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CHAPTER 7

R645-301-700. HYDROLOGY

7 11. GENERAL REQUIREMENTS

711 .100 -  71 1 .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 R645-307-730,
methods and calculations utilized to achieve compliance with the hydrologic design
criteria and plans according to R645-301-740, applicable hydrologic performance
standards accordins to R645-301-750. and reclamation activities accordins to R645-301-
7 60.

This information is presented in subsequent sections of this chapter and in AppendixT-I.
AppendixT-l 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-l 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.

TNSPECTION

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 A5-2. No impoundments or sedimentation

7t3

7-1Chapter 7 5t2512007



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 perforrnance 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, &fly 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 areahave been submitted electronically to the Utah Division of
Oil, 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 DrawtngT-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 AppendixT-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 adjacentto the proposed permit area (DrawingT-2). Some lands east of and
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adjacent to the proposed Coal Hollow Mine permit area have historically been inigated
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 permrt arca (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-l) which
discharges at arate of less than 0.05 gpm from an apparcnt 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 permrt area, a
spring with a discharge of about 1 gp* and displaying little seasonal variability in
discharge (SP-4; Drawing 7-l) 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 L/rmrle

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
(DrawingT -l) 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 Sectron29, 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 SectronZ9, T39S, R5W, considerable natural discharge
from the alluvial groundwater system occurs through springs and seeps (DrawingT-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 Sectron32, T39S, R5W (see DrawrngT-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.e., 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 (DrawingT-l).

7-4Chapter 7 5t25t2007



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; DrawtngT-2; UDOGM,20A7). 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 Section32 T39S, R5W.
It is probable that the artesian alluvial groundwater system in Section 29,T395, 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 Hollowpermit arearange 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, R5W. 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
(Drawin g 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,2A07) and is summarrzed and described in AppendixT-I.

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 DrawingT-S.
Important water quality characteristics for groundwaters are summarized below.

It is apparent that the overall water quality of alluvial groundwater degrades from the
artesian groundwater system east of the proposed Coal Hollowpermit areato 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 belorv.

7-6

Groundwater Source Chemical tvpe TDS (me/L)
Alluvial groundwaters,
coarse-grained system east
of proposed permit area

Calcium-
magnesium-
bicarbonate

380 mg/L to 500 mglL typically,
Little seasonal variability

Alluvial groundwaters in
south sink valley

Variable,
magnesium-
bicarbonate sulfate,
calcium-
magnesium-
bicarbonate

450 mg/I, to 3,600 typically,
Highly variable based on season
and climate for shallow systems,
less variability in deeper system

Dakota Formation, fault
groundwater system south
of proposed permit area

Sodium-bicarbonate 500 mg/L to 600 m/L typically,
Little seasonal variability
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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 DrawingT-6. Surface water baseline monitoring stations
are shown on DrawrngT-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
inigable 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 (DrawingT-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 Section2l T39S, R5W, and Swapp Hollow (DrawingT-6).
Discharge rates in these drainages are highly seasonally dependent (UDOGM,2007;
Appendix 7-1). Discharges inthe 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 Section2l 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
AppendixT-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 summartzed below.
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Source Chemical tvpe TDS (mell-,)
Robinson Creek/Dry Fork Calcium-magneslum-

bicarbonate
300 mg/L typical

Lower Robinson Creek Variable, magnesrum-
sulfate-bicarbonate

300 - 3,000 mglL typical,
dependent on discharge

Swapp Hollow Calcium-magneslum-
bicarbonate

250-350 mgL typical

Kanab Creek Magnesium-calcium-
bicarbonate - sulfate during
high flow, variable during
low-flow, variability likely
due largely to interaction
with Tropic Shale soils and
irrieation return flows

5 00- 1 ,3 00 mglL typical,
Variable dependent on
season and inigation use

Sink Vallev Wash Magnesium-calcium-
bicarbonate

600 - 1,500 mglL typrcal,
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 (DrawingT-s; 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
inigation 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

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 DrawrngT-2. The
alluvial groundwater system potentiometric map presented in
Drawing 7-2 ts useful for evaluating approximate local
potentiometric conditions general saturation trends.

Location of gurface 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 DrawrngT-7. 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 DrawingT-7 .

Baseline monitoring stations
Baseline monitoring stations are shown on DrawingT- 2. A map
showing the locations of monitoring wells in the proposed Coal
Hollow permit and adjacent area is presented in Drawing 7-12.
Drawing s 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.

722.t00

722.200
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722.400 Location of water wells
Water well locations are shown in DrawingT-2 and DrawingT-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 a2 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.

722.500

723 SAMPLING AND AI{ALYSIS

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 analyical methods
utilized in performing water quality analyses at the analltical 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 -l 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 DrawingT-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 areahave been carried out by several entities. Previous hydrologic studies of the
region have been made in the Alton Coal Field area by Goode (7964,1966), Sandberg
(1979), Cordova ( I 98 1), and Plantz ( 1 983). 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 2nd 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 Decemb er 2006 and Janu ary 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.

724.240 Surface Water Information

The locations of streams, stock watering ponds, and conveyance ditches in the proposed
Coal Hollow Mine permit and adjacent atea are shown on DrawingT-7. Surface-water
rights in and adjacent to the proposed Coal Hollow Mine permit area are shown on
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Drawing 7-3 and tabulated in Appendix 7-3. Surface-water discharge rates and water
quality dala 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 AppendixT-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 dischatge 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- 30I-728.320,*rO 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 areaby 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 perforrnance 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"d 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 (inigation 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 applicationpackage and inAppendix 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 arca. 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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724.411 S easonal precipitation

Precipitation data from the Alton, Utah weather station indicates average annual
precipitation of 16.38 inches per year. Doelling Q972) 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 AppendixT-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 DataCenter (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 DrawtngT-9. It is apparent in DrawingT-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.

724.4t3 Seasonal temperature ranges

Temperature data from the region are summarized in Table 7-3. Temperatures in the
permit areavary 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 1 5. 1
oF during January to a high of 49.8 "F in July. Monthly average maximum temperatures
range from a low of 39.5 oF in January to a high of 82.6 oF 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 Appen dix 7 -6 and plotted in Drawing
7-8. The maximum temperature recorded during this period was 93.3 oF in July 2006.
The minimum temperature recorded during this period was -7 .3 "F in January 2007 .

724.500 S upp lemental Informati on

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 t/q of Section 30, T39S,
R5W and the northwest% of Section2g, 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 l-I). Based on the hydrogeologic conditions encountered,
where necessary Alton Coal Development, LLC will use a suitable technique to mtnimize
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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 southeastt/q of Section 19, T395, 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 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

Not applicable

Renewable Resource Lands
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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 areato 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 AppendixT-4.

725 BASELINE CUMULATIVE IMPACT AREA INFORMATION

AppendixT-7 contains the results of a comprehensive investigation of groundwater and
surface-water systems in the proposed Coal Hollow Mine permit and adjacent area.
AppendixT-I also includes information regarding the probable hydrologic consequences
of coal mining in the proposed Coal Hollow Mine permit areaand 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 -3 0 1-729 .

R645-30 t-726 Modelins

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 SectiotZ9, T39S,
R5W. The well is identified as Y-61 in baseline monitoring information. The location of
Y-61 is shown on Drawings 7-2 andT-L2. The well is located on private land aboutYz
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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I
o 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 areawere 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 altematle 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 HYDROLOGTC 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 AppendixT-l may be
updated periodically as required as additional hydrogeologic information and mining data
become available in the future.

728.3t0 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 SectionT2l 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 SectionT22 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 SectionT22
and in AppendixT-I, alluvial groundwater systems in the area support springs, seeps,
diffirse 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:

Where water-bearing strata in proposed mining areas are mined through,
groundwater systems within these strata will obviously be directly intercepted,
Where groundwater flow paths through mine openings are interrupted,
sroundwater flow in down-sradient areas could be diminished, and

r)

2)
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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 occuffence 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 (DrawingT-l). 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.

D iminut i o n of dow n- gr adi e nt gr o undw at e r r e s o ur c e s

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 % 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 Vallev is likelv much less.
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l
o It should be noted that highly permeable strata were encountered from about 60 to 7 5 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 atea. 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 are1 the boundary between the competent coal seam and the
areaof 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 SectionT22 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, T395, R5W (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 funher downstream in Sink
Valley Wash (i..., 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 northwestYq of Section32 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 areahas a somewhat greater potential
to decrease groundwater discharge rates at spring SP-6, which is located about 600 feet
belowthe southernmost proposed mining areas (Drawingl-2). 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 inthe
vicinity near the alluvial groundwater discharge area in the northwe sl l/+ of Section 32
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T39S, R5W 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, R5W 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 southeastl/q 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 SectronJ2T above.

Draining qf up-gadient 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.
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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 characterrzation 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 perfoffnance of a28-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-l and are summarrzed 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 t/q of Section29, T39S, R5W 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-l4, 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:  K IA

Where groundwater discharge rate
hydraulic conductivity
hydraulic gradient
cross-sectional area

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 Yqof Section 29, T39S, R5W (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 likelv.

a:
K:
I_
A:
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As mining operations advance toward the alluvial groundwater discharge area in the
northwe st Yt of Sectio n 29 , T3 95, R5W (See Drawing 7 -4; groundwater discharg e 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 sroundwater system.

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

As mining progresses toward the groundwater discharge area in the northwestl/+
of Section29, T39S, R5W (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

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, rech arge 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 \/q of Section 29,T395, R5W
(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 lostto
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 northwestY+ of Section29, 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

l )

2)
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applicable Utah State laws and regulations using the designated water replacement source
described in SectronT2T 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 analytrcal 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 Appen dix 6-2likewise 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-penneability 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 oxidrzed 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
minins.

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 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 on Drawing 5-3. Details
associated with these structures can be viewed on Drawinss 5-25 throush 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: lv 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 filI 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 stabiltzedby utlhzing 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 minimtzed.

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 throughthe 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-l). In the distal
portions of Sink Valley, most notably concentrations of magnesium, sulfate, and
bicarbonate are elevated in the alluvial sroundwater.

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 areais 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
(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
esca{pments 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 earlv 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 Drawinss 5-25 throush 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 inigation has occurred in Sink Valley, although such inigation 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 northwestYq of Section29, T39S, R5W (see DrawrngT-4; groundwater discharge
area A), and in the northwest% of Section32, T39S, R5W (see DrawingT-4;
groundwater discharge area B). The likely future availability of groundwater in each of
these areas is discussed below.

Groundwater discharge area A Northwest %, Section 29, 7395, 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 Section728.31 1 above,
short-term diminution in discharge rates from springs in northwest l/q of Section29,
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 SectronT2T 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 discha e area B orthwest I/t Section 32 T39S

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 Section728.31 I above, although
some temporary and short-lived diminution in discharge rates from springs in northwest
%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 Section7ZT above.

Surfnc e -w at er av ail ab il i0)

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 inigation 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 areatypically 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, R5W. 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 - l0 gpm or less and is routinely monitored at
monitoring station SW-5 (Drawin g 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 southeastYq 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.

728.340 Whether mining and reclamation activity will result in
contamination. diminution or intemrption of State-apgopriated
waters

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

Appropriated groundwaters include alluvial springs and seeps in the northwe st t/q of
Section 29,T395, R5W (groundwater discharge areaA), springs and seeps in the
northwest t/q of Section32, 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 7 28 .3 10, 7 28 .320, 7 28 .332, and 7 28 .33 4.

With the possible exception of short-term diminution in discharge rates from springs and
seeps in the northwestt/q of Section29, 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 areach of the Lower Robinson Creek stream channel
approximately 2,000 feet in length inthe southeastYqof Section 19, T39S, R5W. 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 drarnage
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
intemrpted 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 SecttonTZT 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 maximtze 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 A5-3.

73T 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 northwestt/q of Section29, 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 minrmize 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, minimizingthe 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:

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

. Roads will be constructed with ditches to capture runoff

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

. 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 permtt arca.

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 canbe 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 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. 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 Appendix5-2. 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 forroads 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;minimrzethe
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 filI 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 atemporary 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- 1 1 . 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 minimtze 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 mariner 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.
Altematively, the well may be abandoned using a different procedure upon approval from
the Utah State Ensineer'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 datarelated to the
abandonment of the well. This shall include the name of the licensed driller or other
person(s) performing abandonment procedures, narne 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 maruler 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 6-1 1). Exploration holes and boreholes thatmay 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 rnTable 7-7. The hydrologic monitoring parameters
have been selected in consultation with the Division's directive Tech-OO6, [4/ater
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 inigation 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, withthe 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 areaA will be monitored including SP-8, SP-14,
SP-l6, SP-19, SP-20,5P-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-l6, SP-l9, 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 permrt area. Spring SP-33 is a
developed spring that discharges into a pond below the permit area and provides culinary
waterto 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 areaA), 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 atthe 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.

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.

73t .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 perrnanent stream channel diversion will comply with R645-30I-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 southeastt/q 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 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 DrawingT-2. The locations of water rights in the
proposed Coal Hollow permit and adjacent area are provided on DrawingT-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 5-3 1

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-
30 1 -625, R64 5 -3 0 l -626, R645 -3 0 l -7 23 through R64 5 -3 0 l -7 24 .300, R645 - 3 01 -7 24. 5 00,
R645 -3 0 1 -7 25 through R645 -3 0 1 -7 31, and R645 -3 0 I -7 3 1 .210 through R645-3 0 1 -

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 permrt area.

732.100 Siltation Structures

Siltation structures within the permit area are described in Section732.200

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-
3 0 1 -3 5 6. 3 00, R645-3 0 1 -3 5 6.400, R645 -3 0 1 -5 13 .200, R645 -3 0 1 -7 42.200 through R645 -

301 -7 42.240, and R645-3 0 I -7 63 .

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 -5 I 3. 100 and R645-301 -5 I 3 .200.

7 32.300 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 anatural 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 occuffence of a large storm event. Culvert inlets and outlets will be kept
clear of sediment and other debris.

733

733. t40

IMPOUNDMENTS

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 A5-2.

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 nalrative 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-
3 0 1 -5 72.240, R645-3 0 1 -5 1 4.3 00, R645-30 1 -5 I 5.200, R645-3 0 1 -53 3. I 00 through R645-
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301-533.600, R645-301-733.220 through R645-301-733.226, R645-301-743.240, and
R645-3 01-743.

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 summarrzed 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 90o/o 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 Drawing5-3 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 naturaT 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 arca.
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.ll2 or
R645-301-535 .1  13 .

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 filI 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 R645-30 l-7 4l

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 Drawing2-2. 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 Part261 will be handled in accordance with
the requirements of Subtitle C of RCRA and any implementing regulations.

Debris, acid-forming, toxic-formin g materials and materials constituting a ftre hazard wtll
be identified and disposed of in accordance with R645-301-528.330, R645-301-537 .200,
R645-3 0 1 -542.7 40, R645-30 1 -5 53 . 1 00 through R645 -3 0 1 -553.600, R645-3 0 1 -5 53.900,
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 DrawingT-I|. 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 minimrze 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 Ensineer'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, narne 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

741

742

7 42.100

7 42.110

DESIGN CRITERIA AND PLANS

GENERAL REQUIREMENTS

SEDIMENT CONTROL MEASURES

General Requirements

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-
3 0 1 -3 56. 3 00, R645 -3 0 1 -3 5 6.400, R645 -3 0 I -5 13 .200, R645 -3 0 l -7 42.200 through R645 -

301-7 42.240, and R645-30 | -7 63 .

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 R645-301-5 1 3.  100 and R645-301 -5 1 3.200.

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.

7 42.200 Siltation Structures

Siltation structures have been designed in compliance with the requirements of R645-
301-7 42.

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 cuffently 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. A.ry siltation
structures which impounds water will be designed, constructed and maintained in
accordance with R645 -3 0 l -5 12.240, R645 -3 0 1 -5 1 4.3 00, R645 -3 0 1 -5 1 5 .200, R645 -3 0 1 -

5 3 3 . 1 00 through R645 -3 0 1 -5 3 3 . 600, R645 -3 0 1 -7 33 .220 through R645-3 0 | -7 33 .224, and
R645-301-743.

7 42.220 Sedimentation Ponds.

Sedimentation ponds, when used will be used individually or in series; be located as near
as possible to the disturbed atea 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
R645-301-742.22I.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.
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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 Drawinss 5-25 throueh 5-34
and Appendix 5-2.

Sedimentation ponds have been designed in compliance with the requirements of R645-
3 0 1 -3 5 6.3 00, R645 -3 0 1 -3 5 6.400, R645 -3 0 1 -5 13 .200, R645 -3 0 | -7 42.200 through R645 -

301-7 42.240, and R645-30 1 -7 63 .

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 -5 I 3. 1 00 and R645-301-5 1 3 .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 necessarv bv the Division.

Sedimentation ponds not meetrn* rn. 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 a25-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.

7 42.230 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 645-301-7 51 .

7 42.300

I42-3t0

Diversions

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
pernanent 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.

7 42.320 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 Drawinss 5-20 and 5-21 show the details of this desisn.

7 42.323

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 10O-year, 6-hour
precipitation event for a peffnanent diversion.

Mine development work will include a perrnanent diversion of Lower Robinson Creek
away from the mining area. This diversion has been designed for a flow capacity of a
100 year,24hour 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.

7 42.324

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.

7 42.330 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 perforrnance standards set forth in R645-301-742.310.

The requirements of R645-301-742.3I2.2 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 perrnanent Diversion.
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7 42.400

7 42.410

Road Drainage

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-
301-7 31 through R645-301-7 42.3 00.

Roads will be located to minimize downstream sedimentation and floodins.

All roads used for transporting coal or spoil outside the active mining ur"l ur"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 Drawinss 5-3 and 5-22 throueh 5-24.

I42.420 Primarv 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 l5 (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 comrgated steel pipe. The second culvert is the
main crossing over Lower Robinson Creek and is a96 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 a24
inch comrgated 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 tnch culvert sized for maximum anticipated flows in the diversion.

7 42.423 Drainaqe 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 1O-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, R645-30 I-731 .800, R645-30 l -7 42.300, and R645-30 l -7 51.
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Except as provided in R645-30I-742.422, drarnage 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 2o/o 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 fi l l  slopes of 1.5 h:lv
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 Drawinss 5-3 and 5-22 throush 5-
24.

743

7 43 .r00

IMPOUNDMENTS

General Requirements

Temporary and perrnanent 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 I 7 .21 6 and R645 -3 0 | -5 12.240, R645 -3 0 1 -5 1 4.3 00, R645-3 0 1 -5 I 5.200,
R645-301-533.100 through R645-301-533.600, R645-301-733.220 through R645-301-
733.224, and R645-30I-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 7 43.13 I which will be designed and constructed to safely
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pass the design precipitation event or greater event specified in R645-30I-743.200 or
R645-301-7 43.300

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 ,A.5-1 and A5-2

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 perfoffnance 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.

If any examination or inspection of an impoundment discloses that a potentialhazard
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, perrnanent 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.

Chapter 7 7 -63 5t25t2007



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

7 44.100 General Reguirements

Excess spoil will be placed in designated disposal areas within the permtt area, rn a
controlled manner to minrmrze the adverse effects of leachate and surface water runoff
from the filI on surface and ground waters; ensure pennanent 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 R645-30I-731.300 and to minimize adverse effects onplant 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 meeting9}o/o 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:lv (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 R645-301-53 5.712 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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7 45.200 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.

7 45 .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.

7 46. 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

146.330. Drainaqe control.

Not applicable.

7 46.400. 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 Drawtng2-Z. 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 Part261 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,
R645-3 0 1 -542.7 40, R645-3 0 1 -5 5 3. 1 00 through R645-3 0 1 -553.600, R645-30 1 -5 53.900,
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 deqrade surface or sround water.
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Final disposal of noncoal mine waste within the permrt areawill ensure that leachate and
drainage does not degrade surface or underground water.

7 48. 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- I 1 . 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.
Altematively, the well may be abandoned using a different procedure upon approval from
the Utah State Ensineer's office.

Chapter 7 7-68 5t25t2007



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 datarelated to the
abandonment of the well. This shall include the name of the licensed driller or other
person(s) performing abandonment procedures, nalne 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.

7 51 . 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.

7 52. Sediment Control Measures.

Sediment control measures will be located, maintained, constructed and reclaimed according
to plans and designs given under R645-307-732, 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-
163.

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 Drawinss 5-25 throush 5-34
and Appendix 5-2.

Sedimentation ponds have been designed in compliance with the requirements of R645-
3 0 1 -3 5 6. 3 00, R645 -3 0 1 -3 5 6.400, R645 -3 0 1 -5 13 .200, R645 -3 0 | -7 42.200 through R645 -

301 -7 42.240, and R645-3 0 | -7 63 .

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 -5 I 3. I 00 and R645-301 -5 I 3 .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 1OO-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 a25-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 permtt area;
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Neither cause nor contribute to. directly or indirectly. the violation of effluent standards
given under R645-30 1 -7 5I;

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.

7s3. IMPOUNDMENTS AND DISCHARGE STRUCTURES

Impoundments and discharge structures will be located, maintained, constructed and
reclaimed to comply with R645-301-733, R645-301-734, R645-307-743, R645-301-745 and
R645-30 r-7 60.

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 ,A.5-1 and A5-2.

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 Appendix5-2. 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 A.5-1 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 perforrnance 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 R645-30I-735, R645-307-736,
R64 5 - 3 0 7 -7 45, R64 5 -3 0 I -7 46, R64 5 -3 0 l -7 4l and R645 -3 0 1 -7 60 .

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 fiIl on surface and ground waters; ensure pefinanent 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 90o/o 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:lv (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 rn a
designated portion of the permit area or state-approved solid waste disposal arca.

Topsoil storage areas and handling can be viewed on Drawing2-2. Spoil placement and
the excess spoil structure can be viewed on Drawings 5-3, 5-17,5-I8, 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 CFRPart26l 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 fne hazard will
be identified and disposed of in accordance with R645-301-528.330, R645-301-537 .200,
R645-3 0 I -5 42.7 40, R645 -3 0 1 - 5 5 3 . I 00 through R645-3 0 1 -5 5 3 .600, R645-3 0 1 -5 5 3 .900,
and R645-301-741 . 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 R645-30I-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 R645-30t-529.4A0, 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 fughts 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, n€une 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 I 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.

7 60. 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 pennanent 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.

7 62. 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.

763.100.

SILTATION STRUCTURES

Siltation structures will be maintained until removal is authorizedby the Division and the
disturbed areahas 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, R645-30l-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 Drawtng 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 R645-30l-529.400, R645-301-63 1 . 100, and R645-30l-7 48.
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.
Altematively, the well may be abandoned using a different procedure upon approval from
the Utah State Enqineer'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 datarelated to the
abandonment of the well. This shall include the name of the licensed driller or other
person(s) performing abandonment procedures, narne 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 backfrlled, 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 -73 1

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.

Well Date dri l led Screened formation
Collar elevation Depth

(feet) (feet)
Depth to bedrock

(feet)
Screened interval

From (feet) To (feet)

CO-18
c0-54

c1-24

c2-15
c2-28
c2-44

c3-15
c3-30
c3-40

c4-15
c4-30
c4-50

c5-130

c6-15

c7-10
c7-20

c8-25

c9-15
c9-25
c9-40

SS-15
SS-30
SS-75

UR-70

LR-29
LR-45

LS-15
LS-28
LS-60
LS-85

Y-36

Y-38

Y-45

Y-59

Y-61

Jan-07 Lower Robrnson alluvium
Jan-07 Dakota Formation above coal

Jan-07 Lower Robinson alluvium

Jan-07 Sink Valley alluvium
Dec-06 Sink Valley alluvium
Dec-06 Sink Valley alluvium

Dec-06 Sink Valley alluvium
Dec-06 Sink Valley alluvium
Dec-06 Sink Valley alluvium

Dec-06 Sink Valley alluvium
Dec-06 Sink Valley alluvium
Dec-06 Sink Vallev alluvium

Jan-07 Sink Vallev alluvium

Jan-07 Lower Robinson alluvium

Jan-07 Sink Valley alluvium
Jan-07 Sink Vallev alluvium

Jan-07 Sink Valley alluvium

Jan-07 Sink Valley alluvium
Jan-07 Sink Valley alluvium
Jan-07 Sink Valley alluvium

Jan-07 Lower Sink Valley alluvium
Jan-07 Lower Sink Valley alluvium
Jan-07 Lower Sink Valley alluvium

Jan-07 Upper Robinson alluvium

Jan-O7 Dakota Formation (uppermost)
Jan-07 Lower Robinson alluvium

Jan-07 Lower Sink Valley alluvium
Jan-07 Lower Sink Valley alluvium
Jan-07 Lower Sink Valley alluvium
Jan-07 Lower Sink Vallev alluvium

Dec-79 Smirl coal seam (Dakota Formation)

Nov-79 Smirl coal seam (Dakota Formation)

Aug-80 Smirl coal seam (Dakota Formation)

Dec-80 Sink Valley alluvium

Nov-80 Sink Valley alluvium

6864.14 22
6862.59 54

6949.19 26.5

6920.28 15
6919.81  28
6919.58  40

6890.41 15
6890.77 30
6890.73 40

6873.92 15
6873.91 30
6873.52 50

6938.92 130

6897.63 15

6873.77 10
6872.89 20

6859.70 27

6846.77 15
6846.36 26
6846.94 42

6 8 3 1 . 5 7  1 5
6830.47 29
6832.06 75

7005.14 70

6803.10 29
6798.41 42

6 8 1 0 . 2 8  1 5
6810.23  28
6810.35 60
6810.53 87

6956.97 230

6860.85 105

7043.55 352

6959.06  110

6962.10  150

;;

24

;;

123.5

1 1

1 2
47

1 6 . 5

5
1 7
20

1 0
20

5
1 0
30

90

5

1 0
1 5

7

5
1 6
22

4

1 9
54

50

1 9
2 1

4
1 7
39
64

194

7 1

314

50

112

22
54

26.5

1 q

27
40

1 5
20
40

t c

30
50

1 3 0

1 5

1 5
20

27

1 5
26
42

1 5
29
74

70

29
4 1

1 4
27
59
84

2 1 4

86

330

1 1 0

142

I

;;

20

;;

62

20
41.5

1 5 5

50

40

145



Well Date dri l led Screened formation
Collar elevation Depth Depth to bedrock Screened interval

(feet) (feet) (feet) From (feet) To (feet)

Y-63 Nov-80

Y-98 (A1) Jul-86

Y-99 (A2) Jul-86

Y-102 (A4 Jul-86

Lower Sink Valley alluvium

Upper Robinson al luvium

Upper Robinson al luvium

Sink Val ley al luvium

6789.34 51

71n.54  86

7055.54 22

6950.06 86

34

83.5

20

84.0

Open hole Open hole

36.6 86

5.1 13.2

43.7 62.94
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Table 7-4 Hydrologic monitoring protocols and locations.

Discharge and water level measuremenfs

Protocol Applies to Parameter

A Streams

B Springs

Discharge

Discharge

Frequency

Quarterly

Quarterly

QuarterlyC Monitoring wells Water
elevation

Water quality

Protocol

1

2

3

4

5

6

Applies to

Streams

Streams

Springs

Springs

Monitoring wells

Parameters

Operational field and laboratory water
quality measurements

Field water quality measurements
only

Operational field and laboratory water
quality measurements

Field water qual i ty measurements
only

operational field and laboratory water
quali ty measurements

Table

7-6

7-6

7-7

7-7

7-7

7-7

Frequency

Quarterly

Quarterly

Quarterly

Quarterly

Quarterly

QuarterlyMonitoring wells Field water quality measurements
only



Table 7-5 Hydrologic monitoring locations.

Site Protocols Comments

Sfreams
BLM-1
RID-1
SW-2
SW.3
SW-4
SW-5
SW-6
SW-8
SW-9
sw-101

Spnnqs
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

c|-24

4 ,2
4 ,2
A,  1
A,  1
A, 1
A,  1
A, 1
A, 1
A, 1
4 ,2

8 ,4

8 ,4
B ,3

B ,3
8 ,3
8 ,4
8 ,4
8 ,4
8 ,4
8 ,4
8 ,4
8 ,3

c
c
C
C,5

c

c
c
c

Lower Robinson Creek adjacent to mined areas
lrrigation 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
Al luvial  spr ing in Sink Val ley
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 Holfow 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

C



Site Protocols Comments
c2-15
C2-28
c2-44
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.6O

LS-85

SS-15

SS.3O

SS-75
UR-70

c

c,5

c

c,5

c
c,5

c
C
C
C
C
c
C
C
c
C

C
C
C
c
c,5

c

Monitor ing wel l  in Sink Val ley al luvium
Monitor ing wel l  in Sink Val ley al luvium
Monitor ing wel l  in Sink Val ley al luvium
Monitor ing wel l  in Sink Val ley al luvium
Monitor ing wel l  in Sink Val ley al luvium
Monitor ing wel l  in Sink Val ley al luvium
Monitor ing wel l  in Sink Val ley al luvium
Monitor ing wel l  in Sink Val ley al luvium
Monitoring well in Sink Valley alluvium
Monitoring well in Sink Valley artesian alluvial
groundwater system above permit area
Monitor ing wel l  in Sink Val ley al luvium
Monitoring well in Sink Valley alluvium
Monitor ing wel l  in Sink Val ley al luvium
Monitor ing wel l  in Sink Val ley al luvium
Monitoring well in Lower Robinson Creek alluvium below
mine area
Monitoring well in
areas
Monitoring well in
areas
Monitoring well in
mining areas
Monitoring well in
areas
Monitoring well in
areas
Monitoring well in
Monitoring well in
mine area

Sink Val ley Al luvium below mining

Sink Val ley Al luvium below mining

artesian Sink Valley Alluvium below

Sink Val ley Al luvium below mining

Sink Val ley Al luvium below mining

burned coal area material
Lower Robinson Creek alluvium above



Table 7-6 Surface water operational water quality monitoring

FIELD MEASUREMENTS REPORTED AS

pH pH units
Specific Conductivity ps/cm @25"C
Dissolved Oxygen mg/L
Temperature oC

LABORATORY M EASU REM ENTS

Total Dissolved Solids
Total Suspended Solids
Bicarbonate
Carbonate
Calcium (dissolved)
Chloride
lron (total)
lron (dissolved)
Magnesium (dissolved)
Manganese (total)
Manganese (dissolved)
Potassium (dissolved)
Sodium (dissolved)
Sulfate
Oil  and grease
Cations
Anions
CationiAnion Balance

mg/L
mg/L:
mg/L
mg/L
mg/L
mgiL
mgil
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
meq/l
meqll
%



Tabfe 7-7 Groundwater operational water quality monitoring.

FIELD MEASUREMENTS

pH
Specific Conductivity
Temperature

LABORATORY MEASU REMENTS

Total Dissolved Solids
Carbonate
Bicarbonate
Calcium (dissolved)
Chloride
lron (total)
lron (dissolved)
Magnesium (dissolved)
Manganese (total)
Manganese (dissolved)
Potassium (dissolved)
Sodium (dissolved)
Sulfate
Cations
Anions
Cation/Anion Balance

REPORTED AS

pH units
ps/cm @25"C
"C

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
meq/L
meq/L
o/o
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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).

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 reJlect the new information.
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1.0 Introduction

Alton Coal Development, LLC is currently making application for a Utah State coal minins
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 are1 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 areaand 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
B. Solute and Isotopic Chemistry
9. Groundwater Systems
1 0. Surface-Water Systems
1 1. 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 adjacentto 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
(Doellin g, 1972). Coal mining in the Alton Coal Field began in the late 1 920' 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 caffied 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 (Doellin g, 197 2).

In the 1980's, a large-scale coal mining operation was proposed in the Alton Coal field by
Utah Intemational, 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 characterizatron, 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.

. Existing published and unpublished maps and reports were obtained and reviewed

. 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

Investigation of Groundwater and Surface-Water 3
Systems in the Proposed Coal Hollow Mine
Permit and Adjacent Area

12 June 2007



PErEnsEru HypROLoGIc, LLC

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"0 Q 2005 - 1't Q 2007). These datahave also been submitted electronically into
the Utah Division of Oil, Gas and Mining, Utah Coal Mining Water Quality Database.

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.

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 52H, 6180, and tritium (3H) were collected in appropriate sealed glass or
HDPE plastic bottles. Samples for 513C and lac analysis were collected in HDPE
plastic carboys and subsequently pretreated at the Brigham Young University isotope
laboratory using BaClz ' 2HzO to segregate dissolved inorganic carbon.

Stable isotopic 62H and 6180 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-74 analyses were performed
by Geochron Laboratories of Cambridge, Massachusetts using conventional counting
techniques on the dissolved inorganic carbon sample. Analyses for 513C were also
performed by Geochron Laboratories.

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).

As part of this investigation, thirty monitoring wells were installed during the winter
of 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.

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

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
analyical laboratory. Information regarding laboratory standard analyical 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).

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.

Discharge measurements at stream monitoring stations were performed using either a
portable 3-inch Parshall flume, electronic current-velocity meter and wading rod,
portable 9O-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.

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

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.

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.

o 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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. Dissolved oxygen measurements were performed using a YSI brand model 55
dissolved oxygen meter. The meter was routinely calibrated using atmospheric
oxygen calibration methods.

o 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 transducerldata
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 datacollected atthe Alton station forthe 77 year period
from 1928 to 2005 are summarized in Table 2 andplotted in Figure 2.

An automated weather station was installed in the proposed Coal Hollow Mine permit area in
Decemb er 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 Intemational, 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 datafrom the Coal Hollow Project weather station are avarlable 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 datafrom 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 summarrzed in Table 2. Temperatures in the permit
areavary 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 oF during January to a
high of 49.8 oF in July. Monthly average maximum temperatures range from a low of 39.5
oF in January to a high of 82.6 oF 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 oF 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 are1 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
areawithin 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 Proj ect 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 sunlmartzed 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 southemmost portion of the Coal Hollow Project area.

Entrsdo Sundstone (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 eastem portion
of the Alton Coal Field, the Dakota Formation is about 150 feet thick and rests on the Entrada
Sandstone.

Tropic Shsle (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 C liffs Formation (Cretaceo us)
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 aboutT5 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 D.ip Tank Member (light-gray cliff forming sandstone). The Straight
Cliffs Formation outcrops onthe 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 * 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
identiffing 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 Formstion (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 atthe 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 zorle (about 400 feet of offset), the Bald
Knoll Fault (about 650 feet of offset), andthe SinkValley Fault. Most local faults inthe 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 T.2percent (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 sulfrr: 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
t992.

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 analltical 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 52H and 6180 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 CO2 to
produce carbonic acid according to:

COz + HzO: H2CO3 (carbonicacid) @quation 1)

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

H2CO3 : H- + HCO:- (Equatron2)

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:

CaCO: (calcite) + H+ : C** + HCO:- (Equation 3)
and

CaMg(C O)z (dolomite) + 2H+ : C** + Mg'* + 2 HCO:- (Equation 4)

Because of the limited solubility of calcite and dolomite in the absence of an additional
source of CO2, waters acquiring their solute compositions through the geochemical
evolutionary pathway described in Equations I 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:

CaSO+ '2HzO (gypsum) : Ca2* + ZHzO (Equation 5)

NazSO+ (thenardite) : Na* + 2SO+2- (Equation 6)

NaCl (harite) : Na* + Cl- (Equation 7)

NazSO+ ' 10HzO (miraborite) : Na* + 2SOq2- + 10H2O (Equation 8)

Waters rich in C** 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 Caz* ions according to:

Ca2* + 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 zOe .HzO + Ca2* : Ca(AlSizO6)z . HzO +2Na* (Equation 10)

Through reactions 9 and 10, groundwater may evolve chemically into Na* - SOo2- chemical
type with elevated TDS concentration. An elevated TDS, Na* - SO+2- 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 (EquationT), where
present, results in elevated Cl- concentrations and also contributes a coffesponding quantity
of Na*.

It is noteworthy that while C** and HCO3- concentrations are largely constrained by the
solubilities of calcite (Equation 3), Mgt* 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 Mgt* remains problematic. The dissolution of soluble magnesium bearing
minerals such as epsomite (MgS Oq ' THzO) and magnesium chloride (MgCl2) potentially
present in the Tropic Shale may be all or in part responsible for the observed Mgt* 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 COz, but is not easily precipitated).

8.2 Isotope Chemistry

8.2.1 l)euterium (62H) and Oxygen-tS 1618O;

The 62H and 6180 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 62H and 6180 compositions relative to the meteoric
water line (MWL). The MWL is derived empirically from worldwide 62H and 5r8O
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 warrner 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 analyzingand plotting the 62H and 5180 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 62H and 6180
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 62H and
5l8O compositions are commonly used to differentiate groundwaters from different sources
(i.e., isotopic fingerprinting of waters).

The 62H and 6180 .o.trpositions 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 areaA (Figure 15) are similarto those of the Swapp Hollow
and Water Canyon drainages. The plotting locations formost 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
analyical error.

8.2.2 Radiocarbon (toC) 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 (toC) 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 (tac;
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 2.15 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 lac 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 inthe proposed permit and adjacent areahas
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 in this investigation.

It 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
datacollected during drilling in the lower portion of the Tropic Shale indicates that the Tropic
Shale in the proposed mining areais 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 arate 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 areawhere 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 permrtarea, 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-a; 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 t/rmlle 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 forthe coal seam (Table 7). In much of the proposed mining area, the coal seam
is dry QDOGM,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 1 1;
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 Section29, T39S, R5W (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
To characlertze the aquifer parameters of the coarse-grained, artesian portion of the
alluvial groundwater system that supports springs and flowing artesian wells in the
atea.

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 atY-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 altematively, it may be that the distances from these
wells to the pumping well was too great for a potentiometric response to be measured.

2.
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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 10-2
cm/sec (Table 7).

In order to more fully characterrzethe 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, &S 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 groundwater discharge rate
hydraulic conductivity
hydraulic gradient
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 utilizedinthese 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 Section29, T39S, R5W, 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 Sectron32, T39S, R5W (see Figure l6; 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.r., 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 l1; 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 Section32 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 Section32. 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 arearanges 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, R5W. 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 1l).

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 74. Important water quality
characteristics for groundwaters are summartzed below.

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 areato 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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Groundwater Source Chemical tvpe TDS (ms/L)
Alluvial groundwaters,
coarse-grained system east of
proposed permit area

Calcium-
magnesium-
bicarbonate

380 mg/L to 500 mglL typically,
Little seasonal variability

Alluvial groundwaters in
south sink valley

Variable,
magnesium-
bicarbonate sulfate,
calcium-magnesium-
bicarbonate

450 mg/I. to 3,600 typically,
Highly variable based on location,
season, and climate for shallow
systems, less variability in deeper
system

Dakota Formation, fault
groundwater system south of
proposed permit atea

Sodium-bicarbonate 500 mg/L to 600 mglL typically,
Little seasonal variabilitv
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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 Yo 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 Svstems

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 atea. 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 inigable
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-l) 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 I 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 areaof the Lower Robinson Creek

lnve sti gation of Groundwater and Surface- Water
Systems in the Proposed Coal Hollow Mine
Permit and Adjacent Area

24 12 June 2007



PETERSEN HYDROLOGIC, LLC

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 Section2l 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, R5W is ephemeral. Discharge has not been observed in this canyon during
the period of baseline monitoring (Tabl e 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 74. The solute
compositions of surface waters in the proposed Coal Hollow Mine permit and adjacent area
are summ artzed below.

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

25 12 June 2007



PETenSEN HypRoLOGIc. LLC

Source Chemical type TDS (mel[,)
Lower Robinson Creek
above proposed permit area
(sw-4)

Calcium-magnesium-
bicarbonate when present

300 mgll. typical

Lower Robinson Creek near
proposed permit area (SW-
101 ;  SW-5)

Variable, magne sium-sulfate -

bicarbonate
300 - 3,000 mglL typical,
dependent on discharge, TDS
can increase appreciably
where torrential precipitation
water interacts with native
sediments.

Swapp Hollow Calcium-magnesium-
bicarbonate

250-350 mgil typical

Water Canyon (RID-I
diversion)

Calcium-magnesium-
bicarbonate

250-28A mglL typical

Kanab Creek Magnesium-calcium-
bicarbonate-sulfate during
high flow, variable during
low-flow, variability likely
due largely to interaction
with Tropic Shale soils and
irrigation return flows

500- 1,3 00 mglL typical,
Variable dependent on
season and inigation use

Sink Vallev Wash Magnesium-calcium-
bicarbonate

600 -1,500 mglL typical,
variable dependent on
discharqe

Section 2l draianse 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 inigation diversions
or returns above the stream monitoring point (SW-8; Figure 11) in Swapp Hollow.
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11.0 ProbableHydrologicConsequencesDetermination

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 minins 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 SectionT2l 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 fiIl 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 eastem
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 sroundwater 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 intemrpted,
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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ll.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 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. In the pre-mining
condition, any diffuse groundwater discharge to the ground surface that occurs is primarlly
lost to evapotranspiration and does not contribute appreciably to the overall hydrologic
balance in the area.

11.3 Diminution of down-gradient groundw ater 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 areawill 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 % of Section 30, T395, 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.

It should be noted that highly permeable strata were encountered from about 60 to 7 5 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.

Investi gation of Groundwater and Surface-Water
Systems in the Proposed Coal Hollow Mine
Permit and Adiacent Area

30 12 June 2007



PErensPN HyoRoLOGIc, 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 northwesI"lA of Section32, 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 eastem 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, 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 (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 northwestYq of Section32 T39S, R5W are planned
to be completed in about I 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 northwestt/q of Section32 T39S, R5W 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 thut t"n. OroOol"O Coal Hollow Mine plan calls for the peffnanent diversion
of a reach of the Lower Robinson Creek stream channel approximately 2,000 feet in length in
the southeastYq 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).

lL.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 charactertzation 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 characteize 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 identifu itr 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, CJ , 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 northwestYq of Section29, T39S, R5W 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 Tab\e 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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Q: KIA

Where groundwater discharge rate
hydraulic conductivity
hydraulic gradient
cross-sectional area

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 atthat 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, urunanageable amounts of alluvial groundwater will likely not be
encountered.

As surface mining operations advance toward the alluvial groundwater discharge area in the
northwestYq of Section29, T39S, R5W (See Figure 16; groundwater discharge areaA), 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
northwestY+ of Section}9, 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 onthe drainagerate 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 northwestYa of Section29. T39S. R5W will be minimized because:

1) As mining progresses toward the groundwater discharge area in the northwest%
of Section29, T39S, R5W (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 minimrze 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 fromthe springs in the northwest %of Section 29,T39S, R5W (See
Figure 16; 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
northwestV+ of Section29, 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 analyical 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 minimizethe 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 neutrahzation 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.

ll.6 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 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 amaximum 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 filI 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.

ll.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..., 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 occuffence 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 withthe 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-exchanse with calcium or masnesium 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 inthe
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 Vallev Wash or Lower Robinson Creek drainases.

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 availabilitv

Groundwater use in the proposed Coal Hollow Mi". permit and adjacent areais generally
limited to stock watering and domestic use in Sink Valley. Some limited use of spring
discharge water for inigation has occurred in Sink Valley, although such inigation 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
% of Section 29, T39S, R5W (see Figure 16; groundwater discharge area A), and in the
northwe st Y+ of Section 32, T39S, R5W (see Figure 16; groundwater discharge area B). The
Iikely future availability of groundwater in each of these areas is discussed below.

11.9.1 Groundwater discharge area A (Northwest %, Section29, 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 Section728.31 1 above, short-term
diminution in discharge rates from springs in northwestYq of Section29, 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.

lnvestigation of Groundwater and Surface-Water 4l
Systems in the Proposed Coal Hollow Mine
Permit and Adjacent Area

12 June 2007



PETERSEN HYDROLOGIC. LLC

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 SectronT2T 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 Yo,Section32, T39S, R5W)

Groundwater use in groundwater discharge area B occurs at alluvial springs and seeps located
southeast of the proposed Coal Hollow Mine permit areathat are used for stock watering and
limited domestic use. As described in Section728.31 1 above, although some temporary and
short-lived diminution in discharge rates from springs in northwestt/q of Section29, 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 inigation diversion and from Swapp
Hollow; appreciable discharge in Sink Valley Wash below Section 29T395, R5W is usually
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absent) are utilized for both stock watering and limited inigation 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 areatypically occurs only in direct response to significant precipitation or snowmelt
events. Thus, surface-water availability is cunently 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, R5W. 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 l1).

It should be noted that the proposed Coal Hollow Mine plan calls for the perrnanent diversion
of a reach of the Lower Robinson Creek stream channel approximately 2,000 feet in length in
the southeasttA of Section 19, T395, R5W. Details of the proposed diversion are given in
Chapter 5, Section527.220 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 Minins.

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 ChapterT of the Coal Hollow Mine MRP (see Drawing 7-3 and AppendixT-3).

Appropriated groundwaters include alluvial springs and seeps in the northwest% of Section
29,T395, R5W (groundwater discharge areaA), springs and seeps in the northwest% of
Section 32, T39S, R5W (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 northwestt/q of Section29, 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
pennanent diversion of a reach of the Lower Robinson Creek stream channel approximately
2,000 feet in length in the southeast% of Section 19, T395, 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.

In the event that any State appropriated waters were to be contaminated, diminished, or
intemrpted 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 1 1, and for
groundwater in Table 12. The hydrologic monitoring parameters have been selected in
consultation with the Division's directive Tech-O06, 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.

l2.l Streams

Kanab Creek will be monitored at sites SW-3 (above the permit area), and SW-2 (below the
permit area). Lower Robinson Creekwill be monitored at sites SW-4 (above the permit
area), SW-l01 (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-I. Swapp Hollow creek will be monitored above the permitareaat site SW-8. Sink
Valley Wash will be monitored at SW-6 (a small tributary to the wash immediately below the
permit area) andat SW-9, located in the main drainage belowthe permit area. All of these
locations, with the exception of RID-1) will be monitored for discharge and water quality
parameters specified in Table 1 I quarterly, when reasonably accessible. Additionally, Lower
Robinson Creek will be monitored at site BLM- 1 , which is near the location of alluvial
groundwater emergence inthe bottom of the stream channel. BLM-1 and RID-I 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-20,5P-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- 1 4, SP- 1 6, SP- 1 9, SP-2 0, 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 areaof 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 permrt 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 faultlfracture 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 areaA), Y-36 (coal seam well in Sink Valley above the permrtarea), 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-r5, 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 nearthe 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, analyical
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 areato 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 AppendixT-4 in ChapterT ofthe Coal
Hollow Mine MRP.

The regulatory definition of an alluvial valley floor as described inthe U. S. Department of
the interior, Office of Surface Mining Reclamation and Enforcement alluvial valley floor
identification guidelines (OSM, 1983) defines an alluvial valley floorbased on 1) geologic
criteria, and2) 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 landforrns.

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 .nun r.t 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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. 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. Richord 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 andlor 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 1 54-aue field ranges from about 1,400 to
2,000 8O-pound bales of grass hay per year. Rarely, during optimal climatic conditions,
up to 6,000 8O-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.

o Locations of irrigation diversion structures

The locations of inigation diversions and ditches are shown in ChapterJ ofthe Coal Hollow
Mine (DrawingT-7).

. 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 Figure2l. 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 occuffed 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 inigable, 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 identifo 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
Vallev Wash is included as Figure 23.

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

49 12 June 2007



PerEnseN HyoROLoGIC, LLC

14.0 References Cited

Cordova, R.M., 1981, Ground-water conditions in the upper Virgin River and Kanab Creek
basins area, Utah, with emphasis on the Navajo Sandstone: Utah Department of
Natural Resources Technical Publication No. 70, 97p.

Doelling, H.H., 1972, Alton Coal Field, inUtah Geological and Mineralogical Survey,
Southwestern Utah coal fields: Alton, Kaiparowits Plateau and Kolob-Hannony,
Monograph Series No. 1, 333 p.

Fontes, J.C., 1980, Environmental isotopes in groundwater hydrology, Chapter 3 in
Handbook of environmental isotope geochemistry, v. 1, eds. P. Frttz and J.C. Fontes:
New yourk, Elseview , p. 7 5-140.

Goode, H. D., 1964, Reconnaissance of water resources of a part of western Kane County,
Utah: Utah Geological and Mineralogical Survey Water Resources Bulletin 5, 63 p.

1966, Second reconnaissance of water resources in western Kane County, Utah"
Utah Geological and Mineralogical Survey Water Resources Bulletin 8, 44 p.

Hvorslev, M.J., 1951, Time lag and soil permeability in Ground Water observations, U. S.
Army Corps of Engineers Waterways Experimental Station, Bulletin 36, 50 p.

Jacob, C. E., 1946, Radial flow in a leaky artesian aquifer: Am. Geophys. Union Trans., pt.2,
p .574-586.

Mooke, W.G., 1980, Carbon-l4 in hydrogeological studies in Handbook of Environmental
Isotope Geochemistry; Elsevie, v. 1, pt. A p. 49-74.

National Climatic Data Center, 2007 , On-line climatic data,
http : //www. ncdc. noaa. gov/oalclimate/onlineprod/drou ght/xm grg3 .html

OSM, 1983, Alluvial valley floor identification and study guidelines, U.S. Department of the
Interior, Office of Surface Mining Reclamation and Enforcement.

Pearson, F.J., Jr., and Hanshaw, 8.B., 1970, Sources of dissolved carbonate species in
groundwater and their effects on carbon-l4 dating. Isotope Hydrogeology: Vienna,
Internat. Atomic Energy Agency, p. 27 I -286 .

Plantz, G. G., 1983, Selected hydrologic data, Kolob-Alton-Kaiparowits coal-fields area,
south-central Utah, U. S. Geological Survey Open-File Report 83-871.

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

50 12 June 2007



PETEnSEN HyoROLoGIC, LLC

Sandberg, G. W., 19J9, Hydrologic evaluation of the Alton coal field, Utah" U.S. Geological
Survey Open-File Report 79-346,53 p.

Stiff, A.H., Jr., 1957, The interpretation of chemical water analyses by means of patterns:
Journal of Petroleum Techniques, Technical Note 84, p. l5-I7.

UDOGM ,2007 , Utah Division of Oil, Gas and Mining, Utah coal mine water quality
database, on-line at http :i/ogm.utah. gov/coal/edi/wqdb.htm.

Water Engineering & Technology, Inc., 1988, Geomorphological and sedimentological
characteristics of Sink Valley, Kane County, Utah, unpublished consulting report for
Nevada Electric Investment Compdny, 36 p.and appendices.

Investigation of Groundwater and Surface-Water
Systems in the Proposed Coal Hollow Mine
Permit and Adiacent Area

51 12 June 2007



l*
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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System Series Stratigraphic Unit
Thickness

(Feet ) Description

\
H

f-

Eocene Claron Formation r000-r 300 Pink, white, and varicolored limestone,
cliff former eroding into picturesque
slopes and forms, basal conglomerate
of exotic quartzite and limestone
cobbles and pebbles.

Ut

q)

Q

U

Campanian Kaiparowits Formation 26s-?0a

v r l l v r l l v l l l t l t y  - - _ -

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

I I

Santonian

Wahweap Formation

Minor Coal

500-1300 Alternating sandy shale and thin. to
th i ck -bedded  res i s tan t  sands tone .
ledge and slope topography.

