale ridge, minor amounts of
groundwater “overtop” the bedrock ridge and drain via surface flow over the Tropic
Shale bedrock, where it either recharges shallow alluvial sediments to the west of the
fault or is lost to evapotranspiration. The influence of the Tropic Shale ridge is readily
evident in field observations, with marked differences in vegetation and soil moisture
being apparent on opposite sides of the ridge. During low-flow conditions, discharge
from the overtopping of the bedrock ridge has generally not been observed. Isolated
areas of soil wetness and shallow perched alluvial groundwater systems that exist west of
the bedrock ridge in the northeast corner of Section 30 and the southeast corner of
Section 19, T39S, R5W are likely sourced via this mechanism.

Seepage of alluvial groundwater into the deeply incised lower Robinson Creek stream
channel occurs near the contact with the underlying Dakota Formation in the southeast
quarter of Section 19, T39S, RSW. This water is likely related to saturated alluvial
deposits underlying the Robinson Creek stream channel. The alluvial groundwater
emerges near where the saturated alluvial sediments intersect the mostly impermeable
Dakota Formation bedrock in the base of the stream channel. It is noteworthy that the
location of the emergence of alluvial water in the channel has varied somewhat over time.
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The Robinson Creek stream channel above this location is almost always dry (except for
in direct response to torrential precipitation events or during the springtime runoff season
during wet years. This seepage of alluvial water in the Lower Robinson Creek channel is
typically about 5 to 10 gpm or less and is routinely monitored at monitoring station SW-5
(Drawing 7-2).

Information on water quality for groundwaters and surface-waters has been uploaded into
the Utah Division of Oil, Gas and Mining, Utah Coal Mining Water Quality Database
(UDOGM, 2007) and is summarized and described in Appendix 7-1.

Appreciable spatial variability exists in water quality in groundwaters and surface waters
in the proposed Coal Hollow permit and adjacent area. Stiff diagrams depicting solute
compositions and overall water quality for groundwaters and surface waters in the
proposed Coal Hollow Mine permit and adjacent area are shown on Drawing 7-5.
Important water quality characteristics for groundwaters are summarized below.

Groundwater Source Chemical type TDS (mg/L)

Alluvial groundwaters, Calcium- 380 mg/L to 500 mg/L typically,

coarse-grained system east | magnesium- Little seasonal variability

of proposed permit area bicarbonate

Alluvial groundwaters in Variable, 450 mg/L to 3,600 typically,

south sink valley magnesium- Highly variable based on season
bicarbonate sulfate, | and climate for shallow systems,
calcium- less variability in deeper system
magnesium-
bicarbonate

Dakota Formation, fault Sodium-bicarbonate | 500 mg/L to 600 mg/L typically,

groundwater system south Little seasonal variability

of proposed permit area

It is apparent that the overall water quality of alluvial groundwater degrades from the
artesian groundwater system east of the proposed Coal Hollow permit area to the non-
artesian shallow alluvial groundwater systems located in the more distal portions of Sink
Valley. These changes are due to groundwater interaction with soluble minerals in the
primarily Tropic Shale-derived sediments that make up the shallow alluvial materials in
the proposed permit area.

Surface Water Resources

Surface water resources in the proposed Coal Hollow Mine permit and adjacent area are
described in Appendix 7-1 and are summarized below.
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Surface waters in the proposed Coal Hollow Mine permit and adjacent area are tributary
to Kanab Creek. Surface waters in the northern portion of the proposed permit and
adjacent area drain into the Robinson Creek and upper Kanab Creek drainages. Surface
waters in the southern portion of the proposed permit and adjacent area drain into the
Sink Valley Wash drainage which is tributary to Kanab Creek about 6 miles below the
proposed Coal Hollow Mine permit area. Surface water drainages in the permit and
surrounding areas are shown on Drawing 7-6. Surface water baseline monitoring stations
are shown on Drawing 7-2. Locations of surface-water water rights in and adjacent to the
proposed Coal Hollow Mine permit and adjacent area are shown on Drawing 7-3. Water
rights data from the proposed Coal Hollow Mine permit and adjacent area are detailed in
Appendix 7-3.

Information on water quality for groundwaters and surface-waters has been uploaded into
the Utah Division of Oil, Gas and Mining, Utah Coal Mining Water Quality Database
(UDOGM, 2007) and is summarized and described in Appendix 7-1.

Surface waters in Kanab Creek are used for stock watering and crop irrigation in the
irrigable lands adjacent to Kanab Creek west of the proposed Coal Hollow Mine permit
area. Discharge in Kanab Creek measured near the town of Alton (SW-1) is seasonally
dependent and largely influenced by upstream water use. Discharge in Kanab Creek
monitored at SW-1 typically ranges from 10 cfs or less during the springtime runoff
period to 1 cfs or less during the summertime.

Discharge in Lower Robinson Creek drainage is meager. Other than during the
springtime runoff event in wet years or during torrential precipitation events, flow has not
been observed at monitoring stations SW-4 and SW-101 (Drawing 7-2). Discharge at the
lower monitoring site on Lower Robinson Creek (SW-5; Drawing 7-2) is meager. The
small discharge occasionally present at SW-5 is derived from the seepage of alluvial

groundwater into the Lower Robinson Creek stream channel between monitoring sites
SW-101 and SW-5

Tributaries to the Sink Valley Wash drainage in the proposed Coal Hollow Mine permit
and adjacent areas include (from north to south) Water Canyon, an unnamed drainage
south of Water Canyon in Section 21 T39S, R5SW, and Swapp Hollow (Drawing 7-6).
Discharge rates in these drainages are highly seasonally dependent (UDOGM, 2007;
Appendix 7-1). Discharges in the Water Canyon and Swapp Hollow drainages are
intermittent or perennial in nature with discharge peaks occurring during the springtime
runoff season and much lower flows occurring during the late summer and fall months.
Discharge in the unnamed drainage in Section 21 T39S, R5W is ephemeral.

The water quality and discharge characteristics of surface waters in the proposed Coal
Hollow Mine permit and adjacent area are presented in UDOGM (2007) and described in
Appendix 7-1. Solute compositions of stream waters are also depicted graphically as
Stiff diagrams in Drawing 7-5. The solute compositions of surface waters in the
proposed Coal Hollow Mine permit and adjacent area are summarized below.
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Source Chemical type TDS (mg/L)
Robinson Creek/Dry Fork Calcium-magnesium- 300 mg/L typical
bicarbonate

Lower Robinson Creek

Variable, magnesium-
sulfate-bicarbonate

300 — 3,000 mg/L typical,
dependent on discharge

Swapp Hollow Calcium-magnesium- 250-350 mg/L typical
bicarbonate

Kanab Creek Magnesium-calcium- 500-1,300 mg/L typical,
bicarbonate-sulfate during | Variable dependent on
high flow, variable during season and irrigation use
low-flow, variability likely
due largely to interaction
with Tropic Shale soils and
irrigation return flows

Sink Valley Wash Magnesium-calcium- 600 -1,500 mg/L typical,

bicarbonate

variable dependent on
discharge

Considerable seasonal variability in the solute compositions of stream waters in Kanab
Creek in the proposed Coal Hollow Mine permit and adjacent area is also evident in
Drawing 7-5 and in Appendix 7-1. During low-flow conditions, interactions between
stream waters and Tropic Shale or Tropic Shale-derived alluvial sediments likely result in
increased TDS concentrations. Return flow from irrigated fields and interactions with
soils rich in soluble minerals also likely contribute to increased TDS concentrations in the
summertime. During the spring runoff season, high surface-water flows that originate
from the adjacent upland areas dominate the flow in the channel. The TDS
concentrations of Kanab Creek waters during high-flow conditions are thus lower than
during the low-flow season. Much less seasonal variability in solute content in surface
water flows from the mountain stream in Swapp Hollow (Drawing 7-5; Appendix 7-1).
This condition is likely attributable to the fact that the stream in Swapp Hollow, which
originates on geologic formations overlying the Tropic Shale, has considerably less
contact with the Tropic Shale than does Kanab Creek. Additionally, there are no known
irrigation diversions or returns above the stream monitoring point (SW-8; Drawing 7-2)

in Swapp Hollow.
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722 CROSS SECTIONS AND MAPS

722.100

722.200

722.300

Chapter 7

A map showing the locations of springs and seeps in the proposed
Coal Hollow Mine permit and adjacent area is presented in
Drawing 7-1. A map showing potentiometric levels in alluvial
groundwater systems in the proposed Coal Hollow and adjacent
areas is presented in Drawing 7-13. It is important to note that the
alluvial groundwater potentiometric contours depicted in Drawing
7-2 are not representative of a laterally or vertically continuous
groundwater system. Within the proposed Coal Hollow Mine
permit and adjacent area, appreciable portions of the alluvial
sediments are not saturated. Additionally, perched groundwater
conditions are present in many locations in the alluvium in the
area. In other words, the alluvial groundwater systems in the
proposed Coal Hollow Mine permit and adjacent area are not a
single, interconnected aquifer. Rather, there exist several areas of
saturated alluvium, which may or may not be in good hydraulic
communication with adjacent areas. Consequently, it is not
possible or meaningful to construct a true potentiometric contour
map in the strict sense. Consequently, it is not appropriate to
evaluate regional potentiometric trends over large distances or to
infer precise groundwater flow directions or hydraulic gradients in
the alluvial groundwater system based on Drawing 7-2. The
alluvial groundwater system potentiometric map presented in
Drawing 7-2 is useful for evaluating approximate local
potentiometric conditions general saturation trends.

Location of surface water bodies

Within the proposed Coal Hollow Mine permit and adjacent area,
no significant natural ponds or lakes occur. The locations of
springs and streams are shown in Drawing 7-1. Many small
earthen impoundments and ponds have been created to store
surface-water runoff and spring discharge water for stock watering
and irrigation use. The locations of ponds and associated
conveyance ditches are shown on Drawing 7-7.

Baseline monitoring stations

Baseline monitoring stations are shown on Drawing 7- 2. A map
showing the locations of monitoring wells in the proposed Coal
Hollow permit and adjacent area is presented in Drawing 7-12.
Drawings 7-2 and 7-12 also show monitoring stations from which
baseline hydrologic data were collected in previous studies.
Monitoring station locations, elevations, and other details are
presented in Table 7-1.
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722.400

722.500

Location of water wells
Water well locations are shown in Drawing 7-2 and Drawing 7-12.
Well construction details and locations are presented in Table 7-2.

Contour map(s) of disturbed area(s)

Surface contours representing the existing land surface
configuration of the proposed permit area (including potentially
disturbed areas) are shown on Drawing 5-1 and the post mining
land configuration is shown on 5-35. Cross sections with both
these landforms are shown on Drawing 5-36. The premining
landform, with exception of the Facilities area and Lower
Robinson Creek, are from an aerial flight that was limited to a five
foot contour interval. Therefore, contours have been interpolated
down to a 2 foot level using the available aerial flight information.
This interpolation provides accuracy for the Division to make the
necessary determinations. The Facilities area and portions of
Lower Robinson Creek are actual survey data to the accuracy of 2
foot contours.

723 SAMPLING AND ANALYSIS

Water quality sampling and analyses have been and will be conducted according to the
“Standard Methods for the Examination of Water and Wastewater” or EPA methods
listed in 40 CFR Parts 136 and 434. Information regarding laboratory analytical methods
utilized in performing water quality analyses at the analytical laboratories has been
submitted to the Utah Division of Oil, Gas and Mining, Utah Coal Mining Water Quality
Database (UDOGM, 2007).

724 BASELINE INFORMATION

Baseline groundwater, surface-water, geologic, and climatologic data are described in
Appendix 7-1 and summarized below.

724.100

Groundwater Information

The location of wells and springs in the proposed Coal Hollow Mine permit and adjacent
area are shown on Drawings 7-1 (Spring and seep survey map), 7-2 (Baseline monitoring
locations), and 7-12 (Monitoring well location map). Groundwater rights in and around
the proposed Coal Hollow Mine permit area are shown on Drawing 7-3 and tabulated in

Appendix 7-3.
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Seasonal quality and quantity of groundwater and usage is presented in Appendix 7-1 and
UDOGM (2007). Baseline discharge and water quality data have been submitted
electronically to the Utah Division of Oil, Gas and Mining, Utah Coal Mining Water
Quality (UDOGM, 2007).

Baseline monitoring of groundwater resources in and around the proposed Coal Hollow
permit area have been carried out by several entities. Previous hydrologic studies of the
region have been made in the Alton Coal Field areca by Goode (1964, 1966), Sandberg
(1979), Cordova (1981), and Plantz (1983). Selected hydrologic data collected in
conjunction with these studies have been incorporated into the hydrologic analysis and
baseline data included in this permit application.

During the 1980’s, extensive monitoring of groundwater resources in the proposed permit
and surrounding areas was performed by Utah International, Inc. Utah International
Inc.’s groundwater monitoring activities included the construction of numerous
groundwater monitoring wells, aquifer testing activities, and the performance of
discharge, water level, and field and laboratory water quality monitoring of springs,
seeps, and wells. These baseline monitoring activities were performed as part of a
proposed coal mine permitting action in the Alton Coal Field. Ultimately, the proposed
coal mining action did not proceed. Relevant monitoring information from the Utah
International, Inc. baseline monitoring activities have been included as supplemental
baseline data included in this permit application.

Commencing in the 2 quarter of 2005, regular quarterly baseline monitoring of
groundwater resources has been commissioned by Alton Coal Development, LLC.
Baseline monitoring of springs, seeps, and groundwater wells in and around the proposed
Coal Hollow Mine permit area have been routinely performed. Data collected in the
baseline monitoring activities have been submitted electronically to the Utah Division of
Oil, Gas and Mining, Utah Coal Mining Water Quality Database (UDOGM, 2007).

During December 2006 and January 2007 an extensive drilling and monitoring well
construction program was implemented. This hydrogeologic program included the
installation of 30 groundwater monitoring wells in and adjacent to the proposed Coal
Hollow Mine permit area. The focus of the drilling program was to characterize the
stratigraphy and hydrogeologic properties of alluvial groundwater systems in and
adjacent to proposed mining areas. Aquifer characterization of the alluvial groundwater
system was also performed using pump testing and slug testing techniques. Investigative
methods utilized and the results of the analysis of the data are described in Appendix 7-1.

724.200 Surface Water Information

The locations of streams, stock watering ponds, and conveyance ditches in the proposed
Coal Hollow Mine permit and adjacent area are shown on Drawing 7-7. Surface-water
rights in and adjacent to the proposed Coal Hollow Mine permit area are shown on

Chapter 7 7-11 512512007



Drawing 7-3 and tabulated in Appendix 7-3. Surface-water discharge rates and water
quality data have been submitted electronically to the Utah Division of Oil, Gas and
Mining, Utah Coal Mining Water Quality Database (UDOGM, 2007). Additional
surface-water information is provided in Appendix 7-1.

It is not anticipated currently that discharge from the proposed Coal Hollow Mine will be
necessary. Where necessary, alluvial groundwater that may be intercepted by mining will
be placed in drains and diverted away from disturbed areas and discharged (i.e., as
groundwater dewatering). However, a Utah UPDES discharge permit will be obtained so
that if discharge of mine water becomes necessary, it can be discharged in accordance
with the UPDES discharge permit. The exact locations of mine water discharge points
will be established upon issuance of the UPDES discharge permit. Any mine discharge
water will be placed in either the Lower Robinson Creek drainage or the Sink Valley
Wash drainage. Both of these drainages are tributary to Kanab Creek.

As described in R645-301-728.320, acid drainage is not expected from the proposed
mining operation. This is due to the pervasiveness of carbonate minerals in the mine
environment which will neutralize any acid produced.

Seasonal quality and quantity of groundwater and usage is described herein and in
Appendix 7-1. Baseline discharge and water quality data have been submitted
electronically to the Utah Division of Oil, Gas and Mining, Utah Coal Mining Water
Quality (UDOGM, 2007).

Baseline monitoring of surface-water resources in and around the proposed Coal Hollow
permit area have been carried out by several entities. Previous hydrologic studies of the
have been made in the Alton Coal Field area by Goode (1964, 1966), Sandberg (1979),
Cordova (1981), and Plantz (1983). Selected hydrologic data collected in conjunction
with these studies have been incorporated into the baseline data as part of this permit
application.

During the 1980’s, extensive monitoring of surface water resources in the proposed
permit and surrounding areas was performed by Utah International, Inc. Utah
International Inc.’s groundwater monitoring activities included the operation of
continuous recording stations on selected streams, and the performance of routine
surface-water discharge measurements and field and laboratory water quality analyses.
These baseline monitoring activities were performed as part of a proposed coal mine
permitting action in the Alton Coal Field. Ultimately, the proposed coal mining action
did not proceed. Relevant monitoring information from the Utah International, Inc.
baseline monitoring activities have been included as supplemental baseline data as part of
this permit application.

Commencing in the 2™ quarter of 2005, regular quarterly baseline monitoring of surface-

water resources has been commissioned by Alton Coal Development, LLC. Baseline
monitoring of surface-waters in and around the proposed Coal Hollow permit area,
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‘ including surface-water discharge measurements and field and laboratory water quality
analyses, have been routinely performed.

All surface waters in the proposed Coal Hollow Mine permit and adjacent area are

tributary to the Kanab Creek drainage. Surface-water monitoring stations from which
baseline data have been collected are shown on Drawing 7-2 and include the following:
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Sink Valley Wash drainage
SW-8 (Swapp Hollow above proposed mining areas), SW-7 (unnamed drainage in
Section 21, T39S, R5W), RID-1 (irrigation diversion of water from Water Canyon
drainage above proposed mining areas), SW-6 (headwaters of unnamed tributary
to lower Sink Valley Wash), and SW-9 (Sink Valley Wash below proposed
mining areas).

Lower Robinson Creek drainage
SW-4 (Robinson Creek above proposed mining areas), SW-101 (Lower Robinson
Creek near proposed mining areas), and SW-5 (Lower Robinson Creek below
proposed mining areas).

Kanab Creek drainage
SW-1 (Kanab Creek near Alton, Utah; above proposed mining areas), SW-3
(Kanab Creek above proposed mining areas), and SW-2 (Kanab Creek below
Lower Robinson Creek and below proposed mining areas)..

724.300 Geologic Information

Geologic information in sufficient detail to determine the probable hydrologic
consequences of mining and determine whether reclamation as required by R645 can be
accomplished is given in Chapter 6 of this permit application package and in Appendix 7-
1.

724.400 Climatological Information

Climatological information, including temperature and precipitation data, have been
routinely measured and recorded at the Alton, Utah weather station (420086) since 1928.
The station is located in the town of Alton, approximately two miles north of the
proposed Coal Hollow Mine permit area. Climatological data collected at the Alton
station for the 77 year period from 1928 to 2005 are summarized in Table 7-3.
Climatological data from the proposed Coal Hollow Mine permit and adjacent area are
plotted in Drawing 7-8.

An automated weather station was installed in the proposed Coal Hollow Mine permit
area in December 2005. The station is configured to continuously monitor and record
temperature, wind velocity, and wind direction data. The station is also configured to
continuously measure and record precipitation, although the tipping rain-gauge is not
operative during winter months. Climate data from the proposed Coal Hollow Mine and
adjacent area are also presented in Appendix 7-6.
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724411 Seasonal precipitation

Precipitation data from the Alton, Utah weather station indicates average annual
precipitation of 16.38 inches per year. Doelling (1972) reports average annual
precipitation in the Alton Coal Field area ranging from 9 to 20 inches annually with
slightly higher increments likely in the higher parts of the plateau (Doelling, 1972).
There are generally two annual wet periods in the region. During the wintertime,
cyclonic storms bring precipitation (mainly snowfall) to the region. During the
summertime, storms originating from convection of air from the Gulf of Mexico or the
Pacific Ocean bring rains to the region. Of the two annual wet cycles, the summer
rainfall is most reliable. Average monthly precipitation at the Alton station ranges from a
low of 0.57 inches in June to a maximum of 1.80 inches in February. Daily temperature
and precipitation data recorded at the Coal Hollow Project weather station during 2006
and early 2007 are presented in Appendix 7-6.

The Palmer Hydrologic Drought Index (PHDI; NCDC, 1997) 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 for evaluating the long-term relationship between
climate and groundwater recharge and discharge. A plot of the PHDI for Utah Region 4
(which includes the proposed Coal Hollow Mine permit and surrounding area) is shown
in Drawing 7-9. It is apparent in Drawing 7-9 that the region has experienced cyclical
periods of drought and wetness since 1980. Baseline hydrologic monitoring performed
by Utah International, Inc in 1987 and 1988 occurred during a period of near normal
wetness. Recent baseline hydrologic monitoring conducted in 2005 and 2006 occurred
during a period of moderate to severe wetness, with 2005 being wetter than 2006.

724.412 Wind direction and velocity

Wind data have been collected at the Coal Hollow Project weather station since
December 2005. Monthly wind data from the Coal Hollow Project weather station are
available from January 2006 through March 2006, and from November 2006 through
May 2007. Monthly wind data are plotted as wind rose diagrams, which depict the
average direction and velocity of prevailing winds, in Appendix 7-1. Based on recent
data from the Coal Hollow Project weather station, it is apparent that the predominant
wind direction in the proposed Coal Hollow Mine permit area (during the months for
which data are available) are from the northeast, with secondary peaks from the north and
south-southwest (Appendix 7-1). Surface winds recorded at the Coal Hollow Project
weather station averaged about 6.4 miles per hour. Tabulated hourly wind data from the
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‘ Coal Hollow Project weather station are maintained on file at Alton Coal Development,
LLC.

Wind data have also been collected historically at nearby locations by governmental and
other entities. The regionally predominant direction of winds in the region is southwest
through west. Secondary peaks are from southeast and northwest. Surface winds in the
area average approximately 8 miles per hour. Higher wind speeds are associated with
fronts and storms and generally occur during the springtime.

724.413 Seasonal temperature ranges

Temperature data from the region are summarized in Table 7-3. Temperatures in the
permit area vary greatly. Temperature data from the Alton station (1928-2005) indicate
that monthly average low temperatures are below freezing for the 6-month period from
November to April. Monthly average minimum temperatures range from a low of 15.1
°F during January to a high of 49.8 °F in July. Monthly average maximum temperatures
range from a low of 39.5 °F in January to a high of 82.6 °F in July. Daily maximum and
minimum temperature data collected at the Coal Hollow Project weather station during
2006 and the first quarter of 2007 are presented in Appendix 7-6 and plotted in Drawing
7-8. The maximum temperature recorded during this period was 93.3 °F in July 2006.
The minimum temperature recorded during this period was -7.3 °F in January 2007.

724.500 Supplemental Information

Other than the possible short-term diminution in discharge rates from alluvial
groundwater systems, including the potential short-term diminution of discharge rates
from some springs and seeps in Sink Valley, adverse impacts to the hydrologic balance,
either on or off the permit area are not expected to occur. It is not anticipated that acid-
and toxic-forming materials will cause significant contamination of groundwater or
surface-water supplies. Any discharges of mine waters to surface-water systems will be
regulated under and meet the criteria of a UPDES discharge permit. The mining and
reclamation plan has been designed to minimize the potential for disturbance or
disruption of the hydrologic balance and to protect groundwater and surface-water
resources in the area.

If substantial alluvial groundwater inflows into mining areas occur as mining progresses
in close proximity to alluvial springs and seeps in the eastern % of Section 30, T39S,
R5W and the northwest ¥4 of Section 29, T39S, R5W or in close proximity to coarse-
grained alluvial sediments in the artesian groundwater system along the eastern side of
Sink Valley, Alton Coal Development, LLC will evaluate hydrogeologic conditions at the
time such may occur. It should be noted that very large discharges into mine workings
are not anticipated based on the results of recent drilling and aquifer testing performed in
these areas (see Appendix 7-1). Based on the hydrogeologic conditions encountered,
. where necessary Alton Coal Development, LLC will use a suitable technique to minimize
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groundwater inflow rates into the mine, which may include the use of bentonite or natural
clay filled cutoff walls or other means where appropriate to protect groundwater
resources up-gradient of mining activities. The potential for success of such protective
measures in minimizing drainage of alluvial deposits up-gradient of proposed mining
areas is believed to be good, given that the thickness of the alluvium in these areas is
generally on the order of about 20 to 50 feet and these sediments are directly underlain by
essentially impermeable Tropic Shale in proposed mining areas. It is important to note
that while temporary impacts to groundwater discharge rates from alluvial springs and
seeps could possibly occur, these impacts will likely be short-lived. This conclusion is
based on the fact that individual mine pits in most instances will remain open for no more
than about 60 to 120 days. After mine pits are backfilled and reclaimed, the potential for
appreciable continued drainage of up-gradient alluvial groundwater through the
backfilled pits in that area is low. When mining is complete in an area, seasonal recharge
to alluvial groundwater systems will gradually replenish groundwater to the alluvial
groundwater system. Large-scale dewatering of the alluvial groundwater system, such
that appreciable compaction of the aquifer skeleton could occur, is not anticipated (see
Appendix 7-1).

If diminution of discharge rates from seeps and springs does occur as a consequence of
mining and reclamation activities, any lost water will be replaced according to all

applicable Utah State laws and regulations using the water replacement source specified
in R645-301-727. The quantity and quality of replacement water detailed in R645-301-
727 will be suitable for the existing premining uses and approved postmining land uses.

It should be noted that the proposed Coal Hollow Mine plan calls for the permanent
diversion of a reach of the Lower Robinson Creek stream channel approximately 2,000
feet in length in the southeast % of Section 19, T39S, RSW. Details of the proposed
diversion are given in Chapter 5, Section 527.220 of this MRP. If this action results in
diminution of groundwater or surface-water resources, where required a suitable
mitigation for this potential impact will be designed and implemented in consultation
with the Division of Oil, Gas and Mining.

If excess groundwater were to be encountered during mining operations such that it could
not be adequately managed or discharged in compliance with the Utah UPDES discharge
permit (which is considered unlikely), Alton Coal Development, LLC may when
necessary and with the approval of the Utah Division of Oil, Gas and Mining construct
supplemental containment and settlement ponds in which mine discharge waters may be
held for treatment (where necessary) and subsequent discharge through UPDES discharge
points in compliance with the UPDES discharge permit.

724.600 Renewable Resource Lands

Not applicable
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724.700 Alluvial Valley Floor Determination

A field investigation has been performed in the proposed Coal Hollow Mine permit and
adjacent area to provide to the Division the information required to make an evaluation
regarding the existence of a probable alluvial valley floor in the proposed Coal Hollow
Mine permit and adjacent area. The results of this field investigation and related
information is provided in Appendix 7-1.

A report detailing the findings of a previous field investigation performed by Water
Engineering & Technology, Inc., entitled “Geomorphological and sedimentological
characteristics of Sink Valley, Kane County, Utah” is included as Appendix 7-4.

725 BASELINE CUMULATIVE IMPACT AREA INFORMATION

Appendix 7-1 contains the results of a comprehensive investigation of groundwater and
surface-water systems in the proposed Coal Hollow Mine permit and adjacent area.
Appendix 7-1 also includes information regarding the probable hydrologic consequences
of coal mining in the proposed Coal Hollow Mine permit area and recommendations for
hydrologic monitoring. Appendix 7-1 also includes the results of a field investigation
performed in the proposed Coal Hollow Mine permit and adjacent area to provide to the
Division of Oil, Gas and Mining the information required to make an evaluation
regarding the existence of a probable alluvial valley floor in the proposed Coal Hollow
Mine permit and adjacent area. This Information together with the information submitted
herein can be used to assess the probable cumulative hydrologic impacts of coal mining
and reclamation operations in the proposed Coal Hollow Mine permit and adjacent area
as required by R645-301-729.

R645-301-726 Modeling

No numerical models have been created for the permit area nor are any planned.

727 ALTERNATIVE WATER SOURCE INFORMATION

This section provides information on the alternative water source that will be used to
replace water from groundwaters or surface waters should they be impacted by mining
and reclamation activities in the proposed Coal Hollow Mine permit and adjacent area.
The alternative water source is a water production well located in Section 29, T39S,
R5W. The well is identified as Y-61 in baseline monitoring information. The location of
Y-61 is shown on Drawings 7-2 and 7-12. The well is located on private land about 72
mile east of the adjacent boundary of the proposed Coal Hollow Mine permit area. The
well was drilled in November 1980 and is 150 feet in total depth. The well is screened in
the Sink Valley artesian alluvial groundwater system in strata comprised chiefly of
gravels and coarse sands. The well is cased with solid steel casing from the surface to a
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depth of 112 feet and screened with 6.625-inch well screen from 112 to 142 feet depth,
with a borehole diameter of 8.625 feet.

Water quality data from the proposed alternative water source (Y-61) have been
submitted electronically to the Utah Division of Oil, Gas and Mining Utah Coal Mining
Water Quality Database (UDOGM, 2007). The hydrogeologic characteristics of the
alluvial groundwater system in which Y-61 is screened are described in Appendix 7-1. It
is anticipated that the quantity and quality of water produced from Y-61 will be suitable
for the existing premining uses and approved postmining land uses.

It should be noted that the proposed water replacement source, water well Y-61,
produces water from the coarse-grained alluvial groundwater system in Sink Valley.
Nearby springs that could potentially be impacted by mining and reclamation activities
are supported by the same alluvial groundwater system. However, while modest
decreases in the artesian hydraulic pressures in the alluvial groundwater system could
potentially result in diminution of spring flows, water well Y-61 is 150 feet deep and will
be equipped with an electric well pump giving it the capacity to produce groundwater
from the alluvial system even if the hydraulic head in the area were to be diminished such
that artesian flow conditions temporarily ceased to exist.

Alton Coal Development, LLC has entered into an agreement with the town of Alton,
Utah to transfer the point of diversion for water rights totaling 50 acre-feet per year to the
water well Y-61 for use as an alternative water source for the proposed Coal Hollow
Mine. Alton Coal Development, LLC has also entered into a verbal agreement with the
property owner to allow access and use of the well with a written agreement pending.
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728  PROBABLE HYDROLOGIC CONSEQUENCES (PHC)
DETERMINATION

This section describes the probable hydrologic consequences of surface coal mining in
the proposed Coal Hollow Mine permit area. This determination is based on data
presented herein and on information provided in Appendix 7-1. This mining and
reclamation plan has been designed to minimize potential adverse impacts to the
hydrologic balance. It should be noted that this PHC and also Appendix 7-1 may be
updated periodically as required as additional hydrogeologic information and mining data
become available in the future.

728.310 Potential adverse impacts to the hydrologic balance

Other than the possible short-term diminution in discharge rates from alluvial
groundwater systems, including the potential short-term diminution of discharge rates
from some springs and seeps in Sink Valley, appreciable adverse impacts to the
hydrologic balance, either on or off the permit area are not expected to occur. The basis
for this determination is discussed below.

As discussed in Section 721 above, minimal groundwater resources exist in the Tropic
Shale, which directly overlies the coal reserves in proposed mining areas. Groundwater
in the Tropic Shale does not provide measurable baseflow discharge to streams in the
area. The lack of appreciable groundwater flow in the Tropic Shale is a result of the poor
water transmitting properties of the marine shale unit. Consequently, it is anticipated that
little groundwater will be encountered in the Tropic Shale in mining areas. Thus, the
potential for adverse impacts to the hydrologic balance resulting from mining through the
Tropic Shale in the proposed Coal Hollow Mine permit area is minimal.

Similarly, as described in Section 722 above, groundwater resources in the Dakota
Formation underlying the coal seam to be mined are not appreciable. This condition is
fundamentally a result of the heterogeneity of the rock strata in the Dakota Formation
which impedes the ability of the formation to transmit groundwaters significant distances
vertically or horizontally. The presence of the essentially impermeable Tropic Shale on
top of the Dakota Formation also minimizes the potential for vertical recharge to the
Dakota Formation. Mining operations will remove the overlying Tropic Shale rock strata
from the Dakota Formation in addition to the Smirl coal seam deposit at the top of the
Dakota Formation in mined areas. However, because the pre-mining hydraulic
communication between the Tropic Shale and the underlying Dakota Formation in
planned mining areas is believed to be minimal, the removal of the Tropic Shale
overburden and Smirl coal seam from the Dakota Formation, followed by the rapid
backfilling of pit areas with low-permeability fill materials should not result in adverse
impacts to the hydrologic balance in the Dakota Formation (i.e., the post-mining degree
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of hydraulic communication between the Dakota Formation and the overlying low-
permeability backfill material will be similar to that of the pre-mined condition).

It should be noted that the first water-bearing strata underlying the coal seam to be mined
in the proposed Coal Hollow Mine permit area from which appreciable quantities of
groundwater can be produced is the Navajo Sandstone. The Navajo Sandstone aquifer is
of regional significance in that it provides groundwater of good quality to domestic,
agricultural, and municipal wells regionally and provides baseflow to springs and
streams. The Navajo Sandstone does not crop out in the proposed Coal Hollow Mine
permit and adjacent area. The formation is effectively isolated from proposed mining
areas by more than 1,000 feet of rock strata of the Dakota and Carmel Formations (which
includes large thicknesses of low-permeability shales and siltstones). The Navajo
Sandstone aquifer will not be impacted by proposed mining operations. It should be
noted that some previously proposed mining operations in the Alton Coal Field have
proposed drilling and pumping of large amounts of groundwater from high-capacity
production wells in the Navajo Sandstone aquifer for operational use. No such wells are
planned in the proposed Coal Hollow Mine permit and adjacent area.

Of primary importance to the hydrologic balance in the proposed Coal Hollow Mine
permit and adjacent area are alluvial groundwater systems. As discussed in Section 722
and in Appendix 7-1, alluvial groundwater systems in the area support springs, seeps,
diffuse groundwater discharge, and a limited number of wells. The bulk of the alluvial
groundwater flux through the area occurs in alluvial sediments that include coarse-
grained and finer-grained sediments near the eastern margins of Sink Valley, east of the
proposed Coal Hollow Mine permit area. Lesser quantities of alluvial groundwater
migrate through finer-grained alluvial sediments (predominantly clays, silts, and sands) in
the western portions of Sink Valley and in the Lower Robinson Creek drainage within the
proposed Coal Hollow Mine permit area. Discharges from alluvial groundwater systems
in Sink Valley do not contribute measurable quantities of baseflow to streams (at least at
the surface in the stream channel). Alluvial groundwater systems in the Lower Robinson
Creek area are much less extensive than the alluvial groundwater systems in Sink Valley.
Other than the re-emergence of alluvial groundwater flowing beneath the Lower
Robinson Creek stream channel where the stream channel exists directly on bedrock
substrate, discharge from the alluvial groundwater system as springs or seeps in Lower
Robinson Creek is generally not observed. Perched groundwater conditions exist locally
in the alluvial groundwater system in the Lower Robinson Creek drainage.

In the general sense, surface coal mining activities in the proposed Coal Hollow Mine
permit area have the potential to impact groundwater systems primarily through three
mechanisms:

1) Where water-bearing strata in proposed mining areas are mined through,
groundwater systems within these strata will obviously be directly intercepted,

2) Where groundwater flow paths through mine openings are interrupted,
groundwater flow in down-gradient areas could be diminished, and
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3) Where mine openings intercept permeable strata, groundwater resources in up-
gradient areas could potentially be diminished if appreciable quantities of
groundwater were to be drained from up-gradient areas.

The potential for the occurrence of each of these potential impacts are described in the
following.

Direct Interception of Groundwater Resources

As discussed above, groundwater resources in the relatively impermeable Tropic Shale in
the proposed permit area are meager. Consequently, it is improbable that direct
interception of appreciable groundwater in the Tropic Shale will occur. Additionally,
because Tropic Shale groundwater systems generally do not support discharges to springs
or provide baseflow to streams, the potential interception of limited quantities of
groundwater in the Tropic Shale will not adversely impact the hydrologic balance.
Similarly, groundwater resources in the Dakota Formation (including within the Smirl
coal seam) are meager. While the Smirl coal seam will be extracted through mining
operations, the underlying strata of the Dakota Formation will not be disturbed.
Consequently, adverse impacts to groundwater systems in the Dakota Formation through
direct interception of groundwater resources are not anticipated.

Alluvial groundwater systems in planned mining areas in the proposed Coal Hollow Mine
permit area will be directly intercepted by the mine openings. It is not anticipated that
the direct interception of shallow alluvial groundwater will adversely impact the overall
hydrologic balance in the region. This is because no springs, seeps or other important
groundwater resources have been identified in proposed mine pit areas (Drawing 7-1). In
the pre-mining condition, any diffuse groundwater discharge to the ground surface that
occurs is primarily lost to evapotranspiration and does not contribute appreciably to the
overall hydrologic balance in the area.

Diminution of down-gradient groundwater resources

Where groundwater flow paths that convey groundwater to down-gradient areas exist in
areas that will be mined, there is the potential that diminution of down-gradient
groundwater resources could occur. In the proposed Coal Hollow Mine permit area, it is
considered unlikely that appreciable diminution of down-gradient resources will occur as
a result of mining and reclamation activities. The basis of this conclusion is presented
below.

Groundwater resources in the Tropic Shale are meager and groundwater flow rates are
very slow through the marine shale unit. Groundwater systems in the Tropic Shale do not
support appreciable spring or seep discharge nor do they provide measurable baseflow to
streams down-gradient of mining areas. Consequently, the potential for adverse impacts
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to the hydrologic balance as a result of mining through Tropic Shale is considered
minimal.

Similarly, groundwater resources in the Dakota Formation are meager. The potential for
lateral and vertical migration of groundwater through the formation is limited by the
pervasiveness of low-permeability shaley strata in the formation and the lateral
discontinuity of permeable strata. Groundwater systems in the Dakota Formation do not
support appreciable spring or seep discharge nor do they provide measurable baseflow to
streams down-gradient of mining areas. Additionally, with the exception of the relatively
low-permeability Smirl coal seam located at the top of the formation, groundwater
systems in Dakota Formation rock strata below the coal seam will not be disturbed by
mining and reclamation activities. Consequently, the potential for adverse impacts to the
hydrologic balance as a result of mining through Dakota Formation strata is considered
minimal. It should be noted that spring SP-4 discharges at about 1 gpm approximately
1.1 miles south of the proposed Coal Hollow Mine permit area from an apparent
fault/fracture system in the Dakota Formation that may be related to the Sink Valley
Fault. It is unlikely that appreciable migration of groundwater through the Sink Valley
Fault system in the relatively impermeable Tropic Shale or shallow alluvium in the
proposed Coal Hollow Mine permit area occurs. Consequently, it is considered unlikely
that mining and reclamation activities in the proposed Coal Hollow Mine permit area will
cause a diminution of discharge from spring SP-4.

