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Salt Lake City, Utah

RE: Revised Probable Hydrologic Consequences Update, Genwal Resources, Inc.,
C/015/0032, Task ID #3983

Dear Daron:

In response to your letter dated April 27, 2012, enclosed on behalf of Genwal Resources,
Inc. (“Genwal”), is their response to Division Task ID #3983 — Revised Probable Hydrologic
Consequences Update, Crandall Canyon Mine, C/015/0032. The executed Form C-1 and C-2 are
enclosed with this application for coal permit processing. Included with this submittal are the
following:

Appendix 7-15
Probable Hydrologic Consequences determination — this is a redline-strikeout version that
will completely replace the existing PHC text in Appendix 7-15

Appendix 7-67

Petersen Hydrologic, LLC report dated 7 November 2011 entitled /nvestigation of Iron
Concentrations in the Genwal Resources, Inc. Crandall Canyon Mine Discharge Water.
This is a new appendix to the MRP that is being added at this time.

Appendix 7-68

Phase 1 and Phase 2 Toxicity Identification Evaluations for the Crandall Canyon Mine,
performed by Water & Environmental Testing, Inc. This is a new appendix to the MRP
that is being added at this time.
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Appendix 7-69
Crandall Canyon Mine Macroinvertebrate Study, prepared by JBR Environmental
Consultants, Inc. This is a new appendix to the MRP that is being added at this time.

Appendix 7-70
Crandall Canyon Mine iron treatment facility, description of chemicals currently used

and laboratory analytical methods for analysis of residual chemicals in pond effluent
waters.

Appendix 7-71
Petersen Hydrologic, LLC letter report to David Hibbs dated 11 May 2012 which

summarizes the results of recent stable and unstable isotopic analyses of the Crandall
Canyon Mine discharge water.

Table 1 from the 2011 Work Plan

Annual Hydrologic Monitoring Report for the Crandall Canyon Mine for 201 1.

Four copies of the submittal package have been prepared to accompany this letter.

DD:jmc
Enclosure
cc:

151726741

Please feel free to contact Erik Petersen or me should you have any questions.
Very truly yours,
Denise A. Dragoo

S
David Hibbs, Genwal
Erik C. Petersen, P.G.




APPLICATION FOR COAL PERMIT PROCESSING

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

Permittee:  Genwal Resources, Inc.
Mine: Crandall Canyon Mine Permit Number:

015/032

Title: Response to Division Order 10-A

Description, Include reason for upplication and timing required to implement:

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

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

. Is the application submitted as a result of a Division Order? DO# 10-A

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

. Does the application include operations in hydrologic basins other than as currently approved?

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

. Does the application require or include public notice publication?

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

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

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

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

SVENALA LN —

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

12. Does the application require or include underground design or mine sequence and timing? (Modification of R2P2)
13. Does the application require or include collection and reporting of any baseline information?

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

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

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

17. Does the application require or include construction, modification, or removal of surface facilities?

18. Does the application require or include water monitoring, sediment or drainage control measures?

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

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

21. Have reclamation costs for bonding been provided?

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

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

24. Does the application include confidential information and is it clearly marked and separated in the plan?

Please :mch three (3) review copies of the application. If the mine is on or adjacent to Forest Service land please submit four
(4) copies, thank you. (These numbers include a copy for the Price Field Office)

I hereby certify that | am a responsible ofTicial oflhcnpphuntmdﬂnnhemfmtmconuundmmuapplmum is true and correct to the best of my information
and belief in all respects with the laws of Utah in reference to commitments, mdcmkly and ob%m. herein.

Daviel W, fhébés /D/-r.s/e/.,-.,f 5‘.30 /N JW M

Print Name Position Date Signature (Right-click above choose certify then have notary sign below)

LINDA KERNS

\S\ NOTARY PUBLIC » STATE of UTAH
)y COMMISSION # 578211
T°4/ COMM. EXP. 03-27-2013

For Office Use Only: Assigned Tracking Received by Oil, Gas & Mining
Number:

Form DOGM- C1 (Revised December 10, 2007)




Permitice: Genwal Resources, Inc.
Crandall Canyon Mine

Mine:
Title:

APPLICATION FOR COAL PERMIT PROCESSING
Detailed Schedule Of Changes to the Mining And Reclamation Plan

Respense (o Division Order 19-A

Permit Number: 015/032

Provide a detailed listing of all changes o the Mining and Reclamation Plan, which is required a3 a result of this proposed permit
application. Individually list all maps and drawings that ars added, replaced, or removed from the plan. Include changes to the table
of contents, section of the plan, or other information as needed to specifically locats, identify and revise the existing Mining and
Reclamation Plan. Include page, section and drawing number as part of the description.
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DESCRIPTION OF MAP, TEXT, OR MATERIAL TO BE CHANGED
[JRemove Chapter 7, Apendix 7-15, Probsble Hydrologic Consequences Determination

D Remove Chapter 7, Appendices 7-67, 7-68, 7-69, 7-70, 7.71, 7-72

JRemove

Any other specific or special instruction required for insertion of this prepesal into the
Mimning and Reclamation Plan.

Received by Of, Gas & Mining

e
Form DOGM - C2 (Ravissd December 10, 2007)
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R645-301-728 Probable Hydrologic Consequences Determination

This document has been prepared in accordance with requirements of the State of Utah R645
Coal Mining Rules. The format follows the regulations R645-301-718.100 through R645-301-
728.400. This Probable Hydrologic Consequences evaluation of the coal mining and reclamation
operations has been prepared by Genwal Resources, Inc. to provide a description of the potential
impacts of the mining operation on the hydrologic systems and the means to prevent or mitigate
those identified impacts.

R645-301-728.100 Determination

This determination section presents a brief summary of the surface water, groundwater, and
geologic resource descriptions of the permit area and the South Crandall Lease area and the U-68082
lease mod area and a description of the possible impacts of the coal mine on the hydrologic
resources.

The geologic and hydrologic data and their associated appendices are contained in Chapter 6
and Chapter 7, respectively. The potential sources of contamination to the hydrologic resources in
the area of the mine were identified through site visits, knowledge of the working operations of the
mine and discussions with Genwal Resources personnel. These potential contamination sources and
impacts include:

Water Quantity

- Interception of groundwater and surface water
- Water consumption within the mine

- Seepage from mine sumps

- Pumping from Crandall Creek

Water Quality

- Additional sediment contribution

- Fugitive dust

- Oil and grease

- Mine water discharge

- Acid-toxic materials

- Flooding or Streamflow Alteration

Each of these potential sources of contamination or impact and their associated mitigating
measures or circumstances are discussed in the following sections.

Water Quantity Impacts

Possible impacts to the surface and groundwater systems from the mining operation could
affect the quantity of water in the mine area. Interception, consumption, and seepage of surface or
groundwater are possible mechanisms which could affect the water systems.
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Groundwater Interception.

Groundwater was commonly intercepted in the Crandall Canyon Mine workings when the
mine openings intercepted sequences of water-bearing sandstone paleochannel deposits in the mine
roof. In some locations, groundwater also upwelled from the Star Point Sandstone through the mine
floor (this occurrence was visible in the westernmost portion of the mine near where the underlying
Star Point Sandstone is truncated by the Joes Valley Fault). As described by Mayo and others (2003)
a limited potential exists for interception of shallow, active-zone groundwater systems or surface
waters due to subsidence which may affect the perched aquifers (springs and seeps), and stream
flows in Crandall Canyon, Blind Canyon, Horse Creek, the upper headwaters of the Indian Creek
drainage (Upper Joes Valley), and the streams and springs of the South Crandall Lease area and the
U-68082 lease mod area. This is because of the heterogeneous nature of the interbedded bedrock
lithologies comprising the overburden above mined areas. Within the Blackhawk Formation,
permeable sandstone paleochannels are usually encased both vertically and horizontally in a matrix
of low-permeability shales, claystones, and mudstones. Because the permeable rocks of the
sandstone paleochannels are not continuous vertically or horizontally over substantial distanches,
the potential for both vertical and horizontal flow through the bedrock is greatly limited. The
Blackhawk Formation is also known to contain hydrophyllic clays, which swell when wetted to seal
mining-related cracking which may form during mining operations. Because of the hydraulic
disconnect between the deep, inactive-zone groundwaters that are commonly intercepted by the mine
workings, and the overlying shallow, active-zone groundwater systems that support most springs in
the area and provide baseflow to streams (Mayo and others, 2003), the likelihood that mining
operations could cause impacts to groundwater flow in the overlying perched aquifers, the
interruption or lessening of flow to springs, or the interception of surface water flow from ephemeral
streams is small. This conclusion is strongly supported by the very large existing database of
hydrologic monitoring data collected at springs and streams in and around the Crandall Canyon Mine
permit area, which to date have not shown any quantifiable diminution of flow rates from monitored
springs and streams that could be attributed to mining and reclamation activities at the Crandall
Canyon Mine. Continued monitoring of streams and springs will occur to verify that no impacts
occur.