Straight Cliffs Formation

Minor Coal

80-s00 Yellow-gray to brown, thick-bedded to
massive cliff-forming sandstone with
su bordinate intewening gray shale,
slraley sandstane, coal and carbona-
ceous shale.

Coniacian

Turonian

Tropic Shale 700-l 000 Drab gray shale with subordinate thin
brown fine-grarned sandstone, slope
IOrmer.

Cenomanian Dakota Formation

Maior Coal Seams

I50-450 Yellow-gray to brown fine- to medium.
grained sandstone alternating with
gray shale, sandy shale, carbonaceous
slrale and coal ,ledge and slope former
creating Gray Cliffs; best coal near
bottom and top of unit.

-Angular Unconformity

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

v)

\

Uppet

- q )

= o

8 . 3
ri'i tr

V)

Cannonville
Member

0-300

Gunsight Butte
Member

0-300 Red-brown and light green siltstone;
red cross-bedded sandstone of
"slickrock" type.

also
the

oo

F 5

} F

q o

Wiggler Wash
Member

0.60 Limestone, red s i l ts tone,  whi te and
greenish gypsum.

Winsor Member t  80-250 White, pink, brown sandstone alternatirg
with thin red siltstone and mudstone.

PariaRiver Member s5.200 Interbedded light gray and red und.
stone, l imestone, siltstone, shale, and
gypsum.

Thousand Pockets
Tongue of Navajo
Sandstone

0.60 Ye l low ish  c ross -bedded  f r i ab le  bu r
resistant sandstone.

Crystal Peak
Member

120-190 Dark reddish brown and whire to l isht
gray fine-grained sandstone, mediJm-
bedded with minor thin gypsiferous
o r  c a l c a r e o u s  s h a l e s  a n d
conglomerate.

Kolob Limestone t22-350 Gray and tan dense limestone with some
thin sandy red shale near the base
and thin gypsum near top.

I"ower Navajo Sandstone 1000+

l r r r ry  -_--

Light gray to tan, locally red fine.
grained sandslone, massive, exhibrting
l a r g e - s c a l e  a e o l i a n  c r o s s - b e d d i n g ,
calcareous and cliff fornrinB.

Generalized geologic section of rock formations in
Alton Coal Field. (from Doelling,1912).

Figure 9
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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 16 Alluvial groundwater discharge areas.
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Table 3 Climate data for the Coal Hollow Weather Station, 2006-2007

Measured
Precipitation*

( inches)

Maximum
Temperature

( 'F)

Min imum
Temperature

( 'F)

January 2006
1t1t2006
1t2t2006
1t3t2006
1t4t2006
1t5t2006
1t6t2006
1t7 t2006
1t8t2006
1t9t2006

1t10t2006
1t11t2006
1t12t2006
1t13t2006
1t14t2006
1t15t2006
1t16t2006
1t17t2006
1t18t2006
1t19t2006
1t20t2006
1t21t2006
1t22t2006
1t23t2006
1t24t2006
1t25t2006
1t26t2006
1t27 t2006
1t28t2006
1t29t2006
1t30t2006
1t31t2006
Month

February 2006
2t1t2006
2t2t2006
2t3t2006
2t4t2006
2t5t2006
2t6t2006
2t7 t2006
2t8t2006
2t9t2006

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
NiA
N/A

)11

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

3 9 4
42 .9
40 .0
45.6
52.6
5 7 6
49 .5
45 .5
40.3
47.8
48 .8
43.7
49.6
48.7
37 .5
29.4
48 .3
41.1
33 .5
36.4
41.1
3 5 . 1
43.7
48.6
42.9
41.0
29.7
35 .9
46 .3
5 1 . 5
4 3 7
57.6

52.8
5 1 . 3
48 .3
50 .9
39 .3
50 .7
56 .3
57.2
57 .8

1 6 . 9
29.5
26.5
20.5
23.4
29.0
23 .9
24.2
1 3 . 5
2 1 . 1
28.1
2 2 . 1
2 0 9
26.1
1 7 . 6
11 .5
9 . 9

22 .6
1 9 . 8
10.4
14.1
13.4
14.9
1 2 . 9
23.1
16.2
14.8
8. '1
1 9 . 8
24.7
27  .7
8 .1

24.3
28.4
25.3
24.3
19"4
1 1 6
2 1 " 7
23"4
20.2



Measured
Precipitation*

( inches)

Maximum
Temperature

( "F)

Minimum
Temperature

("F)

2t10t2006
2t11 t2006
2t12t2006
2t13t2006
2t14t2006
2t15t2006
2t16t2006
2t17 t2006
2t18t2006
2t19t2006
2t20t2006
2t21t2006
2t22t2006
2t23t2006
2t24t2006
2t25t2006
2t26t2006
2t27 t2046
2t28t2006
Month

March 2006
3t1t2006
3t2t2006
3t3t2006
3t4t2006
3t5t2006
3/6/2006
3t7 t2006
3t8t2006
3t9t2006

3t10t2006
3t11t2006
3t12t2006
3t13t2006
3t14t2006
3t15t2006
3/16/2006
3t17 t2006
3t18t2006
3t19t2006
3t20t2006
3t21t2006
3t22t2006
3t23t2006
3t24t2006
3t25t2006
3t26t2006

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

)1

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
NiA
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
NIA

46.2
49.1
53.2
52.2
5 1  0
45.1
32.8
40.6
35.6
30 .0
34.8
3 8 9
4 7 0
5 1 . 9
54.0
54.9
57 .3
56.8
44.5
57.8

48.7
51.2
523
46.3
55 .5
5 0 6
45 .0
37.4
4 3 6
31.1
26.4
25.1
34.2
39.4
44.1
44.2
45.1
38.6
38 .8
36.6
34.9
4 3 9
50 .3
55 1
53.4
52.3

23 .0
20.4
1 7 . 2
1 7 . 7
27 .2
1 7 . 9
2 .4
1  9 . 1
1 5 . 5
1 2 . 3
11 .2
1 . 0

20.4
1 5 . 5
2 1 . 9
24.3
27.2
30 .0
33.7
1 .0

2 9 6
25.2
31.2
28.5
27.0
30.0
27.2
19.4
19.4
1 2 . 9
16.2
14.1
10.4
9 .6

24.8
2 1 . 6
26.2
1 9 . 0
2 1 . 3
6 . 9
2 1 . 7
2 1 . 6
1 8 . 3
29.8
32.9
26.4



Measured
Precipitation*

(inches)

Maximum
Temperature

( 'F )

Minimum
Temperature

( 'F)

3t27 t2006
3t28t2006
3t29t2006
3/30/2006
3t31t2006
Month

April 2006
4t1t2006
4t2t2006
4t3t2006
4t4t2006
4t5t2006
4t6t2006
4t7 t2006
4t8t2006
4t9t2006

4t10t2006
4t11t2006
4t12t2006
4t13t2006
4t14t2006
4t15t2006
4t16t2006
4t17 t2006
4t18t2006
4t19t2006
4t20t2006
4t21t2006
4t22t2006
4t23t2006
4t24t2006
4t25t2006
4t26t2006
4t27 t2006
4t28t2006
4t29t2006
4t30t2006
Month

May 2006
5t1t2006
5t2t2006
5/3t2006
5t4t2006
5t5t2006
st6t2006
5t7 t2006

N/A
N/A
N/A
N/A

)3

0 . 1 4
0 .00
0 .00
0 .00
0 . 1 8
0 . 1 0
0.00
0 0 0
0 .00
0 .00
0 .00
0 .00
0.00
0 .28
0 . 1 2
0 0 1
0 .00
0.00
0 .00
0 .00
0 .00
0.00
0.00
0 .00
0.00
0 .00
0 .00
0 .00
0 .00
0 .00
0.83

0 0 6
0.00
0 .00
0 0 0
0.04
0 .00
0 .00

55.7
4 3 3
4 0 0
4 6 8
49 .5
55.7

47.6
54.4
6 3 . 1
5 9 . 1
50 1
4 8 5
5 6 9
61.7
6 3 9
55.7
55.4
65 .0
6 6 8
6 0 . 1
5 1 . 8
60 .8
48 .5
49 .8
56.4
65.4
66.2
67.6
57  .8
56.2
6 1  8
66.6
69 .5
67 .8
68 .5
7 1 . 0
71.0

68 .3
72 .1
70 .3
6 5 4
58 .9
64.8
7 1 . 7

24.0
36 .5
25.4
1 9 1
32.4
6,9

30 .9
28.7
37  .3
4 3 9
26.6
26.0
24.2
35.4
34.0
35.7
26.7
31.2
35 .3
3 4 6
33 .0
3 1 . 5
27 .9
21.9
23 .3
2 1 . 5
39.4
39.7
30.2
27.4
30 .9
34.2
38 .7
45.6
32.8
40.2
21.5

38 .3
44.3
38 .8
38 .8
39.7
3 1 . 8
39 .8



Measured
Precipitat ion*

Maximum
Temperature

Min imum
Temperature

( inches)  ( 'F)  ( 'F)

5t8t2006
5t9t2006

5t10t2006
5t11t2006
5t12t2006
5t13t2006
5t14t2006
5t15t2006
5t16t2006
511712006
5118t2006
5t19t2006
5t20t2006
5t21t2006
5t22t2006
512312006
5t24t2006
5t25t2006
5t26t2006
5t27 t2006
5t28t2006
5t29t2006
5i30l2006
5t31t2006
Month

June 2006
6t1t2006
6t2t2006
6t3t2006
6t4t2006
6t5t2006
6/6/2006
6t7 t2006
6t8t2006
6t9t2006

6t10t2006
6t11t2006
6t12t2006
6t13t2006
6t14t2006
6t15t2006
6t16t2006
6t17 t2006
6118t2006
6/19/2006
6t20t2006
6t21t2006

0.00
0 .00
0 .00
0 .00
0 .00
0 0 0
0 .00
0 0 0
0 . 1 6
0 .00
0 .00
0 .00
0 .00
0 .00
0.00
0 .00
0.00
0 .00
0 .00
0 .00
0 .00
0 .00
0 0 0
0 .00
0.26

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0 0 0
0 .00
0 . 0 1
0 0 0
0 .00
0 .00
0 0 0
0 .00
0 0 0

7 0 8
67.0
69 .3
7 1  . 8
7 6 6
78.6
79 .6
76.2
74 1
8 1 . 8
7 8 8
77 .6
76.7
76.3
62.8
6 9 2
79.1
80 .0
7 5 . 1
66.0
5 5 0
64.7
7 1 . 2
77.4
81.8

8 1 . 9
82.9
82.0
83.6
85 .5
9 0 . 1
76.5
68.4
76.3
77.7
79.4
78.5
78.5
70.4
6 3 8
72 .7
8 1 . 9
84.7
8 3 9
82.3
82.1

44.0
32 .8
28.7
34.5
45 .8
53 .3
49 .8
42 .5
48.7
4 8 8
49.0
52.8
4 9 9
48 .9
4 2 . 1
35.4
44.8
4 7 . 1
49.2
43 .8
28.8
28.3
3 6 8
40.7
28.3

37.2
53.2
52.7
55 .0
57.4
54.6
53 .9
46.5
45 .0
47.6
48 .9
48 .3
44.5
46.3
45.7
39 .5
37 .1
55.4
53 .5
55.7
5 4 8



Measured
Precipitation*

( inches)

Maximum
Temperature

( 'F)

Min imum
Temperature

("F)

6t22t2006
6t23t2006
6t24t2006
6t25t2006
6t2612006
6t27 t2006
612812006
6t29t2006
6/30/2006
Month

July 2006
7t112006
7 t2t2006
7 t312006
7 t4t2006
7 t5t2006
7 t6t2006
7 t7 t2006
71812006
7 t9t2006

7 t1012006
7t11t2006
711212006
7 t13t2006
7114t2006
7 t15t2006
7 t16t2006
7 t17 t2006
711812006
711912006
712012006
7 t2112006
7 t22t2006
7 t23t2006
712412006
7 t25t2046
7 t26t2006
7 t27 t2006
7 t28t2006
7 t29t2006
7 t30t2006
7 t31t2006
Month

August 2006
81112006
8t2t2006

0 .00
0 .00
0 0 0
0 .00
0 .00
0 .00
0 .00
0 .00
0 . 1 6
0 .17

0.00
0 . 1 6
0 .07
0 .00
0 .00
0.72
0.02
0 .00
0 . 0 1
0 .03
0 . 0 1
0 0 0
0.00
0.00
0 .00
0 .03
0 .00
0.00
0 .00
0 .00
0 .57
0.02
0.00
0.07
0.04
0 .00
0 .00
0 . 1 0
0 .08
0 .27
0.45
2.6s

0 .00
0 .00

85.4
9 1 . 8
88 .0
90 .0
86.  I
79 .9
83.2
8 1 . 8
8 3 5
91 .8

82.5
8 3 3
83.2
75 .9
77 .7
75.2
77 .7
77 .5
79.1
77 .6
82.2
8 3 . 1
8 5 . 1
88.4
93 .3
92.1
90.2
86.5
83 .5
83 .6
88 .5
85.6
89.4
90 .5
86.2
86.2
90 .9
86.6
83.2
78 .8
77.6
93.3

75 .5
75.8

52 .0
45 .8
50 .0
55 .5
53 .8
57 .0
5 0 0
52.2
56.4
37.1

5 3 5
54.7
55.4
55 .9
5 5 6
54.1
49.2
55 .5
51.7
4 9 5
52.9
55 .0
56.2
58 .9
59 .0
64.2
6 3 3
63.7
59 .7
5 7 . 1
56.2
60 .3
59.2
59.4
59 .9
61.7
57 .0
57.3
53 .9
58 .3
54.3
49.2

53 .9
53.2



Measured
Precipitation*

( inches)

Maximum
Temperature

('F)

Min imum
Temperature

( 'F)

8t3t2006
8t4t2006
8t5t2006
8t6t2006
8t7 t2006
8t8t2006
81912006

8t10t2006
8t11t2006
8t12t2006
8t13t2006
8t14t2006
8t1512006
8t16t2006
8t17 t2006
8/18/2006
8t19t2006
8t20t2006
8t21t2006
8t22t2006
8t23t2006
8t24t2006
8t25t2006
8t26t2006
812712006
8t28t2006
8t29t2006
8t30t2006
8t31t2006
Month

September 2006
9t1t2006
9t2t2006
9t3t2006
9t4t2006
9t5t2006
9t6t2006
9t7 t2006
9/8/2006
9t9t2006

9/10/2006
9t11t2006
9t12t2006
9/13/2006
9t14t2006
9t15t2006
9t16t2006

0 .00
0 . 1 7
0 .00
0 .00
0 .00
0 0 0
0 0 1
0 .00
0 .00
0 .00
0.00
0.00
0 .00
0 .00
0 .00
0 0 0
0 0 0
0 .00
0 .00
0.00
0.00
0.00
0 .00
0 .00
0 0 0
0 .00
0 0 0
0 0 0
0 0 0
0.18

0 . 1 5
0.00
0 .00
0 .00
0 .00
0.06
0.22
0 .50
0.02
0 .05
0.00
0.00
0.00
0.40
0.00
0 .00

79.8
71  .4
7 8 0
82.4
82.4
83.2
79.7
84.1
79.7
7 9 6
8 0 . 1
82.3
80 .9
77 .8
78 .0
79.5
82.8
83 .7
85.7
86 .0
83.7
84.1
78 .3
77.2
80 .3
82.3
83.4
81.7
83.2
86,0

80 .0
80.2
78.2
8 1 . 0
80 .7
74.6
6 1 . 3
68 .8
70.2
7 1  . 1
7 6 8
8 0 . 1
80.2
65.4
67.6
59 .3

53 .9
55 .8
52 .8
5 3 3
62.3
55 1
58.7
57 .8
57 .7
53.6
55 .0
56.4
56.6
52.2
52.9
5 3 6
4 9 5
52 .9
5 4 6
56.5
5 5 6
5 6 6
54.2
50 1
45.0
44.5
49.5
54.5
56 1
44.5

5 1 . 1
49.2
47.5
51.2
55.4
50 .1
49 .3
4 3 9
45 .3
45 .0
44.5
51.7
52.5
50.7
49 .9
37  "7



Measured
Precipitat ion*

Maximum
Temperature

Minimum
Temperature

( inches) ( 'F) ( 'F)

9117 12006
9/18/2006
9/19/2006
9/20/2006
912112006
9122t2006
912312006
9t24t2006
9t25t2006
912612006
912712006
912812006
912912006
9/30/2006
Month

October 2006
1011t2006
10t2t2006
10t3t2006
10t4t2006
10t5t2006
1016t2006
1017 t2006
10t8t2006
10t9t2006

10/10/2006
10t11t2006
10t12t2006
10113t2006
10t14t2006
10t15t2006
10t16t2006
10t17t2006
10t18t2006
10t19t2006
10t20t2006
10121t2006
10t22t2006
10t23t2006
10t24t2006
10t25t2006
10t26t2006
10t27 t2006
10t28t2006
10129t2006
10t30t2006
10t31t2006

0 .00
0 .00
0 .00
0 0 0
0 .00
0 .00
0 .00
0 .00
0 .00
0 .00
0 .00
0 .00
0 .00
0 .00
1.40

0 .00
0 .00
0 . 1 0
0 0 0
0.27
0 .37
0 .00
0.00
0.02
0 . 3 1
0 .00
0 . 0 1
0.00
1 . 6 1
0.00
0.00
0.42
0.00
0 .00
0 .00
0 .00
0 .00
0 .00
0 . 1  5
0 .09
0 . 0 1
0 .00
0 .00
0 .00
0 .00
0 .00

62.1
6 7 6
7 1 . 1
57.5
63 .3
52.3
60 .5
63.6
70.5
75.6
7  4 .9
78.4
78 .5
7 7 . 1
81.0

74.2
7 1  . 5
69.7
67  .9
63 .5
6 1  3
60 .5
62.9
55 .0
56.0
62.2
66.0
66.9
49.4
58.7
57.7
46.2
47.0
58 .8
6 0 8
54.6
60 .0
62.5
54.4
48.3
4 9 6
62.6
64.7
60 .7
57.6
56.3

24.6
23 .2
39 1
38.4
30.6
3 6 6
27  .5
29.4
3 1  6
43.3
42.2
40.4
41.8
4 0 8
23.2

49.5
49.8
4 4 4
5 0 8
45.6
44.9
32.5
3 7 0
36.6
35 .8
33.2
25 .7
35.7
34.3
3 1 . 6
37 .0
32 .0
29.6
25.1
30 .8
26.9
24.6
3 1 . 9
3 8 . 1
29.9
28.5
27.4
30.4
34.3
33 .5
32 .8



Measured
Precipitation*

Maximum
Temperature

Min imum
Temperature

(inches) ( 'F) ( 'F)

Month

November 2006
11t1t2006
11t2t2006
11t3t2006
11t4t2006
11t5t2006
11t6t2006
11t7t2006
11t8t2006
11t9t2006

11t10t2006
11t11t2006
11t12t20A6
11t13t2006
11t14t2006
11t15t2006
11t16t20A6
11t17t2006
11t18t2006
11t19t2006
11t20t2006
11t21t2006
11t22t2006
11t23t2006
11t24t2006
11t25t2006
11t26t2006
11t27t2006
11t28t2006
11t29t2006
11t30t2006

Month

December 2006
12t1t2006
12t2t2006
12t3t2006
12t4t2006
12t5t2006
12t6t2006
12t7 t2006
12t8t2006
12t9t2006

12t10t2006
12t11t2006
12t12t2006

3.36

0 .00
0 .00
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 .00
0.00
0.00
0 .00
0 .03
0 .00
0 .00
0 .00
0 .00
0 .00
0 0 0
0 0 0
0 0 0
0 .00
0 .00
0 .00
0 .00
0 .00
0 .00
0 . 0 1
0.20
0 . 0 1
0 .00
0.25

0 .00
0 .00
0 .00
0.00
0 .00
0 .00
0 .00
0 .00
0 0 0
0 . 1 2
0 . 1 7
0 .00

74.2

57.0
59 .3
59.4
58.2
59 .3
6 5 3
70.5
66 .8
58.2
49.6
44.5
42.0
50.3
49.2
5 ' 1 . 5
59.4
6 3 0
62.3
58.7
60.6
6 0 9
54.1
53 .8
53.7
47.3
44.8
35 .5
33.2
16.4
38.8
70.5

45.1
28.5
39.4
5 0 3
53 .9
54.0
53 .5
49 .6
46.9
3 6 5
36.8
44.4

24.6

27 .2
337
3 2 0
33.2
25.7
29.6
3 5 9
42.9
30.7
16.1
26.4
2 2 5
25.4
26.4
1 9 . 0
3 1 . 6
32.7
29 .8
25.8
28.5
29.9
33 1
32.4
1 8 . 3
28.5
25.0
23.8
13.7
6 . 8
0 .9
0.9

13.7
10.4
2 .4
1 6 . 8
22 .9
1 9 . 3
2 1 . 6
2 1 . 7
2 1 . 5
18.4
1 3 6
1 1 . 6



Measured
Precipitat ion*

( inches)

Maximum
Temperature

( 'F)

Min imum
Temperature

( 'F )

12t13t2006
12t14t2006
12t15t2006
12t16t2006
12t17 t2006
12t18t2006
12t19t2006
12t20t2006
12t21t2006
12t22t2006
12t23t2006
12t24t2006
12t25t2006
12t26t2006
12t27 t2006
12t28t2006
12t29t2006
12t30t2006
12t31/2006

Month

January 2007
1t1t2007
11212007
11312007
1t4t2007
11512007
11612007
11712007
1t8t2007
1t9t2007

1t10t2007
1t11t2007
1t12t2007
1t13t2007
1t14t2007
1t15t2007
1t16t2007
1t17t2007
1t18t2007
1t19t2007
1t20t2007
112112007
1t22t2007
1t2312007
1t24t2007
1t25t2007
1t26t2007

0 0 0
0 .00
0 0 0
0 0 0
0 .20
0 . 0 1
0 .06
0 .00
0 .00
0 .23
0.00
0.00
0 0 0
0.00
0 .33
0 .03
0 0 0
0 .00
0.00
1 . 1 5

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

47.4
50 .3
49.0
40 .3
37.2
3 3 . 1
32.1
34.7
4 2 . 1
34.3
38.4
40 .0
55.6
50 .9
40 .5
31.1
33 .5
46.1
50 .0
55.6

38.4
49.1
50.4
43.0
34.3
3 8 . 1
40.1
49 .9
5 0 3
44.6
38 .3
33.7
1 7 . 8
22 .5
25 .8
32.4
32.6
39 .5
44.6
41.1
24.8
35.7
49.2
52.4
51 .1
4 9 0

26.3
286
33 .3
26.6
13.1
4 .4
1 2 . 8
1 1 . 4
13.1
2 1 . 8
1 3  3
1 6 4
14.6
31.4
29.1
22 .7
22 .2
16.4
14.6
2.4

1 7 . 1
16.4
22 .7
24.3
1 0 . 9
-3.4
15.4
11 .4
1 8 . 8
30 .8
24.2
1 0 . 5
-6.4
- 1 . 0
-7.3
-0.7

3 5
4 . 8
4 . 3
9 8
1 2 0
4 5
'16.5

1 9 . 5
24.9
2 1 . 8



Measured Maximum
Precipitation* Temperature

( inches) ("F)

Minimum
Temperature

('F)

1t27 t2007
1t28t2007
1t29t2007
1t30t2007
1t31t2007
Month

February 2007
2t1t2007
2t2t2007
2t3t2007
2t4t2007
2t5t2007
2t6t2007
2t7 t2007
218t2007
2t9t2007

2t10t2007
2t11t2007
2t12t2007
2t13t2007
2t14t2007
2t15t2007
2t1612007
2t17 t2007
2t18t2007
2t19t2007
2t20t2007
2t21t2007
2t22t2007
2t23t2007
2t24t2007
2t2st2007
2t26t2007
2t27 t2007
2t28t2007
Month

March 2007
3t1t2007
31212007
3t3t2007
3t4t2007
3t5t20Q7
3t6t2007
317 t2007
3t8t2007
3t9t2007

NA
NA
NA
NA
NA
NA

0
0
0
0
0
0
0
0
0
0

0.32
0.02
0 0 3

0
0
0
0
0

0.03
0
0
0

0 .2
0
0
0

0 .08
0.23
0.91

432
44.2
46.3
42.8
38 .0
52.4

31.7
36.5
50 .5
54.9
59 .3
57.2
55 .0
52.5
53.0
53 .9
47.2
47.2
43.5
3 5 4
4 5 0
5 1 . 9
5 5 . 1
52.6
42.9
43.7
50.9
5 5 . 1
39 .9
3 5 8
39 .5
45 .0
35 .0
29.7
59.3

3 4 0
33 .0
40 .5
52.7
58.2
5 6 . 1
57.7
58 .8
60.2

2 1 . 7
20.7
1 9 . 3
1 7 . 5
16.7
-7.3

8 . 7
4 .4
10.4
26.7
28.2
3 1 . 1
33 .8
30.6
32.4
36.6
30 .8
25.6
27 .5
23 .9
1 6 . 1
24.0
26.1
25.2
23 .3
1 0 . 5
2 1 . 4
26.2
1 7 . 9
1 2 . 9
1 8 . 3
25.4
23.5
8 .3
4.4

6 .3
9 . 8
6 . 8
1 5 . 0
28.2
32 .0
31.1
33 .9
30.7

0
0
0
0
0
0
0
0
0



Measured
Precipitat ion*

( inches)

Maximum
Temperature

( 'F )

Minimum
Temperature

('F)

3t10t2007
3t11t2007
3t12t2007
3t13t2007
3t14t2007
3t15t2007
3t16t2007
3t17t2007
3t18t2007
3t19t2007
3t20t2007
312112007
312212007
3t23t2007
3t24t2007
3t25t2007
3t26t2007
3t27 t2007
3t28t2007
312912007
3t30t2007
3t31t2007
Month

April 2007
4t1t2007
4t2t2007
41312007
4t4t2007
4t5t2007
4t6t2007
4t7 t2007
41812007
4t9t2007

4t10t2007
4t11t2007
4t12t2007
4t13t2007
4t14t2007
4t15t2007
4t16t2007
4t17t2007
4t18t2007
4t19t2007
4t20t2007
4t21t2007
4t22t2007
4t23t2007

0
0
0
0
0
0
0
0
0
0
0

0.34
0

0 . 1
0
0
0
0

0.52
0
0
0

0.96

0
0
0
0
0
0
0

0.05
0 . 0 1

0
0
0

0 . 1 2
0
0
0
0
0
0
0
0

0 3 4
0.52

56.0
64.7
69 .8
7 2 . 1
7 1  . 0
67.2
72 .3
72 .7
70.6
67 .3
63 .3
49.7
55.5
48.7
53.7
61.4
62.1
5'1 6
35.2
38.7
50.7
63.8
72.7

63.8
63 .3
66.6
69 .5
67  .3
66.8
65 1
62.0
61.4
50 .0
48.9
47 .0
50.4
58 .8
51.7
52 .5
61.2
47.4
51.4
46.3
5 1  6
38 .9
42 .7

34.0
23 .3
30 .9
32.6
4 2 . 1
34.4
30.7
3 8 3
43.4
35 .8
36.4
3 3 8
30 .5
34.9
34.5
33 .5
37.6
20.9
28.6
27 .0
1 7 . 9
2 3 7
6.3

37.0
3 8 . 1
40.4
41.7
40.7
44.2
43.7
40.1
29.3
3 1 . 9
29.5
24.6
29.6
28.5
32.5
26.6
29.5
22.6
1 6 . 1
29.2
27 .0
3 1 . 5
28.4



Measured
Precipitat ion*

( inches)

Maximum
Temperature

( 'F)

Min imum
Temperature

('F)

4t24t2007
4t25t2007
4t2612007
4t27 t2007
4t28t2007
4t29t2007
413012007
Month

May 2007
51112007
51212007
513t2007
5t4t2007
il5t2047
5t6t2007
5t7 t2007
5t8t2007
519t2007

5t10t2007
511112007
5t12t2007
5t13t2007
5t14t2007
5t15t2007
5116t2007
il17 t2407
5t18t2007
5t19t2007
512012007
5t21t2007
5t22t2007
5t23t2007
5t24t2007
5t25t2007
5t26t2007
5t27 t2007
5t28t2007
5t29t2007
5t30t2007
5t31t2007
Month

0 .03
0
0
0
0
0
0

1.07

5 3 5
62.6
63 .0
7 1  . 1
73.7
75 .7
73 .2
75.7

67.5
6 7 8
53.4
53 .3
43.7
5 1 . 3
6 3 . 1
67 .3
72.2
75 .5
77 .3
78.1
7  4 . 8
73.2
75 .0
75 .0
72.2
72 .7
7 5 . 1
7  4 .2
6 8 6
5 9 . 1
56.2
63 .0
72.4
72.4
75.0
73 .8
7 3 . 1
7 5 . 1
7 7 . 1
78.1

3 1 . 5
32.9
38 .3
39 .3
40.2
48.1
49.2
16.1

47.7
41.2
41.5
33 1
27 .8
33.7
28.4
37 .3
44 .1
49.4
50.6
52.5
5 1 . 8
46.7
38 .9
44.8
48 .8
49.6
50.6
47 .9
44.2
40.1
34.5
53.4
42.2
49.6
49 .5
47.6
46.1
36.7
48 .5
27.8

0
0
0
0

0.02
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.02
0 . 1 0
0 .03

0
0
0
0
0
0
0
0

0 .17

" Nofe. The coal hollow weather station precipitation gauge is not equiped with

a heating unit and consequently precipitat ion fal l ing during freezing condit ions may

may not be recorded.
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Table 5 Monitoring well details.

Wel l  Date dr i l led Screened formation
Collar elevation Depth Depth to bedrock Screened interval

(feet) (feet) (feet) From (feet) To (feet)

c0-'18
c0-54

c1-24

c2-15
c2-28
c2-40

c3-15
c3-30
c3-40

c4-15
c4-30
c4-50

c5-130

c6-15

c7-10
c7 -20

c8-25

c9-15
c9-25
c9-40

SS-15
SS-30
SS-75

UR-70

LR-29
LR-45

LS-15
LS-28
LS-60
LS-85

Y-36

Y-38

Y-45

Y-59

Y-61

Jan-07 Lower Robinson alluvium
Jan-07 Dakota Formation above coal

Jan-07 Lower Robinson alluvium

Jan-07 Sink Val ley al luvium
Dec-06 Sink Valley alluvium
Dec-06 Sink Vallev alluvium

Dec-06 Sink Valley alluvium
Dec-06 Sink Valley alluvium
Dec-06 Sink Vallev alluvium

Dec-06 Sink Valley alluvium
Dec-06 Sink Valley alluvium
Dec-06 Sink Vallev alluvium

Jan-07 Sink Val lev al luvium

Jan-07 Lower Robinson al luvium

Jan-07 Sink Val ley al luvium
Jan-07 Sink Val lev al luvium

Jan-07 Sink Val lev al luvium

Jan-07 Sink Val ley al luvium
Jan-07 Sink Val ley al luvium
Jan-07 Sink Val ley al luvium

Jan-07 Lower Sink Val ley al luvium
Jan-07 Lower Sink Val ley al luvium
Jan-07 Lower Sink Val ley al luvium

Jan-07 Upper Robinson al luvium

Jan-07 Dakota Formation (uppermost)
Jan-07 Lower Robinson alluvium

Jan-07 Lower Sink Valley alluvium
Jan-07 Lower Sink Val ley al luvium
Jan-07 Lower Sink Val ley al luvium
Jan-07 Lower Sink Val lev al luvium

Dec-79 Smirl coal seam (Dakota Formation)

Nov-79 Smirl coal seam (Dakota Formation)

Aug-80 Smirl coal seam (Dakota Formation)

Dec-80 Sink Val ley al luvium

Nov-80 Sink Val ley al luvium

6864.14
6862.59

6949.19

6920.28
6 9 1 9 . 8 1
6919.58

6890.41
6890.77
6890.73

6873.92
6873.91
6873.52

6938.92

6897.63

6873.77
6872.89

6859.70

6846.77
6846.36
6846.94

6831.57
6830.47
6832.06

7005.14

6803.1 0
6798.41

6810.28
6810.23
6810.35
6810.53

6956.97

6860.85

7043.55

6959.06

6962.1 0

26.5

1 5
28
40

1 5
30
40

1 5
30
50

1 3 0

1 5

1 0
20

27

l c

26
42

1 5
29
75

70

29
42

1 5
28
60
87

230

1 0 5

352

1 1 0

1 5 0

;;

;

123.5

1 1

1 9

20

;;

1 2
47

1 6 . 5

5
1 7
20

5
1 0
20

5
1 0
30

90

5

1 0
t c

7

1 6
22

1 9
54

50

1 9
2 1

4
1 7
39
64

194

7 1

314

50

112

26.5

1 5
27
40

1 5
20
40

1 5
30
50

1 3 0

1 5

1 5
20

27

1 5
26
42

1 5
29
74

70

29
4 1

1 4
27
59
84

214

86

330

1 1 0

142

22
5440

24

22
54

;;

62

20
41.5

1 5 5

50

40

145



Well Date dril led Screened formation
Collar elevation Depth

(feet) (feet)
Depth to bedrock Screened interval

(feet) From (feet) To (feet)

Y-63

Y-e8 (A1)

Y-ee (A2)

Y-102 ( 4

Nov-80

Jul-86

Jul-86

Jul-86

Lower Sink Valley alluvium

Upper Robinson al luvium

Upper Robinson al luvium

Sink Val ley al luvium

6789.34 51

7173.50  86

7055.54 22

6950.06 86

34

83.5

20

84.0

Open hole Open hole

36.6 86

5.1 13.2

43.7 62.94



Table 6 lsotopic composistions of groundwaters and surface waters in the
proposed Coal Hollow Mine permit and adjacent area.

61 3C
OT
/oo

toc

pmc
Tritium

TU
d 1  8 0

ot
,/oo

dz{
ot
too

Mean residence t ime
(radiocarbon years)

Streams

Kanab Creek drainage
SW-1 27 -May-05
SW-1 25-Sep-05
SW-1 3-Nov-05

SW-2 27-May-05
SW-2 25-Sep-05
SW-2 3-Nov-05

SW-3 27-May-05
SW-3 28-Sep-05
SW-3 3-Nov-05

Lower Robinson Creek drainage
sw-101

SW-4

SW-5

SW-8
SW-B
SW-8

27-May-05

27-May-05

27-May-05

18-Jun-05
24-Sep-05
4-Nov-05

SP-8
SP-B
SP-8

Camper

Y-102
Y-102
Y-102

Sorensen Spring
Sorensen Spring

Y-61
Y-61

27-May-05
24-Sep-05
4-Nov-05

4-Nov-05

27-May-O5
24-Sep-05
4-Nov-05

12-Aug-05
4-Nov-05

12-Aug-05
4-Nov-05

SP-33
SP.33

17-Jun-05
24-Sep-05

-9.9

-10.4

- 1 0 . 1

69.03

67.50

66.41

8.07

3.38

3 . 1 0

3.28

3.35

3.01

3.28

- 1 2 . 5 5
- 1 1 . 9 6
- 1 2 . 5 2

- 1 2 . 1 7
- 1 0 . 9 5
- 1 1 . 6 3

-12.54
- 1 2 . 1 6
- 1 2 . 1 0

-13.05

- 1 2 . 7 3

- 1 2 . 9 0

-13.34
-12.89
-12.68

- 1 3 . 1 9

- 1 1 . 7 5
-13.47
-13.22

- 1 3 . 1 6

- 1 2 . 1 8
- 1 3 . 4 5
- 1 3 . 9 0

-13.04
- 1 3 . 3 2

-12.86
-13.34

- 1 2 . 3 6
- 1 2 . 7 0

-94
-96
-98

- 1 0 0

- 1 0 0
- 1 0 1
-99

-99
- 1 0 0

- 1 0 0
-96

Modern

Modern

Modern

Modern

Modern

-97
-89
-94

-90
-88
-91

-97
-92
-89

-96

-95

-97

-98 Modern
-97
-98

-99
Water Canyon drainage
RID-1 4-Nov-05

Springs and Wells

Alluvial Groundwater systems (Area A)

-10.2 66.41

Alluvial Groundwater systems (Area B)
-97
-96



61 3C
ol
loo

'oC Trit ium d180 d2H Mean residence time
pmc TU o/oo o/oo (radiocarbon years)

SP-33

SP-6
SP-6

Dakota Formation
SP-4
SP-4
SP-4

sP-27

Upland pediment alluviu m
SP-3
SP-3
SP-3

-12.6 89.04 2.74

- 1 0 . 5 46.64 -0 .01

3-Nov-O5

24-Sep-05
3-Nov-O5

19-Jun-05
24-Sep-05
3-Nov-O5

18-Jun-05

18-Jun-05
24-Sep-05
3-Nov-05

-7.72

-10.12
-8.78

- 1 3 . 5 8
-13.47
-13.44

- 1 1 . 6 3

-12.73
-12.56
-8.01

Modern

1 , 0 0 0

-96

-85
-73

- 1 0 1
- 1 0 3
- 1 0 1

-95

-99
-96
-99
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Table 9 Hydrologic monitoring protocols and locations.

Discharge and water level measurements

Protocol Applies to Parameter

A Streams

B Springs

Discharge

Discharge

Frequency

Quarterly

Quarterly

QuarterlyC Monitoring wells Water
elevation

Water quality

Protocol

1

2

3

4

5

6

Applies to

Streams

Streams

Springs

Springs

Monitoring wells operational field and laboratory water
quali ty measurements

Monitoring wells Field water qual i ty measurements
only

Parameters Table

Operational field and laboratory water 7-6
quali ty measurements

Field water qual i ty measurements 7-6
only

Operational field and laboratory water 7-7
quali ty measurements

Field water quality measurements 7-7
only

7-7

7-7

Frequency

Quarterly

Quarterly

Quarterly

Quarterly

Quarterly

Quarterly



Table 10 Hydrologic monitoring locations.

Site Protocols Gomments

Sfreams
BLM-1
RID-1
SW-2
SW-3
SW-4
SW-5
SW.6
SW.8
SW-9
sw-101

Sonnqs
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

4,2
4 ,2
A, 1
A,  1
A, 1
A, 1
A, 1
A,  1
A,  1
4 ,2

8 ,3
8 ,3
8 ,4
8 ,4
8 ,4
8 ,4
8 ,4
8 ,4
B ,3

C
c
c
c,5

C

8,4

8 ,4
8 ,3

C
C
C

Lower Robinson Creek adjacent to mined areas
lrrigation 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 al luvium south of  permit  area
Developed spring in Sink Valley Wash 1 mile below
permit area
Seep in Sink Valley below permit area
Developed al luvial  spr ing in Sink Val ley at  Dames ranch
Al luvial  spr ing in Sink Val ley
Al luvial  spr ing in Sink Val ley
Al luvial  spr ing in Sink Val ley
Al luvial  spr ing in Sink Val ley
Al luvial  spr ing in Sink Val ley
Al luvial  spr ing in Sink Val ley
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

c



Site 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
1R.45

LS-28

LS-60

LS-85

SS.15

SS-30

SS-75
UR.7O

C

c,5

C

c,5

c
C,5

c
c
c
c
C
c
c
c
C
c

Monitor ing wel l  in Sink Val ley al luvium
Monitor ing wel l  in Sink Val ley al luvium
Monitor ing wel l  in Sink Val ley al luvium
Monitor ing wel l  in Sink Val ley al luvium
Monitor ing wel l  in Sink Val ley al luvium
Monitor ing wel l  in Sink Val ley al luvium
Monitor ing wel l  in Sink Val ley al luvium
Monitor ing wel l  in Sink Val ley al luvium
Monitor ing wel l  in Sink Val ley al luvium
Monitor ing wel l  in Sink Val ley artesian al luvial
groundwater system above permit area
Monitor ing wel l  in Sink Val ley al luvium
Monitor ing wel l  in Sink Val ley al luvium
Monitor ing wel l  in Sink Val ley al luvium
Monitor ing wel l  in Sink Val ley al luvium
Monitoring well in Lower Robinson Creek alluvium below
mine area
Monitor ing wel l  in Sink Val ley Al luvium below mining
areas
Monitor ing wel l  in Sink Val ley Al luvium below mining
areas
Monitoring well in artesian Sink Valley Alluvium below
mining areas
Monitoring well in Sink Valley Alluvium below mining
areas
Monitoring well
areas
Monitoring well
Monitor ing wel l
mine area

in Sink Val ley Al luvium below mining

in burned coal area material
in Lower Robinson Creek alluvium above

c
C
c
C
c,5



Table 11 Surface water operational water qual i ty monitoring

FIELD MEASUREMENTS REPORTED AS

pH pH uni ts
Specific Conductivity ps/cm @25"C
Dissolved Oxygen mg/L
Temperature oC

LABORATORY M EASU REMENTS

Total Dissolved Solids
Total Suspended Solids
Bicarbonate
Carbonate
Calcium (dissolved)
Chloride
lron (total)
lron (dissolved)
Magnesium (dissolved)
Manganese (total)
Manganese (dissolved)
Potassium (dissolved)
Sodium (dissolved)
Sulfate
Oil  and grease
Cations
Anions
Cation/Anion Balance

mgi L
mg/L:
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mgi L
mg/L
mgi L
meq/l
meq/l
%



Table 12 Groundwater operational water quality monitoring.

FIELD MEASUREMENTS

pH
Specific Conductivity
Temperature

LABORATORY M EASU REMENTS

Total Dissolved Solids
Carbonate
Bicarbonate
Calcium (dissolved)
Chloride
lron (total)
lron (dissolved)
Magnesium (dissolved)
Manganese (total)
Manganese (dissolved)
Potassium (dissolved)
Sodium (dissotved)
Sulfate
Cations
Anions
Cation/Anion Balance

REPORTED AS

pH units
ps/cm @25"C
O C

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
meq/L
meqi L
%



Table 13 Potentiometric levels in wells in the Coal Hollow Project area.

Date Elevation

Al luvial  Wel ls

Y47

Y50

Y57

Y-59

Y-61

Y62

6t22t1986
8/5/1986
9/8/1986

10/8/1986
1012811986
11t16t1986
12t9t1986
1t6t1987

2t11t1987

6t22t1986
8i3l1986
9t7t1986

10t4t1986
11t1t1986

1112211986
12t15t1986
1nan987
1t31t1987

6t21t1986
10t12t1986
1211611986

6t24t1986
8/5/1986

9t12t1986
1 0/1 3/1 986
1 1/1/1986

11t23t1986
12t10t1986

1t5t1987
3t3t1987

1t16t2007

9t17t1986
1211611986

6t21t1986
9t17 t1986

12116t1986

8114t1986
9/'10/1986
10/5/1 986

10t29t1986
11122t1986

6857.0
6854.0
6853.0
6852.6
6852.9
6853 1
6853.4
6853 4
6852 8

6862.5
6861 5
6861 2
6861.2
6861.2
6862.4
6861  .1
6861.2
6861 .0

6985.2
6985

6984.3

7 0 1 0  5
7005.9
6982.8
6982.8
6981.7
6982.8
6981 5
6984.3
6984.3
6977.5

6979.2
6978.6

6825 5
6826.6
6828.0

6965.6
6956.3
6958 6
6957 5
6957 5

Y102



Elevation

c5-130

Y98

Y99

Y63

12t16t1986
1t10t1987
2t3t1987

1t16t2007

1t17t2007
312912007

8t2t1986
9/3/'1986
10/7/1986
10/30/1986
11t18t1987
12111t1986
1112t1987
2t1t1987

5t27 t2005
9t25t2005
11t4t2005
1t25t2006
5t29t2006
12t21t2006
3128t2007

Bt2t1986
9/3/1986
10nt1986

10/30/1986
11t18t1987
12t11t1986
1112t1987
2t1t1987
5t27 t2005
9t25t2005
11t4t2005
5130t2006
12t21t2006
312812007

7t21t1986
9t12t1986
1011211986
11t1t1986
11t21t1986
1211411986
112011987
2t9t1987
611812005
912412005
1113t2005
3130t2006
5t16t2006

6957
6957.7
6956.3
6955.8

6986.9
7007 4

7094.8
7093.5
7091.2
7091.1
7091 .0
7091.1
7091.1
7091.4
7092.5
7102.0
7094.6
7090.8
7092.0
7088.7
7088.7

dry (. 7040.5)
dry ( .7040.5)
dry (< 7040.5)
dry (. 7040.5)
dry (< 7040.s)
dry (< 7040.s)
dry ( .7040.5)
dry (" 7040.5)
dry (< 7040.5)
dry (< 7040.s)
dry (< 7040.s)
dry (. 7040.5)
dry (.7o4o s)
dry (. 7040.5)

6781 .9
6778.3
6774.2
6773.5
6773.1
6775.4
6776.1
677 5.2
6780.8
6777.0
6776.3
6776.8
6778.2



Elevation

Sorensen Spring box

Coal Wel ls
Y36

Y3B

9n t2006
12t21t2006
3t30t2007

11t4t2005
3t31t2006
5t29t2006
9/8i2006

12t20t2006
3t29t2007

12t11t1979
6t12t1980
8/1 5/1 980
9t4t1980
10/9/1980
11t13t1980
7 t28t1986
8t27 t1986
911 9/1 986
10t27t1986
11t14t1986
12t10t1986
2t11t1987
8t12t2005
11t4t2005
3t31t2006
5t29t2006
9n t2006

12t21t2006
3t29t2007

11t17t1979
12t11t1979
6t12t1980
8/15/1980
9t4t1980
10/9/1980
11t1311980
6t24t1986
10t14t1986
12t5t1986
6t1712005
9t25t2005
11t3t2005
3/30/2006
5/30/2006
9t8t2006
3t30t2007

6775.6
6775.1
6775.8

>6960.6
6960.4
6960.1
>6960.6
6960.0
6960.1

6877.6
6876.9
6876.5
6876.3
6876 8
6876.9
6876.2
6876.2
6876.3
6876.4
6876.4
6876.7
6878.0
6878 1
6871.7
6872.6
6872.3
6871.7
6871 .9
6873.4

6812.7
6810 .3
6 8 1 1 . 3
6810 .8
6810 .7
6810 .7
6 8 1 0 . 7
6812.3
6811.4
6 8 1 1 . 3
6808.0
6807.4
6807 5
6808.1
6807.9
6809.7
6809 4



Date Elevation

Y39

Y40

Y41

Y43

11t17t1979
1211111979
6t12t1980
8/1 5/1 980

9t4t1980
10/9/1980

11t13t1980
6t25t1986
8/3/1986

9t1211986
10t15t1986
11t5t1986

11t23r1986
12t16t1986

11t17 t1979
12t11t1979
6t12t1980
8i1 5/1 980

9t4t1980
10/9i 1980

11t13t1980
6t21t1986

10t17t1986
12t16t1986

11t17t1979
12t11t1979
611211980
8/1 5i 1 980
9t14t1980
10/9/1980

11t13t1980
6t23t1986

10t14t1986
12tst1986

11t17t1979
12t11t1979
6t12t1980
B/1 5/1 980

9t4t1980
10/9/'1980

11t13t1980
6t21t1986

10t17t1986
12t1st1986

10/9/1980
11t13t1980
12t13t1980
7 t22t1986

6834 6
6827 5
6828 8
6828.8
6828 8
6828.7
6829 0

Dry
Dry
Dry
Dry
Dry
Dry
Dry

6815 .6
681  0 .1
6810 .4
6810 .2
6808.9
6 8 1 0  6
6 8 1 0 . 5
6 8 1 1 . 0
6809.9
6809.9

6796.2
6795.4
6798 9
6797.8
6797.4
6797.1
6796.8
6796.3
6795.2
6795.4

6825.6
6 8 1 5  5
6821 3
6825.1
6825 8
6825.8
6825.8
6859.0
6826.0
6825.2

6804 4
6797.4
6798.4
6796.2

Y45



Elevation

Y4B

Y49

Y53

BI12t1986
9t22t1986
10t29t1986
11t17 t1986
12113t1986
1t24t1987
2t10t1987
11t4t200s
5/30/2006
9n t2006

12t20t2006
3t29t2007

10/9/1980
12t13t1980
6t22t1986
8/5/'1986
9/8/1986

10/5/1986
10t28t1986
11t16t1986
12t9t1986
1t6t1987

2t10t1987

10/9/1980
12t13t1980
6t24t1986
8/3/1 986
9ntrc86

10t2t1986
10t2411986
11t12t1986
12t6t1986
1t10t1987
1t31t1987

10/9/1980
12t13t1980
6t27 t1986

8t2t1986
9/10/1986
10t4t1986
11t3t1986

11t22t1986
12t1411986
1t17t1987
2t13t1987

6796 3
6796.1
6796.2
6795.9
6796.1
6796.4
6796 9
6794.2
6794 2
6793.7
6793 9
6793.9

6837.4
6834.4
6838 1
6836.9
6836.8
6837 1
6837 3
6837.3
6837.5
6837.7
6837 9

6832.1
6832 1
6832.6
6831 .4
683'1.1
6831 .4
6831.2
6831 0
6830.3
6 8 3 1 . 1
6831 .0

6860.6
6822.6
6822.6
6822.7
6822.7
6822.8
6824.1
6824.1
6822.9
6823.1
6824.0



Appendix A

Isotopic labo rutory reporting sheets



GEOCHRON LABORATORTES
a division of Krueger Enterprises, Inc.

111 Concord Avenue * Cambridge, Massachusetts 02138-1002 + USA
t (611) 876-3691 f (617) 661-0148 wwlv.geochronlabs.com

RAD IOCARBON AGE DETERMINATION REPORT OF ANALYTICAL \A'ORK

Our  Sample No.

Your Reference:

Subnritted b1':

GX-3231 5

Allen Childs, Coal Hollow Project

Er ik C. Petersen, P.G.
Senior Hydrogeologist
Petersen Hydrologic
269s N. 600 E.
Lehi. utah 84043

Date Received: 01120.2006

Date Reported: 0210812006

Sample Name:

AGE :

So la r

89.04

Panel Spr ing 3 Nov 05

* 1.04 u/o of the modern (1950) 'oC activity

Descr ip t ion:

Pretreatnrent:

Sample of barium carbonate

The barium salt precipitate was rapidly vacllum filtered and immediately hydrolvzed,
under vacuum, to recover carbon dioxide from the barium carbonates for the analysis.
' 'C analysis was made from a small portion of the same evolved gas.

Comments.

6 ' 'Cr , ru : - 1 2 . 6  % o

Notes: This date is based upon the Libby half lile (5570 years) for'oC. The enor is +/- I s asjudgcd by the
analylical data alone. Our modem standard is 95% of the activity of N.B.S. Oxalic Acid.

The age is referenced to the year A.D. 1950.

SPECIALISTS IN GEOCHRONOLOGY & ISOTOPE ANALYSIS



GtrOCHRON LABORATORIES
a division of Krueger Enterprises, Inc.

7l I  Concord Avenue + Cambr idge,  Massachuset ts  02138-1002 + USA
t (617) 816-3691 f (617) 661-0148 www.seochronlabs.com

R\DIOCARBON AGE DETERMINATION REPORT OF ANALYTICAT. WORI(

Our  Sanrp le  No,

Your Reference.