Alluvial groundwater systems in proposed mining areas area supported primarily by
clays, silts, and fine-grained sands. In proposed mining areas in Sink Valley, appreciable
coarse grained alluvial sediments were not encountered in drill holes or back-hoe
excavations. Significant layers of clean coarse alluvium, which could rapidly convey
significant amounts of groundwater were likewise not observed. The results of slug
testing performed on wells in and adjacent to proposed mining areas likewise suggest that
the potential for rapid migration of groundwaters through alluvial sediments in proposed
mining areas is low (Tables 7-8 and 7-9). These data and observations suggest that the
flux of groundwater migrating through the alluvial sediments in proposed mining areas in
Sink Valley (that could support down-gradient groundwater systems) is not large. Much
of the groundwater migrating through the alluvial sediments in proposed mining areas (in
the East %4 of Section 30, T39S, R5W) likely leaves the groundwater system through
diffuse discharge to the land surface and is lost evapotranspiration and does not
contribute to the overall hydrologic balance in the area. In Sink Valley, a preferential
pathway for alluvial groundwaters through deep coarse-grained alluvial sediments likely
exists along the east side of Sink Valley. While the thickness of the alluvium in proposed
mining areas in Sink Valley generally does not exceed 50 feet (and in many locations is
much less), the alluvial sediments along the eastern side of Sink Valley adjacent to
proposed mining areas range from about 120 to 140 feet. Of the total flux of
groundwater through the alluvial groundwater systems in Sink Valley, most of the flux is
likely through this coarse-grained portion of the system. The percentage of the total flux
that migrates through clayey and silty alluvial sediments in proposed mining areas along
the western flanks of Sink Valley is likely much less.
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It should be noted that highly permeable strata were encountered from about 60 to 75 feet
depth just above the bedrock interface at the SS well cluster (monitoring well SS-75;
Table 7-2). This well is screened in an area of burned or eroded coal (the coal is absent)
and consequently, mining will not occur at this location. The coal seam is present at the
nearby C9 cluster area. Were mining operations to intercept this highly permeable zone,
substantial groundwater inflows into the mine openings could occur. Consequently, prior
to surface mining in this area, the boundary between the competent coal seam and the
area of burned or eroded coal will be more precisely defined by drilling or other suitable
techniques such that mine openings can be designed to avoid these areas of potentially
large groundwater inflows.

As discussed in Section 722 above, alluvial groundwater from Sink Valley discharges to
several springs and seeps and as diffuse discharge to the ground surface in the northwest
Y4 of Section 32, T39S, R5SW (see Drawing 7-4; groundwater discharge area B). This
groundwater discharge is likely a result of the constriction in Sink Valley in this area and
the corresponding decrease in the cross-sectional area of the alluvial sediments in the
valley, which forces groundwater to discharge at the surface. Most of the groundwater
discharge in this area is likely derived from the up-gradient alluvial groundwater systems
in the eastern portion of the valley (i.e., the coarse-grained portion of the alluvial
groundwater system), which is situated east of the proposed Coal Hollow Mine permit
area. This conclusion is based on 1) the substantially larger cross-sectional area of the
alluvium in the deeper eastern portion of the valley relative to that in proposed mining
areas near the western margins of the valley, 2) the higher hydraulic conductivity of the
sediments in the coarse-grained part of the alluvial system, and 3) the lack of other
apparent discharge mechanisms for the coarse-grained system further downstream in Sink
Valley Wash (i.e., there are no significant alluvial springs or seeps further downstream in
Sink Valley Wash and the system apparently does not contribute measurable basetlow to
Sink Valley Wash further downstream (at least at the surface in the stream channel, as
evidenced by the lack of baseflow in the wash monitored at SW-9).

Because most of the alluvial groundwater discharge supporting springs and seeps in this
area is likely not derived from groundwater systems that underlie planned mining areas in
the proposed Coal Hollow Mine permit area, it is considered unlikely that discharges
from the springs and seeps in northwest % of Section 32 T39S, R5W will be appreciably
diminished as a result of the proposed mining and reclamation activities. While
considered unlikely, some temporary impacts to discharge rates from springs and seeps in
this area are possible. In particular, it should be noted that mining in the southernmost
portions of the proposed Coal Hollow Mine permit area has a somewhat greater potential
to decrease groundwater discharge rates at spring SP-6, which is located about 600 feet
below the southernmost proposed mining areas (Drawing 7-2). SP-6 is an alluvial seep
which has been impounded with an earthen dam from which measurable discharge 1s
generally not present.

It is critical to note that individual mine pits in this area will remain open for short

lengths of time, generally no more than about 60 to 120 days. Mining operations in the
vicinity near the alluvial groundwater discharge area in the northwest %4 of Section 32
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T39S, RSW are planned to be completed in about 1 year. Thus, any potential impacts to
discharge rates from down-gradient groundwater systems will be short-lived. Following
the backfilling and reclamation of mine openings, the potential for interception or re-
routing of alluvial groundwater away from the groundwater discharge area in northwest
Y4 of Section 32 T39S, RSW will be negligible. As stated above, most of the flux through
the Sink Valley alluvial groundwater system that supports springs and seeps in the area
occurs in the eastern portion of the valley, which will not be impacted by mining and
reclamation activities. Consequently, long-term impacts to discharge rates from springs
and seeps in this area are not anticipated. It should also be noted that if increased
quantities of groundwater were to be encountered in mine workings in lower Sink Valley
such that the water would need to be discharged to surface drainages, the mine water will
ultimately be discharged to the Sink Valley Wash drainage (i.e., the water will remain in
its drainage basin).

Alluvial groundwater systems in the Lower Robinson Creek area are much less extensive
than the alluvial groundwater system in Sink Valley. Perched groundwater conditions
exist locally in the alluvial groundwater system in the Lower Robinson Creek drainage.
Other than the re-emergence of alluvial groundwater flowing beneath the Lower
Robinson Creek stream channel where the stream channel exists directly on bedrock
substrate, discharges from the alluvial groundwater system as springs or seeps in Lower
Robinson Creek are not observed. Consequently, mining operations in the Lower
Robinson Creek drainage will likely not result in diminution of down-gradient
groundwater resources.

It should be noted that the proposed Coal Hollow Mine plan calls for the permanent
diversion of a reach of the Lower Robinson Creek stream channel approximately 2,000
feet in length in the southeast ¥4 of Section 19, T39S, RSW. Details of the proposed
diversion are given in Chapter 5, Section 527.220 of this MRP. If this action results in
diminution of groundwater or surface-water resources, where required a suitable
mitigation for this potential impact will be designed and implemented in consultation
with the Division of Oil, Gas and Mining.

If any Utah State appropriated water rights are impacted by mining and reclamation
operations in the proposed Coal Hollow Mine, these will be replaced according to all
applicable Utah State laws and regulations using the designated water replacement source
described in Section 727 above.

Draining of up-gradient groundwater resources

Where surface mining occurs adjacent to up-gradient groundwater systems, there is a
potential that draining of groundwater from the up-gradient groundwater system into the
mine voids could occur. This condition could occur if a sufficiently large and permeable
stratum were to be intercepted that is in good hydraulic communication with the up-
gradient groundwater system through which appreciable quantities of water could be
transmitted.

Chapter 7 7-25 5/25/2007




To more fully evaluate the potential for draining of up-gradient groundwater resources, a
field investigation was performed during the winter of 2006-2007 that was designed to
facilitate the characterization of the alluvial groundwater system in the proposed Coal
Hollow Mine permit and adjacent area. Specifically, this program was designed 1) to
better define the vertical and lateral extent of permeable, coarse-grained sediments in the
alluvial groundwater system, 2) to characterize the water bearing and water transmitting
properties of alluvial sediments, and 3) to evaluate the degree of hydraulic
communication between the coarse-grained portion of the alluvial system in Sink Valley
and the clayey alluvial sediments in proposed mining areas.

This field investigation included 1) the drilling and installation of 30 monitoring wells, 2)
the performance of a 28-hour pumping and recovery test on alluvial production well Y-61
with contemporaneous measuring of water levels in the monitoring well network and
contemporaneous measuring of spring discharge rates at three alluvial springs, and 3) the
slug testing of 20 monitoring wells to determine approximate values of hydraulic
conductivity. The results of the field investigation including analysis of the data
collected in the investigation are presented in Appendix 7-1 and are summarized below.

Other than occasional pebbles or small rocks, coarse-grained sediments (i.e., gravels and
coarse sands) were not encountered in the drilling of wells along the eastern margins of
proposed mining areas in Sink Valley (C1, C2, C3, and C4 well clusters). Rather, the
sediments encountered in the drilling of these wells were dominated by clays and silts
with subordinate amounts of fine-grained sand. Similarly, coarse-grained deposits were
not encountered in well clusters C6, C7, C8, and C9. There was no indication during
drilling of any appreciable thickness of highly permeable strata through which
groundwater could rapidly be transmitted (although it should be noted that the presence
of thin sand layers are difficult to identify in wet auger drilling returns). Similarly,
appreciable amounts of high-permeability coarse-grained alluvial sediments were not
noted in alluvial sediments investigated in backhoe excavated pits and erosional
escarpments in Sink Valley.

The hydraulic heads measured in alluvial monitoring wells near proposed mining areas in
Sink Valley (C2, C3, C4, C7, C8, and C9) did not indicate artesian pressures. Rather,
marked upward or downward vertical hydraulic gradients were not observed in any of
these areas and water levels were consistently within several feet of the ground surface.

The results of pump-testing in the alluvial groundwater system demonstrate that the
springs in the northwest %4 of Section 29, T39S, R5SW are in direct hydraulic
communication with the coarse-grained alluvial groundwater system in which the
pumping well Y-61 is screened. Discharge rates (or water levels at Sorensen Spring)
measured at each of the four springs (SP-8, SP-14, SP-20, and Sorensen spring)
monitored during the 28-hour pumping test responded to pumping at the well.
Monitoring wells at clusters C2, C3, and C4 near the easternmost proposed mining areas
also showed small, muted responses, with declines measured in water levels during the
28-hour test ranging from about 0.05 to 0.10 feet. Other monitoring wells in proposed
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mining areas did not respond measurably to pumping at Y-61. It should be noted that

after the pumping well was turned off at the end of the 28-hour pumping test, spring
discharge rates and water levels in alluvial monitoring wells recovered to approximate
pre-testing levels.

The results of slug testing of wells in the proposed Coal Hollow Mine and adjacent area
are presented in Table 7-8. Using these hydraulic conductivity values together with
measured thicknesses of saturated alluvial sediments determined during drilling, and
hydraulic gradient values determined from water levels measured in monitoring wells,
rates of estimated groundwater inflows to mine openings have been calculated using
Darcy’s Law (Table 7-9).

Darcy’s Law may be expressed as.

Q=KIA
Where groundwater discharge rate
hydraulic conductivity

= hydraulic gradient

= cross-sectional area

> RO
I

The values listed in Table 7-9 are reported as inflow rates per 100 lineal feet of mine
openings oriented perpendicular to the groundwater flow direction. Calculations at
individual locations are adjusted for the thickness of the saturated alluvium at that
location. For all calculations in Table 7-9, a gradient of 0.10 has been used, which is
considered a conservative estimate for the alluvial groundwater system in the vicinity of
the planned Coal Hollow Mine workings. It is important to note that while values for
saturated aquifer thickness and local hydraulic gradient in the alluvial groundwater
system can be determined relatively precisely, hydraulic conductivity values determined
from slug testing methods are generally considered as order-of-magnitude estimates.
Consequently, the information from Table 7-9 should be used for general purposes only.
The estimated groundwater inflow rates presented in Table 7-9 suggest that copious,
unmanageable amounts of alluvial groundwater will likely not be encountered.

As surface mining operations advance toward the alluvial groundwater discharge area in
the northwest % of Section 29, T39S, RSW (See Drawing 7-4; groundwater discharge
area A), the information in Table 7-9 suggests that groundwater inflow rates in this area
will be modest, generally on the order of a few tens of gallons per minute or less per 100
lineal feet of mine opening. However, it should be noted that, as discussed above, if mine
openings in this area were to intersect a substantial thickness of coarse-grained alluvial
material that was in good hydraulic communication with the coarse-grained alluvial
system located along the eastern margins of Sink Valley, substantially greater rates of
groundwater inflow could occur. Based on the information in Tables 7-8 and 7-9, this is
not considered likely.
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As mining operations advance toward the alluvial groundwater discharge area in the
northwest 4 of Section 29, T39S, RSW (See Drawing 7-4; groundwater discharge area
A) and groundwater discharge from up-gradient alluvial groundwater systems occurs,
there is the potential that discharge rates from alluvial springs in this area could be
diminished. The magnitude of this potential impact will be largely dependent on the
drainage rate and volume of groundwater that may be drained from the up-gradient
alluvial groundwater system.

The potential for diminution of discharge from alluvial springs near proposed mining
areas near the northwest ¥4 of Section 29, T39S, R5W will be minimized because:

1) As mining progresses toward the groundwater discharge area in the northwest %4
of Section 29, T39S, RSW (see Drawing 7-4, groundwater discharge area A),
groundwater inflows into mine openings and discharge rates from the nearby
alluvial springs will be closely monitored. If groundwater inflow rates into mine
openings are excessive, where necessary Alton Coal Development, LLC will use
a suitable technique to minimize groundwater inflow rates into the mine. These
techniques may include the use of bentonite or natural clay filled cutoff walls or
other means where appropriate to isolate and protect groundwater resources up-
gradient of mining activities, and

2) Individual mine pits in the proposed Coal Hollow Mine will remain open for short
lengths of time, generally no more than about 60 to 120 days. Consequently, any
potential impacts to spring discharge rates in the alluvial groundwater system in
this area will likely be short-lived. Because the alluvial groundwater recharge
areas are located well up-gradient of proposed mining areas (mountain-front
recharge) and will not be impacted, recharge to the alluvial system should
continue uninterrupted, it is anticipated that water levels in the artesian
groundwater system should recover from any mining-related declines in hydraulic
head subsequent to the completion of mining in the area.

Groundwater discharge from the springs in the northwest % of Section 29, T39S, RSW
(See Drawing 7-4; groundwater discharge area A) do not contribute any measurable
baseflow discharge to streams in the area. This conclusion is based on the lack of any
baseflow discharge in streams down-gradient of this area in Sink Valley (see monitoring
data for SW-6 and SW-9). Rather, most of this discharge is likely ultimately lost to
evapotranspiration as the water migrates across the low-permeability, near-surface clayey
sediments in Sink Valley. Consequently, the potential temporary diminution of discharge
from alluvial springs in the northwest ¥4 of Section 29, T39S, R5SW would not result in
appreciable adverse impacts to the surrounding hydrologic balance.

If any Utah State appropriated water rights are impacted by mining and reclamation
operations in the proposed Coal Hollow Mine, these will be replaced according to all
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applicable Utah State laws and regulations using the designated water replacement source
described in Section 727 above.

728.320 Presence of acid-forming or toxic-forming materials

Chemical information on the acid- and toxic-forming potential of earth materials
naturally present in the proposed permit area are presented in Appendix 6-2. Chemical
information on the low-sulfur Smirl coal seam proposed for mining is presented in
Appendix 6-1 (confidential binder). Based on laboratory analytical data, it is apparent
that acid-forming and toxic-forming materials that could result in the contamination of
surface-water or groundwater supplies in the proposed Coal Hollow Mine permit and
adjacent area are generally not present.

Selenium was not detected in any of the samples from the proposed Coal Hollow Mine
permit area. Likewise, concentrations of water-extractable boron were also low, being
less than 3 mg/kg in all samples analyzed. The pH of groundwaters in and around the
proposed Coal Hollow Mine permit area are moderately alkaline (UDOGM, 2007). Data
in Appendix 6-2 likewise indicate moderately alkaline conditions in sediments in the
proposed permit area. The solubility of dissolved trace metals is usually limited in waters
with alkaline pH conditions. Consequently, high concentrations of these metal
constituents in groundwaters and surface waters with elevated pH levels are not
anticipated. Additionally, most of the materials that will be handled as part of mining
and reclamation activities in the proposed Coal Hollow Mine area are of low hydraulic
conductivity (i.e. clays, silts, shales, siltstones, claystones, etc.). Consequently, it is
anticipated that groundwater seepage volumes through low-permeability backfill and
reclaimed land surfaces in reclaimed mine pit areas and excess spoils storage areas will
not be large. Additionally, reclaimed areas will be regraded, sloped, and otherwise
managed to minimize the potential for land erosion, to restore approximate surface-water
drainage patterns, and also to minimize the potential for ponding of surface waters on
reclaimed areas (other than “roughening” or “gouging” of some areas to enhance
reclamation). Thus, the potential for interactions between large amounts of disturbed
earth materials and groundwaters and surface waters, which could result in leaching of
chemical constituents into groundwater and surface-water resources, will be minimized.

Additionally, the mining plan calls for the emplacement of 40 inches of suitable cover
material over backfilled areas made up of material types which could appreciably impact
vegetation (materials with elevated SAR ratios or other physical or chemical
characteristics that could adversely impact vegetation).

The neutralization potential greatly exceeded the acid potential in all samples analyzed,
with the neutralization potential commonly exceeding the acid potential by many times,
suggesting that acid-mine-drainage will not be a concern at the proposed Coal Hollow
Mine. Acid-forming materials in western coal mine environments often consist of sulfide
minerals, commonly including pyrite and marcasite, which, when exposed to air and
water, are oxidized causing the liberation of H™ ions (acid) into the water. Oxidation of
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sulfide minerals may occur in limited amounts in the mine pits where oxygenated water
encounters sulfide minerals. However, the acid produced by pyrite oxidation is quickly
consumed by dissolution of abundant, naturally occurring carbonate minerals (Appendix
6-2). Dissolved iron is readily precipitated as iron-hydroxide in well aerated waters, and
consequently excess iron is not anticipated in mine discharge water.

Other acid-forming materials or toxic-forming materials have not been identified in
significant concentrations nor are such suspected to exist in materials to be disturbed by
mining.

Because of the overall low-permeability of the rock strata and sediments surrounding the
mine workings (primarily the shales and claystones of the lower Tropic Shale), the
potential for seepage of mine water outward into adjacent stratigraphic horizons is low.
Additionally, because the floors of the mine pits need to be accessible in order to extract
the coal, the mining operations will be carried out in such a manner that the accumulation
of large amounts of water in the mine pits will be avoided.

728.331 Sediment vield from the disturbed area.

Erosion from disturbed areas will be minimized through the use of silt fences and other
sediment control devices. Surface runoff occurring on disturbed areas will be collected
and treated as necessary to remove suspended matter. Four diversion ditches along with
four sediment impoundments are proposed for the permit area. In addition,
miscellaneous controls such as silt fence and berms are also proposed for specific areas.
The proposed locations for these structures are shown on Drawing 5-3. Details
associated with these structures can be viewed on Drawings 5-25 through 5-34 and
Appendix 5-2.

The smallest practicable area, consistent with reasonable and safe mine operational
practices will be disturbed at any one time during the mining operation and reclamation
phases. This will be accomplished through progressive backfilling, grading, and prompt
revegetation of disturbed areas. The backfilled material will be stabilized by grading to
promote a reduction of the rate and volume of runoff in accordance with the applicable
requirements. The excess spoil and fill above approximate original contour will be
graded to a maximum 3h:1v slope and revegetated to minimize erosion.

Cut ditches will be established on the shoulders of all primary roads to control drainage
and erosion. Cut and fill slopes along the primary roads will be minimal and are not
expected to cause significant erosion. In locations where there are culvert crossings (i.e.
Lower Robinson Creek), the fills slopes will be stabilized by utilizing standard methods
such as grass matting or straw wattles. The location and details for roads can be viewed
on Drawings 5-3 and 5-22 through 5-24.
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Through the implementation of these sediment control measures, it is anticipated that
sediment yield from disturbed areas in the proposed Coal Hollow Mine permit area will
be minimized.

728.332 Impacts to important water quality parameters

As discussed above, appreciable quantities of groundwater are not anticipated to be
intercepted in the Tropic Shale overlying proposed mining areas. Consequently,
discharge of Tropic Shale groundwaters from mining areas is not anticipated. Because of
the very low hydraulic conductivity of the marine Tropic Shale unit which immediately
overlies the coal in proposed mining areas, the lateral migration of appreciable amounts
of groundwater outward from proposed mine pit areas is not anticipated. Therefore, no
impacts to important water quality parameters in surrounding groundwater and surface-
water resources that could result from the interception of Tropic Shale groundwaters is
anticipated.

Similarly, appreciable quantities of groundwater are not expected to emanate from the
Dakota Formation in the mine floor into the mine openings. This conclusion is based on
the fact that 1) vertical and horizontal groundwater flow in the Dakota Formation is
impeded by the presence of low-permeability shales that encase the interbedded lenticular
sandstone strata in the formation (i.e., the formation is not a good aquifer), 2) appreciable
natural discharge from the Dakota Formation in the surrounding area to springs or
streams is not observed, supporting the conclusion that the natural flux of groundwater
through the formation is meager, and 3) mining will commence near the truncated up-dip
end of the formation, minimizing the potential for elevated hydraulic head in the Dakota
Formation. The results of slug testing performed on wells screened in the Smirl coal
seam indicate relatively low values of hydraulic conductivity for the coal seam (Table 7-
8). In much of the proposed mining area, the coal seam is dry. Thus, large inflows of
groundwater from the coal seam into mine workings are not anticipated. Likewise, the
potential for seepage out of mine pits through the coal seam is minimal. Consequently,
impacts to important water-quality parameters in the Dakota Formation potentially
resulting from mining operations are not anticipated, nor are impacts to important water-
quality parameters in surrounding groundwater and surface-water systems anticipated as
a result of interactions with intercepted Dakota Formation groundwater.

The water quality of groundwaters in the alluvial groundwater system up-gradient of
mining operations will likely not be impacted by mining and reclamation activities in the
proposed Coal Hollow Mine. Were alluvial groundwaters intercepted by mine openings
allowed to flow into the mine pits, there would be the potential for substantially increased
TDS concentrations as the water interacts with the marine Tropic Shale and the Smirl
coal seam. This occurrence will be avoided.

As groundwater naturally migrates through the shallow, fine-grained alluvial sediments
in the proposed Coal Hollow Mine permit and adjacent area (most evident in Sink
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Valley), the quality of the water is naturally degraded (see Appendix 7-1). In the distal
portions of Sink Valley, most notably concentrations of magnesium, sulfate, and
bicarbonate are elevated in the alluvial groundwater.

The potential for TDS increases associated with interaction of waters with the Tropic
Shale can be minimized by avoiding contact where practical between water sources and
earth materials containing soluble minerals. Where possible, groundwater that will be
encountered in alluvial sediments along the margins of mine pit areas will be routed
through pipes, ditches or other conveyance methods away from mining areas via gravity
drainage so as to prevent or minimize the potential for interaction with sediments
disturbed by mining operations (including contact with the mined coal seam). If diverted
alluvial groundwater were allowed to interact extensively with the Tropic Shale bedrock
or Tropic Shale-derived alluvial sediments, similar increases in magnesium, sulfate,
bicarbonate, and TDS concentrations would be anticipated. Consequently, where
intercepted groundwaters will be routed around disturbed areas through pipes or well-
constructed and maintained ditches, it is anticipated that detrimental impacts to important
water quality parameters in these waters will be minimal.

The pumping and discharging of mine water from mine pits at the proposed Coal Hollow
Mine permit area is not anticipated. The impoundment of substantial quantities of water
within the mine pits would likely result in degradation of groundwater quality and 1s also
not compatible with the proposed surface mining technique (the coal extraction
operations occur at the bottom of the mine pit and thus they cannot be performed in
flooded mine pits). As discussed above, the only likely foreseeable source of appreciable
quantities of groundwater is from the alluvial groundwater systems overlying the low-
permeability Tropic Shale in proposed mining areas. Where this alluvial groundwater is
encountered in mining areas, it will be diverted away from mine workings prior to
significant interaction with sediments in disturbed areas. Any discharge from the mine
pits that does occur will be regulated under a Utah UPDES discharge permit.

As discussed above, acid mine drainage is not anticipated at the proposed Coal Hollow
Mine permit area. This is due primarily to the relatively low sulfur content of the coal
(see Appendix 6-1; confidential binder) and rock strata in the permit and adjacent area,
and to the pervasiveness of carbonate minerals in the soil and rock strata which neutralize
the acidity of the water if it occurs. If sulfide mineral oxidation and subsequent acid
neutralization via carbonate dissolution were to occur, increases in TDS, calcium,
magnesium, sulfate, and bicarbonate concentrations (and possibly also sodium
concentrations via ion-exchange with calcium or magnesium on exchangeable clays)
would be anticipated.

As described in Chapter 5, Section 532, surface runoff that occurs on disturbed areas will
be treated through sedimentation ponds or other sediment-control devices and particulate
matter will be allowed to settle prior to the discharging of the water to the receiving
water, thus controlling suspended solids concentrations.
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At any mining operation there is the potential for contamination of soils, surface-water
and groundwater resources resulting from the spillage of hydrocarbons. Diesel fuels,
oils, greases, and other hydrocarbons products will be stored and used at the mine site for
a variety of purposes. A spill Prevention Control and Countermeasure Plan will be
implemented that will help minimize any potential detrimental impacts to the
environments.

Spill control kits will be provided on all mining equipment and personnel will be trained
to properly control spills and dispose of any contaminated soils in an appropriate manner.

Based on these findings, it is concluded that the potential for mining and reclamation

activities in the proposed Coal Hollow Mine permit area to cause detrimental impacts to
important water quality parameters is minimal.

728.333 Flooding or streamflow alteration

As described above, appreciable groundwater inflow from the Tropic Shale and Dakota
Formation into mine pits at the proposed Coal Hollow Mine are not anticipated.
Appreciable groundwater inflows are anticipated only from the relatively thin, overlying
alluvial groundwater systems. The thicknesses of the alluvium adjacent to mine openings
in the proposed mining areas is generally less than 40 to 50 feet. The hydraulic
conductivity of the predominantly clayey and silty alluvial sediments are low, and
consequently, very large or sudden groundwater inflows into mine openings are not
anticipated. Where appreciable alluvial groundwater is encountered adjacent to mine
openings, it will be routed away from mining areas through ditches of other conveyance
mechanisms. Consequently, discharge of mine water from the mine pits is not
anticipated. The rates of alluvial groundwater drainage that could occur will likely not be
of a magnitude that could potentially cause flooding or streamflow alteration in either the
Sink Valley Wash or Lower Robinson Creek drainages.

If excess groundwater were to be encountered during mining operations such that it could
not be adequately managed or discharged in compliance with the Utah UPDES discharge
permit (which is considered unlikely), Alton Coal Development, LLC may when
necessary construct supplemental containment and settlement ponds in which mine
discharge waters may be held for treatment (where necessary) and subsequent discharge
through UPDES discharge points in compliance with the UPDES discharge permit,
minimizing the potential for flooding or streamflow alteration in areas adjacent to
mining.

It should be noted here that the principal surface-water drainages in and adjacent to the
proposed Coal Hollow Mine permit area are in many locations not stable in their current
configurations (see photograph section). These stream drainages are currently actively
eroding their channels during precipitation events, resulting in rapid down-cutting and
deep entrenchment of stream channels, the formation of unstable near-vertical erosional
escarpments adjacent to stream channels (which occasionally spall off into the stream
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channel) , aggressive headward erosion of stream channels and side tributaries, and the
transport of very large quantities of sediment associated with torrential precipitation
events. These processes are currently actively ongoing in the proposed permit and
adjacent area and the upper extents of these erosional processes are in many locations
migrating upward in stream channels, resulting in ever-increasing lengths of unstable
stream channels. This condition is reportedly a result of land management practices in
the late 1800°s or early 1900’s.

The surface-water drainages adjacent to the proposed Coal Hollow Mine permit area have
large discharge capacities (lower Sink Valley Wash, Lower Robinson Creek, and Kanab
Creek). These drainages periodically convey very large amounts of precipitation water
associated with torrential precipitation events. The anticipated discharge rates from
alluvial groundwater drainage and the maximum reasonably foreseeable amount of mine
discharge water that could potentially be required to be discharged from mine pits is
much less than that periodically occurring during major torrential precipitation events.
While the addition of modest amounts of sediment-free water into these stream channels
has the potential to cause minor increases in channel erosion, the magnitude of this
potential impact is inconsequential relative to that occurring during torrential
precipitation events.

Most precipitation waters falling on disturbed areas will be contained in diversion ditches
and routed to sediment impoundments that are designed to impound seasonal water and
storms. Sediment control facilities will be designed and constructed to be geotechnically
stable. This will minimize the potential for breaches of sediment control structures, which if
they occur could result in down-stream flooding and increases in stream erosion and
sediment yield. Emergency spillways will be part of the impoundment structures to provide
a non-destructive discharge route should capacities ever be exceeded.

Details associated with these structures can be viewed on Drawings 5-25 through 5-34
and Appendix 5-2.

Following reclamation, stream channels will be returned to a stable state to the extent
possible given the currently highly unstable state of natural drainage channels in the area.
Stream channels will be designed to withstand anticipated storm events, thus minimizing the
potential of flooding in the reclaimed areas.

The potential for flooding or streamflow alteration resulting from mining and reclamation
activities at the proposed Coal Hollow Mine permit area is considered minimal.

728.334 Groundwater and surface water availability

Groundwater use in the proposed Coal Hollow Mine permit and adjacent area is generally
limited to stock watering and domestic use in Sink Valley. Some limited use of spring
discharge water for irrigation has occurred in Sink Valley, although such irrigation is not
occurring presently nor has it occurred in at least the past 10 years. The areas of
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groundwater use in the proposed Coal Hollow Mine permit and adjacent area are located
in the northwest ¥4 of Section 29, T39S, R5W (see Drawing 7-4; groundwater discharge
area A), and in the northwest ¥ of Section 32, T39S, R5SW (see Drawing 7-4;
groundwater discharge area B). The likely future availability of groundwater in each of
these areas is discussed below.

Groundwater discharge area A (Northwest Y, Section 29, T39S, R5W)

Groundwater use in area A occurs from several alluvial springs and seeps that are used
for stock watering and limited domestic use. As described in Section 728.311 above,
short-term diminution in discharge rates from springs in northwest % of Section 29,
T39S, R5W are possible as mining operations advance toward these springs. This
potential impact is associated with the possible drainage of up-gradient alluvial
groundwater into mine openings as mining advances toward groundwater discharge area
A. Because individual mine pits will typically remain open for less than about 60 to 120
days before subsequently being backfilled and reclaimed, the potential for long-term
drainage of alluvial groundwater into the mine voids is negligible, and thus any potential
decreases in alluvial discharge in groundwater discharge area A is anticipated to be short-
lived.

If groundwater inflow rates into mine openings in this area are excessive, such that
appreciable impacts to the springs and seeps in groundwater discharge area A are likely,
where necessary Alton Coal Development, LLC will use a suitable technique to minimize
groundwater inflow rates into the mine voids. These techniques may include the use of
bentonite or natural clay filled cutoff walls or other means where appropriate to isolate
and protect groundwater resources up-gradient of mining activities. Consequently, the
potential that groundwater could become unavailable in this area is minimal.
Additionally, if alluvial groundwater resources were to become unavailable in this area
due to mining and reclamation activities in the proposed Coal Hollow Mine permit area,
groundwater will be replaced according to all applicable State laws and regulations using
the replacement water source described in Section 727 above.

It should be noted that the proposed water replacement source, water well Y-61,
produces water from the coarse-grained alluvial groundwater system in Sink Valley.
Nearby springs that could potentially be impacted by mining and reclamation activities
are supported by the same alluvial groundwater system. However, while modest
decreases in the artesian hydraulic pressures in the alluvial groundwater system could
potentially result in diminution of spring flows, water well Y-61 is 150 feet deep and will
be equipped with an electric well pump providing the capability to produce groundwater
from the alluvial system even if the hydraulic head in the alluvial groundwater system
were to be diminished such that artesian flow conditions temporarily ceased to exist.
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Groundwater discharge area B (Northwest %, Section 32, T39S, R5W)

Groundwater use in groundwater discharge area B occurs at alluvial springs and seeps
located southeast of the proposed Coal Hollow Mine permit area that are used for stock
watering and limited domestic use. As described in Section 728.311 above, although
some temporary and short-lived diminution in discharge rates from springs in northwest
Y4 of Section 29, T39S, RSW is possible, this potential impact is not considered likely.

In the event that alluvial groundwater resources were to become unavailable in this area
due to mining and reclamation activities in the proposed Coal Hollow Mine permit area,
groundwater will be replaced according to all applicable State laws and regulations using
the replacement water source described in Section 727 above.

Surface-water availability

Surface-water use in the proposed Coal Hollow Mine permit and adjacent area occurs in
the Sink Valley Wash drainage and in Lower Robinson Creek. Surface waters in the Sink
Valley Wash drainage (primarily from Water Canyon via an irrigation diversion and from
Swapp Hollow; appreciable discharge in Sink Valley Wash below Section 29 T39S, R5W
is usually absent) are utilized for both stock watering and limited irrigation use. Stream
water in the Sink Valley Wash drainage is derived from runoff from the adjacent
Paunsaugunt Plateau area. Because the surface water in the drainage originates from
areas up-gradient areas located large distances from proposed mining areas, and because
the stream channel is entirely outside the permit area and will not be impacted by mining
and reclamation activities, there is essentially no probability that surface water
availability in the Sink Valley Wash drainage could become unavailable as a result of
mining and reclamation activities.

Discharge in Lower Robinson Creek immediately above the proposed Coal Hollow Mine
permit area typically occurs only in direct response to significant precipitation or
snowmelt events. Thus, surface-water availability is currently limited in this drainage
prior to any mining activities.

Seepage of alluvial groundwater into the deeply incised lower Robinson Creek stream
channel occurs near the contact with the underlying Dakota Formation in the southeast
quarter of Section 19, T39S, RSW. This water is likely related to saturated alluvial
deposits directly underlying the Robinson Creek stream channel and emerges near where
the saturated alluvial sediments intersect the mostly impermeable Dakota Formation
bedrock in the base of the stream channel. It is noteworthy that the location of the
emergence of alluvial water in the channel has varied somewhat over time. This seepage
of alluvial water is usually about 5 - 10 gpm or less and is routinely monitored at
monitoring station SW-5 (Drawing 7-2).

It should be noted that the proposed Coal Hollow Mine plan calls for the permanent
diversion of a reach of the Lower Robinson Creek stream channel approximately 2,000
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feet in length in the southeast ¥4 of Section 19, T39S, RSW. Details of the proposed
diversion are given in Chapter 5, Section 527.220 of this MRP. If this action results in
diminution of the meager discharge of surface water in the drainage below the planned
diversion, where required a suitable mitigation for this potential impact will be designed
and implemented in consultation with the Division of Oil, Gas and Mining.

The information presented above suggests that the potential for significant impacts to
groundwater and surface-water availability resulting from mining and reclamation
activities in the proposed Coal Hollow Mine permit and adjacent systems in the region is
low.

728.340 Whether mining and reclamation activity will result in
contamination, diminution or interruption of State-appropriated
waters

State appropriated water rights in the proposed Coal Hollow Mine permit and adjacent
area are shown on Drawing 7-3 and tabulated in Appendix 7-3.

Appropriated groundwaters include alluvial springs and seeps in the northwest % of

- Section 29, T39S, R5W (groundwater discharge area A), springs and seeps in the

northwest %4 of Section 32, T39S, R5W (groundwater discharge area B). State
appropriated surface waters include reaches of Sink Valley Wash east of the proposed
Coal Hollow Mine permit area, and reaches of Lower Robinson Creek.

The potential for mining and reclamation activities at the proposed Coal Hollow Mine
permit area to result in contamination, diminution or interruption of State-appropriated
water in the proposed Coal Hollow Permit and adjacent area are described in detail in
Sections 728.310, 728.320, 728.332, and 728.334.

With the possible exception of short-term diminution in discharge rates from springs and
seeps in the northwest ¥4 of Section 29, T39S, RSW, Contamination, diminution, or
interruption of State-appropriated waters in the proposed Coal Hollow Mine permit and
adjacent area are not anticipated. It should be noted that if groundwater inflow rates into
mine openings in this area are excessive, such that appreciable impacts to the springs and
seeps in groundwater discharge area A are likely, where necessary Alton Coal
Development, LLC will use a suitable technique to minimize groundwater inflow rates
into the mine voids. These techniques may include the use of bentonite or natural clay
filled cutoff walls or other means where appropriate to isolate and protect groundwater
resources up-gradient of mining activities, minimizing the potential for diminution of
discharge rates from these springs.

Additionally, it should be noted that the proposed Coal Hollow Mine plan calls for the
permanent diversion of a reach of the Lower Robinson Creek stream channel
approximately 2,000 feet in length in the southeast ¥ of Section 19, T39S, RSW. Details
of the proposed diversion are given in Chapter 5, Section 527.220 of this MRP. If this
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action results in diminution of the meager discharge of surface water in the drainage
below the planned diversion, where required a suitable mitigation for this potential
impact will be designed and implemented in consultation with the Division of Oil, Gas
and Mining.

In the event that any State appropriated waters were to be contaminated, diminished, or
interrupted due to mining and reclamation activities in the proposed Coal Hollow Mine
permit area, groundwater will be replaced according to all applicable State laws and
regulations using the replacement water source described in Section 727 above.
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730  OPERATION PLAN

Coal mining in the proposed Coal Hollow Mine permit area will occur using surface
mining techniques. All coal mining and reclamation operations will be conducted to
minimize disturbance to the hydrologic balance within the permit and adjacent areas, to
prevent material damage to the hydrologic balance outside the permit area and support
approved postmining land uses in accordance with the terms and conditions of the
approved permit and the performance standards of R645-301 and R645-302. Operations
will be conducted to assure the protection or replacement of water rights in accordance

with the terms and conditions of the approved permit and the performance standards of
R645-301 and R645-302.

In order to maximize the use and conservation of the coal resource, coal will be recovered
using large hydraulic backhoes or front end loaders and off-road trucks. Mined coal will
be hauled to a central coal processing area for crushing and placement into a stockpile.
Coal from the stockpile will be transferred into a bin and loaded into over the road trucks
for transport.

The plan, with Drawings, cross sections, narrative, descriptions, and calculations
indicates how the relevant requirements will be met. The lands subject to coal mining and
reclamation operations over the estimated life of the operations are identified and briefly
described. All appropriate information is located in the subsequent sections and
Drawings 5-1 through 5-39 and Appendices A5-1 through AS-3.

731  GENERAL REQUIREMENTS
Operations will be conducted to assure protection or replacement of water rights in
accordance with the terms and conditions of the approved permit and the performance

standards of R645-301 and R645-302.

Groundwater and Surface-Water Protection

To protect the hydrologic balance, coal mining and reclamation operations will be
conducted to handle earth materials and runoff in a manner that minimizes acid, toxic, or
other harmful infiltration to the groundwater system. Additionally, excavations, and
disturbances will be managed to prevent or control discharges of pollutants to the
groundwater.

Products including chemicals, fuels, and oils used in the mining process will be stored
and used in a manner that minimizes the potential for these products entering
groundwater systems. Concrete oil and fuel containments will be constructed as shown
on Drawings 5-3 and 5-8.
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The wash bay at the mine site will include a closed circuit water recycle system. This
system will eliminate and store water impurities and reroute water back through the wash
bay for cleaning equipment, thus minimizing water consumption the potential for
contamination of groundwater resources. Details for this structure can be viewed on
Drawings 5-3, and 5-8.

As mining operations approach springs and seeps in the northwest % of Section 29, T39S,
R5W (See Drawing 7-4; groundwater discharge area A), there is the potential for
drainage of up-gradient into mine openings to cause short-lived diminution of discharge
from these springs. If groundwater inflow rates into mine openings in this area are
excessive, such that appreciable impacts to the springs and seeps in groundwater
discharge area A are likely, where necessary Alton Coal Development, LLC will use a
suitable technique to minimize groundwater inflow rates into the mine voids. These
techniques may include the use of bentonite or natural clay filled cutoff walls or other
means where appropriate to isolate and protect groundwater resources up-gradient of
mining activities, minimizing the potential for diminution of discharge rates from these
springs.

The mine will replace loss of water identified for protection in this MRP that are
impacted by mining and reclamation operations.

To protect the hydrologic balance, coal mining and reclamation operations will be
conducted to handle earth materials and runoff in a manner that minimizes acidic or toxic
drainage, prevents to the extent possible, additional contributions of suspended solids to
streamflow outside the permit area and otherwise prevents water pollution. Runoff and
sediment control measures are described in detail in Chapter 5 of this MRP. The mine
will maintain adequate runoff- and sediment-control facilities to protect local surface
waters.