A notable exception to the hydrologic isolation that typically exists between the deep, active-
zone groundwaters encountered in the mine workings and the overlying shallow, active-zone
groundwater systems was found to be present in the northwest portion of the Crandall Canyon Mine
workings (herein defined as longwall panels 7, 8, 9, 10, 11, and 12 and the associated development
entries for these panels). The northwest portion of the mine was sealed on June 17, 1999. While
some water was encountered in the main Joes Valley Fault, the most significant quantities of water
encountered in this area were associated with damaged zone fracturing and synthetic faulting
associated with the Joes Valley Fault. When this area was first mined in the late 1990s,
groundwaters of mixed source were identified (i.e containing appreciable tritium but also having
radiocarbon ages on the order of hundreds to thousands of years) (Mayo and Associates, 1997,
provided in Appendix 7-53). As described by Mayo and others (2003) the presence of appreciable
tritium indicates hydraulic communication with surface water in that location. Mayo concluded that
the communication with the surface exists where the stress field associated with the outward
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expansion of cliff faces creates aperture in the damage zone associated with the fault. It is
noteworthy that a sample of groundwater collected from the main Joes Valley Fault underground
(Main West Fault) contained no tritium and had a carbon-14 mean residence time exceeding 2,000
years. It should be noted that, as stated above, although hydraulic communication between the mine
workings and overlying active-zone groundwater systems was present in that location, there is no
indication that impacts to spring or stream discharge rates has occurred (based on water monitoring
data collected to date). Continued monitoring of streams and streams overlying and surrounding the
synthetic faulting and associated damage zone continues to be performed to verify that the
interception of active-zone waters does not detrimenetally impact spring and stream discharge rates.

To better understand this occurrence, it is useful to provide additional information regarding
the geologic and hydrogeologic character of the Joes Valley Fault Zone. The Joes Valley Fault Zone
(East Fault) is a normal fault bounding the east side of the Joes Valley graben. The fault zone shows
evidence of Holocene movement with an estimated slip rate of 0.2 to 1 mm/year (Utah Geologic
Survey, 1999). The trace of the fault trends approximately N2°E. The Joes Valley Fault Zone has
previously been described by Doelling (1972). Doelling describes the Joes Valley Fault Zone as the
most extensive of the fault zones of the Wasatch Plateau, with a total length of 75 miles. The fault
zone’s northern limit is somewhere not far north of Cleveland Reservoir, while the fault is visible to
the south at Quitchupah Creek. Doelling indicates that the offset on the fault is from 1,500 to 2,500
feet and that the dropped graben block is everywhere “much shattered”. Rather than an individual
fault plane, the system is described as a “fault zone”, reflecting the complexity of the internal faults
of the zone. Where the fault was initially encountered along the western edge of the Crandall
Canyon Mine there was found to be considerable clayey gouge associated with the structure. A seal
constructed of concrete, timbers, and bentonite was emplaced at the fault location to minimize the
potential for groundwater inflow from the fault into the mine workings. When the Joes Valley Fault
location was visited in February 1997 for isotopic sampling, it was observed that only minor amounts
of groundwater were weeping from the fault area at that time (0.1 gpm).

Stokes (1963) shows that an alignment of faults along the Joes Valley Fault Zone extends
from McGrath Lake south of Boulder Mountain in Garfield County northward, west of Thousand
Lake Mountain and past Cleveland Lake, northward toward Strawberry Reservoir. At the north end,
it fuses with the Pleasant Valley Fault Zone. The total length of this zone may be as much as 160
miles.

As discussed previously, copious amounts of discharge were not observed emanating
from the main Joes Valley Fault where it was intersected in the Main West entries at the Crandall
Canyon Mine. When the exposed segment of the Joes Valley Fault was visited for isotopic
sampling in 1997, the total discharge was estimated to be less than 5 gpm in total. The vast
majority of the total water intercepted within the Crandall Canyon Mine originated from fracture
systems or exposed saturated sandstone paleochannels intersected in the mine roof. Lesser
quantities of groundwater welled-up from the underlying Spring Canyon member of the Star
Point Formation in the mine entries in the western portion of the mine. It should be noted that an
unknown quantity of groundwater may possibly have upwelled from the mine floor in
inaccessible longwall-mined gob areas after mining in the area was completed. It is not possible
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to quantify the amount of groundwater that may have originated from the Star Point Sandstone in
the mine floor in these areas.

Synthetic faults that likely have a genetic origin associated with the stress field of the
adjacent Joes Valley Fault Zone are present in the western portions of Sections 26 and 35,
Township 15 South, Range 6 East. It is noteworthy that in some locations, the synthetic faults
intercepted underground contained clayey fault gouge and did not transmit any water, but rather
were likely barriers to groundwater flow. In other locations, the faults discharged some
groundwater, although generally at rates of a few gallons per minute or less. More appreciable
quantities of water were encountered in damage zones associated with the fault system where
fractured sandstone rocks in the mine roof drained into the mine openings. When the land
surface in the synthetic fault area was visited, no indication of pronounced brecciation of the
exposed bedrock was observed, nor were there indications of groundwater discharge associated
with these features at the surface.

As part of the Division-requested Work Plan activities performed during 2011, the surface
trace of the Joes Valley Fault along the western escarpment of East Mountain was visited. During
the site visits several springs which discharge from near the fault trace were monitored for flow and
field water quality parameters. Additionally, the projected surface locations of the synthetic fault
system associated with the Joes Valley Fault Zone in the northwest portion of the Crandall Canyon
Mine were visited and monitored during 2011. Springs on East Mountain were also monitored as
part of the 2011 work plan investigation. Almost without exception, the discharge rates measured at
all of these springs during 2011 were similar to or in most cases greater than the discharge rates
measured during pre-mining baseline monitoring activities. Several springs not identified during
initial spring and seep surveys were identified during the 2011 Work Plan investigations. Based on
these findings, there is no indication that any quantifiable or perceptible impacts to springs
discharging near the Joes Valley Fault Zone have been impacted by mining operations at the
Crandall Canyon Mine. It should also be noted that Genwal Resources, Inc. is not aware of any
claim made by water rights holders regarding impacts to groundwater or surface-water resources in
the Joes Valley Fault area near the Crandall Canyon Mine.

A plot of discharge rates measured at the Indian Creek monitoring station is presented in
Figure PHC-6. Also included on Figure PHC-6 is a plot of the Palmer Hydrologic Drought Index
(PHDI) for Utah Region 4. 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. It is apparent in Figure
PHC-6 that discharge rates measured at Indian Creek have been variable over the period of record.
Generally, the baseflow discharge rates measured in the creek respond to long-term climatic
variability. The measured peak discharge rates are less predictable, which is likely largely controlled
by the date of the first monitoring event of the year (i.e., whether the monitoring event occurred prior
to, during, or after the passage of the seasonal discharge peak. It is noteworthy that the 4™ quarter
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baseflow discharge measurement recorded during October 2011 is the largest baseflow measured
recorded in the past 14 years at the site. There is no indication of any diminution of flow in Indian
Creek that could be attributable to any mining-related activities at the Crandall Canyon Mine. It
should also be noted that Genwal Resources, Inc. is not aware of any claims made by water rights
holders regarding impacts to surface-water resources in the Indian Creek drainage near the Crandall
Canyon Mine.