Sribr l i t ted by,:

GX-32310

Al len Chi lds ,  Coal  Ho l lon 'Pro jec t

Er ik C. Petersr;n,  P.G.
Senior Hydrogeologist
Petersen Hydrologic
2695 N. 600 E.
Lehi, utah 84043

DateReceived: 01120t2006

Date Reportecl :  02108'2006

Sanrple Name:

AGE, :

Y-61 4  Nov 05

66.41 * 0.98 u/u of the modern(1950) ' 'C act iv i ty

Descr ip t ion:

Pretreatnrent:

Sample of barium carbonate

The bariurn salt precipitate rvas rapidly vaculrm fi l tered and immediatell, l iydrolyze cl,
under vacuurn, to recover carbon dioxide from the bariunr carbonates fbr thc an.tlr, 'sis.
' tC analysis rvas made from a small porl ion of the same evolved gas.

Comnrents:

d ' 'co, r , ,  : -10.1 %o

Notes: This date is based upon the Libby halflife (5570 years) for'oC. The error is +/- I s asjudgcLl bv thc
analyical data alone. Our modem standard is 95% of the activity of N.B.S. Oxalic Acid.

The age is referenced to the year A.D. 1950.

SPECIALISTS IN GEOCHRONOLOGY & ISOTOPE ANALYSIS



GEOCHRON LABORATORItrS
a division ol' Krueger Enterprises, Inc.

l I l  Concord Avenue + Cambr idge,  Massachuset ts  02138-1002 + USA
t (611)  816-3691 f  (617)  661-0148 www.seochronlabs.com

RADIOCARBON AGE DETERMINATION REPORT OF ANALYTICAI- \\/ORl(

Our  Sanrp le  No.

Your Ref-erence:

Subnri t tcd br, :

GX-32311

Al len Chi lds,  Coal Hol low'Project

Er ik C. Peterscn, P.G.
Senior Hydrogeologist
Petersen Hydrologic
2695 N. 600 E.
Lehi, Utah 84043

Date Received: 01120,t2006

Date Repofted'. 02108,/2006

Sanrple Name:

A G E :

Y-59 4

67.50 +

Nov 05

0.97 " of  the modern (1950) 'oC act iv i ty

Descr ipt ion;

Pre treatnrent:

Saniple of barium carbonate

The bar ium sal t  precipi tate r ,vas rapidly vacuum f i l tered and imnrediatelv hydrol t , ,ccl .
under vacuum. to recover carbon dioxide from the bar iunr carbonates lbr thc i r rr . r ,vsis.
'tC analysis r,vas made from a small portion of the same evolr, 'ed gas.

Comments .

d ' t C r u o  : -10.4 %,

Notes: This date is based upon the Libby half life (5570 years) for 'oC. The enor is +/- I s as judgcJ by tlre
analyical data alone. Our modern standard is 95% of the activity of N.B.S. Oxalic Acid.

T)re age rs referenced to the year A.D. 1950.

SPECIALISTS IN CiEOCHRONOLOGY & iSOTOPE ANALYSIS



GEOCHRON LABORATORIES
a division of Krueger Enterprises, Inc.

7l l  Concord Avenue + Cambr idge,  Massachuset ts  02138-1002 + US.. \
t  (6 1 1) 816-3691 f (6 I  1) 661 -0 148 www.seochronlabs.conr

RADIOCARBON AGE DETERMINATION REPORT OF ANALYTICAL WORI..

Our  Sample No.

Your Reference :

Subnr i t ted b1 ' :

GX-323 r  2

Allen Childs, Coal Hollorv Project

Er ik C. Petersen, P.G.
Senior Hydrogeologist
Petersen Hydrologic
2695 N. 600 E.
Lehi,  utah 84043

Date Received: 0 112012006

Date Reoor-ted: 02/08/2006

Sanrple Nanle:

AGE :

Y -102 I Nov 05

69.03 * 0.82 'h of  the modern (1950) ' 'C act iv i ty

o
Descr ip t ion:

Pretreatment:

Conrnrents:

c )  
' L  

1 , 1 . 1 1 1  
:

Sample of barium carbonate

The barium salt precipitate was rapidly vacuurrr f i l tered and imrnediately hydrolr zctl.
under \/acuum, to recover carbon dioxide from the bariunr carbonates for the iulrl., 'srs.
'tC analysis was made from a small portion of the same er.olved gas.

-9.9 %u

Notes: This date is based upon the Libby hal f  l i fe (5570 years) for 'uC. Theeror is+/-  I  sasjudgecl
analy'lical data alone. Our modern standard is 95% of the activity of N.B.S. Oxalic Acid.

The age is referenced to the year A.D. 1950.

l r r  1 l r - '

SPECIALISTS tN CITOCHRONOLOCY & ISO]OPE ,{NALYSIS



GEOCHRON LABORATORIES
a division of Krueger Enterprises, Inc.

l I I  Concord Avenue * Cambridge, Massachusetts 02138-1002 + USA
t (617) 816-3691 f (617' l  661-0148 www.qeochronlabs.com

R.ADIOCARBON AGE DETERMINATION REPORT OF ANALYTICAL \\IOIl]i

Our Sanrple No.

Your Reference:

Subrtritted bt':

GX-3231 3

Al len Chi lds,  Coal Hol low Project

Er ik C. Petersen, P.G.
Senior Hydrogeologist
Petersen Hydrologic
2695 N. 600 E.
Lehi. Utah 84043

Date Received: 0112012006

DateReported' .  02108/2006

Sarrple Nanre:

AGE :

SP-8

66.41

4  Nor '05

+ 0.99 o/,  of  the modern (1950) 'uC act iv i ty

Descr ipt ion:

Pretreatnrent:

Conrr lents.

i j ' t c1 , , ro  :

Sample of barium carbonate

The barium salt precipitate was rapidly vacuum fi l tered and immediately hydrol.rzed,
under vacuum' to recover carbon dioxide from the barium carbonates for the lnrrl lsis.
' 'C analysis was made from a small portion of the same evolr,ed gas.

-r0,2 %o

Noles: This date is based upon the Libby hali' life (5 5 70 years) for ''C. The error is +i- I s asjud3,e<1
analyical data alone. Our rnodem standard is 95% of the activity of N.B.S. Oxalic Acrd.

The age is referenced to the year A,D. 1950.

b i  l h c

SPECIALISTS IN CEOCHRONOLOGY & ISOTOPE ANALYSIS



GtrOCHRON LABORATORIES
a division of Krueger Enterprises, Inc.

111 Concord Avenue + Cambr idge,  Massachuset ts  02138- i002 + USA
t (617)  876-3691 f  (617)  661-0148 www.seochronlabs.com

RADIOCARBON AGE DETERMINATION REPORT OIT ANALYTIC,{L \4,'(]ItL:

Our  Sanrp le  No,

Your Reference:

Subrl i t ted b1,:

GX-32314

Al len Chi lds,  Coal Hol lor,v Project

Er ik C. Petersen, P.G,
Senior Hydrogeologist
Petersen Hydrologic
269s N. 600 E,
Lehi, Utah 81013

Date Receir , ,ed: 0\120120Ct6

Date Reportcd 02108r2(106

Sanrp le  Nanre:

AGE :

SP-4 3 Nor, 05

46.64 * 0.84 o/o ol '  the modern (1950) r 'C activit l '

G
Descr ip t ion:

Pretreatnrent:

Sample of  bar ium carbonate

The barium salt precipitate was rapidly vacuunr f i l tered and inrmediatcly hych'o,\ ' i iud,
under vacuum, to recover carbon dioxide from the barium carbonates 1br the an3l,, ' '515
'tC analysis was rnade lrom a srnall portion of the same evolved gas,

Conrnlcr-rts:

- t t ^

d ' ' L p n s : -10.5 %o

Noles: This date is based upon the Libbyhalf  l i fb (5570 years. l  for  ' 'C.  The error is +/-  I  s asjudged b1 t i rc
analytical data alone. Our modern standard is 95% of the activity of N.B.S. Oxalic ,\cid.

The age is referenced to the year A.D. 1950.

SPECIALISTS IN GEOC]HRONOLOGY & ISOTOPE ANALYSIS



R e v i s e d  1  . - a n u a

G E N E R A L  C O M M E N T S  O N  T R I T I U M  R E S U L T S

r \ , '  2 , ( i

T r r , t i u n  S c a l e  N e w  l - i a l - f - I i f e

T r i t r u m  c o n c e n t r a t r o n s  a r e  e x p r e s s e c l  i n  T U ,  w h e r e  1  T U  i n d r c r a t e s  a  - ' i l

a c u n c a n c e  r a t : - o  o f  1 O - ' 8 .  T h e  . . r a l u e s  r e f e r  t o  t h e  t r i t i u m  s c a l e  r e c - o m m e r , ( l : : i  ;  ' '

I , t  .  s .  N a t r - o n a . l -  r n s t i t u t e  o f  S c i e n c e  a n d  T e c h n o l o g y  ( N I S T ,  f  o r m e r  l 7  N R S  )  ,  i t r i ' l

I n . _ e r n a t i o n a l  A t o m i c  E n e r g y  A g e n c y  ( I A E A )  .  T h e  T U - n u m b e r s  a r e  b a s e d  o n  + . . r r e  l : . 1 ' l

t r r t r u m  w a t e r  s t a n d a r d  # 4 9 2 6 8 .  A g e  c o r r e c t i o n s  a n d  c o n v e r s i o n s  a r e  n L a l e  u s r n (  ' - r l i :

' e c c m m e n d e d  h a l f - l r f e  o f  1 2 . 3 2  y e a r s ,  i . € . ,  a  d e c a y  r a t e  o f  t r  :  5 ' € ' 2 ! r ' i  y e i t :

r h i s  s c a l e ,  1  T U  i - s  e q u i v a l e n t  t o  7  .  1 5 1  C p m /  k g  H z O ,  o r  3  . ' 2 2 2  f >  ) t  /  k q  r l  i - ,

: l l

) a

C  " I l g 2  B q / k g  H r C  ( B q  :  d i s i n t / s e c )  .
. l ' ;  v a i u e s  a r e  c a l c u l a t e d  f  o r  d a t e  o f  s a m p l e  c o l l e c t i o n ,  I I E F D A T E  i - n  t h c  ' -  I  l  : ,

a s  p r o v r d e d  b y  t h e  s u b m i t t e r .  I f  n o  s u c h  d a t e  i s  a v a i l a b l e ,  d a t e  o f  s ; r r  r ; ' e

a r r i v a l  a t  o u r  l a b o r a t o r Y  i s  u s e d '

T h e  s t a t e d  e r r o r s ,  e T U ,  a r e  o n e  s t a n d a r d  d e v i a t i o n  ( 1  s i g m a  )  r l r c l u c  : r  -  I  - . l

i l o n c e l v a b l e  c o n t r i b u t  j  o n s .  I n  t h e  t a b I e ,  Q U A N T  i s  q u a n t i t y  c ' f  s a n i p r ( l  r c  l {  '  l  l ,

a n c  E L y s  l s  t h e  a m o u n t .  o f  w a t e r -  t a k e n  f  o r  e l e c t r o l y t i c  e r l r l : i l m e n t .  D I i {  I  (  I  l s

C i r e c L  r u n  ( n o  e n r i c h i : t e n t )

i l e n r a r - k :  F . r o m  I  J a n  I g g 4  t h r o u g h  3 1  D e c  2 0 0 I  w e  u s e d  t h e  p u e v r o u s  l y  r e c { ) i l r r i

v a l , r e  f c r  t h e  h a l f - l l f e ,  1 2 . ' 1 : 1 ,  y e a r S .  T h e  u s e  o f  t h e  n e \ ^ /  n u r L b e r ,  ) 2 ' 3 ' '

r , . i r I  I  t n  p r a C t r c e  r n C r e a S e  t h e  r e p o r t e d  T U - v a l u e s  b y  0 ' 9  e o '  T h i s  1 s  l n S r g n i f

s  i n i . r e  c u r  r e p o r t e d  v a i u e s  c a r r y  1  s i g m a  u n c e r t a i n t i e s  o f  3  Z  o r  n o : : c  '

; t  l s  r _ n t e r e s t r n q  t o  n o t e  t h a t  b e f o r e  I 9 9 4  w e  u s e d  t h e  o l c l e r ,  t h e r ,  r e c . i l i ' l

' " , a l u e  o f  1 2 . 2 6  v e a r s .

V e r V  l o w  t r i t i u m  v a l u e s

I n  s o m e  c a s e s /  n e g a t r v e  T U  , z a l u e s  a r e  l i s t e d .  S u c h  n u m D e r s  c a n  (  c c r l r  L ' t : :

t h e  n e t  t r i t i u m  c o u n t  r a t e  i s ,  i n  p r i n c i p J - e  t h e  d i f f e r e n c e  o e t ! ^ r e e n  t - I . e  c o L I : 1 - -

o f  : h e  s a m p l e  a n d  t h a t  o f  a  t r i t i u m - f  r e e  s a m p l e  ( b a c k g r o u n d  c ' r L n t  o :  )

s a m p l e ) .  G i v e n  a  s e t  o f  " u n k n o w n "  s a m p l e s  w r t h  n o  t r i t i u m ,  t h e  d i - - s t r r b i ; L l , '

n e t  r e s u r t s  s h o u l d  b e c o m e  s y n r r n e t r i c a l -  a r o u n d  0  T U .  T h e  n e g a t i v e  v a i ' t e : r

r e L r o r t e d  a s  s u c h  f o r  t h e  b e n e f  i t  o f  a l l o w i n g  t h e  u s e r  u n b i  a s e d  l t , a ' '  t  - ' ;  -

r i , e a t r n e n t  o f  s e t s  o f  * , h e  d a t - a .  L - o r  o t h e r  a p p L i c a t i o n s ,  0 ' f u  s n o u l d  i r e  u : r l

A d o i t . i o n a l  t n f o r m a t r o n

R e f  e r  t o  S e r v i c e s  R e n d e r e d  l T r i t r u m )  ,  S e c t i o n  I I .  B ,  i n  t h e  " T r l t i u n t  L a i r r l r  a l . t ' : 1

F r : . . , - e  S , t c n e d u l e ;  p r o c e d u r e s  a n d  S t a n d a r d s ;  A d v i c e  o n  S a m p I l n g " ,  a n d  c u r  k i e : : - : ; l  t - e

i ^ , ' w ' / i .  l : s _ i n a s .  e c u i  g r c L l p s / t  r I t - i u m '

T r r t r u m  e f f i c i e n c j - e s  a n d  b a c k g r o u n d  v a l u e s  a r e  s o m e w h a t  c i f f e r e t : t  i n  e r . j r  o j

t h e  n _ t - n e  c o u n t e r s  a n d  v a l u e s  a r e  c o r r e c t e d  f o r  c o s m i c  i n t e n s r t y ,  9 d s  r ) r e s . ' i l r € .  , r l ) i

c t h e r  p a r a m e t e r s .  F o r  t r i t i u m ,  t h e  e f  f  i c i e n c y  i s  t y p i c a l l y  f  . 0 0  c p m  p e r  l t l i t  ' : L

( o r r e c :  c o u n t i ^ g )  .  A t  5 0 x  e n r r c h m e n t ,  t h e  e f  f i c i e n c y  j - s  e q u i v a l e n t  t o  l  '  i C  ( r P r

p e r  2 . 4  T U .  T h e  b a c k g r o u n d  i s  L y p i c a l l y  0 . 3  c p f r ,  k n o w n  t o  a b o u t  !  ( ) . 0 2  ( i p : r  o r ]

r e p o r - . e d  r e s u l t s  i n c l u d e  n o t  o n l y  t h e  P o i s s o n  s t a t i s t r c s ,  o r l L  a i s :  C i - l , r j I

e x p e r i m e n t a l  u n C e r t a i n t i e s  S u c h  a S  e n r l c h m e n t  e r r o r '  e L c .

E n i

. ,  -  - - l

' ( ' l i : s

- l l i :

:  r : e c i

1 1 .  :  i l

r . a  I  ( l

.  a i . f '

;  C f

r I e

. l t L
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Spring and Seep survey data, Coal Hollow Project

UTM location, Z'12, NAD 27 Discharge T
(spm) ( 'c)

Sp.  Cond.
(uS/cm)Alternate name

Appendix B

Spr ing

SP-33
SP-33
SP-33
SP-33
SP-33
SP-33

SP-3
SP-3
SP-3
SP-3
SP-3

SP-4
SP-4
SP-4
SP-4
SP-4

SP-5
SP.5
SP-5

SP-6
SP-6
SP-6
SP-6
SP-6

SP-8
SP-8
SP.8
SP-8
SP-8
SP.8
SP-8

SP-14

SP-15

SP-16

SP-17

SP-18

SP-19

Johnson Spring
Johnson Spr ing
Johnson Spr ing
Johnson Spr ing
Johnson Spr ing
Johnson Spr ing

TealSpr ing

1 7-Jun-05
24-Sep-05
3-Nov-O5
30-Mar-06
21-Apr-06
29-May-06

1 8-Jun-05
24-Sep-05
3-Nov-05
30-Mar-06
29-May-06

18-Jun-05
24-Sep-05
3-Nov-05
30-Mar-06
29-May-O6

1 8-Jun-05
12-Aug-05
30-May-O6

1 7-Jun-05
24-Sep-05
3-Nov-05
16-May-06
29-May-06

27-May-05
1 8-Jun-05
24-Sep-05
4-Nov-O5
31-Mar-06
16-May-06
29-May-06

16-May-06
31-Mar-06

10-Nov-05
16-May-O6

4-Nov-05
25-Jan-06
16-May-06
29-May-06

16-May-05

16-May-O5

4-Nov-O5
31-Mar-06
16-May-06

4137543

41 36009

4136427

4137820

4137977

4139231

41 39790

41 39660

41 39656

41 39559

41 39486

41 39384

7.87 1148
7.79 1386
7  .86  1031
7.96 1254
7.97 1293
7.96 1239

7.43 658
7.58 777
7.42 703
7.48 703
7.57 747

7.47 990
7.61 984
7.7 955
7.76 972

371788

372028

371531

373080

3 7 1 7 1 7

371861

372023

371 960

372035

372236

372196

372256

9 . 1
12.8
20.3
1 9 . 1
14.0

6 .3
5.77

0.57
0 .9

1 . 3 5
1 0 0
0.98
0.86

Seep

Seep

Seep
0.33
0.24

19.2
1 6 . 0
1 0 . 5
18.7
25.2

1 0 . 3
1 1 . 5
9 .6
9 .6
9 .3
9 .7
1 0 . 5

1 2 . 7
8 .6

9 . 1
1 1  . 1

6 .7
4 .3
1 1 . 9
1 0 . 5

13.2
4.37
4.36
9.43

8.98

5.94
7 .23
6.82
7.37
7 .73

0.96
0.72
0.76
0.64
0.85

9 . 1
11 .2
1 0 . 6
7 .6
8

9 .8
9 .5
9 .5
9 .9
9 .5

12.5
1 0 . 6
8.6
1 1 . 3

Dry
Damp
Dry

Seep
Seep
Seep
Seep
Seep

1 7 . 6

8.5 804
7 . 4 1  1 3 1 0
7.76 1602
8 . 2 1  1 9 1 8
8 j 2  1 4 7 5

7 89 642
7.39 660
7.27 704
7.48 706
7.5 716
7.42 726
7.75 701

7.83
7.4

7.44
7.71

7 .3
7.59
7.42
7.68

734
708

7 1 5
733

692
695
737
7 1 2

9 .6 7.46 700

8.7 8 .07 779
8.9 7 .58 699
9.3 7 53 730

Sorenson Pond



Alternate name Date
UTM focation,212, NAD 27 Discharge T Sp.  Cond.

(gpm) ("C) pH (uS/cm)Spr ing

SP-20

SP-21

sP-22

SP-23

sP-24

SP.25

SP-26

SP-28

SP.29

SP-30

SP-31

SP-32

SP-34

SP-35

SP-27
sP-27

SP-36

31-Mar-06
16-May-06

16-May-06
29-May-06

10-Nov-O5
16-May-06

10-Nov-O5
16-May-06

10-Nov-O5
16-May-06

10-Nov-05
16-May-06

10-Nov-05
16-May-O6

372014

371 980

371 863
371 869

371 838

371822

371798

3 7 1 7 1 7

371 896

371 885

371852

371 830

371 81 0

371512

372051

371645

371 830

4139325

41 39289

4139423
4139430

4139382

41 39356

4139322

4139211

4137718

41378s3

4137787

4137764

4137864

4135632

4139747

4137416

41 39979

5.95
6.76

0.98
0.85

Seep
Seep

Seep
0.84

Seep
Seep

Seep
0 .21

Seep
1 . 5

9 . 3
9 .5

9 .6
9 .5

9 .9
9 .3

1 0
9 .2

8 .6
1 2 . 5

9 .4
12.2

9 .6
9 .6

7.66
7.39

7.43
7.78

7.56
7.38

7.33
7.38

7.45
7.42

7.47
7.49

7.4
7.44

ovo
704

709
680

725
780

736
735

1324
1241

9 1 1
1 083

738
742

Seep #1

Seep #2

Seep #3

Seep #4

Seep #5

17-Jun-05
12-Aug-05
3-Nov-05

16-May-06

1 7-Jun-05
12-Aug-05
3-Nov-05
16-May-06

1 7-Jun-05
12-Aug-05
3-Nov-05
16-May-05

1 7-Jun-05
12-Aug-05
3-Nov-05
16-May-06

17-Jun-05
12-Aug-05
3-Nov-05
16-May-06

16-May-06

29-May-06

1 7-Jun-05
3-Nov-05

1 -Feb-07

Seep
Dry
Dry
Dry

Seep
Dry
Dry

Seep

Seep
Dry
Dry

Seep

Seep
Dry
Dry

Seep

Seep
Dry
Dry
0.2

Seep

0.21

0.5
Seep

5 est.

1 2 . 4

20.9

1 7 . 4

1 5 . 8

2 1 . 7

13.7

22.2

1 7 . 8

1 3

9 .5

1 6 . 6
7 .8

2110

7.58 2570

7.35 2740

7.98 2940

8.45 3180

8.61 3080

8.49 4150

9.1 2690

8.34 2910

7.04 2470

7.62 706

8.94 4,580
8.52 4,640

Clampett Spring



UTM location,212, NAD 27 Discharge
(gpm)

T
('c) pH

Sp. Cond.
(pS/cm)Alternate nameSpr ing

SP-37 2-Jan-07
30-Mar-07

372316 41 38266 <0 .1  6 .2  9 .19
0 .1  5 .8  8 .98

1 035
1  1 9 1
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Appendix C

Large version of Figure 19, Surface-water
drainages in the proposed Coal

Hollow Mine permit and suffounding area.
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APPEI{DIX 7-3

EXHIBIT 7-I

Stream Reaches
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STATE OF UTAH - DIVISION OF WATER RIGTITS - DATA PRINT OUT f OT 85'1 62 SR 1

{ t rARNrNG:  t {a re t  R iEhrs  f taker  No c la i f l$  as  to  the  accu lacy  o f  th is  da ta  }  RoN DATE:  05 /2{ /2006 Paqe I

raaTER RIGHT: 85-152 AIPLICAIION/CL\I!'I No.: CERT No' I

D A T E S ,  E T C  i i i ' r " "

IAND OWNED BY APPLICANT?

F I L E D :  0 8 / 0 1 / 1 9 6 9  |  p R I o R I T Y :  0 0 / 0 0 / 1 8 6 4  |  P U B  B E G A } I :  I  P U B  E N D E D :  I  N E T S P A P E R :

P r o t e g t E n d :  I P R o T E S T E D :  [ N o  ]  | H E A R N G  H L D :  | S E  A C T I o N :  I  l  | A c t i o n D a t e :  | P R o o F  D U E :

EXTENST6N:  IELEC/pR9gF:  [  ] IELEC, /PR@F:  IcERT/wuc 08 /0 I /1969 luqr ' ,  ETa '  lPRov LETTER

RENOVATE:  IRECOI I  REQ:  ITYPE:  t  l

P D  B o o k  N o .  1  M a P :  4 a

T y p e  o f  R i g h t :  o i l i g e n c e  C l a l m  S o u l c e  o f  I n f o :  P r o p o s e d  D e t e r m i n a t i o n  s t a t u s :

rLow:

CCUNTY : KANC CCX,{MON DESCRI PTION :

POI} I I  OF DIVERSION --  POINT TO POIM:

SoURCE:  Kanab Creek

(  1 ) s t o c k w a t e r i n g  d i r e c t l y  o n  s t r e a n  f r o n r  a  p o i n t  i n  S H { N E {  S e c  2 { ,  T 3 9 5 ,  R 6 t i '  S L 8 } 1 ,

to  a  Po in t  j .n  N9J4SE4 Sec 21 ,  T39S,  RSIJ '  SLBM'

COMMENT:  Adrn !n is t ra t i ve ly  updated  by  Sta te  Eng ineer '

SUPPLEMEMA!  GRoUg No.  612239.  L3 te !  R igh ls  ApPul tenant  to  the  fo l IoF inE use ls ) :

8 5 - 1 5 9 , 1 5 0 ,  1 5 1 ,  1 5 2 ,  1 5 3

; I 1 S T O C K f 1 A T E R :  G r o u p  T o t a l :  1 0 0  S t o c k  U n i t s  D i v e r s i o n  L i t l i t :

r r r s o l e  S u p p l y  f o r  S t o c k w a t e r i n g  f o r  8 5 - 1 6 2  i n  t h i s  G r o u p  h a s  N O T  Y E T  b e e n  e v a l u a t e d r r r

P E R I O D  O F  U S E :  O 4 i  0 1  T O  1 ? / 3 1

NORIfl_rESrt NORttt_EAsT\ SO{')TIl_tsESTk SO{',TH-E'A5T\

\'I NE ST SE NT NE ST SE NT NE S' SE NiI NE Sfl SE

s e c z a  r  3 9 s R  5  s ! B ! {  r  :  : x : '  ' x :  :  i '

r  r  r  r  '  '  '  r  r  r  '  r  r  r  r  E  N  D  O E  D  t  T  A r r r " r J r r r r r i



STATE OF UTAH - DIVISION OF WATER RJGFITS - DATA PRINT OUT f OT 85'303 SR

(qARNING:  Tate !  R lgh ts  make!  No c la ! [8  a !  to  the  accuracy  o f  th is  daca )  RUN DATE:  05 /2412006 Page

gATER l tG{T:  85-303 APPI ICAI IoN/CIAIM No ' :  cERl_  No :

o taNERsuI  P i  r r  r ' . i  r r  r

NAHE:  Sharon E.  and Lorene C.  Lanb

A D D R :  O r d e r v l l l e  U T  8 { ? 5 8

2
1

D A T E S ,  E T C . " r r " " '

P r o t e s t E n d :
EXTENS ION :

RENOVATE:

ISND OTNED BY APPLICANT?

F I L E D :  O g / 0 3 / 1 9 6 9 l P R I o R I T Y :  0 0 / 0 O / I 8 6 4 l P U B  B E G A I I : I  PUB ENDED: INETSPAPER:

I S E A C T I O N :  t  ) l A c t i o n D a t e :

I C E R T / Y U c  :  A 9 / 0 3 / 1 9 6 9 l L A P ,  E T C :

S t a t u s :

I  PROTESTED:  INo
I  ELEC/PROOF:  I
IRXCON REQ:

] IHEARNG HLD:

I  I  ELEC/PROOT:

I T Y P E :  t  1

I PROOF DUE:

I PROV LETTER:

P D  B o o k  N o .  1  M a P :  { a

T y p e  o f  R i g h t :  D i l i g e n c e  C I a i n Source  o f  In fo :  Proposed Deter f l ina t ion

I O C A T I O N  O F  I I A T E R  B I G I I T ' i i i i T i T i

SOURCE:  Kanab Creek

COTINTY: KANE CO!,IMON DESCRIPTION:

POINT OF DIVERSION - -  POINT TO POINT:

(  1 ) S t o c k w a t e r i n g  d i r e c t l y  o n  3 t l e a m  f r o c r  a  p o i n t  i n  s l { { s E {

t o  a  p o i n t  i n  s t { { s E 4  s e c  2 { ,

CoMMENT : Administ rat ively updatecl

S e c  2 4 ,  T 3 9 5 ,  R 6 l i ,  S L B M ,

T 3 9 S ,  R 6 l { ,  S L B M .

b y  S t a t e  E n g i n e e r .

USES OF I'ATER

S U P P L E M E N T A I  G R O U P  N O .  6 I 2 3 3 6 .  W a c e r  R i g h t s  A p p u r t e n a n t  t o  t h e  f o l l o w i n g  u s e ( s ) :

8 5 - 3 0 3 , 3 o { , 3 9 3

D i v e r s l o n  L i m i t :
b e e n  e v a l u a t e d ' r  *

P E R I O D  O F  U S E :  0 a r 0 1  T O  1 2 l 3 1
* I ITSTOCIffATER;

' r r S o l e  S u p p I Y  f o r  S t o c k w a t e r i n g

G r o u p  T o t a I :  6 0  S t o c k  U n i t s

fo r  85-303 in  th is  GrouP has  NOT YET

PrACE OE USE !o! SIOCKIAIERING"'

NORTH-fESTK NORTH-EASTK

NI{ NE SL' SE NH NE SH SE

SOUTH-WESTII SOUTH-EASTK

NH NE S9' SE Nvl NE Sf SE

s e c  2 l  l 3 9 s l  5 r  S L B r a  
i  :  : X : '

'  r  r  r  r  r  '  r  '  r  '  r  t  i  '  E  N  D  O F  D  a  T  A r i " ' r f r r r r ' r r



STATE OF UTAH

r A T E R  R I G H T :  8 5 - 6 0 8

- DIVISION OF WATER RIGFITS
( n A R N I N G :  W a t e r  R i g h t s  n a k e s  N O  c l a r m s

APPLICATION/CI.AIH NO. : CERT

- DATA PRINT OUT f OT 85€08 SR 3

a s  t o  t h e  a c c u r a c y  o f  t h i s  d a t a . )  R U N  D A T E  0 5 / 2 4 / 2 0 0 6  P a g e  I

N O .  :

oINERSHI Pi i r i r i ' r ' i i

NAI{E:  L loy t l  9J .  &  Ross  E.  6  Ga i I  P .  &  Vard  H '  Heaton

ADDR:  A l ton  UT 8{71 '0

NAI ' IE :  Ross  E.  Heaton

ADDR: AITON UT

N A X E :  G a i l  P '  H e a t o n

ADDR: AI-TON UT

N A H E :  V a r d  H .  H e a t o n

ADDR: AITON LIT

oarEs, ETc , '"" " "

P r o t e s t E n d :
EXTENSION:
RENOVATE:

I,AND OTTNED BY APPLICANT?

F I L E D :  O 4 / I 4 / L 9 1 0  |  P R I O R I T Y :  0 0 / 0 0 / 1 8 6 {  |  P U B  B E G A } I : I  PUB E}IDED: INEiSPAPER:

I S E  A C T I O N :  t  l l A c t i o n D a t e :

IcERT/ IUC :  04  / l l  / Ig ' t0 l  lAP,  F IC:

S r a t u s :

I PROTESTED: INO

IELEC/PROOF:  I
|RECOiI REQr

] IHEARNG HLD:

J  I  ELEC/PROOF:

I  T Y P E :  t  1

I PROOF DUE:

IPROV LE?TER:

PD Book No.  1  MaP:  5b

T y p e  o f  R i g h t :  D i l i g e n c e  C l a i m Source  o f  In fo :  Proposed Deternunat ron

SOURCE:  Lower  Rob inson Creek

COUNTY: KANE COI{HON DESCRITTIOII:

POIII ' I '  OF DIVERSION -- POINT TO POINT:

{  1 ) S t o c k w a t e r t n g  d i r e c t l y  o n  s t r e a m  f r o m  a  p o i n t  i n  N E { N E 4  S e c  2 0 ,  T 3 9 S '  R 5 t { '  S L B M '

to  a  po in t  in  NEINE{  Sec  20 ,  T39S,  R5H,  SLBM'

CoMHENT:  Ac lmin is t ra t i ve ty  updaced by  s ta te  Eng ineer '

USES Of I'AIER

suppLEMEl - ITA l ,  cRO{Jp NO.  612{01.  Water  R igh ts  Appur tenant  to  the  fo l low ing  use(s ) :

B 5 - {  1 2 .  4 1 3 ,  {  1 { ,  { 1 5 , 5 4 3 ,  5 4  4 ,  5 { 5 , 5 4 5 ,  5 4 ? ,  5 { 8 ,  5 1  9 ,  5 5 0 ,  5 5 1 ,  5 5 2 ,  5 5 3 ,  5 5 { ,  5 5 5 ,  5 5 6 ,  5 5 ? , 5 5 8 '  5 5 9 '  6 0 8 '  5  1 1 '  5 3 2 '  7  I l '  7 3 3

P E R I O D  O F  U s E :  0 4 / 0 1  T o  1 2 1 3 1
l l lSToCIo{ATER:  Group Tota l :  15OO Stock  0n i t  D lvers ion  L j 'n i t :

r r rSo le  Supp ly  fo r  S tockwater i i lg  fo r  95-608 in  th ls  Group has  NOT YFt  been eva lua tedr r r

t r . - r - r

SUPPLEHENIAI ,  GROUP NO.  612515.  Hater  R igh ts  Appur tenant  to  the  fo l low ing  use(3) :

B 5 - { 1 2 , { 1 3 , { 1 { , 4 1 5 , 5 4 3 , 5 { , 1 , 5 4 5 , 5 4 6 , 5 { ? , 5 { 8 , 5 { 9 , 5 5 0 , 5 5 1 , 5 5 2 , 5 5 3 , 5 5 1 , 5 5 5 , 5 5 6 , 5 5 ? , 5 5 8 , 5 5 9 ' 6 0 8 ' 6 3 1 ' 6 3 2 ' ? l 3 ' 7 3 1 ' ? 3 3

D i v e r s i o n  L i m i t :

b e e n  e v a l u a t e d r " '

P E R I O D  O F  U S E :  0 { / 0 1  T o  1 2 1 3 1
IIISTOCKNATER:

r r r S o l e  S u p P I Y  f o r  S t o c k w a t e r l n g

G r o u p  T o t a l :  1 6 0 0  S t o c k  U n i t

fo r  85-608 in  th is  Group has  NCr f  YET

IIACE OF USE fo! S1€KTATERINGiTT

NORTH-I'ESTK
MI NE SI{ SE

NORTH-EASTK SOUTH-TESTK

NI{ NE SI SE NY NE SH SE

SOUTH-EASTt{
NW NE SI{ SE

s € c 2 O T l 9 S R  5 f l  S L a u  '  : X :  :  '

r  '  '  r  r  r  '  i  r  i  r  r  '  t  r  E  N  D  o F  D  A  ' !  A i ' ' i ' . i r ' ' ' r I i '



STATE OF UTAH - DIVISION OF WATER RIGI-ITS _ DATA PRINT OUT f OT 85*463 SR

{TARNTNG:  {a te r  R igh ts  f iakes  No c rarns  as  !o  the .ccuracy  o f  th i !  daca. )  auN DATE:  05 /2{ /2005 P.ge

|ATEB RIGI IT :  85-a63 APPI ICATIoN/CLAM No. :  CERT No ' :

o r N E R S f i I P r r r i r r i . i r r

NAHE:  Kanab D is t r i c t  USA Bureau o f  Land Management

A D D R :  3 2 0  N o r t h  l s t .  E a s t

K a n a b  U T  8 4 7 4 1

4
1

I ,AND OWNED BY APPLICANT?

FILED:  I  PRIORITY:  00 /00 /1864 I  PUB BEGAI{ :  I  PUB ENDED:

Pro tes tEnd:  IPROTESTED:  [No I  IHEARNG HLD:  ISE ACTION:  I

EXTENsIo t ' l :  IELEC, /PR@F:  [  ] IELEC/PRoOF:  ICERT' /WUC:

RENOVATE:  IRECON REQ:  ITYPE:  t  ]

P D  B o o k  N o .  1  M a P :  5 b

T y p e  o f  R i g h t :  D i l i g e n c e  C l a i m  S o u r c e  o f  I n f o :  P r o p o s e d  h t e n d n a t i o n

INET'SPAPER:
I  l A c t i o n D a t e :

I I"AP, ETC:

S t a t u s :

I PROOF DUE:

I PROV LETTER:

SOURCE:  Lower  Rob inson Creek

CO,UNTY : KANC COI{MON DESCRIPTION:

POINT OF DIVERSION --  POINT TO POIITI :

(  l l s t o c k w a t e r i n g  d i r e c t l y  o n  s t r e a m  f r o m  a  p o i n t  i n  S H 4 N E 4  S e c  2 0 ,  T 3 9 5 ,  R 5 H ,  S L B H '

E o  a  p o i n t  i n  S E 1 M 1 4  S e c  2 0 ,  T 3 9 S ,  R 5 r ,  S L B M .

C O I { M E N T :  A d m i n i s t r a t i v e l y  u p d a t e d  b y  S t a t e  E n g i n e e r .

SUPPLEMENTAI GROUP
8 5 - { 5 8 ,  4 6 2 , 1 6 3 , 4 6 4

N O .  6 1 2 4 1 ? .  w a t e r  R l g h t s  A p p u r t e n a n E  t o  t h e  f o l l o w i n g  u s e ( s )

I I *STOCKWATER:
r r i s o l e  s u p p l y  f o r  s t o c k s a t e r i n g

C e c i l  P u g h  N l o t m e n t  N o .  3 9

G r o u p  T o t a l :  l 3  S t o c k  U n i t s
f o r  8 5 - 4 6 3  j . n  t h i s  G r o u p  h a s  N O T  Y E T

Divers ion  L i t r t r t :
b e e n  e v a l u a t e d i r r

P E R I O D  O F  U S E :  0 4 / 0 1  T o  1 2 l 3 1

9!ACE OF USE for STOCIfiIIEAING"'

NORTH-WESTK NORTH-EASTK
bTT NE Sfl SE NH NE ST SE

SCUTH-HESTK Sq,TH-EASTK

}If NE SH SE NW NE SW SE

S e c  2 0  T  3 9 S  R  5 W  S L B M r  :  :  :  X r  i  :  :  X :  t  I  :  :  :  t  r  :  :  :  t

i  .  .  i  r  r  .  r  i  r  r  r  r  r  r  E  N  D  o F  D  A  T  A '  '  r  '  r  i  r  i  r  r  r  i  r  r  i



STATE OF UTAH - DIVISON OF WATER RIGI.ITS - DATA PRINT OUT f OT 85-209 SR

( i tARNrNG:  ta re !  R lghr !  Mke3 No c la ins  as  to  the  accu lacy  o f  !h1s  da ta  )  RUN DATE:  05 /2412006 Paqe

|ATES RIGHT:  85-209 AIg I ICAI ION/CLAIS NO. :  CERT'  NO' :

o 9 N E R S H ! P r r r r r l i r r r

NAME:  C.  Bur ton  Pugh

A D D R :  5 3 3  N o r t h  6 5 0  E a s t

L i n d o n ,  U t a h  8 { 0 4 2

5

t

IAND OWNED BY APPLICANT?

F i L E D :  0 8 / 0 8 / l 9 6 9 l P R I O R I T Y :  0 0 / 0 0 / 1 8 6 1 l P U B  B E G A N : I PUB E}f DED: I NEI{SPAPER :

I S E A C T I O N :  t  l l A c t i o n D a t e :
I C E R T / Y U c :  0 8 / 0 8 / 1 9 6 9 1 1 , . 2 1 P '  E T C :

S t a t u s :

P r o t e s  C E n d  :

EXTENS I ON :

RENOVATE r

P D  B o o k  N o .  1  H a P :  5 b

T y p e  o f  R i g h t :  D i l l g e n c e  C l a i m

IPROTESTED:  [NO ]  IHE.A 'RNG HLD:

I E L E C / P R @ F :  [  ] l E L E C , / P R o o F :
tRECOil REQ:

I PRCOF DUE:

I PROV LETTER

I  T Y P E :  t  ]

Source  o f  In fo :  ProPosed Dete f f r ina t ion

SOURCE:  Lower  Rob inson Creek

COTINTY: K NE COMMON DESCRIPTION:

POINT OF DIVERSION - -  POINT TO POINT:

(  1 ) S t o c k r r a t e r i n g  d i r e c t l y  o n  s t r e . u t  f r o m  a  p o i n t  ! n  S E l N E 4

t o  a  P o i n t  i n  S E { N E {  S e c  2 0 ,

cOl, lMENT : Adminlstrat ively updatecl

S e c  2 0 ,  T 3 9 5 ,  R 5 l i ,  S L B M '

T395,  R5 l { ,  SL8H.
b y  S t a t e  E n g i n e e r .

SUPPIEMENTA! GRoq! No. 612093. raater Rights ,rppurtenant to the rollowlrg use(s):

85-100, t99 ,200.201,202,203t2O1,205,206r2A1,20A,209 '2 tA '2 \7 ,213,21a,2 !3

l l l sTocKrATER:  Group lo ta l :  250 Stock  On l t !  D iver l ion  L i ld t :  PERIOO OF USE:  01 /01  TO 12131

* .so le  supp ly  !o !  Srockhr re l lnE !o !  85-209 ln  th is  G louP h .5  NOI  YET b .cn .va lua ted" '

suPPL€t tE l lTA!  GROUP NO.  512251.  L ; !e r  R lgh t !  Appu l t€nant  to  the  fo l loH ing  u56(s)  :

8 5 - 9 r , 9 5 , 9 5 , 9 ? . 9 E , 1 8 3 , 1 8 1 , 1 8 5 , 1 8 5 , 1 8 ? , 1 8 8 , 2 0 8 , 2 0 9 ' 2 1 0 , 2 1 7 , 2 7 2 ' 2 1 3 , 2 2 . ! ' 2 2 2 ' 2 2 1 ' 2 2 8 ' 2 2 9 ' 2 5 6 ' 2 8 2 ' , 2 8 1 ' 5 l l

; ;1STOCK1{ATER:  Group Tota l :  250 s tock  Un i ts  D ivers ion  L i t r t i t :

r r r s o l e  S u p p l y  f o r  S t o c k w a t e r i n g  f o r  8 5 - 2 0 9  i n  t h l s  G r o u p  h a s  N C n  Y E T  b e e n  e v a l u a t e d r "

P E R I O D  O F  U S E :  0 { 1 0 1  T c  l 2 / 3 t

NORTH_fE5Tk NORTH-EA5rr sooll-LEsT*' SOmS-EAS:ar

N9 NE S' SE N|l NE SC SE \{ NE Sfl SE NT NE SI 5E

S e c 2 0 T  3 9 S R  5 x  S L g t  r  :  :  : x r

r . . r r i i r I r ' r r i E  N  D  o t  D  A T  A i r r " " " r r r r ' r



SIATE OF UTAH - DIVISON OF WATER RJGI-ITS - DATA PRINT OUT f or 85-210 s

IXARNING:  sa te !  R lgb t !  Mkes NO c la td i  as  to  the  accuracy  o f  th ts  da l t . l  RqN DATE:  05 /2{ /2005 Page

6

l

I { A T E R  R I G H T :  8 5 - 2 I O M P L I C A T I O N / C L A I M  N O .  : C E R T .  N O . :

NAHE:
ADDR:

or {NERS8!  Pr  r  r .  i  r r r  r r

C .  B u r t o n  P u g h
5 3 3  N o r t h  5 5 0  E a s t

L i n d o n ,  U t . a h  8 { 0 4 2

DATES,  ETC.  " " "  " '

I.AND OWNED 8Y APPLIC]\NT?

F I L E D :  0 8 / 0 8 / 1 9 6 9  I  P R I o R I T Y :  0 0 / C 0 /  1 8 5 4  |  P U B  B E G A | I :

Pro tes tEnd:  I  PROTESTED:  [No ]  |  HEARNG HLD:

E X T E N S I O N :  l E L E C , / P R O O F : [  ] I E L E C / P R O O F :

RENOVATE:  lRECOi l  REQ:  ITYPE:  t

P D  B o o k  N o .  1  M a P :  5 b

T y p e  o f  R i g h t :  D j . I i g e n c e  C l . a i m  S o u r c e  o f  I n f o :

I  PUB SNDED:  INE! {SPAPER:

I  S E  A C T I o N :  [  ]  l A c t i o n D a t e i
I  c E R T / r U C :  0 8 / 0 8 / 1 9 6 9  I  L A P ,  E T C :

I PRCOF

I PROV

DUE:
LETTER:

l

Proposed D€te  rmrnat  Ion q l a l "  r r a .

tacATIoN oE t {A lER Rlc t r r r r r r r r r

SoURcE:  Lower  Rob ingon Creek

COUNTY : KANE COI. ' I ,{ON DESCRIPTION:

POINT OF DIVERSIO} I  . .  POINT TO POINT:
(  1 ) S t o c k w a t e r i n g  d i r e c t l y  o n  s t r e a m  f r o m  a  p o i n t  i n  N E 4 S I { 4  S e c  2 0 ,  T 3 9 5 ,  R s l { ,  S L B U ,

to  a  po in t  in  SH{SE4 Sec 19 ,  T39S,  R5 l { ,  SLB} ' I  .

COMMENT:  Addn is t ra t i ve ly  uPdated  by  Sta te  Eng ineer .

usEs oE i lA ; IER RIGl lT i .  r r r  r r  r r  i r r  r r  i

s u P P L E M E N T A I ,  c R O U p  N o .  6 1 2 0 9 3 .  l l a t e r  R i g h t s  A p p u r t e n a n r  t o  t h e  f o l l o w i n g  u s e ( s ) :

8 5 - 1 0 0 , 1 9 9 , 2 0 0 , 2 0 L , 2 0 2 , 2 0 3 , 2 C ! , 2 0 5 , 2 0 6 , 2 0 1  , 2 0 8 , 2 0 9 , 2 ! 0 , 2 t ! , 2 1 3 , 2 1 4 , 2 1 5

I I ISTOCIfi{ATER: c r o u p  T o t a l :  2 5 0  S t o c k  U n i t s  D i v e r s i o n  L i r n r t :
r i r S o l €  S u p p l y  f o r  S t o c k w a t e r i , n g  f o r  8 5 - 2 1 0  i . n  t h i s  G r o u p  h a s  N O T  Y E T  b € e n  e v a l u a t e d ' r '

P E R I O D  0 F  U S E :  0 { / 0 1  T O  1 2 i 3 t

s U P P L E M E N T A L  G R O U P  N O .  6 1 2 2 5 1 .  W a t e r  R i g h t s  A p p u r t e n a n t  t o  t h e  f o l l o w i n g  u s e ( s ) :
g 5 - g 4 ,  g 5 ,  g 6 ,  g ' 7  , g g  |  1 9 3 , 1 8 { , 1 8 5 ,  1 8 6 , 1 8 ? ,  1 8 8 ,  2 0 8 , 2 0 9 , 2 L 0 , z L t , 2 L 2 , 2 1 . 3 , 2 2 L , 2 2 2 , 2 2 1  , 2 2 8 ,  ? 2 9 , 2 5 6 , 2 8 2 , 2 8 1 , 6 1 1

I I ISTOCIGJATER:  GrouP Tota l :  250
' r ' S o I e  S u p p l y  f o r  S t o c k w a t e r i n g  f o r  8 5 - 2 1 0  i n  t h i s  G r o u p

S t o c k  U n i t s  D i v e r s i o n  L i m i t :

has  NOT YET been eva l .ua ted t i '

P E R I o D  O F  U S E :  0 4 / 0 1  T O  1 2 , / 3 1

PI.ACE OF USE lOT STOCKT'ATERINGT'i

S e c  1 9  T  3 9 S  R  5 H  S L B H
Sec 20  T  39S R 5 l {  SLBM

NORTH.HESTK NORTH-EASTIT

NW NE SW SE NI{ NE SW SE
t : i : a t ' . i : r

t . t t r l

SOUTH-HEST\ SOUTH-EAsTK
NT' NE SW SE NW NE SW SE

a  i  :  i  t  t  :  :  X :  '

r  :  X :  :  i  t  :  :

r  t  t r  r t  t  t  r  i  r t l  r  t  r  t  t  t t t  t  t  t t  I  t *  t  t  i t  r t  t i  t t t t  t t  i l  l i t l  I  t  t  t  t t  i E  
N  D O F D  A  T  A r t t t t t t c t t t t l t l t i t t r t t



STATE OF UTAH - DIVISION OF WATER RIGI-ITS - DATA PRINT OUT f OT 85458 SR

{ f lARNtNG:  ra rer  R j ,gh ts  rna tes  No c la rns  as  !o  the  accuracy  o f  th ls  da ta . )  RUN DAIE:  05 /2 t l2006 Page

TATER RIGH! :  85-158 APPLICATION/CTAI ! ' I  NO. :  CERT'  NO' :

7

I

oTNERSHt  P.  i  i  r  r . . .  r .  r

NAllE: Kanab Dilt.lct usA Bu.eau of Land f{anagenent

ADDR:  320 No. th  l s t  Eas t
(anab U l  8  { -7 ,11

I.AND OI{NED BY APPLICANT?

F I L E D :  I  P R I O R I T Y :  0 0 / 0 0 / 1 8 6 4  |  P U B  B E G A I I :  I  P U B  E N D E D :

P T o t e s t E n d :  I P R O T E S T E D :  I N O  ]  I H E A R N G  H L D :  I S E  A C T I O N :  I

E x T E N s I o N :  I E L E C / P R O O F :  [  ] I E L E C / P R @ F :  I C E R T / w U C :

RENOVATE: IRECO|| REQ: ITYPE: t I

P D  B o o k  N o .  1  u a p :  4 a

T y p e  o f  R i g h t :  D i l i g e n c e  C l a i n  S o u r c e  o f  I n f o :  P r o p o s e d  D e t e n r L i n a t l c n

I  NE$SPAPER:

I  l A c t i o n D a t e :
ILAP,  ETC:

S t a t u s :

I PROOF DUE:

I PROV LETTERT

SOURCE:  Lowe!  Rob inson Creek

COUNTY: KANE COT.OiON DESCRIPTION:

POINT OF DIVERSION . .  POINT TO POIM:

(  1 ) S t o c k w a t e r i . n g  d i r e c t l y  o n  3 t r e a m  f r o m  a  p o l n E  i n  S E 4 S W 4  S e c  1 9 .  T 3 9 5 ,  R 5 W ,  S L B M ,

t o  a  p o i n t  i n  S l { 4 s h | l  S e c  1 9 ,  T 3 9 S ,  R 5 w ,  S L B M .

C O H M E N T :  A d m i n i s t r a t i v e l y  u p d a t e d  b y  S t a t e  E n g i n e e r '

SUPPLEI IEMA!  GRoUr  NO 512{1?.  f la te !  R lgh ts  Appur tenant  to  the  lo l loN ing  use(s )  :

8 5 - r 5 8 ,  a  5 2 ,  a 6 3 , l 5 l

P E R I o D  o F  U S E :  0 4 / C 1  T o  1 2 / 3 1
II*STOCIfi{ATER:

r r r S o l e  S u p p I y  f o r  S t g c k l r a t e r i n g

c e c i l  P u g h  A l l o t m e o t  N o .  3 9

G r o u p  T o t a l :  1 3  S t o c k  U n i t s

f o r  8 5 - 4 5 8  i n  t h i s  G r o u p  h a s  N O T  Y E T
D i v e r s i o n  L i m i t :

b e e n  e v a l u a t e d c ' !