Discharge of mine water that has been disturbed by coal mining and reclamation
operations is not anticipated. However, any discharges of water from areas disturbed by
coal mining and reclamation operations that do occur will be made in compliance with all
Utah and federal water quality laws and regulations and with effluent limitations for coal
mining promulgated by the U.S. Environmental Protection Agency set forth in 40 CFR
part 434. Discharge of mine waters will be regulated by a Utah UPDES discharge
permit.

Water pollution associated with mining and reclamation activities within the permit areas
will be controlled by:

e Construction of berms and/or diversion ditches to control runoff from all facilities
areas.

¢ Roads will be constructed with ditches to capture runoff

e Diversion ditches will be constructed as necessary around active mining and
reclamation areas to capture runoff from those areas.
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e Sedimentation impoundments will be constructed to control discharges

e In areas where impoundments or diversions are not suitable to the surrounding
terrain, silt fence or straw bales will be utilized to control sediment discharge
from the permit area.

In order to accomplish these objectives, watershed analysis of the permit and adjacent
areas has been completed and specific designs are established for each water pollution
control structure. Primary control structures include four sediment impoundments, four
diversion ditches and miscellaneous berms. The locations of these structures can be
viewed on Drawing 5-3. The detailed analysis for these structures and specific designs
can be viewed on Drawings 5-25 through 5-34. In addition, a geotechnical analysis of
the impoundments to ensure stability can be viewed in Appendix 5-1. The watershed and
structure sizing analysis can be viewed in Appendix 5-2. In addition to these primary
structures, temporary diversions and impoundments may also be implemented, as
necessary, in mining areas to further enhance pollution controls.

Sediment control measures will be located, maintained, constructed and reclaimed
according to plans and designs given under R645-301-732, R645-301-742 and R645-301-
760. Siltation structures and diverstons will be located, maintained, constructed and
reclaimed according to plans and designs given under R645-301-732, R645-301-742 and
R645-301-763. Storm water and snow melt that occurs within the facilities area will be
routed to an impoundment that will contain sediment. This impoundment will have a
drop-pipe spillway installed that will allow removal of any oil sheens that may result
from parking lots or maintenance activities by using absorbent materials to remove the
sheen. Details for this impoundment can be viewed on Drawings 5-28.

There are four sediment impoundments proposed for the permit area. These structures
will be constructed using a combination of dozers and backhoes. The structures have
been designed to contain the required storm events as specified in Appendix 5-2. The
structures will have sediment removed as necessary to ensure the required capacities.
Details for these structures can be viewed on Drawings 5-25, 5-26 and 5-28 through 5-32.
Calculations and supporting text can be viewed in Appendix 5-2.

Four diversion ditches along with four sediment impoundments are proposed for the
permit area. In addition, miscellaneous controls such as silt fence and berms are also
proposed for specific areas. The proposed locations for these structures are shown on
Drawing 5-3. Details associated with these structures can be viewed on Drawings 5-25
through 5-34 and Appendix 5-2.

The smallest practicable area, consistent with reasonable and safe mine operational
practices will be disturbed at any one time during the mining operation and reclamation
phases. This will be accomplished through progressive backfilling, grading, and prompt
revegetation of disturbed areas.

There are no other coal processing waste banks, dams or embankments proposed within
the permit area.
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Diesel fuels, oils, greases, and other hydrocarbons products will be stored and used at the
mine site for a variety of purposes. A spill Prevention Control and Countermeasure Plan
will be implemented that will help minimize any potential detrimental impacts to the
environments.

Products including potentially hazardous chemicals, fuels, and oils used in the mining
process will be stored and used in a manner that minimizes the potential for these
products to contaminate surface-water resources. Concrete oil and fuel containments will
be constructed as shown on Drawings 5-3 and 5-8.

The wash bay at the mine site will include a closed circuit water recycle system. This
system will eliminate and store water impurities and reroute water back through the wash
bay for cleaning equipment, thus minimizing water consumption the potential for
contamination of surface-water resources. Details for this structure can be viewed on
Drawings 5-3, 5-8, and Appendix 5-4.

Roads will be located, designed, constructed, reconstructed, used, maintained and
reclaimed according to R645-301-732.400, R645-301-742.400 and R645-301-762. The
specific plan for road locations and design are presented in R645-301-534. The location
and details for roads can be viewed on Drawings 5-3 and 5-22 through 5-24.

Roads will be located, designed, constructed, reconstructed, used, maintained and
reclaimed to control or prevent additional contributions of suspended solids to stream
flow or runoff outside the permit area; Neither cause nor contribute to, directly or
indirectly, the violation of effluent standards given under R645-301-751; minimize the
diminution to or degradation of the quality or quantity of surface- and ground-water
systems; and refrain from significantly altering the normal flow of water in streambeds or
drainage channels. No acid- or toxic-forming substances will be used in road surfacing.

All roads will be removed and reclaimed according to Drawings 5-35 and 5-36. The
estimated timetable for removing these roads is shown on Drawing 5-38. Cut ditches will
be established on the shoulders of all primary roads to control drainage and erosion. Cut
and fill slopes along the primary roads will be minimal and are not expected to cause
significant erosion. In locations where there are culvert crossings (i.e. Lower Robinson
Creek), the fills slopes will be stabilized by utilizing standard methods such as grass
matting or straw wattles.

All wells will be managed to comply with R645-301-748 and R645-301-765. Water
monitoring wells will be managed on a temporary basis according to R645-301-738.

Wells constructed for monitoring groundwater conditions in the proposed Coal Hollow
Mine permit and adjacent area, including exploration holes and boreholes used for water
wells or monitoring wells, will be designed to prevent contamination of groundwater and
surface-water resources and to protect the hydrologic balance. A diagram depicting
typical monitoring well construction methods is shown in Drawing 7-11. Monitoring
wells will include a protective hydraulic seal immediately above the screened interval, an
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annular seal plugging the borehole above the hydraulic seal to near the ground surface,
and a concrete surface seal extending from the top of the hydraulic seal to the ground
surface which is sloped away from the well casing to prevent the entrance of surface
flows into the borehole area. Well casings will protrude above the ground surface a
sufficient height so as to minimize the potential for the entrance of surface water or other
material into the well. A steel surface protector with a locking cover will be installed at
monitoring wells to prevent access by unauthorized personnel. Where there is potential
for damage to monitoring wells, the wells will be protected through the use of barricades,
fences, or other protective devices. These protective devices will be periodically
inspected and maintained in good operating conditions. Monitoring wells will be locked
in a closed position between uses.

When no longer needed for monitoring or other use approved by the Division upon a finding
of no adverse environmental or health and safety eftects, or unless approved for transfer as a
water well under R645-301-731.100 through R645-301-731.522 and R645-301-731.800,
each well will be capped, sealed, backfilled, or otherwise properly managed, as required by
the Division in accordance with R645-301-529.400, R645-301-631.100, and R645-301-748.
Permanent closure measures will be designed to prevent access to the mine workings by
people, livestock, fish and wildlife, machinery and to keep acid or other toxic drainage from
entering ground or surface waters.

If a water well is exposed by coal mining and reclamation operations, it will be permanently
closed unless otherwise managed in a manner approved by the Division.

Permanent closure and abandonment of water wells greater than 30 feet in depth will be in
accordance with the requirements of “Administrative Rules for Water Well Drillers”, State
of Utah, Division of Water Rights or other applicable state regulations. Abandonment of
wells will be performed by a licensed water well driller. The wells to be abandoned will be
completely filled using neat cement grout, sand cement grout, unhydrated bentonite, or
bentonite grout, or other materials approved by the Utah State Engineer’s office.
Alternatively, the well may be abandoned using a different procedure upon approval from
the Utah State Engineer’s office.

Abandonment materials will be introduced at the bottom of the well or required sealing
interval and placed progressively upward to the top of the well. The casing will be severed a
minimum of 2 feet below the ground surface. A minimum of 2 feet of compacted native
material will be placed above the abandoned well upon completion.

Within 30 days of the completion of well abandonment procedures, a report will be
submitted to the State Engineer by the responsible licensed driller giving data related to the
abandonment of the well. This shall include the name of the licensed driller or other
person(s) performing abandonment procedures, name of well owner at the time of
abandonment, the address or location of the well by section, township, and range,
abandonment materials and equipment used, water right or file number covering the well,
the final disposition of the well, and the date of completion.
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Exploration holes and boreholes will be backfilled, plugged, cased, capped, sealed, or
otherwise managed to prevent acid or toxic contamination of water resources and to
minimize disturbance to the prevailing hydrologic balance. Exploration holes and boreholes
will be managed to ensure the safety of people, livestock, fish and wildlife, and machinery.

If a water well is exposed by coal mining and reclamation operations, it will be permanently
closed unless otherwise managed in a manner approved by the Division.

If any exploration boreholes are to be used as monitoring wells or water wells, these will
meet the provisions of R645-301-731 and be managed according to the following.

Boreholes will be backfilled to within 1 foot of the land surface with concrete or other
materials approved by the Division as necessary to prevent contamination of groundwater or
surface-water resources or to protect the prevailing hydrologic balance. The upper
approximately 1 foot will be backfilled with native materials to facilitate reclamation (see
Drawing 6-11). Exploration holes and boreholes that may be uncovered during mining and
reclamation activities will be permanently closed unless approved for water monitoring or
otherwise managed in a manner approved by the Division.

If mining and reclamation activities result in the contamination, diminution, or

interruption of State appropriated groundwater or surface-water sources, replacement
water will be provided using the alternate water source described in R645-301-727.

731.200 Water Monitoring

This section describes the hydrologic monitoring plan. Locations of surface-water and
groundwater monitoring sites are indicated on Drawing 7-10. Hydrologic monitoring
protocols, sampling frequencies, and sampling sites are described in Table 7-4.
Groundwater and surface-water monitoring locations are listed in Table 7-5. Operational
field and laboratory hydrologic monitoring parameters for surface water are listed in
Table 7-6, and for groundwater in Table 7-7. The hydrologic monitoring parameters
have been selected in consultation with the Division’s directive Tech-006, Water
Monitoring Programs for Coal Mines.

The groundwater and surface-water monitoring plan is extensive and includes 54
monitoring sites. The monitoring plan is designed to monitor groundwater and surface-
water resources for any potential impacts that could potentially occur as a result of
mining and reclamation activities in the proposed Coal Hollow Mine permit and adjacent
area. Each of the sampling locations and their monitoring purpose are described below.
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Streams

Kanab Creek will be monitored at sites SW-3 (above the permit area), and SW-2 (below
the permit area). Lower Robinson Creek will be monitored at sites SW-4 (above the
permit area), SW-101 (within the permit area), and SW-5 (below the permit area above
the confluence with Kanab Creek). The irrigation water near SW-4 will also be
monitored at site RID-1. Swapp Hollow creek will be monitored above the permit area at
site SW-8. Sink Valley Wash will be monitored at SW-6 (a small tributary to the wash
immediately below the permit area) and at SW-9, located in the main drainage below the
permit area. All of these locations, with the exception of RID-1) will be monitored for
discharge and water quality parameters specified in Table 7-6 quarterly, when reasonably
accessible. Additionally, Lower Robinson Creek will be monitored at site BLM-1, which
is near the location of alluvial groundwater emergence in the bottom of the stream
channel. BLM-1 and RID-1 will be monitored for discharge and field water quality
parameters.

Springs

Eight springs from alluvial groundwater area A will be monitored including SP-8, SP-14,
SP-16, SP-19, SP-20, SP-22, SP-24 and Sorensen Spring. Spring SP-8 is a developed
spring in area A that provides culinary water for the Swapp Ranch house. SP-8 will be
monitored for discharge and operational laboratory water quality measurements quarterly
when reasonably accessible. Springs SP-14, SP-16, SP-19, SP-20, SP-22, SP-24 and
Sorensen Spring springs will be monitored for discharge and field water quality
measurements quarterly when reasonably accessible.

Springs SP-4 and SP-6, and SP-33, which are located in Sink Valley below the proposed
mining area, will also be monitored. SP-6 is an area of diffuse seepage above an earthen
impoundment in the wash immediately below the permit area. Spring SP-33 isa
developed spring that discharges into a pond below the permit area and provides culinary
water to two adjacent cabins. Each of these Springs SP-6 and SP-33 will be monitored
for discharge and operational laboratory water quality measurements quarterly when
reasonably accessible. SP-4 discharges from a fault/fracture system in the Dakota
Formation near the canyon margin in Sink Valley Wash below the permit area. Spring
SP-4 will be monitored for discharge and field water quality measurements quarterly
when reasonably accessible. Spring SP-3 discharges from pediment alluvium in the
upland area above Sink Valley Wash more than a mile from the permit area. It is
extremely unlikely that discharge rates or water quality at this spring could be impacted
as a result of mining-related activities in the mine permit area. However, this spring will
be monitored for discharge and field water quality measurements quarterly, primarily to
provide background data from springs in the region.
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Wells

Wells Y-98 (Robinson Creek alluvium above the permit area), Y-45 (coal seam well in
Swapp Hollow above permit area), Y-102 (flowing alluvial well in alluvial groundwater
discharge area A), Y-36 (coal seam well in Sink Valley above the permit area), Y-38
(coal seam well in Sink Valley permit area), Y-61 (alluvial well at the Sorenson Ranch),
and C5-130 (new monitoring well in alluvial groundwater discharge A) will be monitored
quarterly when reasonable accessible. Well Y-61 will be monitored for groundwater
operational laboratory water quality parameters to monitor groundwater quality in
alluvial groundwater discharge area A. The other wells will be monitored for water level
only.

Additionally, 19 newly constructed monitoring wells constructed in the Sink Valley
alluvial groundwater system will be monitored quarterly. These include C2-15, C2-28,
C2-40, C3-15, C3-30, C3-40, C4-15, C4-30, C4-50, C7-20, C9-15, C9-25, C9-40, LS-28,
LS-60, LS-85, SS-15, SS-30, and SS-75. All of these wells will be monitored quarterly
for water level. Additionally, wells LS-85 and SS-30 will be monitored for groundwater
operational laboratory water quality measurements.

Additionally two wells in the Lower Robinson Creek alluvium will be monitored for
water level and groundwater operational laboratory chemistry. These include UR-70
located above proposed mining locations in the Lower Robinson Creek drainage, and LR-
45, located below proposed mining areas adjacent to Lower Robinson Creek. It should
be noted that LR-45 is located near a proposed sediment pond impoundment.
Consequently, if this well becomes unsuitable for monitoring, an alternate location will
be used to monitor the Lower Robinson alluvial groundwater system in this area.

Wells C0-18 and C0-54 are located near the initial proposed mining areas in the Lower
Robinson Creek drainage. These will be monitored for water level quarterly.

[t should be noted that many of the wells specified for monitoring in this monitoring plan
will at some point be destroyed or rendered inoperable as the mine workings precede
through the area. These wells will be monitored until such a time as they are destroyed or
become inoperable.

Groundwater and surface-water monitoring will continue through the post-mining periods
until bond release. The monitoring requirements, including monitoring sites, analytical
parameters and the sampling frequency may be modified in the future in consultation
with the Division if the data demonstrate that such a modification is warranted.

731.600 Stream Buffer Zones

Any perennial or intermittent streams in the mine area will be protected by 100 foot
stream buffer zones on either side of these streams. Coal mining and reclamation
operations will not cause or contribute to the violation of applicable Utah or federal water
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standards and will not adversely affect the water quality and quantity or other
environmental resources of the stream.

Temporary or permanent stream channel diversion will comply with R645-301-742-300.
It should be noted that the proposed Coal Hollow Mine plan calls for the permanent
diversion of a reach of the Lower Robinson Creek stream channel approximately 2,000
feet in length in the southeast %4 of Section 19, T39S, RSW. Details of the proposed
diversion are given in Chapter 5, Section 527.220 of this MRP. If this action results in
diminution of the meager discharge of surface water in the drainage below the planned
diversion, where required a suitable mitigation for this potential impact will be designed
and implemented in consultation with the Division of Oil, Gas and Mining.

The areas surrounding the streams that are not to be disturbed will be designated as buffer
zones, and will be marked as specified in R645-301-521.260.

731.700 Cross sections and Maps

The locations of springs and seeps identified in the proposed Coal Hollow Mine permit
and adjacent area are shown in Drawing 7-1. The locations of baseline hydrologic
monitoring locations are shown on Drawing 7-2. The locations of water rights in the
proposed Coal Hollow permit and adjacent area are provided on Drawing 7-3. Cross-
sections depicting the stratigraphy and hydrostratigraphy of the proposed Coal Hollow
Mine permit and adjacent area are presented in Chapter 6, Drawing 6-2. Designs for

proposed impoundments in the proposed Coal Hollow permit area are shown in Drawings
5-25 through 5-31

731.800 Water Rights and Replacement

Alton Coal Development, LLC commits to replace the water supply of an owner of
interest in real property who obtains all or part of his or her supply of water for domestic,
agricultural, industrial, or other legitimate use from the underground or surface source,
where the water supply has been adversely impacted by contamination, diminution, or
interruption proximately resulting from the surface mining activities. Baseline
hydrologic information required in R645-301-624.100 through R645-301-624.200, R645-
301-625, R645-301-626, R645-301-723 through R645-301-724.300, R645-301-724.500,
R645-301-725 through R645-301-731, and R645-301-731.210 through R645-301-
731.223 will be used to determine the extent of the impact of mining upon ground water
and surface water.
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732 Sediment Control Measures

Sediment control measures have been designed, constructed and maintained to prevent
additional contributions of sediment to streamflow or to runoff outside the permit area.

732.100 Siltation Structures

Siltation structures within the permit area are described in Section 732.200

732.200 Sedimentation Ponds

Four diversion ditches along with four sediment impoundments are proposed for the
permit area. In addition, miscellaneous controls such as silt fence and berms are also
proposed for specific areas. The proposed locations for these structures are shown on
Drawing 5-3. Details associated with these structures can be viewed on Drawings 5-25
through 5-34 and Appendix 5-2.

Sedimentation ponds have been designed in compliance with the requirements of R645-
301-356.300, R645-301-356.400, R645-301-513.200, R645-301-742.200 through R645-
301-742.240, and R645-301-763.

No sedimentation ponds or earthen structures which will remain open are planned.

The sedimentation plan has been designed to comply with the MSHA requirements given
under R645-301-513.100 and R645-301-513.200.

732.300 Diversions

The runoff control plan is designed to isolate, to the maximum degree possible, runoff
from disturbed areas from that of undisturbed areas. Where possible, this has been
accomplished by allowing up-stream runoff to bypass the disturbed area, and routing any
runoff from undisturbed areas which enters the disturbed area into a sediment control
system.

Four diversion ditches along with four sediment impoundments are proposed for the
permit area. In addition, miscellaneous controls such as silt fence and berms are also
proposed for specific areas. The proposed locations for these structures are shown on
Drawing 5-3. Details associated with these structures can be viewed on Drawings 5-25
through 5-34 and Appendix 5-2.
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732.400 Road Drainage

All roads will be constructed, maintained and reconstructed to comply with R645-301-
742.400. Road drainage facilities include diversion ditches, culverts, containment berms,
and/or water bars. Specific plans for road drainage, road construction, and road
maintenance are presented in Chapter 5, Section 534 of this MRP.

A description of measures to be taken to obtain division approval for alteration or
relocation of a natural drainage way will be presented to the Division when necessary.

A description of measures to be taken to protect the inlet end of a ditch relief culvert will
be submitted to the Division when necessary.

All road drainage diversions will be maintained and repaired to operational condition
following the occurrence of a large storm event. Culvert inlets and outlets will be kept
clear of sediment and other debris.

733 IMPOUNDMENTS

733.100 General Plans

A professional engineer experienced in the design and construction of impoundments
with assistance from a geotechnical expert has used current, prudent, engineering
practices to design the proposed impoundments. The plans have been certified and a
detailed geotechnical analysis has been provided. The certifications and drawings can be
viewed in Drawings 5-25 through 5-31 and Appendices A5-1 and AS5-2.

Details for each proposed water impoundment within the proposed permit area will be
submitted upon final facility design. Each general plan will be prepared and certified as
described under R645-301-512, contain maps and cross sections, contain a narrative that
describes the structure, contains the results of a survey as described under R645-301-531,
contain the preliminary hydrologic and geologic information required to assess the
hydrologic impact of the structure and contain a certification statement which includes a
schedule setting forth the dates when any detailed design plans for structures that are not
submitted with the general plan to the Division.

733.200 Permanent and Temporary Impoundments

All impoundments have been designed and constructed using current, prudent
engineering practices and have been designed to comply with the requirements of R645-
301-512.240, R645-301-514.300, R645-301-515.200, R645-301-533.100 through R645-

Chapter 7 7-49 5/25/2007




301-533.600, R645-301-733.220 through R645-301-733.226, R645-301-743.240, and
R645-301-743.

No impoundments or sedimentation ponds meeting the size or other qualifying criteria of
MSHA, 30 CFR 77.216(a) exist or are planned within the proposed Mine Permit Area.
Should impoundments and sedimentation ponds meeting the size or other qualifying
criteria of MSHA, 30 CFR 77.216(a) become necessary, compliance with the
requirements of MSHA, 30 CFR 77.216 will be met.

734 Discharge Structures

Discharge structures will be constructed and maintained to comply with R645-301-744.

The proposed impoundments are designed to temporarily store water from storm events
and snow melt. Long term standing water in the impoundments is anticipated to be
seasonal and sediment will be removed as necessary to provide the required storage
capacities. Emergency spillways have been included in the designs to provide a non-
destructive discharge route should the capacities ever be exceeded. Surveys of these
impoundments will be regularly conducted to ensure that design capacities are available.

Storm water and snow melt that occurs within the facilities area will be routed to an
impoundment that will contain sediment. This impoundment will have a drop-pipe
spillway installed that will allow removal of any oil sheens that may result from parking
lots or maintenance activities by using absorbent materials to remove the sheen. Details
for this impoundment can be viewed on Drawings 5-28.

735 Disposal of Excess Spoil

Areas designated for the disposal of excess spoil and excess spoil structures will be
constructed and maintained to comply with R645-301-745.

Details of proposed excess spoil disposal plans are presented in Chapter 5, Section 535 of
this MRP and are summarized below.

A geotechnical analysis has been completed for the proposed excess spoil structure. This
analysis estimates the long-term safety factor to be 1.7 to 1.8 based on the proposed
design. Following proper construction practices of building the structure in maximum
four foot lifts and meeting 90% compaction based on the standard Procter will ensure that
the structure will be stable under all conditions of construction. This construction will
occur only in the designated excess spoil area as shown on Drawing 5-3 and 5-35. The
fill will be placed with end dump haul trucks and lifts will be constructed using dozers.
High precision GPS systems will be regularly utilized to check grades and appropriate lift
thickness. The geotechnical analysis for this structure can be viewed in Appendix 5-1.
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The excess spoil is planned to be placed in an area where natural grades range from 0 to
5%. This is one of the most moderately sloping locations in the Permit Area. Stability of
this structure is estimated to be 1.7 to 1.8 based on the Appendix 5-1.

Geotechnical borings were completed in the foundation of the proposed disposal area.
Laboratory analysis of these borings has also been completed. Details of this analysis
can be viewed in Appendix 5-1.

Permanent slopes for the proposed excess spoil will not exceed 3h:1v (33 percent),
therefore no keyway cuts have been proposed in the design. Appendix 5-1 details the
stability analysis for the proposed structure.

Excess spoil will not be disposed of in underground mine workings.

Horizontal lifts will not exceed four feet in thickness unless otherwise approved by the
Division. The lifts will be concurrently compacted to meet 90% of the standard Procter.
The geotechnical analysis (Appendix 5-1), provides information showing that these
construction standards will provide mass stability and will prevent mass movement
during and after construction. The excess spoil will be graded to provide drainage similar
to original flow patterns. Topsoil and subsoil as designated in Chapter 2 will be
removed and separated from other materials prior to placement of spoil.

A description of the character of the bedrock and any adverse geologic conditions in
presented in Appendix 5-1.

Spring and seep survey information is provided on Drawing 7-1. There are no springs or
seeps identified in the excess spoil area.

There are no historical underground mining operations in the proposed excess spoil area.
There are also no future underground operations proposed.

There are no rock chimneys or drainage blankets proposed.

A stability analysis including strength parameters, pore pressures and long-term seepage
conditions is presented together with all supporting data in Appendix 5-1.

Neither rock-toe buttresses nor key-way cuts are required under R645-301-535.112 or
R645-301-535.113.

No valley fills or head-of-hollow fills are proposed.
No durable rock fills are proposed.

No disposal of waste on preexisting benches is planned
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The excess spoil structure and fill above approximate original contour are the only
alternative specifications proposed. A geotechnical analysis has been completed for this
proposal and can be viewed in Appendix 5-1. All other mined areas will be restored to
approximate original contour.

736 Coal Mine Waste

Areas designated for disposal of coal mine waste and coal mine waste structures will be
constructed and maintained to comply with R645-301-746.

No structures for the disposal of coal mine waste are planned.

737 Noncoal Mine Waste

Noncoal mine waste will be stored and final disposal of noncoal mine waste will comply
with R645-301-747

Noncoal mine waste, including but not limited to grease, lubricants, paints, flammable
liquids, garbage, machinery, lumber and other combustible materials generated during coal
mining and reclamation operations will be placed and stored in a controlled manner in a
designated portion of the permit area or state-approved solid waste disposal area.

Topsoil storage areas and handling can be viewed on Drawing 2-2. Spoil placement and
the excess spoil structure can be viewed on Drawings 5-3, 5-17, 5-18, 5-19, 5-35 and 5-
36.

Only sizing of the coal is proposed. This process will not produce any waste.

Final disposal of noncoal mine wastes will be in a designated disposal site in the permit
area or a State-approved solid waste disposal area. Disposal sites in the permit area will
be designed and constructed to ensure that leachate and drainage from the noncoal mine
waste area does not degrade surface or underground water. Wastes will be routinely
compacted and covered to prevent combustion and wind-borne waste. When the disposal
is completed, a minimum of two feet of soil cover will be placed over the site, slopes,
stabilized, and revegetation accomplished in accordance with 244.200 and R645-301-353
through R645-301-357. Operation of the disposal site will be conducted in accordance
with all local, Utah, and Federal requirements.

At no time will any noncoal mine waste be deposited in a refuse pile or impounding

structure, nor will any excavation for a noncoal mine waste disposal site be located
within eight feet of any coal outcrop or coal storage area.
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Notwithstanding any other provision to the R645 Rules, any noncoal mine waste defined
as "hazardous" under 3001 of the Resource Conservation and Recovery Act (RCRA)
(Pub. L. 94-580, as amended) and 40 CFR Part 261 will be handled in accordance with
the requirements of Subtitle C of RCRA and any implementing regulations.

Debris, acid-forming, toxic-forming materials and materials constituting a fire hazard will
be identified and disposed of in accordance with R645-301-528.330, R645-301-537.200,
R645-301-542.740, R645-301-553.100 through R645-301-553.600, R645-301-553.900,
and R645-301-747. Appropriate measures will be implemented to preclude sustained
combustion of such materials.

Plans do not include using dams, embankments or other impoundments for disposal of
coal, overburden, excess spoil or coal mine waste.

738 Temporary Casing and Sealing of Wells

Wells constructed for monitoring groundwater conditions in the proposed Coal Hollow
Mine permit and adjacent area, including exploration holes and boreholes used for water
wells or monitoring wells, will be designed to prevent contamination of groundwater and
surface-water resources and to protect the hydrologic balance. A diagram depicting
typical monitoring well construction methods is shown in Drawing 7-11. Monitoring
wells will include a protective hydraulic seal immediately above the screened interval, an
annular seal plugging the borehole above the hydraulic seal to near the ground surface,
and a concrete surface seal extending from the top of the hydraulic seal to the ground
surface which is sloped away from the well casing to prevent the entrance of surface
flows into the borehole area. Well casings will protrude above the ground surface a
sufficient height so as to minimize the potential for the entrance of surface water or other
material into the well. A steel surface protector with a locking cover will be installed at
monitoring wells to prevent access by unauthorized personnel. Where there is potential
for damage to monitoring wells, the wells will be protected through the use of barricades,
fences, or other protective devices. These protective devices will be periodically
inspected and maintained in good operating conditions. Monitoring wells will be locked
in a closed position between uses.

When no longer needed for monitoring or other use approved by the Division upon a finding
of no adverse environmental or health and safety effects, or unless approved for transfer as a
water well under R645-301-731.100 through R645-301-731.522 and R645-301-731.800,
each well will be capped, sealed, backfilled, or otherwise properly managed, as required by
the Division in accordance with R645-301-529.400, R645-301-631.100, and R645-301-748.
Permanent closure measures will be designed to prevent access to the mine workings by
people, livestock, fish and wildlife, machinery and to keep acid or other toxic drainage from
entering ground or surface waters.

If a water well is exposed by coal mining and reclamation operations, it will be permanently
closed unless otherwise managed in a manner approved by the Division.
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Permanent closure and abandonment of water wells greater than 30 feet in depth will be in
accordance with the requirements of “Administrative Rules for Water Well Drillers”, State
of Utah, Division of Water Rights or other applicable state regulations. Abandonment of
wells will be performed by a licensed water well driller. The wells to be abandoned will be
completely filled using neat cement grout, sand cement grout, unhydrated bentonite, or
bentonite grout, or other materials approved by the Utah State Engineer’s office.
Alternatively, the well may be abandoned using a different procedure upon approval from
the Utah State Engineer’s office.

Abandonment materials will be introduced at the bottom of the well or required sealing
interval and placed progressively upward to the top of the well. The casing will be severed a
minimum of 2 feet below the ground surface. A minimum of 2 feet of compacted native
material will be placed above the abandoned well upon completion.

Within 30 days of the completion of well abandonment procedures, a report will be
submitted to the State Engineer by the responsible licensed driller giving data related to the
abandonment of the well. This shall include the name of the licensed driller or other
person(s) performing abandonment procedures, name of well owner at the time of
abandonment, the address or location of the well by section, township, and range,
abandonment materials and equipment used, water right or file number covering the well,
the final disposition of the well, and the date of completion.

Exploration holes and boreholes will be backfilled, plugged, cased, capped, sealed, or
otherwise managed to prevent acid or toxic contamination of water resources and to
minimize disturbance to the prevailing hydrologic balance. Exploration holes and boreholes
will be managed to ensure the safety of people, livestock, fish and wildlife, and machinery.

If any exploration boreholes are to be used as monitoring wells or water wells, these will
meet the provisions of R645-301-731

Boreholes will be backfilled to within 1 foot of the land surface with concrete or other
materials approved by the Division as necessary to prevent contamination of groundwater or
surface-water resources or to protect the prevailing hydrologic balance. The upper
approximately 1 foot will be backfilled with native materials to facilitate reclamation (see
Drawing 6-11). Exploration holes and boreholes that may be uncovered during mining and
reclamation activities will be permanently closed unless approved for water monitoring or
otherwise managed in a manner approved by the Division.
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740 DESIGN CRITERIA AND PLANS

741 GENERAL REQUIREMENTS

742 SEDIMENT CONTROL MEASURES
742.100 General Requirements

742.110 Design

Appropriate sediment control measures will be designed, constructed and maintained
using best technology currently available to prevent to the extent possible, contributions
of sediment to stream flow or to runoff outside the permit area; meet the effluent
limitations under R645-301-751; and minimize erosion to the extent possible.

Four diversion ditches along with four sediment impoundments are proposed for the
permit area. In addition, miscellaneous controls such as silt fence and berms are also
proposed for specific areas. The proposed locations for these structures are shown on
Drawing 5-3. Details associated with these structures can be viewed on Drawings 5-25
through 5-34 and Appendix 5-2.

Sedimentation ponds have been designed in compliance with the requirements of R645-
301-356.300, R645-301-356.400, R645-301-513.200, R645-301-742.200 through R645-
301-742.240, and R645-301-763.

No sedimentation ponds or earthen structures which will remain open are planned.

The sedimentation plan has been designed to comply with the MSHA requirements given
under R645-301-513.100 and R645-301-513.200.

Sediment control methods may include retaining sediment within disturbed areas,
diverting runoff away from disturbed areas, diverting runoff using protected channels or
pipes through disturbed areas so as not to cause additional erosion; using straw dikes,
riprap, check dams, mulches, vegetative sediment filters, dugout ponds and other
measures that reduce overland flow velocities, reduce runoff volumes or trap sediment;
treating with chemicals.

Four diversion ditches along with four sediment impoundments are proposed for the

permit area. In addition, miscellaneous controls such as silt fence and berms are also
proposed for specific areas. The proposed locations for these structures are shown on
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Drawing 5-3. Details associated with these structures can be viewed on Drawings 5-25
through 5-34 and Appendix 5-2.

742.200 Siltation Structures

Siltation structures have been designed in compliance with the requirements of R645-
301-742.

Miscellaneous controls such as silt fence and berms are proposed for specific areas. The

proposed locations for these structures are shown on Drawing 5-3. Details associated
with these structures can be viewed on Drawings 5-25 through 5-34 and Appendix 5-2.

742.210 General Requirements

Additional contributions of suspended solids and sediment to streamflow or runoff
outside the permit area will be prevented to the extent possible using the best technology
currently available. Additional contributions of suspended solids and sediment to
streamflow or runoff outside the permit area will be prevented to the extent possible
using the best technology currently available. Siltation structures for an area will be
constructed before beginning any coal mining and reclamation operations in that area
and, upon construction, will be certified by a qualified registered professional engineer to
be constructed as designed and as approved in the reclamation plan. Any siltation
structures which impounds water will be designed, constructed and maintained in
accordance with R645-301-512.240, R645-301-514.300, R645-301-515.200, R645-301-
533.100 through R645-301-533.600, R645-301-733.220 through R645-301-733.224, and
R645-301-743.

742.220 Sedimentation Ponds.

Sedimentation ponds, when used will be used individually or in series; be located as near
as possible to the disturbed area and out of perennial streams unless approved by the
Division; and be designed, constructed, and maintained to provide adequate detention
time to allow the effluent from the ponds to meet Utah and federal effluent limitations;
Contain or treat the 10-year, 24-hour precipitation event unless a lesser design event is
approved by the Division based on terrain, climate, or other site-specific conditions and
on a demonstration that the effluent limitations of R645-301-751 will be met; provide a
nonclogging dewatering device adequate to maintain the detention time required under
R645-301-742.221.32. Minimize, to the extent possible, short circuiting; Provide periodic
sediment removal sufficient to maintain adequate volume for the design event; Ensure
against excessive settlement; Be free of sod, large roots, frozen soil, and acid- or toxic-
forming coal processing waster and be compacted properly.

Chapter 7 7-56 512512007




Four diversion ditches along with four sediment impoundments are proposed for the
permit area. The proposed locations for these structures are shown on Drawing 5-3.
Details associated with these structures can be viewed on Drawings 5-25 through 5-34
and Appendix 5-2.

Sedimentation ponds have been designed in compliance with the requirements of R645-
301-356.300, R645-301-356.400, R645-301-513.200, R645-301-742.200 through R645-
301-742.240, and R645-301-763.

No sedimentation ponds or earthen structures which will remain open are planned.

The sedimentation plan has been designed to comply with the MSHA requirements given
under R645-301-513.100 and R645-301-513.200.

No sedimentation ponds meeting the size or other qualifying criteria of MSHA, 30 CFR
77.216(a) are planned.

In the future, any sedimentation ponds that may be constructed meeting the size or other
qualifying criteria of MSHA, 30 CFR 77.216(a) will comply with all the requirements of
that section, and will have a single spillway or principal and emergency spillways that in
combination will safely pass a 100-year, 6-hour precipitation event or greater event as
demonstrated to be necessary by the Division.

Sedimentation ponds not meeting the size or other qualifying criteria of MSHA, 30 CFR
77.216(a) will provide a combination of principal and emergency spillways that will
safely discharge a 25-year, 6 hour precipitation event or greater event as demonstrated to
be needed by the Division. Such ponds may use a single open channel spillway if the
spillway is: Of nonerodible construction and designed to carry sustained flows; or Earth-
or grass-lined and designed to carry short-term infrequent flows at non-erosive velocities
where sustained flows are not expected.

The proposed impoundments are designed to temporarily store water from storm events
and snow melt. Long term standing water in the impoundments is anticipated to be
seasonal and sediment will be removed as necessary to provide the required storage
capacities. Emergency spillways have been included in the designs to provide a non-
destructive discharge route should the capacities ever be exceeded. Surveys of these
impoundments will be regularly conducted to ensure that design capacities are available.

742.230 Other Treatment Facilities

Other treatment facilities will be designed to treat the 10-year, 24-hour precipitation
event unless a lesser design event is approved by the Division based on terrain, climate,
other site-specific conditions and a demonstration by the operator that the effluent
limitations of R645-301-751 will be met.
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Other treatment facilities will be designed in accordance with the applicable requirements
of 645-301-751.

742.300 Diversions

742-310 General Requirements

All diversions have been designed to minimize adverse impacts to the hydrologic balance
within the permit and adjacent areas, to prevent material damage outside the permit area
and to assure the safety of the public.

The diversion and its appurtenant structures will be designed, located, constructed,
maintained and used to be stable; provide against flooding and resultant damage to life
and property; prevent, to the extent possible using the best technology currently available,
additional contributions of suspended solids to streamflow outside the permit area; and
comply with all applicable local, Utah, and federal laws and regulations.

Temporary diversions will be removed when no longer needed to achieve the purpose for
which they were authorized. The land disturbed by the removal process will be restored
in accordance with R645-301 and R645-302. Before diversions are removed,
downstream water-treatment facilities previously protected by the diversion will be
modified or removed, as necessary, ,to prevent overtopping or failure of the facilities. A
permanent diversion or a stream channel reclaimed after the removal of a temporary
diversion will be designed and constructed so as to restore or approximate the premining
characteristics of the original stream channel including the natural riparian vegetation to
promote the recovery and enhancement of the aquatic habitat.

742.320 Diversion of Perennial and Intermittent Streams.

All specifications required to meet the requirements for such a diversion have been
included in this diversion design with the exception of R645-301-742.322. R645-301-
742.322 specifies that the design capacity of the diversion be at minimum the capacity of
the natural channel immediately above and below the diversion. Due to the excessive
erosion that has occurred in the natural channel, this diversion is not designed to this
excess capacity and instead is designed beyond the capacity standard set forth in R645-
301-742.323 (100 year, 6 hour). Appendix 5-2 details the analysis/specifications for this
diversion and Drawings 5-20 and 5-21 show the details of this design.

742.323
The requirements of R645-301-742.312.2 will be met when the temporary and permanent

diversion for perennial and intermittent streams are designed so that the combination of
channel, bank and floodplain configuration is adequate to pass safely the peak runoff of a
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10-year, 6-hour precipitation event for a temporary diversion and a 100-year, 6-hour
precipitation event for a permanent diversion.

Mine development work will include a permanent diversion of Lower Robinson Creek
away from the mining area. This diversion has been designed for a flow capacity of a
100 year, 24 hour storm event. The sides will be graded to a 3h:1v slope and rip-rap will
be appropriately placed to minimize erosion of the channel beyond current channel
conditions. All specifications required to meet the requirements for such a diversion have
been included in this diversion design with the exception of R645-301-742.322. R645-
301-742.322 specifies that the design capacity of the diversion be at minimum the
capacity of the natural channel immediately above and below the diversion. Due to the
excessive erosion that has occurred in the natural channel, this diversion is not designed
to this excess capacity and instead is designed beyond the capacity standard set forth in
R645-301-742.323 (100 year, 6 hour). Appendix 5-2 details the analysis/specifications
for this diversion and Drawings 5-20 and 5-21 show the details of this design.

742.324

The design and construction of all stream channel diversions of perennial and intermittent
streams have been certified by a qualified registered professional engineer as meeting the
performance standards of R645-301 and R645-302 and any design criteria set by the
division.