Springs and streams in the upper Joes Valley drainage along the Joes Valley Fault Zone were
visited and inspected on 9 August 2007, which was three days after the mine collapse event of 6
August 2007. The purpose of this supplementary site visit was to observe conditions in the region
immediately west of the collapse event location to ascertain whether any notable impacts to
groundwater or surface-water systems had occurred as a result of the event. Visual observation did
not indicate any increases in groundwater or surface-water turbidity, nor any obvious increases or
decreases in groundwater or surface-water discharger rates in the region investigated. Measured
discharge rates and field and laboratory water quality parameters performed on water samples from
these the three springs (SP1-47, SP2-1, and SP1-33) and one creek site (Indian Creek) were similar
to those monitored at these sites previously. Additionally, similar observations were made at each of
other the regular Crandall Canyon Mine water monitoring sites during monitoring activities in the
third quarter of 2007. Anomalous conditions were not noted at the monitoring sites during the 31
quarter.

Groundwater Interception.

Previously, researchers commonly referred to a regional aquifer existing in the Blackhawk
Formation and the Star Point Sandstone. However, a new conceptual model of groundwater has
been developed that describes two largely disconnected groundwater systems (Mayo and others,
2003). These two systems include 1) shallow, active-zone groundwater systems that generally
support discharge at springs and seeps in the area and provide baseflow to surface waters, and 2)
deep, inactive-zone groundwater systems that are commonly encountered in the coal mining
environment away from cliff faces and in areas under shallow cover. Groundwater that occurs in the
deep, inactive-zone groundwater systems in the Blackhawk Formation often occurs in discrete
sandstone paleochannel deposits that may or may not be connected to adjacent channel sands.
Inactive-zone groundwaters are also commonly intercepted in fault systems that have open apertures,
both in the mine floor and in the mine roof. Rarely, the deep, inactive-zone groundwater systems
come into hydraulic communication with overlying shallow, active-zone groundwater systems
through interconnecting faults or associated damaged zones. It is believed that recharge to the deep,
inactive-zone groundwater systems may occur where the sandstone members are exposed at the
surface and horizontal movement of the recharge waters into the exposed rock may occur. There is
also isotopic evidence that suggests that, regionally, recharge to the deep, inactive-zone groundwater
systems occurred under paleoclimatic conditions, when climatic conditions in the region were
considerably wetter and cooler than they are at present.
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Petersen Hydrologic, LLC performed isotopic sampling of the Crandall Canyon Mine
discharge water on 18 October 2011. The results of this investigation are presented in a letter report
to Mr. David Hibbs. The Petersen Hydrologic, LLC letter report is included as Appendix 7-71.

: awatha—Coal—in—all-butthe—western—portion—ofthe—mine- Sandstone
paleochannels that are saturated with groundwater are present in the strata overlying the mine roof'in
many locations throughout the mine. Groundwater monitored in the Spring Canyon Member of the
Star Point Sandstone at monitoring well MW-7 exists under flowing artesian conditions. The shut-in
pressure measured at the well during November 1997 was 22 psi, which equates with a hydraulic
head that is 50.8 feet above the top of the well casing at that location. It is considered likely that the
artesian pressure at this location exists in large part as a result of the westward dip of the saturated
sandstone beds of the Star Point Sandstone toward the Joes Valley Fault, which truncates the
sandstone beds on the west. The flowing artesian discharge from MW-7 was meager, typically in the
range of 0.1 to 0.2 gpm, which suggests a low permeability for the Spring Canyon Member in the
vicinity of the well. A shut-in recovery test was performed on the well MW-7 which indicated a low
hydraulic conductivity of 7.4 x 10 feet per second.

The fact that large quantities of groundwater were released from storage through the mine
roof during longwall mining operations in the northwest and southwest portions of the Crandall
Canyon Mine indicate that saturated sediments were obviously present in the mine roof in these
areas. It is interesting to note, however, that the occurrence of groundwater from the mine roof was
variable from location to location. This occurrence is attributable to 1) the fact that bedrock
lithologies are spatially variable in the heterogeneous Blackhawk Formation (i.e., in some areas the
mine roof consisted of aquifer-quality sandstsones, while in other areas siltstone or mudstones are
present immediately above the mined coal seam), and 2 the presence or absence of fault or fracture
systems, which have the effect of enhancing the secondary permeability of the rocks surrounding the
mine openings.

Monitoring of in-mine and surface wells indicate that water levels in the underlying Spring
Canyon Member of the Star Point Sandstone are typically about 50 to 60 feet below the top of the
formation over much of the mine. In the western portion of the mine near the Joes Valley Fault
systems, the Spring Canyon Member was found to be fully saturated with groundwater systems
existing under flowing artesian conditions. A shut-in pressure of 22 psi was measured in monitoring
well MW-7, which is completed in the Spring Canyon Member below the mine. In these areas,
minor amounts of groundwater weep from the floor of the mine (particularly where the permeability
of the tight sandstones is enhanced by fracturing or faulting).
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Historically, the springs within the permit area which are monitored on a quarterly basis,
in the perched aquifer of the Blackhawk Formation above the mine, have not been affected by

operatmg the Crandall Canyon Mme Beeaa—se—eﬁhe—&ghfaess—e#ﬂ&e—yemfs—aﬂd—%xe-pfeseﬂeeef

aﬂ&elpa%ed— Locally, modest amounts of groundwater were 1n1t1ally1ntercepted durmg mining
operations at the Crandall Canyon Mine. Prior to 1996, discharge from the Crandall Canyon
Mine was minimal or did not occur. As mining occurred in the northwest portion of the mine in
Sections 26 and 35, T15S, R6E, appreciable groundwater inflows were encountered. Most of
this groundwater entered the mine workings from fracture zones in the mine roof. This
groundwater discharge appeared to be associated with release of groundwater from storage in
fractured paleochannel systems overlying the Hiawatha coal seam. The fracture systems from
which the groundwater emanated are likely associated with synthetic faulting related to the Joes
Valley Fault system. The Joes Valley Fault system, which extends considerable distances to both
the north and south, is present immediately west of mined areas.

It is important to note that, although during the life of the Crandall Canyon Mine
substantial quantities of groundwater were intercepted by the mine workings, more than 20 years
of water monitoring data indicates that the interception of this water has not had any measurable
impact on the discharge rates from springs or streams in the area (i.e., it did not impact the
hydrologic balance). This observation supports the conclusion that the water being intercepted
by the mine workings is largely derived from deep, inactive-zone groundwater systems that are
hydraulically disconnected from shallow, active-zone groundwater systems that support springs
and streams in the region. (with the exception noted here of the interconnection between the
underground mine openings and overlying active-zone groundwater systems in the northwest
portion of the mine).

The amount of groundwater flowing into the mine from Sections 26 and 35, T15S, R6E,
together with groundwater originating from less significant sources located elsewhere in the
mine, exceeded the amount of groundwater utilized in underground mining processes.
Consequently, it became necessary to discharge the excess groundwater from the Crandall
Canyon Mine. The mine water was pumped from underground sumps to the surface and then
discharged into Crandall Canyon Creek at monitoring point UPDES 002. The northwest portion
of the Crandall Canyon Mine was sealed on June 17, 1999 after mining in that area was
complete. However, drainage of groundwater from the sealed northwest portion of the mine
continued. Groundwater discharge from the Crandall Canyon Mine was essentially continuous
throughout the remaining period of active mining (through August 2007).

In August 2007, a tragic mine collapse event occurred at the Crandall Canyon Mine. As a
consequence of this event, the Crandall Canyon Mine was subsequently closed and sealed.
Accordingly, as the mine pumps were removed, it was no longer possible to pump groundwater
from the Crandall Canyon Mine workings and discharge from the mine ceased during September
2007.
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Beginning in January 2008, groundwater began to discharge from the Crandall Canyon Mine
portals via gravity drainage. It should be noted that, based on the geometry of the Crandall Canyon
Mine workings (with the lowest elevation regions occurring in the southern part of the mine), large
portions of the mine workings likely remain free of mine water.