NORTH-WESTK NORTH-EASTK SOUTH-I{ESTIr SOUTH-F*'ST|r

NW NE ST SE }M NE SW SENW NE SW SE NrI ME ST SE

s e c l g T 3 g s R  5 l  S L A M  r  :  : x :

r  .  1  r  r  i  r  .  r  '  i  i  r  '  r  E  N  D  O F  D  A  T  A r  '  r  '  '  r  r  '  a  f  r  '  '  r



STATE OF UTAH - DIVISION OF WATER RIGI.ITS - DATA PRINT OUT f OT 85'211 SR

(sMNtNG:  t {a te r  R ighrs  nake!  NO c la i ln i  as  to  the  accutacy  o f  th ls  da ta . )  RUN DATE:  05 /2a l2005 Paqe

I IATER RIGI IT :  85-211 APPLTCITION/CIAIM NO. :  CER' ,  NO' I

NAl , tE :  C.  D iane and Greg Braund

A D D R :  5 7 2 0  H e d g e h a v e n  C o u r t

L a s  V e g a s ,  t { v  8 9 1 2 0
R E H A R K S :  1 . 0 0 8  a c f t ,  3 6  e I u ' s  s u p p / w  o t h e r  r i g h t s  ( j o i n t  t e n a n t s )

NAXE:  C,  Bur ton  Puqh

A D D R :  5 3 3  N o r t h  6 5 0  E a s t

L l n d o n ,  U t a h  8 4 0 4 2
REIdARKS;  214 e1u 's  supp, /w o ther  r l .gh ts

B

1

I..AND OTNED BY APPLICANT?

F I L E D :  0 8 / 0 8 / 1 9 5 9 l P R I O R I T Y :  0 0 , 2 0 0 / 1 8 5 4 l P U B  B E G A l . t :  I P U B  E N D E D :  I N E w S P A P E R :

P r o L e s I E n d :  I P R O T E S T E D :  I N O  ]  I H E A R N G  H L D :  I S E  A C T I O N :  I  I  I A C I i O N D A I C :

E X T E N S T O N :  I E L E C / P R @ F :  I  j  I E L E C , / P R O O F :  I C E R T / W U C :  0 8 / 0 8 / 1 9 6 9 1 L \ P ,  E T C :

RENOVATE:  lRECOt l  REQ:  ITYPE:  t  l

P D  B o o k  N o .  1  M a P :  { d

T y p e  o f  R i g h t :  D i l i g e n c e  C l a i m  S o u r c e  o f  I n f o :  P r o p o s e d  D e t e r r n i n a t i o n  S t a t u s :

I  PR@F DUE:

I PROV LETTER:

FLOT:

COUNTY: Kane

POINT OF DIVERSION
(  l )  S t o c k w a t e r i n g

SOURCE:  Lower  Rob inson Creek

COUHO}I DESCRIPTION:

- -  POINT To POINTi
d i r e c t L y  o n  s t r e a m  f r o m  a  p o i n t  i n  N w 4 N w 4

t o  a  p o i n t  i n  w 4 N w {  S e c  3 0 ,

CotlPiENT: Administrat ively updated

S e c  3 0 ,  T 3 9 S ,  R 5 | t ,  s L B M ,

T 3 9 5 ,  R 5 W ,  S L B H .

by  Sta  te  Eng inee r  .

suppLEMENTAl  cROUp NO.  612093.  i {a te r  R igh ts  Appur tenant  to  the  fo l low ing  use(s ) :

8 5 - 1 0 0 ,  1 9 9 , 2 0 0 ,  2 0 1 , 2 0 2 , 2 0 3 , 2 0 4 , 2 Q 5 , 2 0 6 , ? Q 1  , 2 9 9 , 2 0 9 , 2 r 0 , 2 1 1 ,  2 1 3  , 2 1 4 , 2 r 5

1 I I S T o C I O T A T E R :  G r o u p  T o t a l :  2 5 0  S t o c k  U n i t s  D l v e r s i o n  L i m i t :
r r r s o l e  S u p p l y  f o r  S t c c k w a t e r i n g  f o r  8 5 - 2 1 1  i n  t h i s  G r o u p  h a s  N O T  Y E T  b e e n  e v a l u a t e d r r i

P E R I O D  O F  U S E :  0 { / 0 1  T o  L 2 / 3 1

s u p p L E H E N T A L  G R O U P  N O ,  6 1 2 2 5 1 .  H a E e r  R i g h t s  A p p u r t e n a n t  t o  t h e  f o l l o w i n g  u s e ( s ) :

8 5 - 9 4 , 9 5 , g 6 , 9 7 , 9 8 , 1 8 3 , 1 8 4 , 1 8 5 , 1 8 6 , 1 8 7 , 1 8 8 , 2 0 8 , 2 0 9 , 2 1 0 , 2 1 1 , 2 1 2 , 2 1 3 , 2 2 L , 2 ? 2 , 2 2 1 , 2 2 8 , 2 2 9 , 2 5 6 ' 2 8 2 t 2 8 4 , 6 1 4

I i *STOCKTA?ER:  Group Tota l :  250
t r r S o l e  S u p p l y  f o r  S t o c k w a t e r i n q  f o r  8 5 - 2 1 1  i n  t h i s  G r o u p

S t o c k  U n i t s  D i v e r s i o n  L i m i t :

has  NOT YET been eva lua ted i t r

P E R I O D  o F  U s E :  0 4 / 0 1  T o  1 2 l 3 1

p L A c E  o F  U S E  f o r  S T O C K W A T E R I F G r r r t t r t i r r r t t t r r r t r r t r t r r t t r r t r r t t r i t r t i t r t t t t l t r r t t t t l t t t i t t n o i t l t t t t t l l i t t t t t t t i t t i

NORTH-I{ESTK
NI{ NE SW SE

NORTH-EASTI'T SOUTH-IIESTI{

NTT NE Sfl SE NX NE SW SE

SOUTH-EASTK
NI{ NE SW SE

S e c  3 0  T  3 9 S  R  5 l {  S L B M r  X :  :  :  t  t  :  :  :  t  '  :  :  :  t  t  :  :  :  '

r  r  r  I  r  .  r  r  i  i  r  r  r  .  i  E  N  D  o F  D  A  T  A 1 ' r r i ' r r r r l r r r



STATE OF UTAI-I - DIVISION OF WATER RIGI'ITS - DATA PRINT

( . l t A l N I N G : w a t e r R i g h t s m a k e s N o c l a i m s a S t o t h e a c c u r a c y o f

t i A T E R  R I G H T :  8 5 - 4 5 9  A P P L I C A T I O N / C I ' A I M  N o ' :  C E R T '  N o ' :

OUT for  85-459

r h i s  d a [ a . )  R I . I N  D A T E :  0 5 / 2 4 / 2 0 0 6

SR

P a g e

9

I

NAME:
AIDR:

K a n a b  D i s t r i c t  U s A  B u r e a u  o f  L a n d  M a n a g e m e n t

3 2 0  N o r t h  1 s t  E a s t

K a n a b  U T  8 4 ? 4 1

D A T E S ,  E T C .  i r i " . ' "

I,AND OIINED BY APPLICAi'IT?

FI  LED:
P r o t e s f E n d :
EXTENS ION:

RENOVATE T

I  PRO?ESTED:  INo
IELEC/PRoOF:  I

IRECON REQ:

I  PUB ENDED:

I  S E  A C T I O N :  I

I  CERT/HUC:

I  NEWSPAPER:

]  |  A c t i o n D a t e :

I I ,AP, ETC:

s ta tus  :

I  PROOF DUE:

I PROV LETTER:

I  P R I o R I T Y :  0 0 / 0 0 / 1 8 6 4  |  P U B  B E G A N :

]  IHEARNG HLD:

I  I  ELEC/PROOF:

I T Y P E :  t  l

P D  B o o k  N o .  1  | t a P :  4 d

T y p e  o f  R i g h t :  D i l i g e n c e  C ! a i m source  o f  In fo :  Proposed D€ter tn ina t ion

SOURCE:  Lower  Rob inson c reek

COTNTY: Kane COMMON DESCRIPTION:

POINT OF DIVERSION - -  POINT TO POINT:

(  1 ) S t o c k w a t e r l n g  d i r e c t l y  o n  s t r e a m  f r o m  a  p o i n t  j . n  N E { N E 4  S e c  2 5 ,  T 3 9 5 ,  R 6 l { ,  S L B M '

t o  a  p o i n t  i n  N E 4 N E 4  S e c  2 5 ,  T 3 9 S ,  R 6 t d ,  S L B M '

COMMENT:  Addn is t ra t i ve ly  updated  by  Sta te  Enq ineer '

SUPPLEHENTAI  GROUP NO" 512418.

D ivers  ion  L i rd  t  : P E R I O D  o F  U S E :  0 5 / 0 1  T O  1 0 / 3 1
fIf lSTOCKI{ATER: t8

Sharon Lamb A.l . Ictnen.t

S t o c k  U n l t s
N o .  3 8 .



STATE OF UTAH

W A T E R  R I G H T :  8 5 - 3 9 1

* DIVISION OF WATER RIGFITS

t w A R N I N G :  i { a c e r  R i g h E s  m a k e s  N o  c l a i - m s

APPLICATION/CI ,A IM NO.  :  CERT

-DATAPRINTOUT fOT 85-393  SRlO

a s  r o  E n e  a c c u r a c y  o f  t h i s  d a t a .  )  R ' J r . l  D A T E :  0 5 / 2 4 / 2 0 0 6  P a g e  I

N O .  :

NAME:  Sharon c '  &  Lorene C.  La tnb

A D D R :  O r d e r v i l l e  U T  8 4 7 4 1

D A T E S ,  E t C . r r r r r r r r r

P r o t e s  t E n d  :
E X T E N S I O N :
RENOVATE:

L,AND OI{NED BY APPLICANT?

F I L E D :  0 2 / t 1  / i 9 ? 0  |  P R I O R I T Y :  0 0 / 0 0 / 1 8 5 4  I  P U B  B E G A I ' I : I  PUB ENDED:  INET{SPAPER:

I S E  A C T I O N :  [  ] l A c t i o n D a t e :
I C E R T , / W U C  :  O 2 / 1 1 l 1 9 ? C l l , A P ,  E T c :

S t a t u s :

I  PROTESTED:  INo
I E L E C / P R @ F :  I
IRECCN REQ:

J  IHEARNG HLD:

]  I E L E C / P R O O F :
I  T Y F E :  t  l

I  PR@F DUE:

I PROV LEITER:

P D  B o o k  N o .  1  M a P :  4 d

T y p e  o f  R i g h t :  D i l i g e n c e  C I a i m S o u r c e  o f  I n f o :  P r o p o s e d  D € t e r m r n a t r o n

L O C A T I O N  O F  I I A T E R  R I G H T *  
t  t  i  t  i  t  i  i  t  t  t  t  t t  t t  t  I  t  t  t  t  t  t  t  t t  t  t  t  t  t  r  t  t  t  t  i  t  t  r  t  I  t  t  t  I  t  r '  t  t  + t  t  t  t  I

S o U R C E :  L o w e r  R o b i n s o n  c r e e k

COUNTY: Kane COMMON DESCRIPTION:

POINT OF DIYERSICN - -  POINT TO POI} IT :

(  l ) S t c c k w a t e r i n g  d i r e c t l y  o n  s t r e a m  f r o m  a  p o i n t  i n  N W 4 N E 4  S e c  2 5 ,  T 3 9 5 ,  R 6 W ,  S L B I ' { ,

t o  a  p o i n t  i n  N E 4 N W 4  S e c  2 5 ,  T 3 9 S '  R 5 t ' 1 ,  S L B M '

COHMENT:  Ac ln in i ' s t ra t j . ve ly  updated  by  Sta te  Eng ineer '

usEs oF f lATER RIGHTiT  r r  ' r  r . i i  r r  i '  r

s u p p L E M E N T A L  G R O U P  N O .  6 1 2 3 3 6 .  t t a c e r  R i g h t s  A p p u r t e n a n t  t o  t h e  f o l l o w i n g  u S e ( 3 ) :

8 5 - 3 C 3 , 3 0 { , 3 9 3

D i v e r s i o n  L i r n i t :

b e e n  e v a l u a t e d i  *
P E R I O D  O F  U S E :  0 4 / 0 1  T O  1 2 l 3 1

* [ $STOCIfi{ATER:
r r r S o l e  S u p p I Y  f o r  S t c c k w a t e r i n g

G r o u p  T o t a l :  6 0  S t o c k  U n r t s

f o r  8 5 - 3 9 3  j . n  t h i s  G r o u p  h a s  N O T  Y E T

PL,ACE Oa usE fo! SToCK'ATERINGTi'

NORTH-IiESTk NORTH-EASTII

NW NE SW SE NW NE SW SE

SOUTH-SIESTL( SOUTH-EASTI1

IIYI NE SW SE MI NE S9J SE

S e c 2 5 T 3 9 s A  5 r  S L B I {  i  : x :  :  r  ' X :  :  :  '

i  i  '  r  r  '  r  r  i  r  r  r  '  '  r  E  N  D  o a  D A T  A r r r r r r r " r r i r r '



STATEOF UTAH - DIVISION OF WATER RIGHTS- DATA PRINT OUT fOT 85-213 SR 11

( *ARNING:  | ra te !  R igh ts  Bakes  No c la i .B  a3  to  the  accuracy  o f  th is  da ta  )  RUN DATE:  0512 l /2406 Page I

f lATER RIGI IT :  85 .213 AIPLICATION/CIAIM NO.  :  CERT'  NO. :

o r N E R S N t P i r ' r r r i r r r .

I {AME:  C.  Bur ton  Pugh

A D D R :  5 3 3  N o r t h  5 5 0  E a s t

L i n d o n ,  U t a h  8 4 0 { 2

D J \ T E S ,  E T C . i r i r r r i . r

IAND OWNED BY APPLICANT?

F r L E D :  0 8 / 0 8 / 1 9 6 9 l P R I o R I T Y :  0 0 / 0 0 / 1 8 6 { I P U B  B E G A } I :  I P U B  E } | D E D :  I N E U S P A P E R :

p r o r e s t E n d :  I P R o T E S T E D :  [ N o  J I H E A R N G  H L D :  l s E  A C T I o N :  t  l l A c t i o n D a t e :  I P R @ F  D { J E :

E X T E N S T q N :  I E L E C / P R O O F :  I  I  I E L E C / P R O O F :  I C E R T / r U C :  0 8 / 0 8 / 1 9 6 9 l l A P '  E T C :  I P R O V  L E T T E R :

RENOVATE:  IRECON REQ:  ITYPE:  t  I

P D  B o o k  N o .  1  H a P :  5 b

T y p e  o f  R i g h t :  D j , I i g e n c e  C l a i r n  S o u r c e  o f  I n f o :  P r o p o s e d  D e t e n n i n a r i o n  S t a t u s :

LCATION OF I IATER RIG!Tr r r i r r r i i

FLoH:  souRcE:  R igh t  Hand l iash

COUNTY:  Kane COMMON DESCRIPTION:

POINT OF DIYERSION - -  POINT TC POINT:
(  1 ) S t o c k w a t e r i n g  d i r e c t l y  o n  s t r e a m  f r o m  a  p o i n t  i n  S W { N i d 4  S e c  2 1 ,  T 3 9 5 ,  R 5 W ,  S L B M ,

t o  a  p o i n t  i n  N I { 4 S E 4  S e c  2 1 ,  T 3 9 S ,  R 5 t { ,  S L B M .

COMMENT:  Admin is t ra t i ve ly  updated  by  Sta te  Eng j .neer '

usEs oE t {ATtR R lGI tTr  r r  r I  r r r r  r  r r .  r

S U P P L E M E N T A L  G R O U P  N O .  6 1 2 0 9 3 .  W a t e r  R i g h t s  A p p u r t e n a n E  t o  t h e  f o l l o w i . n g  u s e ( s ) :
g 5 - r 0 0 , 1 9 9 , 2 0 0 , 2 0 1 , 2 0 ? , 2 Q 3 , 2 0 4 , 2 0 5 , ? 0 6 , 2 0 ' 7 , 2 0 8 , 2 0 9 , 2 1 0 , 2 1 L , 2 r 3 , 2 1 4 , 2 1 5

t l tsTocKfATER: Croup Totat :  250 stock Uni ts Divels ion l i t l l i t :  PER!oD oE USE: 01/Ol  tO 12/11
r. rsole Supply for  stockratol ing for  85_213 in th1!  Gloup ha!  NqI rET b€en ela luated" '

S U P P L E M E N T A I  G R O U P  N O .  6 1 2 2 5 1 .  i { a t e r  R i g h t s  A p p u r t e n a n t  t o  t h e  f o l l o u i n g  u s e ( s } :
g 5 - 9 4 , 9 5 , 9 6 , 9 ' 1 , 9 9 , 1 g 3 , 1 9 4 , 1 9 5 , 1 g 5 , 1 9 ? , 1 8 8 , 2 Q 8 , 2 0 9 , 2 1 0 , 2 1 1 , 2 r 2 , 2 r 3 , 2 2 L , 2 2 2 , 2 2 7 , 2 2 8 , 2 2 9 , 2 3 5 , 2 8 2 ' 2 8 1 , 6 1 1

f i tsToct( I {ATER: c loup Totat :  250 stock uni ts Divel l lon Ll t t i t :  PERIoD o!  UsE: oa/o\  lo 12/11
i isol6 supply for  stockHrtel ing for  85-213 ln th ls GlouP has Nm YET b€en evaluatedki

PLACE OE USE lcT SICC(iIATERING' . '

NORTH-|fES?k NORTH-EASTk SOTITI{-HEST1{ SOUTH -EASTk

NW NE SW SE IITi NE ST SE NW NE SI{ SE NTi NE SH SE

S e c 2 1 T 3 9 s R  5 1 1 s L B h  r  :  : X :  t  t  :  :  I  r  r  :  i  a  - X :  :  :  A

l t r t t t i t t r t t r t t i t t r r r r r r E  N  D  o  F  D  A  T  A t t r t t r r t r r r t . r r r . e t i t t t t * i t t l { t t * t t t l t t t l t l l t t i i t t t l t t t t



STATE OF UTAH - DIVISION OF WATER RIC+{TS
( I {ARNING:  water  R igh ts  makes NO c la ims

I I A T E R  R I G H T :  8 5 - 3 8 ?  A P P L I C A T I O N / C L A I M  N O ' :  C E R T

- DATA PRINT OUT f or 85-387

a s t o t h e a c c u r a c y o f t h i s d a t a ) R U N D A T E : 0 5 / 2 4 / 2 0 0 6

.  N O . :

S R . 1 2

OWNERS H I P

NAHE:  Dar lynn  and Ar Iene Sorensen

A D D R :  P .  O .  B O X  4 ?

O r d e r v i l l e ,  u T  8 4 ? 5 8

I N T E R E S T : 1 0 0 t  R E I ' I A R K S :  j o i n t  t e n a n t s

M T E S ,  E T c . r " " r ' r '

TAND OWNED BY APPLICA}IT?

F I L E D :  O L / 2 9 / 1 9 ' t 0  |  P R I o R I T Y :  0 0 / 0 0 / 1 8 6 4  |  P U B  B E G A N : I  PUB ENDED;  I  NEWSPAPER:

I S E A C T I O N :  [  ] l A c t i o n D a t e :

I C E R T / f { U C  :  0 L / 2 9 / 7 9 ? 0 l l , A P '  E T C :

I

P r o t e s t E n d :
IXTENSION:
RENOVATE:

I  PROTESTED:  INo

I E L E C / P R @ F :  I
IRECON REQ:

] IHEARNG HLD:

]  I E L E C / P R @ F :
r T Y 9 t r '  It

I  PROOF DUE:

I PROV LETTER:

P D  B o o k  N o .  I  M a P :  5 b

T y p e  o f  R i g h t :  D i l i g e n c e  C l a i m S o u r c e  o f  I n f o :  P r o p o s e d  D e t e r m i n a t i o n  S t a t u s :

I D C A T I O N  O '  I A 1 E R  R I G H I ' T  T  T  i T ' I !

SOURCE:  R igh t  Hand t {ash

COUNTY: KANC CO}${ON DESCRIPTION:

POINT OF DIVERSION -- POINT TO POINT:

(  1 ) S t o c k w a t e r i n g  d i r e c t l y  o n  s t r e a m  f r o m  a  p o i n t  1 n  S W { S E 4  S e c  2 0 ,  T 3 9 5 ,  R 5 W '  S L B M '

c o  a  p o i n t  i n  N w 4 S w {  S e c  2 9 ,  T 3 9 S ,  R 5 l l ,  S L B M '

COHMENT:  Admin is t ra t i ve ly  uPdated  by  Sta te  Eng ineer '

USES OF flATER

S U P P L E M E N T A L  G R O U P  N O .  6 1 2 3 ? 4 .  i { a t e r  R i g h t s  A p P u r t e n a n t  t o  t h e  f o } l o w i n g  u s e ( s ) ;

g 5 - 3 6 2 , 3 6 3 ,  3 5 { ,  3 6 5 ,  3 6 G ,  3 6 7 ,  3 6 8 ,  3 6 9 ,  3 ? 0 ,  3 ' 1 L , 3 1 2 , 3 ' 1 3 , 3 1  4 , 3 1  5 , 3 ' 1 1  , 3 ' 7 8 , 3 ' 1 g , 3 8 0 ,  3 8 1 , 3 8 2 ,  3 8  3 ,  3 8  { ,  3 8 5 '  3 8  5 '  3 8 7 '  i 8 8 "  3 8 9

G r o u p  T o t a l :  3 0 0

f o r  8 5 - 3 8 7  i n  t h i s  G r o u P
S t o c k  U n i t s  D i v e r s i o n  L i m i t :

h a g  N o T  Y E T  b e e n  e v a l u a t e d r r '

P E R I O D  O F  U S E :  0 4 / 0 1  T O  1 2 1 3 1
} I }STOCK}IATER:

" r s o l e  S u p p l y  f o r  s t o c k t { a t e r l n g



SrATE OF UTAH - DIVISION OF WATER RIC*ITS - DATA PRINT OUT f OT 85-388

( g A R N I N G :  i { a t e r  R i g h t s  m a k e s  N O  c l a r r u s  a s  t o  t h e  a c c u r a c y  o f  t h i s  d a t a . )  R U N  D A T E : 0 5 / 2 4 / 2 0 0 6

H A T E R  R I G H T :  8 5 - 3 8 8  A P P L I C A T I O N / C L A I M  N o ' :  C E R T '  N O ' :

sR 13
P a g e  I

NllE: Darlynn and Arleno solenlen

A.DDR:  P.  O.  Bot  a l
o rde lv i l la ,  UT I  { -758

I N T E R E S T : 1 0 0 1 RF,I,{ARKS : joi nt Eenants

o A T E S ,  e T C . " r i r ! i i r

IAND OWNED BY APPLICANT?

F I L E D :  O l / 2 9 / I 9 1 0  I  P R I o R I T Y :  0 0 / 0 0 / 1 8 5 4  I  P U B  B E G A N :

IPROTESTED: [No I IHEARNG HLD:
I PUB ENDED: INEUSPAPER:

I S E A C T I o t { :  [  ] l A c t i o n D a t e :

IcERT/ t {Uc  :  0 l /29 /19?0 lLq"P,  ETC:
P r o t e s t E n d :
EXTENSlON:
RENOVATE:

I  PR@F DUE:

I PROV LETTER:
I E L E C / P R @ E :  I
IRECON REQ:

]  I E L I C / P R @ F :

I  T Y P E :  i  l

P D  B o c k  N o .  1  H a P :  5 c

T y p e  o f  R i g h t :  D i l i g e n c e  C l a i n Source  o f  In fo :  Proposed Deter t tL !na t ion S t a t u s  :

SOURCE:  S ink  VaI leY Hash

COUNTYI KANE COIIMON DESCRIPTION:

P O I N T  O F  D I V E R S I O N  . .  P O I N T  T O  P O I N T :

(  l ) s t o e k w a t e r i n g  d i r e c t l y  o n  s t r e a m  f r o m  a  p o i n t  i n  N r { S H {  S e c  2 9 ,  T 3 9 5 ,  R 5 I .  S L B H '

t o  a  p o i n t  a t  N 5 0 O  f t .  E 5 8 O  f t .  f r o n  H 4  c o r n e r ,  S e c  3 2 ,  T 3 9 S ,  R 5 t t ,  S L B M '

C O M H E N T :  A d m i n i s t r a t i v e l y  u p d a c e d  b y  S t a t e  E n g i n e e r '

SuPPLEMENTA!  GRoUP No.  61237{ .  wate !  8 i9h t !  APPur tenant  to  the  fo l lo r tng  use{s r :

8 5 - 3 5 2 , 3 6 1 , 3 6 , r ,  3 G 5 , 3 6 5 , 3 0 ? , 3 5 8 , 3 5 9 ,  3  t o , l i t , : r 2 , 3 1 3 ,  3 r r ,  l r : , 3 ? ? , 3 7 8 , 3 ? 9 , 3 8 0 . 3 8 1 , 3 8 2 , 1 8 1 , 3 8 ' . 1 8 5 , 3 8 6 '  l 8 l  '  3 8 8  '  3 8  9

P E R I O D  O F  U S E :  0 { / 0 1  T O  1 2 l 3 1
i I  {  STOCKHATER:

r r i s o l e  S u p p l y  f o r  S t o c k w a t e r i n g

G r o u p  T o t a l :  3 0 0

f o r  8 5 - 3 8 8  i n  t h i s  G r o u P
S t o c k  U n i t s  D i v e r s i o n  L i B i t :

has  NoT YET been eva lua tedr r r

NORTH-T'ESTK
NW NE ST SE

NORTH-EASTk SOUTH-IESTI{

NU NE ST SE NH NE SY SE
SOUTH-FASTtl
Mi NE SH SE

Sec 29  T  39S R 5 l {  SLBM

s e c  3 2  1 3 9 S R  5 r  S L B M  '  :  : X : '

N D  O F  D  A  t  A r r r r . r r i r r . r r r r





APPE,NDIX 7-3

EXHIBIT 7.2

Surface Diversions
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STATE OF UTAH - DIVISION OF WATER RIGI'ITS
( I { A R N I N G :  t l a t e r  R i g h t s  m a k e s  N O  c l a i m s

i {ATER RIGHT:  85-366 APPLICATION/CI ,A I I {  NO.  :  CERT

- DATA PRINT OUT

a s  t o  t h e  a c c u r a c y  o f  l h i s

N O .  :

fo r  85 -366  sD

o a t a .  )  R U N  D A T E :  0 5 / 2 4 / 2 0 0 6  P a g e

1

I

NAHE:  Dar lynn  and A l le r re  Sorensen

A D D R :  P ,  O .  B o x  {  ?

O r d e r v i l l e ,  U T  8 4 ? 5 8
INTEREST:  l00 t  RF- ! ' {ARKS:  jo in t  tenancs

D A T E S  r  E T C . i r r r r r i ' i

I .A,ND OWNED BY APPLICANT?
F I L E D :  O L / 2 9 /  1 9 ? 0 1  P R I O R I T Y :  0 0 / A 0 / 1 8 8 9  |  P U B  B E G A N :  I  P U B  E N D E D :  I N E H S P A P E R :

P r o t e s t E n d :  I P R o T E S T E D :  [ N o  I  I H E " \ R N G  H L D :  I S E  A C T I o N :  [  ]  l A c t i o n D a t e :

E X T E N S I O N :  I E L E C / P R o O F :  [  ] l E L E C / P R O O F :  I C E R T / I { U C : .  0 I / 2 9 / 1 9 7 0 l l , A P '  E T C :

RENOVATE:  IRECoN REQ:  ITYPE:  t  l

P D  B o o k  N o .  1  M a p :  5 c

T y p e  o f  R i g h t :  D i l i g e n c e  C l a i m  S o u r c e  o f  l n f o :  P r o p o s e d  D e t e r m i n a c i o n  S L a t u s :

I PROOF D(JE:
I  PROV LETTER:

LcAtIoN oF l{aTER RlGHTr. i rr rr r r

F L O H : 1 0 . 0  c f s

COUNTY:  K  NE

SOURCE:  R igh t  Hand r lash

CO}{HON DESCR I PT I ON :

POINT OF DIVERSION - -  SURFACE:
( 1 )  S  1 0 4 0  f t  E  r 0 0  f t  f r o m  N 4  c o r ,  s e c  2 9 ,  T  3 9 s ,  R  5 l { ,  S L B M

D i v e r t i n g  H c r k s :

S t r e a m  A l f  R e q u i r e d ? :  N o

u s E s  o E  H A T E A  R I G f l T i r r r r . i r r i i . ! r r

S U P P L E M E N T A I ,  G R O t l P  N O .  6 1 2 3 1 3 .  g a t e r  R i g h t s  A p p u r t e n a n t  t o  t h e  f o l l o w i n g  u s e ( s ) :

8 5 - 3 6 2 , 3 6 6

IT I * IRRIGATION: G r c u p  T o t a l :  1 0 1  .  1  a c r e s  D i v e r s i o n  L i r r i t  :  0  '  0  a c f t  .
r r r s o l e  S u p p l y  f o r  I r r i g a t i o n  f o r  8 5 - 3 5 6  i n  t h i s  G r o u p  h a s  N O T  Y E T  b e e n  e v a l . u a t e d ' r '

P E R I O D  O F  U S E :  0 4 i  0 1  T O  t 0 / 3 1

I##EI,ACE OF' I.ISE: r--tfr{IH t€sf, Q(RRIEi-r--tcRIlt EASI QLnRIB-r-SC!IfH rrEsr QtnRlflr---i'--soJrlH E\sT gIqRTEn-_r

r |I{ | t€ | s{ I sE r N{ I }€ | 91 | SE r l\t.l | }E I S{ I S r }I^l I tE I S{ I S, t
S€cEicn
Tcrta]s

90. 9000
r0 .2m0

s e c 2 9 T 3 9 s R  S { s . e { r  l 8 . 8 0 0 0 l I 0 . O 0 O O l 2 ? . 4 0 0 0 r  |  |  |  ' 1 4 . 3 0 0 0 1  0 . 5 0 0 0  1 2 9 . 8 0 0 0 1 -  ' - - l - l -  l ,  - - 'Sec 29 T 39S R S{ g.e{ '_l  8.8000110.0000 l2?.4000'_l_l_l_r14.30001 0.uxJ0 lze.uur(r l  __l- l--- l-_- '
s e c 3 2 T 3 9 S R  5 { g , E { r 1 0 . 2 0 0 0 1  |  |  r  |  |  |  *  |  |  |  r  |  |  |

S U P P L E M E M I A I  G R O U P  N O .  6 1 2 3 7 4 .  t { a t e r  R i g h t s  A p p u r t e n a n t  t o  t h e  f o l l o w i n g  u s e ( s ) :
g 5 - 3 6 2 , 3 5 3 , 3 6 4 , 3 6 5 , 3 6 6 , 3 5 ? , 3 6 8 , 3 5 9 , 3 7 C , 3 . 1  1 , 3 1 2 , 3 ? 3 , 3 ? 4 , 3 ' 7 5 , 3 1 1  , 3 1 8 , 3 1  9 , 3 8 0 , 3 8 1 , 3 8 2 , 3 8 3 , 3 8 1 , J 8 5 , 3 8 6 , 3 8 ? , 3 8 8 , 3 8 9

f i l l sTOCIC{A?ER:  Group Toca l :  300 Stock  Un i ts  D ivers ion  L i r r i t :
.  " S o l e  S u p p l y  f  o r  S t o c k w a t e r r n g  f  o r  8 5 - 3 6 6  i n  t h i s  G r o u p  h a s  N O T  Y E T  b e e n  e v a . l . u a t e d r  r  r

P E R I O D  O F  U S E :  C 4 l 0 1  T O  1 : l / 3 1

t t t t t t t t t t t t l t t t t t t l t i t t t t i ' t t t t l l t t t t i t t a i t l l i t t t t r r r i i E  N  D  O  F D  A  T  A a a  
r t  r  r t ?  r  t  t t  t  q  I  t t  *  t  a  {  I  t  t  I  t  a  t  t  t  t  t  t  t  t t  l +  d  t  i a  i  i  t  t  I  t  o  t  I  t  r  I  a  t



STATE OF UTAH _ DIVISION OF WATER RIGfiTS _ DATA PRINT OUT f OT 85-367 SD

( tsARNtNcr  ta rer  Rrgnts  na tes  ro  tbe  acc ! ! .cy  o f  th is  da ta  )  RUN DATE:  05 /24 /2006 Paqe

TATEF RIGNT:  85- l6 t  AAPLICATION/CLAIM NO. :  CERT No :

2

I

N A M E :  D a r l y n n  a n d  A r I e n e  s o r e n s e n

A D D R :  P .  O .  B o x  4 l

O r d e r v i l l e ,  U T  8 4 7 5 8

INTER€ST:  100t  RE{ARKS:  lo in t  tenants

I.AND OWNED BY APPLICANT?

F I L E D :  o l / 2 g / I g 1  O I  P R I O R I T Y :  O O / O O / 1 8 8 9 I P T J B  B E G A } I :  I P T J B  E } I D E D :  I N E T i S P A P E R :

p r o r e s r E n d :  I P R O T E S T E D :  [ N o  I  I H E A R N G  H L D :  I S E  A C T I O N :  [  ]  l A c t i o n D a t e :

E X T E N S T o N :  I E L E c / p R o o F :  [  ]  I E L E c / P R o o F :  I C E R T / H U C :  0 I / 2 9 / 7 9 ? 0 l L A P '  E T C :

RENOVATE:  IRECON REQ:  ITYPE:  t  l

P D  B o o k  N o .  I  M a P :  5 c

T y p e  o f  R j . g h t :  D i l i g e n c e  C l a r m  S o u r c e  o f  I n f o :  P r o p o s e d  D e t e r m i n a t i o n  S t a r u s :

I PROOF DUE:

I  PROV LETTER:

F L O ! { :  1 0 . 0  c f s

COUNTY: KANE

SCr(JRCE: Right Hand Hash

COHMON DESCRIPTIO}I :

POINT OF DIVERSION - -  SURFACE:
( 1 )  S  2 O O  f t  E  1 5 5 0  f t  f r o m  r r 4  c o r ,  S e c  2 9 ,  T  3 9 s '  R  5 r ,  s L B l {

D i v e r t i n g  l { o r k s :

S t r e a m  A l t  R e q u i r e d ? :  N o

S o u r c e :

suppLEMENTAL GROUP NO.  61237{ .  t ia te r  R igh ts  Appur tenant  to  the

8 5 - 3 6 2 ,  3 6 3 , 3 5 4 ,  3 6 5 ,  3 6 5 ,  3 6 ? ,  3 6 8 ,  3 6 9 ,  3 7 0 . 3 1 1 ' 3 1 2 , 3 ' 7 3 , 3 ' 7 4 , 3 1 5 , 3 1 7  ,

f o l l o n i n g  u s e  ( s )  :

3 7 8 ,  3 1  9 , 3 8 0 ,  3 8 1 ,  3 8 2 ,  3 8 3 , 3 8 { ,  3 8 5 ,  3 8 6 ,  l 8 ? ,  3 8 8 ,  3 8 9

G r o u p  T o t a l :  3 0 0

f o r  8 5 - 3 6 7  i n  t h i s  G r o u p
S t o c k  U n i t s  D i v e r s i o n  L i n i t :

has NOI YET been evaluatedr f  '
P E R I o D  o F  U s E :  0 { , / 0 1  T a  1 2  / 3 7

I If II STOCKWATER:
' r r s o l e  S u p p l y  f o r  S t o c k B a t e r l n q

s u p p L E M E N T A l  G p . o u P  N o .  6 1 2 3 ? 6 .  W a t e r  R i g h t s  A p p u r t e n a n t  t o  t h e  f o I l o r i n g  u s e ( s ) :

8 5 - 3 6 3 ,  3 6 7

I  I  *  IMIGATION: G r o u p  T o t a l :  2 .  {  a c r e s D i v e r s i o n  L i r n i t :  0 . 0  a c f t .  P E R I O D  O F  U S E :  0 4 / 0 1  T O  l 0 l 3 1

r . rsole Supply for  l lE igat ion for  85_367 in th i3 GrouP na!  Nor YET been

tii(?Il6 oF LE: r------------ralgr r{85-r atAtdEt-r roa asr Q(iR!Et-' 6rX rESr qu\REr-J--sJ'Dt E{5' G!\RlEr-r sectin

. t r {  I  r €  |  c r  I  s  r | . l {  l } €  l 5 l  l t  r l . |  l E  I  s l  I  s E ' r . {  l } €  |  c r  I  $ '  T d ' ' 1 5

s€c 29 t 39s i 5l grg r-l-l-l--'-l-l-l-'-l 2 {@l-l r--l--l--l-' 2'1000

SUPPLEMEN'IA!  GRO{JP NO. 51231?. i la ter  Right !  Appul tenant to the fo lLoeing use(s) :

8 5 - 3 5 3 , 3 5 ? . 1 5 8

P E R I O D  O F  U S E "  0 4 / O ) '  T O  T O / 3 1
f I I * I R R I G A T I O N ;

r * S o I e  S u p p I y  f c r  I r r i g a t i o n

G r o u p  T o c a l :  I . 1  a c r e s

f o r  8 5 - 3 6 ?  i n  t h i s  G r o u P  h a s  N O T  Y E T
D i v e r s i o n  L i m i t :  0 . 0  a c f t .

been eva l .ua ted*  r



fRNUr  85- ]6 ,  con t lnued ' ' '  { ' , \ !N ING:  | la te !  R igh ts  n6ke3 No c la ! 'B  a3  to  t t re  accuracy  o f  th is  da ta  )  {UN DATE:  a5 /21 /20a6 Paqe 2

*ttpllcE Of tEE: r-|tq!J !€sr qlARltI{-r-_--_---+tRN Ee.sr Q(aIcEt-r-Sd'$ €Sr !UqRI!a-r-SC!4H E\S|T oqARIEt-r s{rtrdt

a l { / i  l ! €  l c r  l s E  r r l l  l r €  l 5 {  l s E ' r . l  i r €  l s l  l S ' l . , l  i r €  l s f l  |  s E  r  T o f t r s

sec 29 T 39S R A{ SLAn r_l-t-t-.-t-l-l-' o.r@l 0.8oool-1 '-l-l-l-' 1'1000

th is  R igh t  {85-361)  has  an  eva lua te . l  so le_ lupp}v  to t . l  fo '  i r r lga t ion  o !  0  00  ac les '

Th ts  R igh t  (85-36?)  1 ,3  a  n€mber  o f  I  supp lemenra l  warer  r lghr  g louP!  s i th  i l r lga ted  ac tsage to ta r ing  0  00  acre3

r t . t t t t t t l t t ' T T E N D o F D A T A . } t t l t t t t t l t ' l * } c t t t t t n l a t t t ' r i t l t t t l t t t t t t . t i t t ' l l t t t . l



STATE OF UTAH - DIVISION OF WATER RIGITTS - DATA PRINT OUT f OT 85-368 SD

(qARNTNG:  ta te r  R igh ts  n lakes  No c la tBs  a3  to  the  accuracv  o f  tb ls  da ta ' )  RUN DATE:  05 /2112005 Pase

IATER RIGHT:  85-368 APPI ICATION/CITIU NO. :  CERT.  NO, :

3

I

C W N E R S H I  P

N A M E :  D a r l Y n n  a n d  A r I e n e  S o r e n s e n

A D D R :  P .  O .  B o x  t l ?

o r d e r v i l l e ,  u r  a 4 ? 5 8

I N T E R E S T :  l 0 0 t RF] {ARKS :  Jo in t  tenants

DATES,  ETC.  ' r I  i . '  "

P r o t e s  t E n d :
EXTENS ION :

RENOVATE:

I.AND OWNED BY APPLICANT?

F I L E D :  O L / 2 9 /  1 9 ? O  I  P R I O R I T Y :  0 0 / 0 0 / 1 8 8 9  |  P U B  B U G A N : lP t lB  ENDED:  INEWSPAPER:

I S E A C T I o N :  t  l l A c t i o n D a t e :

I  C E R T / H U C  t  O l / ? 9 / 1 9 ? 0  |  L A P ,  E T C :

s ta  tus  :

I  PROTESTED:  INO

I  ELEC/PROOF:  I

IRECON BEQ:

J I HEARNG HLD:

I  I  ELEC/PROOF:

l f i P E :  I  l

I  PROOF DUE:

I PROV LETTER:

P D  B o o k  N o .  1  H a P :  5 c

T y p e  o f  R i g h t :  D i l i g e n c e  C I a i r n s o u r c e  o f  i n f o :  P r o p o s e d  D e t e r m i n a t i o n

F L O [ { :  1 0 . 0  c f s

COUNTY: Kane

S O U R C E :  R i g h t  H a n d  H a s h

COIIMON DESCRIFTION:

POIMT OF DIVERSION - -  SURFACE:
( 1 )  S  3 9 0  f t  E  1 3 6 0  f t  f r o m  i { 4  c o r ,  S e c  2 9 ,  T  3 9 s '  R  5 H ,  S L B U

D i v e r t i n g  l { o r k s '  S o u r c e :

S t r e a r n  A I t  R e q u i r e d ? :  N o

usEs oF I {ATER RIGI { ] j ! r r  r r  r i r i i r  r r  i

s u P P L E M E N T A I  G R O U P  N O .  6 1 2 3 ? 4 .  W a C e r  R i g h t s  A p p u r i e n a n t  t o  t h e  f o l l o w i n g  u s e ( s ) :

8 5 - 3 G 2 , 3 6 3 , 3 6 { , 3 6 5 , 3 6 6 , 3 6 ? , 3 6 8 , 3 6 9 , 3 ? 0 . 3 ' t ! , 3 ' 1 2 , 3 ? 3 , 3 ? 1  , J 1 5 , 3 1 ' 1 , 3 1 8 , 3 1 g , 3 8 0 , 3 8 1 , 3 8 2 , 3 8 3 , 3 d 4 ' 3 8 5 ' 3 8 6 ' 3 8 7 '  - ? 8 8 ' 3 8 9

G r o u p  T o t a l :  1 0 0  S t o c k  U n i t s  D i v e r s j ' o n  L i n i t : P E R I O D  O F  U S E :  0 { / 0 1  T o  1 2 l 3 1
IIISTOCIC{ATER:

r | . s o ] e s u P P I y f o ! s t o c l s a t c l i n g f o r S 5 - 3 5 8 l n t h i ' c l o u p h a s N q l Y F t b e e n . v a l u a t o d r r .

SUPPLEMENTA,  GROUP No.  5123t? .  taa te !  & igh ts  Appu l tenant  to  th€  fo t loH ing  u le (s ) :

8 5 - 3 5 3 , 3 6 ? , 3 5 8

I IT  I IRRIGATION: G r o u p  T o t a l :  1 . 1  a c r e s D i v e r s i o n  L i r n i t :  0 .  C  a c f t . P E R I o D  O F  U s E r  0 4 / 0 1  T o  l 0 / l l

. r . so l€  supp ly  fo r  I l l i ga t lon  ro !  85_168 in  th i !  G louP has  no l  YET been eva lua tedr "

*tlptlcE Oe (E: r-lugrt t€sT Auqllrq-r t"AU E{sT glr&lER--i St'r! l€SiT QTARIB--i-SqJtll E{sT oU\X@R-r S€cti{

. N |  l t €  t s r  I  g ' r r  t r €  l s n  l s ' l \ h  l r €  l 9 r  I  s E ' | | l  l l €  |  s l  l s E '  T o t a !

s€c 29 T 39s R s{ ss{ .-r-,-i--'-'-l-l-' 0.sl 0 s0oo l--l------r-l-l-l--* l lmO

r  r  r  '  '  r  '  '  r  r  r  r  '  t  r  E  N  D  O F  D  l  T  A r i ' r ' ' I i ' r I  i r



STATE OF UTAH - DIVISION OF WATER RlGl-lTS - DATA PRINT OUT f or 85-365 sD

l r iA .RNrNG:  pa ter  R iqhrs  Eke!  t ro  c la ln t .s  as  to  the  accuracy  o !  th is  da la  I  RUN DATE:  A5/21 /2405 Page

I IATER RtGt tT :  85-365 APpLICATION/CI ,a IM NO :  CERT.  No ' i

o t N E R S H I P i  r i  r r  r  r  r  r  i  i

N A M E :  D a r l y n n  a n d  A r l e n e  S o r e n s e n

A D D R :  P .  O .  B o x  4 ?

O r d e r v i l l e ,  U T  8 4 7 5 8

INTEREST:  1001 REI ' 'ARKS:  jo in t '  tenants

4

I

I.AND OWNED BY APPLICANT?