742.330 Diversion of Miscellaneous Flows.

Miscellaneous flows, which consist of all flows except for perennial and intermittent
streams, may be diverted away from disturbed areas if required or approved by the
Division. Miscellaneous flows will include ground-water discharges and ephemeral
streams.

The design, location, construction, maintenance, and removal of miscellaneous flows will
meet all of the performance standards set forth in R645-301-742.310.

The requirements of R645-301-742.312.2 will be met when the temporary and permanent
diversions for miscellaneous flows are designed so that the combination of channel, bank
and floodplain configuration is adequate to pass safely the peak runoff of a 2-year, 6-hour
precipitation event for a temporary diversion and a 10-year, 6-hour precipitation event for
a permanent Diversion.
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742.400 Road Drainage

742.410 All Roads

The design and construction of reconstruction of roads will incorporate appropriate limits
for surface drainage control, culvert placement, culvert size, and any necessary design
criteria established by the Division.

No part of any road will be located in the channel of an intermittent or perennial stream
unless specifically approved by the Division in accordance with applicable parts of R645-
301-731 through R645-301-742.300.

Roads will be located to minimize downstream sedimentation and flooding.

All roads used for transporting coal or spoil outside the active mining area are classified
as primary roads and all other roads outside the active mining area are classified as
ancillary roads; see Drawing 5-3 for location of Primary Roads.

All roads will be maintained on an as needed basis using motor graders, water trucks for
dust suppression, and other equipment as necessary. Crushed stone and/or gravel will be
used as a surface course for primary roads outside the active mining area, and may be
used as needed for ramps and travelways within the pit. Should the roads be damaged by
a catastrophic event, such as an earthquake or a flood, repairs will be made as soon as
possible after the damage has occurred or the road will be closed and reclaimed.

Cut ditches will be established on the shoulders of all primary roads to control drainage
and erosion. Cut and fill slopes along the primary roads will be minimal and are not
expected to cause significant erosion. In locations where there are culvert crossings (i.e.
Lower Robinson Creek), the fills slopes will be stabilized by utilizing standard methods
such as grass matting or straw wattles.

The location and details for roads can be viewed on Drawings 5-3 and 5-22 through 5-24.

742.420 Primary Roads

To minimize erosion, a primary road will be located, insofar as practical, on the most
stable available surfaces.

Stream fords by primary roads will not be utilized unless they are specifically approved
by the Division as temporary routes during periods of construction.
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Planned primary roads have been located on the most stable surfaces available. Stream
fords by primary roads have not been planned.

Two primary haul roads are planned within the permit area. The first road extends from
the coal unloading area to the first series of pits along the west side of the property. This
road will be utilized for access to pits 1 through 15 (pits shown on Drawing 5-10). This
road will be approximately 2,600 feet in length and will be utilized mainly during the first
two years of mining. There will be three culverts installed along this road all sized for a
100 year, 24 hour storm event. The first culvert will be across a tributary of Lower
Robinson Creek and will be a 36 inch corrugated steel pipe. The second culvert is the
main crossing over Lower Robinson Creek and is a 96 inch corrugated steel pipe. Both
of these culverts have been sized based on analysis of the Lower Robinson Creek
watershed. This analysis can be viewed in Appendix 5-1. The third culvert is crossing
over a diversion ditch that will route water mainly from disturbed areas along the south
side of Lower Robinson Creek to a sediment impoundment. This culvert will be a 24
inch corrugated steel pipe appropriately sized for the maximum flows expected in the
diversion.

The second road extends from an intersection with the first road, located just south of the
Lower Robinson Creek crossing, and proceeds south to approximately pit 25. This road
is approximately 2,500 feet in length and will be used for the south pits 16 through 30.
There is one culvert crossing along this road to cross a diversion ditch. This culvert will
be a 24 inch culvert sized for maximum anticipated flows in the diversion.

742.423 Drainage Control

Primary roads will be designed, constructed or reconstructed and maintained to have
adequate drainage control, using structures such as bridges, ditches, cross drains, and
ditch relief drains. The drainage control system will be designed to pass the peak runoff
safely from a 10-year, 6-hour precipitation event, or an alternative event of greater size as
demonstrated to be needed by the Division.

Drainage pipes and culverts will be constructed to avoid plugging or collapse and erosion
at inlets and outlets.

Drainage ditches will be designed to prevent uncontrolled drainage over the road surface
and embankment. Trash racks and debris basins will be installed in the drainage ditches
where debris from the drainage area may impair the functions of drainage and sediment
control structures.

Natural stream channels will not be altered or relocated without the prior approval of the

Division in accordance with R645-301-731.100 through R645-301-731.522, R645-301-
731.600, R645-301-731.800, R645-301-742.300, and R645-301-751.
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Except as provided in R645-301-742.422, drainage structures will be used for stream
channel crossings, made using bridges, culverts or other structures designed, constructed
and maintained using current, prudent engineering practice.

The primary roads are designed on the most practicable, stable surfaces.

The following specifications apply to the Primary roads:
1) Roads will be approximately 80’ in width
2) Approximately a 2% crown
3) Approximately one foot deep cut ditches along shoulders for controlling storm
water
4) 18” of crushed rock or gravel for road surfacing
5) Cut and fill slopes of 1.5 h:1v
6) Minimum fill over each culvert will be 2 times diameter of culvert
7) 6 foot berms placed as necessary along fills

The ancillary roads will have similar specifications except surfacing will occur only as
needed and may be narrowed to a 40 foot road width.

The location and details for roads can be viewed on Drawings 5-3 and 5-22 through 5-
24.

743 IMPOUNDMENTS

743.100 General Requirements

Temporary and permanent impoundments meeting the Class B or C criteria for dams in
the U.S. Department of Agriculture, Natural Resources Conservation Services Technical
Release No. 60. Earth Dams and Reservoirs will comply with the Minimum Emergence
Spillway Hydrologic Criteria, table in TR-60 and the requirements of this section.

Impoundments meeting the criteria of MSHA, 30 CFR 77.216(a) will comply with the
requirements of 77.216 and R645-301-512.240, R645-301-514.300, R645-301-515.200,
R645-301-533.100 through R645-301-533.600, R645-301-733.220 through R645-301-
733.224, and R645-301-743. The plan required to be submitted to the Division as part of
the permit application.

The design of impoundments will be prepared and certified as described under R645-301-
512. Impoundments will have adequate freeboard to resist overtopping by waves and by
sudden increases in storage volume. Impoundments meeting the NRCS Class B or C
criteria for dams in TR-60 will comply with the freeboard hydrograph criteria in the
“Minimum Emergency Spillway Hydrologic Criteria” table in TR-60.

Impoundments will include either a combination of principal and emergency spillways or
a single spillway as specified in 743.131 which will be designed and constructed to safely
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pass the design precipitation event or greater event specified in R645-301-743.200 or
R645-301-743.300

Impoundments will be inspected as described under R645-301-514.300.

A professional engineer experienced in the design and construction of impoundments
with assistance from a geotechnical expert has used current, prudent, engineering
practices to design the proposed impoundments. The plans have been certified and a
detailed geotechnical analysis has been provided. The certifications and drawings can be
viewed in Drawings 5-25 through 5-31 and Appendices AS5-1 and AS5-2

A professional engineer or specialist experienced in the construction of impoundments
will inspect impoundments. Inspections will be made regularly during construction, upon
completion of construction, and at least yearly until removal of the structure or release of
the performance bond. The qualified registered professional engineer will promptly, after
each inspection, provide to the Division, a certified report that the impoundment has been
constructed and maintained as designed and in accordance with the approved plan and the
R645 Rules. The report will include discussion of any appearances of instability,
structural weakness or other hazardous conditions, depth and elevation of any impounded
waters, existing storage capacity, any existing or required monitoring procedures and
instrumentation and any other aspects of the structure affecting stability. A copy of the
report will be retained at or near the mine site.

The MRP does not contemplate construction of any impoundments meeting the NRCS
Class B or C criteria for dams in TR-60, or the size or other criteria of 30 CFR Sec.
77.216. If such impoundments become necessary, they will be examined in accordance
with 30 CFR Sec. 77.216-3. Impoundments not meeting the NRCS Class B or C Criteria
for dams in TR-60, or subject to 30 CFR Sec. 77.216, will be examined at least quarterly.
A qualified person designated by Alton Coal Development LLC will examine
impoundments for the appearance of structural weakness and other hazardous conditions.

[f any examination or inspection of an impoundment discloses that a potential hazard
exists, the person who examined the impoundment will promptly inform the Division of
the finding and of the emergency procedures formulated for public protection and
remedial action. If adequate procedures cannot be formulated or implemented, the
Division will be notified immediately.

744  DISCHARGE STRUCTURES

Discharge from sedimentation ponds, permanent and temporary impoundments, coal
processing waste dams and embankments, an diversion sill be controlled, by energy
dissipaters, riprap channels and other devices, where necessary to reduce erosion to
prevent deepening or enlargement of stream channels, and to minimize disturbance of the
hydrologic balance.
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Discharge structures will be designed according to standard engineering design
procedures.

The proposed impoundments are designed to temporarily store water from storm events
and snow melt. Long term standing water in the impoundments is anticipated to be
seasonal and sediment will be removed as necessary to provide the required storage
capacities. Emergency spillways have been included in the designs to provide a non-
destructive discharge route should the capacities ever be exceeded. Surveys of these
impoundments will be regularly conducted to ensure that design capacities are available.

744 Disposal of Excess Spoil

744.100 General Requirements

Excess spoil will be placed in designated disposal areas within the permit area, in a
controlled manner to minimize the adverse effects of leachate and surface water runoff
from the fill on surface and ground waters; ensure permanent impoundments are not
located on the completed fill. Small depressions may be created if approved by the
Division if they are needed to retain moisture or minimize erosion, create and enhance
wildlife habitat or assist revegetation, and if they are not incompatible with the stability
of the fill; and adequately cover or treat excess spoil that is acid- and toxic-forming with
nonacid nontoxic material to control the impact on surface and ground water is
accordance with R645-301-731.300 and to minimize adverse effects on plant growth and
the approved postmining land use.

If the disposal area contains springs, natural or manmade water courses or wet weather
seeps, the fill design will include diversions and underdrains as necessary to control
erosion, prevent water infiltration into the fill and ensure stability.

Details of proposed excess spoil disposal plans are presented in Chapter 5, Section 535 of
this MRP and are summarized below.

A geotechnical analysis has been completed for the proposed excess spoil structure. This
analysis estimates the long-term safety factor to be 1.7 to 1.8 based on the proposed
design. Following proper construction practices of building the structure in maximum
four foot lifts and meeting 90% compaction based on the standard Procter will ensure that
the structure will be stable under all conditions of construction. This construction will
occur only in the designated excess spoil area as shown on Drawing 5-3 and 5-35. The
fill will be placed with end dump haul trucks and lifts will be constructed using dozers.
High precision GPS systems will be regularly utilized to check grades and appropriate lift
thickness. The geotechnical analysis for this structure can be viewed in Appendix 5-1.

The excess spoil is planned to be placed in an area where natural grades range from 0 to
5%. This is one of the most moderately sloping locations in the Permit Area. Stability of
this structure is estimated to be 1.7 to 1.8 based on the Appendix 5-1.
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Geotechnical borings were completed in the foundation of the proposed disposal area.
Laboratory analysis of these borings has also been completed. Details of this analysis
can be viewed in Appendix 5-1.

Permanent slopes for the proposed excess spoil will not exceed 3h:1v (33 percent),
therefore no keyway cuts have been proposed in the design. Appendix 5-1 details the
stability analysis for the proposed structure.

Excess spoil will not be disposed of in underground mine workings.

Horizontal lifts will not exceed four feet in thickness unless otherwise approved by the
Division. The lifts will be concurrently compacted to meet 90% of the standard Procter.
The geotechnical analysis (Appendix 5-1), provides information showing that these
construction standards will provide mass stability and will prevent mass movement
during and after construction. The excess spoil will be graded to provide drainage similar
to original flow patterns. Topsoil and subsoil as designated in Chapter 2 will be
removed and separated from other materials prior to placement of spoil.

A description of the character of the bedrock and any adverse geologic conditions in
presented in Appendix 5-1.

Spring and seep survey information is provided on Drawing 7-1. There are no springs or
seeps identified in the excess spoil area.

There are no historical underground mining operations in the proposed excess spoil area.
There are also no future underground operations proposed.

There are no rock chimneys or drainage blankets proposed.

A stability analysis including strength parameters, pore pressures and long-term seepage
conditions is presented together with all supporting data in Appendix 5-1.

Neither rock-toe buttresses nor key-way cuts are required under R645-301-535.112 or
R645-301-535.113.

No valley fills or head-of-hollow fills are proposed.

No durable rock fills are proposed.

No disposal of waste on preexisting benches is planned

The excess spoil structure and fill above approximate original contour are the only
alternative specifications proposed. A geotechnical analysis has been completed for this

proposal and can be viewed in Appendix 5-1. All other mined areas will be restored to
approximate original contour.
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745.200 Valley Fills and Head-of-Hollow Fills

Valley fills and head-of-hollow fills are not anticipated in the proposed Coal Hollow Mine
permit area.

745.300. Durable Rock Fills.

Durable rock fills are not anticipated in the proposed Coal Hollow Mine permit area.

745.400. Preexisting Benches.

The disposal of excess spoil through placement on preexisting benches is not anticipated in
the proposed Coal Hollow Mine permit area.

746. COAL MINE WASTE

. 746.100. General Requirements.

No coal mine waste is anticipated.

746.200. Refuse Piles.
Not applicable

746.300. Impounding structures.

Not applicable

746.330. Drainage control.

Not applicable.

746.400. Return of Coal Processing Waste to Abandoned Underground Workings.

Not applicable
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747. DISPOSAL OF NONCOAL WASTE

Noncoal mine waste, including but not limited to grease, lubricants, paints, flammable
liquids, garbage, machinery, lumber and other combustible materials generated during coal
mining and reclamation operations will be placed and stored in a controlled manner in a
designated portion of the permit area or state-approved solid waste disposal area.

Topsoil storage areas and handling can be viewed on Drawing 2-2. Spoil placement and
the excess spoil structure can be viewed on Drawings 5-3, 5-17, 5-18, 5-19, 5-35 and 5-
36.

Only sizing of the coal is proposed. This process will not produce any waste.

Final disposal of noncoal mine wastes will be in a designated disposal site in the permit
area or a State-approved solid waste disposal area. Disposal sites in the permit area will
be designed and constructed to ensure that leachate and drainage from the noncoal mine
waste area does not degrade surface or underground water. Wastes will be routinely
compacted and covered to prevent combustion and wind-borne waste. When the disposal
is completed, a minimum of two feet of soil cover will be placed over the site, slopes,
stabilized, and revegetation accomplished in accordance with 244.200 and R645-301-353
through R645-301-357. Operation of the disposal site will be conducted in accordance
with all local, Utah, and Federal requirements.

At no time will any noncoal mine waste be deposited in a refuse pile or impounding
structure, nor will any excavation for a noncoal mine waste disposal site be located
within eight feet of any coal outcrop or coal storage area.

Notwithstanding any other provision to the R645 Rules, any noncoal mine waste defined
as "hazardous" under 3001 of the Resource Conservation and Recovery Act (RCRA)
(Pub. L. 94-580, as amended) and 40 CFR Part 261 will be handled in accordance with
the requirements of Subtitle C of RCRA and any implementing regulations.

Debris, acid-forming, toxic-forming materials and materials constituting a fire hazard will
be identified and disposed of in accordance with R645-301-528.330, R645-301-537.200,
R645-301-542.740, R645-301-553.100 through R645-301-553.600, R645-301-553.900,
and R645-301-747. Appropriate measures will be implemented to preclude sustained
combustion of such materials.

Plans do not include using dams, embankments or other impoundments for disposal of
coal, overburden, excess spoil or coal mine waste.

Placement and storage of noncoal mine waste within the permit area will ensure that
leachate and surface runoff do not degrade surface or ground water.
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Final disposal of noncoal mine waste within the permit area will ensure that leachate and
drainage does not degrade surface or underground water.

748. Casing and Sealing of Wells.

Wells constructed for monitoring groundwater conditions in the proposed Coal Hollow
Mine permit and adjacent area, including exploration holes and boreholes used for water
wells or monitoring wells, will be designed to prevent contamination of groundwater and
surface-water resources and to protect the hydrologic balance. A diagram depicting
typical monitoring well construction methods is shown in Drawing 7-11. Monitoring
wells will include a protective hydraulic seal immediately above the screened interval, an
annular seal plugging the borehole above the hydraulic seal to near the ground surface,
and a concrete surface seal extending from the top of the hydraulic seal to the ground
surface which is sloped away from the well casing to prevent the entrance of surface
flows into the borehole area. Well casings will protrude above the ground surface a
sufficient height so as to minimize the potential for the entrance of surface water or other
material into the well. A steel surface protector with a locking cover will be installed at
monitoring wells to prevent access by unauthorized personnel. Where there is potential
for damage to monitoring wells, the wells will be protected through the use of barricades,
fences, or other protective devices. These protective devices will be periodically
inspected and maintained in good operating conditions. Monitoring wells will be locked
in a closed position between uses.

When no longer needed for monitoring or other use approved by the Division upon a finding
of no adverse environmental or health and safety effects, or unless approved for transfer as a
water well under R645-301-731.100 through R645-301-731.522 and R645-301-731.800,
each well will be capped, sealed, backfilled, or otherwise properly managed, as required by
the Division in accordance with R645-301-529.400, R645-301-631.100, and R645-301-748.
Permanent closure measures will be designed to prevent access to the mine workings by
people, livestock, fish and wildlife, machinery and to keep acid or other toxic drainage from
entering ground or surface waters.

If a water well is exposed by coal mining and reclamation operations, it will be permanently
closed unless otherwise managed in a manner approved by the Division.

Permanent closure and abandonment of water wells greater than 30 feet in depth will be in
accordance with the requirements of “Administrative Rules for Water Well Drillers”, State
of Utah, Division of Water Rights or other applicable state regulations. Abandonment of
wells will be performed by a licensed water well driller. The wells to be abandoned will be
completely filled using neat cement grout, sand cement grout, unhydrated bentonite, or
bentonite grout, or other materials approved by the Utah State Engineer’s office.
Alternatively, the well may be abandoned using a different procedure upon approval from
the Utah State Engineer’s office.
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Abandonment materials will be introduced at the bottom of the well or required sealing
interval and placed progressively upward to the top of the well. The casing will be severed a
minimum of 2 feet below the ground surface. A minimum of 2 feet of compacted native
material will be placed above the abandoned well upon completion.

Within 30 days of the completion of well abandonment procedures, a report will be
submitted to the State Engineer by the responsible licensed driller giving data related to the
abandonment of the well. This shall include the name of the licensed driller or other
person(s) performing abandonment procedures, name of well owner at the time of
abandonment, the address or location of the well by section, township, and range,
abandonment materials and equipment used, water right or file number covering the well,
the final disposition of the well, and the date of completion.

Exploration holes and boreholes will be backfilled, plugged, cased, capped, sealed, or
otherwise managed to prevent acid or toxic contamination of water resources and to
minimize disturbance to the prevailing hydrologic balance. Exploration holes and boreholes
will be managed to ensure the safety of people, livestock, fish and wildlife, and machinery.

If a water well is exposed by coal mining and reclamation operations, it will be permanently
closed unless otherwise managed in a manner approved by the Division.

If any exploration boreholes are to be used as monitoring wells or water wells, these will
meet the provisions of R645-301-731

Boreholes will be backfilled to within 1 foot of the land surface with concrete or other
materials approved by the Division as necessary to prevent contamination of groundwater or
surface-water resources or to protect the prevailing hydrologic balance. The upper
approximately 1 foot will be backfilled with native materials to facilitate reclamation (see
Drawing 6-11). Exploration holes and boreholes that may be uncovered during mining and
reclamation activities will be permanently closed unless approved for water monitoring or
otherwise managed in a manner approved by the Division.
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750 PERFORMANCE STANDARDS

All coal mining and reclamation operations will be conducted to minimize disturbance to the
hydrologic balance within the permit and adjacent areas, to prevent material damage to the
hydrologic balance outside the permit area and support approved postmining land uses in
accordance with the terms and conditions of the approved permit and the performance
standards of R645-301 and R645-302. Mining operations will be conducted to assure the
protection or replacement of water rights in accordance with the terms and conditions of the
approved permit and the performance standards of R645-301 and R645-302.

751. Water Quality Standards and Effluent Limitations.

Discharges of water from areas disturbed by coal mining and reclamation operations will be
made in compliance with all Utah and federal water quality laws and regulations and with
effluent limitations for coal mining promulgated by the U.S. Environmental Protection
Agency set forth in 40 CFR Part 434.

752. Sediment Control Measures.

Sediment control measures will be located, maintained, constructed and reclaimed according
to plans and designs given under R645-301-732, R645-301-742 and R645-301-760.

Siltation structures and diversions will be located, maintained, constructed and reclaimed
according to plans and designs given under R645-301-732, R645-301-742 and R645-301-
763.

Four diversion ditches along with four sediment impoundments are proposed for the
permit area. The proposed locations for these structures are shown on Drawing 5-3.
Details associated with these structures can be viewed on Drawings 5-25 through 5-34
and Appendix 5-2.

Sedimentation ponds have been designed in compliance with the requirements of R645-
301-356.300, R645-301-356.400, R645-301-513.200, R645-301-742.200 through R645-
301-742.240, and R645-301-763.

No sedimentation ponds or earthen structures which will remain open are planned.

The sedimentation plan has been designed to comply with the MSHA requirements given
under R645-301-513.100 and R645-301-513.200.

No sedimentation ponds meeting the size or other qualifying criteria of MSHA, 30 CFR
77.216(a) are planned.
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In the future, any sedimentation ponds that may be constructed meeting the size or other
qualifying criteria of MSHA, 30 CFR 77.216(a) will comply with all the requirements of
that section, and will have a single spillway or principal and emergency spillways that in
combination will safely pass a 100-year, 6-hour precipitation event or greater event as
demonstrated to be necessary by the Division.

Sedimentation ponds not meeting the size or other qualifying criteria of MSHA, 30 CFR
77.216(a) will provide a combination of principal and emergency spillways that will
safely discharge a 25-year, 6 hour precipitation event or greater event as demonstrated to
be needed by the Division. Such ponds may use a single open channel spillway if the
spillway is: Of nonerodible construction and designed to carry sustained flows; or Earth-
or grass-lined and designed to carry short-term infrequent flows at non-erosive velocities
where sustained flows are not expected.

The proposed impoundments are designed to temporarily store water from storm events
and snow melt. Long term standing water in the impoundments is anticipated to be
seasonal and sediment will be removed as necessary to provide the required storage
capacities. Emergency spillways have been included in the designs to provide a non-
destructive discharge route should the capacities ever be exceeded. Surveys of these
impoundments will be regularly conducted to ensure that design capacities are available.

Precipitation waters falling on disturbed areas will be contained in diversion ditches and
routed to sediment impoundments that are designed to impound seasonal water and
storms. Sediment control facilities will be designed and constructed to be geotechnically
stable. This will minimize the potential for breaches of sediment control structures, which if
they occur could result in down-stream flooding and increases in stream erosion and
sediment yield.

Details associated with these structures can be viewed on Drawings 5-25 through 5-34
and Appendix 5-2.

752.200. Road Drainage

Roads will be located, designed, constructed, reconstructed, used, maintained and reclaimed
according to R645-301-732.400, R645-301-742.400 and R645-301-762 and to achieve the
following:

Control or prevent erosion, siltation and the air pollution attendant to erosion by vegetating
or otherwise stabilizing all exposed surfaces in accordance with current, prudent engineering
practices;

Control or prevent additional contributions of suspended solids to stream flow or runoff
outside the permit area;
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Neither cause nor contribute to, directly or indirectly, the violation of eftluent standards
given under R645-301-751;

Minimize the diminution to or degradation of the quality or quantity of surface- and ground-
water systems; and

Refrain from significantly altering the normal flow of water in streambeds or drainage
channels.

753. IMPOUNDMENTS AND DISCHARGE STRUCTURES

Impoundments and discharge structures will be located, maintained, constructed and
reclaimed to comply with R645-301-733, R645-301-734, R645-301-743, R645-301-745 and
R645-301-760.

A professional engineer experienced in the design and construction of impoundments
with assistance from a geotechnical expert has used current, prudent, engineering
practices to design the proposed impoundments. The plans have been certified and a
detailed geotechnical analysis has been provided. The certifications and drawings can be
viewed in Drawings 5-25 through 5-31 and Appendices AS-1 and AS-2.

There are four sediment impoundments proposed for the permit area. These structures
will be constructed using a combination of dozers and backhoes. The structures have
been designed to contain the required storm events as specified in Appendix 5-2. The
structures will have sediment removed as necessary to ensure the required capacities.

Sediment control facilities have been designed and constructed to be geotechnically stable.
This will minimize the potential for breaches of sediment control structures, which if they
occur could result in down-stream flooding and increases in stream erosion and sediment
yield.

Impoundments will be inspected as described under R645-301-514.300. Designs for
proposed impoundments in the proposed Coal Hollow permit area are shown in Drawings
5-25 through 5-31 and Appendices AS-1 and A5-2. No impoundments or sedimentation
ponds meeting the size or other qualifying criteria of MSHA, 30 CFR 77.216(a) exist or
are planned within the proposed Mine Permit Area.

A professional engineer or specialist experienced in the construction of impoundments
will inspect impoundments. Inspections will be made regularly during construction, upon
completion of construction, and at least yearly until removal of the structure or release of
the performance bond. The qualified registered professional engineer will promptly, after
each inspection, provide to the Division, a certified report that the impoundment has been
constructed and maintained as designed and in accordance with the approved plan and the
R645 Rules. The report will include discussion of any appearances of instability,
structural weakness or other hazardous conditions, depth and elevation of any impounded
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waters, existing storage capacity, any existing or required monitoring procedures and
instrumentation and any other aspects of the structure affecting stability. A copy of the
report will be retained at or near the mine site.

The proposed impoundments are designed to temporarily store water from storm events
and snow melt. Long term standing water in the impoundments is anticipated to be
seasonal and sediment will be removed as necessary to provide the required storage
capacities. Emergency spillways have been included in the designs to provide a non-
destructive discharge route should the capacities ever be exceeded. Surveys of these
impoundments will be regularly conducted to ensure that design capacities are available.

754. DISPOSAL OF EXCESS SPOIL, COAL MINE WASTE AND
NONCOAL MINE WASTE

Disposal areas for excess spoil, coal mine waste and noncoal mine waste will be located,
maintained, constructed and reclaimed to comply with R645-301-735, R645-301-736,
R645-301-745, R645-301-746, R645-301-747 and R645-301-760.

Excess Spoil

Excess spoil will be placed in designated disposal areas within the permit area, in a
controlled manner to minimize the adverse effects of leachate and surface water runoff
from the fill on surface and ground waters; ensure permanent impoundments are not
located on the completed fill. Small depressions may be created if approved by the
Division if they are needed to retain moisture or minimize erosion, create and enhance
wildlife habitat or assist revegetation, and if they are not incompatible with the stability
of the fill; and adequately cover or treat excess spoil that is acid- and toxic-forming with
nonacid nontoxic material to control the impact on surface and ground water is
accordance with R645-301-731.300 and to minimize adverse effects on plant growth and
the approved postmining land use.

If the disposal area contains springs, natural or manmade water courses or wet weather
seeps, the fill design will include diversions and underdrains as necessary to control
erosion, prevent water infiltration into the fill and ensure stability.

Details of proposed excess spoil disposal plans are presented in Chapter 5, Section 535 of
this MRP and are summarized below.

A geotechnical analysis has been completed for the proposed excess spoil structure. This
analysis estimates the long-term safety factor to be 1.7 to 1.8 based on the proposed
design. Following proper construction practices of building the structure in maximum
four foot lifts and meeting 90% compaction based on the standard Procter will ensure that
the structure will be stable under all conditions of construction. This construction will
occur only in the designated excess spoil area as shown on Drawing 5-3 and 5-35. The
fill will be placed with end dump haul trucks and lifts will be constructed using dozers.
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High precision GPS systems will be regularly utilized to check grades and appropriate lift
thickness. The geotechnical analysis for this structure can be viewed in Appendix 5-1.

The excess spoil is planned to be placed in an area where natural grades range from 0 to
5%. This is one of the most moderately sloping locations in the Permit Area. Stability of
this structure is estimated to be 1.7 to 1.8 based on the Appendix 5-1.

Geotechnical borings were completed in the foundation of the proposed disposal area.
Laboratory analysis of these borings has also been completed. Details of this analysis
can be viewed in Appendix 5-1.

Permanent slopes for the proposed excess spoil will not exceed 3h:1v (33 percent),
therefore no keyway cuts have been proposed in the design. Appendix 5-1 details the
stability analysis for the proposed structure.

Excess spoil will not be disposed of in underground mine workings.

Horizontal lifts will not exceed four feet in thickness unless otherwise approved by the
Division. The lifts will be concurrently compacted to meet 90% of the standard Procter.
The geotechnical analysis (Appendix 5-1), provides information showing that these
construction standards will provide mass stability and will prevent mass movement
during and after construction. The excess spoil will be graded to provide drainage similar
to original flow patterns. Topsoil and subsoil as designated in Chapter 2 will be
removed and separated from other materials prior to placement of spoil.

Coal Mine Waste

Not applicable

Noncoal Mine Waste

Noncoal mine waste, including but not limited to grease, lubricants, paints, flammable
liquids, garbage, machinery, lumber and other combustible materials generated during coal
mining and reclamation operations will be placed and stored in a controlled manner in a
designated portion of the permit area or state-approved solid waste disposal area.

Topsoil storage areas and handling can be viewed on Drawing 2-2. Spoil placement and
the excess spoil structure can be viewed on Drawings 5-3, 5-17, 5-18, 5-19, 5-35 and 5-
36.

Only sizing of the coal is proposed. This process will not produce any waste.
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Final disposal of noncoal mine wastes will be in a designated disposal site in the permit
area or a State-approved solid waste disposal area. Disposal sites in the permit area will
be designed and constructed to ensure that leachate and drainage from the noncoal mine
waste area does not degrade surface or underground water. Wastes will be routinely
compacted and covered to prevent combustion and wind-borne waste. When the disposal
is completed, a minimum of two feet of soil cover will be placed over the site, slopes,
stabilized, and revegetation accomplished in accordance with 244.200 and R645-301-353
through R645-301-357. Operation of the disposal site will be conducted in accordance
with all local, Utah, and Federal requirements.

At no time will any noncoal mine waste be deposited in a refuse pile or impounding
structure, nor will any excavation for a noncoal mine waste disposal site be located
within eight feet of any coal outcrop or coal storage area.

Notwithstanding any other provision to the R645 Rules, any noncoal mine waste defined
as "hazardous" under 3001 of the Resource Conservation and Recovery Act (RCRA)
(Pub. L. 94-580, as amended) and 40 CFR Part 261 will be handled in accordance with
the requirements of Subtitle C of RCRA and any implementing regulations.

Debris, acid-forming, toxic-forming materials and materials constituting a fire hazard will
be identified and disposed of in accordance with R645-301-528.330, R645-301-537.200,
R645-301-542.740, R645-301-553.100 through R645-301-553.600, R645-301-553.900,
and R645-301-747. Appropriate measures will be implemented to preclude sustained
combustion of such materials.

Plans do not include using dams, embankments or other impoundments for disposal of
coal, overburden, excess spoil or coal mine waste.

Placement and storage of noncoal mine waste within the permit area will ensure that
leachate and surface runoff do not degrade surface or ground water.

Final disposal of noncoal mine waste within the permit area will ensure that leachate and
drainage does not degrade surface or underground water.

755. CASING AND SEALING OF WELLS

All wells will be managed to comply with R645-301-748 and R645-301-765. Water
monitoring wells will be managed on a temporary basis according to R645-301-738.

Wells constructed for monitoring groundwater conditions in the proposed Coal Hollow
Mine permit and adjacent area, including exploration holes and boreholes used for water
wells or monitoring wells, will be designed to prevent contamination of groundwater and
surface-water resources and to protect the hydrologic balance. A diagram depicting
typical monitoring well construction methods is shown in Drawing 7-11. Monitoring
wells will include a protective hydraulic seal immediately above the screened interval, an
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annular seal plugging the borehole above the hydraulic seal to near the ground surface,
and a concrete surface seal extending from the top of the hydraulic seal to the ground
surface which is sloped away from the well casing to prevent the entrance of surface
flows into the borehole area. Well casings will protrude above the ground surface a
sufficient height so as to minimize the potential for the entrance of surface water or other
material into the well. A steel surface protector with a locking cover will be installed at
monitoring wells to prevent access by unauthorized personnel. Where there is potential
for damage to monitoring wells, the wells will be protected through the use of barricades,
fences, or other protective devices. These protective devices will be periodically
inspected and maintained in good operating conditions. Monitoring wells will be locked
in a closed position between uses.

When no longer needed for monitoring or other use approved by the Division upon a finding
of no adverse environmental or health and safety effects, or unless approved for transfer as a
water well under R645-301-731.100 through R645-301-731.522 and R645-301-731.800,
each well will be capped, sealed, backfilled, or otherwise properly managed, as required by
the Division in accordance with R645-301-529.400, R645-301-631.100, and R645-301-748.
Permanent closure measures will be designed to prevent access to the mine workings by
people, livestock, fish and wildlife, machinery and to keep acid or other toxic drainage from
entering ground or surface waters.

If a water well is exposed by coal mining and reclamation operations, it will be permanently
closed unless otherwise managed in a manner approved by the Division.

Permanent closure and abandonment of water wells greater than 30 feet in depth will be in
accordance with the requirements of “Administrative Rules for Water Well Drillers”, State
of Utah, Division of Water Rights or other applicable state regulations. Abandonment of
wells will be performed by a licensed water well driller. The wells to be abandoned will be
completely filled using neat cement grout, sand cement grout, unhydrated bentonite, or
bentonite grout, or other materials approved by the Utah State Engineer’s office.
Alternatively, the well may be abandoned using a different procedure upon approval from
the Utah State Engineer’s office.

Abandonment materials will be introduced at the bottom of the well or required sealing
interval and placed progressively upward to the top of the well. The casing will be severed a
minimum of 2 feet below the ground surface. A minimum of 2 feet of compacted native
material will be placed above the abandoned well upon completion.

Within 30 days of the completion of well abandonment procedures, a report will be
submitted to the State Engineer by the responsible licensed driller giving data related to the
abandonment of the well. This shall include the name of the licensed driller or other
person(s) performing abandonment procedures, name of well owner at the time of
abandonment, the address or location of the well by section, township, and range,
abandonment materials and equipment used, water right or file number covering the well,
the final disposition of the well, and the date of completion.
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Exploration holes and boreholes will be backfilled, plugged, cased, capped, sealed, or
otherwise managed to prevent acid or toxic contamination of water resources and to
minimize disturbance to the prevailing hydrologic balance. Exploration holes and boreholes
will be managed to ensure the safety of people, livestock, fish and wildlife, and machinery.

If a water well is exposed by coal mining and reclamation operations, it will be permanently
closed unless otherwise managed in a manner approved by the Division.

If any exploration boreholes are to be used as monitoring wells or water wells, these will
meet the provisions of R645-301-731

Boreholes will be backfilled to within 1 foot of the land surface with concrete or other
materials approved by the Division as necessary to prevent contamination of groundwater or
surface-water resources or to protect the prevailing hydrologic balance. The upper
approximately 1 foot will be backfilled with native materials to facilitate reclamation (see
Drawing 6-11). Exploration holes and boreholes that may be uncovered during mining and
reclamation activities will be permanently closed unless approved for water monitoring or
otherwise managed in a manner approved by the Division.

760. RECLAMATION

761. GENERAL REQUIREMENTS

Before abandoning a permit area or seeking bond release, the mine will ensure that all
temporary structures are removed and reclaimed, and that all permanent sedimentation
ponds, diversions, impoundments and treatment facilities meet the requirements of R645-
301 and R645-302 for permanent structures, have been maintained properly and meet the
requirements of the approved reclamation plan for permanent structures and impoundments.
The mine will renovate such structures if necessary to meet the requirements of R645-301
and R645-302 and to conform to the approved reclamation plan.

762. ROADS

A road not to be retained for use under an approved postmining land use will be reclaimed
immediately after it is no longer needed for coal mining and reclamation operations,
including restoring the natural drainage patterns, and reshaping all cut and fill slopes to be
compatible with the postmining land use and to complement the drainage pattern of the
surrounding terrain.

The post mining land configuration is shown on 5-35.
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763. SILTATION STRUCTURES
763.100.

Siltation structures will be maintained until removal is authorized by the Division and the
disturbed area has been stabilized and revegetated. In no case will the structure be removed
sooner than two years after the last augmented seeding.

All impoundments will be reclaimed at the end of operations. The estimated timeline for
removal of these structures are shown on Drawing 5-38. Expected removal is year four
of the mining and reclamation process. In areas where soils are not stabilized following
the removal of these sediment impoundments, silt fence will be appropriately installed
and maintained to provide sediment control until stable conditions are met.

763.200.

When the siltation structure is removed, the land on which the siltation structure was located
will be regraded and revegetated in accordance with the reclamation plan and R645-301-
358, R645-301-356, and R645-301-357.

No permanent sedimentation ponds are planned.

764. STRUCTURE REMOVAL

The application will include the timetable and plans to remove each structure, if appropriate.

All impoundments will be reclaimed at the end of operations. The estimated timeline for
removal of these structures are shown on Drawing 5-38. Expected removal is year four
of the mining and reclamation process. In areas where soils are not stabilized following
the removal of these sediment impoundments, silt fence will be appropriately installed
and maintained to provide sediment control until stable conditions are met.

The facilities will be fully reclaimed at the end of mining operations. The final contour
for this area can be viewed on Drawing 5-35.

The reclamation sequence and final landform can be viewed on Drawings 5-35 and 5-38.

765. PERMANENT CASING AND SEALING OF WELLS

Wells constructed for monitoring groundwater conditions in the proposed Coal Hollow
Mine permit and adjacent area, including exploration holes and boreholes used for water
wells or monitoring wells, will be designed to prevent contamination of groundwater and
surface-water resources and to protect the hydrologic balance. A diagram depicting
typical monitoring well construction methods is shown in Drawing 7-11. Monitoring
wells will include a protective hydraulic seal immediately above the screened interval, an
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annular seal plugging the borehole above the hydraulic seal to near the ground surface,
and a concrete surface seal extending from the top of the hydraulic seal to the ground
surface which is sloped away from the well casing to prevent the entrance of surface
flows into the borehole area. Well casings will protrude above the ground surface a
sufficient height so as to minimize the potential for the entrance of surface water or other
material into the well. A steel surface protector with a locking cover will be installed at
monitoring wells to prevent access by unauthorized personnel. Where there is potential
for damage to monitoring wells, the wells will be protected through the use of barricades,
fences, or other protective devices. These protective devices will be periodically
inspected and maintained in good operating conditions. Monitoring wells will be locked
in a closed position between uses.

When no longer needed for monitoring or other use approved by the Division upon a finding
of no adverse environmental or health and safety effects, or unless approved for transfer as a
water well under R645-301-731.100 through R645-301-731.522 and R645-301-731.800,
each well will be capped, sealed, backfilled, or otherwise properly managed, as required by
the Division in accordance with R645-301-529.400, R645-301-631.100, and R645-301-748.
Permanent closure measures will be designed to prevent access to the mine workings by
people, livestock, fish and wildlife, machinery and to keep acid or other toxic drainage from
entering ground or surface waters.

[f a water well is exposed by coal mining and reclamation operations, it will be permanently
closed unless otherwise managed in a manner approved by the Division.