A reconnaissance of field information and data available from the old Huntington #4 permit
indicates that Little Bear Spring located in T16S-R7E-Sec9 (see Plates 7-12, 7-13, and 7-14)
emanates from the Panther (lowest member) of the Star Point Formation. Previous drilling within
the mine area has shown that the three members of the Starpoint Sandstone are vertically isolated
from one another. The Spring Canyon member is located within the upper 100 feet of the Starpoint
Sandstone. This member has been found to contain water in some areas of the mine. The Storrs
member was isolated from the Spring Canyon member by interbedded shale and siltstone. It did not
appear to contain any appreciable water. The Panther member was found to be about 36 feet thick at
a depth of 315 to 351 feet. Flow from this bed varied from about 2.1-7.0 gallons per minute.
Although Little Bear spring emanates out of the Panther member, age dating showed the water to be
of recent age (<50 years old). Age dating of water from the Starpoint Sandstone shows it to be of an
age greater than 10,000 years old. It appears that Little Bear Spring emanates from a fault zone
which may be serving as a conduit for diversion of recent water intercepted in some of the larger
drainages in the area. It is doubtful that mining activities would have any affect on flow from Little
Bear Spring due to the large age difference between the water encountered underground and the
water flowing out of Little Bear Spring.

Meetings with the Castle Valley Special Service District officials and their representatives, as
well as the other water user districts of the area, were held on 10 June 1993. The concern of the
Castle Valley Special Service District regarding diminution and mitigation of the Little Bear Spring
flow that could result from future mining were discussed. Given the elevations of the Starpoint
potentiometric surface, in relation to that of the Hiawatha Coal Seam, it was shown that the present
and future mine workings would not interfere with the Starpoint aquifer.

Little Bear Spring is a developed spring that provides municipal water to nearby
municipalities. It emanates from a fracture system in the Panther Member of the Star Point
Sandstone that trends in an approximate northeast-southwest direction.

Because of its importance as a municipal water supply source and its proximity to proposed
mining areas, Little Bear Spring has been extensively studied. Several hydrologic studies have been
performed since 1977 to investigate the recharge source for Little Bear Spring (Forest Service Project
File). These studies have agreed that the spring flow is supported by a fault/fracture system. Since
Little Bear Spring lies more than 300 feet below the level of the mineable coal seams and past
mining encountered the fault/fracture system without significant inflow of water, there is general
consensus among the Castle Valley Special Service District (CVSSD), mine operators, scientific
community, and the regulatory agencies that adverse effects to the spring are unlikely.

Several studies have been done that suggest a northerly component of flow feeding Little
Bear Spring. These studies include:
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X Vaughn Hansen Associated, Water Quality and Hydrologic Study in Vicinity of
Huntington Creek Mine No. 4 and Little Bear Spring, Prepared for Swisher Coal
Company, August1977.

X Hydro-Sciences, Inc., Ground Water Hydrology in the Vicinity of the Huntington No.
4 Mine, Prepared for ARCO Coal Company, December 19, 1980.

X Beaver Creek Coal Company, Huntington Canyon No. 4 Mining and Reclamation
Plan, Prepared for UDOGM, 1983.

X Utah Geological and Mineral Survey, Effects of Coal Mining at Huntington Canyon
No. 4 Mine on Little Bear Spring, Emery County, Prepared for Castle Valley Special
Services District, Job No. 84-005, January 21, 1984.

X Vaughn Hansen Associated, Hydrologic Conditions in Huntington Canyon No. 4
Mine, 1984.

These referenced studies are available for review at the Division=s Public Information
Center. '

Other studies indicate that the Little Bear Spring may possibly be fed by a fault/fracture
system which intercepts surface water in Mill Fork Canyon southwest of the South Crandall Lease
area. These scientific investigations include an investigation of the Little Bear Spring groundwater
system and the groundwater systems encountered in the Crandall Canyon Mine (Appendix 7-52), a
solute and isotopic investigation of groundwater from Little Bear Spring and the Star Point
Sandstone and Blackhawk Formation groundwater systems the Crandall Canyon Mine (Appendix 7-
53), an investigation of the hydraulic conductivity of the Star Point Sandstone in the vicinity of the
Crandall Canyon Mine (Appendix 7-54), an investigation of the alluvial groundwater system in Mill
Fork Canyon with implications for recharge to Little Bear Spring (Appendix 7-55), an investigation
of the potential for Little Bear Spring recharge in Mill Fork Canyon (Appendix 7-56), and a
fluorescent dye-tracing study that conclusively demonstrates the hydraulic connection between the
stream/alluvial groundwater system in Mill Fork Canyon and Little Bear Spring (Appendix 7-57).
Sunrise Engineering also performed a series of investigations using a proprietary geophysical
technique that demonstrated a hydraulic connection between Little Bear Spring and the surface
drainage in Mill Fork Canyon. These investigations are included as Appendix 7-59, Appendix 7-60,
Appendix 7-61, and Appendix 7-62.

These studies, taken as a whole, have indicated that Little Bear Spring is possibly recharged
through surface water and alluvial groundwater losses in Mill Fork Canyon, located well beyond the
boundary of the South Crandall Lease area, approximately 1.5 miles southwest of the spring. The
basis for this assumption is discussed briefly below. The reader is referred to the above mentioned
appendices for a more rigorous discussion of the recharge of Little Bear Spring.

The assumption that Little Bear Spring may possibly be recharged from surface-water and
alluvial groundwater losses in Mill Fork Canyon is based on several findings. These include:
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1) the finding that, from a water budged standpoint, there is sufficient water available in Mill
Fork Canyon to account for the recharge to Little Bear Spring and any surface water drainage that
leaves the Mill Fork drainage and flows into Huntington Creek,

2) the finding that there is a chemical and isotopic match (or a plausible chemical
evolutionary pathway) between surface waters and alluvial groundwaters in Mill Fork Canyon and
groundwater at Little Bear Spring, and

3) the finding that there is a demonstrated hydraulic connection between Mill Fork Canyon
and Little Bear Spring and the hydraulic gradient and flow volume through the connection is
sufficient to provide Mill Fork water to the spring.

These findings are discussed below.

An investigation was performed in 2001 to determine the quantity of water available in Mill
Fork Canyon to recharge Little Bear Spring (Appendix 7-56). It is the finding of this investigation
that there is an excess of approximately 300 gpm in the Mill Fork drainage that is available for
recharge to the spring. Indeed, it is difficult to explain the loss of approximately 300 gpm from the
drainage basin without taking the recharge to Little Bear Spring into account. This finding is based
on a comparative analysis of baseflow in the Crandall Creek drainage, which is very similar in
geology, topography, aspect, and elevation to the Mill Fork Creek drainage. The baseflow in
Crandall Canyon Creek during most years is approximately 300 gpm greater than that in Mill Fork.

Another investigation examined the capacity of the alluvial groundwater system in Mill Fork
Canyon to transmit sufficient groundwater to sustain the baseflow of Little Bear Creek during
periods when there is not surface flow in the Mill Fork drainage (Appendix 7-55). This investigation
was based on a quantitative determination of the flow of groundwater migrating through the alluvial
groundwater system above the spring recharge location compared to that flowing through the alluvial
deposits below the spring recharge location in Mill Fork Canyon. It is the conclusion of this
investigation that there is appreciably more groundwater flowing through the alluvial deposits above
the spring recharge location as compared to that flowing in the alluvial deposits below the spring
recharge location (approximately 300 gpm more).

Investigations regarding the solute and isotopic compositions of groundwater at Little Bear
Spring and other shallow groundwater systems in the vicinity have been performed. These
investigations have also examined the solute and isotopic compositions of Star Point Sandstone
groundwater systems encountered in the Crandall Canyon Mine. These studies are included as
Appendix 7-52 and Appendix 7-53. It is the findings of these investigations that groundwater
discharging from Little Bear Spring is modern in origin (<50 years old), while groundwater from
deep Star Point Sandstone groundwater systems in the Crandall Canyon Mine have a mean
groundwater age of many thousands of years. Shallow Groundwater systems (that provide baseflow
to upper Mill Fork Creek) are modern in origin. The solute composition of groundwater in Little
Bear Spring and that of surface water and shallow alluvial groundwater in Mill Fork Canyon are
similar.
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The fact that the discharge in Little Bear Spring shows rapid seasonal variations in discharge
rate suggests that the recharge is related to a shallow recharge source that is closely tied to seasonal
recharge. The ancient groundwater systems encountered in the Star Point Sandstone in area coal
mines do not exhibit seasonal variability.