F I L E D :  O I / 2 9 /  1 9 7 C  I P R I O R I T Y :  0 0 / 0 0 / 1 8 8 9 l P U B  B E G A I ' I :  I P U B  E N D E D :  I N E I i S P A P E R I
p r o r e s r E n d :  I  P R O T E S T E D :  [ N o  ]  I H E A R N G  H L D :  I S E  A C T I O N :  [  ]  l A c t i o n D a t e ;

E X T E N S I o N :  I  E L E C I P R @ F :  [  ]  i E L E c / P R o o F :  I c E R T / t { U c  :  0 l / 2 9 / I 9 ? 0 l l , A P ,  E T C :

RENOVATEI  IRECON REQ:  ITYPE:  t  }

P D  B o o k  N o .  1  H a p :  5 c

T y p e  o f  R i g h t :  D i l i g e n c e  C l a l m  S o u r c e  o f  I n f o :  P r o p o s e d  D € t e n d n a t i o n  S t a t u s :

IPR@F DUE:
I PROV LETTER:

LOCATION OF TATER RIGHTrr r r r r . i r

F L O i { :  1 0 . 0  c f s

CCUNTY:  Kane COT{MON DESCRI PT ION :

PCINT OF DIVERSION - -  SURFACE:
( 1 )  S  ? 0 0  f t  E  1 3 ? 5  f t  f t o n  l { 4  c o r ,  S e c  2 9 ,  T  3 9 S ,  R  5 l { ,  S L B M

D i v e r t i n g  l f o r k s :

S t r e a m  A I E  R e g u i r e d ? :  N o

SOURCE:  Swapp Canyon Creek

S o u ! c e :

u s E s  o F  n A T E R  R I G l I t r r i i i i i r . i . r i r r

S U P P L E M E N T A L  G R O U P  N O .  6 1 2 3 ? 4 .  t { a t e !  R i g h t s  A p p u r t e n a n t  t o  t h e  f o l l o w i n g  u s e ( s ) :
g 5 - 3 6 2 , 3 6 3 , 3 6 4 , 3 6 5 , 3 6 5 , 3 6 ? , 3 6 g , 3 6 9 , 3 ? 0 , 3 ' 7 I , 3 1 2 , 3 7 3 , 3 ? { , 3 1 5 , 3 ' l ' 1 , 3 1 8 , 3 ' t 9 , 3 8 0 , 3 8 1 , 3 8 2 , 3 8 3 , 3 8 4 , 3 8 5 , 3 8 6 , 3 8 r , 3 8 8 , 3 8 9

I } }STOCKHATER:
' r ' S o I e  S u p p l y  f o r  S t o c k w a t e r i n g

G r o u p  T o t a l :  3 0 0

f o r  8 5 - 3 6 5  i n  t h i s  G r o u p
S t o c k  U n i t s  D i v e r s i o n  L i n i t :

h a s  N O T  Y E T  b e e n  e v a l u a t e d r r r

P E R I O D  O F  U s E :  0 4 / 0 1  T o  1 2 l 3 1

S U P P L E H E N T A L  G R O U P  N O .  5 1 2 3 ? 9 .  l l a t e r  R i g h t s  A p p u r t e n a n t  t o  t h e  f o l l o v i n g  u s e ( s ) :

8 5 - 3 6 4 , 3 6 5

i | | I R R I G A T I O N :  G r o u p  T o t a l :  1 . r l  a c r e s  D i v e r s i o n  L i r n i t :  0 . 0  a c f t .
r a . s o l e  S u p p l y  f o r  I r r i g a t l o n  f o r  8 5 - 3 6 5  i n  t h i s  G r o u p  h a s  N O T  Y E T  b e e n  e v a l u a t e d r r i

P E R I O D  O F  U S E :  0 { / 0 1  T o  1 0 / 3 1

IF*{PLFG f IJSE: r-|fRIH l€SI Q(IqRIgl-r------.}(RI.H E\ST QuqRIEl-r-SOJrIfl i€S'I QUDSCER..-r_-_S(IITH ELSI S-B8:tER-r Sect-icri

r N.I I !G I g{ I sE r }t{ | }€ | ${ I sE r !,r{ I }€ | s{ | sE' i,r{ | }€ | s{ I s i Tst3-ls

sec 29 1395 R 94 $,Ea '-t-l-l-'-l-l-l-' 0.2@l l.2oool-l---'-l-l-l-' 1 '000

SUPP!E! {E! { IA !  cRoOP NO.  512380.  ta te r  R igh ls  APPUl tenant  to  the  to l lo { ing  u le (3) :

P E R I O D  O F  U S E :  0 4 i 0 1  T O  1 0 / l lf I I I R R I G A T I O N :

"  r S o ! e  S u p p . l - y  f o r  I r r i g a t i o n
G r o u p  T o t a l :  5 . 9  a c r e s

f o r  8 5 - 3 6 5  i n  t h i s  G r o u p  h a s  N O T  Y E T
D i v e r s i o n  L i m t t :  0 . 0  a c f t  '

b e e n  e v a l u a t e d r ' *



|RNU!  85-365 t rARNlNc:  t {a rer  R igh ts  f t kes  No c ta lhs  as  to  tbe  accuracy  o !  tb is  da ta . )  RUN DAIE:  05 /2112005 Paqe 2

t{{PLtcE ca lrsEl
' i r | t  t r €  r c r  t s E  . r l l  l r €  | s r r  l s D ' u  l r €  l t r  l s E  r l \ r r  l ! €  l s l {  |  s '  r o t a l s

s": 29 r 396 R *r sB{ .-L-r-t-'-l-l-l-'-l 0.8@l 5l@ol r-r-1-l-' 5'9000

SUPPLEMEmAL ciouP No. 612381. tate!  Riqhts APPul tenant to the !o l lo{ ing ule(3) :

8 5  -  1 6 4 ,  3  5 5 ,  1 5 9 ,  3 ?  0

' ' . . . . ' ' . ' . . ' . ' . . - , . . . . . . . ' ' ' .
l l t IR i lGATIoN:  G.ouP To l : I :  9 .2  ac .es  D ive ls :on  l iB i t :  O O ac l t  PERIOD oE UsEr  0 { /01  1o  10 /11

i r i sore  supp ly  fo !  l r r iga t lon  !o !  85-365 in  th is  Groop ha3 Nm YET been ev ' lua ted ' i r

{q,tFu6 oa usEr r---------.$lrdt{ rEsI gu\Rtflr-'----fartM .AtI qXE!R-
r N {  t t , €  t s r  l s D ' i t , |  t l €  t t r  t s €  . ! I l  I l €  l s l r  l s E  r M  l l €  l S r  I  s '  T b t a . l s

se. 29 1 l9s R 9{ sIIx '-l-l-l '-t-l-l-'-l-l 0'90001 8 30@r-l-l-l-r 9 2000

s u p p L E M E N T A L  G R O U P  N O .  6 1 2 3 8 2 .  t { a t e r  R i g h t s  A p p u r t e n a n t  t o  t h e  f o ) l o w i n g  u s e ( s ) :

8 5 - 3 6 { , 3 6 5 , 3 6 9 , 3 7 0 , 3 ? 1

I I I I R R I G A T I O N : G r o u p  T o t a l :  ? . 0  a c r e s  D i v e r s i o n  L i n i t :  0 . 0  a c f t  P E R I O D  O F  U S E :  0 4 / 0 1  T O  1 0 / 3 1

r r r s o l e  S u p p l y  f o r  I r r i g a t i o n  f o r  8 5 - 3 5 5  i n  t h i . s  G r o u p  h a s  N O T  Y E T  b e e n  e v a l u a t e d ' * '

tiHip.LFat cF IEE: .------lt'($ rcst g-BRlEr-.---------- iRDt EAs'T g.nRGR-r-gm rE$ gr\RlEt-'-5dJDl EASI gARrB-r Sectlctt
' r I {  r l €  r 9 r  t $  r  l t r  l t €  |  s t f  l s E  r l l l  l l €  l g {  s E ' r l l  l l €  i g l  l s ' l o t d s

sec 29 139s R ? saa '-1-l-l--'-l-l-l-'-l--l 2'30ool r'0000r-l-l-l-' 3'3000

se 3a 1 396 R t{ s,s.r . 3.looot_t 
-r-'-r-,It-'-t-l-l-'-l-l-l-' 3 t000

s u P P L E M E N T A L  G R O U P  N O .  6 1 2 3 8 3 .  H a t e r  R j . g h t s  A p p u r t e n a n t  t o  t h e  f o I I o w l n g  u s e ( s ) :

8 5  - 3 5 4 ,  3 5 5 ,  3 6 9  , 3 ' 1 0 , 3 ' 1 1 , 3 ' 7 2

I I I I R R I G A T I O N : G r o u o  T o t a l :  1 3 . 9  a c r e s  D i v e r s i o n  L i n i t :  0 . 0  a c f t .  P E R I O D  O F  U S E :  0 4 ' / 0 1  T O  1 0 / - 1 1

. . ' S o I e  S u p p l y  f o r  I r r i g a t i o n  f o r  B 5 - 3 5 5  i n  t h i s  G r o u p  h a s  N g T  Y E T  b e e n  e v a l u a t e d n r '

t+{pt O Oa USE: .---------t{Rl|t tESr Q(ArrE.--'----|(t(lr E{sl Cl\RlEi-r rFl ras! O(nRItR-r--SaUdll E{sT 'l!\16{-' Sectld'

r l i , l  l r c  I  g  l s e ' r t l  l t €  l $ l  l s ' | u  l t €  I  c |  l s a  r r l l  l l €  |  g l  l s E '  T a t ' 1 5

sc ? r 39s R 5,r $,8t. E.ooool-l 5.9oool-'-l-t-l--_-:-l-l-l-'-l-l-l-' 13'9000

Th l !  R iqh t  {85-355)  ha !  an  eva lua ted  lo l€ - luPp lv  to ta l  fo r  j l l i sa t ion  o f  0_00 ac les '

Th is  R igh t  (85-3651 is  a  nerDe!  o !  5  lupp lenenta l  Farer  l ig i t  g roups  r i th  j . l l i ga ted  ac leage to ta l ing  0 .00  ac !e3 .

r  r  .  .  r  .  i  i  r  r  r  r  r  i  r  E  N  D  o F  D A l  A r r " i " r r r ' r i r r



STATE OF UTAH - DIVISION OF WATER R|GF|TS - DATA PRINT OUT f or 85-369 sD

{ I IARNINGi  {a te r  R ighr3  n€kes  NO c la iB  a3  to  the  accuracy  o f  th is  da ta . )  RLN DATE 05/2412005 Page

IATER RIGST:  85-359 APPLICATION/CIAIU NO. :  CERT.  NO ;

ot{NERSttI Pr r r ' ' r ai r i

N A M E :  D a r l . y n n  a n d  A r l e n e  S o r e n s e n

A . D D R :  P .  O .  B O X  { ?
O r d e r v i I I e ,  U T  8 4 ? 5 8

INTEREST:  100t  REI . {ARKS:  jo in t  tenants

D I \ T E S ,  E T C . . r r ' ! r r r r

5

1

LA,ND OWNED BY APPLICAI*IT?
F I L E D :  O l / 2 9 / 1 9 ? 0 I P R I O R I T Y :  0 0 / 0 0 / 1 8 8 9 l P U B  B E G A N :  I P U B  E I { D E D :  I N E 1 d S P A P E R :

P r o r e s r E n d :  I P R O T E S T E D :  ( N o  I  I H F } , R N G  H L D :  I S E  A C T I O N :  [  ]  l A c t i o n D a t e :

E X T E N S I o N :  l E L E C , / P R O o F :  I  j l E L E C / P R @ F :  I C E R T / r U C -  0 7 / 2 9 / 1 9 ? 0 l L A P '  E T C :

RENOVATE:  IRECON REQ:  ITYPE:  t  l

P D  B o o k  N o .  I  H a p :  5 c

T y p e  o f  R r g h t :  D i l i g e n c e  C l a i m  S o u r c e  o f  I n f o :  P r o p o s e d  D e t e r t n i n a t i o n  S t a t u s :

I PROOF DUE:
I  PROV LETTER:

IoCATION OF flATER RIGITT r r. irr r i

F L O I I :  1 0 . 0  c f s

COUNTY: Kane

S O U R C E :  S i n k  V a L I e y  r a s h

CO}1I{ON DESC R I PI I ON :

POINT OF DIVERSION - -  SURFACE:
( 1 )  S  1 0 1 0  f t  E  1 2 9 0  f t  f r o m  l { {  c o r ,  S e c  2 9 ,  T  3 9 5 ,  R  5 I { ,  S L B M

D i v e r t i n g  l { o r k s :

S t r e a m  A l t  R e q u i r e d ? :  N o

S o u r c e :

usEs oF i tATEn RtGHTi  i . r .  r i  I  r r r r . r  r

S U P P L E M E N T A L  G R O U P  N O ,  6 1 2 3 ? 4 .  I { a t e r  R i g h t s  A p p u r t e n a n t  t o  t h e  f o l l o w i n g  u s e ( s ) :
g 5 - 3 6 2 ,  3 5 3 ,  3 5 { ,  3 5 5 ,  3 6 6 , 3 6 ? , 3 6 8 ,  3 6 9 ,  3 ? 0 ,  3 ' : , I , 3 ' 1 2 ,  3 ? 3 ,  3 7 {  , 3 1 5 , 3 1 1  , 3 ? 8 ,  3 ? 9 , 3 8 0 ,  3 8 1 ,  3 8 2 , 3 8 3 ,  3 8 4 ,  3 8 5 ,  3 8 6 ,  3 8 7 ,  3 8 8  '  3 8 9

I I II STOCKWATER :
i  r  rSo le  Supp l .y  f  o r  S tockb,a ter lng

G r o u p  T o t a I :  3 0 0
f o r  8 5 - 3 6 9  i n  t h i s  G r o u p

S t o c k  U n i t s  D i v e r s i o n  L i m i t :

has  NOT YET been eva lua tedr r r

P E R I O D  O F  U S E r  0 { / 0 1  T 0  1 2 l 3 1

S U P P L E M E N T A L  G R O I J P  N O .  6 1 2 3 8 0 .  t f a t e r  R i g h t s  A p p u r t e n a n t  t o  t h e  f o l l o w i n q  u s e ( s ) :

8 5 - 3 6 4 , 3 5 5 , 3 6 9

I I I I R R I G A T I O N : G r o u p  T o t a l :  5 . 9  a c r e s D i v e r s i o n  L i n - i t :  0 " 0  a c f t P E R I o D  O F  I I S E :  0 4 / 0 1  T o  1 0 / 3 1
r r r s o l e  S u p p l . y  f o r  I r r i g a t i o n  f o r  8 5 - 3 6 9  i n  t h i s  G r o u p  h a s  N O T  Y E T  b e e n  e v a l u a t e d r r i

l{f{pl}c oF LEE: r----tcRIH t€sl Q(I\RTER-'---tifRfH E\ST glqRlEl-r--sc(IlH }€s'I QIIAFXE1-i-S(IJTH RST OIARIER-r
r l*{ i }€ | s{ | s r N^l | }€ | 5{ | s r }I.l | }€ | c{ | g r }I{ I }a | 9| | s t

S e c 2 9 T 3 9 S R  9 { g , E { r  I  I I  I  r  10 .8000 I  5 . f0001 ._ l___- l_ l  '

Secticn
Tctals

5. 9000

S U P P L E M E N T A I  G R O U P  N O .  6 1 2 3 8 1 .  H a t e r  R i g h t s  A p p u r t e n a n t  t o  t h e  f o l l o w i n g  u s e ( s ) :

I 5 - 3 6 { , 3 6 5 , 3 5 9 , 3 7 0

I I I I R R I G A T I O N :
r r r S o l e  S u p p l y  f o r  I r r i g a t i o n  f o r

G r o u p  T o t a l :  9 . 2  a c r e s
8 5 - 3 5 9  j . n  t h i s  G r o u p  h a s  N O T  Y E T

D i v e r s i o n  L i I D . i t :  0 .  0  a c f  t

b e e n  e v a l u a t e d ' i  *
P I R I O D  C F  U S E :  0 4 / 0 1  T 0  1 0 / 3 1



t lRr lUV 85-159 conr in led ' r '  ($ .A8NING:  ra rer  R igh ts  makes NO c la lms a3  to  che accu lacy  o f  th is  da ta . )  RUN DATE:  05 /2 ,1 /2006 Page 2

If#itPt,D(E oF IJSE:

Sec 29 T 39S R 5'l SLB{ '

r-r\CI{IH t€ST q1SRIER-_r-1CR1H FAST QqRIS1-_.-.---SOJTH l€ST q-Bl3TR-_-r--ScIJTH EASI QLRRIE--' S€ctlcn

, l.$ t l.E I s{ I sE r l{/{ | }€ | 9t I sE' N|l | }€, I S{ 1 SE r }l,, | }E I S{ | S r 1t't-al3

|  |  '  
_ l_ l_ l_ '_ l_ - l  0 .90001 I  '3000 ' - l -_ l - l - '  9 .2000

s u P P L E H E N T A I ,  G R O U p  N O .  6 1 2 3 8 2 .  l f a r e r  R i g h r s  A p p u r t e n a n t  t o  t h e  f o l l o w i n g  u s e ( s ) :

8 5 - 3 5 4 ,  3 6 5 ,  3 6 9 ,  3 ? 0 ,  3 l  I

I I * i I R R I G A T I O N : G r o u D  T o E a l . :  ? . 0  a c r e s D i . v e r s i o n  L i m i t ;  0 . 0  a c f  t  ' P E R I o D  o F  U s E :  0 4 i  0 1  T o  1 0 / 3 1

" ' S o I e  S u p p l y  f o r  I r r i g a t i o n  f o r  8 5 - 3 6 9  i n  t h i s  G r o u p  h a s  N O T  Y E T  b e e n  e v a l u a t e d " '

iiti{pDc Oa I.EE: i-+tXUU ttST Qu\rqgl-. l*!dr ESr g.ARIER-r-SCUtil r€Sr Ol'iArS-
i l $  l ! €  I  s , {  l E  r M  l l t €  |  g f  l s E ' M  l t €  l s ' l  l s ' l l l  l ! €  l s r  l $ '  l b t a l l

sE 29 T 39s R !'i sLA{ r_t-l-t--'-l-r-l-'-l-l 2.30001 1.0000'-l-l-l-' 3 3000

s.c 32 r 396 R $ sia{ r 1.7@l-l-l-:-l-l-l-'-l-l-l-'-l-l-l-' 31000

S U P P L E M E N T A L  G R O U P  N O .  6 1 2 3 8 3 .  l { a r e r  R j , g h t s  A p p u r t e n a n t  t o  t h e  r o l l o w i n g  u s e ( s ) :

8 5 - 3 6 4 ,  3 6 5 ,  3 5 9 ,  3 1  0 ,  3 1  L ,  3 1 2

; i l i I R R I G A T I O N :  G r o u p  T o t a l :  1 3 . 9  a c r e s  D i v e r s l o n  L i r n i t :  0 . 0  a c f t '

. * . S o I e  S u p p l y  f o r  I r r i g a t i o n  f o r  8 5 - 3 5 9  i n  t h i s  G r o u p  h a s  N O T  Y E T  b e e n  e v a l u a t e d r r r

P E R I O D  o F  U S E :  0 4 / 0 1  T o  1 0 / 3 1

iH+plrcE cF LEE: '-------+f,llltr i€sr g,\RlER-r----------|oRltl E{tI gl{RiEl-r-sq,Itl 9€sr cl\REa-'-'clt$ EBS| g.ARIER
' M  l l t  l s t l  l s ' l t |  t l c  ! c {  l $ ' M  J t €  l s {  |  s E  r t t l  l l €  I s r  I  s E '  T o t t }

s€c 3? I 39s R ir ga{ ' 8.0@oi-l 5.9oml-'-t-l-l ' l-l-l-'-l-t-l-r 13 9000

SUPPLEI {ENTAI  GROUP NO.  6 I238{ .

8 5 - 3 6 9

t l f  I I R R I G A T I O N :  5 . 0  a c r e s D i v e r s i o n  L i r n i t :  0 . 0  a c f t . P E R I O D  o F  U S E :  0 1 / 0 1  T o  1 0 / 3 1

ifipDas cF LEE: r-rER[i l€s'r Q(ARIEI-.----------NII!iI E\51 g,qrc!r.-' qnll 9f5l gl{RElr-r--sclrltl lat olF&EA-r sects
i | . l  l l E  t g l t  I s E ' M  t r G  l c r  I  s E  . i r l  t l c  t g l  l s E ' l l l  t r €  | t r  I  s E  r  l o t 4 5

::'_-'-Tl Tyl--_-l_-- -,-.-l--___l----_'--.._l-_____l__--ll-Tl:'-l-Yll-- ---l---_l-i--l----i i-Y
Thls Right  {85-359) has an evaluated sole- lupPly lo la l  for  i r r igat ton of  0 00 acre! ,

Thi3  R lghr  (85-359)  t5  a  re f lDer  o !  6  supp lenentar  ra le r  l igh t  g loups  * i th  i l r iga ted  acreage to ta l ing  0 .00  ac !e ! .

r . i r r i . i * r ' t r E  N  D  o P  D A  T  A I i * r ' r r l i r *

o



STATE OF UTAH - DIVISION OF WATER RIGI-ITS - DATA PRINT OUT f OT 85'370 SD 6

($ I \RNTNG:  9ra t€ !  R lgh ts  nBkes  No c la i$s  as  to  the  accuracy  o f  th rs  daLa. )  RUN DATE:  05 /2412006 Paqe I

f lATER RIGHI :  85-3?0 APPLICATION/CLAIM NO :  CERT NO :

NA. | . {E :  Dar lynn  and Ar Iene Sorensen

A D D R :  P .  O .  B o x  4 - 7

O r d e r v i . l l e ,  U T  8 4 7 5 8

I N T E R E S T : 1 0 0 t  R E I ' I A R K S :  j o l n t  t e n a n " s

I^A,ND OWNED BY APPLICANT?

F I L E D :  O L / 2 g / 1 9 ? 0  |  P R I o R I T Y :  0 0 / 0 0 / 1 8 8 9 1  P U B  B E G A N :  I  P U B  D I D E D :  I N E T S P A P E R :

p r o r e s r E n d :  I P R o T E S T E D :  t N o  I  I H E A R N G  H L D :  I S E  A c T I o N :  t  I  l A c t i o n D a t e :  l P R o o F  D U E :

E X T E N S T o N :  I E L E C / P R O O F :  [  ] I E L E C / P R O O F :  I C E R T , / H U C :  0 1 / 2 9 / 1 9 ? 0 1 [ , A P ,  E T C :  I P R O V  L E T T E R :

RENOVATE:  IRECOI I  REQ:  ITYPE:  t  ]

PD Book No.  I  !1aP:  5c

T y p e  o f  R i g h t :  D i l i g e n c e  C l a i m  S o u r c e  o f  I n f o :  P r o p o s e d  D e t e r m i n a t i o n  S t a t u s :

F L O | { :  1 0 . 0  c f s

COUNTY: Kane COMMON DESCRIPTION:

S o U R c E :  S i n k  v a I I e Y  H a s h

POINT OF DIVERSION - -  S IJRFACE:
( 1 )  N  1 0 5 0  f t  E  1 2 8 0  f t  f r o m  s i i  c o r ,  s e c  2 9 ,  T  3 9 s ,  R  5 i l '  S L B H

D i v e r t i n g  i l o r k s  '  s o u r c e :

S t r e a m  A 1 t  R e q u i r e d ? :  N o

s u p p L E x E l n A L  G R O U P  N O .  6 1 2 3 ? 4 .  l { a t e r  R i g h t s  A p p u r t e n a n t  t o  t h e  f o l l o w i n g  u s e ( s } :

g 5 - 3 6 2 , 3 6 3 , 3 6 4 , 3 6 5 , 3 6 6 , 3 5 ? , 3 6 g , 3 6 9 , 3 ? 0 ,  3 1 I , 3 1 2 , 3 ? 3 , 3 ? {  , 3 T 5 , 3 1 1 , 3 ? 8 , 3 ? 9 , 3 8 0 , 3 8 1  , 3 9 2 , 3 8 3 ,  l 8 { , 3 8 5 '  3 8 6 '  3 8 ? '  3 8 8 '  3 8 9

T T I STOCIft{ATER: c r o u p  T o t . a l :  3 0 0  S t o c k  U n i t s  D i v e r s i o n  L i n i t : P E R I O D  O F  U S E :  0 { / 0 1  T 0  1 2 l 3 1

r .SoI .  Supp ly  !o !  s tock{a t€r lng  fo !  85_3?0 ln  th l !  GrouP ha!  NOT YEt  b3 . '  ' va lua t ' c l ' r

SUPPIEMEMA!  GRoruP No.  612381.  Fa te !  R lgh ts  APPul tenant  to  the  to l loF inq  use{5) :

8 5 - 3 6 a , 3 5 5 , 3 5 9 , 3 ? 0

l l t IRRIGAr IoN:  G louP Tota l :  9  2  acre !  D iv€rs ion  l iD j t :  O O 'c ! t  PERIOD OF usE:  01 /01  to  10 /31

i ' i so le  Supp ly  !o !  I r r iga t ion  fo r  85-3 t0  in  th is  Group ha !  NoT IE I  b€en ev ' lua t€c l 'n '

itfipl}€ Oa [S: .----+rlttq nEs'! qlARltl{-r r-qafi t\$ (lnRtEi-r-Sts rESl glrs!1-'-Sqtrtl BSr glRlEa

r | I i  r r €  r 9 r  t s . l x  l l c  l 5 l  l E ' ! t l l  l r €  | t l  l g  r r , l l  l t €  l 9 l  l s  '  l o l a l !

s€c 29 I l9s R st 5.8{ '-t-t-l-:l-l-l-'-l-.1 0 90ool 8 !o'-l-l--l-' 9 2@0

SUPPIE} IENIAL GAOuP !1O 512382.  t la te !  R lgh ts  APPul lenant  to  the  fo l lov ing  use{s l :

8 5 - 3 6 t , 3 5 5 ,  3 6 9 . 3 r 0 , 3 l I

I T I I R R I G A T I O N : G r o u p  T o t a l :  ? . 0  a c r e s  D i v e r s i o n  L i m i t - :  0 . 0  a c f t .  P E R I O D  O F  t l S E :  C 4 l 0 1  T o  1 3 / 3 ]

i r r S o l e  S u p p l y  f o r  I r r i g a c i o n  f o r  8 5 - 3 ? O  i n  t h i s  G r o u p  h a s  N g T  Y E T  b e e n  e v a l u a t e d ' ! '



FRf lUv  85- l l0  cont inued" '  (wAaNlNG:  l la te !  Rrghts  oakes  No c rarN as  !o  the  accu lacy  o f  th is  da ta  )  RUN DATE:  05 /2412006 Pase 2

H{P!}O 6lSE: i---}.Rnt llfsT g.nEEl-.------------rER$ EASI ql1gE{-'-sdj1r r€ST qlqldEt-'-Sqtl| tqsl q.!4AlEt-r sdtrdr

' M  l l €  l s {  l s E ' M  l l €  i 9  S ' r a {  l } €  l c l  l s € ' N l  l l l E  l c {  l $  r  T d a E

se 29 1 t9S F 9{ s.a{ r-r-r-l-'-1-l-l-'-l-l 2 3OOO l 0OOO'--l--l- -' 3 3000

sec ? T 39s R t4 !,8{ r l.ro0or-,-r__--'-'-r-l-'- -l-l-'- -l-l-' 3 ?q

s u p p L E M E N T A i  c R O U p  N O .  6 1 2 3 8 3 .  g l a t e r  R i g h t s  A p p u r t e n a n t  t o  t h e  f o l l o w i n g  u s e ( s ) :

B 5 - 3 6 4 ,  3 5 5 ,  3 6 9 ,  3 ? 0 , 3 7 1 , 3 ? 2

# f l I + I R R i G A T I O N : c r o u D  T o t a l  :  1 3 .  9  a c r e s D i v e r s i o n  L i r n i , t :  0 ' 0  a c f t .

r r r S c l e  S u p p l y  f o r  I r r i g a r i o n  f o !  B 5 - l ? 0  i n  t h i s  G r o u p  h a s  N O T  Y E T  b e e n  e v a l ' u a t e d r r r

P E R I o D  O F  U S E :  0 4 i  0 1  T O  1 0 / 3 1

I{I{P1.FG OF TEE: r__bfR[Ht€STsAFcER.-r----{G!iF,csIgARrB-r-scJTHi€sTQu4RIfq-'-SujTHu\STQuAI{El-r
r N {  { f €  t s r  l s E  ' N ^ l  l } €  l s {  l s E  r l { . l  I } - €  l * i  l s E  ' N t  l t ' E  l s ' l  l s  t

Sectim
TotatJ

13.9000
s € c ? T 3 9 S R  S { s , E { ' 8 . O O O 0 I  l 5 . 9 O O 0  I  - ' - l -  |  l - ' -  I  - l - l -  

r  I  I  I

lh i3  R igh t  185-3701 has  an  eva lua ted  so le_suPPlv  to ta l  fo r  ! l l i ga t ion  o f  0_00 acre ! '

Th is  R ighr  {85-3?0)  i s  a  nernb€!  o f  , r  supp lonenra l  ra re !  r ighr  s loup!  { i th  l r l i ga ted  ac leaEe to ta r inq  0  00  ac les .

r  r  r  i  i  r  r  r  r  r  r  r  r  r  r  E  N  o  o f  D A T  A r r r " i r r r r " ' r '



STATE OF UTAH

W A T E R  R i G H T :  8 5 - 3 ? 1

- DIVISION OF WATER RIGI{TS
( I T A R N I N G :  W a t e r  R i g h t s  m a k e s  N O  c l ' a i m s

A P P L I C A T I O N / C I " A I M  N O . :  C E R T

- DATA PRINT OUT

a s  t o  t h e  a c c u r a c Y  o f  t h j ' s

.  N O . :

fo r  85 -371
d a r a . )  R U N  D A T E :  0 5 / 2 4 / 2 0 0 6

S D 7

P a g e  1

o T N E R S X : P r r  r r r i r r r

N A . M E :  D a r l y n n  a n d  A r I e n e  S o r e n s e n

A D D R :  P .  O .  B o x  4  ?

O r d e r v i l l e ,  U T  8 4 7 5 8

I N T E R E S T :  l 0 0 t R E I . ' A R K S :  j o t n t  t e n a n t s

IAND OANED BY APPIICAN'I?
F I L E D :  O I / 2 9 /  1 9 ? 0  |  P R I O R I T Y :  0 0 / 0 0 / 1 8 8 9  I  P U B  B E G A . f i : I  PUB ENDED:  INEf iSPAPER:

I S E A C T I O N :  [  ] l A c t i o n D a t e :
I C E R T / w U C  0 t / 2 9 / L 9 7 0 I L A P ,  E T C :

P r o t e s t E n d :
E X T E N S I O N :
RENOVATE:

I  PROTESTED:  INO
I E L E C / P R @ F :  I
IRECON REQ:

] IHEARNG HLD:
I  |  t rT  t r a  /Dpa f ) t r .

I  T Y P E :  t  l

I  PR@F DUE:

I  PROV LETTER:

P D  B o o k  N o .  1  M a P :  5 c

T y p e  o f  R i g h t :  D i l i g e n c e  C l a i m S o u r c e  o f  I n f o :  P r o p o s e d  D e t e r m r n a t l o n q t t t l l a .

F L O W :  1 0 . 0  c f s

COUNTY:  Kane

S O U R C E :  S i n k  V a l I e Y  l l | a s h

COI{MON DESCRIFTION:

POINT OF DIVERSION - -  SURFACE:
( ' l )  N  4 9 0  f t  E  1 2 0 0  f t  f r o m  S I {  c o r ,  S e c  2 9 ,  T  3 9 S ,  R  5 t { ,  S L B M

D i v e r t i n g  ! { o r k s :

S t r e a m  A I t  R e q u i r e d ? :  N o

S o u r c e :

S U F P L E M E N T A I  G R O U P  N O .  6 1 2 3 ? { .  W a t e r  R i g h t s  A p p u r t e n a n t  t o  t h e  f o l l o w i n g  u s e ( s ) :

8 5 - 3 6 2 , 3 5 3 , 3 6 { , 3 6 5 , 1 6 5 , 3 6 7 , 3 6 8 , 3 6 9 , 3 1 0 , 3 1 1 , 3 1 2 , 3 ? 3 , 3 ? 4 , 3 1 5 , 3 1 1 , 3 1 8 , 3 1 9 , 3 8 0 , 3 8 1 , 3 8 2 , 1 8 3 , 3 8 4 , 3 8 5 , 3 8 6 ' J 8 ? , 3 8 8 ' 3 8 9

} f * STOCIfi{ATER: G r o u p  T o t a I :  3 0 0  S t o c k  U n i t s  D i v e ! 3 i o n  L i r n i t : P E R I O D  o F  U S E :  0 4 / 0 1  T o  1 2 l 3 1

r r rso l€  supp ly  fo r  s tock*a t . r lng  fo !  85-3?1 1n  t l i i s  GrouP has  N( t l  YET b€et  ev ' rua tqd ' .

SUPPLEM'mI !  GROoP No.  51238? ta te !  R igh ls  APPul tenant  to  th€  fo l  loH inq  u le (3) :

8 5 - 3 6 , r ,  3 5 5 ,  3 6 9 ,  3 ? 0 ,  3 t l

I I  T I IRRIGATION: G r o u p  T o t a I :  ? . 0  a c r e s D i v e r s i o n  L i n r - i t :  0 . 0  a c f t ' P E R I O D  O F  U S E :  0 4 l 0 1  T O  T I ] / 3 ]

r i r s o l e  S u p p l y  f o r  I r r i g a t . i c n  f o r  8 5 - 3 ? f  i n  t h i s  G r o u p  h a s  N O r t  Y E T  b e e n  e v a l u a t e d " '

I+#]IPT}G OF TSE; r llqxH |€sI QLnRIB-r-------*f,Kit n+sr ggRIB-r-sqJTH t€SI Q[nRIER-r----sqiTH E\sT QL!\RrfR---' se.jt-tcc

' r . t l |  I r €  | r t  I  g  r r . l  l r €  l s t l  l s  r r I l l  l ! €  l s l  l s € ' ! a  l l €  l s {  l s '  T ' l t a l t

s€c 29 T 39s R 5l $al .-l--l-l---'-t-l-l-'-l--l 2 3dol r'@Oor-l-t-l----' 3 3q$

s€c a2 r 39s R !r ss{ } 3.10001-l-l-'-l-l-l-'-l--l---l-'-t-l-l-' 3 ?@0

suPgLEtGNtA! GROSP NO, 512383, Later  Rights Appul t€nant to the fo l rot ln9 uss(3) :

8 5 - t 5 , r ,  3 5 5 .  3 6 9 ,  3 1 0 , 3 ? 1 ,  3 ? 2

P E R I O D  O F  U S E :  0 4 r 0 1  T O  l 0 / 3 1
f S I I I R R I G A T I O N :

t  *  i  S o l e  S u p p I y  f o r  I  r r i g a t i c n

G r o u P  T o t a l  :  1 3 .  9

f c r  8 5 - 3 7 1  i n  t h j s  G r o u P  h a s
a c r e s  D i v e r s i o n  L i n i r :  0  - 0  a c f t  -

N m  Y E T  b e e n  e v a l u a t e d " '



' r l R N U I ' , {  8 5 - 3 ? 1  c o n t . i n u e d ' r  i ( I I A R N I N G :  W a t e r  R i g h t s  m a k e s  N O  c l a r m s  a s  t o  t h e  a c c u r a c y  o f  t h i . s  d a t a . )  R U N 0 5 / 2 4 / 2 C 0 6  P a g e  2

r+*+PrLE OF lSE: r---.lu<fH y€SI OARIER-,----|DR[H EASI,Q[AFcEr-t-s(,T1.l r€ST r--SCIJTH EAST giqlurl--r

' }Ir I rr€ | s{ I SE r l.t.l | }€ | S.{ I $ r }I,i I }€ | s{ I S r M I }E I S{ | $ t

s €  ?  T  t 9 s  i  3 d  g , a n  '  8 . 0 0 o o l  _ l  5 . 9 0 0 0  1 _ ' _ l _  I  l - ' - l - - l - - l - ' - - l - l . - { - '

fh is  S igh t  185-311)  has  an  eva lua tec l  sor€-suPPlv  to ta l  fo !  i l r iga t ron  o !  0  00  acr€s '

Th i !  R ighr  (85-3?U is  a  n€nbe!  o r  3  supp le f ren ta t  H6re !  l igh t  g roups  e l th  i r ! lga tBd ac !€age to ta l inq  0 .00  acrcs

I  i  r  r  .  r  r  i  ' l  '  r  r  r  r  r  E  N  o  o F  D  A  1  A  t  r  '  r  r  r  I  r  r  r  r  i  r

Secticrr
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STATE OF UTAH

I { A T E R  R I G H T : 8 5 - 3 ? 2

- DIVISION OF WATER RIGFITS
( H A R N I N G :  l l a t e r  R i g h t s  m a k e s  N O  c l a i m s

A P P L I C A T I O N / C I " A I M  N O . :  C E R T .

- DATA PRINT

a s  t o  t h e  a c c u r a c y  o f

N O .  :

OUT for  85-372

t h i s  d a t a . )  R U N  D A T E :  0 5 / 2 4 / 2 0 0 6

SD

P a g e

8

I

N A M E :  D a r l y n n  a n d  A r I e n e  S o r e n s e n

A D D R :  P .  O .  B O X  4 ?
O r d e r v i .  I l e ,  U T  8 4 ? 5 8

INTEREST:  1001 REI {ARK5:  jo in t  tenants

I,AND OWNED BY APPLICAI.IT?

F I L E D :  O l / 2 9 /  1 9 7 0  |  P R I o R I T Y :  0 0 / 0 0 / 1 8 8 9 1  P U B  B E G A | I :

Pro tes tEnd:  IPRO{ESTED:  (No I  IHEARNG HLD:

E X T E N S I O N :  I E L E c / P R o o F : [  ] l E L E C / P R @ F :

RENOVATE:  IRECoN REQ:  ITYPE:  t

P D  B o o k  N o .  1  M a P :  5 c

T y p e  o f  R r g h t :  D i l i g e n c e  C l a j . m  s o u r c e  o f  I n f o :

I C E R T / l t t l c : .  A 1 / 2 9 / 1 9 ? 0 l I . A P ,  E T C :

)

Proposed Dete  rmina t lon S t a t u s :

I PUB ENDED:

I  S E  A C T I O N :  I

INETTSPAPER I

I  l A c t i o n D a t e :

F L O I { :  1 0 . 0  c f  s

COUNTY: KANE

S O U R C E :  S i n k  V a I I e Y  9 { a s h

COI{HON DESCRIPTION:

POINT OF DIVERSION - -  SURFACE:
( 1 )  s  2 9 0  f t  E  8 6 0  f t  f r o m  N l {  c o r ,  S e c  3 2 ,  T  3 9 s ,  R  5 I d ,  S L B M

D i v e r t i n g  t { o r ) < s :

S t r e a m  A l t  R e q u i r e d ? :  N o

S o u r c e :

suppLEMENTAI  GROUp No.  5123?4.  9 {a te r  R igh ts  Appur tenant  Co the  fo l low ing  use(s )  r

g 5 - 3 5 2 , 3 6 3 , 3 6 { , 3 6 5 , 3 6 6 , 3 5 ? , 3 6 8 , 3 5 9 , 3 ? 0 . 3 ' 1 1 , 3 ' 7 2 , 3 ? 3 , 3 ? 4 , 3 ' 1 5 , 3 1 1 , 3 ' 7 8 , 3 1 9 , 3 8 0 , 3 8 1 , 3 8 2 , 3 8 3 , 3 8 4 , 3 8 5 ' 3 8 6 ' 3 8 7 ' 3 8 8 ' 3 8 9

II I iI STOCKIIATER: G r o u p  T o t a l :  3 O O  s t o c k  U n i t s  D i v e r s i o n  L i r d t : P E R I O D  O F  U S E :  0 { / 0 1  T O  7 2 / 3 1

' .15016 Supply lor  Stocktatel ing fo!  85_3?2 in th l !  GrouP hat  NC/ l  YET besn evaluat€d'r '

SUPPLEuENTA! GRoIJP No, 512183. t later  Rights Appul tenant to the fo l lor ing use{s) :

8 5 - 3 6 1 ,  3 6 5 ,  3 5 9 ,  3 7 0 ,  3 ? 1 ,  3 ? 2

I I I I R R I G A T I O N : G r o u p  T o t a l :  1 3 . 9  a c r e s D i v e r s i o n  L i m i c :  0 . 0  a c f t . PERIOD OF 0 4 / 0 1  T O  L 0 / 3 1

r . ' so l€  supp ly  lo r  l l r lga . ion  to r  83-312 in  th is  e louP ha!  Nq l  YEt  b€en eva lua tedr ' r

t+*#PucE 0F r.s: r.--|tl{fH t€S-t QIARIER--'---------iCR[H Eq*s'f g]Sf,El-r-SCItI'H r€ST O-BFTER-r-StIH le.sf g.B8f,IR---t Sectrcn

r N,l I lE I g{ I SE r Ni I }€ I s{ | sE r l.I.| | }€ | s,i I sE r }l{ | }€ | s{ | s r Tctals

sec ! 1 39S r' 5r S.Ar' S.OOOO|_I 5.90o0l--'-t-t-t-'-l.-l-t-'-t-l-l-' 13 9000

'  r  '  .  r  r  r  r  r  i  .  I  i  r  r  E  N  D  o F  D  A  T  A ' ' i r r F r r r r ' i r r



STATE OF UTAH - DIVISION OF WATER RJGI-ITS - DATA PRINT OUT f OT 85-356 SD

( ! |ARNING: t . ier  Right !  rukes No c la i ru a3 ro the acculacy of  th ls data.)  RUN DATE: 05/2 '112006 Page

IATER RIGRT: g5-355 APPIICATIoN/CIAII i  No. :  cERl,  No. :

NAME:  Ju I ie  Johnson
ADDR:  PO Box 2063

P a g e  A Z  8 6 0 { 0

NAHE: Jases Johnson

ADDR:  PO BOX 2063
P a g e  A Z  8 6 0 { 0

NAME:  L loyd  Johnson

ADDR:  PO Box 2063
P a g e  A Z  8 6 0 { 0

9

I

IAND OWNED BY MPLICANT?

F I L E D :  0 4 / 2 ' t  / I g ' l O  I  P R I O R I T Y :  0 0 / 0 0 / 1 8 8 9 1  P U B  B E G A N :  I  P U B  E N D E D :  l N E I { S P A P E R :

p r o r e s t E n d :  I P R O T E S T E D :  [ N o  ]  I H E A R N G  H L D :  I S E  A C T I O N :  I  J  l A c t i o n D a t e :

E X T E N S I o N :  I E L E C / P R O O F :  I  l  I E L E C / P R O O F :  I C E R T / F U C :  0 4 / 2 ' 1  / 1 9 7 0 l L A P '  E T C :

RENOVATE: lRECOlt REQ: ITYPE: t l

PD Book No.  1  l taP:  5c

T y p e  o f  R i . g h t :  D i l i g e n c e  C l a i m  S o u r c e  o f  I n f o :  P r o P o s e d  D e t e r n i n a t i o n  S t a t u s :

I P R @ F  D U E :

I PROV LETTER:

F L O I { :  0 . 2 5  c f s

COUNTY: KANE

SOURCE:  S ink  Va1) .eY t fash

CC*{HO}I DESCRI PTION :

POINT OF DIVERSION - -  SURFACE:
( 1 )  N  2 { 0  f t  E  5 9 0  f t  f r o m  l l 4  c o r ,  s e c  3 2 ,  T  3 9 S ,  R  5 H ,  S L B M

Diver t  j ,ng  workg :

St reara  A l t  Requ i red?:  No

S o u r c e :

SUPPLEME}ITAI GRO{JP NO.

8 5 - 3 5 0 ,  3 5 1 ,  3 5 2 ,  3 5 3 ,  3 5 1 ,
61236' l  ,  l later Rights Appurtenant

3 5 5 ,  3 5 6 ,  J 5 7 , 3 5 8 , 3 5 9

t o  t h e  f o l l o w i n g  u s e ( s ) :

fl I ISTOCIfiIATER:

" ' s o l e  s u p p l y  f o r  s t o c k w a t e r i n g

G r o u p  T o t a l :  1 2 5

f o r  8 5 - 3 5 6  i n  t h i s  G r o u p
S t o c k  U n i t s  D i v e r s i o n  L i . n i t :

has  NOT YET been eva lua ted i ' r

P E R I O D  O F  U S E :  A 4 / 0 7  T o  1 2 / 3 1

SUPPLEMENTAL GROUP NO.  512370.

8 s - 3 5 5

t t I I R R I G A T I O N :  9 . 0  a c r e s D i v e r s i o n  L i r n i t :  0 . 0  a c f t . P E R I O D  o F  U S E :  0 { / 0 1  r o  l O i  1 1

*i{p!}cE O.| USE: r-lDRDt r€Sf, OUiJ<ER-r l-?q E\ST OltrdEl-'-g'tlt l€$ 0U$6!R-'-SCU!! E{sf, QIAIOIR-
. ! . , |  t l E  l s r  t $  r N |  t N E  t ! I {  l S ' | l l  l t €  l 9 l  l s ' | . l  l l €  l s , r  I  s E '  T o t ; l 3

se ? ! 39s R 5l s5l r-l--l r'oo@l-'-t-t-l-' 8.m!ol-l-l-'-l.-l-l--' 9 0000

r  .  r  .  t  .  I  i  .  r  .  .  i  .  .  E  N  D  o !  D  A 1 l  A r r " r " ' r r ' r i r r



APPEF{DIX 7-3

EXHIBIT 7-3
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STATE OF UTAH - DIVISION OF WATER RIGFITS - DATA PRINT OUT IOT 85-214 SPR 1

{s l \ fL \ :NG,  qa te !  R lqhrs  makes No c la i t r , s  as  to  the  accura .y  o f  th ls  da ta  I  RUN DATEr  05 /24 /2405 P39e I

' IATER RICgt j  85-?14 APPL!CAf IO| ' / ' j LAIM NO. :  CeRT NO :

N A H E :  C .  B u r t o n  P u g h

A I D R :  5 3 3  N o r : h  5 5 0  E a s l

L i n d o n ,  U t a l ' . 8 4 0 4 2

D A T E S ,  E T C . . . t r  
r t t t r t t t r t  r i * t  t t t t r r  t f

L"A,ND OWNED BY APPLICANT?

F I L E D :  O S / A 8 / I g 6 g I P R I O R I T Y :  ' ) 3 / ) 4 / 1 8 8 9 l P U B  B E G A N :  I P U B  E N D E D :  I N E W S P A P E R :

P r o t e s t E n d :  I P R o T E S T E D :  [ N o  ] I H E A R N G  H L D :  I S E  A C T I O N :  [  ] l A c t i o n D a t ' e :  | P R o o F . D U E :

E X T E N S T 9 N :  I E L E C / p R @ F :  t  I  I E L E C / P R @ F :  I C E R T / f U C :  0 8 / 0 8 / 1 9 6 9 1 I - A P '  E T C :  I P R C V  L E T T E R :

R E N O V A T E :  I R E C O N  R E Q :  I T Y P E T  t  )

P D  B o o k  N o .  1 .  M a P :  5 c

T y p e  c . r f  R i g h t :  D i I  j . g e n c e  ( - ' I a i m  S o u l c e  o f  I n f o :  P r o p o s e d  D e t e m j n a t i o n  s t a t u s :

L O C A T I O N  O F  I { A T E R  R I G H T * * t I I T I I I t  
t '

F l o l i :  O . C l 3  c f s  S o U R c E :  T a t e r  P a t c h  s p r r n g

COLINTY:  Kar re  CO|O{ON DESCRIFTION:

P O I N T  O F  D T V E R S I O N  - -  S U R F F C E :
( 1 )  s  { 9 0  f t  E  1 0 4 0  f c  f r o m  N l ' f  c : o r ,  S e c  2 9 ,  T  3 9 5 '  R  5 t { ,  S L B M

L l i . v e r i i n g  l i o r k s :

S t r e a m  A l t  R e q u r r e d ? :  N o

s u p p L E M E N T A t  c R o t J p  N o .  6 1 2 0 9 2 .  l f a t e r  R i g h t s  A p p u r t e n a n t  t o  t h e  f o ) . l o w i n g  u s e ( s ) :

8 5 - 1 0 0 , 2 1 4

l l l ISa lGATloNl  G loup Tota l :  0 .5  ac !e3  D ive ls ion  l in | i t r  0  0  acr t  PER!oD o '  USE:  04 /01  tO 10 /31

. tso le  supp ly  fo r  I r r ig . t io t t  to t  83-21{  !n  lh is  GrouP ha5 NoT YtT  been eva lua led" '

*{tna(! cF tEE '-tu<x r€sr au{dE8-r-i]d{l! EqsI GARtfR-',-sd)1'l I€$ ouqrgEl-r-scii4! o\sT ouwEi-i s€'tjcr'

. r i l , |  t ! €  l s f l  l s E ' l . r l  I l €  l c {  i s E ' m  l l €  | s ' l  s ' M  l l €  1 9 {  l s E  r  t o t ' l l

s€c 29 I 39s R :l,l sLB{ r o,6e0l- --l--'- -l-l-'- --.-l- --'---.1--*l-----l--' 0 5000

SUPPLEMSNIAI -  GROU9 NO,  512091.  ta te !  i igb ts  ApPul tenant  to  the  fo l lo t ing  use{5) l

8 5 - r 0 0 , 1 9 9 ,  ? O O , 2 O l ,  2 A 2 , 2 0 1 . 2 A a , 2 A a , 2 A 6 ' 2 A 1  ' 2 A A , 2 O 9 , 2 l O  '  2 l l , 2 l 3  '  2 1 1 , 2 i 5

f  1 f I S T O C K 1 { A T E R :  G r o u p  T o t a l :  2 5 0  S t o c k  U n i r s  D i v e r s i o n  L i m r t :

r * . S o l e  S u p p l y  f o r  S t o c k w a c e r r n g  f c r  6 5 - 2 1 {  i n  t h i s  G r o u p  h a s  N O T  Y E T  b e e n  e v a l u a L e d * "
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* I f l I R R I G A T I O N : G r o u p  T o t a I :  9 3 . 0  a c r e s D ! v e r s i o n  t , i n i t :  0  0  a c f t P E R I O D  0 F  U S E :  0 4 / 0 1  T O  1 0 / 3 1

r i l S o I e  S u p p l y  f o r  I c r i E a t i o r r  f o r  8 5 - 3 5 1  i n  t h i s  G r o u p  h a s  N O T  Y E T  b e e n  e v a l u a t e d ' t '

t{ftp!?C o€ tsE: r.-Mrar{ l5st g$rdEA-r--][Rm EAS! grRrE{-'-SdJTl] t€ST glwEl- -r---g1tlt f*al QLItRrEr--' S€ctiql
' I . r , l  I l €  1 5 {  l s c  ' ' t {  l  t ' E  l 9 l  l s E  r i 9 l  l f €  1 9 {  I $  1 l . D {  l r €  l s r  | $  '  T o t a !

s€c29r39SR 9{  s t1  '? .2oOO1 O.?0OOI23.2OO0|  o .3oo0r - l - - l - - l  ' ?1 . lOOOl- - - * -1 . . - . - , , ' , - - - . - - l - - . - - l - - - l - - '  520@0

s.c 3! T 39s R Sd 3Al '--l----l- -:-l-l-l l.OOOO'-1-l-l-'--120 0'x)01-*120 00mr 11 000C

S U P P L E H E N T A L  G R C U P  N O .  6 1 2 3 5 ? .  t { a t e r  R i g h t s  A p p u r t e n a n t  c o  c h e  f o l l o w i n g  u 3 € ( s ) :

8 5 - I 5 0 , I 5 1 , 3 5 2 , 3 5 3 , 3 5 4 , 3 5 5 , 3 5 6 , 3 5 7 , 3 5 B . 3 5 9

I I  I+ STOCKWATER:

" ' S c i e  S u p p l y  f c r  S t  o c k w a L e r i r r g
G r o u p  T o t a I :  1 2 5

f o r  8 5 - 3 5 1  r n  r - h i s  G r o u p
S t o c k  U n i . t s  D i v e r s i o n  L i r n i t :

h a s  N O T  Y E T  b e e n  e v a l u a t e d "  "

P e R t o D  O F  U S E :  0 { / 0 1 .  T O  1 2 l 3 1

PLACE Oa USE fo r  SaOct l lATERlNGrr r

S e :  2 9  r  3 9 5  R  5 h  S t . B M

NORTH -WESTl ' t

t.TW NE SW SE

NORTH-EASTL{

1..\{ NE SlC SE

SOUTH-WESTK
!,'ll NE SW SE

souTH - L\-s'111
NIi NE 51{ SF;



f i f to !  65 ,351 .on t rnuedr . '  I r rARNtNG:  t ia te !  R !gh !s  rLakes  NO c la ins  as  to  the  accuracy  o !  th is  Cat :  )  RU! '  DATE 05/?4 /2006 Prge '

t r t t r t ' E  N  D  o  F



STATE OF UTAH - DIVISION OF WATER RlGl- lTS - DATA PRINT OUT f or 85-352
( W A $ ' - N I I N G :  t t a . . e r  R j - g h r - s  m a k e s  l i o  c l . a r r n s  a s  t o  E h €  a c c u : a c y  c f  L h i s  d a t a  .  )  R U N  D A T E :  Q 5 / 7 4 i 2 0 4 6

A P P L I C A T I O N / C L A I M  N O " :  C E R T .  N O . :

SPR 6

O 
i {A rER R iGHr :  85 -3s2

o W N E R S H I P T  
r  r  r  r  r r t  r  I  i  a r  t '  I  t

NAI€: Rr cha rd l-  .  6 A-I ecra S . Dame

A D D R :  1 6 2 C  G e o r g i a  A v e .
B o u l d e r  c i r y  N V  8 9 0 0 5 ' 3 6 4  3

INTEREST:  l  OOI  RE} ' IARKS:  A3 JCTNI i e n a n : s

D A T E S ,  E T C .

I.AND OWNED BY APPLICANT?
F I L E D :  A 4 / 2 1  /  1 9 7 0  I  P R I o R I T Y :  0 0 / 0 0 / 1 8 8 9  i  P U B  B E G A N :

P r o t € s t E n d :  I  P R O T E S T E D :  [ N c  ]  |  H E A R N G  H L D :

E X T E N S I O N :  I E L E C / P R C O F : [  ] I E L E C / ? R O O F :
RENOVATE:  I  RECON REQ:  I  TYPE:  t

P D  B o o k  N o .  1  M a p :  5 c

T y p e  o f  R i g i r t  :  D i  I  r , g e n c e  C l . a i m  S o u r c e  o f  I n f o :

I  PUB ENDED:  I  NEI {SPAPER :

I S E A C T I O N :  I  l l A c E i o n D a t e :
I C E R T / w U C :  A 4 / 2 1 l 1 9 r 0 l L A P .  E T C :

I PROOF DUE:
I  PROV LETTER:

l

P r o p o s e d  D e t e r m i n a r r o n S t a t u s :

LOCATION OF I {ATER RIGHT

F L O I I :  0 . 2 5  r : f s

COLN' IY :  Kane C O M H O N  D E S C R I  P T I T I N :

P O I N T  C F  D I V E R S I O N  - .  S U R f ' A C E :
( 1 )  S  1 4 ? 5  f t  E  5 3 0  t t  f r o m  N I {  c o r ,  S e c  2 9 ,  T  3 9 S ,  R

D i v e r t i n g  t l o r k s :

S t r e a m  A ) t  R e q t . r i r e d ? :  N o

SOURCE:  Swapp Ranch spr ing  Area Nc)  3

S o u r c e :

u s E s  o F  I I A T E R  R i G H T r t r r ? t t q . r t t t t t r r  r r r r

S U P P L E M E N T A I  G R O U P  N O "  5 1 2 3 6 6 .  l f a t e r  R i g h l s  A p p u r t e n a n t  t o  t h e  f o l l o w i n g  u s e ( s ) :

I  I *  T l  RRI GATION: G r o u p  T o t a l . :  9 3 . 0  a c r e s  D i v e r s i o n  L j . m i t :  0 . 0  a c f t P E R I O D  o F  U S E :  0 a l 0 1  T O  L 0 l 3 1
. r . S o l e  S u p p l y  f o r  l r r i g a t i o n  f o r  B 5 - - 1 5 2  i n  t h i s  c r o u p  h a s  N O T  Y E T  b e e n  e v a l u a t e d r r i

{*lPL}e oF !6E: r- l_r<u rEsT gAF3El---'----rrxIH al\s-r glq8lE\- .*--.r-sq.t$ E4st g.FlrltR-r s€ctio
' | t l  l l €  l s l  l s E  r t ' r , l  I ' €  l 9 l  l $ ' ! ! l  r E  | t r  1 S ' | ! l  l l €  1 9 {  l s '  r o t l

s€c 29 a 39S r( I SAn r ? 20OOl C.?000123 zrxnt 0.30oor___'-_t_t_r2r.1000 _-l___l___'--l__- -l-_' ?.c000
s€c l0 1 39s I t gan ' I | *r- '_ _t_ _l 1.0@0'_ ___l__-- --'-120.00001- 20 0000' {1.0000

SUFPLE| , IENTAL GROUP NO.  612357 .  ra te r  R i  ghr ,s  App ' . i r renant  to  the  f  o I  Iow ing  use (s  )  :

8 5 - 3 5 0 , 3 5 I , 3 5 2 , 3 5 3 , 3 5 4 , 3 5 5 , 3 5 fr , 3 5 ? , I 5 B . I 1 9

# # $ S T O C K I { A T E R :  G r o u p  T o t a l :  1 2 5  S t o c k  U n i t s
. " s o l e  s u p p l y  r o !  s t o c K w a t e r l n g  f i ) i  8 5 - 3 5 2  i n  t h i s  G r o u p  h a s  N o T  Y E T

D i v e r s i o n  L i r *  t  :

b e e n  e v a l u a t e d " '

P E F . I O D  O F  U S E :  C 4 / 4 1  T 0  1 i 1 3 1

N  D  O  F  D  A  T  A . t t t t t r t i



STATE OF UTAH

i t A T E R  R I C I I T :  8 5 ' 2 I 5

- DIVISION OF WATER RlGl- lTS - DATA PRINT OUT f or 85-215

( W A R N I N G :  H a : e r  R r g h r . s  m a k e s  f i o  c i a i n s  a s  t o  r h e  a c c u r a c y  c i  t h l s  d a t a  .  )  R L I N  D A i i '  c 5  1 2 4  / 2 0 4 6

A P P L I C A T I O I i i C i - A i M  N O , :  C E R T .  N O . :

SPR

C W N E R S T i I P T T i T T

N A X E :  C .  B u r E o n  P u g h

A D D R :  5 3 1  N o r r h  6 5 C  E a s t

L r n d o n ,  U l a n  t 4 0 4 2

:-AND OhNED BY APPLICANT?