Permanent closure and abandonment of water wells greater than 30 feet in depth will be in
accordance with the requirements of “Administrative Rules for Water Well Drillers”, State
of Utah, Division of Water Rights or other applicable state regulations. Abandonment of
wells will be performed by a licensed water well driller. The wells to be abandoned will be
completely filled using neat cement grout, sand cement grout, unhydrated bentonite, or
bentonite grout, or other materials approved by the Utah State Engineer’s office.
Alternatively, the well may be abandoned using a different procedure upon approval from
the Utah State Engineer’s office.

Abandonment materials will be introduced at the bottom of the well or required sealing
interval and placed progressively upward to the top of the well. The casing will be severed a
minimum of 2 feet below the ground surface. A minimum of 2 feet of compacted native
material will be placed above the abandoned well upon completion.

Within 30 days of the completion of well abandonment procedures, a report will be
submitted to the State Engineer by the responsible licensed driller giving data related to the
abandonment of the well. This shall include the name of the licensed driller or other
person(s) performing abandonment procedures, name of well owner at the time of
abandonment, the address or location of the well by section, township, and range,
abandonment materials and equipment used, water right or file number covering the well,
the final disposition of the well, and the date of completion.
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Exploration holes and boreholes will be backfilled, plugged, cased, capped, sealed, or
otherwise managed to prevent acid or toxic contamination of water resources and to
minimize disturbance to the prevailing hydrologic balance. Exploration holes and boreholes
will be managed to ensure the safety of people, livestock, fish and wildlife, and machinery.

If a water well is exposed by coal mining and reclamation operations, it will be permanently
closed unless otherwise managed in a manner approved by the Division.

If any exploration boreholes are to be used as monitoring wells or water wells, these will
meet the provisions of R645-301-731

Boreholes will be backfilled to within 1 foot of the land surface with concrete or other
materials approved by the Division as necessary to prevent contamination of groundwater or
surface-water resources or to protect the prevailing hydrologic balance. The upper
approximately 1 foot will be backfilled with native materials to facilitate reclamation (see
Drawing 6-11). Exploration holes and boreholes that may be uncovered during mining and
reclamation activities will be permanently closed unless approved for water monitoring or
otherwise managed in a manner approved by the Division.
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Table 7-2 Monitoring well details.

. Collar elevation Depth Depth to bedrock  Screened interval
Well Date drilled Screened formation (feet) (feet) (feet) From (feet) To (feet)
Co-18 Jan-07 Lower Robinson alluvium 6864.14 22 - 12 22
C0-54 Jan-07 Dakota Formation above coal 6862.59 54 40 47 54
C1-24 Jan-07 Lower Robinson alluvium 6949.19 26.5 24 16.5 26.5
C2-15 Jan-07 Sink Valley alluvium 6920.28 15 - 5 15
C2-28 Dec-06 Sink Valley aliuvium 6919.81 28 -—- 17 27
C2-40 Dec-06 Sink Valley alluvium 6919.58 40 40 20 40
C3-15 Dec-06 Sink Valley alluvium 6890.41 15 5 15
C3-30 Dec-06 Sink Valley alluvium 6890.77 30 10 20
C3-40 Dec-06 Sink Valley alluvium 6890.73 40 38 20 40
C4-15 Dec-06 Sink Valley alluvium 6873.92 15 - 5 15
C4-30 Dec-06 Sink Valley alluvium 6873.91 30 10 30
C4-50 Dec-06 Sink Valley alluvium 6873.52 50 47 30 50
C5-130 Jan-07 Sink Valley alluvium 6938.92 130 123.5 90 130
C6-15 Jan-07 Lower Robinson alluvium 6897.63 15 11 5 15
C7-10 Jan-07 Sink Valley alluvium 6873.77 10 10 15
C7-20 Jan-07 Sink Valley alluvium 6872.89 20 19 15 20

. C8-25 Jan-07 Sink Valley alluvium 6859.70 27 20 7 27
C9-15 Jan-07 Sink Valley alluvium 6846.77 15 -— 5 15
C9-25 Jan-07 Sink Valley alluvium 6846.36 26 - 16 26
C9-40 Jan-07 Sink Valley alluvium 6846.94 42 39 22 42
S8-15 Jan-07 Lower Sink Valley alluvium 6831.57 15 - 5 15
SS8-30 Jan-07 Lower Sink Valley alluvium 6830.47 29 - 19 29
S8S8-75 Jan-07 Lower Sink Valley alluvium 6832.06 75 75 54 74
UR-70 Jan-07 Upper Robinson alluvium 7005.14 70 62 50 70
LR-29 Jan-07 Dakota Formation (uppermost) 6803.10 29 20 19 29
LR-45 Jan-07 Lower Robinson alluvium 6798.41 42 415 21 41
LS-15 Jan-07 Lower Sink Valley alluvium 6810.28 15 -— 4 14
LS-28 Jan-07 Lower Sink Valley alluvium 6810.23 28 17 27
LS-60 Jan-07 Lower Sink Valley alluvium 6810.35 60 -—- 39 59
LS-85 Jan-07 Lower Sink Valley alluvium 6810.53 87 - 64 84

Y-36 Dec-79  Smirl coal seam (Dakota Formation) 6956.97 230
Y-38 Nov-79  Smirl coal seam (Dakota Formation) 6860.85 105
Y-45 Aug-80  Smirl coal seam (Dakota Formation) 7043.55 352
Y-59 Dec-80 Sink Valley alluvium 6959.06 110

. Y-61 Nov-80 Sink Valley alluvium 6962.10 150




Collar elevation Depth Depth to bedrock  Screened interval

Well Date drilled Screened formation (feet) (feet) (feet) From (feet) To (feet)
Y-63 Nov-80 Lower Sink Valley alluvium 6789.34 51 34 Open hole Open hole
Y-98 (A1)  Jul-86 Upper Robinson alluvium 7173.50 86 83.5 36.6 86
Y-99 (A2) Jul-86 Upper Robinson alluvium 7055.54 22 20 5.1 13.2

Y-102 (A4 Jul-86 Sink Valley alluvium 6950.06 86
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Table 7-4 Hydrologic monitoring protocols and locations.

Discharge and water level measurements

Protocol Applies to Parameter Frequency

A Streams Discharge Quarterly

B Springs Discharge Quarterly

C Monitoring wells ~ Water Quarterly

elevation

| Water quality
3 Protocol Applies to Parameters Table Frequency
| 1 Streams Operational field and laboratory water 7-6 Quarterly

quality measurements

2 Streams Field water quality measurements 7-6 Quarterly
‘ only
3 Springs Operational field and laboratory water 7-7 Quarterly
quality measurements
4 Springs Field water quality measurements 7-7 Quarterly
only
5 Monitoring wells  operational field and laboratory water 7-7 Quarterly

quality measurements

6 Monitoring wells  Field water quality measurements 7-7 Quarterly
only




‘ Table 7-5 Hydrologic monitoring locations.

Site

Protocols Comments

Streams
BLM-1
RID-1
SW-2
SW-3
SW-4
SW-5
SW-6
SW-8
SW-9
SW-101

Springs
Sorensen
Spring
SP-3
SP-4

SP-6

‘ SP-8
SP-14
SP-16
SP-19
SP-20
SP-22
SP-23
SP-33

Wells
Y-36
Y-38
Y-45
Y-61

Y-63
Y-98
Y-102
C0-18

C0-54

. C1-24
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Lower Robinson Creek adjacent to mined areas
Irrigation ditch in Robinson Creek

Kanab Creek below Robinson Creek

Kanab Creek above permit area

Lower Robinson Creek above permit area
Lower Robinson Creek above Kanab Creek
Sink Valley Wash at permit boundary

Swapp Hollow Creek above permit area

Sink Valley Wash below permit area

Lower Robinson Creek in permit area

Developed alluvial spring in Sink Valley at Sorensen
ranch

Spring in upland pediment alluvium south of permit area
Developed spring in Sink Valley Wash 1 mile below
permit area

Seep in Sink Valley below permit area

Developed alluvial spring in Sink Valley at Dames ranch
Alluvial spring in Sink Valley

Alluvial spring in Sink Valley

Alluvial spring in Sink Valley

Alluvial spring in Sink Valley

Alluvial spring in Sink Valley

Alluvial spring in Sink Valley

Developed spring in lower Sink Valley alluvium

Coal well in Sink Valley above permit area

Coal well in Sink Valley in permit area

Coal seam well in Swapp Hollow above permit area
Water well in Sink Valley artesian alluvial groundwater
system above permit area

Monitoring well in lower Sink Valley Alluvium below
mining areas

Alluvial well in Robinson Creek above permit area
Alluvial well in upper Sink Valley in permit area

Alluvial monitoring well in Lower Robinson Creek
drainage

Monitoring well in Lower Robinson Creek drainage near
coal seam

Alluvial monitoring well in Lower Robinson Creek
drainage
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Protocols Comments

C2-15
C2-28
C2-40
C3-15
C3-30
C3-40
C4-15
C4-30
C4-50
C5-130

C7-20
C9-15
C9-25
C9-40
LR-45
LS-28
LS-60
LS-85
SS-15
SS-30

SS-75
UR-70

Monitoring well in Sink Valley alluvium
Monitoring well in Sink Valley alluvium
Monitoring well in Sink Valley alluvium
Monitoring well in Sink Valley alluvium
Monitoring well in Sink Valley alluvium
Monitoring well in Sink Valley alluvium
Monitoring well in Sink Valley alluvium
Monitoring well in Sink Valley alluvium
Monitoring well in Sink Valley alluvium
Monitoring well in Sink Valley artesian alluvial
groundwater system above permit area

Monitoring well in Sink Valley alluvium

Monitoring well in Sink Valley alluvium

Monitoring well in Sink Valley alluvium

Monitoring well in Sink Valley alluvium

Monitoring weli in Lower Robinson Creek alluvium below
mine area

Monitoring well in Sink Valley Alluvium below mining
areas

Monitoring well in Sink Valley Alluvium below mining
areas

Monitoring well in artesian Sink Valley Alluvium below
mining areas

Monitoring well in Sink Valley Alluvium below mining
areas

Monitoring well in Sink Valley Alluvium below mining
areas

Monitoring well in burned coal area material

Monitoring well in Lower Robinson Creek alluvium above
mine area
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Table 7-6 Surface water operational water quality monitoring

FIELD MEASUREMENTS REPORTED AS
pH pH units
Specific Conductivity us/cm @ 25°C
Dissolved Oxygen mg/L
Temperature °C

LABORATORY MEASUREMENTS

Total Dissolved Solids mg/L
Total Suspended Solids mg/L:
Bicarbonate mg/L
Carbonate mg/L
Calcium (dissolved) mg/L
Chloride mg/L
Iron (total) mg/L
Iron (dissolved) mg/L
Magnesium (dissolved) mg/L
Manganese (total) mg/L
Manganese (dissolved) mg/L
Potassium (dissolved) mg/L
Sodium (dissolved) mg/L
Sulfate mg/L
Oil and grease mg/L
Cations meg/l
Anions meqg/|

Cation/Anion Balance %




Table 7-7 Groundwater operational water quality monitoring.

FIELD MEASUREMENTS REPORTED AS
pH pH units
Specific Conductivity us/cm @ 25°C
Temperature °C

LABORATORY MEASUREMENTS

Total Dissolved Solids mg/L
Carbonate mo/L
Bicarbonate ma/L
Calcium (dissolved) mg/L
Chloride mg/L
Iron (total) mg/L
Iron (dissolved) mg/L
Magnesium (dissolved) mg/L
Manganese (total) mg/L
Manganese (dissolved) mg/L
Potassium (dissolved) mg/L
Sodium (dissolved) mg/L
Sulfate mg/L
Cations meq/L
Anions meg/L

Cation/Anion Balance %
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View looking north at groundwater discharge area B in Sink Valley.
Note that proposed mining locations are north and west of Area B.

™"

View looking southwest at groundwater discharge area A in Sink Valley.
Note that proposed mining locations are west of Area A.




View looking east in Lower Robinson Creek drainage in
proposed mining area (in foreground).

” | " e .
View looking south down Sink Valley Wash below proposed

. mining areas.




View looking north at Tropic Shale ridge
and Sink Valley Fault.
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Investigation of Groundwater and Surface-Water
Systems in the 630-Acre Proposed Coal Hollow Mine Permit and Adjacent Area;
Probable Hydrologic Consequences
Of Coal Mining; Recommended Monitoring Plan;

Potential Alluvial Valley Floor Information; Kane County, Utah

NOTE: This report provides a hydrologic and hydrogeologic characterization of
groundwater and surface water systems in the proposed Coal Hollow Mine permit and
adjacent area. The report is based on information available at the time the analysis was
performed. By design, the hydrologic conditions will be continuously monitored in the
future. As additional hydrologic and hydrogeologic data become available, this report will

be periodically updated to reflect the new information.
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1.0 Introduction

Alton Coal Development, LLC is currently making application for a Utah State coal mining
permit from the Utah Division of Oil, Gas and Mining (UDOGM) to mine coal at the
proposed Coal Hollow Mine permit area. The proposed Coal Hollow Mine permit area is
located on private lands in the Alton Coal Field of south-central Utah, approximately three
miles south of the town of Alton, Utah (Figure 1).

The requirements of the mining and reclamation plan (MRP) include, among other things, a
description of geologic conditions and groundwater and surface-water resources in the
proposed permit and adjacent area, and a determination of the probably hydrologic
consequences of coal mining. This document is a report of an investigation of geologic,
hydrogeologic, and hydrologic conditions in the proposed Coal Hollow Mine permit and

adjacent area and is provided as supplemental information in support of the Coal Hollow
Mine MRP.

Including this introduction, this report contains the following sections:

1. Introduction

2. Historical Overview

3. Methods of Study

4. Climate

5. Physiography

6. Geology

7. Presentation of Data

8. Solute and Isotopic Chemistry

9. Groundwater Systems

10. Surface-Water Systems

11. Probable Hydrologic Consequences Determination
12. Proposed Hydrologic Monitoring Plan
13. Alluvial Valley Floor Information

14. References Cited

2.0 Historical Overview

The Alton Coal Field is located adjacent to the highlands of the Paunsaugunt Plateau, mostly
in Kane County, Utah. Historical mining operations in the Alton Coal Field have been
limited, with the total production from the field from all mines being less than 50,000 tons
(Doelling, 1972). Coal mining in the Alton Coal Field began in the late 1920°s with the most
significant mining activity commencing in the period following World War II. The most
important mines in the field were the Smirl and Alton Coal Mines, both located
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approximately two miles south of the town of Alton. Mining in the Alton Coal Field ended
in 1969 with the closure of the Smirl Mine.

Beginning in 1960, coal leasing of large tracts of land in the Alton Coal Field was carried out
by Nevada Electric Investment Co. and the Utah Construction on Mining Company. As part
of these leasing activities, extensive drilling and mapping of the coal deposits in the field
occurred (Doelling, 1972).

In the 1980’s, a large-scale coal mining operation was proposed in the Alton Coal field by
Utah International, Inc. Coal from this mine was to have been the primary energy source for
a proposed coal-fired power plant about 25 miles northeast of Las Vegas, Nevada. The
proposed operation included both a large surface mining operation and a coal slurry
preparation plant and slurry pipeline through which coal would be transported to southern
Nevada. The proposed slurry line was to have used large quantities of groundwater pumped
from the Navajo Sandstone. In conjunction with the planning for this mine (in the 1970’s
and 1980°s), extensive drilling, hydrogeologic characterization, and groundwater and surface-
water monitoring activities were carried out. A mining and reclamation plan for the proposed
Utah International, Inc. mine was prepared and submitted to the Utah Division of Oil, Gas
and Mining that was subsequently determined to be administratively complete. However,
due to several factors, the mining and reclamation plan was later withdrawn and the plans for
mining did not proceed. The coal leases held by Utah International, Inc. subsequently lapsed
and were eventually returned to the governmental agencies.

Alton Coal Development, LLC is currently in the process of securing a Utah State coal
mining permit for a 630-acre area for the proposed Coal Hollow Mine on privately held lands
in the Alton Coal Field (Figure 1). Current mining plans call for the production of about 2
million tons of coal per year using surface mining techniques. It should be noted that the size
of the proposed mine permit area and the proposed mining extraction rates are many times
smaller than those proposed previously. Additionally, while previously proposed mining
operations in the Alton Coal Field included the planned drilling and pumping of large
amounts of groundwater from high-capacity production wells in the Navajo Sandstone
aquifer for operational use, no such wells are planned in the proposed Coal Hollow Mine
permit and adjacent area.

3.0 Methods of Study

The methods of study utilized in this hydrogeologic investigation, including data collection
methods and investigative techniques are described below.

e Existing published and unpublished maps and reports were obtained and reviewed
e Discharge, water-quality, and potentiometric data were obtained from several sources

and compiled into an electronic database for analysis. These included hydrologic data
collected in conjunction with United States Geological Survey investigations, data
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collected by Utah International, Inc. in the 1980’s as part of previous coal mine

. permitting actions, and data collected during baseline monitoring activities conducted
by Alton Coal Development, LLC. As of the time of the writing of this report, Alton
Coal Development has collected eight continuous quarters of baseline hydrologic data
(2™ Q 2005 — 1** Q 2007). These data have also been submitted electronically into
the Utah Division of Oil, Gas and Mining, Utah Coal Mining Water Quality Database.

e A spring and seep survey of the proposed Coal Hollow Permit and adjacent area was
commissioned by Alton Coal Development, LLC and carried out by Petersen
Hydrologic, LLC. At each location, discharge measurements and field water-quality
measurements were performed. Each spring and seep location was also digitally
photographed and the site location determined by GPS.

e As part of this investigation, groundwater and surface-water samples were collected
from springs, stream, and wells for stable and radiogenic isotopic analysis. Isotopic
samples for 8°H, 8'%0, and tritium (°H) were collected in appropriate sealed glass or
HDPE plastic bottles. Samples for "°C and '*C analysis were collected in HDPE
plastic carboys and subsequently pretreated at the Brigham Young University isotope
laboratory using BaCl, - 2H,0 to segregate dissolved inorganic carbon.

e Stable isotopic 5°H and 8'0 analyses were performed by the Brigham Young
University Stable Isotopic Laboratory of Provo, Utah. Tritium analyses were
‘ performed by the University of Miami Tritium Laboratory using electrolytic
enrichment and low-level counting techniques. Carbon-14 analyses were performed
by Geochron Laboratories of Cambridge, Massachusetts using conventional counting
techniques on the dissolved inorganic carbon sample. Analyses for 8'°C were also
performed by Geochron Laboratories.

e Discharge, isotopic, solute chemical, and other data were compiled into electronic
format for analysis. Data analysis was performed using graphical, statistical, and
computer methods. Solute chemical data were analyzed graphically using Stiff (1951)
diagrams and using the computer code WATEQF (Plummer et al., 1976).
Groundwater radiocarbon mean residence times were calculated using methods
described by Pearson and Hanshaw (1970), Fontes (1980), and Mooke (1980).

e As part of this investigation, thirty monitoring wells were installed during the winter
0f 2006-2007. Additionally, continuous core drilling was performed at four locations
near proposed mining areas in late 2005. Geologic logging of the lithologic and
hydrogeologic properties of continuous core samples obtained during the core drilling
activities was performed. Samples were collected from auger-drilled boreholes using
a driven sampling tube and also directly from the auger return cuttings. Selected
representative samples were also analyzed for acid- and toxic-forming potential and
physical parameters by Energy Laboratories, Inc. of Billings, Montana.
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¢ Monitoring well ground coordinates and collar elevations were professionally

' surveyed.

e Newly constructed monitoring wells were professionally developed using surging and
bailing techniques.

e Samples for laboratory water quality analysis were collected and analyzed according
to standard EPA methods. Laboratory water quality measurements were performed
by SGS Mineral Services Division of Huntington, Utah, a Utah state certified
analytical laboratory. Information regarding laboratory standard analytical methods
and procedures used and laboratory detection limits has been entered into the Utah
Division of Oil, Gas and Mining, Utah Coal Mine water quality database (UDOGM,
2007).

e Discharge measurements for springs and seeps were typically performed using a
calibrated container and a stopwatch. The measurements were performed by
damming and diverting the spring discharge through a pipe. Using an appropriately
sized container, time-to-fill measurements were typically performed at least 3 times at
each location. An average time-to-fill value was used to calculate the reported
discharge measurement.

e Discharge measurements at stream monitoring stations were performed using either a
. portable 3-inch Parshall flume, electronic current-velocity meter and wading rod,
portable 90-degree v-notch weir, or a stopwatch and calibrated container as
appropriate. Discharge measurements and calculations were performed using
standard U.S. Bureau of Reclamation methods.

e Potentiometric levels were monitored in wells using a Waterline Envirotech, Ltd.
Model 500 coaxial water-level indicator.

o Temperature measurements were performed using a Taylor brand electronic digital
thermometer. Discharge temperature measurements at springs were performed as
close to the spring discharge locations as possible. Stream temperature measurements
were performed, where possible, in a shaded, actively flowing portion of the stream.

e Specific conductance measurements were performed using an Extech brand model
EC400 conductivity meter with automatic temperature compensation. The instrument
was regularly calibrated using traceable ASTM conductivity standard solutions.

e pH Measurements were performed using an Oakton brand Acorn 6 model electronic
pH meter with automatic temperature compensation. The instrument was regularly
calibrated using traceable ASTM pH standard solutions.
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e Dissolved oxygen measurements were performed using a YSI brand model 55
dissolved oxygen meter. The meter was routinely calibrated using atmospheric
oxygen calibration methods.

e Slug testing on selected wells in the proposed Coal Hollow Mine and adjacent area
was performed. Slug testing was performed by rapidly injecting an appropriate
volume of water into the well casing. Water level declines were then monitored
electronically using a Solinst brand Levelogger model 3001 pressure transducer/data
logger. Slug test analyses were performed using methods described by Hvorslev
(1951). Pump testing analysis of pumping well Y-61 were performed by previous
researchers using methods described by Jacob (1946).

4.0 Climate

Climatological information, including temperature and precipitation data, have been routinely
measured and recorded at the Alton, Utah weather station (420086) since 1928. The station
is located in the town of Alton, approximately two miles north of the proposed Coal Hollow
Mine permit area. Climatological data collected at the Alton station for the 77 year period
from 1928 to 2005 are summarized in Table 2 and plotted in Figure 2.

An automated weather station was installed in the proposed Coal Hollow Mine permit area in
December 2005. The station is configured to continuously monitor and record temperature,
wind velocity, and wind direction data. The station is also configured to continuously
measure and record precipitation, although the tipping rain-gauge is not operative during
winter months when snowfall may not be recorded. Climate data from the Coal Hollow
Project weather station, including daily maximum and minimum temperature and
precipitation for the period January 2006 through May 2007 are presented in Table 3.

Precipitation data from the Alton, Utah weather station indicates average annual precipitation
of 16.38 inches per year. Doelling (1972) reports average annual precipitation in the Alton
Coal Field area ranging from 9 to 20 inches annually with slightly higher increments likely in
the higher parts of the plateau. There are generally two annual wet periods in the region.
During the wintertime, cyclonic storms bring precipitation (mainly snowfall) to the region.
During the summertime, storms originating from convection of air from the Gulf of Mexico
or the Pacific Ocean bring rains to the region. Of the two annual wet cycles, the summer
rainfall is most reliable (Doelling, 1972). Average monthly precipitation at the Alton station
ranges from a low of 0.57 inches in June to a maximum of 1.80 inches in February.

The Palmer Hydrologic Drought Index (PHDI; NCDC, 1997) 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
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is a useful for evaluating the long-term relationship between climate and groundwater
recharge and discharge. A plot of the PHDI for Utah Region 4 (which includes the proposed
Coal Hollow Mine permit and surrounding area) is shown in Figure 3. It is apparent in
Figure 3 that the region has experienced cyclical periods of drought and wetness since 1980.
Baseline hydrologic monitoring performed by Utah International, Inc in 1987 and 1988
occurred during a period of near normal wetness. Recent baseline hydrologic monitoring
conducted in 2005 and 2006 occurred during a period of moderate to severe wetness, with
2005 being wetter than 2006.

Wind data have been collected at the Coal Hollow Project weather station since December
2005. Monthly wind data from the Coal Hollow Project weather station are available from
January 2006 through March 2006, and from November 2006 through May 2007. Monthly
wind data are plotted as wind rose diagrams, which depict the average direction and velocity
of prevailing winds, in Figure 4. Based on recent data from the Coal Hollow Project weather
station, it is apparent that the predominant wind direction in the proposed Coal Hollow Mine
permit area (during the months for which data are available) are from the northeast, with
secondary peaks from the north and south-southwest (Figure 4). Surface winds recorded at
the Coal Hollow Project weather station averaged about 6.4 miles per hour. Tabulated hourly
wind data from the Coal Hollow Project weather station are maintained on file at Alton Coal
Development, LLC.

Wind data have also been collected historically at nearby locations by governmental and
other entities. The regionally predominant direction of winds in the region is southwest
through west. Secondary peaks are from southeast and northwest. Surface winds in the area
average approximately 8 miles per hour. Higher wind speeds are associated with fronts and
storms and generally occur during the springtime.

Temperature data from the region are summarized in Table 2. Temperatures in the permit
area vary greatly. Temperature data from the Alton station (1928-2005) indicate that monthly
average low temperatures are below freezing for the 6-month period from November to April.
Monthly average minimum temperatures range from a low of 15.1 °F during January to a
high of 49.8 °F in July. Monthly average maximum temperatures range from a low of 39.5

°F in January to a high of 82.6 °F in July. Daily maximum and minimum temperature data
collected at the Coal Hollow Project weather station during 2006 and the first quarter of 2007
are presented in Table 3 and plotted in Figure 5. The maximum temperature recorded during
this period was 93.3 °F in July 2006. The minimum temperature recorded during this period
was -7.3 °F in January 2007.

5.0 Physiography

The Alton Coal Field is a roughly horseshoe-shaped region that is situated between the
Kaiparowits Coal Field to the east, and the Kolob Coal Field to the west. The land surface in
the vicinity of the proposed Coal Hollow Mine permit and adjacent area is situated primarily
in Sink Valley, which is adjacent to the western escarpment of the Paunsaugunt Plateau.
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Topographic relief in the surrounding area exceeds 3,000 feet, ranging from about 9,300 feet
on top of the Paunsaugunt Plateau east of the proposed permit area, to about 6,200 feet in the
Kanab Creek valley west of the proposed permit area.

Most of the land surface within the proposed permit area is situated on a broad valley fan
deposit in Sink Valley that originated from outwash from adjacent upland areas to the east
through a series of deeply incised, steep-walled canyons. The portion of the proposed permit
area within Sink Valley is typified by broad, gently sloping land surfaces with isolated
bedrock outcrops. The land surface within Sink Valley slopes gently to the west, southwest,
and south. It is noteworthy that there is a conspicuous lack of a continuous stream channel
running through Sink Valley. The region immediately west of Sink Valley is dominated by
rolling hills and valleys above the Kanab Creek valley located west of the proposed permit
area (Figure 1).

6.0 Geology

The coal to be mined at the Coal Hollow Project area is of Cretaceous age and resides in the
Alton Coal Field of south-central Utah. The economic coal seams are located primarily along
the western and southern flanks of the Paunsaugunt Plateau.

The geologic history, geology, stratigraphy, and structure of the Alton Coal Field have been
described by Doelling (1972) and Tilton (2001) and are summarized below. A map of geologic
formations exposed at the surface in the Coal Hollow Project area is shown in Figure 6. A
cross-section showing the regional geologic conditions in the Alton Coal Field is presented in
Figure 7. A north-south and an east-west cross-section through the proposed Coal Hollow
Mine permit and adjacent area are presented in Figure 8.

Geologic History

During the Jurassic, sediment deposition into a slowly subsiding basin occurred, mostly by
fluvial or eolian mechanisms. Later, during the Upper Jurassic, the area was intermittently
inundated by a shallow, restrictive sea, with the accompanying deposition of sediments eroded
from Mesozoic rocks to the south and west. Subsequently, prior to the end of the Lower
Cretaceous, a broad uplift centered west of the Paunsaugunt area occurred, resulting in the
erosion of the uplifted areas. Subsequently, to the east, the rock sequence down to the Entrada
Formation was eroded away. To the west, the rock sequence down to the Carmel was eroded
away. After additional erosion of the region occurred, during the latest Cretaceous or earliest
Upper Cretaceous, the land subsided and the region was covered with sediments. The source of
these sediments lay mostly to the west and perhaps also to the south. As the Cretaceous Interior
Seaway migrated westward, rock deposition occurred in fluvial, paludal, lagoonal and perhaps
nearshore marine environments during transgressions and regressions of the seaway. This
deposition resulted in the formation of the rocks of the Dakota Formation, which include the
economic coal seams of the Alton Coal Field. The two principal coal seams of the Dakota
Formation were formed during this period, one near the beginning and the other near the end of
Dakota time. After the deposition of the Dakota Formation, the area experienced marine
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conditions as the Cretaceous Interior Seaway encroached westward toward eastern Iron County,
resulting in the deposition of the marine shales of the Tropic Shale. After the subsequent
eastward regression of the seaway, nearshore sand deposition occurred, resulting in the
deposition of the Straight Cliffs Formation. Deposition of the Wahweap and Formation
occurred as floodplains developed and an alternating sequence of sandstones and shales was
deposited. Subsidence then ceased for a time and uneven erosion of the region occurred.
Subsequent fluvial deposition resulted in the deposition of the Kaiparowits Formation on the
erosional surface. Later, in the early Tertiary period, the area subsided and was filled with a
lake in which the carbonate sediments of the Claron Formation were deposited. Thereafter,
volcanism became active to the west and spread to the margins of the Paunsaugunt. Various
agglomerates and volcanic breccias were deposited along the western margin of the plateau.
Late in the Tertiary period, the Sevier and Paunsaugunt Fault systems became active. During
the Pleistocene, several cinder cones developed which extruded olivine basalts. These include
Bald Knoll, Buck Knoll, and others.

Stratigraphy

Stratigraphic units present in the Alton Coal Field area are described in ascending order below.
A stratigraphic column showing these geologic formations is shown in Figure 9. A
diagrammatic correlation of Cretaceous units in southern and south-central Utah is shown in
Figure 10.

Navajo Sandstone (Lower Jurassic)

The Navajo Sandstone is a light gray to tan, locally cross-bedded massive eolian sandstone that
underlies the region. Where exposed south of the Alton area, it forms the regionally prominent
White Cliffs topographic feature. The Thousand Pockets Tongue of the Navajo Sandstone
intertongues with the overlying Carmel Formation. Thickness of the Navajo Sandstone exceeds
1,000 feet in the Paunsaugunt Plateau region. The Navajo Sandstone does not crop out in the
Coal Hollow Project area.

Carmel Formation (Upper Jurassic)

The Carmel Formation unconformably overlies the Navajo Sandstone in the region. The
Carmel Formation is heterogeneous and consists of limestone, siltstone, sandstone, and gypsum
beds. The formation has been subdivided into several members by previous researchers. These
include the Wiggler Wash Member, the Winsor Member, the Paria River Member, the Crystal
Peak Member, and the Kolob Limestone Member. The thickness of the Carmel Formation
ranges from about 650 to 800 feet in the Alton Coal Field area and the formation thickens to the
west. The Winsor Member of the Carmel Formation crops out in the bottom of the Kanab
Creek drainage in the southernmost portion of the Coal Hollow Project area.

Entrada Sandstone (Upper Jurassic)

The Entrada Sandstone, which may be as thick as 500 feet regionally, is present above the
Carmel Formation in the eastern portion of the Alton Coal Field. The formation consists
predominantly of siltstone and cross-bedded or fine-grained massive sandstone. The formation
is not present in the Coal Hollow Project area.
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Dakota Formation (Cretaceous)

The Dakota Formation contains the economic coal seams in the Alton Coal Field. The
formation consists of fine- to medium-grained sandstone with interbedded gray shale,
carbonaceous shale, and coal. In most locations, shaley strata dominate the formation,
comprising about 60 to 75 percent of the formation. The unit characteristically forms ledge and
slope topography. In the Coal Hollow Project area the Dakota Formation directly overlies the
Carmel Formation. Regionally, the outcrop of the Dakota Formation forms the Gray Cliffs
topographic feature. The economic coal seams in the Alton Coal Field are present near the base
(Bald Knoll coal zone) and near the top of the formation (Smirl coal zone). Local thinner coal
seams that are not of economic importance are present in the center of the formation. The
thickness in the western portion of the Alton Coal Field is about 450 feet. In the eastern portion
of the Alton Coal Field, the Dakota Formation is about 150 feet thick and rests on the Entrada
Sandstone.

Tropic Shale (Cretaceous)

The Tropic Shale consists predominantly of gray and carbonaceous silty shale with a few
marine sandstone beds. The formation typically weathers at the surface to a clayey soil that
typically forms gentle, vegetated slopes. The Tropic Shale is present (in some locations covered
with shallow alluvial or colluvial deposits) at the land surface over most of the Coal Hollow
Project area. The formation was deposited in an open-marine offshore environment during the
maximum westward transgression of the Cretaceous Western Interior Seaway in the Late
Cretaceous (Tilton, 2001). Near the top of the formation, more sandy horizons are interbedded
with the mudstone units of the formation. These sandy units together with the sandstone at the
base of the overlying Straight Cliffs Formation reflect the initial sand influx onto the marine
environment of the Tropic Shale. The thickness of the Tropic Shale in the Alton Quadrangle is
about 700 feet.

Straight Cliffs Formation (Cretaceous)

The Straight Cliffs Formation is approximately 1,200 feet thick in the Alton Quadrangle. The
formation is comprised predominantly of calcite-cemented sandstone and mudstone, with
sandstone composing about 75 percent of the total composition. The sandstones of the Straight
Cliffs Formation make up the lower two-thirds of the ledges radiating out from the southern
Paunsaugunt Plateau. Four members of the Straight Cliffs Formation have been identified in
the Alton Quadrangle by Tilton (2001). These include the Tibbet Canyon Member (orange-
gray weathering fine- to medium grained sandstone), the Smoky Hollow Member (interbedded
sandstone, mudstone, and thin coal), the John Henry Member (interbedded mudstone and
fluvial sandstone), and Drip Tank Member (light-gray cliff forming sandstone). The Straight
Cliffs Formation outcrops on the hillsides east and north of the Coal Hollow Project area.

Wahweap and Kaiparowits Formations (Cretaceous)

The Wahweap Formation is composed of alternating sandy shales and thin- to thick-bedded
sandstones. The unit contains carbonaceous shale and thin coal beds that are not of economic
importance in its lower part. The unit forms step-like topography. Regionally, the Wahweap
Formation is separated from the overlying Kaiparowits Formation by an unconformity. Erosion
of both the Wahweap and Straight Cliffs Formations prior to the deposition of the Kaiparowits
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Formation may have locally reduced the thicknesses of these formations in the vicinity of the
Paunsaugunt Plateau. The Kaiparowits Formation is composed of irregular beds of arkosic
sandstone. The sandstone is weakly cemented by calcite cement. Because of difficulties
identifying mappable boundaries between the Wahweap and Kaiparowits Formations in the
Alton Quadrangle, the formations were mapped as an undivided unit (Tilton, 2001). The total

thickness of the Wahweap and Kaiparowits Formations in the Alton Quadrangle ranges from
about 600 to 800 feet.

Claron Formation (Tertiary)

The Claron Formation (also sometimes known as the Wasatch Formation, although the Utah
Geological Survey uses the name Claron Formation) forms the cap rock over much of the
Paunsaugunt Plateau. The formation is also present west of the Sevier Fault Zone west and
north of the town of Alton. The unit is subdivided into a lower pink (also known as red)
member and an upper white member, both consisting mostly of massive, fine-grained
crystalline limestone of fluvial and lacustrine origin. Resistance to erosion varies both
vertically and horizontally in the Claron Formation, resulting in a series of cliffs and steep
joints. This condition, together with the presence of closely spaced joints, produces the unique
topography associated with the Claron Formation. The Claron Formation is about 800 thick in
the Alton Quadrangle. Also mapped together with the Claron Formation in the Alton
Quadrangle is the Cretaceous Canaan Peak Formation. The Canaan Peak is a thin,
discontinuous formation consisting primarily of conglomerate and conglomeratic sandstone
with some mudstone interbeds sometimes present at the base of the Claron Formation.
Thickness of the Canaan Peak Formation locally ranges from 0 to 30 feet.

Brian Head Formation (Tertiary)

The Brian Head Formation consists of interbedded pink and purplish-gray very fine-grained
sandstone, friable sandstone, conglomerate, siltstone, mudstone, and limey mudstone in its
lower part, and gray to white, fine- to medium-grained sandstone and calcarenite, in part with a
volcanically derived clay matrix. The formation includes rocks present above the underlying
white member of the Claron Formation and the overlying ash-flow tuff of the Needles Range
Group. The unit is not resistant to erosion and has been eroded away from the top of the
Paunsaugunt Plateau in the Alton Quadrangle. The formation is present in the rugged hills west
of the Sevier Fault Zone near the town of Alton. The unit is about 200 feet thick in the Alton
Quadrangle.

Quaternary Deposits
Quaternary deposits present in the area include pediment alluvium, landslide deposits, mass-
wasting debris, and alluvium.

The pediment alluvium deposits in the region consist of poorly sorted alluvial and colluvial silt,
sand, and gravel deposited on broad pediments. After deposition, the pediment surfaces were
abandoned as streams have cut down to lower levels.

Landslide deposits in the area are primarily gravity-transported hummocky deposits of mud,
sand, and occasional blocks of sandstone. Most of the landslide deposits originated from the
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lower portion of the Straight Cliffs Formation and slid onto the underlying Tropic Shale,
although movement within the Tropic Shale has also occurred. A conspicuous series of
progressively built landslide deposits is present east of the Alton Amphitheater as a broad,
rolling apron below the lowest cliffs of the Straight Cliffs Formation. The thickness of the
landslide deposits locally ranges from a few feet to more than 100 feet.

Alluvium deposits in the region consist of unconsolidated clay, silt, sand, and gravel in and near
existing drainages. These deposits exist as stream and fan alluvium and terrace deposits. In the
headwaters of the mountain streams, the alluvial material consists predominantly of sand and
gravel. In downstream areas, the alluvial material consists mostly of mud derived from the
Tropic Shale. Alluvial thickness in the Alton Quadrangle typically ranges from a thin covering
to about 10 feet or more.

Additionally, an igneous dike consisting of black, fine-grained porphyritic olivine basalt is
present northeast of Alton near Kanab Creek.

Structure

Rock strata in the region dip gently toward the north and north-east, generally from 1 to 5
degrees. The Alton Coal Field is bounded on the east by the Paunsaugunt Fault, on the west by
the Sevier Fault. Regional displacements on these two faults are about 1,000 to 2,000 feet, and
100 to 800 feet, respectively. Additionally, several faults with lesser displacements have been
mapped in the region, including the Sand Pass Fault zone (about 400 feet of offset), the Bald
Knoll Fault (about 650 feet of offset), and the Sink Valley Fault. Most local faults in the Alton
Quadrangle trend in a northerly or north-westerly direction, are several miles long, and are near
vertical. A preminent north- to northwest-trending vertical joint set is present in the Upper
Cretaceous sandstone rocks in the region. Stratal dips vary appreciably near the fault zones.

Description of Coal Seam Geology

The coal seams in the Alton Coal Field are located in the Smoky Hollow Member of the
Straight Cliffs Formation, and in the Dakota Formation. The coal seam in the Smoky Hollow
Member, which occurs within the lower 3 feet of the Member, is only a few inches in thickness
and is not of economic importance. Within the Dakota Formation, two regionally important
coal zones are present. These include the Smirl coal zone, which is located near the upper
formational contact with the Tropic Shale, and the Bald Knoll coal zone, which is located about
200 feet below the Smirl coal zone near the base of the Dakota Formation. Some previous
researchers have included the Smirl coal zone as part of the overlying Tropic Shale.