Finally, in order to explore the assumption that Little Bear Spring may possibly be recharged
from Mill Fork Canyon, a fluorescent dye tracing study was performed in 2001 (Appendix 7-57). In
this investigation, fluorescent dye was placed in the upper Mill Fork drainage immediately above the
spring recharge location. A positive dye recovery occurred at Little Bear Spring within 40 days of
the dye placement. Thus, a hydraulic connection between the alluvial system in upper Mill Fork
Canyon was positively confirmed.

The elevation of the spring recharge location in upper Mill Fork Canyon is approximately
7710 to 7790 feet, while the elevation of Little Bear Spring is approximately 7475 feet. Thus, there
is a substantial hydraulic gradient between the possible Mill Fork recharge location and Little Bear
Spring. It is important to note that the possible recharge location for Little Bear Spring in Mill Fork
Canyon is outside the boundaries of the South Crandall Lease area. Likewise, the groundwater
flowpath connecting Mill Fork Canyon and Little Bear Spring is outside of the area of potential coal
mining by Genwal Resources.

While the flow mechanisms conveying water to Little Bear Spring are not completely understood,
additional hydrologic studies performed since the Mill Fork EA was written have indicated that
adverse impacts to the spring are not expected due to the vertical separation between the coal seams
and flow. (Forest Service, BLM Joint Decision Notice/Finding of No Significant Impact, Coal Lease
Application UTU-78953)

In conclusion, because mining occurs above the Panther Member of the Star Point Formation,
the source of water of the Little Bear Spring; because the mine is relatively dry; and because age
dating has shown that the water sampled underground from the Starpoint Sandstone and from Little
Bear Springs are not the same age (: there is little, if any chance, that current or proposed future mine
workings of the Crandall Canyon Mine could affect the Little Bear Spring. Operation of the mine
should not adversely impact the Star Point aquifer or Little Bear Spring.

- Mitigation for potential disruption to the Little Bear Spring was accomplished though the
construction of a water treatment plant which can provide replacement water for the spring should
the need arise. Construction of this water treatment plant will be done under the provisions of a water
replacement agreement between Genwal Resources, Inc. and the Castle Valley Special Service
District who maintain culinary water rights to Little Bear springs. A copy of this water replacement
agreement is included in Appendix 7-51. With construction of this water treatment plant an
uninterrupted supply of culinary water is assured irrespectively of whether mining can be
conclusively shown to have affected Little Bear Spring. This is in compliance with special
stipulation #17 of federal lease UTU-78953 (see Appendix 1-13).

Spring and Seep Interception.
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There is a potential for impact to overlying seeps and springs through interception of the
perched aquifers as a result of subsidence. Seeps and springs throughout the mine area and the South
Crandall Lease area and the U-68082 lease mod area have been identified through intensive field and
aerial surveys. These survey results are presented in Chapter 7, Section 7.24.1, associated
appendices, and are shown on Plate 7-12. Water rights have also been researched and are provided
in Chapter 7, Table 7-6.

Genwal is currently monitoring the water flow rates and quality of representative springs and
seeps as indicated in section 7.3 1 within and adjacent to the current mine permit area (including LBA
No. 9 and the South Crandall Lease area). The springs which are monitored cover both the proposed
aerial extent of the mine and also are located within each of the major lithologic units from the
Blackhawk (above the regional aquifer) to the North Horn Formation (which caps the highest
portions of the top of East Mountain).

As stated in Section 7.24.1, the water emitting from seeps and springs which overlie the coal
seam originates from perched aquifers. These perched aquifers appear to have no direct
communication with the Star Point Sandstone, or with the mine. Isotopic sampling has shown the
chemistry of these springs to be substantially different than water from underground sources or the
Starpoint Sandstone. These springs do not appear to have any vertical communication with the
Blackhawk or Star Point Sandstone formations even when subsidence has occurred. This is due to
the extensive interbedded shale in the intervening strata. Also, during the drilling conducted for the
LBA No. 9 only one hole, DH-7, intercepted any groundwater. These data indicate that a significant
zone of non-saturated, low-permeability strata (aquitard or aquiclude) are present between the Star
Point Sandstone and the overlying perched aquifers.

aral-e 3 ; anda 3 #s Prior to the
1996, 1nﬂows mto the Crandall Canyon Mine were usually modest in magmtude and of short
duration te-be-ofshert-and-limited-duration. Beginning around 1996, most of the natural inflows
originated from mined-out, subsided portions of the mine. Less frequently, natural inflows
occurred from bolt holes in the roof and from very limited sections at the active mining face. As
mining occurred in the northwest portion of the mine in Sections 26 and 35, T15S, R6E,
appreciable groundwater inflows were encountered. By late 1998, the total discharge from the
northwest portion of the mine was approximately 600 gpm. Most of this groundwater entered the
mine workings from fracture zones in the mine roof. This groundwater discharge appeared to be
associated with release of groundwater from storage in fractured paleochannel systems overlying
the Hiawatha coal seam. The fracture systems from which the groundwater emanated are likely
associated with synthetic faulting related to the Joes Valley Fault system. While discharge from
the northwest portion of the mine continued, it is noteworthy that discharge rates from individual
groundwater inflow sources where encountered in mine entryways almost without exception
gradually declined over time. This suggests that the intercepted water sources existed as isolated
partitions which were not in strong hydraulic communication with a continuous, actively flowing
groundwater system. Discharge from the northwest portion of the mine continued after the mine
was sealed in 1999, although at a much diminished rate, on the order of 50 to 100 gpm (personal
communication, Gary Gray, 2012).
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Longwall mining in the southwest portion of the mine (longwall panels 13-18) occurred
between mid-1999 and early 2003. Appreciable groundwater was encounted during mining of
the southwest portion of the mine (personal communication, Gary Gray, 2012). Discharge from
the 9™ west entries on November 29, 1999 was estimated at 300 gpm. By December 7, 1999, the
flow had decreased to an estimated 150 gpm. When mining operations advanced in longwall
panel 14 in mid-2000 a large surge of groundwater from the mine roof was encountere.
However, within a matter of just a few days, the discharge rate from the system had declined
dramatically. Occurrences of this nature (intermittent periods of high flow followed by a period
of declining discharge rates) were common during mining of the southwest portion of the mine
(personal communication, Gary Gray, 2012).

Genwal has an operational monitoring plan which includes monitoring surface flows from
Crandall, Blind Canyon and Indian Creeks using flumes and continuous recorders. In addition,
Genwal has committed to monitor Horse Canyon at station H-1 on a quarterly basis. Genwal is
currently monitoring 24 springs on a quarterly basis across their potential area of influence (see
Chapter 7 for additional details).

Prior to about 1996, due to the dryness of the mine, water from Crandall Creek had been
pumped into the mine to provide dust control water and water for the mining equipment. A water
supply well provided shower water for the bathhouse. This well (MW-1) is no longer operative in
the now closed Crandall Canyon Mine. Based on the 1992 mine water records, approximately 6.9
million gallons of water were used in the mining operation. Of this volume, it is estimated that
approximately 6.2 million gallons of water were pumped into the mine from either the water supply
well MW-1 or from Crandall Creek. These volumes indicate that the water collected from natural
inflow underground was approximately 700,000 gallons, which is about 10 percent of the 1992 water
usage. This amounts to a 1.3 gpm inflow rate. Much of the natural inflow water is used in the
mining operation. Discharge from the mine had occurred only 3 times prior to 1990. Beginning in
January 1996, relatively continuous discharge of mine water began to occur. A plot of Crandall
Canyon Mine discharge as monitored at UPDES 002 is presented in Figure PHC-1. It is apparent in
Figure PHC-1 that mine-water discharge rates increased gradually from 1996 to 2001. The
northwest portion of the mine, where considerable groundwater inflows were first encountered, was
sealed on June 17, 1999. By the early 2000s, discharge from the sealed northwest portion of the
mine had declined to approximately 50 to 100 gpm (personal communication, Gary Gray, 2012).
Beginning in mid-1999, mining of longwall panels in the southwest portion of the mine commenced.