F I L E D :  O S i O B /  1 9 6 9  I  P R I O R I T Y :  O O / O A / T 8 6 4  I  P U B  B E G A N :  i  P U t s  E N D E D :  i N E I { S P A P E R :

P r o t e s t . E n d :  I P R O T E S T E D :  [ ! f o  ]  I H E A R N G  H L D :  I S E  A C T I O N :  [  ]  l A c t i o n D a t e :

E X T E N S T O N :  T D L E C / P R O O F :  t  I  I E L E C / P R O O F :  I C E R T / W U C :  0 8 / 0 8 / 1 9 6 9 1 1 " \ P ,  E T C :

R E N O V A T E :  I R E C O N  R E Q :  I T Y P E :  t  l

P D  B o o k  N o .  I  H a P ;  i c

T y p e  o f  R i g h t :  D i l i g e n c e  C l a i m  S o u r c e  o f  I n f o :  P r o p o s e d  D e t e r m i n a t i c n  S t a t u s :

J PROOF DdJE:

I  PROV LETl 'E: r

F L O [ { : 0 . O O r  c f s  S O U R C E :  S p r l n g  H o u s e  S p r i n g

CO{,NTY :  Kane . iOl4 lON DESCRI PT ION:

P O I N ' I  O F  D I V E I 1 S I C i . I

(  1 ) S t c c k w a t e r j - n g  d r r e . . ' L i . y  o n  s p r i n g  l o c a t e < l  i n  S W 4 N W 4  S e c  2 9 ,  T 3 9 S ,  R 5 W '  S L B M

C o I . O { E N T :  A d r n j n i s t r a t i v e l y  u p d a t e d  b y  s t a t e  E n g i n e e r .

s u P P L E M E N T A I  G R O U p  N O .  6 1 2 0 9 3 ,  W a r e r  R i g h t s  A p p u r t e n a n t  t o  t h e  f o l l o w i n g  u s e ( s ) ;

g 5 - r 0 0 , 1 9 9 , 2 0 0 , 2 0 7 , ? A ?  2 0 3 , 2 0 4 , 2 0 5 , 2 0 6 , 2 0 1  , 2 0 8 , 2 0 9 , 2 r 0 , 2 7 r , 2 r 3 , 2 1 1 ' 2 L 5

SUPgI ,E I {ENTAI  GROUP O.  6 I22  69 ,

8  5  - 2 1 5

t t f S T O C I f i { A T E ? , :  G r o u p  T o t a l :  2 5 0  S t o c k  U n i t s  D i v e r s i o n  L i n L r t :

r r . S o I e  S u p p l y  l o i  S l o t ; h w a t e r i n g  f o r  8 5 - 2 1 5  i n  t h i s  G r o u p  h a s  N O T  Y E T  b e e n  e v a l u a t e d r r r

* # * D O M E S T i C : I  Far t r i . l  y D i v e r s i o n  L i m i . t : p E t l I ( _ ) D  C F  U S E :  0 1 .  / 0 1  T O  1 1 , . / 3 1

*{liPL}@ aF ,S€l
r N 4  t r €  t s {  l $  r | ! |  l r E :  l s {  l s  r M  l ! €  1 5 '  s E ' l \ [ {  l r G  s {  l s '  T o t a l r

S€c?9Tl9SR 9f  sfBl  ' - - - - l - - lx  - - ' - l - l - l - - ' -1 _._ ' -  l - ' . -  -1.- - ' - . - . - - .1 , . . - . .1. , - - - - l - - - - '  0 0000

p L A c E  o F  u s E  f c ! .  S T C X j K W A T E R I N G r r r r t t i r i r i t r r t r r t r t t r r t r r r r r r r i t t t t r r t r r r i t r r l t t i i t r t t t r r i t t t t t t t r t t t t a t r * 1 r

S e c  2 9  T  3 9 S  R  5 I t  S L B H

NORTH-WESTrr NORTH-EASTrr

NI+I NE S9J SE NH NE SW SE
r  .  .  Y ,  t  a

SO{JTH-}IESTK SOUTI{- EASTK

NW NE SI{ SE NIi NE SII SE
, t



STATE OF UTAH _ DIVISION OF WATER RIGI-ITS - DATA PRINT OUT f OT 85-353 SPR 8

lBA i t t ING:  taa ie r  R igh ts  Mk€s NO c :a !G as  to  rhe  accuracy  o f  th is  da ta . )  R l t l  DA|E:  05 /2{ /2006 page :

f lATEI  RIGHT:  85 ' l5 l  APPI IC, \T ION/CIAMO :  CER' .  NO. :

o t { N E R S F i I P i  
r .  r .  r r  i  r r  t  t  t t  t  t  i  ' t  t  e '  I  t  r t  t  r t  t t  t t  ' r  t  t  t  t  t r  r .  t t  t  t r t  t " r '  r t  t  I  t  t  i  r  t  t  t  r  t r

N A I ' { E :  R i c h a r d  L ,  6  A I e c i a  S .  D a m e

A D D R :  1 6 2 0  G e o r g r a  A v e .
B o u l d e r  C i r - y  f W  8 9 0 0 5 - 3 5 4 l

I N T E R E S T :  1 0 O t  R E ! { A R K S :  A s  J o i n t  i e n a n i s

U A I g > ,  E T L

I .AND O9TNED BY APPLICANT?

F I L E D :  0 4 / 2 ' 7  /  1 9 ? O  I  P R I o R I T Y :  0 0 / 0 0 / 1 8 E 9  I  P U B  B E G A N T  I  P U B  E N D E D :  I N E H S P A P E I { :
p r o r e s t E n d :  I P R O T E S T E D :  [ N o  ]  I H E A R N G  H L D :  I S E  A C T I O N :  {  I  l A c t i o n D a t e :

E X T E N S I o N :  I E L E C / P R O O F :  I  I  I E L E C / P R o o F :  I C E R T / I I U C :  0 4 / 2 i  / 1 9 ] 0 l L , A P ,  E T C .

RENOVATE:  IRECON FEQ:  ITYPE:  t  )

P D  B o o k  N o .  1  l { a p :  5 c

T ' n o  ^ f  Q i  - h r .  n i  I  l g g n c g  C l a i i I  S o u r c e  o f  I n f o :  P r o p o s e d  D e t e r m i n a t i o n  S t a t u s :

I PRCOF DUE:

I  FROV LETTER:

LOCATION OF tA tER RIGST' r  r  r r  r  r r  r

F L O I { :  1 . 0  c f s

COUNTY:  KANE C O M M O N  D E S C R I P T I O I I :

POINT OF DIVERSlOI ' I  - -  SURFACE:
( l )  S  1 9 3 0  f t  E  5 ? 0  f t  f r o r n  l { W  c o r /  s e c  2 9 ,  T  3 9 S ,  R  5 w ,  S L B M

D j . v e r t i n g  i l c r k s :

S t r e a m  A i t  R e q u l r e C ? :  N o

S O U R C E :  S w a p p  R a n c h  S p r i n g  A r e a  N o .  4

S o u r c e :

u s E s  o F  f l A T E R  R t G B T i r i i r r i ' r i r r r r

S U P P L E M E N T A L  G R O U p  N O .  6 1 2 3 6 6 .  q a t e r :  F j E h i s  A p p u r r e n a n !  r o  t h e  f o l l o w i n g  u s e ( s ) :

I I I I # I R R I C A T I O N : G r o u p  T o t a l :  9 3 , 0  a c r e s  D i v e r s i o n  L i r n i t :  0 . 0  a c f t . P E R I O D  O F  U S E :  0 4 / A 1  T o  1 3 / 3 i
. . * S o I e  S u p p l y  f o r  I r r i g a t i o n  f o r  8 5 - 3 5 3  i n  t h i s  G r o u p  h a s  N O T  Y E T  b e e n  e v a l u a t e d " '

tittip.!,l@ OF UsEr i-lrRH fF]st !tFRI€R-.----rCR!r EAST q(ARlrn-r-Sq'r'l t€SI QUcltIE{-r-Sqn O{51 COqEI!R-' Seclld
r ! . l  l a E  t g l  t s ! , N r  L N E  t g r  t s E  r N i l  l r €  s r d  l s E  i l { / l  l i E  t s r  l s E  .  T o l a l !

s€c 29 139s R tr san'?.2oool c.20(rl23.2oo0l o.30oo'-l-l-l--'21.loool---l---t--'-l--.1.-l-' 52 0r,90

s€c 30 T l9s R 5,1 Si.s{ '-l--.--- l,*--l-'-l-l--l 1.oooor-l--l--l-'-120.00o01.-120.@0o' {r'0000

S U P P L E H E N T A L  G R O U P  N O .  6 1 2 3 6 ' 1 .  ! { a t e r  R i g h t s  A p p u r t e n a n t  t o  t h e  f o l l o w i n g  u s e ( s ) :

8 5 - 3 5 0 ,  3 5 1 ,  3 5 2 ,  3 5 3 ,  3 5 4 , 3 5 5 ,  3 5 6 ,  1 5 7 ,  1 5 8 ,  3 5 9

l i t l S T C > C I O i A T E R :  G r o u p  T o c a l :  1 2 5  S t o c k  U n i t s  D i v e r s i o n  L i r n i  t :
. r . S o I e  S u p p l y  f o r  S t o c k H a t e r r r ) g  f o r  8 5 - 3 5 3  i n  t h r s  G r o u p  h a s  N O T  Y E T  b e e n  e v a l u a t e d r r r

P E R I o D  o F  U S E :  C 4 / 0 )  T a  1 2 / 3 1

I r r t t i l i . i t t t t { t t i a + r i r i i t l i r r r r r t t r t t r r t t r r l i r r r r r l r i . E  N  D  o  F  D  A  T  A r t t t t t i t t t r } t t l t t t t t t a t t c t c ? t t t t



STATE OF UTAH

l l A ' I E R  R i G H T T  B 5 - 3 r :

- DIVISIQN OF WATER RIGIITS - DATA PRINT OUT

t I { A I { N I N G :  t J a r - e r  R j g h t s  r n a k e s  N c  c l . a : , m s  a s  ! o  t h e  a c c u r a c y  o r  t h l s

APPI , ICAT ION i  C I - \ IM No.  :  CERT '  NC '  :

fo r  85 -375
, J a t a  )  R ' . I N  D A ' I E :  C 1 / 2 4  / 2 0 4 6

SPR 9

P a g e  I

N A Y E :  D a r l y n n  a n C  A r I e n e  S o r e n s e n

A D D R :  P .  O .  B O X  4 7

C r d e r v i l l e ,  U T  8 4 7 5 8

I N T E R E S T :  1 0 0 1  R L N { A R K S :  J o r n t  c e n a n l s

D A T E S ,  E T C .  t  t  r  I  t  t  ? . d  I  { t e ;  t  i  t t t t t r  t  r  r

I.A,ND OIINED BY APPLICAN'I'?

F I L E D :  O L / 2 9 /  1 9 ' / 0 I P R I O R I T Y :  0 0 / C 0 / 1 8 6 4  I P U B  B E G A ] I I  :

P r o c e s t E n d :  i  P R C T E S T E D :  [ N c  ]  |  H E A R N G  H L D :

E X T E N S I o N :  I E L E C / P R O o F : [  ] l E L E c / P R o o F i

RENOVATE:  I  RECO| I  REQ:  I  TYPE:  t

P D  B o o k  N o .  1  H a P :  5 r -

T y p e  o f  R r . g h t :  D i  l i g e n c e  C I a  j ' m  S o u r c e  o f  I n f  o :

I  PUB ENDED:  I  NEI iSPAfER:

I  s E  A C T I O N :  [  ]  |  A c t  i o n D a t e

I  C E R T / t { u c  :  A l / 2 9 / I  9 ? C  I  t A P ,  E T C :
I  PR@F DUE:

I  PRCV LETTER:

j

P r o p o s e d  D e t e r m i n a t  i o n S t a t r - ! s  i

F L O W :  0 , 0 2 2  c f t

COUNIY : Kane CC,VI' iON DLSCRI Pl ION:

P O I N T  O F  D I V E R S i O N :

S O U R C E :  S o r e n s e n  R a n c h  S P r i n g  N o .  3

(  1 ) S t c c k w a t - e I i n g  d i r e c t . t y  c n  s p r i n g  l o c a t e d  i n  N r i 4 N W 4  S e c  3 2 ,  T 3 9 S ,  R 5 W '  S L B M

( : O M M E N T ' :  A C r n i n i . s t r a t i v e l y  u p d a t e d  b y  S t a t e  E n g i n e e r '

SUPPLEMEN'IAI  GRCUF NC,

8 5 - 3 5 2 ,  3 6 1 ,  3 6 4 ,  3 5 3 ,  1 6 6 ,

6  t 2  . l l {  .  I { a t e  r  R i g h t s  A p p u r t e n a n t  t o  t h e  f  o l  l o w i n q  u s e  ( s  )  :
" 1  6 ? , 3 6 8 , 3 6 9 , 3 7 0 ,  3 1  1 , 3 1 2 , 3 1  3 , 3 ' t  4 , 3 ' 7 5 , 3 ' 7 1 , 3 ? 8 ,  3 ? 9 , 3 8 0 , 3 8 1 , 3 8 2 , 3 8 3 ,  3 8 4 , 3 8 5 , 8 5 . 3 8 r . 1 8 8 , 3 8 9

D i v e r s i o n  L i r n i t :

b e e n  e v a l u a t e d * ' *

P E R I O D  o F  U S E :  0 4 / 0 1  T O  1 2 / 3 1
f { IST.OCKWATER:
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I .  INTRODUCIION

Sink Val ley  is  located in  west -cenLra l  Kane County ,  Utah,  in  fhe

West Block of  fhe proposed Alton CoaI Projecf.  The hydrologic behavior

o f  the va1 ley  has been s ign i f icant ly  modi f ied by  the capture  o f  the

upper part  of  the drainage basin (Dry Fork and Water Canyon) by Lower

Robinson Creek. The surf ic ia l  d ischarges passing through Sink Val ley

are now der ived pr imari ly f rom the unnamed tr ibutary in Sect ion 2L and

from Swapp Hol low drainage basin.  f { i th in Sink Val ley there is no

cont inuous channel,  but a cont inr:ous and deeply incised channel (Sink

Valtey Wash) exists downstream ofl ' the culvert on County Road L35

( RIton-Skuturnpah ) .

The incis ion of l  Sink Val ley Wash downstream of the road culvert

post-dates bhe General  Land 0ff ice Survey (Burr i l l ,  1875).  At the t ime

of lhe survey, Sink Creek (his term for Sink Val ley Wash) was 5 l inks (-

3 feet)  wide and 6 inches deep. In contrast,  the present channel is

about 69 feeb wide and 23 feet deep, fhe diminut ive size of  the pre-

incision ehannel in the comparatively narrovl valley, about 2 miles

downstream of Ehe County Road L36 culvert ,  suggests that sheetf low,

rather than conf ined channel f low, was the pr imary discharge mode. This

observat ion tencls bo be supported by Gregory [ I9]5),  who descr ibed the

area within Sink Val ley as being swampy, and this is corroborated by the

accounts  o f  ear ly  se[ t , ]e rs  (Carro l l ,  1950) .
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l .  J.  A1luvial  VaI ley Floor Def ini t ion

The regu la tory  def in i t ion  o f  an a l luv ia l  va l ley  f loor  is  out l ined in

bhe Off ice of  Surface Mining's (OSpt,  I9B3),  Al ]uvial  Val ley Floor

Ident i f icat ion fuidel ines, in which are Iaid down two sets of  cr i ter ia

( l )  Geolog ic  and (2)  Water  Ava i lab i l i ty .  rhe geo log ic  c r i te r ia  are ;

(a)  a  topograph ic  va l ley  wi th  a  cont inuous perenn ia l ,  in termi t tent ,

or ephemeral  stream channel running through i t ;  and

(b)  w i th in  that  va l ley ,  those sur face landforms that  are  e i ther

f lood plains or terraces i f  these landforms are underlain by

unconsol idated deposi ts (streamlaid);  and

(c) rvithin that valley, those side-slope areas that can reasonably

be shown to be underlain by alluvium and which are adjacent to

f lood plain or tetrace landform areas.

Speci f ical ly excluded from the OSM def ini t ion of  al luvial  val ley f loors

are upland areas, which are def ined as those geomorphic features located

outside the f lood plain and terrace complex, such as isolated higher

terraces, al luvial  fans, pediment surfaces, landsl ide deposi ts,  and

surfaees covered with residuum, mud f lows or debr is f lowsr Bs wel l  as

highland areas underlain by bedrock and covered by residual  weathered

mater ial  or debr is deposi ted by sheetwash, r i l lwash, or windblown

mater ial- .

0n the bas is  o f  bhe geo log ic  c r i te r ia  i t  i s  apparent ,  there fore ,

that the requirement for an AIIuviaI  Val ley Floor determinat ion is the

presence of a cont inuous channel wi thin a topographic vaI ley,  the f loor



of which conlains f loodplain and terrace features that are underlain by

unconsol idabed streamlaid deposi ts that were deposi ted by the cont inuous

channel.  The f l .ow regime of the channel may be perennial ,  intermit tent

or discont inuous. By the same cr i ter ia al luvial  fans, areas underlain

by bedrock and covered by residuum or col luvial  deposi ts and surfaces

covered by nrud f lows, debr is f lows or sheetwash deposi ts are not

coosidered to meet the geologic cr i ter ia for al luvial  val ley f i .oots.

Current regulat ions of  the Utah Divis ion of  0i1,  Gas and Minirrg

(UD0G'1) state thal  unconsol idated streamlaid deposi ts holding streams

rneans, wi th respect to al luvial  val ley f loors,  al l  f loodplains and

berraces located in the lower port ions of  topographie val leys which

eontain perennial  or other sLreams with channels that are greater than i

feet in bankful l  width and greater than 0.5 feeb ln bankful l  depth.

L,2.  Bacl<ground

The results of previous inrrestigabions of Sink VaIIey reported in

Ju ly  I9B7 (C.D.M.1 I9B7)  eoneluded that  S ink  Va l ley  d id  not  meet  the

regulatory def in i t ion of  an aI luvial  val ley f loor For two reasons,

First ,  there is no conbinuous s 'bream channel throurgh bhe val ley '

Secor id,  the va1ley f i l l  in Sink Val ley is not streant laid but ralher was

rJeposi ted by var ious processes including mudf lows, debr is f lows, and

sheetf loods thal  formed al luvial  fans.

This informat ion vras presen[ed to Utah Divis ion of  Oi l ,  Gas and

Mining (UDOGM) lor their  considerat ion. UD0GM concluded that further

irrformation was necessary before Sink Valley coulrl be determined not to
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be an AVF. UDOGM proposed that man's act iv i t ies rnay have el inr inated the

cont inuous strearn Lhrough Sink Va1ley. They suggested that further work

be performed bo ident i fy whether there are cont inuous streamlaid

deposi ts through the vaJ.J.ey.

Second,  they suggested that ,  wh i le  s t reamla id  depos i ts  d id  not

appear to be present on the surface, explorat ion dr i l1 holes have

indicated the possible presence of streamlaid deposi fs at  depth. They

suggested that further information be submitted to deterrnine whether the

surface expression of l  posslble streamlaid deposi ts has been obscured by

recent development of  al luvial  fans man's act iv i t ies.  Under this

scenario carelul  subsurface invest igat ions would ident i fy the presence

of streamlaid deposits at a shallow depth fhat have been overlain by

more recent deposi ts,

Therefore ,  the ob jec t ives o f  th is  invest igat ion o f  S ink  Va l ley ,  that

vras conducted for the Nevada Electric Invesfmenf Company, under the

supervis ion of  Mr.  Dean Wil l iams of BFIP-Utah Internat ional  were: ( I )  to

determine whether there were streamlaid deposits beneath the surface of

the val ley f loor,  and (2) to determine whether the al luvial  fans, or

man's act iv i t ies had obscured a previously exist ing cont inuous channel

that t raversed the length of  Sink VaI ley.

I .J ,  Methods o f  Invest igat ion

This f ie ld invest igat ion of  Sink Val ley was conducted between July

7, 1988 and JuIy L7, 1988. Nine topographic cross sect ions ( t  to IX)

were surveyed across the val ley and two tr ibutar ies wiLh an EDM-coupled



o

theodol i te such that they were or iented perpendicular to the

depos i t iona l  ax is  o f  the va l leys .  The cross sect ions were t ied to  a

common datum and f idue ia l  po in t  (10,000,  I0 ,000) :  the sect ion corner

be tween  Sec t i ons  L9 ,20 ,29  and  30 ,  T .  J9S ,  R .5W,  whe re  f he re  i s  a

monumented brass cap (Et- .  5914 feet) .  The up-val Iey cross sect ion [No.

I  )  i s  Iocated in  Sect , ion 21,  T .  J9S. ,  R.  5W and the down-va} ley  cross

sec l i on  (No .  IX )  i s  l oca ted  i n  Sec t i ons  5  and  6 ,  T .  40S . ,  R ,  5W,  The

cress sect ions viere surveyed in order to character ize the val ley f loor

topography, and to provide ground surface elevat ions for the

st ra t ig raph ic  invest , igat ion IDrawings No.  ]  to  9) .

Strat igraphic data for the val ley f loor were obtained from bank

exposures in the incised channels of Lower Robinson Creek and Sink

Val ley Wash, and frorn 28 backhoe pibs, A total  of  37 strat igraphic

sect ions r ' lere measured and descr ibed in the pi ts and incised-channel

banks. Al l  of  the pi t  and channel bank exposures were photographed.

In addit ion L,o bhe above, a debr is f low lobe on the val ley f loor was

roughly surveyed with a hip chain and Brunton compass. The axes of

coarse clast ie secl iments on one of the debris f low levees were measured

and recorded, A f ie ld reconnaissance ol  the Sunset CI i f fs in l t later

eanyon was conducted to document the up-valley sedimenf source. These

deposi ts and the source rocks were photographed. During the f ie ld

invest igat ion Freviously mapped discont inuous channel segments within

Sinl< Val ley (Harvey and Schunm, I9B7) were f l ie ld checked Lo determine

t- freir  or ig in and conLinui ty.
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1 .4 ,  Geo logy

Sedimentary rocks associated with the Pausaugunt Plaleau range in

age f rom Jurass ic  to  Recent  (F iq .  1 .1) .  In  the S ink  Va l ley  area,

sandstones and coal  seams of the Cretaceous Dakota FormaIion are

overlain by the slope forming Tropic Shale.  The Tropic Shale consists

of grey Lo brown argi l laceous shale,  which commonly erodes info badlands

topography (Gregory,  I95I) .  The Tropic Sha1e is approximately 75O feet

thick in central  Kane County lDoelI ing, L972).  0ver ly ing the Tropic

Shale,  the Upper Cretaceous Straight Cl i f fs,  Wahweap, and Kaiparowits

Forma[ions are cornposed of weakly cemented sandstones and minor

arenaceous shales which reach a cumulative thickness of 1700 feet in the

study area.

The Upper Cretaceous Kaiparowits Formation is unconformably overlain

by t,he Eocene i, lasatch (Claron ) Formation, a sequence of basal

conglomerate and pink and white l imestone which is approximately 500

feet th ick in the Sunset C1if fs above Sink Val ley.  The basal port ion of

the Wasatch Formation consists of a conglomeratic unit which ranges in

thickness from 20 to 100 feet (Cregory'  I95I) .  The uni t  contains

rounded quartz i te,  chert ,  I imestene, and volcanic c lasts in a calcareous

matr ix,  CLasts reach 3 feeb in diameter on the r im of the Paunsaugunt

Plateau (Cregory, I95I). The Wasatch Formation beeomes sandy upsection

(Doel l ing, Lg72).  Quaternary basal t  f lows are present south of  Sink

Va1ley, in the Bald Knol l  and Buck Knol l  areas.

Pre-Quaternary sediments of fhe Sink Valley area dip gently

ncr theastward.  A long s t r ike ,  the la tera l  cont inu i ty  o f  bhese un i ts  is
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disrupted by two major northeaster ly t rending laul ts which bound the

Paunsaugunt  P la teau ( r ig .  I .2 ) .  The Paunsaugunt  fau l t  marks the eastern

boundary of  the pJ.ateau and is located approxirnately I1 miJes east of

Sink Va1ley. The faul t  is general ly normal and downthrown to the west.

Offset along the Paunsaugunt faul t  ranges from I00 to 500 feet (Doel l ing

and Graham, L972).

The Sevier f laul t  l ies 1 mi les west of  Sink VaIIey,  marking the

boundary of both t,he Pausaugunt Plateau and the Alton coal f ield. The

faul t  extends approximately 100 mi les from south of  the Grand Canyon to

central  Utah. The faul t  is normal and downthrown to the west.  Total

displacement on [he Sevier fault ranges from 1000 to 2000 fleet (Doetl ing

and Graham, L972).

The Bald KnoII fault runs parallel to the Sevier and Paunsaugunt

faul ts,  passing approximately I  mi le east of  Sink Val ley.  fhe faul t  is

normal and downthrown to the east. Total offset on the Bald Knoll fault

may be as rnuch as 500 feet (Doell ing and Graharn, L972).

A topographic gradient which averages 500 ft/mile extends frorn the

head ofl Sink Valley, up Water Canyon, to the top of the Paunsaugunt

Plateau. The edge of the plateau consists of  a steep 400 feet

escarpment of  Eocene Wasatch Formation known as the Sunset Cl i f fs.  The

cl i f fs have weathered into a large amphitheatre as a resul- t  of l  mass

wast ing of  the Wasatch Formation. Massive debris f low and landsl ide

depos i t ,s  are  present  a t  the base o f  the c l i f fs .  As a  resu l t ,  a  la rge

amount of  debr is which has eroded from the Sunset CI i f fs has

concentrated at  the head of ! {ater Canyon in a }arge debris f low-



N:!, Yi Yl,

U i i'"1-$\
Trtr6r

: \

;
.L

ft

tltp)d l\ q"
t r ! !  l r o . n  A V Sr  S r r i t i  C . a r .  C i t y .
U l r h . t 9 5 3 , l : ? 5 0 - 0 0 0

5 M l

Genera i i zed  s t ruc tu re
Graham , L9l2j .

SOatE l :25O,OOO

EXPLANATION

i l  
- - -+-*  PLUHGTNc ANrrcLrRE

f f i&p ,  A l ton  coa l  f i e Id .  (Doe I l i ng  and

\j,

9

WATER ENGINEERING

Js{ --+- PLUN.TNG svirc.rxe
.j"l

.J$ # --\-  FAuLr ru, uprHrowN;
o. oot ' lHlHfiowNl

F . i gu re  L ,2 .

AND TECHN0LOGY, I Nrl .



dominated fan, Subsequent events have remobi l ized and transported this

mater ial  into Sink VaIIeyr os evidenced by Sink Val ley straI igraphic

data  presented in  th is  repor t .  Eros ion as a  resu l t  o f  mass wast ing

processes is character ist ic of  the Tropic Shale on the margins of  Sink

VaI ley .

Sink VaIIey l ies on an erosional  surface of Tropic Shale which, due

to  i ts  I i tho tog ic  character ,  has mani fes ted i tse l f  in to  a  re la t ive ly

wide topographic depression in a region dominated physiographical ly by

steep canyons in indurated sandstones. The margins of  Sink Val ley

consist  of  lateral ly retreat ing Tropic Sha1e and a pediment.  The

pediment surface consists pr imari ly of  l imestone, quartz i te,  and basalt

clasts derived frorn the Wasateh Formation. Rounded clasts of quartzite

and basalt on the pediments are derived from the basal conglomerate of

the l iasatch Formation. The pediment gravels have provided a local

source of coarse clasties during the most reeent phase of Sink Valley

deposi t ion.

L5. Al luvial  Fan Li terature Review

Previous studies of Sink Valley (Harvey and Schunvn, 1987) indicated

bhat the f loor of  Sink Val ley was composed of al luvial  fan sediments '

Therefore, ib is appropr iate that a review of the al luvial  fan

I i te ra ture  be under taken.

Numerous invest igators have studied the sedimentology of  al luvial

fans. Although most research has been carried out on fans ofl arid

regions, general  controls on fan development may be extended to a range

of c l imat ic systerns,

IO



Reading ( tgZS) descr ibed how al luvial  fans develop in areas of  high

rel ief  where an abundance of sediment exists,  Deposi t ion takes place

when in f requent  v io lent  ra in fa l l  induces rap id  e tos ion.  Bu l l  (1977)

defines an alluvial fan as "a deposit whose surface forms a segment of a

cone that radiates downslope from the point  where the stream leaves the

source areatt .

Climate plays a large role in alluvial fan development and

sedip:entat ion, Kochel and Johnson ( f984) del ineated four di f ferent f lan

types based on cl imate. Ar id fans are character ized by per iods of  rapid

deposi t ion fol lowed by long per iods of  inact iv i ty.  Humid-glacial  fans

consist  of  constant ly shi f t ing braided streams on an aggrading outwash

plain, Humid-tropical fans reflect seasonal deposltion by braided

sbreams and debris f lows, and humid-temperate fans are characterized by

infrequent debr is avalanching in i t iated by large rainstorms.

In general, alluvial fans form at the margins of steep basins due t 'o

a decreased conf inement of  streamflow (BuII ,  L977),  Deposi t ion, is

t ,herefore, not due to a change in s lope, but is the resul t  of  a rapid

lat ,eral  expansion of  sediment onto a fan surface (Reading, 1978) '  The

reduetion in 1ateral confinement which induces alluvial fan deposition

is general ly the resul t  of  base level  lowering (BuII ,  1977).  An

erosional base leve] reduct ion wiI I  general ly produce a temporary thin

fan, whereas tectonic base level  Iowering resul ts in the development of

a prolonged thick fan sequence (fuff , L977).

High sediment supp. ly is characler ist ic of  al luviaI  fans'  Thetefoee,

the in i t iat ion of  an al luvial  fan may resul t  f r rrm a cl imat ic change
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whi.ch increases rates of  erosion. In addi t ion, coarse unconsol idated

mater ials on a f lan surface wi l l  reduce downval ley surface discharges and

promote deposi t ion.

Three types of deposi fs are commonly found in smal l  steep basins

character ist ic of l  a l luvial  fans: water f loods, hyperconcentrated f1ows,

and debris f lows (costa,  ISBB). l {ater f loods behave as Newtonian f lu ids

and,  there fore ,  have no y ie ld  or  shear  s t rength ,  Water f lood depos i ts

conta in  pr imary  channels  w i th  w id th :depth  ra t ios  in  excess o f  I? tL .

Sheetf loods are waterf loods on an al luvial  fan surface. Sheetf loods

are character ized by low viscosl ty f lows which expand la[eral ly at  the

downstream end of a conf ined channel onto a fan surface (Reading, lg78).

They general ly ref lect  upper f low regime condit ions, and deter iorate

into patterns of  braided channels and bars which dissect the upper

surface of the sediment sheet (Reading, 1978).  Bul l  (1977J descr ibed

sheetfloods as surges of sediment laden water which range in depth flrom

0.5 to  L5 feet .  The resu l tant  depos i t  i s  a  sheet l ike  un i t  o f  sand and

gravel  which may be traversed by shal low discont inuous channels which

repeatedly div ide and rejoin,

Hyperconcentrated flows are generally defined to begin at 40x

sedirnent.  eoncentrat ion by weight (Costa, IgBB).  Shear strength within

hyperconcentrated f lows is sma]I  but measurable (100-400 dynes,/cmt),

The amount of  f ine mater ial  present in hyperconcentrated f lows great ly

a f fec ts  f lu id  character is t ics  o f  the mater ia l ,  because shear  s t ress is

acquired very rapidly by clay r ich deposibs. Hyperconcentrated f lows,

al ,so cal led noncohesive mudf lows, mudf loods, and intermediate f lows,
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have a much higher sediment t ransport  rate than water f loods,  because the

increased sediment concentrat ion increases f lu id v iscosi ty ,  thereby

decreasing sediment fa l l  ve loc i t ies and enabl ing sediment to remain in

suspension for  longer per iods of  t ime (costa,  I9BB).

The th i rd pr imary mode of  deposi t ion on a l luv ia l  fans is  that  of

debr is  f lows,  whete sol id par t ic les and water  move together as a s ingle

viscoplast ic  body (Costa,  I9BB).  Debr is  f low cohesion is  contro l led by

clay content .  Debr is  f lows occur when large quant i t ies of  water  enter  a

basin over a short  per iod of  t ime;  when steep s lopes contain

insuf f ic ient  s tabi l iz ing vegetat ion,  and when a proximal  source contains

both coarse detr i tus and a f ine mud matr ix .

Debris f low deposits are general ly characterized by the fol lowing

features (Reading,  I97g)z a)  a steep lobate snout  wi th large boulders

concentrated at  the f ront ;  b)  la tera l  Levees of  coarse deposi ts ;  c)  a

tendency to f low in pulses or  surges;  d)  a concentrat ion of  the largest

par t i c les  towards  the  sur face  and edges o f  the  f l row,  and,  the

formation of a r igid plug at the center of the f low. The presence of

wood fragments is good evidence for debris f low deposit ionr ds water

r ich f loods would remove buoyant materials from the sediment, Debris

f lows lack strat i f icat ion and sedimentary structures, and they are

d is t inc t l y  chaot ic .

Kochel  and Johnson (1984) descr ibed al luv ia l  fans in humid- temperate

regions,  and ident i f ied debr is  f lows based on the fo l lowing evidence:

a)  very  poor  sor t ing  and coarse  tex tu res ,  b )  ind is t inc t  s t ra t i f i ca t ion ,

c)  sharp basal  contacts;  d)  an absence ol  current  s t ructures;  j )  inverse

graded bedding,  and f )  the preservat ion of  r ipups.
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Iongi tudinal  prof i le found on many fans could be generated by both

f luv ia l  and mixed-mode ( i .e , ,  mudf low dominated)  processes.  Harvey

(I9B4b) suggested that debr is f low dominated fans are more l ikely to

have numerous disconnected channel segrnents because of the greater

i rregular i ty of  the fan surface, From bhe above diseussion i t  ls c lear

that fan sedimentology has important impl icat ions for underst ,anding fan

morphologyr and t .his is especial ly t rue with respect to areas of  local

aggradat ion and degradaLion.

Experimental  (Schunrn et  d1. ,  I9B7 )  and f  ie ld studies (Rust arrd

Koster,  1984) of  al luvial  fans have shown that grain s lze general ly

diminishes in the down-fan direct ion such that the distal  port ion of  the

fan a t  any t ime is  composed o f  the f inesL sed iments  ( i .e , ,  s i l ts  and

clays).  Schurrm et al .  (1987) suggested that a sharp break in the slope

prof i le near the toe of  the fan marks the point  at  which the si l ts and

clays are deposi ted. Deposi t ion of  the f ines forms a clay-r ich basal

Iayer over which the fan progrades through bime. Ptogradat ion of  the

fan resul ts in coarser sediments being deposi ted over the basal layer

and therefore, at  a given locat ion on lhe f lan fhe grain-slze coarsens

upward.s,  The net resul t  of  Lhis type of sedimentat ion pabtern would be

conf ined or semi-conf l ined f low within the f lan. Because of the nalure of

deposi t ional  processes on aI luviaI  fans, deposi t ional  uni ts are m0re

cont inusus longi tudirral ly tharr  they are lateral ly (schunnr et  dl . ,  f9B7)

ancl ,  Lherefore, i t  is  l ikely bhat subsurface f  lows wiI l  tend t ,o lo l  iow

the deposi t ional  axis of  [he fan. Gal loway et,  a] ,  ( tg lg) showed that on

al luvial  fans grounrJwater recharge on the upper fan surface takes place
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as a  resu l t  o f  d i rec t  prec ip i ta t ion or  in f i l t ra t ion o f  s t ream d ischarge.

Groundwater discharge occurs in the lower fan region.

In contrast to lateral ly unconf ined fans, the f loors of  val leys in

the serni-ar id regions of  the western U.S. can be comprised of semi-

conl ined val ley al luvial  fans that prograde down-val ley ( fat ton, 1973;

Patton and Schunrn, L975; Bergstrom and Schunm, l9BI;  HarV€yr 1980;

Schunm and Hadley, 1957; Laird and Harvey, 1986).  In these val leys the

f lat-appearing al luvial-val ley f loors are i r regular in the downstream

direct ion. The processes that operate on the val ley fans are very

simi lar to those that have been descr ibed for the classical  al luvial

fans in semi-ar id areas (BuII ,  1964a, b;  Denny, L96r;  Hooke, L967,

I968a;  Lust ig ,  L965) .
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2. STNK VALLEY G€OMORPHOLOGY

The geomorphological  charactei ist ies of  Sink VaI ley caR be div ided

in to  bhree areas o f  concern:  ( I )  the morpholog ica l  character is t ics  o f

the val ley i tsel  f  ,  Q) the morphotogical  character ist ics of  the val ley

f1oor,  and ( l )  Lhe spat ial  d istr ib i r t ion and cont inui ty of  channels

wi th in  S ink  VaI Iey .

2.L.  Morphologic Character ist ics of  Sink Val ley

The shape of Sink Val ley is atypical  of  that of  a val ley formed in a

uniform I i thologic sett ing by f luvial  processes. I I  is very evident

bhat ,  the res is tance to  eros lon o f  the rock formaf ions (F ig ' I . I )  that

comprise the margins of  the val ley has af fected the shape of the val ley.

The rock formabions bordering the valIey margins are shown in Figure

2,L" From up-val Iey to down-val ley bhe val ley margins are composed of

rock format ions that  get  progress ive ly  o lder  ( f ig '  l . l ) '  The upper

reach of Sink Valley at the confluence of Dry Fork aneJ Water Canyon

(f  ig.  2.  I  )  is r- iarrow and the val ley margins at  the elevaLion of the

u.t t ry f loor are composed of resistant,  sandstones of the Straight Cl i f fs

.Formation. Vai ley vr idth is about ]00 feet.  Tropic shale forms the

basin boundary for almost the remainder of Sink Vai.ley in the down-

va1ley direct isn. VaIIey width within t ,he conf ines of  the Tropic Shale,

increases from 900 feet at  cross sect ion I  (Fig.  J. I )  lo 320A feet ab

cross sect ion IV (Fig ,  J. l  )  and'  
' ihu,- '  

decreases to about 700 feet at

cross sect ion VI I I  ( f ig ,  3 , I ) .  The Dakota  Fm" crops out  down-vaI ley

f rom cross secb ion VI I I ,  and the va l ley  wid th  a t  c ross sect ion IX
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( f ig .  J . l )  i s  about  500 feet .  The reduced va l ley  wid th  a t  th is

locat ion is due to,L!e resist_ance of Dakota Fm.

Fie1d observal lon and aer ial  photograph analysis indicates that [he

shape of Sink Val ley within t ,he.area whose margins are composed of l
1 . 1  j

f ropic Shale is strgqgly inf luenced by mass f la i lure of  the Tropic Shale.

The distr ibut ion of  mass fai lures in the Tropic Shale is shown in Figure

2,L .  The mass fa i lu res  are  probably  re la ted to  the d is t r ibut ion o f

fau l ts  [ f ig ,  J .2) .  The presence o f  mass fa i lu res  on the per imeter  o f

Sink Val ley explains why the val ley shape is atypical ,  but i t  a lso

suggests that mass fai lure-der ived deposi ts should make up a high

proporl ion of  the val ley f i l l  of  Sink Val ley.

The western margin of Sink VaIIey from where Lower Robinson Creek

traverses the low rel ief  outcrop of Tropic Shale to the atea to the west

of Swapp ranch (Fig.  2.1) is very subdued topographical ly,  The Tropic

Shale ridge and isolated remnants of Tropic Sha1e at the mouth ol Swapp

HoIIow indicate tna! badland topography had forrnerJ on the Tropic Shale

in Sink Valley and in the Lower Robinson Creek drainage basin. The

eastern Flank of t l l  Tropic Shale ridge between Lower Robinson Creek and

Swapp ranch has bee4 bur ied by down-val ley progradat ion of  a val ley fan.

The western f lank of  th is r idge, whieh is located in the Lower Robinson

Creek drainage basin,  forms a fair ly steep and wel l  def ined escarpment.

Ihe southern extremity of  the r idge is completely bur ied by sediments,

and no Tropic Shal^.e outcrop is v is ible at  the. ground surface. In fact

a t  th is  locat ion s leet f loods thaI  are  generated up-va l ley  b i furcate  in to

bot.h lower Sink Val ley and Lower Robinson Creek drainage basin.  The
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western  marg in  o f  S ink  Va l ley  has,  there fore ,  been s ign i f ican l ly

modif ied by sedimentat ion in Sink Val ley.  The progradat ion of  sediments

onto the fropic Shale outcrop has signi  Ficant ly af fected the elevat ion

of  the water  tab le  wi th in  S ink  Va l ley ,

3ne further feature of  the val ley margin of  Sink Val ley has

s ign i f icant  impl ica t ions in  terms 0f  the va l ley  f i l I  sed i rnents .  A

pediment surface is located on the south side of  Swapp Hol low and i t

f 'orms the easLern boundary of Sink Valley down:valley from the

conf luence wiBh Swapp Hol low (Fig 2,L).  The pediment r las formed on

Tropic Shale and i t  is capped by coarse-grained clasts that were

originally derivecl from the tiasaLch Formation. Mass failure of the

Tropic Shale underly ing the pediment and scarp retreab have introduced

the coarse-grained Wasatch-der ived cJasts into Swapp Hol low and Iower

Sink Va]]ey.  Hi l ls lope erosion processes and gul ly ing of  the val ley

wal ls are also introducing signi f icant quant i [ ies of  the coarse clasts

t,o the f lsor o I Sink ValIeY .

2 .2 ,  Va l ley  F loor  MorphologY

The f i rst  indicat ion that t l re f loor of  Sink Val ley might be composed

of a val ley fan is seen on the Al t ,on 7.5 rnin.  Quadrangle (USGS '  1966).

The 43-foot contour-interval rnap suggests that a fan-shaped body has

prograded down val ley from Lhe cnnf luence of Dry Fork and Water Canyon.

BuI l  (  I9d4) anrJ Kochel and Johnson (  1984) have demotrstrated that there

is a relaLionship between the size of  the drainage basin and the surface

area of the fan (Fig .  2.2),  Ihe fan area-drainage basin area
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relat ionships for three fans in the locat ion of  Sink VaI ley were

delermined from the USGS topographic map: ( I )  Sink Val ley fan, (2)

Sect ion 2I  fan, and ( l )  Swapp Hol low fan. These data were then plot ted

with the data from Bul l  (Lgeqa) and Kochel and Johnson ( tggA) on Figure

2.2 ,  The best - f i t  l ine  lo r  the S ink  VaI Iey  dafa  is  sub-para1 le l  to

Bul l ' s  cuxve (Fresno,  CA)  and l ies  above the curve that  f i ts  the data

for Nelson County,  VA,

Two conclusions ean be drawn from the data in Figure 2.2,  First ,

there is a systemal ic relat ionship between fan and drainage basin areas

in Sink Val ley,  whieh provides strong evidence that the f loor of  Sink

Val ley does contain a val ley fan. The down-val ley margin of  the val ley

fan y{as deterrnined from topographic and sedimentologic (Fig,  3,5) data

( f ig ,  2 .1) .  I t  i s  ev ident  that  the va l ley  fan is  c j i f fe rent

morphologically from alluviaI fans fhat lvere studied by previous

invest igators.  The pr imary di f ference is one of shape. The

conventional fan has a shape that is best described as a segment, of a

cone Lhab radiates downslope from the point  where the stream leaves the

source area (BLrff , Lg77). The. fan owes its existence to reduced

eonfinement of the sediment and water discharges from the source area

(Reading,  I978) . However,  the basic requirements for reduced

conf inement and a high supply oF sediment are met in Sink Va1ley, Dty

Fork and l/ater Canyon confluence in a reach of the valley whose width is

narrow (- ,  100 feet)  and is conlrol ]ed by outcrop of sandstones. Tropic

Sha.Le forms the vaIIey margin down-val Iey from t ,his locat ion and the

val ley widens. The high sedimenL supply is der ived pr imari ly f rom t l te
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Wasatch Formation in the Sunset Cl i f fs.  The f loor of  Water Canyon is

composed of numerous over-Iapping debris f low deposi ts.  Therefore, the

conf inement caused by the gradual ly widening val ley has caused the fan

to prograde down val ley,  but the fan area-drainage area relat ionship has

been maintained. The rate of  down-val ley progradat ion of  the fan must

have been lower in the down-val ley direcf ion because the val ley width

increases signi f icant ly f rom about 100 feet at  bhe head of the fan [o

about 1000 feet at  the locat ion of  the fan toe at  cross sect ion V (Fig.

J .1J .

The second conclusion that can be drawn from Figure 2.2 is fhat for

a given drainage area the Sink VaLley fans are larger than those in

Nelson Crunty, VA, but they are smaller than the ones in Fresno, CA,

This may be due to di f ferences in l i thology of  the source areas (Hadley

and Schunm, I96L) but it may also be due to climatic differences. Mean

annual precipi tat ion at  Al ton, Utah is L6.56 j .ns,  (CDM, ,  I9B7),  which is

intermediate between those in California and Virginia.

Longibudinal and cross-section profi les of Sink VaIley lvere

constructed frcm surveyed data to characterize the morphology of the

val ley f loor.  The longi tudinal  prof i le (Fig .  2.J) of  the val ley f loor

was csnstructed from the surveyed cross sections and the Alton

Quadrangle.  The prof i le extends frorn the base of the Sunset Cl i f fs in

$later Canyon to cross secLion IX (Fig.  3. f ) .  The i rregular topography

t,hat is the result of the presence of over-Iapping debris f low lobes in

f./ater Canyon can be seen on the upper part of the profi le. The profi le

of the valley floor shows clearly that the toe of the fan is located in

24



ELEvATtoN (rrn)
! c o
ur c)

@
(n

q
z.
,\

I-
r
TT-I

-U
n
o
Tl
l-
t . l

!
O
o
O

u
O
O

t\)
c)

O

N
(n
O
O

c- co

a 9
r n r r l
i n

6 
-rl

f-rl
-Tl

a l

rrl

4
tn
-rl
-
o
€
r_
o
UJ
m
a

=
> N l
{ \ nm

m
z
c)
z
m
p

z

z.

m
C)
T
z.
or

z
c)

XS V _TOE OF VALLEY FAN

XS IIA

x s r

U)-t

J
o
Z

-rl
I-rl
Trl

-n

c
r5
o

N

ur

o r ---n o
f,( , r (o

C F -
F't cn
< c
o o .\ < F

o " o
P

o
H E
O E
u l o

.vt )

A I J
o o

. r O
ts. -i

= u r
UI P.
. l

€
:l

to

-
(I)

o
o
cf



the v ic in i ty  o f  c ross sect ion V,  where there is  a  s ign i f icant  change in

s lope (schumm et  d f . ,  1987) .  The crest  o f  the fan is  Iocated between

cross sect ions I I I  and IVA.

The S ink  Va l ley  cross-sect ion pro f i les  (F ig ,  2 .4)  f lu r ther  conf i rm

the presence of a va1ley fan, and the ef fects on cross-sect ion

morphology ol  sediment,  conLribut ion Io the va] ley f loor f rom val Iey

margin hi l ls lopes and tr ibufary al luvial  fans. The detai ls of  the

crgss-sect ion morphology are more clear ly seen on Drawings No. I  to 9,

Cross sect ions I  and I IA show the i r regular i ty of  the val ley f l loor in

the upper fan region. Cross sect ion I I I  shows the cross-fan convexi ty

very wel l ,  os does cross sect ion IVA, Cross sect ions V and VI

dernonstrate t,hat Swapp Hollow fan has progracled out onto the Floor of

Sink VaIIey,  Val ley walt  contr ibut ion of  sedimenL to the val ley f loor

is elear ly demonstrated in c loss sect ions VII '  VI I I  and IX,

2"3" Channels in Sink Val ley

The locatiorrs oF all the channels in Sink Valley are showrr in Figure

Z,L"  Wi th  the except ion o f  Lower  Robinson Creekr  S ink  Va l ley  Wash

downstream of bhe culvert on County Road LJ5, and the ineised former

wagon road on the western margin of  the lower reaches of the val ley,  the

channels within Sint< VaIIey are discont, inuous. The major i fy of  these

chanrrels have been eibher constructed, or modif ied, by local  landowners.

A number of the discontinuous chanrtel segments are locaLed 0n the

eas[ern si .de of  L,he val ley between Sec[ ion 2I  t r ibutary and the mouth of

Srvapp Hcrllow, These channel segments are located in area.s f-hat have
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been affected by local ized sediment deposi t ion on lhe medial  part  of  the

val Iey fan where aggradat ion and Iocal  oversbeepening of the vaI ley

f l oo r  a re  bo  be  expec ted  (Harvey ,  L987 ;  Schunrn  e t  o l , , 1987 ) ,  The

presence of debr is f l low and rnudf low deposi ts on bhe medial  part  oi  the

fan can be expected to produce fopographic i r regular i t ies on the val ley

f loor which can lead to sheetf lood concentrat ion and, hence, the

development of l  d iscont inuous gul l ies (Harvey I9B4b).  The absence of a

cont inuous channel through Sink VaI ley is,  l ,herefore, further evidence

t.hat the val ley f loor is composed of a val ley fan, The cross sect ion

prof i les  ( r ig  ,  2 .42 Drawings f {o .  I  to  9)  show a sbrong cross-vaI ley

gradient to [he west,  and, thereFore, i f  a channel was to be located

t,hrough Sink Val ley,  i t  would be logical  to f ind i t  towards the wesbern

par t  o f  Lhe vat ley .  F igure 2 , I  shows that  no such ehannel  ex is ts"

Discont,inusus channel segrnents are located on fhe valley floor south of

bhe Swapp ranch where the val ley narrows (Cross Sect ion VI) .