The coal in the Alton Coal Field is reported to have an apparent rank of sub-bituminous B, with
an average heating value of about 9,560 Btu, an average sulfur content of 1.0 percent, and an
average ash content of 7.2 percent (Tilton, 2001). Doelling (1972) reports that coal in the Alton
area is a high-volatile C Bituminous coal. Doelling also reports that a coal sample from the
Smirl Mine contained 0.56 percent sulfur: 0.01 percent sulfate, 0.11 percent pyritic sulfur, and
0.44 percent organic sulfur. The sample also contained 18.5 percent moisture and 6.3 percent
ash.
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Doelling (1972) reported that the Smirl coal zone is 14 to 18 feet thick without splits, while the
Bald Knoll coal zone contains several coal seams separated by thin splits, with the thickest
seam being 4.8 feet thick. Within the Alton Quadrangle, five small mines and two prospects
have been worked. Production from these mines was small, with a total production from all
mines of 35,000 and 50,000 tons from the late 1920s to 1969, when the last mine closed. The
last operating mine in the Alton Coal Field was the Smirl Mine, which was located about 1.5
miles south of the town of Alton. In its last year of operation, a total of 1,597 tons of coal was
produced. The Smirl Mine portal was sealed by the Utah Division of Oil, Gas and Mining in
1992.

7.0 Presentation of Data

Discharge, potentiometric, and water-quality data for springs, streams, and wells in the
proposed Coal Hollow Mine permit and adjacent area are presented in Table 4. Baseline
monitoring locations are plotted on Figure 11. The results of the spring and seep survey are
presented in Appendix B. Monitoring station details are presented in Table 1. The locations
of monitoring wells in the proposed Coal Hollow Mine permit and adjacent area are shown in
Figure 12. Monitoring well completion data are presented in Table 5. Potentiometric data
from monitoring wells in the proposed permit and adjacent area are presented in Table 13.
Discharge and water level hydrographs for springs, streams, and wells are presented in Figure
13. Stiff (1951) diagrams depicting solute chemical compositions for groundwaters and
surface-waters are shown on Figure 14. Stiff diagrams are a useful analytical tool in
evaluating the geochemical compositions of groundwaters and surface-waters. The solute
composition (chemical type) of the water is represented by the shape of the diagram. The
size of the Stiff diagram is a function of the total dissolved solids (TDS) concentration.
Stable and radiogenic isotopic compositions of groundwaters and surface-waters in the
proposed Coal Hollow Mine project and adjacent area are presented in Table 6. Hydraulic
conductivity measurements determined from slug testing are presented in Table 7. Stable
isotopic 8°H and 8"*0 compositions for groundwaters and surface-waters are plotted on
Figure 15.

8.0 Solute and Isotope Chemistry

8.1 Solute Chemistry

Groundwaters discharging from alluvial springs and surface waters flowing in streams in
upland recharge areas east of the proposed Coal Hollow Mine permit area commonly acquire
their solute compositions through a series of well-documented chemical reactions. These are
briefly summarized below.
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Carbon dioxide gas is produced naturally in the soil at concentrations greatly exceeding
atmospheric concentrations by root-zone respiration and also by the decay of organic matter.
Recharge water (rain and snow melt), upon entering the soil mantle, reacts with CO; to
produce carbonic acid according to:

COz + H0 = H,COs (carbonic acid) (Equation 1)

The produced carbonic acid subsequently dissociates into hydrogen ions (acid) and
bicarbonate according to:

H,COs; =H"+HCO;3;"  (Equation 2)

The H' produced from Equation 2 reacts with carbonate minerals pervasive in the rocks of
the Alton Coal Field, yielding calcium and magnesium ions and additional bicarbonate ions
to the water according to:

CaCO5 (aicitey + H = Ca®" + HCO3”  (Equation 3)
and
CaMg(CO3)s (dolomite) + 2H" = Ca®" + Mg®* + 2 HCO;”  (Equation 4)

Because of the limited solubility of calcite and dolomite in the absence of an additional
source of CO,, waters acquiring their solute compositions through the geochemical
evolutionary pathway described in Equations 1 through 4 typically have relatively low TDS
concentrations.

Groundwaters or surface waters of the low-TDS calcium—bicarbonate or calcium—
magnesium-—bicarbonate type upon entering the Tropic Shale or Tropic Shale-derived alluvial
sediments can experience appreciable increases in TDS concentration and a change in
chemical type due to the dissolution of various soluble minerals present in the Tropic Shale.
Although a leaching study of the Tropic Shale sediments has not been performed in this
investigation, geochemical reactions potentially occurring in marine shales may include:

CaSOy - 2H0 (gypsum) = Ca** + 2,0 (Equation 5)

NSOy (thenarditey = Na' + 280, (Equation 6)

NaCl (alitey = Na"+CI (Equation 7)

N2;SO; - 10H20 (miraboiite) = Na' + 2S04 + 10H,0  (Equation 8)
Waters rich in Ca®" resulting from the dissolution of gypsum (Equation 5) may undergo ion
exchange on clay minerals present in the Tropic Shale resulting in an increase in Na~

concentrations at the expense of exchanged Ca*" ions according to:

Ca’* + Na-clay = 2Na" + Ca-Clay  (Equation 9)
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Ion exchange may also occur on zeolite minerals such as the sodium zeolite analcime
according to:
2NaAlSi,O¢ - H,O + Ca*" = Ca(AlSi,06); - H,O +2Na”  (Equation 10)

Through reactions 9 and 10, groundwater may evolve chemically into Na' - SO4* chemical
type with elevated TDS concentration. An elevated TDS, Na" - SO,* chemical type may also
result directly from the dissolution of thenardite (Equation 6), a highly soluble mineral
potentially present in Tropic Shale sediments. The dissolution of halite (Equation 7), where

present, results in elevated CI” concentrations and also contributes a corresponding quantity
of Na".

It is noteworthy that while Ca** and HCO5 concentrations are largely constrained by the
solubilities of calcite (Equation 3), Mg2+ concentrations are elevated in some groundwaters
and surface waters in groundwater discharge area B (Table 4; Figures 14 and 16). The source
of the elevated Mg®" remains problematic. The dissolution of soluble magnesium bearing
minerals such as epsomite (MgSO4 - 7H>0) and magnesium chloride (MgCl,) potentially
present in the Tropic Shale may be all or in part responsible for the observed Mg*" in the
groundwater. Additionally, kinetic restraints inhibiting dolomite precipitation may also
contribute to the observed elevated magnesium concentrations (i.e., dolomite is readily
dissolved in the presence of CO», but is not easily precipitated).

8.2 Isotope Chemistry

8.2.1 Deuterium (5°H) and Oxygen-18 (5'%0)

The 5°H and 8'%0 composition of a water molecule falling as precipitation is determined
primarily by the temperature at which nucleation of the water droplet occurs. Other effects
related to the bulk composition of the water vapor phase, such as cloud rainout and
orographic effects, also can affect the stable isotopic composition of precipitation water.

It is useful to analyze stable isotopic 8°H and &'*0 compositions relative to the meteoric
water line (MWL). The MWL is derived empirically from worldwide 8°H and 8'%0
compositions of coastal precipitation waters. Water falling as precipitation in coastal areas
will plot along the meteoric water line. Precipitation that forms in cold conditions will plot
lower on the MWL relative to precipitation forming under warmer conditions. This
relationship is also commonly evident in the plotting locations of waters recharging at
different elevations. Waters recharging in high-elevation areas will typically plot lower on
the MWL than will waters recharging at lower elevations. A local meteoric water line may
be determined by analyzing and plotting the 8’H and 8"0 compositions of local precipitation
waters. In the central Utah coal fields, precipitation waters often plot slightly to the right of
the global meteoric water line. The plotting locations of waters which have undergone
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evaporation will commonly plot along an evaporation trajectory, migrating progressively
higher and to the right of the non-evaporated source water.

In most non-thermal hydrogeologic environments, the stable isotopic §°H and 8'%0
compositions of groundwaters are set at the time of recharge and are not affected appreciably
by interactions with the aquifer skeleton (i.e., mineral dissolution and precipitation reactions
and groundwater residence times). Thus, the stable isotopic chemistry of a groundwater can
be evaluated independent of the chemical composition of the water. Stable isotopic 8°H and
8'*0 compositions are commonly used to differentiate groundwaters from different sources
(i.e., isotopic fingerprinting of waters).

The 8*H and 8'%0 compositions of groundwaters and surface-waters in the proposed Coal
Hollow Mine permit and adjacent area are presented in Table 6 and plotted together with the
meteoric water line in Figure 15. It is apparent in Figure 15 that the average Kanab Creek
surface waters can be differentiated from surface waters in the Swapp Hollow and Water
Canyon drainages. Additionally, the stable isotopic compositions of groundwaters in the
alluvial groundwater discharge area A (Figure 15) are similar to those of the Swapp Hollow
and Water Canyon drainages. The plotting locations for most of the groundwaters in alluvial
groundwater area B are also similar to the surface waters in Swapp Hollow and Water
Canyon drainages, suggesting a possible groundwater recharge origin for the alluvial
groundwater systems in Sink Valley. The plotting locations for spring SP-6 (Table 6) are
considerably to the right of the MWL and higher than other alluvial groundwaters, which is
consistent with evaporative effects in the relatively stagnant pool associated with the seep at
SP-6. The plotting locations for the Dakota Formation/Fault waters (SP-4) are somewhat
lower on the MWL, suggesting that the recharge time and/or mechanism for this water may
be different from groundwaters in the alluvial groundwater systems in Sink Valley.

Two samples plot considerably to the right of the meteoric water line in Figure 15. The
anomalous plotting locations for these samples are most likely attributable to laboratory
analytical error.

8.2.2 Radiocarbon (**C) and Tritium H)

Radiocarbon and tritium isotopic information is useful for determining groundwater mean
residence times. However, it is important to note that groundwater arriving at groundwater
discharge points (i.e. springs or wells) rarely travels via pure piston flow. Rather, it is not
uncommon for groundwater molecules discharging at springs or wells to have migrated to the
discharge point from several different locations, each having recharged at different times.
Consequently, the term “mean groundwater residence time”, which is the average age of all
of the water molecules sampled, is commonly used when evaluating the age of groundwater.

In this investigation, both tritium and radiocarbon (‘*C) have been used to estimate the mean
residence time of groundwaters. Tritium is used here primarily as a qualitative tool,
indicating whether a groundwater has a component of water that recharged since about 1954.
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The presence of tritium in a groundwater, which has a half-life of about 12.3 years, is
indicative of water that has recharged in about the past 50 years. The radiocarbon M)
content of a groundwater is used to calculate the number of years that have elapsed since the
groundwater became isolated from soil-zone gasses and near-surface groundwaters.
Groundwaters with radiocarbon activities greater than about 50 pmc in carbonate-rich terrains
are usually indicative of modern groundwater. Groundwaters with radiocarbon activities
significantly greater than about 50 pmc indicate the presence of anthropogenic carbon
commonly associated atmospheric weapons testing, also suggesting modern origin.

With the exception of the Dakota Formation/fault groundwater at SP-4, all groundwaters
analyzed for tritium had concentrations greater than about 2.75 tritium units, indicating a
component of modern recharge (Table 6). Groundwater at SP-4 contained no tritium.
Surface water from Swapp Hollow (SW-8) was analyzed for tritium to evaluate the tritium
content of current mountain-front recharge waters. The tritium content measured at SW-8
(8.07 TU) is appreciably greater than that of the groundwaters discharging down-gradient
from springs and wells. For several reasons, calculations of groundwater residence times
based on tritium contents are not straightforward. However, this information does suggest
that the mean travel time from mountain-front recharge areas to discharge areas in Sink
Valley is likely on the order of several years to perhaps a few tens of years (although certainly
less than about 50 years). Tritium information from the groundwater discharging from the
Dakota Formation/fault system at SP-4 indicates that the groundwater system has been
isolated from the surface for at least the past 50 years.

Similarly, radiocarbon data from all alluvial groundwaters sampled in the alluvial
groundwater system in Sink Valley indicate modern recharge. Anthropogenic ¢ is also
present in these groundwaters, confirming a modern recharge origin. Radiocarbon data from
the Dakota Formation/fault groundwater at SP-4 indicates a mean groundwater residence
time of approximately 1,000 years.

9.0 Groundwater Systems

The depositional history of geologic formations in the proposed permit and adjacent area has
resulted in a heterogeneous sequence of rocks that have a profound effect on the movement and
availability of groundwater. Within the proposed Coal Hollow Mine permit and adjacent area,
groundwater systems in only the Dakota Formation, Tropic Shale, and alluvial sediments are
situated such that potential impacts from mining operations could possibly occur. Groundwater
systems occurring in the bedrock stratigraphic sequence of the Paunsaugunt Plateau east of the
proposed 630-acre Coal Hollow Mine permit area are located large distances laterally and
topographically up-gradient of proposed mining areas such that there is no reasonably plausible
mechanism whereby groundwater systems in these formations could be impacted by mining

activities. Consequently, groundwater systems in these up-gradient areas are not considered
further here.
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Similarly, it should be noted that the first water-bearing strata underlying the coal seam to be
mined in the proposed Coal Hollow Mine permit area from which appreciable quantities of
groundwater can be produced is the Navajo Sandstone. The Navajo Sandstone aquifer is of
regional significance in that it provides groundwater of good quality to domestic, agricultural,
and municipal wells regionally and provides baseflow to springs and streams. The Navajo
Sandstone does not crop out in the proposed Coal Hollow Mine permit and adjacent area.
The formation is effectively isolated from proposed mining areas by more than 1,000 feet of
rock strata of the Dakota and Carmel Formations (which includes large thicknesses of low-
permeability shales and siltstones). The Navajo Sandstone aquifer will not be impacted by
mining operations at the proposed Coal Hollow Mine permit area and, consequently, is not
further evaluated 1n this investigation.

[t is noteworthy that within the proposed Coal Hollow Mine permit and adjacent area,
bedrock formations dip gently to the east — northeast, while the surface topography slopes
gently in approximately the opposite direction (to the west, southwest, and south).

The minimal groundwater systems in the two bedrock formations potentially impacted by
mining operations at the proposed Coal Hollow Mine permit area are described below. It is
noteworthy that no water wells are known to exist in either the Tropic Shale or the Dakota
Formation in the proposed Coal Hollow Mine permit and adjacent area, demonstrating the
inability of these formations to transmit useful quantities of water to wells. Groundwaters
from the Tropic Shale and Dakota Formation do not contribute measurable baseflow to
streams in the proposed permit and adjacent area (at least water flowing at the surface in
stream channels).

9.1 Tropic Shale

The water-bearing and water-transmitting properties of the Tropic Shale are poor. Lithologic
data collected during drilling in the lower portion of the Tropic Shale indicates that the Tropic
Shale in the proposed mining area is composed primarily of uniform shale or silty shale with
high clay content with thin interbeds of clayey siltstone. No appreciable water inflows were
encountered during drilling activities in the Tropic Shale in the proposed mining areas and no
spring discharge from the formation has been observed within the proposed Coal Hollow Mine
permit area. It should be noted that more resistant siltstone and sandstone strata, through which
the potential for groundwater migration is greater than in the lower part of the formation, are
sometimes present in the upper portion of the Tropic Shale locally. However, in the proposed
Coal Hollow Mine permit area, the upper portion of the Tropic has been eroded away, leaving
only the lower part in proposed mining areas. Other than a single seep (SP-37; Appendix B)
which discharges at a rate of less than about 0.05 gpm from an a sandy horizon along the
eastern margin of lower Sink Valley, no springs or seeps with measurable discharge have
been identified in the Tropic Shale in the proposed Coal Hollow Mine permit and adjacent
area. The lack of appreciable groundwater discharge in the Tropic Shale is a result of the
poor water transmitting properties of the marine shale unit. The Tropic Shale acts as a barrier
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impeding downward migration of groundwater in the proposed Coal Hollow Mine permit and
adjacent area where it is present. The unit also forms a basal confining layer for alluvial
groundwater systems in the proposed permit area.

9.2 Dakota Formation

The Tropic Shale in the proposed permit area is underlain by the Dakota Formation, which
crops out in the western portion of the proposed permit area and also west of the proposed
permit area near Kanab Creek (Figure 6). Recharge to the Dakota Formation through the
overlying Tropic Shale is likely negligible due to the poor groundwater transmitting properties
of the Tropic Shale discussed above.

Groundwater discharge from the Dakota Sandstone in the permit and adjacent area is meager.
The Dakota Formation consists predominantly of shaley strata interbedded with lenticular,
fine- to medium-grained sandstone and coal. Because of the pervasiveness of interbedded
low-permeability horizons in the formation and the vertical and lateral discontinuity of
sandstone horizons, the potential for vertical and horizontal movement of groundwater is
limited. Although aquifer-quality sandstone strata may exist within the formation,
appreciable groundwater migration through the formation over large distances likely does not
occur due to the lenticular, discontinuous nature of these permeable sandstones.
Consequently, groundwater discharge from the rocks of the Dakota Formation in the proposed
Coal Hollow Mine permit and adjacent area is not appreciable.

While no springs discharge from the Dakota Formation in the permit area, a spring with a
discharge of about 1 gpm and displaying little seasonal variability in discharge is present in
the southern portion of the study area in Sink Valley Wash (SP-4; Figure 11). This spring
discharges from an apparent fault zone in the Dakota Formation. Additionally, two minor
seeps with discharges of less than 0.05 gpm (SP-27 and SP-34; Appendix B) seep from the
Dakota Formation or colluvial sediments in lower Sink Valley more than }2 mile south of the
proposed Coal Hollow Mine permit area.

It should be noted that the results of slug testing performed on wells screened in the Smirl
coal seam of the upper Dakota Formation indicate relatively low values of hydraulic
conductivity for the coal seam (Table 7). In much of the proposed mining area, the coal seam
is dry (UDOGM, 2007). Thus, appreciable influx of groundwater through the Smirl coal
seam into proposed mine workings is not anticipated.

9.3 Alluvial Groundwater Systems

Natural groundwater discharge in the permit and adjacent area occurs primarily from alluvial
sediments. Alluvial discharge occurs both as discrete springs and seeps (Figure 11;
Appendix B) and also locally as diffuse seepage to the surface. The seasonal variability in
discharge rates from groundwater systems is depicted in discharge and water-level
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hydrographs for springs and wells in Figure 13. Groundwater discharge areas in the proposed
Coal Hollow Mine permit and adjacent area are shown on Figure 16. The area of most
appreciable alluvial groundwater discharge occurs in central Sink Valley in the northwest
quarter of Section 29, T39S, RSW (see Figure 16; groundwater discharge area A). The
alluvial groundwater system in this area exists under artesian conditions, resulting from the
presence of a considerable thickness (about 60 feet) of low permeability clayey sediments
overlying coarser, water-bearing alluvial sediments at depth (See cross-section Y — Y’ in
Figure 8). The artesian alluvial groundwater system in Sink Valley is likely recharged via
mountain-front-recharge along the flanks of the Paunsaugunt Plateau to the east and north of
the proposed Coal Hollow Mine permit area. The alluvial groundwater system that exists
along the eastern margins of Sink Valley is likely continuous from near mountain-front
recharge areas southward along the eastern margins of Sink Valley to the lower portion of
Sink Valley.

A 28-hour pump test was performed in January 2007 in the alluvial groundwater system in
Sink Valley using Y-61 (Figure 11) as the pumping well. Y-61 is a steel-cased water well
(6.625-inch casing) that is 150 feet deep and screened in the coarse alluvial sediments in Sink
Valley. During the pumping of Y-61, contemporaneous discharge measurements were made
on four nearby alluvial springs and contemporaneous monitoring of water levels in 20
monitoring wells was also performed. A similar pumping test at Y-61 was performed in the
1980°s by Utah International, Inc. The purpose of this pump test was:

1. To evaluate the potential hydraulic connection between the coarse grained portion of
the alluvial groundwater system and the silty, clayey, and sandy alluvial sediments
overlying areas planned for mining at the proposed Coal Hollow Mine, and

2. To characterize the aquifer parameters of the coarse-grained, artesian portion of the
alluvial groundwater system that supports springs and flowing artesian wells in the
area.

A plot of the pumping drawdown and recovery in well Y-61 is presented in Figure 17. Plots
of contemporaneous groundwater potentiometric levels in monitoring wells and discharge
rates in nearby alluvial springs are presented in Figure 18. It is evident in Figure 18 that there
is good hydraulic communication between the artesian alluvial groundwater system in which
Y-61 is screened and the groundwater systems that support nearby springs. Additionally, a
more muted potentiometric response was observed in monitoring wells located near the
eastern margins of the proposed mining areas (Figure 18). This suggests some degree of
hydraulic communication between the artesian alluvial groundwater near Y-61 and the lower
permeability alluvial sediments overlying the easternmost extent of proposed mining areas.
Responses to pumping at Y-61 were not observed in other wells in the clayey and silty
alluvial system near proposed mining areas. The lack of an observed response in
potentiometric levels in the more distant wells may indicate a low degree of hydraulic
communication between these areas, or alternatively, it may be that the distances from these
wells to the pumping well was too great for a potentiometric response to be measured.
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The pumping tests performed at Y-61 indicate a relatively high value of hydraulic
conductivity for the coarse-grained alluvial groundwater system on the order of 6 x 107
cm/sec (Table 7).

In order to more fully characterize the hydrogeologic conditions in the proposed mining
areas, 30 monitoring wells were constructed in the area during the winter of 2006-2007.
Inspection of drill cuttings and split-spoon samples indicate that the sediments overlying
proposed mining areas are dominated by clayey, silty, and some fine-grained sandy
sediments. Tropic Shale bedrock underlies the alluvial sediments in all areas proposed for
mining. Coarse-grained sediments were generally not observed in proposed mining areas.
Stratigraphic information obtained from drilling activities and monitoring well completion
information is presented in Tables 5 and 8.

Slug testing of 20 of the newly constructed wells was performed during January 2007. The
results of these slug tests are presented in Table 7. Generally, as anticipated, the values of
hydraulic conductivity for the clayey, silty, and sandy sediments overlying proposed mining
areas are relatively low, and are several orders of magnitude lower than those in the adjacent
coarse-grained portion of the alluvial groundwater system in Sink Valley.

Using Darcy’s Law, which may be expressed as:

Q=KIA

Where Q = groundwater discharge rate
K = hydraulic conductivity
I = hydraulic gradient
A = cross-sectional area

Order-of-magnitude estimates for groundwater inflow rates into the mine workings at the
proposed Coal Hollow Mine were calculated. A conservative value of 0.10 for the hydraulic
gradient was utilized in these calculations. These results are presented in Table 8. Based on
the inherent degree of uncertainty in slug testing, the calculations presented in Table 8 should
be considered as order-of-magnitude estimates.

It is noteworthy that while artesian pressures exist in the coarse-grained portion of the alluvial
groundwater system, appreciable vertical hydraulic gradients (either upward or downward)
were generally not observed in nested monitoring wells in proposed mining areas.

Discharge from the alluvial groundwater systems in and adjacent to the proposed Coal
Hollow Mine permit area occurs primarily in two areas (Figure 16). In the northwest quarter
of Section 29, T39S, R5SW, considerable natural discharge from the alluvial groundwater
system occurs through springs and seeps (Figure 16; groundwater discharge area A). Minor
discharge from several flowing artesian wells also occurs in this area. The artesian alluvial
groundwater system in eastern Sink Valley also likely provides recharge to the clayey alluvial
sediments in the southwestern portion of the valley in the proposed Coal Hollow Mine permit
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area. Discharge from the alluvial groundwater system in groundwater discharge area A
results in decreases to the amount of water in storage in the alluvial groundwater system and
also decreases in artesian hydraulic pressure in the aquifer.

Appreciable discharge from the alluvial groundwater system also occurs in lower Sink Valley
in the northwest quarter of Section 32, T39S, RSW (see Figure 16; groundwater discharge
area B). Sink Valley constricts markedly in this area, which forces shallow alluvial
groundwater flowing down the valley to discharge at the land surface as springs, seeps, and
diffuse discharge to the surface (i.e., there is a significant decrease in the cross-sectional area
of the alluvial sediments).

Much of the alluvial groundwater in Sink Valley likely ultimately leaves the valley via
evapotranspiration. This conclusion is based on the observation that there is very rarely any
discharge of surface water (at least at the surface in the channel) in Sink Valley Wash below
Sink Valley (See site SW-9; Figure 11; Table 4). The clayey, low-permeability sediments
present at the surface over most of Sink Valley also impede appreciable infiltration of
precipitation and snow melt waters into the deeper subsurface. Hence, groundwater recharge
to the lower half of the Sink Valley sediments (including the proposed Coal Hollow Mine
permit area) likely occurs primarily via horizontal migration of alluvial groundwaters from
up-gradient areas.

Flowing artesian groundwater conditions are also observed in monitoring wells screened near
the base of the alluvial sediments in the northwest corner of Section 32 T39S, R5W (see
Figure 16, area B). It is probable that the artesian alluvial groundwater system in Section 29,
T39S, R5W is continuous with that in the northwest corner of Section 32. It should be noted
that within the proposed Coal Hollow permit area, flowing artesian conditions were not
observed in any of the monitoring wells. While the thickness of the alluvial sediments in the
artesian groundwater system east of the proposed Coal Hollow permit area ranges up to 150
feet, the thickness of alluvium overlying areas with mineable coal in the proposed Coal
Hollow permit area generally does not exceed about 50 feet and in many locations it is
considerably thinner.

Natural discharge of alluvial groundwater in the Robinson Creek drainage area is meager.
This condition is largely due to the presence of the elevated ridge of impermeable Tropic
Shale bedrock associated with the Sink Valley Fault that dissects and effectively isolates the
alluvium east of the fault from that west of the fault (Figure 6). Because of the low
permeability of the Tropic Shale, this condition forces alluvial groundwater east of the Tropic
Shale ridge to flow to the south toward Sink Valley that would otherwise report to the
Robinson Creek drainage. During high flow conditions in the alluvial groundwater system
east of the Tropic Shale ridge, minor amounts of groundwater “overtop” the bedrock ridge
and drain via surface flow over the Tropic Shale bedrock, where it either recharges shallow
alluvial sediments to the west of the fault or is lost to evapotranspiration. The influence of
the Tropic Shale ridge is readily evident in field observations, with marked differences in
vegetation and soil moisture being apparent on opposite sides of the ridge. During low-flow
conditions, discharge from the overtopping of the bedrock ridge has generally not been
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observed. Isolated areas of soil wetness and shallow perched alluvial groundwater systems
that exist west of the bedrock ridge in the northeast corner of Section 30 and the southeast
corner of Section 19, T39S, R5W are likely at least partly sourced via this mechanism.

Seepage of alluvial groundwater into the deeply incised lower Robinson Creek stream
channel occurs near the contact with the underlying Dakota Formation in the southeast
quarter of Section 19, T39S, RSW. This water is likely related to saturated alluvial deposits
underlying the Robinson Creek stream channel. The alluvial groundwater emerges near
where the saturated alluvial sediments intersect the mostly impermeable Dakota Formation
bedrock in the base of the stream channel. It is noteworthy that the location of the emergence
of alluvial water in the channel has varied somewhat over time. The Robinson Creek stream
channel above this location is almost always dry (except for in direct response to torrential
precipitation events or during the springtime runoff season during wet years. This seepage of
alluvial water in the Lower Robinson Creek channel is typically about 5 to 10 gpm or less
and is routinely monitored at monitoring station SW-5 (Figure 11).

Appreciable spatial variability exists in water quality in groundwaters and surface waters in
the proposed Coal Hollow permit and adjacent area. Stiff diagrams depicting solute
compositions and overall water quality for groundwaters and surface waters in the proposed
Coal Hollow Mine permit and adjacent area are shown in Figure 14. Important water quality
characteristics for groundwaters are summarized below.

Groundwater Source Chemical type TDS (mg/L)

Alluvial groundwaters, Calcium- 380 mg/L to 500 mg/L typically,
coarse-grained system east of | magnesium- Little seasonal variability
proposed permit area bicarbonate

Alluvial groundwaters in Variable, 450 mg/L to 3,600 typically,
south sink valley magnesium- Highly variable based on location,

bicarbonate sulfate, | season, and climate for shallow
calcium-magnesium- | systems, less variability in deeper

bicarbonate system
Dakota Formation, fault Sodium-bicarbonate | 500 mg/L to 600 mg/L typically,
groundwater system south of Little seasonal variability

roposed permit area

It is apparent that the overall water quality of alluvial groundwater degrades from the coarse-
grained artesian groundwater system east of the proposed Coal Hollow permit area to the
non-artesian shallow alluvial groundwater systems located in the more distal portions of Sink
Valley. These changes are due to groundwater interaction with soluble minerals in the
primarily Tropic Shale-derived sediments (described above) that make up the shallow alluvial
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materials in the proposed permit area. The effects of evapoconcentration may also contribute
to the increased TDS concentrations of these groundwaters.

In the natural condition, alluvial groundwater systems in Sink Valley do not contribute
measurably to baseflow in Sink Valley Wash. Rather, most alluvial groundwater in the basin
is likely lost to evapotranspiration. Evaporite minerals at the land surface and high-TDS soil
conditions that would eventually build up as a result of evapotranspiration process are likely
flushed from the system periodically during torrential precipitation events and during the
springtime snowmelt event. Consequently, because alluvial groundwater does not contribute
appreciably to surface-water flows in the area, if impacts to water quality in the alluvial
groundwater system the potential for impacts to important water-quality parameters in the
surrounding areas

It is noteworthy that the groundwater that naturally discharges in the northwest 4 of Section
32, T39S, R5W is of generally poorer quality that that discharge at up-gradient locations in
the alluvial groundwater system, suggesting that interaction between the Tropic Shale or
Tropic Shale-derived alluvial sediments has occurred.

10.0 Surface-Water Systems

All surface waters in the proposed Coal Hollow Mine permit and adjacent area are tributary
to Kanab Creek. Surface waters in the northern portion of the proposed permit and adjacent
area drain into the Robinson Creek and upper Kanab Creek drainages. Surface waters in the
southern portion of the proposed permit and adjacent area drain into the Sink Valley Wash
drainage which is tributary to Kanab Creek about 6 miles below the proposed Coal Hollow
Mine permit area. Surface water drainages in the permit and surrounding areas are shown in
Figure 19. Surface water baseline monitoring stations are shown on Figure 11. Discharge
rates and seasonal variability occurring in surface-water systems in the proposed Coal Hollow
Mine permit and adjacent area are depicted in Figure 13.

Surface waters in Kanab Creek are used for stock watering and crop irrigation in the irrigable
lands adjacent to Kanab Creek west of the proposed Coal Hollow Mine permit area.
Discharge in Kanab Creek measured near the town of Alton (SW-1) is seasonally dependent
and largely influenced by upstream water use. Discharge in Kanab Creek monitored at SW-1
typically ranges from 10 cfs or less during the springtime runoff period to 1 cfs or less during
the summertime.

Discharge in the Lower Robinson Creek drainage is meager. Other than during the
springtime runoff event in wet years or during torrential precipitation events, flow has not
been observed at monitoring stations SW-4 and SW-101 (Figure 11). This condition is
largely attributable to the relatively small drainage area of the Lower Robinson Creek
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drainage, most of which is located at lower elevations along the margins of the Paunsaugunt
Plateau (Figure 19). While surface discharge at SW-4 and SW-101 generally only occurs in
direct response to precipitation or snowmelt events, a meager discharge at the lower
monitoring site on Lower Robinson Creek (SW-5; Figure 13) is often present. The small
discharge occasionally present at SW-5 is derived from the seepage of alluvial groundwater
into the Lower Robinson Creek stream channel between monitoring sites SW-101 and SW-5

Tributaries to the Sink Valley Wash drainage in the proposed Coal Hollow Mine permit and
adjacent areas include (from north to south) Water Canyon, an unnamed drainage south of
Water Canyon in Section 21 T39S, R5W, and Swapp Hollow. Discharge rates in these
drainages are highly seasonally dependent (Table 4; Figure 13). Discharges in the Water
Canyon and Swapp Hollow drainages are intermittent or perennial in nature with sustained
discharge peaks occurring in response to seasonal melting of winter snowpack on the
adjacent Paunsaugunt Plateau. The more substantial discharges that occur in these drainages
are attributable to the relatively larger size of these drainages and that fact that much of the
drainage areas is situated in upland portions of the Paunsaugunt Plateau (Figure 19). Surface-
water discharges in these streams decline markedly during the summer and fall months as the
snowpack wanes and regional temperatures increase. Climatic variability in discharge rates
in these streams is also evident (Table 4; Figure 13). It should be noted that during the 2005
season, much greater than normal precipitation occurred and these conditions are reflected in
increased discharges in streams in the area (Table 4). Discharge in the unnamed drainage in
Section 21 T39S, R5SW is ephemeral. Discharge has not been observed in this canyon during
the period of baseline monitoring (Table 4).

The water quality and discharge characteristics of surface waters in the proposed Coal
Hollow Mine permit and adjacent area are tabulated in Table 4. Solute compositions of
stream waters are also depicted graphically as Stiff diagrams in Figure 14. The solute
compositions of surface waters in the proposed Coal Hollow Mine permit and adjacent area
are summarized below.

Investigation of Groundwater and Surface-Water 25 12 June 2007
Systems in the Proposed Coal Hollow Mine
Permit and Adjacent Area




PETERSEN HYDROLOGIC, LLC

Source

Chemical type

TDS (mg/L)

Lower Robinson Creek
above proposed permit area

Calcium-magnesium-
bicarbonate when present

300 mg/L typical

(SW-4)
Lower Robinson Creek near | Variable, magnesium-sulfate- | 300 — 3,000 mg/L typical,
proposed permit area (SW- bicarbonate dependent on discharge, TDS
101; SW-5) can increase appreciably
where torrential precipitation
water interacts with native
sediments.
Swapp Hollow Calcium-magnesium- 250-350 mg/L typical
bicarbonate
Water Canyon (RID-1 Calcium-magnesium- 250-280 mg/L typical
diversion) bicarbonate
Kanab Creek Magnesium-calcium- 500-1,300 mg/L typical,
bicarbonate-sulfate during Variable dependent on
high flow, variable during season and irrigation use
low-flow, variability likely
due largely to interaction
with Tropic Shale soils and
irrigation return flows
Sink Valley Wash Magnesium-calcium- 600 -1,500 mg/L typical,

bicarbonate

variable dependent on
discharge

Section 21 draiange

No flow present

No flow present

Considerable seasonal variability exists in the solute compositions of stream waters in Kanab
Creek in the proposed Coal Hollow Mine permit and adjacent area (Table 4). During low-
flow conditions, interactions between stream waters and Tropic Shale or Tropic Shale-

derived sediments likely result in increased TDS concentrations. Return flow from irrigated
fields and interactions with soils rich in soluble minerals may also contribute to increased
TDS concentrations in the summertime. During the spring runoff season, high surface-water
flows that originate from the adjacent upland areas dominate the flow in the channel. The
TDS concentrations of Kanab Creek waters during high-flow conditions are thus lower than
during the low-flow season. Much less seasonal variability in solute content in surface water
flows from the mountain stream in Swapp Hollow and Water Canyon (Table 4). This
condition is likely attributable to the fact that the stream in Swapp Hollow, which originates
on geologic formations overlying the Tropic Shale, has considerably less contact with the
Tropic Shale than does Kanab Creek. Additionally, there are no known irrigation diversions
or returns above the stream monitoring point (SW-8; Figure 11) in Swapp Hollow.
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11.0 Probable Hydrologic Consequences Determination

This section describes the probable hydrologic consequences of surface coal mining in the
proposed Coal Hollow Mine permit area. The mining and reclamation plan has been
designed to minimize potential adverse impacts to the hydrologic balance. It should be noted
that this PHC may be updated periodically as required as additional hydrogeologic
information and mining data become available in the future.

11.1 Potential adverse impacts to the hydrologic balance

Other than the possible short-term diminution in discharge rates from alluvial groundwater
systems, including the potential short-term diminution of discharge rates from some springs
and seeps in Sink Valley, appreciable adverse impacts to the hydrologic balance, either on or
off the permit area are not expected to occur. The basis for this determination is discussed
below.

As discussed in Section 721 above, minimal groundwater resources exist in the Tropic Shale,
which directly overlies the coal reserves in proposed mining areas. Groundwater in the
Tropic Shale does not provide measurable baseflow discharge to streams in the area. The lack
of appreciable groundwater flow in the Tropic Shale is a result of the poor water transmitting
properties of the marine shale unit. Consequently, it is anticipated that little groundwater will
be encountered in the Tropic Shale in mining areas. Thus, the potential for adverse impacts
to the hydrologic balance resulting from mining through the Tropic Shale in the proposed
Coal Hollow Mine permit area is minimal.

Similarly, as described above, groundwater resources in the Dakota Formation underlying the
coal seam to be mined are not appreciable. This condition is fundamentally a result of the
heterogeneity of the rock strata in the Dakota Formation which impedes the ability of the
formation to transmit groundwaters significant distances vertically or horizontally. The
presence of the essentially impermeable Tropic Shale on top of the Dakota Formation also
minimizes the potential for vertical recharge to the Dakota Formation. Mining operations
will remove the overlying Tropic Shale rock strata from the Dakota Formation in addition to
the Smirl coal seam deposit at the top of the Dakota Formation in mined areas. However,
because the pre-mining hydraulic communication between the Tropic Shale and the
underlying Dakota Formation in planned mining areas is believed to be minimal, the removal
of the Tropic Shale overburden and Smirl coal seam from the Dakota Formation, followed by
the rapid backfilling of pit areas with low-permeability fill materials should not result in
adverse impacts to the hydrologic balance in the Dakota Formation (i.e., the post-mining
degree of hydraulic communication between the Dakota Formation and the overlying low-
permeability backfill material will be similar to that of the pre-mined condition).

It should be noted that the first water-bearing strata underlying the coal seam to be mined in
the proposed Coal Hollow Mine permit area from which appreciable quantities of
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groundwater can be produced is the Navajo Sandstone. The Navajo Sandstone aquifer is of
regional significance in that it provides groundwater of good quality to domestic, agricultural,
and municipal wells regionally and provides baseflow to springs and streams. The Navajo
Sandstone does not crop out in the proposed Coal Hollow Mine permit and adjacent area.
The formation is effectively isolated from proposed mining areas by more than 1,000 feet of
rock strata of the Dakota and Carmel Formations (which includes large thicknesses of low-
permeability shales and siltstones). The Navajo Sandstone aquifer will not be impacted by
proposed mining operations. It should be noted that some previously proposed mining
operations in the Alton Coal Field have proposed drilling and pumping of large amounts of
groundwater from high-capacity production wells in the Navajo Sandstone aquifer for
operational use. No such wells are planned in the proposed Coal Hollow Mine permit and
adjacent area.

Of primary importance to the hydrologic balance in the proposed Coal Hollow Mine permit
and adjacent area are alluvial groundwater systems. As discussed in Section 8 above, alluvial
groundwater systems in the area support springs, seeps, diffuse groundwater discharge, and a
limited number of wells. The bulk of the alluvial groundwater flux through the area occurs in
alluvial sediments that include coarse-grained and finer-grained sediments near the eastern
margins of Sink Valley, east of the proposed Coal Hollow Mine permit area. Lesser
quantities of alluvial groundwater migrate through finer-grained alluvial sediments
(predominantly clays, silts, and sands) in the western portions of Sink Valley and in the
Lower Robinson Creek drainage within the proposed Coal Hollow Mine permit area.
Discharges from alluvial groundwater systems in Sink Valley do not contribute measurable
quantities of baseflow to streams (at least at the surface in the stream channel). Alluvial
groundwater systems in the Lower Robinson Creek area are much less extensive than the
alluvial groundwater systems in Sink Valley. Other than the re-emergence of alluvial
groundwater flowing beneath the Lower Robinson Creek stream channel where the stream
channel exists directly on bedrock substrate, discharge from the alluvial groundwater system
as springs or seeps in Lower Robinson Creek is generally not observed. Perched groundwater
conditions exist locally in the alluvial groundwater system in the Lower Robinson Creek
drainage.