Intermittent zones of groundwater were intercepted primarily in the mine roof during the mining of
these longwall panels. Discharge from the mine peaked during the period from 2001 through 2004,
with discharges commonly exceeding 1,000 gpm. After 2004, discharge data from the mine show a
gradual decreasing trend. During the first three quarters of 2010, the reported discharge has averaged
about 500 gpm.

In the event that a subsidence fracture did reach the surface or intercept one of the overlying
perched aquifers, it is likely that the affect would be temporary in nature. As indicated in Appendix
7-41, the clays within the Blackhawk Formation have a tendency to swell when exposed to water.
Therefore, if the fracturing from subsidence did intersect a saturated, perched aquifer and conveyed
water, the clays within the formation would swell and seal the fracture. This self-healing condition
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has been identified within the headwaters of the Huntington Creek drainage (DeGraff, 1978) and at
other mines in the area.

An alternative water source plan has been developed in the event any water rights or
springs/seeps impacted in a long-term manner by the mining operation or reclamation activities.
This plan is detailed in Chapter 7, Section 7.27.

The Division of Oil, Gas and Mining has requested that this PHC be revised with respect to:

1. The magnitude and potential source of the groundwater inflows currently occurring at the
Crandall Canyon Mine

2. The nature of the groundwater system currently being intercepted in the mine

3. The potential impacts of intercepting groundwater in the mine including the potential for
impact to State appropriated water rights, and

4. The potential impacts to the Crandall Creek stream channel resulting from sustained
discharge, including potential impacts to stream channel morphology and aquatic habitat.

In conjunction with this request, a written work plan was prepared that outlined the specific work
tasks that would be performed in conjunction with the Division’s request. The work plan was
discussed in detail with Division personnel and representatives of Genwal Resources in a
meeting held at the Division’s offices on 4 April 2011. Petersen Hydrologic, LLC was
commissioned to perform the requested hydrologic investigations and other work tasks in
accordance with the plans outlined in the 4 April 2011 meeting.

2011 Investigative Tasks

e Monitoring of supplemental Spring and Seep locations

During the 2011 field season, Petersen Hydrologic performed a field investigation of selected
springs and seeps in the permit and surrounding areas. The purpose of this investigation was to
collect supplemental discharge and water quality data from springs in the study area to which
baseline hydrologic data could be compared. The purpose of this analysis was to determine
whether there has been any measureable interception or diversion of groundwater resources into
the subsurface as a result of mining operations at the Crandall Canyon Mine. For this
investigation, hydrologic monitoring was performed by Petersen Hydrologic at 36 spring
locations distributed over the study area during the 4™ quarter of 2011 (an additional spring site
was monitoring during July 2011 and a general observation of conditions in the Joes Valley
alluvium was performed during October 2011). Additionally, as part of the routine quarterly
water monitoring activities at the Crandall Canyon Mine, an additional 12 monitoring sites in and
adjacent to the study area were monitored during the 4™ quarter of 2011. Additionally, laboratory
water quality analysis for four additional springs was performed as part of this investigation.
These springs include SP1-3, SP1-19, SP1-24, SP1-22, which are part of the approved
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monitoring plan, but for which laboratory water chemistry analysis is not generally performed.
The results of the laboratory water quality measurements will be submitted electronically to the
Division’s on-line hydrology database together with the other 4™ quarter 2011 monitoring
information when the results from the analytical laboratory become available.

Additionally, as part of their water monitoring activities at the adjacent Deer Creek Mine,
PacifiCorp previously performed monitoring at 10 spring sites situated near the Crandall Canyon
Mine permit area (See Appendix 7-66, Figure 1 and Table 1). Monitoring information collected
by PacifiCorp (including discharge and field water quality data) was obtained for these sites from
the Division’s publically available on-line hydrology database. Information from the Deer Creek
Mine monitoring activities for the 4™ quarter 2010 was utilized for this investigation (which was
the most recent 4™ quarter monitoring data available).

A summary of the comparison between the 2011 monitoring data and the historic monitoring
data previously provided to the Division (Work Plan Table 1) for the comparison is presented in
Appendix 7-66, Table 1. From the data presented in Appendix 7-66, Table 1 it is apparent that
groundwater discharge rates measured during 4™ quarter of 2011(and during 2010 for the
PacifiCorp monitoring) generally equal or exceed those measured during the period of baseline
monitoring (in some instances by a considerable amount). There is no indication that
groundwater discharge rates from springs in any portion of the study area have been adversely
impacted by mining operations at the Crandall Canyon Mine. Similarly, there is no indication
that appreciable changes to water quality have occurred relative to conditions observed during the
baseline monitoring activities (with the possible exception of some marginally elevated specific
conductance values at a few monitoring sites). What this suggests is that the groundwater
systems that support springs and seeps and provides baseflow to streams in the mine permit and
surrounding area are apparently not in good hydraulic communication with the groundwater
systems which have previously been intercepted in the Crandall Canyon Mine workings.

e Monitoring of Surface Water

As part of this investigation, surface water flow rates and stream water quality from the mine
permit area have been measured in the Indian Creek drainage, Horse Canyon drainage, Blind
Canyon drainage, Shingle Canyon drainage, Crandall Canyon drainage, Little Bear Canyon
drainage, the Section 4 Creek drainage, and the Section 5 Creek drainage. These surface water
drainages together drain essentially the entirety of the land surface in the Crandall Canyon Mine
permit area.

The results of regular quarterly monitoring activities on streams are reported to the Division
quarterly through the Division’s on-line coal water quality database. The results of previous
year’s surface water monitoring activities have been summarized in annual reports of water
monitoring at the Crandall Canyon Mine. These reports include graphs of discharge rates and
important water quality parameters for each stream monitoring site. An analysis of the current
year’s surface-water monitoring data together with data from previous years is provided in the
annual report to the Division.
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To date, other than the effects of the permitted discharge of mine water to Crandall Creek, no
detrimental impacts to water quantity or water quality in streams that could be attributed to
mining and reclamation activities at the Crandall Canyon Mine have been identified.

The UPDES permit for the Crandall Canyon Mine specifies the maximum allowable total iron
concentration

e Hydrogeologic field investigation

During the 2011 field season, the land surface overlying mining areas were traversed and
geologic and hydrogeologic conditions were observed. The locations of identified features of
potential hydrogeologic significance are shown in Appendix 7-66, Figure 1.

The land surface area overlying the synthetic faulting encountered in the underground mine
workings (in Section 35 and in the southern portion of Section 26, T15S, R6E) was traversed and
inspected. Lineaments were observed in this area on high-resolution aerial imagery. However,
the presence of a relatively thick soil mantle in the area and the unusually dense vegetative cover
present during the 2011 field season made field identification of these structures difficult. As a
result of these factors, together with the fact that these faults apparently have only relatively
small offsets, positive identification of the surface traces of these faults in the field was not made
during the 2011 field investigation (i.e. the previously mapped fault locations have not been
changed). It was notable that when the fault area was surveyed, groundwater discharge was
observed at several springs and seeps in the area. The presence of the springs and seeps in the
area suggests that the land surface overlying the synthetic fault system is a groundwater discharge
area and not an area where recharge to fractures would potentially be occurring. The fact that
these springs (numbers 20, 21, 22, 23, and 25) discharge along the approximate trend of the
westernmost of the mapped synthetic faults suggests the possibility that the discharge
mechanisms for these springs could be associated with a damaged zone associated with the fault.