The inc is ion o f  Kanab Creek (c .1855)  has s ign i f ieanb ly  e f fec tec l

both Lower Robinson Creek and Sink VaIIey Wash by lowering.their  base

levels which in turn has caused them to incise" The magnitude of the

changes in these channels that was due to base levei lowering can be

seen by [he changes that have baken place in Sink VaIIey ] ' lash sinr:e

1876. Burr i I I  (1875) states Lhat Sink Creek, Bt a locat ion that was

down-va l ley  f rom [he cu lver t  on County  Road LJ6 (F ig .2 ,1) ,  rvas about  3

fleet wide arrd 6 irrches deep. In conbrast the channel today is about 69

leet  w ide anc l  23 feet  deep (see cross sect ion IX,  F ig .  2 ,4) .  l 'here  is

l i t t le doubt that the culvert  has prevenbed the bui lk of  the degradat ion
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f rom migrat ing fart ,her up-val ley.  However,  the val ley f loor is being

eroded by headcuts upstream of l  the culvert .  Most of  the headcut rebreal

appears to be related to sapping processes because of the high

groundwaLer table.  Undoubtedly when sheetf loods occur there is an

element of  surf ic ia l  erosion of  the gul ly headwal ls.

The incis ion of  Lower Robinson Creek has had a signi f icant ef fect  0n

both bhe sedimentology and morphology of  Sink Val ley,  because Lower

Robinson Creek has captured the headwaters of Sink Valley (Dry Fork and

Waler Canyon).  Pr ior to capture the discharge from Sink VaIIey lvas

del ivered to Kanab Creek by Sink Val ley $lash. Expl ic i t  evidence for the

capture is provided by the sedimenbological  data.

There is no souree of Wasatch-der ived sediments in the pre-capture

drainage basin oF Lower Robinson Creek. Therefore, the ti lasatch-derived

sediments that were observed in the strat igraphic sect ions on the

wes te rn  end  o f  c ross  sec l i on  IVA  (F igs ,2 .4 ,  l . I )  mus t  have  o r i g ina ted

in Sink Val ley,  For these sediments to have been transported to Lower

Robinson Creek drainage basin the divide between the two basins must

have been over lopped, The intermit tent presence of the Wasatch-der ived

sediments in the upper parts of  the strat lgraphic sect ions (measured

sect ions f lO, 14 ,  Fig.  l . l )  indicates that th is rvas not a cont inuous

process, bub rather i t  v las related to discrete large magnitude events on

the valley fan in Sink Valley. The fine-grained nature of the l ' lasatch-

der ived sediments indicates that they were fan margin sediments.

Fol lowing incis ion of  Lower Robinson Creek, and the bur ial  of  the

eastern f lank of  the div ide between the two basins by fan progradat ion,
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f loodf lows that or/ertopped the div ide would have been conl ined to the

incised channel of  Lower Robinson Creek. Flow conf inement,  when coupled

wifh the elevat ion di f ference between [he top of  the div ide and the bed

o f  Lhe  channe l  (app rox i rna te l y  50  fee t i  F ig ,2 .4 ,  c ross  sec t i on  IVA)

would have caused the channel to headcut through the div ide, thereby

ini f iat ing the capture of  the Sink Val ley headwaters.

The capture of  the upper part  of  Sink Val ley by Lower Robinson Creek

has had signi f icant ef fects on Sink Val ley.  First ,  fo l lowing capture

the discharge l rorn bhe upper part  of  Sink Val ley is now transported to

Kanab Creek thror-rgh Lower Robinson Creek which has reduced the discharge

passing through Sink Val ley.  Second, the pr imary sediment source area

for Sink Valley was tt{ater Canyon. Capture has removed this source of

sediments because the incised channel of Lower Robinson ereek at the

conFluence of Dry Fork and Water Canyon is now about 2A feet deep and B0

Feet wide, and i t  is highly unl ikely t ,hat t l iere wi l I  be overbank

dlscharge and sedimentat,ion.

2,4,  Summary of  Geomorphological  Character ist ics oF Sink Val ley

The shape of Sink Val ley and the val ley widths are control led by the

res isbar rce to  eros is r r  o f  the va l ley  marg in  rock format ions ( r ig .  2 , I ) .

F lhere res is tant  lo rmat ions (St ra ight  CI i f fs  F f i . ,  Dakota  Fm.)  c rop out

the val ley is narrow (f0O to 500 feet) .  Where the Tropie Shale crops

oul the val ley is wide (ZO0 to 32OO feet) .  Progradal ion of  the val ley

fan has s ign i f ican[ Iy  nrod i f ied  the ]ow re l ie f  western  marg in  o f  S ink

Val ley .  Mass fa i lu re  o f  bhe Trop ic  Shale  has cont r ibuted to  bhe va l ley

widen ing.
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The presence of a val ley fan within the f loor of  Sink Val ley is

conf i rmed by the val ley f l Ioor topography. The longi tudinal  prof i le of

the va l ley  f loor  shows the presence o f  a  fan-shaped body (F ig ,  2 .3)s  and

the cross-sect iona l  pro f i les  show typ ica l  c ross- fan shapes (F ig .  2 ,4) ,

Conf inement of  the water and sediment discharges from upper Sink VaIIey

has led to the down-val Iey progradat ion of  a fan, The drainage area-fan

area relat ionship developed by other invest igators is supported by the

S ink  Va l l ey  da ta  (F i g .  2 .2 ) ,

No cont inuous channel that t raverses the length of  Sink Val ley is

presenl on the val ley f loor (r ig ,  2. I ) .  Discont inuous channel segments

on the medial  part  of  the fan are relaled to fan sedimen[at ion, Base

Ievel  lowering by the incis ion of  Kanab Creek (c.  1865) has caused

incision ofl both Sink Valley Wash and Lower Robinson Creek. Capture of

the headwaters of  Sink Val ley by Lower Robinson Creek is at l r ibutable to

both valley fan progradation in Sink VaIley and incision of Lower

Robinson Creek. The former el iminated the pre-exis l ing drainage div ide,

and the lat ter caused sheetf lood conf inement into a single channel,
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3. SINK VALLEY SEDIMENTOLOGY

In  order  to  de lermine the sed imento log ic  character is t ics  o f  the

vaI Iey  f i l i  depos i ls  o f  S ink  VaI Iey ,  g  c ross sect ions ( t  [o  IX)  were

surveyed across the vaIIey in or ientat ions that are perpendicuJar to

depos ib iona l  s t r i ke  (F ig .  ] . I ) ,  Two  c ross  sec t i ons  ( I IA ,  IVB)  were

su rveyed  ac ross  the  mou ths  o f  t r i bu ta ry  fans  (F iq . J .1 ) .  A  Lo ta l  o f l  17

s[rat igraphic secf ions were measured and descr ibed along these cross

sect ions; 5 on the banks of  Lower Robinson Creek, I  on the bank of Sink

Val ley f{ash, and 3L in a botal  of  28 backhoe pi ts.  The loca[ ions of  the

cross sect ions and measured strat igraphic sect ions are slrown in Figure

J, I .  S t ra t ig raph ic  sect ions are  compi led in  Appendix  I .

Measured straf  igraphic sect ions are shown in relaf  ion L,o closs-

sec[ iona] topography on bhe accompanying drawings, Nos. I  to 9,  AII  of

the cross sect ions are or iented looking in a downval ley direct icn.

tseeause the Cretaeeous Tropic Formation weathers to dark brown si l t  and

clay [ f0 YR Y2 to l0 YR 4/4) whereas sediments der ived from Lhe Eoeene

F/asaLch Formation are orange-red-brown in color ( I0 YR 5/4 to I0 YR 5/8)

the two souree areas were readi ly discernable in the val ley f i l I

sbrat igraphy. The Cre[aceous sandsbones are weakly cement,ed and hence

do not resist  c l remical  weather ing as do the Wasatch seel iments;  as a

resul t ,  the input oF Cretaceous sandsfone into Sink Va1ley gerreral ly

cons is ts  o f  sands which are  ye l lowish-grey in  co lor  (2 .5Y 6/4) .

The abi l i . ty t ,o del ineate beh.ween Wasatch-der ived, Tropie-der ived,

and Cretaceaus sancjst ,one-der ived sediments is cr i t ical  to the

det,erminat ion of  sedimentat ion processes in Sink Val ley "  The Wasatcfr-
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derived sediments in Sink VaIIey have been transported downval ley,

whereas Tropic-der ived sediments ref lect  a lateraJ component of

deposi t ion from bhe val ley margins and tr ibutary fans. The intermixing

of the two types of sedimenb in a single deposi t ional  uni t  is indicat ive

of surf ic ia l  reworking of  the val ley f i l l .  Crefaceous sandstone-der ived

sediments are pr imari ly introduced to bhe va1ley f loor of  Sink Val ley by

the f r ibutary  lans and by h i l l s lope processes.

J . l .  C ross  Sec t i on  I  (D raw ing  No .  i )

Cross sect ion (XS) I  is ]ocated in the upper port ion of  Sink Val ley'

where  the  va1 ley  i s  l ess  than  1000  fee t  w ide  ( f i g ,3 . f ) ,  The  two

stratigraphic sections measured along Lower Robinson Creek are shown on

the west side of the vaIley. tower Robinson Creek consists of two

channels along XS L The bifurcation point ofl the channel is located

approximabely I00 feet upstream of t ,he cross-sect ion l ine, The thalweg

of the east channel,  st  measured sect ion (MS) #2t is ]ocated

approximately 4 feet higher than the thalweg of the channel at MS +I.

Where the main channel bi furcates.upstream, the abandoned east channel

contains a high concentrat ion of  boulders which consisL of  Wasatch-

derived l imestone, quartzite and conglornerate, which represent the

leading edge of a debr is f low. The boulders probably inf luenced the re-

rout ing of  the channel into the relat ively erodible f ine-grained

deposi ts to the west.  Subsequent incis ion of  the west channel has

perched the channel- to the eas[.

Al though several  boulders present in the perched easb channel are

rounded, there is no evidence of reworking via convenl ional  f luvia]
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bransport .  The rounded clasts are der ived from the basal conglomerate

of lhe Wasatch Formation, hence rounding occurred pr ior to this

depos i t iona l  cyc le .

Measured sect ion *1,  on the west channel of  Lower Robinson Creek,

contains Wasatch-der ived sand and minor gravel  ab i [s base which is

over lain by a thick sequence of Tropic-der ived si l t  and clay.  Minot

amounts of  Wasatch-der ived clasts are present within the Tropic

sediments.  The secbion is capped by Wasatch-der ived si l ty sand. The

thick sequence of Tropic-der ived sediments is not present in MS +1, 78

feet to the east.  The lateral  th inning to the east of  the unib as wel l

as a high concentrat ion of  charcoal and dispersed pebbles suggesLs that

bhe uni f  is a nrudf low deposi t  f rom the western val ley margin,  Sirni lar

deposits exposed on t,he valley margins have been described by Harvey and

Schunrn ( I9B7).  The incorporat ion of l  Wasatch-der ived pebbles ref lects

[ransport  of  the si l t  and clay over Wasatch-der ived sedimenbs. The

val ley margin is evident on the west s ide of  XS I  (Draw: ' .ng No. I ) ;  at

s tation 9*'00 the grourrd surf ace rises Dn Tropic Sha]e, The break in

slope at stabisn 9+50 probably represents a contact,  between intact

Tropic shale t ,o Lhe west and rnass wasted rnater ial  to the easf.

The lateral  t rarrsport  of  sedimenL into Sink Val ley from bhe val ley

wal ls is eviden1 on the east end of XS I  in MS +5. The base of l  the

sec bion is cornposed of l  both Tropic Sha1e and clasts of  Ctebac-eous-age

sandstone. The size of  the sandstone boulder in MS +6 is str ik ing (B0O

nm), because the poorly cemented nature of  bhe sandstones general ly

f lavors chemical  ver 'sus nrechanical  weat,her ing ( i .e, ,  the.sarrdstones break
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down close to their  source J.  Thus the associat ion of  Tropic-der ived

si l t  and clay with large clasts of  Cretaceous age sandstone is

ind icat , ive  o f l  rap id  t ranspor t  From a prox imal  source.  The mass wast ing

of a sandstone block onto a Tropic Shale slope fol lowed by hransport  ol

wea[hered shale by mudf low processes into the val Iey,  provides a l ikely

scenar io  for  the observed depos i t .  A l ternat ive ly ,  the sequence

represents fwo events;  the deposi t ion of  a mudf low carrying sandst,one

boulders fol lowed by a rockf la l l  of  Cretaceous age sandstone, The top of

MS {h5 contains thinly interbedded sands and clays of  local  der ivat ion.

These uni ts represent lateral  s lopewash from bhe eastern bounding

topographic high,

The mid-val ley area of XS I  consists pr imari ly of  Wasalch-der ived

sediments that ref lect  a t ransport  direct ion or iented downval ley.  MS +5

contains two Wasatch-der ived coarse-grained hor izons. The upper uni t

consists of  a chaot ic assembLage of matr ix supported sand to boulder

sized sediments which reach I70 mm in diameter.  The uni t  p inches out bo

the west.  Simi lar deposi ts are present in the lower port ions of  MS #1,

f l ,  and +5. The malr ix suppor, ted, ehaot ic nature of  these uni ts

indicate downval ley deposi t ion of  Wasatch-der ived sediments via debr is

f lows. The absence of internal  strat i f icat ion, normal ly-graded bedding,

and sort ing indicates that deposi t ion was not the resul t  of  f luvial

processes.

The remainder of  the sediments depicted on XS I  consist  of  th inly

bedded, s[ructureless sands, hor izontal ly laminated sands, and si l t r /c]ay

drapes; these uni ts are commonly separated by mud (si ] t , /c lay) drapes,
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and the sand-mud couplets ref lect  deposi t ion by shal low f low depth

discrete events,  The l , r tasatch-der ived sands represenl deposi t i .on dur ing

shal low sheetf loods on the fan surface, whereas the drapes document

sedimenL deposi l ion dr:r i r rg recessional f lows. Due [o the narrowness of

S ink  Va l ley ,  a  resu lL  o f  lhe  presence o f  bounding Trop ic  Shale  outcrops,

d isL inc t  fan-marg in  lac ies  were not  present  in  the s t ra l iEraph ic

sect ions o f  XS I .  The pr imary  ax is  o f  depos i t ion  may be located

general ly at  midval ley,  where thick Wasatch-der ived debris f lovr deposi ts

are present (MS +5).  This tends to be conf i rmed by fhe absence of

Tropic-der ived sedimerrbs in MS +5.

Cross sect ion I  (F ig .  f . I )  eFfect ive ly  shows the complex i ty  o f  S ink

Val ley sedirnentat ion. Wasatch-der ived sedinents record downval ley

bransporl  d irect ions, whereas deposi ts of l  Tropic Shale-der ived sedimenbs

indicate mass wast ing, and possibly sheetf low, f rom the val ley matgins.

The sedimentary sequences descr ibed indicate deposi t ion on an al luvial

fan which,  io  bhe v ic in i ty  o f  XS I ,  i s  la tera l ly  conf ined by bounding

bopographic highs. Sedimentat ion at  XS I  has been dominated by down-

val ley transporL, of  Wasabch-der ived sediments by debris f lsw and

sl-reetf  Iood processes. The ubiqui ty of  charcoal in the sedimen[s

indicates that f i re has been a signi f ieant morphogenet ic agenL in this

dra inage bas in ,  F i res  fo l lowed by s ign i f icant  prec ip ibat ion f requent ly

resul t  in the occurrence of debr is and mud f  Iows (  ta irO and Harvey ,

Lg86 ) .
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3 ,2 .  C ross  Sec t i on  I IA  (Draw ing  No .  2 )

Cross secf ion I IA (F ig ,  J .1)  is  character ized by a  predominance o f

Wasatch-der ived sediments rvhich range from thin c layls i I t  drapes to

bhick coarse gravels.  The coarsest rnat.er ia l  observed in XS I IA is

located on bhe west s ide of  the val ley in [he lef t  bank of Lower

Robinson Creek. fhere, MS +l  contains 18 eont inuous feet of  WasaLch-

der ived sediments.  The sect ion contains a basal  gravel  which consists

of very poorly sorted gravel  in a sandy si l t  matr ix which displays faint

inverse grading. The uni t  is over lain by interbedded gravels,  sands,

and si l t  drapes. Thir ty- two indiv idual  events are dist inguishable from

the drapes in the sect ion. Thg sand layers commonly contain trough

crossbeds or coarse,/ f ine couplets,  These uni ts are indicat ive of

deposi t ion by sheetf lood; the sands containing coarse,/ f ine couplets

ref lecf  shal low water f looding over the fan surface (Blair ,  1986) and

smaLl-scale cross bedded sands are suggest ive of  deposi t ion within an

array of  smal l  braided channels on the fan surface dur ing f lood events.

Si I t  drapes record the recession of  discrete f low events.  The

dist inct ly bedded, cycl ic nature of  the sediments in MS *3, coupled with

the presence of debr is f low and sheetf lood deposi ts ref lect  a typical

vert ical  sequence of l  a l luvial  fan sedimenls.

The sedimenh,s of l  XS I IA f ine eastward from Lower Robinson Creek, and

at MS {8,  only Fine grained Lhinly bedded uni ts ate present.  The

eastward thinning and f in ing of  indiv idual  uni ts is coupled with an

increase in Tropic-der ived sediments.  This relat ionship is due to lhe

of l f -axis locat ian of  the sect ion, where Tropic-der ived sediments from
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fhe val ley slopes have been incorporated into the fan margin.  A

substant ial  porbion of  [he uni t .s in MS +7 and MS +S contain intermixed

|{asabch- and Tropic-der ived sediments,  that ref lecf  downfan reworking of

[he depos i ts  on the fan marg in .

The increase in Tropic-der ived sediment on the east s ide of  XS I IA

is also due to the convergence of an al luvial  fan from the east s ide of

S ink  Va l ley  (F ig ,  J"1) ,  jus t  downval ley  f rom XS I IA in  the v ic in i ty  o f

Sect ion 2L (herewith referred to as the Sect ion 2I  fan).  The Sect ion 2L

fan sediments ate der ived pr imari ly f rom Tropic Shale and Cretaceous

sarrdstones (see XS I IB),  and deposi t ion due to progradat ion oF the fan

has modi l ied the deposi t ional  environmenb at XS I IA. fhe coalescence oF

the bwo fans has produced a topographical ly lo l  area in the vic ini ty of

MS {FB where slack-waLer sedimenfat lon has produced the mult ip le-event

deposi ts that are seen at the top of  the sect ion.

At MS +7t t l re upper 36 inches of the sect ion document the presence

of a nrudllow depesit that was probably generated frorn bhe Tropic Shale

ou tcrops on the margins of  the val ley.  The mud'f  low travel led to at

least the center sf  t ,he val ley.  
,

The deposi f ional  axis of  lhe Sink Val ley fan in the vic ini ty of  XS

IIA is located on the west s ide of  the val ley,  at  the presenl ]ocaLion

of tower Robinson Creek. DisBlacement of  the axis towards the west

val ley margin is due probably to the coalesence of Lhe val ley fan with

the Sect ion 2L fan, The convergence of bhe fans on the eastern side of

the val ley has produced a topographical ly low area on XS I IB that has

resulLed in cDnsiderarble slack:water sedimentat ion. Mudf lows oeneraled
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f rom the val ley wal ls have the abi l i ty to t ravel  a considerable disbance

into the val ley (Cost,a,  1988 ) .

3 . J -  C ross  Sec t i on  I IB  (Draw ing  No .  3 )

The absence of Wasatch-der ived sediments is sbr ik ingly evidenf in XS

I IB (F ig .  1 . I ) ,  wh ich t raverses the d is ta l  rnarg in  o f  the Sec l ion 2 I  fan.

As the drainage basin of l  the Sect ion 2I  fan does not include outcrop of

Wasatch Formabion, the deposi ts are relat ively f ine grained and are

cornposed of Tropie Shale and Crebaceous age sandstone-derived sediment.

Small disconlinuous channel segments are shown on XS IIA. Ihey are

located in the medial  and distal  parts of  the fan, where discont inuous

channels are to be expected (Harvey, 1984b; Schumrn et oI . ,  1987).  The

slrat igraphic evidence in MS +9, I0,  and I1,  suppor ' t  the presenee of the

smal l  scale discont inuous channels.  One channel f i l l  is  present in MS

fr,  3 are present in MS +I0, and one is present in MS +l I .  The greater

number of small-scale channel deposits in MS +I0 tends to suggesb that

MS +10 is located along the deposi t ional  axis of  Secbion 2L fan.

Mudf low deposi ts are present in 
.each 

of the measured sect ions, wi th

higher f requency near the fan margins ( l , tS +9, I I ) .  Sheetf lood deposi ts

that consist  of  hor izontal ly laminated and structureless sands that are

separated by f ine-grained si l t /c lay drapes ate present in the three

vert ical  sequences along XS I I8.  The presence of r ipup clasts and

mudbal ls in aI l  three sect ions argue lor widespread reworking of

surf ic ia l  sedimenls that dry and crack between events.
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3.4.  Cross Sect ion I I I  (Drawing No.  J )

Cross  sec t i on  I I I  (F ig .  J .1 ) ,  I oca [ed  j us t  downva l l ey  f rom Sec t i on

2L fan,  d isp lays the e f fecb o f  det r i ta l  input  f l rom Secf ion 2 I  on S ink

VaIIey sediments.  The amount of '  Tropic-der ived sediment increases

marked ly  f rom XS I IA.  In  add i f  io r - r ,  coarse debr is  f low depos i ts  are

d is t inc t ly  b imodal ,  w i th  Wasatch-der ived c las ts  inc luded in  a  Trop ic-

der ived s i l t , /c lay  mat r ix  (MS +12) .  The increased ava iJab i l i ty  o f  s i l t

and clay-sized sediments increases the viscosi ly of  debr is f lows and

[hereby increases rates of  sedirnent t ransport  for a given event (Costa,

I98B) .  The 4  measured sect ions on the east  s ide o f  XS I I I  represent  4

d i f fe renL loca l i t ies  in  a  s ing le  backhoe p i t .  In  th is  F i t ,  a

paleotopographic surface that had formed on fropie-der ived mass wasfed

or sheetwash sediments is documented in the basal port ions of  MS +I l  and

f '15 +l7.  Sedimenls to the west of  th is surface are in tangent ial  contact

( i ,e . ,  lap  onto)  [he Trop ic-der ived depos i t .  l .4S # I7r  pa5 +I8 ,  and MS +]9

depict a convex paraconglomeratie unit which has eroded out a Tropic

der ived drape in MS +18. SheetFlood and minor channel features are

corxrnon in t,he sand units in the Four sections.

Measured sect ions i t l f ,  L7, lB and 19 character ize bhe environment oF

deposi t ion ai-  th is vaI ley fan margin local i ty wlr ich is inf luenced by

sediments that are del ived from Bhree sources; the val ley wal l ,  Secl ion

2I fan and blre val ley fan. Sediments der ived frsm the val ley wal l  are

charau-t .er ized predominant ly by f l ine-grained, Tropic-der ived hi I Is lope

sheelwash and mudf low deposi ls.  Mudf low and debris f l low deposi ts that

are der ived from both the WasaLch source area i :nC Sect ion 2I  fan make
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up a s ign i f icant  por t ion o f  the sed iments .  Sheet f lood depos i ts  that

include minor srnal l -scale channel f i l ls  are generated by unconf ined

f lood f lows thaL are generat,ed in the headwaters of  both the val ley fan

and Secl lon 2L fan drainage basins. Discont inuous channels are present

on the easfern margin of  XS I I I ,  and their  presence is relafed to the

re laL ive ly  h igh ra tes  o f  sed imentab ion a t  lh is  loca le ,  the resu l t  0 f

sediment deposi l ion from mult ip le source areas. The cross sect ion

demonstrates that the area around MS #]Jr I7,  18, 19, where the

discont inuous channels are present,  is a topographic high which

indicates that the local  val ley slope is oversteepened and, i t  iS,

therefore, a logical  locat ion to f ind discont inuous gul l ies on a fan

(scfrunvn, L977; Schunm et oI . ,  1987; Harvey, l9B7).

The deposi t ional  axis of  the val ley fan at  XS I I I  is represented by

MS +I2. The sLrat igraphic column is dominated by debris f low and

mudflow deposi ts that are separaled by sheetf lood deposi ts.  The mudf low

deposi ts can be subdivided on the basis of  bheir  sources. f {here

Wasatch-der ived clasts are present,  i t  is  probable that the source area

for the mudf low u/as Sect ion 2I  fan area, because the Wasatch-der ived

sediments were probably incorporated into the mudfJow dur ing the event.

The source area for the 't lasatch-derived clasts would have been the

va l ley  fan sur face,  In  cont ras t ,  the mudf low depos i ts  that  do not

contain appreciable quant i t ies of  Wasatch-der ived clasts were probably

generated on the easlern val ley margin,  Debris f lJow deposi ts contain

sediments bhat were derived from both bhe Trooic Shale and the Vlasatch

Fm.
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Both debris f lows arrd rnudf lows produce i rregular,  hunrnocky terrain,

and i t  i s  h igh ly  l i ke ly  that  th is  i r regu lar  ter ra in  is  respons ib le  for

producing some of the minor channel f i l ls  in the predominant ly

unconf ined sheetf lood deposi ts thaf cover bhe debris f low arrd mudf low

deposi ts (UarVpy, I984b).  Signi l icant areas of  hurrrrnocky terrain are

Iocated 0n [he va l ley  fan south  o f  XS I l I .  The spat ia l  d is t r ibuf ion o l

[he coarser  debr is  f low depos i ts  is  h igh l ighted by the d is t r ibut ion o f

Garrrbol 
'  s oak ( scrub oak ) which has a pre ference f or coarser grained

deposi ts (Ed. Mogren, Forestry Department,  Coloradcl  SLate Universi ty,

per 's.  comm)"

During this f ie ld invest igat ion one of the debris f low lobes that

was loeated in the vic ini ty of  XS I I i  was mapped vr i th a hip-chain and

Brunton co{npass (Fig .  3,2).  Raised r idges within the mapped lobe

represent.  debr is Flow levees, and i t  \ {as on the levees that very coarse

grained coblr le to l roulder-size clasts were observed. Nineteen of the

Iarger c lasts urere measured (Tahle f .1)r  So that cr i [ iea] bottom

veloc i t ,y  va lues (U.  S.B.  R.  ,  L97B)  for  in i t ia t ion o f  mot ion under  f  luv ia l

t ransport  concl i t ions could be calculated, For the range of c lasts (b

ax is)  in  Tgb le  ] , I ,  the requ i red bot tom ve loc i t ies  ranged f rom 5,0  [o

lL8 f t r lsec ,  These ve loc i t ies ,  wh ich are  conservat ive ,  are  ex t reme for

f luvial  chanrrels and therefore, iL is unl ikely that bhe cJasfs were

depos i led under  f luv ia l  cond i t ions.

tln Llre west, s ide of XS I I I , t,he upper left bank of Lower Robinson

Creek (uS +4) is charact,er ized by thinly inter-bedded Fine grained

Wasatch- and Tropic-cJer ived sediments whiclr  are indicabive of  a fan
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I a b l e  J , I . Boulder
Sect ion

measurements
I I I .

on Sink Val ley fan south of  Cross

SampIe
l.lo.

C las t

A
Bottom I

Veloci ty
( ft./sec. )

C-l-ast
Li thology

Axes Dimens ions (mm)

BC

I

2

4

q

6

7

LJ

9

I O

I I

L 2

L J

I 4

L '

I 6

I 7

I 8

I9

320

244

320

234

100

240

430

220

290

230

28A

290

170

400

500

420

110

480

700

160

r50

250

I90

I50

l_10

t70

I60

250

190

220

I7C)

I90

264

150

240

210

] rD

500

6 .7

5 ,5

8 ,5

J .3

5 ,5

5 ,0

7 .0

6 .7

8 ,5

7 ,3

7 ,8

7 .0

7 ,3

8 ,5

9 .8

8 .4

1 .6

9 .4

L I . 8

90

U0

150

r50

r00

95

buried

I]0

170

170

r r0

130

I t0

2AO

buried

I70

I80

260

240

sandstone

limes bt>ne

sands tone

sandstone

I imestone

conglomerate

sandstone

limes bone

conglmerate

l imestone

sands lone

conglomerate

l imestone

sandstsne

sandstone

sandstone

l imestone

conglonrerate

sands bone

Calcu la ted f rom USBR ( I97S)  us ing b  ax is  d iamefer .
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marg in  env i ronmenl  o f  depos i t ion .  A d is t inc t  cye l ic i ty  in  the co lumn

rel lects repeated relat ively low energy deposibion far of f  the axis of

val ley fan deposi t ion ( t ' tS +I2).  The l {asatch-der ived sediments of  MS +4

are present only in the lef l t  bank of the channel;  the r ight bank

consists of  only Tropic-der ived sediments.  Consequent ly,  MS +4 is

Jocated at the extreme western margin of  Lhe Sink Val ley Fan. This is

supported by both topographic and sedimenlologic evidence. Cross

sect ion I I I  prof i le shows that the top of  MS +4 represents Lhe lowest

elevat ion on the pre- incis ion cross sect, ion, This is consistent wi th a

fan margin locat ion because the cross prof i le of  a fan in the medial

local ion general ly is convex (But l ,  I954b; Schurrm et.  o1. ,  I9B7 ) .

Sedimentologically, the evidence for a fan rnargin environment of

deposiLion at  MS +4 is fourfold.  First ,  a cornparison of grain s ize

between 1,5 +I2 (depositiona] axis) and MS +4 shows that the sediments in

MS +4 are much finer grained which can be expected in a fan margin

environment (nust and Koster,  I9B4).  Second, a comparison of the grain

sizes in MS +3 (XS II2A) and MS +4 also shows that the sediments in MS

+4 are f iner,  which can be expected as one proceeds dovrn-fan,

(Bl issenbach, 1954; Bul I ,  I964b; Rust and Koster,  1984).  The third l ine

of evidence for a fan margin environment of  deposi t ion at  MS +4 is

provided by the interbedding of Tropic Shale-der ived and f{asatch-der ived

sediments.  Sediments from both sources are f ine grained and, therefore,

i t  is  unl ikely that the Tropic-der ived sediments or iginated from the

east.ern val ley margin in the forrn of  mudf lows (c.F. MS +12) '

The f inal  piece of evidence that the sediments in MS *4 represent a

val ley margin environmenL of deposi t ion is provided by the nature of  the

48



contact between bhe l ropic-der ived basal sedinrents and the over ly ing

interbedded Tropie-der ived and l {asatch-der ived sediments that comprise

the upper 5 feet of  the sect ion. Without doubt bhe Tropic Shale outcrop

that  Forms Lhe va l ley  waI I  on the nor th  s ide o f  Lower  Robinson Creek is

reL.reat ing today as a resul t  of  both mass wast ing and sheet,  erosion

processes,  and fhere is  no reason to  be l ieve that  these processes were

not  ac t ive  h is tor ica l ly .  Pr ior  to  bhe inc is ion o f  Lower  Robinson Creek,

and progradat ion of  the val ley fan, channel tzed f low occurred from lhe

Tropic Shale outcrop, across what is norv Lswer Robinson Creek, and

southward into Sink Vat ley.  Evidence for th is is channel-shaped scour

surfaces within t .he l ropic-der ived basal sediments exposed in the banks

of the lef l t  bank of Loler Robinson Creek (Fig" ] , ] ) .  The scour surfaces

are or iented perpendicular to the present channel of  Jower Robinson

Creek and pr ior to f , i l l ing by the fan margin sediments i l  is  l ikely thal

badlant l  bopography was present.  The scoured channels have been f i l led

i:y sedirnents derived frorn, bobh the Tropic ShaIe and the Wasatch

For 'maLion. The j .n[er 'bedding of Tropic-der ived and Wasatch-der ived

sediment,s in the upper part  of  MS +4 argues for discrete val ley sloBe

ancl  val ley fan events" 0n the slopes shee[wash was the transport

mechanism whereas shee t,f loods transported the sedimerrts on the valley

fan. Since there is no source of Wasatch Formatiorr  sediments on L,he

nor th  s ide o f  Lower  Robinson Creek,  the pa leo-FIow d i rec t ion o f  the

Wasatch-der ived sedimenLs rnust have been paral le i  or surb-paral le l  to the

plesent course of  Lower Robinson Creek, which makes the f low direct ion

ancl ,  therefore, the cl i rect ion ol  val ley fan progradat- lon sub-paral leI  to

t .he depos i t iona l  ax is  a f  t ,he va l ley  fan [uS #IZ) .
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The measured sect ions a long XS I I I  p rov ide very  s t rong ev idence to

support  bhe presence of a val ley fan in Sink Val ley.  Sheetwash or

mudf low deposi ts f rom bhe val ley slopes contr ibute signi f icant ly to the

val ley f i l ]  on both t ,he western (MS +4) and eas[ern ( tqS +t: ,  17, IB, 19)

margins of  the fan. The deposi t ional  axis of  the val ley f lan contains

signi f icant mudf low and debris f low deposi ts which are character ist ic of

semi-ar id fan sedirnents (Beaty,  1970).  Sheetf lood deposi ts and minor

channel  f i l l s  are  depos i ted as a  resu l t  o f  re la t ive ly  sha l low and

unconf l ined f lows, The absence of any lateral ly cont inuous channel

deposi ts argues agalnst the presence. of  a s ingle major channel on the

f lan. Instead, i t  is  highly l ikely thaf smal l  d iscont inuous channels

fypical  of  the medial  fan environment were present.  The channels could

or iginate as a resul t  of l  local  oversteepening of bhe val ley f loor due to

h igh ra tes  o f  loca l  depos i t ion  ( i .e . ,  d iscont inuous gu l l ies)  s r  bhey

could be the resul t  of  topographic i r regular i t ies caused by debris f low

and mudf l Iow deposi t ,s.  The presence of a badland paleo-topography

draining south into Sink Val1ey from the area to the norLh sf  the

present locat ion of l  the incised ehannel of  Lower Robinson Creek is

strong evidence bhat [he val ley fan prograded down val ley and srn00lhed

the topography. The presence on the f lan surface of large cobble bo

boulder  s ize  c las ts  ( tab le  l . I  )  fu r ther  areues for  a  non- i luv ia l

t ransport  mechanism,

5 I
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3,5.  Cross Sect ion IVA (Drawing No.  /+)

Cross Sect ion IVA crosses the Tropic Shale r idge as shown in Figure

3. I .  Due to  Lhe in f i l l ing  o f  S ink  Va1ley  as  a  resu l t  o f  va l ley  lan

progradat ion,  the r idge is  character ized topograph ica l ly  by  an

escarpment which separates Sink VaI ley to the east and the lower

Robinson Creek drainage to the west.  The escarpment is approxirnalely 50

feet high on XS IVA. The incis ion of  Lower Robinson Creek through the

north end of the r idge occurred just  upval ley from XS IVA.

The two measured sect ions on the west s ide of  XS IVA, y5 +14 and MS

flO, document the predominance of sheetwash t . ransported, Tropic Shale-

der ived sediments in the Lower Robinson Creek drainage basin pr ior to

capture of  the upper drainage basin of  Sink Val ley.  The presence of

i {asatch-der ived sediments records the overtopping by the Sink VaIIey fan

of the Tropic r idge. Thus, two dist inct  sedimentologic phases are

depieted within these sect ions. One is the in i t ia l  overtopping ol  the

Tropie r idge by the prograding val ley fan, marked by the lowermost

hor izon of Wasatch-der ived sand in MS {20. The second event recorded is

the incis ion of  Lower Robinson Creek and capture of  a port ion of  the

Sink Val ley drainage basin.  Fol lowing capture, the source of the

Wasatch-derived sediments vlas removed from the valley lan as nraterials

were transported down the new drainage. This evenl is strat igraphical ly

Iocated at the top of  the sect ion, because f lo l lowing capture by the

incised channel of  Lower Robinson Creek, i t  is  highly unl ikely that

WasaLch-der ived sediments could be deposi ted at  the bop of bhe sect ion

because o f  the deoth  o l  inc is ion.
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At the center of l  XS IVA, approximately 500 feet to the east of l  the

Trop ic  r idge escarpment ,  the hydro log ic  eomplex i ty  o f  S ink  VaI ley

becomes evident as the level  of  the water table is higher than the

botbom ol  the backhoe pi t .  This emergence of groundwater is related to

fhe impingement of  Lhe prograding val ley fan sediments onto relat ively

impermeable  Trop ic  Shale .  In  add i t ion,  the f ine gra ined nature  o f  the

sed iments  over ly ing the water  satura ted hor izon are  ind icat ive  o f  both

the down-fan f in ing of  grain s ize and the fact  that MS +15 is located

off  the major axis of  fan deposi t ion (MS +I5) at  the lan rnargin.

Measured Sect ion +I5 of l  XS IVA which is located towards Ehe easterrr

s ide of  [he fan contains an excel lent example of  a debr is Flow deposi t

which was exposed in 3 dimensions in the backhoe pi t .  The coarse uni t

consists ent i rely of  Wasatch-der ived sediments which include boulders

which reach 400 mm in diameter.  The uni t  is matr ix supportedr very

poorly sorted, and chaot ic.  Tlre monol i thologic nature of  fhe uni t

suggests Lhat,  i t  records a very large event which traversed a great deal

of  Sink Val ley without being reworked and subsequent ly di luted by the

inclusion of  Tropic-der ived si l ts and clays. The high f l requency of

debris f lerw and rnudflow deposits in MS +I5 indicates l.hat. [he rneasured

sect ion reDresents the deposi t iorral  axis of  the val ley fan. The

vert ical  *sequence is typical  of  a prograding fan in bhat i t  in i t ia l ly

coarsens upwards and then f ines upwards. The lowermost sediments

plobably represent f ine grained fan toe deposi ts (schumrn et 0I . ,  1987) '

The debris f low and nrudf low sediments represent progradat ion of  a medial

lan environment,  and the upper sheelf l Iood deposi fs represent deposi t ion
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on the back-slope of the fan cresf.  The mudf low deposi ts were probably

generated from lhe Tropic Sha1e on the eastern val ley margin,  Minor

channeL f i l ls  wi thin lhe sect ion are located above and below debris f low

deposi ts which tends bo indicate that the debris f low deposi ts caused

some channel izat. i .on of  the sheetf loods,

The east  s ide o f  XS IVA cons is ts  o f  a  sect ion (MS +2I )  that  conta ins

Iateral ly cont inuous, th inly bedded, f ine grained deposi ts which are

very simi lar to those of MS f f i  on the east s ide of  XS I IA. The two

strat igraphic sect ions represent s imi lar deposi t ional  sub-environments

as they are both located up-val ley of  the point  of  coalescence be[ween

two al luvial  fans. Both sect ions contain deposi ts indicat ive of  low

energy slackwater sedirnentabion. Consequent ly,  each of the two al luviat

fans which enter Sink Val ley frorn the east (Sect ion 2L and Swapp Hol low)

must have produced suff ic ient sediment to prograde out onto the f loor of

Sink Val ley,  thereby creat ing a topographic depression which favored

slackwater sedimentat ion.

The sedimentologic record preserved in the rneasured sect ions on XS

IVA documents the down-val l "ey progradat ion ol  the val ley fan and i t  a lso

highl ights the role of  [he tr ibutary fans. Progradat ion of  the val ley

fan onto the Tropic Shale r idge, and the subsequent overtopping of the

ridge are documented in MS +20 and MS +I4. Both of these sections

provide strat igraphic evidence t ,hat conslrains the t ime of capture by

Lower Robinson Creek of the upper drainage basin of  Sink VaI ley,  to

wi th in  the per iod o f  t ime that  Kanab Creek degraded ( i ,e . ,  1865) .  The

f ine grained and saturated sedirnents in MS +I5 doeument the progradat ion
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of l  the val ley fan margin onto the Tropic Shale r idge and i ts ef fects on

the e levat ion o f  the water  tab le ,  MS +15 is  ]ocated on the erest  o f  t ,he

va l ley  fan and i t  represents  the ax is  o f  depos ib ion which is

character ized by a high frequency of debr is f low and mudf low deposi ts.

Progradat ion of  Swapp Hol low fan onto the f loor ol  Sirrk Val ley creaLed a

bopographical ly low area on the eastern margin of  the val ley fan that

favored f ine grained slackwater sedimentat ion ( t '4S +211"

Crr :ss  sect ion IVA (F ig .  ] .1 )  shows an overa l l  increase in  the ra t io

of Tropic- to Wasatch-der ived sediments relat ive to sect ions up-val ley.

Deposi ts are general ly f iner grained, al though coarser hor izons record

Iarge debris f low events.  The combinat ion of  the down-val ley transi t ion

towards t l re fan toe deposi ts with bhe onlapping of these f ine sediments

onto an impermeable bedroc'k ridge has induced the emergence of

groundlat ,er high in the strat igraphic sect ion.

3 .6 ,  Cross Sect ion IVB (Drawing No.  5)

Cross Sect ion IVB (Fig.  3. lJ t raverses the mouth of  Swapp Hol low fan

froni ncrrth (MS #22) to south (US #23). Ttopic-derived si]t,s and clays

cons[ i tu [e  the major i ty  o f  the sed iments  observed,  however  s ign i f icant

quant i t ies of  Wasatch-der ived arrd Cretaceous sancfstone-der ived sedimenbs

are presenb as weII .  The Wasafch-der ived sedimenLs may l rave been

emplaced from t .wo sources. The f iner grained sediments may represent

sheetf lood deposi ts f ,ormed a$ a resulL of  large f loods r)n the val ley fan

overtopping fhe toe of l  Swapp HclI Iow fan. The coffr 'ser grained sediments

are cler ived from t l re pedimen[ gravels that cap the Tro;r ic Shale outcrop
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to  the east .  Ref reat  o f  the Trop ic  Shale  va l ley  marg ins  due to  mass

fa i lu re  and gu l ly ing is  de l iver ing s ign i f icant  quant i t ies  o f  Wasatch-

der ived c las ts  fo  the va l ley  f loor ,

An erosional  rernnant of  Tropic Shale is present in the center of  XS

IVB. This outcrop is representat ive of  the subsurface conf igrrabion of

Sink Val ley;  the deposi t ion of  al luvial  fan sediments has occurred on a

sur face o f  s ign i f icant  pre-ex is t ing re l ie f ,  Th is  sha le  is  capped by

pedirnent gravels which provide a loeal  source of  coarse rounded clasts,

pr imari ly J imestone and quartz i te of  the Wasatch Formation.

In general  the sediments exposed in the measured sect ions on XS IVB

are f ine grained and probably ref lect  the f ine-grained nature of  the

proximal source rocks. Chatcoal is abundantly distributed throughout

the sect ions which indicates that f i res have signiFicant ly af fected fan

sedimentation. The deposits in MS +22 reflect the predominance of lscal

s lope processes. The basal port ion of  MS +f7 is cornposed of s igni f icant

sheetf lood deposi ts,  but bhe upper port ion contains signi f icant mudf low

deposi ts that include local ly der ived Wasatch clasts.  MS #23 refJects

mass fai lures of  the Tropic Shale sediment on the south side of  Swapp

Hol low. The frequency of debr is f low and mudf low deposi ts is higher in

the upper port ion of  MS +t7 and this probably correlates wibh [he

observed fair ly recent rnass fai lure deposi ts that are Iocated up-fan

flrom MS +21.
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3 ,7 .  C ross  Sec t i on  V  (Draw ing  No .  6 )

Cross sect ion V extends from the Lower Robinson Dreek drainage basin

in  the west  to  the mouth o f  Swapp Hol low in  the east  ( f ig .  3 ,1) .  The

eastern encl  of  lhe cross sect ion is t ied into MS +l l  on XS IVB. This

cross sect ion provides f lur ther evidence for progradaf ion of  bhe val ley

fan and i ts  e f fec [s  on modi fy ing pre-ex is t ing re ] ie f  and dra inage bas in

divides. Fur l .her,  fhe ef l fects of  Swa.pp Ho] low f lan on the topography and

sedimentologic character isbics of  the val ley f loor are evident,  oR fhis

cross sect ion. The sedinrentologic evidence indicates that the toe of

[he val ley fan is located in the vic ini ty of  XS V, and this is supported

by  the  va l l ey  s lope  and  p ro f i l e  da ta  (F iq ,  2 .3 ) ,

Measured sect ion +Q6 documents Lhe overtopping of fhe Tropic Shale

r idge that formerly was t ,he drainage div ide between bhe Lower Robinson

Creek drainage basin and Sink Val ley drainage basin.  The basal port ion

of t '4S #25 contains sediments that were pr imari ly der ived from the Lower

Robinson Creek rJrainage basin pr ior Eo overtopping of the Tropic Shale

divide. The coarser sandstone clasts were probably der ived from local

outcrops of  the Dakota Formation" Wasatch-der ived sediments document

the down val ley; :rogradat ion oF the val ley fan. The upper Frort ion of  MS

{126 is comBtrsed primar i ly of Iocally derived Tropie Shale sediments

(sheelwash and murJl lows),  but the presence of Wasatch-der ived secJiments

indicates thab shee t f  loor1s st i l l  t . ransport  va1ley fan sedimenL.s into

Bhis locat ion" The sheetf l Ioods thaL are generated up-val ley spl i t  at  a

Iocation between MS +25 ancJ MS {27 because sedimentaL,ion has removed Lhe

divide befween S, lnk Val ley and Robirrson Creek drainage bas- lns,  Part  of
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the l low and sediment t ravels down Sink Val ley and the remainder enters

the Lower Robinson Creek basin and is del ivered to MS {25.

Measured sect ion #25 is comprised mainly of  f iner-grained sedirnenbs

that  were depos i [ed by sheet f loods in  the d is ta l  por t ion o f  the va l ley

fan  ( i . e . ,  f an  toe ) .  The  s t ra t i g raph ic  sec t i on  shows  an  i n i t i a l

coarsening upwards trend fol lowed by a f in ing upwards trend in the grain

size. The sediments are dorninant ly Crefaceous sandstone-der ived which

suggests that Swapp Hol low was the source area. This tends to be

supported by the cross sect ion prof i le which dips fair ly steeply to the

west.  The basal sect ion of  MS #25 is.  water saturated and this probably

ref lects the fact  that sediments have prograded onto the Tropic Shale

r idge at th is locaf ion, a s i tuat ion which is analogous to that at  y3 +15

(xs  IVA) .

Measured sect ion 424 represents the deposi t ional  axis of  the val ley

fan in a distal  locat ion. The sediments were transported down the

valley fan and from Swapp Holl"ow fan. The basal portion of MS #24

contains mudf low deposi fs that appear fo have or iginated from Swapp

Hol- Iow because they contain alrnost no Wasatch-der ived sediments.

Farther up sect ion CreLaceous sandstone-der ived sediments became more

common and they consist  of  al lernat ing hor izontal ly laminated sand and

drape uni ts which are typical  of  discrete sheetf lood events.  The drapes

tend to be composed of Wasatch-der ived sediments.  The interbedding of

bhe sediments from the two source areas suggests that the mid sect ion

sediments represent events on both the val ley fan and Swapp Ho1low fan"

The upper part  of  Lhe sect ion appears to be dominated by sheetf lood and
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mudflow sediments from Swapp Hol low, and this may be due Lo two causes.

F i rs t ,  Swapp HoI low is  prox imal ly  loca led wi th  respect  to  the locat ion

of MS t ts24 and, therelore,  i t  can be expected to exert  considerable

in f luence.  Second,  the re la t ive ly  minor  cont r ibut ion o f  Wasatch-der ived

sediments rr lay re f  lect  the capture of  the upper Sink VaI ley drainage

basin by Lower Robinson Creek, thereby removing the source area.

The basal port ion of l  MS #24 was water saturated, The reasons for

bhe relat ively high water lable in MS W4 may be somewhat di f ferent

from those responsible for bhe higlr  water table in MS #25 and MS+ 15,

The high vrater table at  the lat ter locat ions appear to be the resul t  of

fan margin sediments lapping on[o i r rpermeable Tropic Shale outcrop. The

si tuaLion at I ' tS +A4 can probably be explained in terms of the f an

dynamics and possibly by the geomorphic history of  Sink Val ley.  The

Fines[ sediments on a prograding al luviat  fan are located in the distal

port ion of  the fan (schunrn et  tsI . ,  I9B7).  As the fan progrades coarser

ser j i rnents are la id down over the si l t -c1ay basal layer and, therefore, a

perched waber table can be forrned. Groundwater tends to follow bhe

deposi t ional  axis of l  [he lan (Gal loway et Bl , ,  L979) because

deposiL, ional  uni ts are more cont inuous longi tudinal ly [han they are

Iateral ly (Schunrn et  Bl . ,  1987).  Groundwater recharge bakes place up-

fan and discharge tal<es place in the lower fan region'

The high waber table in MS {24 may also be related bo the retreat of

bhe vai ley margins. IsoLated Tropic Shale remnan[s are located at the

moufh of l  Swapp Hol low and [here is ] i t t te doubt t ,ha[ the Trr :pic Sha]e

underlain pedinrent on the sou[h side of  Swapp Hol]ow is retreat ing
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today.  I f  i s ,  there fore ,  conce ivab le  t ,hat  pa leo- topography ex is ts

beneath the val ley f loor in the general  locat ion of  MS + 24, and i t  is

this rel  ief  that,  is causing the high wat,er table.  In this case the

si tuat ions at  MS +I5, MS + 25 and MS {24 would be simiLar.

The eastern end of XS V is marked by MS +ll which has already been

descr ibed (xS IVB).  The basal part  of  the sect ion is dorninated by

sheetFlood deposi ts and bhe upper port ion by mudf low deposi ts.

Cross sect ion V (Fig.  J. I )  is important as i t  documents the locat ion

of the toe of  the val ley fan and the progradat ion of  the fan which

resul ted in el iminat ion of  the low-rel ief  div ide between Lower Robi.nson

Cr'eek drainage basin and Sink Val ley drainage basin.  The cross sect ion

prof i le,  which dips to the west,  indicates that s igni f icant cross-valJ.ey

sediment transport has occuued from the Swapp Hollow drainage basin.

AII of t,he measured sections document the diminishing amount of Wasatch-

der ived sediments and the corresponding increase in the amount of

fropic-der ived and Cretaceous sandstone-der ived sediment.  Further,  the

Wasatch-derived sediments are much finer than [hose encountered farther

up-f lan. The rather rapid dimunit ion of  the size of  the Wasatch-der ived

sediments and their  reduced volumes in the strat igraphic sect ions argue

very strongly for a non-channelized flow origin for the sediments along

XS V. The coarse Wasatch-der ived clasts in MS +17 rvere local ly der ived

Frorn pediment gravels that cap the Tropic Sha1e,
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J.8 ,  Cross Sect ion VI  (Drawing No.  l )

Cross sect ion VI t rends in an east-west direct ion across Swapp

Ranch,  and i t  i s  located where S ink  Va l ley  beg ins  to  nar row (F ig .  J . I ) .

Tl-re western val ley margin intersects outcrop of Tropic Shale,  hence XS

VI l ies completely within the Sink Val ley drainage basin.  The narrowing

of Sink Val ley in bhe locat ion of  XS VI means that the val ley slopes are

cont r ibut ing s ign i f icant  quanLi t ies  o f  sed iment  to  the va l ley  f loor  and

this is expressecl  in the strat igraphic sect ions.