In the general sense, surface coal mining activities in the proposed Coal Hollow Mine permit
area have the potential to impact groundwater systems primarily through three mechanisms:

1)  Where water-bearing strata in proposed mining areas are mined through,
groundwater systems within these strata will obviously be directly intercepted,

2)  Where groundwater flow paths through mine openings are interrupted,
groundwater flow in down-gradient areas could be diminished, and

3)  Where mine openings intercept permeable strata, groundwater resources in up-
gradient areas could potentially be diminished if appreciable quantities of
groundwater were to be drained from up-gradient areas.

The potential for the occurrence of each of these potential impacts are described in the
following.
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11.2 Direct Interception of Groundwater Resources

As discussed above, groundwater resources in the relatively impermeable Tropic Shale in the
proposed permit area are meager. Consequently, it is improbable that direct interception of
appreciable groundwater in the Tropic Shale will occur. Additionally, because Tropic Shale
groundwater systems generally do not support discharges to springs or provide baseflow to
streams, the potential interception of limited quantities of groundwater in the Tropic Shale
will not adversely impact the hydrologic balance. Similarly, groundwater resources in the
Dakota Formation (including within the Smirl coal seam) are meager. While the Smirl coal
seam will be extracted through mining operations, the underlying strata of the Dakota
Formation will not be disturbed. Consequently, adverse impacts to groundwater systems n
the Dakota Formation through direct interception of groundwater resources are not
anticipated.

Alluvial groundwater systems in planned mining areas in the proposed Coal Hollow Mine
permit area will be directly intercepted by the mine openings. It is not anticipated that the
direct interception of shallow alluvial groundwater will adversely impact the overall
hydrologic balance in the region. This is because no springs, seeps or other important
groundwater resources have been identified in proposed mine pit areas. In the pre-mining
condition, any diffuse groundwater discharge to the ground surface that occurs is primarily
lost to evapotranspiration and does not contribute appreciably to the overall hydrologic
balance in the area.

11.3 Diminution of down-gradient groundwater resources

Where groundwater flow paths that convey groundwater to down-gradient areas exist in areas
that will be mined, there is the potential that diminution of down-gradient groundwater
resources could occur. In the proposed Coal Hollow Mine permit area, it is considered
unlikely that appreciable diminution of down-gradient resources will occur as a result of
mining and reclamation activities. The basis of this conclusion is presented below.

Groundwater resources in the Tropic Shale are meager and groundwater flow rates are very
slow through the marine shale unit. Groundwater systems in the Tropic Shale do not support
appreciable spring or seep discharge nor do they provide measurable baseflow to streams
down-gradient of mining areas. Consequently, the potential for adverse impacts to the
hydrologic balance as a result of mining through Tropic Shale is considered minimal.

Similarly, groundwater resources in the Dakota Formation are meager. The potential for
lateral and vertical migration of groundwater through the formation is limited by the
pervasiveness of low-permeability shaley strata in the formation and the lateral discontinuity
of permeable strata. Groundwater systems in the Dakota Formation do not support
appreciable spring or seep discharge nor do they provide measurable baseflow to streams
down-gradient of mining areas. Additionally, with the exception of the relatively low-
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permeability Smirl coal seam located at the top of the formation, groundwater systems in
Dakota Formation rock strata below the coal seam will not be disturbed by mining and
reclamation activities. Consequently, the potential for adverse impacts to the hydrologic
balance as a result of mining through Dakota Formation strata is considered minimal. It
should be noted that spring SP-4 discharges at about 1 gpm approximately 1.1 miles south of
the proposed Coal Hollow Mine permit area from an apparent fault/fracture system in the
Dakota Formation that may be related to the Sink Valley Fault. It is unlikely that appreciable
migration of groundwater through the Sink Valley Fault system in the relatively impermeable
Tropic Shale or shallow alluvium in the proposed Coal Hollow Mine permit area occurs.
Consequently, it is considered unlikely that mining and reclamation activities in the proposed
Coal Hollow Mine permit area will cause a diminution of discharge from spring SP-4.

Alluvial groundwater systems in proposed mining areas area supported primarily by clays,
silts, and fine-grained sands. In proposed mining areas in Sink Valley, appreciable coarse
grained alluvial sediments were not encountered in drill holes or back-hoe excavations.
Significant layers of clean coarse alluvium, which could rapidly convey significant amounts
of groundwater were likewise not observed. The results of slug testing performed on wells in
and adjacent to proposed mining areas likewise suggest that the potential for rapid migration
of groundwaters through alluvial sediments in proposed mining areas is low (Tables 7 and 8).
These data and observations suggest that the flux of groundwater migrating through the
alluvial sediments in proposed mining areas in Sink Valley (that could support down-gradient
groundwater systems) is not large. Much of the groundwater migrating through the alluvial
sediments in proposed mining areas (in the East ¥4 of Section 30, T39S, RSW) likely leaves
the groundwater system through diffuse discharge to the land surface and is lost
evapotranspiration and does not contribute to the overall hydrologic balance in the area. In
Sink Valley, a preferential pathway for alluvial groundwaters through deep coarse-grained
alluvial sediments likely exists along the east side of Sink Valley. While the thickness of the
alluvium in proposed mining areas in Sink Valley generally does not exceed 50 feet (and in
many locations is much less), the alluvial sediments along the eastern side of Sink Valley
adjacent to proposed mining areas range from about 120 to 140 feet. Of the total flux of
groundwater through the alluvial groundwater systems in Sink Valley, most of the flux is
likely through this coarse-grained portion of the system. The percentage of the total flux that
migrates through clayey and silty alluvial sediments in proposed mining areas along the
western flanks of Sink Valley is likely much less.

It should be noted that highly permeable strata were encountered from about 60 to 75 feet
depth just above the bedrock interface at the SS well cluster (monitoring well SS-75; Table
5). This well is screened in an area of burned or eroded coal (the coal is absent) and
consequently, mining will not occur at this location. The coal seam is present at the nearby
C9 cluster area. Were mining operations to intercept this highly permeable zone, substantial
groundwater inflows into the mine openings could occur. Consequently, prior to surface
mining in this area, the boundary between the competent coal seam and the area of burned or
eroded coal will be more precisely defined by drilling or other suitable techniques such that
mine openings can be designed to avoid these areas of potentially large groundwater inflows.

Investigation of Groundwater and Surface-Water 30 12 June 2007
Systems in the Proposed Coal Hollow Mine
Permit and Adjacent Area




PETERSEN HYDROLOGIC, LLC

As discussed above, alluvial groundwater from Sink Valley discharges to several springs and
seeps and as diffuse discharge to the ground surface in the northwest % of Section 32, T39S,
R5W (see Figure 16; groundwater discharge area B). This groundwater discharge is likely a
result of the constriction in Sink Valley in this area and the corresponding decrease in the
cross-sectional area of the alluvial sediments in the valley, which forces groundwater to
discharge at the surface. Most of the groundwater discharge in this area is likely derived
from the up-gradient alluvial groundwater systems in the eastern portion of the valley (i.e.,
the coarse-grained portion of the alluvial groundwater system), which is situated east of the
proposed Coal Hollow Mine permit area. This conclusion is based on 1) the substantially
larger cross-sectional area of the alluvium in the deeper eastern portion of the valley relative
to that in proposed mining areas near the western margins of the valley, 2) the higher
hydraulic conductivity of the sediments in the coarse-grained part of the alluvial system, and
3) the lack of other apparent discharge mechanisms for the coarse-grained system further
downstream in Sink Valley Wash (i.e., there are no significant alluvial springs or seeps
further downstream in Sink Valley Wash and the system apparently does not contribute
measurable baseflow to Sink Valley Wash further downstream (at least at the surface in the
stream channel, as evidenced by the lack of baseflow in the wash monitored at SW-9).

Because most of the alluvial groundwater discharge supporting springs and seeps in this area
is likely not derived from groundwater systems that underlie planned mining areas in the
proposed Coal Hollow Mine permit area, it is considered unlikely that discharges from the
springs and seeps in northwest % of Section 32 T39S, RSW will be appreciably diminished as
a result of the proposed mining and reclamation activities. While considered unlikely, some
temporary impacts to discharge rates from springs and seeps in this area are possible. In
particular, it should be noted that mining in the southernmost portions of the proposed Coal
Hollow Mine permit area has a somewhat greater potential to decrease groundwater discharge
rates at spring SP-6, which is located about 600 feet below the southernmost proposed
mining areas (Figure 11). SP-6 is an alluvial seep which has been impounded with an earthen
dam from which measurable discharge is generally not present.

It is critical to note that individual mine pits in this area will remain open for short lengths of
time, generally no more than about 60 to 120 days. Mining operations in the vicinity near the
alluvial groundwater discharge area in the northwest %4 of Section 32 T39S, RSW are planned
to be completed in about 1 year. Thus, any potential impacts to discharge rates from down-
gradient groundwater systems will be short-lived. Following the backfilling and reclamation
of mine openings, the potential for interception or re-routing of alluvial groundwater away
from the groundwater discharge area in northwest ¥ of Section 32 T39S, RSW will be
negligible. As stated above, most of the flux through the Sink Valley alluvial groundwater
system that supports springs and seeps in the area occurs in the eastern portion of the valley,
which will not be impacted by mining and reclamation activities. Consequently, long-term
impacts to discharge rates from springs and seeps in this area are not anticipated. It should
also be noted that if increased quantities of groundwater were to be encountered in mine
workings in lower Sink Valley such that the water would need to be discharged to surface
drainages, the mine water will ultimately be discharged to the Sink Valley Wash drainage
(i.e., the water will remain in its drainage basin).
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Alluvial groundwater systems in the Lower Robinson Creek area are much less extensive
than the alluvial groundwater system in Sink Valley. Perched groundwater conditions exist
locally in the alluvial groundwater system in the Lower Robinson Creek drainage. Other than
the re-emergence of alluvial groundwater flowing beneath the Lower Robinson Creek stream
channel where the stream channel exists directly on bedrock substrate, discharges from the
alluvial groundwater system as springs or seeps in Lower Robinson Creek are not observed.
Consequently, mining operations in the Lower Robinson Creek drainage will likely not result
in diminution of down-gradient groundwater resources.

It should be noted that the proposed Coal Hollow Mine plan calls for the permanent diversion
of a reach of the Lower Robinson Creek stream channel approximately 2,000 feet in length in
the southeast %4 of Section 19, T39S, R5W. Details of the proposed diversion are given in
Chapter 5, Section 527.220 of this MRP. If this action results in diminution of groundwater
or surface-water resources, where required a suitable mitigation for this potential impact will
be designed and implemented in consultation with the Division of Oil, Gas and Mining.

If any Utah State appropriated water rights are impacted by mining and reclamation
operations in the proposed Coal Hollow Mine, these will be replaced according to all
applicable Utah State laws and regulations using the designated water replacement source
described in Chapter 7 of the Coal Hollow Mine MRP (Section 727).

11.4 Draining of up-gradient groundwater resources

Where surface mining occurs adjacent to up-gradient groundwater systems, there is a
potential that draining of groundwater from the up-gradient groundwater system into the mine
voids could occur. This condition could occur if a sufficiently large and permeable stratum
were to be intercepted that is in good hydraulic communication with the up-gradient
groundwater system through which appreciable quantities of water could be transmitted.

To more fully evaluate the potential for draining of up-gradient groundwater resources, a
field investigation was performed during the winter of 2006-2007 that was designed to
facilitate the characterization of the alluvial groundwater system in the proposed Coal Hollow
Mine permit and adjacent area. Specifically, this program was designed 1) to better define
the vertical and lateral extent of permeable, coarse-grained sediments in the alluvial
groundwater system, 2) to characterize the water bearing and water transmitting properties of
alluvial sediments, and 3) to evaluate the degree of hydraulic communication between the
coarse-grained portion of the alluvial system in Sink Valley and the clayey alluvial sediments
in proposed mining areas.

This field investigation included 1) the drilling and installation of 30 monitoring wells, 2) the
performance of a 28-hour pumping and recovery test on alluvial production well Y-61 with
contemporaneous measuring of water levels in the monitoring well network and
contemporaneous measuring of spring discharge rates at three alluvial springs, and 3) the slug
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testing of 20 monitoring wells to determine approximate values of hydraulic conductivity.
The results of the field investigation including analysis of the data collected in the
investigation are summarized below.

Other than occasional pebbles or small rocks, coarse-grained sediments (i.e., gravels and
coarse sands) were not encountered in the drilling of wells along the eastern margins of
proposed mining areas in Sink Valley (C1, C2, C3, and C4 well clusters). Rather, the
sediments encountered in the drilling of these wells were dominated by clays and silts with
subordinate amounts of fine-grained sand. Similarly, coarse-grained deposits were not
encountered in well clusters C6, C7, C8, and C9. There was no indication during drilling of
any appreciable thickness of highly permeable strata through which groundwater could
rapidly be transmitted (although it should be noted that the presence of thin sand layers are
difficult to identify in wet auger drilling returns). Similarly, appreciable amounts of high-
permeability coarse-grained alluvial sediments were not noted in alluvial sediments
investigated in backhoe excavated pits and erosional escarpments in Sink Valley.

The hydraulic heads measured in alluvial monitoring wells near proposed mining areas in
Sink Valley (C2, C3, C4, C7, C8, and C9) did not indicate artesian pressures. Rather,
marked upward or downward vertical hydraulic gradients were not observed in any of these
areas and water levels were consistently within several feet of the ground surface.

The results of pump-testing in the alluvial groundwater system demonstrate that the springs
in the northwest % of Section 29, T39S, RSW are in direct hydraulic communication with the
coarse-grained alluvial groundwater system in which the pumping well Y-61 is screened.
Discharge rates (or water levels at Sorensen Spring) measured at each of the four springs (SP-
8, SP-14, SP-20, and Sorensen spring) monitored during the 28-hour pumping test responded
to pumping at the well. Monitoring wells at clusters C2, C3, and C4 near the easternmost
proposed mining areas also showed small, muted responses, with declines measured in water
levels during the 28-hour test ranging from about 0.05 to 0.10 feet. Other monitoring wells
in proposed mining areas did not respond measurably to pumping at Y-61. It should be noted
that after the pumping well was turned off at the end of the 28-hour pumping test, spring
discharge rates and water levels in alluvial monitoring wells recovered to approximate pre-
testing levels.

The results of slug testing of wells in the proposed Coal Hollow Mine and adjacent area are
presented in Table 7. Using these hydraulic conductivity values together with measured
thicknesses of saturated alluvial sediments determined during drilling, and hydraulic gradient
values determined from water levels measured in monitoring wells, rates of estimated
groundwater inflows to mine openings have been calculated using Darcy’s Law (Table 8).

Darcy’s Law may be expressed as.
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The values listed in Table 8 are reported as inflow rates per 100 lineal feet of mine openings
oriented perpendicular to the groundwater flow direction. Calculations at individual
locations are adjusted for the thickness of the saturated alluvium at that location. For all
calculations in Table 8, a gradient of 0.10 has been used, which is considered a conservative
estimate for the alluvial groundwater system in the vicinity of the planned Coal Hollow Mine
workings. It is important to note that while values for saturated aquifer thickness and local
hydraulic gradient in the alluvial groundwater system can be determined relatively precisely,
hydraulic conductivity values determined from slug testing methods are generally considered
as order-of-magnitude estimates. Consequently, the information from Table 8 should be used
for general purposes only. The estimated groundwater inflow rates presented in Table 8
suggest that copious, unmanageable amounts of alluvial groundwater will likely not be
encountered.

As surface mining operations advance toward the alluvial groundwater discharge area in the
northwest ¥4 of Section 29, T39S, R5W (See Figure 16; groundwater discharge area A), the
information in Table 8 suggests that groundwater inflow rates in this area will be modest,
generally on the order of a few tens of gallons per minute or less per 100 lineal feet of mine
opening. However, it should be noted that, as discussed above, if mine openings in this area
were to intersect a substantial thickness of coarse-grained alluvial material that was in good
hydraulic communication with the coarse-grained alluvial system located along the eastern
margins of Sink Valley, substantially greater rates of groundwater inflow could occur. Based
on the information in Tables 7 and 8, this is not considered likely.

As mining operations advance toward the alluvial groundwater discharge area in the
northwest ¥4 of Section 29, T39S, R5W (See Figure 16; groundwater discharge area A) and
groundwater discharge from up-gradient alluvial groundwater systems occurs, there is the
potential that discharge rates from alluvial springs in this area could be diminished. The
magnitude of this potential impact will be largely dependent on the drainage rate and volume
of groundwater that may be drained from the up-gradient alluvial groundwater system.

The potential for diminution of discharge from alluvial springs near proposed mining areas
near the northwest ¥ of Section 29, T39S, R5W will be minimized because:

1)  As mining progresses toward the groundwater discharge area in the northwest 4
of Section 29, T39S, RSW (see Figure 16, groundwater discharge area A),
groundwater inflows into mine openings and discharge rates from the nearby alluvial
springs will be closely monitored. If groundwater inflow rates into mine openings are
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excessive, where necessary Alton Coal Development, LLC will use a suitable
technique to minimize groundwater inflow rates into the mine. These techniques may
include the use of bentonite or natural clay filled cutoff walls or other means where
appropriate to isolate and protect groundwater resources up-gradient of mining
activities, and

2)  Individual mine pits in the proposed Coal Hollow Mine will remain open for
short lengths of time, generally no more than about 60 to 120 days. Consequently,
any potential impacts to spring discharge rates in the alluvial groundwater system in
this area will likely be short-lived. Because the alluvial groundwater recharge areas
are located well up-gradient of proposed mining areas (mountain-front recharge) and
will not be impacted, recharge to the alluvial system should continue uninterrupted, it
is anticipated that water levels in the artesian groundwater system should recover
from any mining-related declines in hydraulic head subsequent to the completion of
mining in the area.

Groundwater discharge from the springs in the northwest % of Section 29, T39S, R5W (See
Figure 16; groundwater discharge area A) do not contribute any measurable basetlow
discharge to streams in the area. This conclusion is based on the lack of any baseflow
discharge in streams down-gradient of this area in Sink Valley (see monitoring data for SW-6
and SW-9). Rather, most of this discharge is likely ultimately lost to evapotranspiration as
the water migrates across the low-permeability, near-surface clayey sediments in Sink Valley.
Consequently, the potential temporary diminution of discharge from alluvial springs in the
northwest ¥4 of Section 29, T39S, R5W would not result in appreciable adverse impacts to
the surrounding hydrologic balance.

If any Utah State appropriated water rights are impacted by mining and reclamation
operations in the proposed Coal Hollow Mine, these will be replaced according to all
applicable Utah State laws and regulations using the designated water replacement source
described in Chapter 7 of the Coal Hollow Mine MRP (Section 727).

11.5 Presence of acid-forming or toxic-forming materials

Chemical information on the acid- and toxic-forming potential of earth materials naturally
present in the proposed permit area are presented in the Coal Hollow Mine MRP (Appendix
6-2). Chemical information on the low-sulfur Smirl coal seam proposed for mining is
presented in the Coal Hollow Mine MRP (Appendix 6-1; confidential binder). Based on
laboratory analytical data, it is apparent that acid-forming and toxic-forming materials that
could result in the contamination of surface-water or groundwater supplies in the proposed
Coal Hollow Mine permit and adjacent area are generally not present.
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Selenium was not detected in any of the samples from the proposed Coal Hollow Mine
permit area. Likewise, concentrations of water-extractable boron were also low, being less
than 3 mg/kg in all samples analyzed. The pH of groundwaters in and around the proposed
Coal Hollow Mine permit area is moderately alkaline (UDOGM, 2007). Data in the Coal
Hollow Mine MRP (Appendix 6-2) likewise indicate moderately alkaline conditions in
sediments in the proposed permit area. The solubility of dissolved trace metals is usually
limited in waters with alkaline pH conditions. Consequently, high concentrations of these
metal constituents in groundwaters and surface waters with elevated pH levels are not
anticipated. Additionally, most of the materials that will be handled as part of mining and
reclamation activities in the proposed Coal Hollow Mine area are of low hydraulic
conductivity (i.e. clays, silts, shales, siltstones, claystones, etc.). Consequently, it is
anticipated that groundwater seepage volumes through low-permeability backfill and
reclaimed land surfaces in reclaimed mine pit areas and excess spoils storage areas will not
be large. Additionally, reclaimed areas will be regraded, sloped, and otherwise managed to
minimize the potential for land erosion, to restore approximate surface-water drainage
patterns, and also to minimize the potential for ponding of surface waters on reclaimed areas
(other than “roughening” or “gouging” of some areas to enhance reclamation). Thus, the
potential for interactions between large amounts of disturbed earth materials and
groundwaters and surface waters, which could result in leaching of chemical constituents into
groundwater and surface-water resources, will be minimized.

Additionally, the mining plan calls for the emplacement of 40 inches of suitable cover
material over backfilled areas made up of material types which could appreciably impact
vegetation (materials with elevated SAR ratios or other physical or chemical characteristics
that could adversely impact vegetation).

The neutralization potential greatly exceeded the acid potential in all samples analyzed, with
the neutralization potential commonly exceeding the acid potential by many times, suggesting
that acid-mine-drainage will not be a concern at the proposed Coal Hollow Mine. Acid-
forming materials in western coal mine environments often consist of sulfide minerals,
commonly including pyrite and marcasite, which, when exposed to air and water, are
oxidized causing the liberation of H" ions (acid) into the water. Oxidation of sulfide minerals
may occur in limited amounts in the mine pits where oxygenated water encounters sulfide
minerals. However, the acid produced by pyrite oxidation is quickly consumed by dissolution
of abundant, naturally occurring carbonate minerals (see Coal Hollow Mine MRP; Appendix
6-2). Dissolved iron is readily precipitated as iron-hydroxide in well aerated waters, and
consequently excess iron is not anticipated in mine discharge water.

Other acid-forming materials or toxic-forming materials have not been identified in
significant concentrations nor are such suspected to exist in materials to be disturbed by
mining.

Because of the overall low-permeability of the rock strata and sediments surrounding the
mine workings (primarily the shales and claystones of the lower Tropic Shale), the potential
for seepage of mine water outward into adjacent stratigraphic horizons is low. Additionally,
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because the floors of the mine pits need to be accessible in order to extract the coal, the
mining operations will be carried out in such a manner that the accumulation of large
amounts of water in the mine pits will be avoided.

11.6 Sediment yield from the disturbed area

Erosion from disturbed areas will be minimized through the use of silt fences and other
sediment control devices. Surface runoff occurring on disturbed areas will be collected and
treated as necessary to remove suspended matter. Four diversion ditches along with four
sediment impoundments are proposed for the permit area. In addition, miscellaneous
controls such as silt fence and berms are also proposed for specific areas. The proposed
locations for these structures are shown in Chapter 5 of the Coal Hollow Mine MRP
(Drawings 5-3, Drawings 5-25 through 5-34, and Appendix 5-2).

The smallest practicable area, consistent with reasonable and safe mine operational practices
will be disturbed at any one time during the mining operation and reclamation phases. This
will be accomplished through progressive backfilling, grading, and prompt revegetation of
disturbed areas. The backfilled material will be stabilized by grading to promote a reduction
of the rate and volume of runoff in accordance with the applicable requirements. The excess
spoil and fill above approximate original contour will be graded to a maximum 3h:1v slope
and revegetated to minimize erosion.

Cut ditches will be established on the shoulders of all primary roads to control drainage and
erosion. Cut and fill slopes along the primary roads will be minimal and are not expected to
cause significant erosion. In locations where there are culvert crossings (i.e. Lower Robinson
Creek), the fills slopes will be stabilized by utilizing standard methods such as grass matting
or straw wattles. The location and details for roads can be viewed in Chapter 5 of the Coal
Hollow Mine MRP (Drawings 5-3 and 5-22 through 5-24).

Through the implementation of these sediment control measures, it is anticipated that
sediment yield from disturbed areas in the proposed Coal Hollow Mine permit area will be
minimized.

11.7 Impacts to important water quality parameters

As discussed above, appreciable quantities of groundwater are not anticipated to be
intercepted in the Tropic Shale overlying proposed mining areas. Consequently, discharge of
Tropic Shale groundwaters from mining areas is not anticipated. Because of the very low
hydraulic conductivity of the marine Tropic Shale unit which immediately overlies the coal in
proposed mining areas, the lateral migration of appreciable amounts of groundwater outward
from proposed mine pit areas is not anticipated. Therefore, no impacts to important water
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quality parameters in surrounding groundwater and surface-water resources that could result
from the interception of Tropic Shale groundwaters is anticipated.

Similarly, appreciable quantities of groundwater are not expected to emanate from the Dakota
Formation in the mine floor into the mine openings. This conclusion is based on the fact that
1) vertical and horizontal groundwater flow in the Dakota Formation is impeded by the
presence of low-permeability shales that encase the interbedded lenticular sandstone strata in
the formation (i.e., the formation is not a good aquifer), 2) appreciable natural discharge from
the Dakota Formation in the surrounding area to springs or streams is not observed,
supporting the conclusion that the natural flux of groundwater through the formation is
meager, and 3) mining will commence near the truncated up-dip end of the formation,
minimizing the potential for elevated hydraulic head in the Dakota Formation. The results of
slug testing performed on wells screened in the Smirl coal seam indicate relatively low values
of hydraulic conductivity for the coal seam (Table 7). In much of the proposed mining area,
the coal seam is dry. Thus, large inflows of groundwater from the coal seam into mine
workings are not anticipated. Likewise, the potential for seepage out of mine pits through the
coal seam is minimal. Consequently, impacts to important water-quality parameters in the
Dakota Formation potentially resulting from mining operations are not anticipated, nor are
impacts to important water-quality parameters in surrounding groundwater and surface-water
systems anticipated as a result of interactions with intercepted Dakota Formation
groundwater.

The water quality of groundwaters in the alluvial groundwater system up-gradient of mining
operations will likely not be impacted by mining and reclamation activities in the proposed
Coal Hollow Mine. If alluvial groundwaters intercepted by mine openings were allowed to
flow into the mine pits, there would be the potential for substantially increased TDS
concentrations as the water interacts with the marine Tropic Shale and the Smirl coal seam.
This occurrence will be avoided.

As groundwater naturally migrates through the shallow, fine-grained alluvial sediments in the
proposed Coal Hollow Mine permit and adjacent area (most evident in Sink Valley), the
quality of the water is naturally degraded (Table 4; Figure 14). In the distal portions of Sink
Valley, most notably concentrations of magnesium, sulfate, and bicarbonate are elevated in
the alluvial groundwater.

The potential for TDS increases associated with interaction of waters with the Tropic Shale
can be minimized by avoiding contact where practical between water sources and earth
materials containing soluble minerals. Where possible, groundwater that will be encountered
in alluvial sediments along the margins of mine pit areas will be routed through pipes, ditches
or other conveyance methods away from mining areas via gravity drainage so as to prevent or
minimize the potential for interaction with sediments disturbed by mining operations
(including contact with the mined coal seam). If diverted alluvial groundwater were allowed
to interact extensively with the Tropic Shale bedrock or Tropic Shale-derived alluvial
sediments, similar increases in magnesium, sulfate, bicarbonate, and TDS concentrations
would be anticipated. Consequently, where intercepted groundwaters will be routed around
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disturbed areas through pipes or well-constructed and maintained ditches, it is anticipated
that detrimental impacts to important water quality parameters in these waters will be
minimal.

The pumping and discharging of mine water from mine pits at the proposed Coal Hollow
Mine permit area is not anticipated. The impoundment of substantial quantities of water
within the mine pits would likely result in degradation of groundwater quality and is also not
compatible with the proposed surface mining technique (the coal extraction operations occur
at the bottom of the mine pit and thus they cannot be performed in flooded mine pits). As
discussed above, the only likely foreseeable source of appreciable quantities of groundwater
is from the alluvial groundwater systems overlying the low-permeability Tropic Shale in
proposed mining areas. Where this alluvial groundwater is encountered in mining areas, it
will be diverted away from mine workings prior to significant interaction with sediments in
disturbed areas. Any discharge from the mine pits that does occur will be regulated under a
Utah UPDES discharge permit.

As discussed above, acid mine drainage is not anticipated at the proposed Coal Hollow Mine
permit area. This is due primarily to the relatively low sulfur content of the coal and rock
strata in the permit and adjacent area, and to the pervasiveness of carbonate minerals in the
soil and rock strata which neutralize the acidity of the water if it occurs. If sulfide mineral
oxidation and subsequent acid neutralization via carbonate dissolution were to occur,
increases in TDS, calcium, magnesium, sulfate, and bicarbonate concentrations (and possibly
also sodium concentrations via ion-exchange with calcium or magnesium on exchangeable
clays) would be anticipated.

As described in Chapter 5, Section 532, surface runoff that occurs on disturbed areas will be
treated through sedimentation ponds or other sediment-control devices and particulate matter
will be allowed to settle prior to the discharging of the water to the receiving water, thus
controlling suspended solids concentrations.

At any mining operation there is the potential for contamination of soils, surface-water and
groundwater resources resulting from the spillage of hydrocarbons. Diesel fuels, oils,
greases, and other hydrocarbons products will be stored and used at the mine site for a variety
of purposes. A spill Prevention Control and Countermeasure Plan will be implemented that
will help minimize any potential detrimental impacts to the environments.

Spill control kits will be provided on all mining equipment and personnel will be trained to
properly control spills and dispose of any contaminated soils in an appropriate manner.

Based on these findings, it is concluded that the potential for mining and reclamation
activities in the proposed Coal Hollow Mine permit area to cause detrimental impacts to

important water quality parameters is minimal.

11.8 Flooding or streamflow alteration
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As described above, appreciable groundwater inflow from the Tropic Shale and Dakota
Formation into mine pits at the proposed Coal Hollow Mine are not anticipated. Appreciable
groundwater inflows are anticipated only from the relatively thin, overlying alluvial
groundwater systems. The thickness of the alluvium adjacent to mine openings in the
proposed mining areas is generally less than 40 to 50 feet. The hydraulic conductivity of the
predominantly clayey and silty alluvial sediments is low, and consequently, very large or
sudden groundwater inflows into mine openings are not anticipated. Where appreciable
alluvial groundwater is encountered adjacent to mine openings, it will be routed away from
mining areas through ditches of other conveyance mechanisms. Consequently, discharge of
mine water from the mine pits is not anticipated. The rates of alluvial groundwater drainage
that could occur will likely not be of a magnitude that could potentially cause flooding or
streamflow alteration in either the Sink Valley Wash or Lower Robinson Creek drainages.

If excess groundwater were to be encountered during mining operations such that it could not
be adequately managed or discharged in compliance with the Utah UPDES discharge permit
(which is considered unlikely), Alton Coal Development, LLC may when necessary construct
supplemental containment and settlement ponds in which mine discharge waters may be held
for treatment (where necessary) and subsequent discharge through UPDES discharge points
in compliance with the UPDES discharge permit, minimizing the potential for flooding or
streamflow alteration in areas adjacent to mining.

It should be noted here that the principal surface-water drainages in and adjacent to the
proposed Coal Hollow Mine permit area are in many locations not stable in their current
configurations (see photograph section). These stream drainages are currently actively
eroding their channels during precipitation events, resulting in rapid down-cutting and deep
entrenchment of stream channels, the formation of unstable near-vertical erosional
escarpments adjacent to stream channels (which occasionally spall off into the stream
channel), aggressive headward erosion of stream channels and side tributaries, and the
transport of very large quantities of sediment associated with torrential precipitation events.
These processes are currently actively ongoing in the proposed permit and adjacent area and
the upper extents of these erosional processes are in many locations migrating upward in
stream channels, resulting in ever-increasing lengths of unstable stream channels. This
condition is reportedly a result of land management practices in the late 1800’s or early
1900’s.

The surface-water drainages adjacent to the proposed Coal Hollow Mine permit area have
large discharge capacities (lower Sink Valley Wash, Lower Robinson Creek, and Kanab
Creek). These drainages periodically convey very large amounts of precipitation water
associated with torrential precipitation events. The anticipated discharge rates from alluvial
groundwater drainage and the maximum reasonably foreseeable amount of mine discharge
water that could potentially be required to be discharged from mine pits is much less than that
periodically occurring during major torrential precipitation events. While the addition of
modest amounts of sediment-free water into these stream channels has the potential to cause
minor increases in channel erosion, the magnitude of this potential impact is inconsequential
relative to that occurring during torrential precipitation events.
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Most precipitation waters falling on disturbed areas will be contained in diversion ditches and
routed to sediment impoundments that are designed to impound seasonal water and storms.
Sediment control facilities will be designed and constructed to be geotechnically stable. This
will minimize the potential for breaches of sediment control structures, which if they occur
could result in down-stream flooding and increases in stream erosion and sediment yield.
Emergency spillways will be part of the impoundment structures to provide a non-destructive
discharge route should capacities ever be exceeded.

Details associated with these structures can be viewed in Chapter 5 of the Coal Hollow Mine
MRP (see Drawings 5-25 through 5-34 and Appendix 5-2).

Following reclamation, stream channels will be returned to a stable state to the extent possible
given the currently highly unstable state of natural drainage channels in the area. Stream
channels will be designed to withstand anticipated storm events, thus minimizing the potential
of flooding in the reclaimed areas.

The potential for flooding or streamflow alteration resulting from mining and reclamation
activities at the proposed Coal Hollow Mine permit area is considered minimal.

11.9 Groundwater and surface water availability

Groundwater use in the proposed Coal Hollow Mine permit and adjacent area is generally
limited to stock watering and domestic use in Sink Valley. Some limited use of spring
discharge water for irrigation has occurred in Sink Valley, although such irrigation is not
occurring presently nor has it occurred in at least the past 10 years. The areas of groundwater
use in the proposed Coal Hollow Mine permit and adjacent area are located in the northwest
Y4 of Section 29, T39S, R5W (see Figure 16; groundwater discharge area A), and in the
northwest %4 of Section 32, T39S, R5W (see Figure 16; groundwater discharge area B). The
likely future availability of groundwater in each of these areas is discussed below.

11.9.1 Groundwater discharge area A (Northwest Y, Section 29, T39S, RSW)

Groundwater use in area A occurs from several alluvial springs and seeps that are used for
stock watering and limited domestic use. As described in Section 728.311 above, short-term
diminution in discharge rates from springs in northwest ¥4 of Section 29, T39S, R5W are
possible as mining operations advance toward these springs. This potential impact is
associated with the possible drainage of up-gradient alluvial groundwater into mine openings
as mining advances toward groundwater discharge area A. Because individual mine pits will
typically remain open for less than about 60 to 120 days before subsequently being backfilled
and reclaimed, the potential for long-term drainage of alluvial groundwater into the mine
voids is negligible, and thus any potential decreases in alluvial discharge in groundwater
discharge area A is anticipated to be short-lived.
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If groundwater inflow rates into mine openings in this area are excessive, such that
appreciable impacts to the springs and seeps in groundwater discharge area A are likely,
where necessary Alton Coal Development, LLC will use a suitable technique to minimize
groundwater inflow rates into the mine voids. These techniques may include the use of
bentonite or natural clay filled cutoff walls or other means where appropriate to isolate and
protect groundwater resources up-gradient of mining activities. Consequently, the potential
that groundwater could become unavailable in this area is minimal. Additionally, if alluvial
groundwater resources were to become unavailable in this area due to mining and
reclamation activities in the proposed Coal Hollow Mine permit area, groundwater will be
replaced according to all applicable State laws and regulations using the replacement water
source described in Section 727 above.

It should be noted that the proposed water replacement source, water well Y-61, produces
water from the coarse-grained alluvial groundwater system in Sink Valley. Nearby springs
that could potentially be impacted by mining and reclamation activities are supported by the
same alluvial groundwater system. However, while modest decreases in the artesian
hydraulic pressures in the alluvial groundwater system could potentially result in diminution
of spring flows, water well Y-61 is 150 feet deep and will be equipped with an electric well
pump providing the capability to produce groundwater from the alluvial system even if the
hydraulic head in the alluvial groundwater system were to be diminished such that artesian
flow conditions temporarily ceased to exist.

11.9.2 Groundwater discharge area B (Northwest Y4, Section 32, T39S, RSW)

Groundwater use in groundwater discharge area B occurs at alluvial springs and seeps located
southeast of the proposed Coal Hollow Mine permit area that are used for stock watering and
limited domestic use. As described in Section 728.311 above, although some temporary and
short-lived diminution in discharge rates from springs in northwest 4 of Section 29, T39S,
R5W is possible, this potential impact is not considered likely.

In the event that alluvial groundwater resources were to become unavailable in this area due
to mining and reclamation activities in the proposed Coal Hollow Mine permit area,
groundwater will be replaced according to all applicable State laws and regulations using the
replacement water source described in Chapter 7 of the Coal Hollow Mine MRP (Section
727).

11.10 Surface-water availability

Surface-water use in the proposed Coal Hollow Mine permit and adjacent area occurs in the
Sink Valley Wash drainage and in Lower Robinson Creek. Surface waters in the Sink Valley
Wash drainage (primarily from Water Canyon via an irrigation diversion and from Swapp
Hollow; appreciable discharge in Sink Valley Wash below Section 29 T39S, RSW is usually
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absent) are utilized for both stock watering and limited irrigation use. Stream water in the
Sink Valley Wash drainage is derived from runoff from the adjacent Paunsaugunt Plateau
area. Because the surface water in the drainage originates from areas up-gradient areas
located large distances from proposed mining areas, and because the stream channel is
entirely outside the permit area and will not be impacted by mining and reclamation
activities, there is essentially no probability that surface water availability in the Sink Valley
Wash drainage could become unavailable as a result of mining and reclamation activities.

Discharge in Lower Robinson Creek immediately above the proposed Coal Hollow Mine
permit area typically occurs only in direct response to significant precipitation or snowmelt
events. Thus, surface-water availability is currently limited in this drainage prior to any
mining activities.

Seepage of alluvial groundwater into the deeply incised lower Robinson Creek stream
channel occurs near the contact with the underlying Dakota Formation in the southeast
quarter of Section 19, T39S, RSW. This water is likely related to saturated alluvial deposits
directly underlying the Robinson Creek stream channel and emerges near where the saturated
alluvial sediments intersect the mostly impermeable Dakota Formation bedrock in the base of
the stream channel. It is noteworthy that the location of the emergence of alluvial water in
the channel has varied somewhat over time. This seepage of alluvial water is usually about 5
- 10 gpm or less and is routinely monitored at monitoring station SW-5 (Figure 11).

It should be noted that the proposed Coal Hollow Mine plan calls for the permanent diversion
of a reach of the Lower Robinson Creek stream channel approximately 2,000 feet in length in
the southeast %4 of Section 19, T39S, R5W. Details of the proposed diversion are given in
Chapter 5, Section 527.220 of this MRP. If this action results in diminution of the meager
discharge of surface water in the drainage below the planned diversion, where required a
suitable mitigation for this potential impact will be designed and implemented in consultation
with the Division of Oil, Gas and Mining.

The information presented above suggests that the potential for significant impacts to
groundwater and surface-water availability resulting from mining and reclamation activities
in the proposed Coal Hollow Mine permit and adjacent systems in the region is low.