The surface trace of the Joes Valley Fault system was observed in several locations. It is readily
apparent that groundwater discharge along the surface expression of the fault trace is not
significant. While there are a few springs that discharge along the length of the Joes Valley Fault
zone within the study area, the discharges from these few springs are generally meager (See
Work Plan Table 1). These observations suggest that groundwater discharge as upwelling from
the Joes Valley Fault along the steep, fault-related escarpment is either not appreciable or does
not occur. It should be noted that appreciable groundwater discharge does occur in Joes Valley
west of the East Mountain escarpment. Earthfax Engineering previously performed an isotopic
investigation of groundwaters discharging from selected springs in Joes Valley. The results of
their investigation demonstrated that each of these springs (SP1-1A, SP1-47, SP1-42A, and SP1-
37A) had elevated tritium concentrations ranging from 19.2 to 38.2 TU (See Mayo and
Associates, 1997). These elevated tritium contents clearly indicate that recharge to these springs
occurred within the past approximately 50 years. In contrast, tritium and radiocarbon analysis on
the Joes Valley Fault water intercepted underground contained no tritium and had old
radiocarbon ages. -
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The land surface overlying the Blackhawk Formation sandstone channel scour that was
encountered in the underground Crandall Canyon Mine working was inspected as part of this
investigation (primarily in Sections 25 and 26, T15S, R6E, and also the southern portions of
Sections 23 and 24, T15S, R6E). Where encountered underground, the southern extent of the
channel scour area is situated along the northern margins of the mined area. No unusual or
hydrogeologically significant features were observed at the land surface in these regions,
although a few springs with appreciable groundwater discharge were identified (Refer to springs
26, and 29-33 in Appendix 7-66, Table 1). The significance of the presence of these springs is
that it indicates that these areas are groundwater discharge locations. Accordingly, there is no
indication that large quantities of groundwater are being diverted from these areas into the
subsurface. Because of the thickness of the overburden in these areas, the lower Blackhawk
Formation scour is not exposed at the surface in the study area. Where the lower Blackhawk
Formation is exposed in Horse Canyon east of the study area, no unusual hydrogeologic
characteristics were observed.

Other than the considerable and spatially extensive erosion of near-surface soils and colluvium

along the steeper slopes below the ridge line of East Mountain, no particularly anomalous
geologic or hydrologic conditions were observed during the 2011 field geologic inventory.

e Analysis of historic discharge data from Crandall Creek

Prior to the temporary cessation of mining in 2007, flow measurements were generally performed
using an in-line totalizing flow meter and are believed to be accurate. Gary Gray, the Genwal
Resources engineer primarily responsible for the collection of mine discharge rate data indicates
that the totalizing flow meter utilized through September 2007 was believed to be reasonably
accurate. Mr. Gray indicates that he periodically checked the accuracy of the discharge meter by
comparing the discharge measured at the upper flume on Crandall Creek (UPF-1) with that
measured below in Crandall Creek below the mine discharge point (LOF-1). He generally found
the readings to be in good agreement. The measured discharges were also generally in good
agreement with information regarding the levels of activity at pumping stations at various
locations in the mine. MTr. Gray indicates that in his opinion, the reported discharge
measurements are likely within a 10% margin of error. Accordingly, it is the Genwal’s belief
that the mine water discharge rate data provided to the Division measured using the in-line
totalizing flow meter is reasonably accurate.

From the time that gravity discharge from the mine portal commenced in early 2008 until
October 2011, various methods were utilized to measure the mine-water discharge rates. Several
factors complicated the performance of the mine water discharge flow measurements subsequent
to the commencement of gravity discharge (including the necessity of correcting flow meter
readings for the rate of pumped water recirculation associated with the water treatment facility).
Accordingly, the flow measurements performed during this time period may be less accurate than
those measured prior to September 2007. A new flow meter was installed at the Crandall

1/23/95 revised 5/30/2012 18

12275601.



Canyon Mine discharge location on 3/19/2010. However, personnel responsible for operating the
meter indicated that corrosion associated with the ferric chloride coagulant utilized in the
treatment system eventually damaged the flow meter. The time at which the meter became
significantly damaged is not known. Commencing in October 2011, an improved flow metering
system was installed and flow measurements being performed currently are believed to be
accurate. On 18 October 2011 a manual measurement of the discharge from the mine was
performed using a current-velocity meter and a wading rod. The result of this manual flow
measurement (427 gpm) was in good agreement with that reported by the automated flow meter
at that time.

The mine water discharge rates measured at the Crandall Canyon Mine are graphed in Appendix
7-66, Figure 2. Also included in Appendix 7-66 is a plot of the 6-month running average for the
mine discharge (Figure 3). The 6-month running average plot is useful for analyzing long-term
trends. The running average data analysis technique typically results in a smoothed data plot
which simplifies the identification of long-term trends while minimizing the noise and clutter of
short-term data anomalies (such as potential measurement errors). The period during which there
was no discharge from the mine during late 2007 was omitted from the running average flow rate
calculation. A bar graph summarizing the average yearly mine water discharge rates are
presented in Appendix 7-66, Figure 4.

It is apparent from Appendix 7-66, Figures 2, 3, and 4, that after peaking in the early 2000s, the
mine discharge rate plot indicates a downward trend beginning around 2004. This trend is more
readily discernable in the 6-month running average plot for mine discharge shown in Figure 3.
Additionally, the yearly-average mine discharge rates plotted in Figure 4 show an obvious
generally declining trend, and do not correlate with recent climatic trends (i.e. extremely wet
years in 2005 and 2011). It is notable from Figure 4 that the average yearly discharge rate for
2011 (first 6 months) is less than half the average rate for 2001, demonstrating the declining
trend in mine water discharge rates. The observed declines are likely the result of two main
factors. These include 1) with a decrease in the mining rate or a cessation of mining activities,
the potential for the underground interception and exposure of water-bearing features in the
subsurface is minimized or ceases, and 2) over time it is common for discharge rates from
intercepted underground water-bearing features in the Wasatch Plateau coal district to decline as
the contained water is gradually drained from storage.

It has been suggested that it is inappropriate to compare trends in mine water discharge rates that
occurred prior to the start of gravity discharge with the current trends for the rates of gravity
discharge. An analysis of the overall trend in discharge rate data prior to the cessation of
pumping is reflected in a very similar trend observed during the period of gravity discharge (See
Appendix 7-67). It is important to note that because of the geometry of the mine workings,
during the period of active pumping of mine discharge from the mine (pre September 2007) mine
water naturally flowed by gravity along the western and southern margins of the mine workings
where it was collected in sumps before being pumped to the surface. Under the current non-
pumping conditions, similar patterns of mine water flow along the western and southern portions
of the mine (with some likely increased pool sizes) are likely present (Personal communication,
Dave Shaver, 2011).
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While some additional areas of the mine are now flooded (particularly in the southeast portion of
the mine), the additional surface area that is now flooded is not believed to be extraordinarily
large. While it is possible that the impounding of additional mine water in the mine workings
could conceivably have some influence on the rate of groundwater flow into the mine (i.e. related
to head/discharge relationships), the fact that most of the groundwater encountered in the mine
originated from the northwest and southwest longwall mining areas essentially contradicts that
possibility. Based on the topography of the mine, it is considered likely that groundwaters that
may be currently flowing into the mine in these areas readily drain down gradient toward the
southern portion of the mine, leaving the mine voids in these areas non-flooded. Accordingly,
groundwater inflows to these areas, whether free-falling from the mine roof to the floor, or
upwelling unobstructed from the mine floor into a non-flooded mine area would likely continue
uninterrupted under the non-flooded condition. Assuming that these conditions are present (i.e. a
hydraulic break existing between the inflow locations and the elevations of any down-gradient
pooled mine waters), groundwater inflow rates would not be expected to change appreciably
relative to those occurring prior to the onset of gravity discharge.

It is has also been suggested that to evaluate yearly total mine discharge rates from the mine is an
inappropriate method to determine whether the mine discharge rate responds to long-term
climatic trends. As indicated previously, it is Genwal’s belief that the mine discharge rates
reported prior to the decommissioning of the mine pumps are reasonably accurate (within about
10%). A definite declining trend is evident in the mine discharge plots presented in Appendix 7-
67. A similar trend is apparent in the post gravity discharge data (See Figures 5 and 6 in
Appendix 7-67). It seems incorrect to suggest that the recent range of discharge occurring from
the mine (400-500 gpm) which is substantially lower than the typical range of mine discharge
that occurred in the early 2000s (which exceeded 1,000 gpm) is not indicative of a significant
downward trend in mine water discharge rates (i.e. a 50% decrease in the discharge rate in about
10 years). Genwal Resources, Inc. will continue to monitor discharge rates from the Crandall
Canyon Mine using the recently installed flow meter (which is believed to be accurate). As
additional flow rate data are collected from the mine discharge, these data will be evaluated on an
on-going basis in an attempt to identify trends in the recent discharge rate data and to determine
whether seasonal and climatic variability is evident in recent mine discharge rates.