11.11 Whether mining and reclamation activity will result in contamination,
diminution or interruption of State-appropriated waters

State appropriated water rights in the proposed Coal Hollow Mine permit and adjacent area
are shown in Chapter 7 of the Coal Hollow Mine MRP (see Drawing 7-3 and Appendix 7-3).

Appropriated groundwaters include alluvial springs and seeps in the northwest ¥4 of Section
29, T39S, R5W (groundwater discharge area A), springs and seeps in the northwest 4 of
Section 32, T39S, RSW (groundwater discharge area B). State appropriated surface waters
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include reaches of Sink Valley Wash east of the proposed Coal Hollow Mine permit area, and
reaches of Lower Robinson Creek.

The potential for mining and reclamation activities at the proposed Coal Hollow Mine
permit area to result in contamination, diminution or interruption of State-appropriated water
in the proposed Coal Hollow Permit and adjacent area are described in detail in Sections
728.310, 728.320, 728.332, and 728.334.

With the possible exception of short-term diminution in discharge rates from springs and
seeps in the northwest % of Section 29, T39S, R5W, Contamination, diminution, or
interruption of State-appropriated waters in the proposed Coal Hollow Mine permit and
adjacent area are not anticipated. It should be noted that if groundwater inflow rates into
mine openings in this area are excessive, such that appreciable impacts to the springs and
seeps in groundwater discharge area A are likely, where necessary Alton Coal Development,
LLC will use a suitable technique to minimize groundwater inflow rates into the mine voids.
These techniques may include the use of bentonite or natural clay filled cutoff walls or other
means where appropriate to isolate and protect groundwater resources up-gradient of mining
activities, minimizing the potential for diminution of discharge rates from these springs.

Additionally, it should be noted that the proposed Coal Hollow Mine plan calls for the
permanent diversion of a reach of the Lower Robinson Creek stream channel approximately
2,000 feet in length in the southeast ¥4 of Section 19, T39S, RSW. Details of the proposed
diversion are given in Chapter 5, Section 527.220 of this MRP. If this action results in
diminution of the meager discharge of surface water in the drainage below the planned
diversion, where required a suitable mitigation for this potential impact will be designed and
implemented in consultation with the Division of Oil, Gas and Mining.

In the event that any State appropriated waters were to be contaminated, diminished, or
interrupted due to mining and reclamation activities in the proposed Coal Hollow Mine
permit area, groundwater will be replaced according to all applicable State laws and

regulations using the replacement water source described in Chapter 7 of the Coal Hollow
Mine MRP (Section 727).

12.0 Proposed Hydrologic Monitoring Plan

This section describes the hydrologic monitoring plan. Locations of surface-water and
groundwater monitoring sites are indicated on Figure 18. Hydrologic monitoring protocols,
sampling frequencies, and sampling sites are described in Table 9. Groundwater and surface-
water monitoring locations are listed in Table 10. Operational field and laboratory
hydrologic monitoring parameters for surface water are listed in Table 11, and for
groundwater in Table 12. The hydrologic monitoring parameters have been selected in
consultation with the Division’s directive Tech-006, Water Monitoring Programs for Coal
Mines.
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The groundwater and surface-water monitoring plan is extensive and includes 54 monitoring
sites. The monitoring plan is designed to monitor groundwater and surface-water resources
for any potential impacts that could potentially occur as a result of mining and reclamation
activities in the proposed Coal Hollow Mine permit and adjacent area. Each of the sampling
locations and their monitoring purpose are described below.

12.1 Streams

Kanab Creek will be monitored at sites SW-3 (above the permit area), and SW-2 (below the
permit area). Lower Robinson Creek will be monitored at sites SW-4 (above the permit
area), SW-101 (within the permit area), and SW-5 (below the permit area above the
confluence with Kanab Creek). The irrigation water near SW-4 will also be monitored at site
RID-1. Swapp Hollow creek will be monitored above the permit area at site SW-8. Sink
Valley Wash will be monitored at SW-6 (a small tributary to the wash immediately below the
permit area) and at SW-9, located in the main drainage below the permit area. All of these
locations, with the exception of RID-1) will be monitored for discharge and water quality
parameters specified in Table 11 quarterly, when reasonably accessible. Additionally, Lower
Robinson Creek will be monitored at site BLM-1, which is near the location of alluvial
groundwater emergence in the bottom of the stream channel. BLM-1 and RID-1 will be
monitored for discharge and field water quality parameters.

12.2 Springs

Eight springs from alluvial groundwater area A will be monitored including SP-8, SP-14, SP-
16, SP-19, SP-20, SP-22, SP-24 and Sorensen Spring. Spring SP-8 is a developed spring in
area A that provides culinary water for the Swapp Ranch house. SP-8 will be monitored for
discharge and operational laboratory water quality measurements quarterly when reasonably
accessible. Springs SP-14, SP-16, SP-19, SP-20, SP-22, SP-24 and Sorensen Spring springs
will be monitored for discharge and field water quality measurements quarterly when
reasonably accessible.

Springs SP-4 and SP-6, and SP-33, which are located in Sink Valley below the proposed
mining area, will also be monitored. SP-6 is an area of diffuse seepage above an earthen
impoundment in the wash immediately below the permit area. Spring SP-33 is a developed
spring that discharges into a pond below the permit area and provides culinary water to two
adjacent cabins. Each of these Springs SP-6 and SP-33 will be monitored for discharge and
operational laboratory water quality measurements quarterly when reasonably accessible. SP-
4 discharges from a fault/fracture system in the Dakota Formation near the canyon margin in
Sink Valley Wash below the permit area. Spring SP-4 will be monitored for discharge and
field water quality measurements quarterly when reasonably accessible. Spring SP-3
discharges from pediment alluvium in the upland area above Sink Valley Wash more than a
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mile from the permit area. It is extremely unlikely that discharge rates or water quality at this
spring could be impacted as a result of mining-related activities in the mine permit area.
However, this spring will be monitored for discharge and field water quality measurements
quarterly, primarily to provide background data from springs in the region.

12.3 Wells

Wells Y-98 (Robinson Creek alluvium above the permit area), Y-45 (coal seam well in
Swapp Hollow above permit area), Y-102 (flowing alluvial well in alluvial groundwater
discharge area A), Y-36 (coal seam well in Sink Valley above the permit area), Y-38 (coal
seam well in Sink Valley permit area), Y-61 (alluvial well at the Sorenson Ranch), and C5-
130 (new monitoring well in alluvial groundwater discharge A) will be monitored quarterly
when reasonable accessible. Well Y-61 will be monitored for groundwater operational
laboratory water quality parameters to monitor groundwater quality in alluvial groundwater
discharge area A. The other wells will be monitored for water level only.

Additionally, 19 newly constructed monitoring wells constructed in the Sink Valley alluvial
groundwater system will be monitored quarterly. These include C2-15, C2-28, C2-40, C3-
15, C3-30, C3-40, C4-15, C4-30, C4-50, C7-20, C9-15, C9-25, C9-40, L.S-28, LS-60, LS-85,
SS-15, SS-30, and SS-75. All of these wells will be monitored quarterly for water level.
Additionally, wells LS-85 and SS-30 will be monitored for groundwater operational
laboratory water quality measurements.

Additionally two wells in the Lower Robinson Creek alluvium will be monitored for water
level and groundwater operational laboratory chemistry. These include UR-70 located above
proposed mining locations in the Lower Robinson Creek drainage, and LR-45, located below
proposed mining areas adjacent to Lower Robinson Creek. It should be noted that LR-45 is
located near a proposed sediment pond impoundment. Consequently, if this well becomes
unsuitable for monitoring, an alternate location will be used to monitor the Lower Robinson
alluvial groundwater system in this area.

Wells C0-18 and C0-54 are located near the initial proposed mining areas in the Lower
Robinson Creek drainage. These will be monitored for water level quarterly.

It should be noted that many of the wells specified for monitoring in this monitoring plan will
at some point be destroyed or rendered inoperable as the mine workings precede through the
area. These wells will be monitored until such a time as they are destroyed or become
inoperable.

Groundwater and surface-water monitoring will continue through the post-mining periods
until bond release. The monitoring requirements, including monitoring sites, analytical
parameters and the sampling frequency may be modified in the future in consultation with the
Division if the data demonstrate that such a modification is warranted.
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13.0 Potential Alluvial Valley Floor Information

A field investigation has been performed in the proposed Coal Hollow Mine permit and
adjacent area to provide to the Division with the information required to make an evaluation
regarding the existence or non-existence of a probable alluvial valley floor in the proposed
Coal Hollow Mine permit and adjacent area as specified in R645-321. This information is
summarized below below. Additionally, the other information presented in this report and in
the Coal Hollow Mine MRP is provided as supplemental information to the division for
making this determination. A report entitled “Geomorphological and sedimentological
characteristics of Sink Valley, Kane County, Utah” is a report of an extensive field
investigation performed in Sink Valley to evaluate the potential for the existence of an
alluvial valley floor. This report is included as Appendix 7-4 in Chapter 7 of the Coal
Hollow Mine MRP.

The regulatory definition of an alluvial valley floor as described in the U. S. Department of
the interior, Office of Surface Mining Reclamation and Enforcement alluvial valley floor
identification guidelines (OSM, 1983) defines an alluvial valley floor based on 1) geologic
criteria, and 2) water availability criteria. The geologic criteria that must be met in order for a
valley to be determined administratively as an alluvial valley floor include the following:

1. A topographic valley with a continuous perennial, intermittent, or ephemeral stream
channel running through it; and

2. Within that valley, those surface landforms that are either flood planes or terraces if
these landforms are underlain by unconsolidated deposits (streamlaid); and

3. Within that valley, those side-slope areas that can reasonably be shown to be
underlain by alluvium and which are adjacent to floor plane or terrace landforms.

Landforms that are specifically excluded from the definition of alluvial valley floors include
upland areas, which are defined as those geomorphic features located outside the flood plain
and terrace complex, such as isolated higher terraces, alluvial fans, pediment surfaces,
landslide deposits, and surfaces covered with residuum, mud flows or debris flows, as well as
highland areas underlain by bedrock and covered by residual weathered material or debris
deposited by sheetwash, rillwash, or windblown material.

Based on the information presented, it is apparent that Sink Valley does not meet the
regulatory definition of an alluvial valley floor for two fundamental reasons:

1. There is no continuous stream channel running through Sink Valley
2. The valley fill in Sink Valley is not streamlaid, but rather was deposited primarily by
mudflows, debris flows, and sheetfloods that formed the alluvial fans.

Information needed by the Division to allow initiating of the technical analysis and finding
determination are described below.
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e Crop production for each landowner adjacent to the proposed Coal Hollow Mine
permit area

There are three owners of agricultural land located adjacent to the proposed Coal Hollow
Mine permit area. The crop production for each of these landowners is presented below.

Mr. Richard Dame

There has not been any crop production on Mr. Dame’s property in the recent past.
Agricultural use of the land has been limited to the grazing of a few horses and/or cows
on the property from the months of April through November. Irrigation of the land has
not occurred in at least the past 10 years. The post-mining land use plan (See Coal
Hollow Mine MRP; R645-301-400) suggests that 1.125 animals/month/acre could
reasonably be sustained on the property.

Mr. Burton Pugh
There has not been any crop production on Mr. Pugh’s property in the recent past. The
land is comprised of unirrigated pasture land, meadows, sagebrush/grass, pinyon-juniper,
and oak brush communities. The livestock currently sustained on Mr. Pugh’s pasture
land are mostly cattle, but sometimes horses are kept on the property. The animals are
supported in the pastures from April through November of the year. The post-mining
land use plan (See Coal Hollow Mine MRP; R645-301-400) suggests that 1.125

. animals/month/acre could reasonably be sustained on the property.

Mr. Darlynn Sorensen

Agricultural production on Mr. Sorensen’s property includes 154 acres of grass hay that
is not irrigated. Typical production from the 154-acre field ranges from about 1,400 to
2,000 80-pound bales of grass hay per year. Rarely, during optimal climatic conditions,
up to 6,000 80-pound bales of grass hay have been harvested from the 154-acre field.
The production is highly dependent on the amount and timing of precipitation in the
region, with increased production occurring during wet years. Approximately 200 cows
and calves use the pasture for a short period of time during the year.

e Locations of irrigation diversion structures

The locations of irrigation diversions and ditches are shown in Chapter 7 of the Coal Hollow
Mine (Drawing 7-7).

e Mapping of alluvium, stream laid deposits, and the direction of flow of groundwater
(in particular near-surface ground water) on or adjacent to the proposed permit area.
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The approximate extent of the principal alluvial sediments in the proposed Coal Hollow
Mine permit and adjacent area are shown on Figure 21. Directions of groundwater flow in
the proposed Coal Hollow Mine permit and adjacent area, including near-surface
groundwater flow directions, are also shown on Figure 21.

Stream laid deposits have generally not been identified in the proposed permit and adjacent
area. The basis for this observation is described below.

Field investigations in the proposed permit and adjacent area have included

1. the excavation and mapping of shallow sediments in many back-hoe pits and hand-
dug excavations, the examination of alluvium in erosional escarpments and exposures
at the surface,

2. investigation of the geomorphology of Sink Valley, and

3. the drilling and examination of sediments in more than 30 recently drilled boreholes.

These investigations (which are also discussed in the Coal Hollow Mine MRP) suggest that
the sediments in Sink Valley and the Lower Robinson Creek drainage are primarily fan
deposits. The shape of fan deposits and their location at the base of the precipitous
Paunsaugunt Plateau are consistent with alluvial fan deposition. Soil classification results do
not indicate appreciable fluventic soils in the near surface sediments. Sediment transport and
deposition in the valley has likely occurred through mudflows, debris flows, and sheet floods.
The results of drilling in the alluvial sediments near proposed mining areas indicate that
coarse-grained sediments, which would be consistent with sediment transport in significant
fluvial systems during high-energy events, are absent in these locations.

Stream terraces and flood plains associated with continuous stream channels are not present
in Sink Valley. The deeply incised stream drainage in Lower Robinson Creek likewise is not
associated with a broad flood plane or stream terraces. Additionally, the narrow stream
valley associated with Lower Robinson Creek is not readily irrigable, nor does the stream
valley have any agricultural importance (See OSM, 1983, p. II-1). These findings are
generally consistent with the findings of Water Engineering & Technology, Inc., who
likewise did not identify stream laid deposits in the Sink Valley area.

Additional information pertinent to the alluvial valley floor determination presented here
includes the following:

A map showing the major landforms in Sink Valley and the Lower Robinson Creek area is
included as Figure 22.

A longitudinal profile of Sink Valley from the upper Water Canyon drainage to the Sink
Valley Wash is included as Figure 23.
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Figure 1 Location map of proposed Coal Hollow Mine permit and adjacent
area and the town of Alton, Utah.
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Figure 4 Wind rose diagrams for hourly wind data collected from the
Coal Hollow Project weather station.
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Figure 4 continued.
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Figure 4 continued.
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Figure 4 continued.
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Map Symbols

Contact - dashed where approximataly located
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Uhirowrt side; X marks the point of revarsal of offse? on scissor(7) faults; arrows on cross section show
offsal

Sirike and dip of bedding
Strike of verfical joint
Horzontal i

Line of cross sechion

Coal zone - approximately located

Coai mine or praspect

2,000 feet

Qa

Qs -

am

Alluvium

Landslide deposits

Mass-wasting debris
Pediment alluvium

Basalt

Brian Head Formation

White member of Claron Formation

Pink member of Claron Formation

Wahweap and Kaiparowits Formations
(undivided)

Drip Tank Member of the
Straight Cliffs Formation

John Henry Member of the
Straight Cliffs Formation

Smoky Hollow Member of the
Straight Cliffs Formation

Tibbet Canyon Member of zﬁ_
Straight Cliffs Formation i

Tropic Shale

Dakota Formation

Winsor Member of the
Carmel Formation

Figure 6

Geologic map of the proposed
Coal Hollow Mine permit and
adjacent area (after Tilton, 2001).
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Figure 7

Geologic cross-section through
the Coal Hollow Project area
(from Tilton, 2001).
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North-south and
east-west geologic
cross-sections through
the proposed Coal
Hollow Mine permit
and adjacent area.




System

Series

Stratigraphic Unit

Thickness
(Feet)

Description

Tertiary

Eocene

Claron Formation

1000-1300

Pink, white, and varicolored limestone,
cliff former eroding into picturesque
slopes and forms, basal conglomerate
of exotic quartzite and limestone
cobbles and pebbles.

Cretaceous

Campanian

Kaiparowits Formation

265-700

Unconformity —

Dark gray to gray-green arkosic sand-
stone, friable with weak calcareous
cementation.

Wahweap Formation

Minor Coal

500-1300

Unconformity

Alternating sandy shale and thin- to
thick-bedded resistant sandstone,
ledge and slope topography.

Santonian
7

Coniacian
7

Turonian

Straight Cliffs Formation
Minor Coal

80-500

Yellow-gray to brown, thick-bedded to
massive cliff-forming sandstone with
subordinate intervening gray shale,
shaley sandstone, coal and carbona-
ceous shale.

Tropic Shale

700-1000

Drab gray shale with subordinate thin
brown fine-grained sandstone, slope
former.

Cenomanian

Dakota Formation

Major Coal Seams

150-450

Yellow-gray to brown fine- to medium-
grained sandstone alternating with
gray shale, sandy shale, carbonaceous
shale and coal, ledge and slope former
creating Gray Cliffs; best coal near
bottom and top of unit.

Jurassic

Entrada
Sandstone

Cannonville
Member

0-300

Angular Unconformity

White and reddish banded fine-grained
sandstone and siltstone, friable and
earthy weathering, massive.

Gunsight Butte
Member

0-300

Red-brown and light green siltstone; also
red cross-bedded sandstone of the
“slickrock” type.

Upper

Formation

Carmel

Wiggler Wash
Member

0-60

Limestone, red siltstone, white and
greenish gypsum,

Winsor Member

180-250

White, pink, brown sandstone alternating
with thin red siltstone and mudstone.

Paria River Member

55-200

Interbedded light gray and red sand-
stone, limestone, siltstone, shale, and
gypsum.

Thousand Pockets
Tongue of Navajo
Sandstone

0-60

Yellowish cross-bedded friable but
resistant sandstone.

Crystal Peak
Member

120-190

Dark reddish brown and white to light
gray fine-grained sandstone, medium-
bedded with minor thin gypsiferous
or calcareous shales and
conglomerate.

Kolob Limestone

Judd Hollew Tongue
of Carmel

122-350

Gray and tan dense limestone with some
thin sandy red shale near the base
and thin gypsum near top.

Lower

Navajo Sandstone

1000+

Unconformity

Light gray to tan, locally red fine-
grained sandstone, massive, exhibiting
large-scale aeolian cross-bedding,
calcareous and chiff forming.

Figure 9

Generalized geologic section of rock formations in the
Alton Coal Field. (from Doelling, 1972).
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Figure 12 Monitoring well locations



Figure 13

Discharge hydrographs for springs
Discharge hydrographs for streams
Water elevation hydrographs for wells
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Figure 14 Stiff diagrams for groundwaters and surface waters in the proposed Coal Hollow Mine permit and adjacent area.
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Figure 16 Alluvial groundwater discharge areas.
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Figure 21 Approximate extent of alluvial sediments and shallow groundwater flow directions
in the proposed Coal Hollow Mine permit and adjacent area. Glis [\,7
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Table 3 Climate data for the Coal Hollow Weather Station, 2006-2007

Measured Maximum Minimum
Precipitation* Temperature Temperature
(inches) (°F) (°F)
January 2006
1/1/2006 N/A 394 16.9
1/2/2006 N/A 42.9 295
1/3/2006 N/A 40.0 26.5
1/4/2006 N/A 456 20.5
1/5/2006 N/A 52.6 234
1/6/2006 N/A 57.6 29.0
1/7/2006 N/A 495 23.9
1/8/2006 N/A 455 24.2
1/9/2006 N/A 40.3 13.5
1/10/2006 N/A 47.8 21.1
1/11/2006 N/A 48.8 28.1
1/12/2006 N/A 437 22.1
1/13/2006 N/A 496 20.9
1/14/2006 N/A 48.7 26.1
1/15/2006 N/A 375 17.6
1/16/2006 N/A 29.4 11.5
1/17/2006 N/A 48.3 9.9
1/18/2006 N/A 411 226
1/19/2006 N/A 33.5 19.8
1/20/2006 N/A 36.4 104
1/21/2006 N/A 41.1 14.1
1/22/2006 N/A 35.1 13.4
1/23/2006 N/A 437 14.9
1/24/2006 N/A 48.6 12.9
1/25/2006 N/A 42.9 231
1/26/2006 N/A 41.0 16.2
1/27/2006 N/A 29.7 14.8
1/28/2006 N/A 35.9 8.1
1/29/2006 N/A 48.3 19.8
1/30/2006 N/A 515 247
1/31/2006 N/A 437 27.7
Month - 57.6 8.1
February 2006

2/1/2006 N/A 52.8 24.3
2/2/2006 N/A 51.3 284
2/3/2006 N/A 48.3 253
2/4/2006 N/A 50.9 24.3
2/5/2006 N/A 39.3 194
2/6/2006 N/A 50.7 11.6
2/7/2006 N/A 56.3 21.7
2/8/2006 N/A 57.2 23.4

2/9/2006 N/A 57.8 20.2



Measured Maximum Minimum

Precipitation* Temperature Temperature

(inches) (°F) (°F)

2/10/2006 N/A 46.2 23.0
2/11/2006 N/A 49.1 20.4
2/12/2006 N/A 53.2 17.2
2/13/2006 N/A 52.2 17.7
2/14/2006 N/A 51.0 27.2
2/15/2006 N/A 451 17.9
2/16/2006 N/A 32.8 2.4
2/17/2006 N/A 40.6 191
2/18/2006 N/A 356 15.5
2/19/2006 N/A 30.0 12.3
2/20/2006 N/A 34.8 11.2
2/21/2006 N/A 38.9 1.0
2/22/2006 N/A 47.0 20.4
2/23/2006 N/A 51.9 15.5
2/24/2006 N/A 54.0 21.9
2/25/2006 N/A 54.9 243
2/26/2006 N/A 57.3 27.2
212712006 N/A 56.8 30.0
2/28/2006 N/A 445 33.7
Month --- 57.8 1.0

March 2006

3/1/2006 N/A 48.7 296
3/2/2006 N/A 51.2 252
3/3/2006 N/A 52.3 31.2
3/4/2006 N/A 46.3 28.5
3/5/2006 N/A 55.5 27.0
3/6/2006 N/A 50.6 30.0
3/7/2006 N/A 45.0 27.2
3/8/2006 N/A 374 19.4
3/9/2006 N/A 43.6 19.4
3/10/2006 N/A 31.1 12.9
3/11/2006 N/A 26.4 16.2
3/12/2006 N/A 251 14.1
3/13/2006 N/A 342 10.4
3/14/2006 N/A 39.4 9.6
3/15/2006 N/A 44 1 248
3/16/2006 N/A 442 216
3/17/2006 N/A 451 26.2
3/18/2006 N/A 38.6 19.0
3/19/2006 N/A 38.8 21.3
3/20/2006 N/A 36.6 6.9
3/21/2006 N/A 34.9 21.7
3/22/2006 N/A 439 216
3/23/2006 N/A 50.3 18.3
3/24/2006 N/A 55.1 29.8
3/25/2006 N/A 534 329

3/26/2006 N/A 52.3 26.4



Measured Maximum Minimum

. Precipitation” Temperature Temperature
(inches) (°F) (°F)
3/27/2006 N/A 55.7 24.0
3/28/2006 N/A 433 36.5
3/29/2006 N/A 40.0 25.4
3/30/2006 N/A 46.8 19.1
3/31/2006 N/A 49.5 324
Month --- 55.7 6.9
April 2006
4/1/2006 0.14 47.6 30.9
4/2/2006 0.00 54.4 28.7
4/3/2006 0.00 63.1 37.3
4/4/2006 0.00 59.1 43.9
4/5/2006 0.18 50.1 26.6
4/6/2006 0.10 48.5 26.0
4/7/2006 0.00 56.9 242
4/8/2006 0.00 61.7 35.4
4/9/2006 0.00 63.9 34.0
4/10/2006 0.00 55.7 35.7
4/11/2006 0.00 55.4 26.7
4/12/2006 0.00 65.0 31.2
4/13/2006 0.00 66.8 35.3
4/14/2006 0.28 60.1 346
‘ 4/15/20086 0.12 51.8 33.0
4/16/2006 0.01 60.8 31.5
4/17/2006 0.00 48.5 27.9
4/18/2006 0.00 49.8 21.9
4/19/2006 0.00 56.4 23.3
4/20/2006 0.00 65.4 21.5
4/21/2006 0.00 66.2 39.4
4/22/2006 0.00 67.6 39.7
4/23/2006 0.00 57.8 30.2
4/24/2006 0.00 56.2 27.4
4/25/2006 0.00 61.8 30.9
4/26/2006 0.00 66.6 34.2
4/27/2006 0.00 69.5 38.7
4/28/2006 0.00 67.8 456
4/29/2006 0.00 68.5 32.8
4/30/2006 0.00 71.0 40.2
Month 0.83 71.0 21.5
May 2006
5/1/2006 0.06 68.3 38.3
5/2/2006 0.00 721 443
5/312006 0.00 70.3 38.8
5/4/2006 0.00 65.4 38.8
5/5/2006 0.04 58.9 39.7
5/6/2006 0.00 64.8 31.8

. 5/7/2006 0.00 717 30.8




Measured Maximum Minimum

‘ Precipitation* Temperature Temperature
(inches) (°F) (°F)
5/8/2006 0.00 70.8 440
5/9/2006 0.00 67.0 32.8
5/10/2006 0.00 69.3 28.7
5/11/2006 0.00 71.8 345
5/12/2006 0.00 76.6 458
5/13/2006 0.00 78.6 53.3
5/14/2006 0.00 79.6 49.8
5/15/2006 0.00 76.2 425
5/16/2006 0.16 741 48.7
5/17/2006 0.00 81.8 48.8
5/18/2006 0.00 78.8 49.0
5/19/2006 0.00 776 52.8
5/20/2006 0.00 76.7 499
5/21/2006 0.00 76.3 48.9
5/22/2006 0.00 62.8 42.1
5/23/2006 0.00 69.2 354
5/24/2006 0.00 79.1 448
5/25/2006 0.00 80.0 471
5/26/2006 0.00 751 49.2
5/27/2006 0.00 66.0 43.8
5/28/2006 0.00 55.0 28.8
5/29/2006 0.00 64.7 28.3
. 5/30/2006 0.00 71.2 36.8
5/31/2006 0.00 77.4 40.7
Month 0.26 81.8 28.3

June 2006

6/1/2006 0.00 81.9 37.2
6/2/2006 0.00 82.9 53.2
6/3/2006 0.00 82.0 52.7
6/4/2006 0.00 83.6 55.0
6/5/2006 0.00 85.5 57.4
6/6/2006 0.00 90.1 54.6
6/7/2006 0.00 76.5 53.9
6/8/2006 0.00 68.4 46.5
6/9/2006 0.00 76.3 45.0
6/10/2006 0.00 77.7 47.6
6/11/2006 0.00 79.4 48.9
6/12/2006 0.00 78.5 48.3
6/13/2006 0.00 78.5 445
6/14/2006 0.00 70.4 46.3
6/15/2006 0.01 63.8 457
6/16/2006 0.00 72.7 39.5
6/17/2006 0.00 81.9 37.1
6/18/2006 0.00 84.7 55.4
6/19/2006 0.00 83.9 53.5
6/20/2006 0.00 82.3 55.7

. 6/21/2006 0.00 82.1 54.8




Measured Maximum Minimum

. Precipitation* Temperature Temperature
(inches) (°F) CF)
6/22/2006 0.00 85.4 52.0
6/23/2006 0.00 91.8 458
6/24/2006 0.00 88.0 50.0
6/25/2006 0.00 90.0 556.5
6/26/2006 0.00 86.1 53.8
6/27/2006 0.00 79.9 57.0
6/28/2006 0.00 83.2 50.0
6/29/2006 0.00 81.8 522
6/30/2006 0.16 83.5 56.4
Month 0.17 91.8 37.1
July 2006
7/1/2006 0.00 82.5 53.5
7/2/2006 0.16 83.3 54.7
7/3/2006 0.07 83.2 55.4
714/2006 0.00 75.9 55.9
7/5/2006 0.00 77.7 55.6
716/2006 0.72 75.2 54.1
717/2006 0.02 77.7 49.2
7/8/2006 0.00 77.5 55.5
7/9/2006 0.01 791 51.7
7/10/2006 0.03 776 49.5
. 7/11/2006 0.01 822 52.9
7/12/2006 0.00 83.1 55.0
7/13/2006 0.00 85.1 56.2
7/14/2006 0.00 88.4 58.9
7/15/2006 0.00 93.3 59.0
7/16/2006 0.03 92.1 64.2
7/17/2006 0.00 90.2 63.3
7/18/2006 0.00 86.5 63.7
7/19/2006 0.00 83.5 59.7
7/20/2006 0.00 83.6 57.1
7/21/2006 0.57 88.5 56.2
7/22/2006 0.02 85.6 60.3
7/23/2006 0.00 89.4 59.2
7/24/2006 0.07 90.5 59.4
7/25/2006 0.04 86.2 59.9
7/26/2006 0.00 86.2 61.7
712712006 0.00 90.9 57.0
7/28/2006 0.10 86.6 57.3
7/29/2006 0.08 83.2 53.9
7/30/2006 0.27 78.8 58.3
7/31/2006 0.45 776 54.3
Month 2.65 93.3 49.2
August 2006
8/1/2006 0.00 75.5 53.9

. 8/2/2006 0.00 75.8 53.2




Measured Maximum Minimum

. Precipitation* Temperature Temperature
(inches) (°F) (°F)
8/3/2006 0.00 79.8 53.9
8/4/2006 0.17 71.4 55.8
8/5/2006 0.00 78.0 52.8
8/6/2006 0.00 82.4 53.3
8/7/2006 0.00 82.4 62.3
8/8/2006 0.00 832 55.1
8/9/2006 0.01 79.7 58.7
8/10/2006 0.00 84.1 57.8
8/11/2006 0.00 79.7 57.7
8/12/2006 0.00 79.6 53.6
8/13/2006 0.00 80.1 55.0
8/14/2006 0.00 82.3 56.4
8/15/2006 0.00 80.9 56.6
8/16/2006 0.00 77.8 52.2
8/17/2006 0.00 78.0 52.9
8/18/2006 0.00 79.5 53.6
8/19/2006 0.00 82.8 495
8/20/2006 0.00 83.7 52.9
8/21/2006 0.00 85.7 54.6
8/22/2006 0.00 86.0 56.5
8/23/2006 0.00 83.7 55.6
8/24/2006 0.00 84.1 56.6
’ 8/25/2006 0.00 78.3 54.2
8/26/2006 0.00 77.2 50.1
8/27/2006 0.00 80.3 45.0
8/28/2006 0.00 82.3 445
8/29/2006 0.00 83.4 495
8/30/2006 0.00 81.7 54.5
8/31/2006 0.00 83.2 56.1
Month 0.18 86.0 44.5

September 2006

9/1/2006 0.15 80.0 51.1
9/2/2006 0.00 80.2 49.2
9/3/2006 0.00 78.2 47.5
9/4/2006 0.00 81.0 51.2
9/5/2006 0.00 80.7 55.4
9/6/2006 0.06 74.6 50.1
9/7/2006 0.22 61.3 493
9/8/2006 0.50 68.8 43.9
9/9/2006 0.02 70.2 45.3
9/10/2006 0.05 71.1 45.0
9/11/2006 0.00 76.8 445
9/12/2006 0.00 80.1 51.7
9/13/2006 0.00 80.2 52.5
9/14/2006 0.40 65.4 50.7

9/15/2006 0.00 67.6 49.9
. 9/16/2006 0.00 59.3 37.7




Measured Maximum Minimum

. Precipitation* Temperature Temperature
(inches) (°F) (°F)
9/17/2006 0.00 62.1 246
9/18/2006 0.00 67.6 23.2
9/19/2006 0.00 71.1 39.1
9/20/2006 0.00 57.5 384
9/21/2006 0.00 63.3 30.6
9/22/2006 0.00 52.3 36.6
9/23/2006 0.00 60.5 27.5
9/24/2006 0.00 63.6 294
9/25/2006 0.00 70.5 316
9/26/2006 0.00 75.6 43.3
9/27/2006 0.00 74.9 42.2
9/28/2006 0.00 78.4 40.4
9/29/2006 0.00 78.5 41.8
9/30/2006 0.00 771 40.8
Month 1.40 81.0 23.2

October 2006

10/1/2006 0.00 74.2 49.5
10/2/2006 0.00 71.5 49.8
10/3/2006 0.10 69.7 44 .4
10/4/2006 0.00 67.9 50.8
10/5/2006 0.27 63.5 45.6
‘ 10/6/2006 0.37 61.3 449
10/7/2006 0.00 60.5 32.5
10/8/2006 0.00 62.9 37.0
10/9/2006 0.02 55.0 36.6
10/10/2006 0.31 56.0 35.8
10/11/2006 0.00 62.2 33.2
10/12/2006 0.01 66.0 25.7
10/13/2006 0.00 66.9 357
10/14/2006 1.61 49.4 34.3
10/15/2006 0.00 58.7 31.6
10/16/2006 0.00 57.7 37.0
10/17/2006 0.42 46.2 32.0
10/18/2006 0.00 47.0 29.6
10/19/2006 0.00 58.8 251
10/20/2006 0.00 60.8 30.8
10/21/2006 0.00 54.6 26.9
10/22/2006 0.00 60.0 246
10/23/2006 0.00 62.5 31.9
10/24/2006 0.15 54.4 38.1
10/25/2006 0.09 48.3 29.9
10/26/2006 0.01 49.6 28.5
10/27/2006 0.00 62.6 27.4
10/28/2006 0.00 64.7 30.4
10/29/2006 0.00 60.7 34.3
10/30/2006 0.00 57.6 33.5

‘ 10/31/2006 0.00 56.3 32.8




Measured Maximum Minimum

. Precipitation* Temperature Temperature
(inches) (°F) (°F)
Month 3.36 74.2 24.6
November 2006
11/1/2006 0.00 57.0 27.2
11/2/2006 0.00 59.3 33.7
11/3/2006 0.00 59.4 32.0
11/4/2006 0.00 58.2 33.2
11/5/2006 0.00 59.3 257
11/6/2006 0.00 65.3 29.6
11/7/2006 0.00 70.5 359
11/8/2006 0.00 66.8 429
11/9/2006 0.00 58.2 30.7
11/10/2006 0.00 49.6 16.1
11/11/2006 0.00 44.5 26.4
11/12/2006 0.03 42.0 225
11/13/2006 0.00 50.3 254
11/14/2006 0.00 49.2 26.4
11/15/2006 0.00 51.5 19.0
11/16/2006 0.00 59.4 316
11/17/2006 0.00 63.0 32.7
11/18/2006 0.00 62.3 29.8
11/19/2006 0.00 58.7 25.8
. 11/20/2006 0.00 60.6 285
11/21/2006 0.00 60.9 299
11/22/2006 0.00 541 33.1
11/23/2006 0.00 53.8 320
11/24/2006 0.00 53.7 18.3
11/25/2006 0.00 47.3 28.5
11/26/2006 0.00 44.8 25.0
11/27/2006 0.01 355 23.8
11/28/2006 0.20 332 13.7
11/29/2006 0.01 16.4 6.8
11/30/2006 0.00 38.8 0.9
Month 0.25 70.5 0.9
December 2006
12/1/2006 0.00 451 13.7
12/2/2006 0.00 285 104
12/3/2006 0.00 394 2.4
12/4/2006 0.00 50.3 16.8
12/5/2006 0.00 53.9 229
12/6/2006 0.00 54.0 19.3
12/7/2006 0.00 535 216
12/8/2006 0.00 496 21.7
12/9/2006 0.00 46.9 215
12/10/2006 0.12 36.5 18.4
12/11/2006 0.17 36.8 13.6

. 12/12/2006 0.00 44.4 11.6




Measured Maximum Minimum

. Precipitation” Temperature Temperature
(inches) (°F) (°F)
12/13/2006 0.00 474 26.3
12/14/2006 0.00 50.3 28.6
12/15/2006 0.00 49.0 33.3
12/16/2006 0.00 40.3 26.6
12/17/2006 0.20 37.2 13.1
12/18/2006 0.01 331 4.4
12/19/2006 0.06 321 12.8
12/20/2006 0.00 34.7 11.4
12/21/2006 0.00 421 13.1
12/22/2006 0.23 34.3 21.8
12/23/2006 0.00 38.4 13.3
12/24/2006 0.00 40.0 16.4
12/25/2006 0.00 55.6 14.6
12/26/2006 0.00 50.9 31.4
12/27/2006 0.33 40.5 291
12/28/2006 0.03 311 22.7
12/29/2006 0.00 33.5 222
12/30/2006 0.00 46.1 16.4
12/31/2006 0.00 50.0 14.6
Month 1.15 55.6 24

January 2007

‘ 1/1/2007 NA 38.4 17.1
1/2/2007 NA 491 16.4
1/3/2007 NA 50.4 227
1/4/2007 NA 43.0 24.3
1/5/2007 NA 34.3 10.9
1/6/2007 NA 38.1 -3.4
1/7/2007 NA 40.1 15.4
1/8/2007 NA 49.9 11.4
1/9/2007 NA 50.3 18.8
1/10/2007 NA 446 30.8
1/11/2007 NA 38.3 24.2
1/12/2007 NA 33.7 10.5
1/13/2007 NA 17.8 -6.4
1/14/2007 NA 225 -1.0
1/15/2007 NA 258 -7.3
1/16/2007 NA 32.4 -0.7
1/17/2007 NA 32.6 3.5
1/18/2007 NA 39.5 438
1/19/2007 NA 446 43
1/20/2007 NA 411 9.8
1/21/2007 NA 24.8 12.0
1/22/2007 NA 35.7 45
1/23/2007 NA 492 16.5
1/24/2007 NA 52.4 19.5
1/25/2007 NA 51.1 249

‘ 1/26/2007 NA 49.0 21.8




Measured Maximum Minimum

Precipitation* Temperature Temperature
(inches) (°F) (°F)
1/27/2007 NA 432 21.7
1/28/2007 NA 442 20.7
1/29/2007 NA 46.3 19.3
1/30/2007 NA 42.8 17.5
1/31/2007 NA 38.0 16.7
Month NA 52.4 -7.3
February 2007
2/1/2007 0 31.7 8.7
2/212007 0 36.5 4.4
2/3/2007 0 50.5 10.4
2/4/2007 0 54.9 26.7
2/5/2007 0 59.3 28.2
2/6/2007 0 57.2 311
2/7/2007 0 55.0 33.8
2/8/2007 0 52.5 30.6
2/9/2007 0 53.0 32.4
2/10/2007 0 53.9 36.6
2/11/2007 0.32 47.2 30.8
2/12/2007 0.02 472 256
2/13/2007 0.03 435 27.5
2/14/2007 0 35.4 23.9
2/15/2007 0 45.0 16.1
2/16/2007 0 51.9 240
2/17/2007 0 55.1 26.1
2/18/2007 0 52.6 252
2/19/2007 0.03 42.9 23.3
2/20/2007 0 437 10.5
2/21/2007 0 50.9 21.4
2/22/2007 0 55.1 26.2
2/23/2007 0.2 39.9 17.9
2/24/2007 0 35.8 12.9
2/25/2007 0 39.5 18.3
2/26/2007 0 45.0 254
212712007 0.08 35.0 235
2/28/2007 0.23 29.7 8.3
Month 0.91 59.3 4.4
March 2007
3/1/2007 0 34.0 6.3
3/2/2007 0 33.0 