Prior to the onset of gravity discharge, seasonal and/or climatic variability was not observed in
the groundwater systems encountered in the Crandall Canyon Mine (personal communication,
Gary Gray, 2012). This conclusion is supported by an inspection of mine water discharge data as
shown in Figure PHC-1. Similarly, indications of seasonal and/or climatic variability are not
readily apparent in the discharge hydrograph for the period subsequent to the onset of gravity
discharge (Figure PHC-1). Utilizing a technique whereby a graphical analysis of the yearly
discharge totals from the mine is performed, the task of evaluating long-term climatic trends is
greatly simplified because the “noise” of short term (monthly discharge) anomalies in the data
(see Figure PHC-1) are removed from the analysis.

It has been observed by Genwal Resources personnel that recent increases in the mine discharge
rate seem to correlate with the passage of weather fronts or the onset of cold weather. It is
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important to note that these flow rate changes occur even in the absence of any associated
precipitation. The observation that the discharge rate surges occur even in the absence of
precipitation events indicates that this phenomenon is apparently not in any way related to
groundwater recharge. Rather, this suggests the possibility that the temporary increases in mine
water discharge rate may possibly be related to other influences (such as possibly a relationship
between local barometric pressure effects acting on the underground mine pool). Because some
of these events are not associated with any precipitation, those surges in discharge rates cannot be
attributed to infiltration of precipitation. Currently, barometric data have not been located for the
Crandall Canyon Mine area which could be used for a reasonable comparison between the local
barometric pressure and the occurrence of mine water discharge surges at the mine. Genwal
Resources, Inc. will continue to attempt to location suitable barometric pressure data and will
provide the requested graph when the suitable barometric pressure

e C(Crandall Creek stream channel morphology field investigation

During November 2011, a field investigation of the stream channel morphology in Crandall
Creek was performed. The purpose of this investigation is to characterize the physical properties
of the stream channel to assist in determining whether the addition of mine discharge water to
creek could have detrimental impacts to the stream channel. Measurements were performed at
13 stations on the creek between the mine water discharge location and the confluence with
Huntington Creek. The stream channel morphology evaluation points are shown in Appendix 7-
66, Figure 1.

At each creek station, measurements of the channel geomorphology were made. These
measurements were made using a field laser transit, a tape measure, and a stream wading rod.
The widths of the surveyed cross sections at each location were made of sufficient length such
that the inner channel, bank full level, and flood plains were included in the measured sections.

It should be noted that where the water was deep in ponded areas associated with beaver dams,
and the substrate consisted of relatively uniform fine-grained sediments (which could not
reasonably be waded), the water depths in the ponds was approximated. Also, in some locations
where the hillside rises precipitously above the lateral extents of the highest flood plain level, the
slope of the adjacent hillside was estimated.

At each station, the measured section included the inner channel geometry (width and depth), the
bank full channel geometry, and the geometry of any associated flood plains. These
measurements are presented herein graphically as a series of cross-section profiles that are
presented in Appendix 7-66, Attachment 1. These cross-sections were generated electronically
using SigmaPlot™ version 9.01 scientific graphing software.

In most locations, the stable inner channel, which was accommodating the entirety of the stream
flow at the time of the stream survey in November 2011, is well vegetated and does not appear to
be easily erodible. The abundant presence of cobbles and boulders in the stream bed and stream
banks minimizes the potential for appreciable erosion during increased flow events. In many
locations, the stream bed is stabilized by the presence of deposited carbonates.
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It was noteworthy that there were many beaver ponds in the surveyed portion of Crandall Creek.
The presence of these beaver ponds has resulted in a stepped stream channel geometry, with
areas of impounded, quiescent water behind the beaver dams in which fine-grained sediments are
deposited. The intervening reaches between the ponds have steeper stream gradients and swifter
water currents. As expected, little fine-grained material is present in the steeper gradient reaches
of the stream.

It is evident in the discharge record for Crandall Creek that peak seasonal flows exceeding 6,000
gpm are common. The potential for erosion in the stream channel during these high-flow periods
likely exceeds the erosion potential associated with baseflow conditions, which, although
persistent for longer periods of time, are an order of magnitude lower in flow rate.

It is of significance to this investigation to note that the existing Crandall Canyon stream channel
has accommodated the addition of mine discharge flows near to or exceeding the current mine
water discharge rate for at least 10 years (see Appendix 7-66, Figures 2 and 3). In its current
state, the stream channel appears to be in a fairly stable condition. Given the general downward
trajectory of the mine water discharge rate in recent years, it follows that the potential impact
associated with the inclusion of mine water should generally decrease rather than increase over
time.

It should be noted here that in some locations, slumpage of the soils and colluvium situated on
the steep hillsides adjacent to the active stream channel has occurred. However, inspection of the
Crandall Creek stream channel in locations above the mine discharge location shows similar
mass movement occurrences throughout the upper reaches of the Crandall Creek drainage. This
phenomenon is likely largely attributable to entrenchment and downcutting of stream channels
into their associated unconsolidated sediments — a phenomenon that is currently being observed
regionally throughout the Wasatch Plateau and adjacent regions of Utah.

e State appropriated water rights inventory

As part of this investigation, an inventory of State appropriated water rights in the study area was
performed. Specific water rights have been filed with the Utah Division of Water Rights on
some specific springs and stream reaches in the Crandall Canyon Mine permit and surrounding
areas (see Table 7-22 and Plate 7-14).

State appropriated water rights for springs in and near the study area include 93-1176 (SP1-3),
93-1404 (SP2-9), 93-1403 (SP2-14), 93-624 (SP2-23), 93-1406 (SP2-24), 93-1410 (SP1-26), and
93-1409 (probably SP-58). Each of these springs was inspected and monitored as part of the

2011 field investigation (with the exception of SP2-14). Based on comparisons with baseline
water quantity and water quality data, there is no indication that there have been impacts to water
quantity or water quality in these springs.

As part of this investigation, an inventory of State appropriated water rights on streams in and
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around the study area was also performed. Each of the major stream drainages was visited and
inspected as part of the 2011 field investigation. Based on an analysis of water monitoring data
for the surface water drainages in the study and surrounding areas, there is no indication that
water quantity or water quality has been impacted at these drainages.

e Whole effluent toxicity (WET) testing

Whole effluent toxicity testing was performed during the 2011 field season as required. Reports
summarizing the findings of the Phase 1 and Phase 2 TIE investigations are provided in
Appendix 7-68.

e Macroinvertebrate studies

Macroinvertebrate field studies were performed in 2011 during the early and late season time
periods as required. The results of the macro invertebrate studies are provided in Appendix 7-69.
Genwal Resources, Inc. will continue to perform macroinvertebrate studies in Crandall Creek on
a yearly basis to evaluate the potential impacts to fish and wildlife resources and potential
impacts to aquatic communities and aquatic habitat. These investigations will be performed by
individuals and organizations qualified to perform the required investigations.

Conclusions

The magnitude and potential source of the groundwater inflows currently occurring at the
Crandall Canyon Mine and The nature of the groundwater system currently being intercepted
in the mine

While the storage volume of the source(s) of water contributing to the Crandall Canyon Mine
discharge is unknown, it is readily apparent that the rate of discharge is gradually declining (See
Appendix 7-66, Figures 2, 3, and 4). Additionally, there is no correlation evident between mine
water discharge rates and climatic variability. During mining operations, seasonal variability in
discharge rates from water sources intercepted underground were not observed. These
observations support the conclusion that at least some of the source(s) of the mine inflow waters
are not in good hydraulic communication with appreciable recharge sources (i.e., the
groundwater is primarily being removed from storage). These considerations also s<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>