Measured section tFZl is located on t,he western rnargin ol the cross

secL, j .on in the topographical ly lowest 'part  of  the cross secLion. SmaII

discont inuous gul l ies are present on the val ley f loor and this probably

ref lects the conf inement of  the sheetf loods by the narrower val ley.  The

sediment.s in MS #27 are fine grained and they reflect sheetwash

cJeposi t ion from the l ropic Shale outcrop to the wesb and sheetf lood

deposi l ion from a down-val ley direcbion. MS 4127 ts located south of  the

area where sheeLFloods bl furcate into Lower Robinsen Creek drainage

basin and into Sink Val ley.  The interbedding of f - ine-grained Tropic:

der ived and predominant ly Wa-sahch-der ived sediments can probably be

related Lo hi l ls lope and vat ley evenbs. Saturat ion of  Llre basal  part  of

MS +27 is probably due to the emergence of valley fan groundwater down

val ley t lcyn the toe of  the fan and to t ,he fact  bhab sediments in MS +27

lap onbo the Tropic Shale basin boundary.

Measured sect ion #28 is localed in the approximate cerr ter of  the

val ley ,  and, theref lore,  i  t  probably is represent.aI ive of  t l te,

daposi [ iona] axis of l  the val ]ey.  Al t f rough i t  is Jot:ated in t .he center
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of the val ley i t  is  apparent [hat sediments der ived from the eastern

va l ley  marg in  have s ign i f icant ly  a f fec ted the sed imento log ica l

character is t ics  o f  the va l ley  f i11 .  The bopographic  c ross sect ion which

dips to the west strongly conf i rms the observat ion. The basal part  of l

the sect ion is composed of hor izonLal ly laminated sands der ived frorn

Cretaceous sandstones in Swapp Hol low, The most not iceable deposi t ional

uni t  in MS +28 is the large, matr ix supported debris f low deposi t .  fhe

relat ively coarse-grained Wasatch-der ived sediments or iginated from the

pediment gravels on the eastern val ley margin.  The general ly coarser

sediments in MS #28 probably can be attr ibuted to the progradat ion of  a

Iobe of Swapp HoIIow fan onto the val ley f loor.  This is supported by

the cross sect ion pro f i le  which shows a re la t ive ly  s teep (0 ,0 f )  c ross-

val ley gradient between MS +"8 and MS +35. A relat ively high water

table was observed in MS {28, and it appeared to be perched on top of a

mudf low deposi t ,  Flow rates into the pi t  were very high.

Measured section *f5 appears to be ]ocated on a former lobe of Swapp

Hol low fan. Abandonment of  th is lobe may be related to the presence of

the mass fai lure debris that is located up-fan on the southern margin of

Swapp Hol low fan. The basal part  of  the sect ion contains a mudf low

deposi t  that is over lain by numerous sheetf lood deposi ts that contain

minor smal l -scale channel f i l Is.  Debris f low and mudf low deposi ts

predominate in the upper part  of  the sect ion. The coarse Wasatch-

der ived clasts must have been der ived from the eroding hi l ls lopes that

form the eastern  va l ley  marg in  o f  th is  c ross sect ion,  F ie ld  observat ion

of the val ley margin hi l ls lopes showed that considerable quant i [ ies of
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Wasatcl ' r -der ived pedimenf gravels mant le

concent ra ted in  h i11s lope gu l l ies  that

f Ioor .

h i l l s lope and they are  a lso

d ischarg ing to  the vaI ley

Comoar ison o f  the s ize o f  ihe  Wasatch-der ived sed iments  aeross XS VI

shows a marked f in ing in lhe wes[ward direct ion. 
' ihe 

coarsesl  sediment,s

ate Jocated in MS +35 and the f inest are found in MS #27. However,  the

ground sur lace elevat ion at  MS +15 is 59Oi feet,  whereas thal  at  MS {27

is  68-51 .9  f  eet ,  a  d i f  fe rence o f  about  5 I  feet .  I t  i s  h igh ly  un l ike ly

bhat a channel,  i f l  one ever existed, would be located at the higher

el .evat ion on the val ley closs prof i le.  The cross-val ley gradient would

argue For a channel locat ion in the Iowest part  of l  the val ley where

f lows would be most corrFined, The f ine grai .ned nature of  the Wasatch-

t ler ived sediments at  MS #27 does not provide evidence of chartnel ized

f low, but rather i t  argues for unconf ined sheetf l .ows,

3 ,9 ,  Cross Sect ion VI I  (Drawing No.  S)

The val ley width at  XS VII  (-  1200 feet )  is about hal  f l  of  that at  XS

VI ,  and the narrowing is an expression of  the cl-rarrging l i thology at  the

basin margins (r ig.  - t . I  ) ,  Tlre Dakota Ff i ,  which is more erosion

resistanf than the l ropic Shale controls the widfh of l  the val . Iey.

Becau*ce of the t ,opographic conf inement,  f low corrf inement occurs at  th is

Iocat ion and, t .herefore, t -he probabi l i ty of  having conFined channel fJow

is l r igh, However,  only minor discont inuous channels are present on the

va l ley  f loor .  The larger 'char r r re l  on Lhe western  marq in  o f  Lhe va l ley  is

at the locabion of b.he old Al ton-Skutumpah waQcrn road which appears to
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have inc ised re la t ive ly  recent ly ,  probably  as  a  resu l t  o f  f low

concentrat ion in L.he wagon wheel ruts.

Morpholog ica l ty  and s t ra t ig raph ica l ly  XS VI I  is  heav i ly  in f luenced

by va l ley  marg in  cont r ibut ion o f  sed imenls .  0n the easbern marg in  (MS

+l l  ) ,  a det.r i ta l  cone extends from the base of t ,he hi l ls lope for a

distance of about 500 feet onto the val ley f loor.  The basal sediments

in MS +l l  are sandy and they are water saturated, The absence of any

sedirnentary structures, other than hor izontal  laminat ions, in a

re la t ive ly  th ick  in terva l  o f  weI I  sor ted sand ind icates  that  these are

sheetf lood deposi ts.  The remainder of  MS +l l  is comprised of hi l ls lope

derived sediments thab encompass debris f low deposi ts,  mudf low deposi ts

and sheetwash deposils. The coarse l,r,asatch-derived sediments in the

detrr is f low deposi t  are der ived from the local  pediment gravels.

MS +10 is located at the toe of  the detr i ta l  cone. I t  ref lects some

valIey margin sediment contr ibut ion, especial ly in the upper part  of l  the

sect ion, which docurnents the progradat ion into the val ley of  the

detr i ta]  cone. The lower part  of  the sect ion appears to be composed of

sheetf lood deposi ts,  as the sand uni ts do not,  have structures other Lhan

horizontal  laminat ions. The absence of cross-bedded structures in the

relat ively thick sand uni ts argues for unchannel ized f low condit ions.

The yel lowish color of  the sands in both MS +3i and MS +10 suggests that

fhey were der ived frorn the Cretaceous age sandslones that crop out in

Swapp Hol low drainage basin rather than from an up-val ley source such as

bhe Wasatch Formation, The basal port ion of  MS *]0 was water saturated.

Measured sect ion #29 is located in the middle oF bhe non-hi l ls lope-

modi f ied par t  o f  the va l ley  f loor .  The sed iments  in  the base o f  the
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sect ion are simi lar to those in the oasal port ions of  MS *3I and MS +J0,

The sands are water saturated, A mudf low deposi t  over l ies the basal

sand un i t  (Cretaceous Sandstone-der ived) ,  I t  eou ld  have been der iveo

from ei ther val}ey walI ,  but the presence of l  minor amounts of  Wasafch-

der ived sedirnents in the mudf low deposi t  argues for an eastern source

area. fhe remainder of  lhe sediments in MS #29 are eomprised pr imari ly

of  f ine grained Wasatch-der ived si l . ts and sands that are sheetf lood

deposiLs. The sect ion appears to be capped by hi l ls lope-sourced Tropic

Shale-der ived sheetwash deposi fs.

The slrat igraphic data from XS UII  indicate that bhe val ley margins

are signi f icant souree areas f lor  lhe sedirnents.  The relat ively minor

amounts of I ' t lasateh-derived sediments and their f ine grained nature in

Lhe strat igraphic seet ions furfher indicates that these sediments were

not t ransporfed by channels that rvere conl lnuously I inked to their

source area. The Wasabch-der ived sediments were del ivered to this lower

val ley locat ion by per iodic sheetf lood evenLs and their  greater

f ' requency in the upper parts of  the strat igraphic seet ions provides

evidenee for val ley fan progradat ion, The coarser Wasat,ch-der ived

clasts that. are located in t lre eastern measured see tion (t ' lS +lI ) were

derived from a local  source, t ,he pediment, .  The yel low basal sands

sect, ions sf  the t ,hree measured sect ions indicaL,e that Swapp Hol low

drainage basin was probably [he major source of  sediments pr ior to

val ley fan progradaLion down Sink Val}ey, because the yel lowish sands

were der ived from Cret"aceous age sandstones. The absence of cross-

beriding irr the sands indicates strongly that, bhe sands were transporfed

by uneonf ined sheet. f  loods,
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J.  I0 .  Cross Sect ion VI I I  (Drawing No.  g)

The  va l l ey  w id th  a t  XS  V I I i  (F i g . J .1 )  i s  abou t  700  f eeb ,  bu t  a

detr i ta l  cone at the base of fhe hi l ls lope on the eastern valJ-ey rnargin

extends about 200 feet onto the val ley f loor.  Sedirnents der ived from

fhe Dakota Formation on the western val ley margin have been transported

into the val ley f loor by slopewash processes. They include fragments of

reddish colored el inker,  the resul t  o l  coal  seam burns within t ,he Dakota

Format ion.

Measured Sect ion +34 is located at the toe of  the detr ia l  cone on

the eastern side of  the val ley.  MS +34 ref lects considerable val ]ey

margin contr ibut ion of  sediment in the Form of both Tropic-der ived and

1oca11y f,/asatch-derived sediments.

clasts were observed on the surface

MS +f4.

Coarse 1oca11y derived l{asatch

of the detr i ta l  cone to the east of

Measured sect ion +33 is located in the middle of  the val ley.  The

basal part  of  the sect ion contains numerous sheetf lood deposi ls that

conEain  c las ts  that  were Ioca] ly  der ived ( i .e .  Dakota  SS and c l inker

chips) and those Lhat may have been transported down va1ley (Wasatch),

or f rom a local  source such as the pediment (wasatchJ. fhe base of the

sect ion was water saturated. The remainder of  the sect ion consists of

interbedded sheetf lood and local ly der ived sheetwash and rnudf low

depos i t s .

Measured sect ion +32 is located to the east of  a major incised

channel on the western margin of  the val ley.  The incised channel is in

the former location of the Alton-Skutumpah wagon road, and it is
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current ly darnned. The basal port ion of  MS +32 contains a number of

Wasatch-der ived si l t  drapes which may ref l lect  unusual ly large

sheelf loods on the prograding val ley f lan. The remainder of  the

secliments in MS +32 are very f ine grained and bhey cont,ain abundant

Iocat ly der ived cl inker and sands[one clasls.  The coarser uni ts lvere

probably der ived from the local  hi l ls lopes in bhe f lorm of mudf lows and

debris f lows. The base of Lhe sect ion was water saburated.

The smal l  f l ract ion of  the total  sediments fhat are exposed in the

measur 'ed sect ions along XS VII I  that were der ived from }/asatch sources

argues against channel ized del ivery of  Wasabch:der ived sediments to the

Iower va1ley region. Sediments in the val ley f i l l  appear to be sbrongly

inf luenced by local  sources.

3 . I1 .  Cross Sect ion IX (Drawing No.  9)

The val ley widbh at XS IX (Fig.  J.  I  )  is about 500 feet,  A srnal l

a l luvial  fan on the eas' tern val ley margin has prograded oub on[o the

val ley fJoor for a disbance ol  about 25A feeb, Another smal l  a l luvial

fan has prograded onto the vaI}ey, f loor f rorn t ,he western val ley margin

about 100 feet upstream of MS +36. Therefore, i t  is  evidert t ,  bhat

sedimentat ion on the va} ley f loor is very strongly inf luenced by val ley

margin sources. 0n the eastern val ley margin coarse clast ic sedirnents

der ived from the pediment gravels and outcrops of  Dakota sandstone are

being introduced [o the val ley f loor.  0n the westert t  val ley margin the

Coarse Clast ics are der ived from bhe Dakota sanclstone'

Measured sect ion +35 is located on [he brue r ight bank of l  bhe

incisecJ channel of  Sink Val ley Wash. The lowermos L 14 feeb o I  t l re
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sect ion is composed of shale-der ived sediments,  which include minor

cl inker chips. The frequency of occurrence of Wasatch-der ived sediments

increases up-sect ion which suggests that the Wasatch-der ived sedimenls

were not avaiJable for deposi t ion unt i l  late in the val ley aggradat ion

cycle which preceeded the incis ion of  Sink Val ley Wash, the resul t  of

base level  lowering due to the incis ion of  Kanab Creek. The upper part

of  MS +16 is dominated by interbedding of local ly and down-val ley-

der ived f ine grained sediments.

There is no doubt that the bed of the current ly incised channeJ of

Sink Val ley Wash contains signi l icant quant i t ies of  coarse-grained

clasts.  I t  might be argued that they represent part  of  the val ley f i lJ '

However,  the f ie ld evidence indicates that bhe coarse clast ,s were

local ly der ived and concenbrated in the bed oF the channel as a resul t

of  fhe Drocesses of channel incis ion and incis ion- induced channel

widening. The absence of coarse Wasatch-der ived clasts in the measured

sect ions up-val ley ( i .e. ,  MS el$Zt MS *3Jt MS #77) indicales that the

coarse clasls in the bed of the incised channel must have been local ly

der ived. The major i ty of l  the coarser c lasts were der ived from the

Dakota sandstone, but the quart ,z i te,  basal t  and l imestone clasts were

derived from the pediment gravels on the eastern margin of  the val ley.

3.12. Summary of  Sink Val ley Sedimentology

The surveyed cross sect ions (9) and measured strat igraphic sect ions

(J7) in Sink Val ley documenb a very complex val ley f i I l .  However,  the

very dist inct ive nature of l  the three pr incipal  sediment source
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l i tho log ies  enable  the sed imento logy to  be in terpre ted wi th  a  re la f ive ly

high degree of conf l idence. Sedimentat ion in Sink Val ley has

s ign i f icant ly  modi f ieC pre-ex is t ing re l ie l  in  the bas in  and i t  has had a

s ign i f icanI  e f fec t  on f low d is t r ibut ion between Sink  Va l ley  dra inage

basin and the drainage basin of  Lower Robinson Creek. A pre-exist ing

drainage divide between Sink Valley and tower Robinson Creek has been

el iminated by stream capbure and by bur ial  of  the div ide, Sedimentat ion

in the upper port , ion oF Sink Val ley has been the resul t  of  the down-

va1ley progradat ion of  a val ley faR. This fan di l fers f rom more

convent ional  al luvial  fans in terms of l  i [s shape, but i t  has simi] .ar

sed imento log ic  character is t ics  (Beaty ,  1970;  Costa ,  I9BB) .

The sedimentologic and morphologic character ist ics of  the val ley fan

have been in essence flrozen by the capture of the Wasatch Formation

source area by Lower Robinson C:reek, which is deeply incised.

Current ly,  sediment,s eroded from the Sunset Cl i f fs in Water Canyon are

t.ransported down-valley in this incised channel An ineised channel

exists to the base of the Sr-rnset C1if fs in Water Carryon, but the

sediments eroded frorn the cl i f fs. f r  being transported down Water Canyon

principal ly as very coarse-grained debris f lows. The debris f lows,

however,  current ly are urnable to reach the val ley fan in Sink Val ley

because of l  the presence of l  the incised channel.  Channel ized debris f low

cleposits vler e olrserved in lhe bed of the abandoned channel segrnent

(east.)  of  Lower Rot l inson Creek at XS I .  I t  is  reasonably eert ,ain that

the capLure by Lower Rcbinson Creek utas related to the incis ion of  Kanab

e reek (c,  1865 j  arncl ,  therefore, ib is I ikely that the morphologic and
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sedirnentologic character ist ics of  the val ley fan represent events pr ior

to the t ime of capture.

The dominant source rocks that contr ibute sediment to Sink Val ley

change  a long  i t s  l engbh  (n ig .  3 .4 ) .  C ross  sec t i on  I  (F ig ,  3 .L )

sedirnents are predominant ly Wasatch-der ived and reasonably coarse

grained. Sheetf lood deposi ts with minor channel f i l ls  and debris f low

deposi ts dominate the val ley f i l l  (US +:; .  Val ley margin inf luences are

seen in MS +5 and MS +l where sheelwash, mudflow and posslbly gravity

processes contribute sediment f lrom the Tropic Shale and Cretaceous age

sandstones. Cross Sect ion I I  (Fig.  J. I )  sediments are predorninant ly

Wasatch-der ived and consist  of  sheetf lood and debris f low deposi ts ( l ' tS

+f) .  Lateral  contr ibut ion from the Tropic Shale is documented by a

mudf low deposi t  in MS +7. The interbedded Wasatch-der ived and fropic-

derived fine grained slackwater sediments at the top ofl MS 1t'8 document

the progradation of Section ?L fan onto the floor of Sink Valley and the

displacement westward of the depositional axis of the valley fan (l"ts

+ j ) .  Cross Sect ion I I8  (F ig .  J . l )  across the mouth o f  Sect ion 2 I  fan

docunrents the del ivery of  both f  ine-grained (si1t , /c lay )  Tropic-der ived

sediments to the valley fan and yellowish-grey sands derived from the

Cret,aceous age sandstones,

Cross Sect ion I i I  ( f ig .  J . I )  documenLs the in f luence o f  Trop ic-

der ived sedimenfs on the character of  the deposi ts along the

deposibional  axis of  the val ley fan (Us +LZ),  Mudf low and debris f low

deposi ts dominate this cross sect ion. VaIIey margin contr ibut ion of

sedinent Eo Sink Val ley is evident in the eastern margin of l  the fan ( t , tS
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* IJ r  L7,  IB,  19J.  Loca l ized depos i t ion  has created IocaI Iy

overs[eepened topography and this has resu]ted in the format ion of

discont inuous gul I ies.  Fan progradat ion towards the val ley margin is

documented in MS #4, where the Wasatch-der ived sediments (sands and

s i l ts )  have in f i l led  a  pre-ex is f ing bad land topography (F ig ,  3 ,3)  that

drained the area to the north of  the present ly incised channel of  Lower

Robinson Creek. The surveyed XS profi le confirms that MS +4 is located

on a fan margin.

Cross Section IVA extends from the drainage basin of Lower Robinson

Creek on the west to the eastern margin of  Sink Val ley just  up-val ley

f rorn  the junct ion wi th  Swapp Hol low fan (F ig .  3 . I ) .  Progradat ion o f  the

val ley fan [o bhe point  where sheetf ]oods overtopped the Tropic Shale

ridge which was the drainage divide between Lower Robinson Creek and

Sink Valley is docurnented in MS +I4 and MS +2O, Since there is no

outerop of Wasatch Formation in the pre-capture drainage basin of  lower

Robinson Creek, then the Wasatch-derived sediments in y5 #I4 and MS +20

must have been derived from Sink Valley. The low frequency of the

Wasatch-derived sediment,s in MS +14 and MS #20 and the fact that they

are located in the upper port ions of  the strat igraphic sect ions

indicates that the sediments were transported by exbreme events on the

val ley fan. Deposi t ion of  the Wasatch-der ived sediments must have pre-

datecl  the incis ion of  Lower Robinson Creek (c.  1855) and the capture of

Upper Sink Val ley because fhe lVasatch-der ived sediments are interbedded

with Tropic-der ived sediments.

The on- lap o l  fhe va l ley  fan on[o  the eastern  s ide o f  the Trop ic

Shale r idge, and ibs ef fects on the water table are shown in MS {115,

72



which is composed of pr imari ly f ine grained fan-margin sedimen[s" The

deposi t ional  axis of  the fan is located at MS +15 and i t ,  ref lecls the

contr ibut ion of  sedimenLs from both the Wasatch Forma[ion and the Tropic

Shale.  Progradat ion of  Swapp Hol low fan into Sink Val ley and i ts

effects on slackwater sedimenlat ion can be seen in MS #22 where f ine-

grained sediments From the Wasatch Forrnation and the Tropic Shale are

interbedded. Cross Sect ion IVA is locabed near the crest ol  bhe val ley

fan,

Cross Sect ion IVB (F ig ,  J ,L)  ex tends across the mouth o f  Swapp

HoIIow and i t document-c a number of imporlant factors with respee t to

Sink Val ley sedimentology. First ,  a considerable volume of Cretaceous

age sandstone-der ived sand-sized sediments are bei .ng introduced to Sink

Val ley (MS +77).  Second, s igni f icant.  quant i t ies of  Tropic-der ' ived

secl iment is also being introduced to Sink Val ley.  Final ly,  erosion of

t ,he pedimenb on the south side ol  Swapp Hol low is introducing c 'oarse

Wasafch-der ived pediment qravels to Sink Val ley '

Cross Section V exbends flrorn the Lower Robinson Creek drainage basin

oR t ,he west to the moulh of  Swapp Hol low on Lhe east (Fig.  ] .1).  The

cross sect ion is located wi[hin Sink Val ley a[  the approximate locab. lon

rr f  bhe down-val ley terminus of the val ley fan. Ihe deposi t ional  axi-s of l

the val ley fan is locabed at MS #24 and the sediments ref lect  di f ferent

souree l i thologies; Wasabch Formation, Tropic ShaIe, and bhe Cretaceous

age sandstones, The l {asatch-der ived sediments have been di luted

considerably in compari-qon bo the sect ions thab are loeated up-f lan. MS

11.25 shows the effecls on the water table of lan margin on-Iap to [ l 're

7 j
WATER ENGINEERING AND TEIHN0LOGY, tNC"



i rnpermeable Tropic Shale r idge. Sediment del ivery from Swapp Hol low may

have been responsible for displacing vaI ley fan margin sedimentat ion

towards the west ,  thereby eJ iminat ing the pre-ex is t ing dra inage d iv ide

between Sink Val ley and Lower Robinson Creek drainage basins. The

coarse-grained basal sediments in MS #25 y/ere derived from local Dakota

Formation outcrops in the Lower Robinson Creek basin.  Wasatch-der ived

sedimenls const i tute a minor oort ion of  MS #26, El iminat ion of  the

drainage div ide as a resul t  of  sedimenbaf ion just  south of  XS V permits

present day sheetf loods to bi furcate into both Sink Val ley and Lower

Robinson Creek. Groundwater discharge in the distal  port ion of  the

valley fan is confirmed in MS +24 and MS #25.

Cross Section VI l ies completely within the margins of Sink Valley

(F ig ,  J . I ) .  Ped iment -der ived Wasatch Format ion c lasbs,  Trop ic-der ived

finer-grained sediments and Cretaceous age sandstone-derived sands were

transported on a formerly act lve lobe of Swapp Hol low fan to the val ley

f loor (MS {FJ5r MS +28).  This lobe formed a signi f icant ctoss gradienb

across Sink Va1ley which must displace the sheetf loods to the west (MS

#27).  Very l i t t1e Vlasatch-der ived sediment is present in MS fr7,  and

the sediments in t.he section are dominated by sands derived frorn the

Cretaceous age sandstones in Swapp Hollow and by local contributions of

Tropic-der ived sediments from the westetn val ley margin.  A shal low

water table is present in both MS +28 and MS #27.

Cross Sect ion VII  (Fig.  J. I )  demonstrates the i rnportance to the

val ley f i l l  of  local  sediment sources. A detr i fa l  cone has prograded

lrom bhe eastern val ley margin onfo the val ley f loor,  The coarse-
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grained l {asatch-der ived sediments in MS +3I and MS +10 or iginated frorn

the ped imenb grave ls .  The basa l  por t ions o f  a l l  the measured sect ions

along XS VII  are composed of yel lowish-grey sands that were der ived from

Cretaceous age sandstones in Swapp Hol low. I  l -  is s igni  f  icant to note

bhaf |Jasatch-der ived f iner grained sheetf lood deposi Is are ]ocated in

the upper part  of  MS #29, This [ends to conf i rm thal  the del ivery of l

Wasatch-der ived sedirnents down-val ley to this locat ion was dependent on

val ley fan progradat ion raL,her than as the resul t  of  channel ized f low.

The pauci ty of  Wasat,ch-der ived sediments ofher than si l t /c lay drapes

in the measured sect ions (US *tr32, J3, j4)  along XS VII I  ( f ig.  f  .  I  )

indicates that i t  is  highly unl ikely that a cont inuous channel has been

in existance bhrough the length of  Sink Val ley dur ing the f ime [hat the

observed val ley f i l l  was deposi ted. The sedimenbs in the measured

sect ions are dominated by yel lowish-grey sands that dere der ived fronr

Swapp Hol low. Lateral  contr ibut ion of  sediments from the val ley nargins

is docurnented by clasts of l  Dakota sandstone and cl inker chips. Coarser-

grained Wasatch-der ived clasLs and f ine-grained Tropic-der ived sedimenls

are present in the detr ibat cone on the easlern val ley margin (uS +r4).

The absence of a cont inuous channel through Sink Val ley in [he Eime

period represented by Lhe val ley f i I I  is  further conf i rmed by MS +f6 on

XS IX (F ig .  3 . I ) .  The coarse c las ts  in  the bed o f  the inc ised channel

of  Sink Val ley Wash have been der ived from Locel sources. Oakota

sanrJstone clasts were der ived frorn both val ley margins, and the WasaLcl ' r -

der ived clas[s were bransported by slope Iransport ,  processes on the

eastern  va l ley  marg in .
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The sedimentology of  Sink Val ley can be surmarized in a longi tudinal

pro f i le  that  fo l lows the depos i t iona l  ax is  (F ig  3 ,5) .  The measured

sect ions that represent fhe deposi t ional  axis of  the val ley at  each of

fhe surveyed cross sect ions \{ere arranged in a down-val ley sequence

( f ig .  ] . I ) .  Ihe e levat ion o f  the top o f l  each measured sect ion was used

[o construct the longi tudlnal  prof i le of  the val ley f l ]oor.  The

distances beL,ween the measured sect ions are to scale,

The valley fan extends from XS I (MS +5) to XS V (uS #24). The

proximal (up-val ley) part  of  the val Iey fan (pls +5, MS +l)  is composed

of predominant ly Wasatch-cier ived, relat ively coarse-grained sedimenls

bhaf were deposi ted by debris f lows and sheetf loods. Minor channel

f i l ls  are Located within the hor izontal ly laminated sheetf lood deposi ts.

The channels were probably small-scale and ephemeral, and they probably

represent a braided pattern dur ing sheetf lood events (Reading, L978i

Bu l I ,  L977;  B la i r ,  1986) .  The coarse- f ine couple ts  w i th in  the

sheeff lood deposi ts represent the down-fan passage of low rel ief  sheets

of  sands and f ine grave ls  (aut t ,  1977;  B la i r ,  1985) ,

The medial  port ion of  the val ley fan is represented by MS +12 (XS

II I )  and MS +I5 (xs IVA).  The sediments were deposi led by mudf lows,

debris f lows and sheetf loods. However,  there is a di lut ion of  the

Wasatch-der ived sediments by Tropic-der ived and Cretaceous sandstone-

der ived sediments.  The Tropic-der ived sedirnents probably or ig inated

f l rom Sect ion 2I  t r ibutary and the Tropic Sha1e eastern val ley margin,

Cross Sect ion V marks the approximate locat ion of  the distal  porbion of

Ehe flan (MS +f24). Eoth the volume and caliber of the Wasatch-derived
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sediments have decl ined signi f icant ly in MS #24 (XS V).  The Wasatch-

der ived sediments are f ine-grained and they represent drapes which

document discrete down-val ley f lood even[s.  Ihe sediments in MS #24

also re f lec t  a  s ign i f icant  increase in  the vo lume of  sands that  were

derived from Cretaceous age sandstones in the Swapp HolIow drainage

basin.  The presence of groundwater at  shal low depth in MS #24 also

argues fhat th is sect ion represents the toe of  the val ley fan (Cat loway

et  d l . ,  L979) .

Cross sect ion VI is cont,ained completely within Sink Val ley,  but the

sediments in MS +28 are heavily influenced by Swapp Hollow fan, a lobe

of which had prograded onto the f loor of  Sink Val ley,  thereby displacing

the deposi t ional  axis to the wesL. The basal porbion of  MS +28 is

dominated by Cretaceous sandstone-derived sands. Debris f low and

rnudf low deposi ts contain relat ively coarse-grained Wasatch-der ived

sediments that or ig inated from the pediment gravels on the sout,h s ide of

Swapp  Ho l l ow  (F ig .  2 . I ) .

Sink Val ley narrows considerably at  XS VII  and the sediments in MS

+f0 are dominated by Cretaceous age sandstone-derived sands, The upper

port ion of  MS +10 ref lects progradat ion of  a smal l  detr i ta l  cone onto

the val ley f loor.  The sediments or iginated from the val ley side slopes

and they contain coarser c lasts of  both sandstone and [he Wasatch-

der ived pedimenL. gravels.  The absence of f ine-grained Wasatch-der ived

sediments (silt,/clay drapes) in the basal parts of MS +10 and MS {28 may

be the resul t  of  bhe relat ively shal low dept.h of  the pi ts.  Very high

rates  o f  groundwater  f low were eneoun[ered in  the p i ts  and waI I  cav ing
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occurred rapidly and f l requent ly.  The l . /asatch-der ived f ine-grained

sediments (drapes) were prominent,  in the basal port ion of  MS +33 (XS

VI I I ) ,  wh ich  i s  a  deeper  sec t i on .

The bulk of  the sediment in MS +33 were der ived from bhe Cretaceous

age sandstones in the Swapp HolIow drainage t lasin.  The increasing

dominance of these sands in MS #28, MS {F30r and MS #33, and bhe

concomit tant reducl ion in the amount of  Wasatcir-der ived sediments,  may

be related to the el iminat ion of  the l {asatch Formation source area dt:e

to i ls capture by Lower Robinson Creek. Conversely,  the change in fhe

charact,er of  the sedimenL,s may merely ref lect  the facb that the val ley

fan had not prograded Far enough down-val ley lo del iver s igni f icant

volurnes of  sediment to the lower val ley.  The presence of the mult . ip le

Wasateh-r ler ived drapes in the basal port ion of  MS +33 indicates thaL

sheetf lood events that or ig inated up-val ley From XS VII I  were i lore

frequenL in the ear l ier  part  of  the val ley f i l l  cycle.  I t  is  also

coRceivable that the relabive abundance of the sandstone-der ived

sediments is related to Lhe dynamics of  Swapp Hol low ian. Fan trenching

[schunrn 1977; Schunrn et  a] ,  1987) may have del ivered large quant i [ ies of l

Fan sediments lo the vaIJ.ey f loor.  The absence of sedimentar 'y

structules other t t ran hor izon[al  larninat ions in the sand uni ts argues

for unconf ined f low condit ions oR the val ley f loor.

Minor amounts of  f ine-grained Wasatuh-der ived sediments are

interbedded with Tropic-der ived and Cretaceous age sandstone-der ived

sediments in MS +15 (XS IX).  Coarser Wasatch-der ived clasbs interbecided

with l ropr ic-der ived serJinrents in the upper part  of '  US'+le were der ived
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f rom the ped iment  grave ls  0n the eastern  marg in  o f  the va l Iey .  Det r i ta l

cones and smal l  scale fans aL the base of both val ley margins have

signi  f icant ly af l f lected sedimentat ion in this narrow reach of the val ley.

The  morpho log i ca l  (F igs .  2 .L ,  2 . J ,  2 ,4 )  and  sed imen to log i ca l  da ta

(F ig .  3 .5)  s t rong ly  conf i rm that  a  va l ley  fan ex is ts  in  S ink  Va l ley

between XS I  and XS V. Tr ibutary fans [secbion 2I and Swapp Hol low)

have signi f icant ly af fected the sedimentology and morphology of  the

va l ley  f loor  (F ig .  J ,1) ,  Latera l  in f low of  sed iments  f rom the va l ley

margins has introduced coarser grained sediments lo the val ley f loor

that,  interrupt the down-val1ey f in in.g trends of lhe grain size (Fig.

3.4).  The presence of a shal low groundwater table down-val ley from XS V

is consistent wi th the val ley fan interpretat ion.
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4 , CS.ICLUS IONS

This  invest igat ion o f  S ink  Va l ley  was conducted [o  determine:  ( ] )

whether  bhere were s t rearn la id  depos iLs  beneath  the sur face o f  the va l ley

l loor  and (2)  whether  a l luv ia l  fans,  or  man 's  ac t iv i t ies  hac l  obscur red a

prev ious ly  ex is t ing cont inuous channel  that  t raversed the length  o f  S ink

Val ley.  Both of  f f rese factors are imporfant wi th respect to det.ermining

whebher Sink Val ley meets the regulatory geologic cr i ter ia for an

AI luv ia I  VaI ley  F loor  IAVF) .  0n the bras is  o f  these cr i te r ia ,  the

requirement For an AVF determinat icn is the presence of a cont inuous

channel-  wi t ,h in a topographic val ley,  the f loor of  whieh contains

f l loodplain and terrace features [hat are under]ain by unconsol idated

streamlaid deposibs that,  were deposi ted by the cont inuous channel.

Al luvial  fans are speci f ical ly excluded From determinaLion as AVF's

The resul ts of  th is invest igat ion have demonstrated that:

( I )  there are no streamtaid deposi ts within the sediments bhat were

observed in the baekhoe pi ts and exposed banks of l  Lower

Robinson ereek and Sink Val ley Wash. The sediments were

deposi ted by unconf ined sheetf loods, debr is f lJows and mudf lows.

Mincrr  channel f i l l  secJiments were observed in the s[rat igraphic

sect ions,  but  they are  re la ted to  the presence o f  smal I

ephemeral  channels dur ing sheetf lood events arrd lo topographic

irregular i  f  ies caused by the presence of rrrudf low arrd debris

f low depos i ts .

(Z) t ro cont inuous channel has traversed the length of  Sinl< Val ley

within the t ime interval  thaL is representerJ by the val ley f i l l
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that  l las  observed in  th is  invest igat ion.  The va l ley  fan that

prograded down-val ley from the conf l luence of Dry Fork and Water

Canyon is composed pr imari ly of  Wasatch-der ived sediments.

Capture of  the upper part  of  the Sink Val ley drainage basin by

Lower Robinson Creek rvas due to base level  lowering, the resul t

o f  inc is ion o f  Kanab Creek (c .  1855) ,  and progradat ion o l  the

val ley fan that el iminated a pre-exist ing drainage div ide

between the basins. Capture ofl the source area flor the

tr,/asatch-derived sediments has in essence frozen the valley fan

morphology into the pre-capture conf igurat ion, and therefore,

the val ley fan must pre-date the t ime of capture. Therefore,

it cannob be argued that the valley fan is a recent f leature

bhat has obscurred the presence of a pre-exist ing cont inuous

channel,  Further,  the absence of any sedimentary evidence for

channeJized f low in the invest igated strat igraphic f i l l

indicates that surface modif icat ions of  the val ley f loor by

man's act iv i t ies has not obscurred the presence of a cont inuous

channel.  This is further reinforced by the rapid down-val ley

f in ing of  the size of  the Wasatch-der ived sediments,  and by the

relat ive pauci ty of  Wasatch-der ived sediments in the

strat igraphic sect ions down-val ley from the toe of  the val ley

fan.
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APPENDIX I

SINK VALLEY STRATIGRAPHIC SECTIONS
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MEASUREDSECTION NO 15
XS 4A
MTDVAI . I . t rY
26+00

DATE 7  / 1 3 / B B
STRAT|GRAPH|C UN|T VALLEY qM
MEASURED By I,1H/KF/JS/DW ...
ELEVATIOXI 6988. 3

LOCALITY
SETTING
STATION

F
5
T
F
o-
trj
o

1
? U )
z- aD
UJ UJ
E Z
u l Y
C O(J+
z;

GRAIN SIZE
Eog?
St r lE

E5E
dx  d
rJ lJ  F
a t a

gfu
OESCRIPTIONS

TOP OF SECTION

GRAV

6 4 4
l l

SAND

V C C  M  F V F
l l  |  |  r

i <
( / ) ( J

t l

2o

I

I

I

: r j .. ' ; .
o--I
iili

1 , . (

€:.',
c';.
'ti.X

T/w

DARV. GCAY 3IUi. Io trINE 'AND

l4lNOR WA+ATCH DERlveO PrrJt{ Frile
PEBBL-E c.Hrpj

Roo-rtN6 ieolle-

-2

t 5

: 1  ' : .

;..ri

: :- .
',: i.!,

w

WASA'r<-t{ DERveD F'1-1E 6AFrD To sru'.
WELL 90€,15,9

Wgu.u tNpr-lE \TEcl

e

- 4
I b

t
I

.i.';

l / w

ct-AY To I4EDIDF1 sAFJD
WA6AT4H I]E?rvE D FlrlE PeBer-e, 4r{tFr5
VsaY OE+\+E[:a *

f  ? - ' . _

. , : ' +

* , . t . '
r l . !
9 - : . 1

b
46
:F
(p

r/w
oe.GANlc- el{_il HDq,tzoN (eooTS\

5T'R,lt-oH=?1i- o s a p rr r..r,r-- ooo-,*r..',
sEA3pr{A!-LY UrGH part+f aF WATER- TAELE

5

6
2*

l :=

t;
T

6LEV qoqtzoN

WATER. +A:rUFATE9

7

I

a

31

BASE AF sEd--]-r111,1-!.(TER. \_EVEL

sTANDINA
WA-rER.

ro

l l

t?

6AAE OF F\D LE



MEASUREDSECTION NO
XS 4A

I O DATE 7  /13 /BB
STRATIGRAPHIC UNITVALLEY FILL

MEASURED BY MH/KF
ELEVATION 7008.-Z

LOCALITY
SETTING
STATION

MIDVALLEY
I  i + 8 2

F
LL

F,-o_
UJ
o

=
F c n
1 A
rJ.J UJ
>.2
LLI !4
0a()
C ) =zF

GRAIN SIZE
Eosn
SpeE
frER>trY
-XE
t! LtJ F
a F -  a

{ +
t d 6

*EE
rr-f i8
P+3e
= HHP6Fg€

= o o

DESCRIPTIONS

TOP OF SECTION

GRAV

6 4 4
l t

SANO

V C C M  F V F
l t l l r

r, l
J J

( n ( )

I
I
I

' i r ' r '
'i' 

l:o.
i 1 ' t

'4i t w
V E R Y  F I N E  3 A N D
?tFrK \^ /ASATaH O€Rrv€o vety FrNE. PE38LE c$tp5
H'ET_FTTAL^ PAerrrl65 

:) 6rreelrr-ooo

"2

r'l

I
I
I
I

' s

-0 ' ,

ut/r

SILT Tc' F'ttJE }AND
\4./ASATa-H ()En wEl2 vER'/ FINE PF_BEue cr\rp3,
eHDcoLA'r.E BR.6wh)
Buo<-tqy g,-re.ucT'uq.e
pgt=tsE.

- 3
t2

I
I
I

.!o-'.

' - 0 '. . : .
'?:'-:

ii'6

W
PRtttletlY rgoPl(. DER.lvEtT Ll4'Af BR'Or{'',FJ TO

FrsE sANe
F,$lJoR- \/ASATa* 9ER.^,€D a$rP3
4lr\AoTl{-
DEL)3E

:=-) r-ruetruow

lo
\ \ V*".,liaW

6-EAYI5H - Ptt.rt( eoAege' jp.nJ9- FrtrE
6RAveL

C-o^c.geNl gpr^f a.R03
F @ D 4 r A \ i f , t  E A 4 . A t  a  - R t f a / T

" 4
-l 2i;:.?;'

it;.'.','qlw
wASAr4H DEE\VEU Pn-:r'< CaAR5A 5At.J9 

-rr)

FU{E /rQAveL
l\\(2r{r-Y d-EP\c,LrTeD

1 l-j
l--r-

T
T]Z.OPIC PERMED 5IL-T/ '4LAV
p6lc6ai r*rbue"qrqo
t{t {'T\ CAARZD-\L. (-6 F{T E|.IT

- E
I ffi I

W
aoARsE =AsD TO H€tr)rt)+1 6RAvgL
LJtTec{ALr-Y ( c}.l\\}u oDg ; C}tA,arr(-
TOP t y?j' fHlcJ.. artaP,<- DERrveO frLtllLAy gJr{'\?Z

5 6€ w
MEOIUM TO Z.OAR.:G.  IANO
3+4ALL 3zALe fL\PP1 + a2p95 t-(F-{trtrrea{TloN - _
isr r r r r r r r  a .e tb lne/r r ' :F. /  TFOEFP => f t la . \ f , i rc 'dDF'

2 w WASAY. 'H OSQ.IVED { ILT DRAPE

q
'a-..)','';'-'

l'r'..o.':-; 1"
:l;1;i?.ii,
;o'.; b:'?. w

40AR5E 3AuP 
-14 

F1r.re (DPA\rEL

\,'|ELL .EacTED

z l + T tU&ot-^'te BEow,J JPoPr. oA'-,vg./ 5tr-T/cr-,ly DPAPE

I

I
l a

:1
: t...\
. i t
Q,

i,t
w

VEq./ Pc)aELy 3offiE? 3ANt) To B{)o'-DeR5
|4ArRrx guPPaiaTEu 

; wA6qTErt t7Er..lvEo
CHAoTlc' t-{AY BoeLeeR = 4OOr4}'1
NuuEqeOi <"LAS[9 tso-Z€;O t ' , lM

=)  DtB* ts  t rLow

+ w
WELL 5D' TE9 b4EG^\'}A sAr{D: TIORT?ET\TTAT.

LAHruArrro$+ i CoAE5t r/ r r*e,' cAuPLgfS

I

to

l l

35

-t_

+.-
_?-

t -

-;
- F

l-*c.-
t - -
HF--
t +
t - - -

t3.-
t . j

l-

T?o?tL D€elvE9 /-\\ocoLAre B?{)\^|L)
srur/ auAy

Hru6g Plh,.:g wA5A-IaH DerZlvEr) 3\LT rLr
ueFre ?-?', '

eENtg

Ht6\{ aHA%cD\L c,oLy1-q.-N'r
tFlr-tr-EA.:ED \UDUtaA;I.lDFt W t'rH DE.trT H

-17
9A5E rlF SECf\Oh)



MEASURED SECTION NO T7
LOCAL|TY xs 3
SETTING EAST SIDE; 9 '  WEST- 0F M.S.  13
STATION l+7o

DATE .  7/13/88
STRATIGRAPHIC g1ri11 vnlLEY. FILI,_
MEASURED BY MH/KF
ELEVAT|ON 7084.0

GRAIN SIZE

< f
trl S)sEs
5ffi, 15?

aoq

DESCRIPTIONS

TOP OF SECTI
EY WASATCH OERTVeD F1ED|ur.4 sAl lD

TRoFIC 9EKrveD cHocoL-ATe eRoW
srLT/cLAy
yrruoa vER'/ FtNE ?tr-*7-',-€ V./AEATC'.{ C}llPs

PREDOHII . I INTIJT TROP\C OERIYEO S'uTEIIY
MINoK wAsATcH cHtps

=) rruorlow

cLEAN wEr_L SoRTED HEDrw ffiD
HORIZONTAU LAM I  N ATIONS

'Ooo-c) . .

c  c .0.9oi l
.1 ' r  '  , r ' .  ' j ' :

coARse 6AND ro FINE CFAvEt
HORI?oNTAL LAMINATToN

colRse SAND To CoAR66 A<aVgL
HA*lHuH DIMENSTONS 

- ls"wrDTH 
Kt7" OgF.T'd

HoRIZoNTAL L.A.-ltNATtoN s
C0N\EX / ler . r f  rc*ule

,9trI\'€,D sILT gRAPE LAT€

W€.LT- SORTED HEDIUM SAND
SHALL SCA€ Tf;O'Jqh CRO$ STRATIf lEATION

TRoPIC DgKwED grLr/CLAY

9gN5E ; PARK DROWN
DI?s 25O !YE5TWARD
H16il CHARCdAL CoNTEN]'

tsASE O'- SECTION



MEASURED SECTION NO-TS-
LOCALITYX S 3
SETTING
SIATION

STRATIGRAPHIC UNIT VALLEY FILL
E A S T  S I D E :  1 6 ' W E S T  0 F  M . S . I3 MEASURED BY MH/KF
I+79 ELEVATTON i048.0

SERIES OF ALTERNATINa StLT DRAP€S AN9
f1E9tr/H t6 g9AR5€ SAt.tpS
9FAPA5 I ' '  THICK

SAND z -3"  THICK
At t- WlSnTeH DERlv,'=.D

BA5= 6= 55C-1-toN

GRAIN SIZE
&o n
rapqts

E5E
. xd
lal L! F
a -  a

{+
LU IJ

ftEs
Hitu
SEHH'ri?

zoq

DESCRIPTIONS

TOP OF SECTION
Fll.l-= -T0 McPIUH s
i{oR'ZoN-ALLY LAH tN A"lg9
HINO< 'trtgi1C,.o€-er'4r-2 VU,q./ FtNe )E\'gi !; '?S

TROp, I  2 iq:VED gr l r /CLry

c'toroLA'l€ 3Ro,/J.$
H ll.\OR A NGul-AR yJ A.gATc'.\ D Z(.,l E-r'l € ?-'l
FINg FESE.L'  CLA.STS

I.,{EDtUH S}.ND
TRoPr4 r>eRlV€D ki{2u?5
i{}GH cHnncoAl CONTENT
CRAOTIC

v./6,1t sc,RTED '",Etrl^fl SAND
i-4tNcK T<O?tClv.tASAIC'n :r:-T R:Pu.FS
i-!C R lzol0Ta\it-Y t-At"l I ltlf tt

HATRIX :UPPORT€' VERY TOC<,LY SCRTT?
5.:ANp -rO &Z?teL
ct-As-i's tJ,? To tooHPr
CU.RVILINEAR BA,5 hL CONTACT
TNVERSSLJ O.RaOep I LAtartc-
=) oeaers FLcYr rNlLLrNc^

IoPo6.(aPP,tC lrvJ

ygpluY To coAR3= sAr.l
SH.A.LL S€ALE TROUGH C(O3.5SgD5

RrVgD Pt l \ l



MEASURED STCTIONNO le ._ DATE 7 /r3/BB
LOCALITY xs 3
SETTING EAST S IDE:  ,25 '  I {EST,0F ,  M.S .  l3

STATION _It79

STRATIGRAPHIC UNIT VALLEY .FI!L
MEASURED BY MH/KF
ELEVAT|ON, ..7084 ,0

GRAIN S1ZE

< { +

HE
< d q

Hig,
ilFgEr;e

=vJ<n

DESCRIPT IONS

TOP OF SECTI
P R E P O T . T I N A N T L Y  I N A S A T C H  D E R T V E D  P I N K
H E D t \ , r H  S A N D S ;  H O R I Z o N T A L  P A R T T N  6 E

TROPIC AERIVEg SIL f /CLAY
Mf NoR WASATCH o€R,,veD M69rrrH SANp

H r6.!t  CTIARCOAL CoNTENT

CflocoLATe BRowl'J

WASATCH DERIV€P HEDTUH TO COARS4 5AN9
PINK\sli RED

$ORIl6pi4LLY LASINATED

VERY POORLY SoRrEp SILT fO COARS=
Gnavgt-
HATKIK SUPEORT€P
iNV6RS€LY O.RADae
HAxrHLry CLA5;1 Srza t3O HH

) oea*rs FLow

TRoptc D6RrVEp sr,;r/CuAy pKAp€

PINK WASATCA VZ IVSD SILT PRAPL.
F INE To  F laP IuH SAND
Suru Scl .LE rRolraH cKossB€DS

fi ['-"'i-ffiffiit g:^fry^f," s rur / 6. 41 os^
56IC,H DERIVED HEP'

CA DrRIVED PINK SILT ORA?E

l0

il

t2

REPOtSr{M g p r u M TO COAKS€ S A N D
H O R I A L  L A N

BASE OF SECTJON



MEASURED SECTIONNO _.a0 _ DATE _- 7 / 14 lBB
LOCALITY xs 4A
SETT|NG TLB _L01.IERROBINSON CREEK
STAT lgfrj zr 2+80

STRAT1GRApHIC g5111vALI.Ey FILL-
MEASURED BY KF/JS
ELEVAT|ON 6e21 . 4

t-g
T
F
o_
lrl
o

=

X.a
4 ' A
uJ Lil
2z
{! }r
E ( )
O+z;

GRAIN SIZE
&on
Sea Er_ ut -\
{ e .  I
HPe
-XE
UJ trJ F
a -a

< { -

HB
<da

H ig,
=HEE'Fg€

5'(4(/'

DESCRIPTIO[JS

TOP OF SECTION

GRAV

6 4 4
l l

SAND

V C C M  F V F
l l  l l  I

i1
.n <)
t l

I
t 5

: ' i
':-:.
. . i , . .

w/-r
W A S A T C L I  l T e t > P t L  p e E \ V E o  J r U r  : f o p l g J [ -

4 A X I D

l4A{3rvg ; tr{<IA*r-tr

. ?

- 5
3t

I

I - -
t---
t -

T

TRoPTC- rrtr-q.lvEr, trr-T/ 4L Ay
oBNaE j  Br_dc t (V

q

7s T

TtroFl<- I2ERj\€D rrut/ct-Ay
H A 5 3 \ V E
MrNoK WA3.\'r-4.,1 Oeel"V=,O RoaT coSa616g

3 lr.:i'r'q'Ij w ,\iASAT4 t{ l[ R |VEO Fr|rt-T"o--tgefi'fff:lfRfF
M A J q I V E  i  D t < . , o x r ? r l . r l r n r  *

7

I

9

ro

il

t?

1 l

+
- _
-:
{o

_
I

t -
l r
t - ' -
t -
t - -

t -
l_:
:_

I
t - -

t - . '
t _
t--
l _

f - -
t -
I
t ' - -
t -
t - -

T

SWK

TrR.o?rL oEstNEe alLr/z-LAY
PERVASIVE SALr cRyjTALr t ZATtor.t
zzt F?ot{ Top, F4rNoEL *rr*iar{r- sL\€Fs
oERrVEp ?Ea$;LE3)D? -ro Zor,ru
No V/A6ATe-r{ }AAtEEIAL

BAsEffi



MEASURED SECTION NO 21 - DATE 7 / r4lBB
LOCALITY .XS 4A STRATIGRApHIC gp11 VALLEY FILL
SETTIIVG EAST SIDE VALLEY MEASURED BY KF/JS - .
SIATION 4+4.2 ELEVAT|ON 4)17.6

F
tr

:E
F
o-
UJo

1
?a
4 A
UJ hl
>,2
LJ )C
E(J
O ?=tr

GRAIN SIZE EfrP
EFE
6kd
U-J lrJ F
a l 0

ff5
ft1E
Hig,
5g"EE(Jo(Ji/,,FX?

=vrq

DESCR]PTIONS

TOP OF SECTION

GRAV

6 4 4
l l

SAND

V C C M  F V F
l l l t  )

rk= )(,/) ()
I

I

J ' .

+-.
Tr...
- i . - ' -

T
Tq,O4C/ DEPNEO 5ILT TD FTTTE SATIC2
D g  s s \ a A r a e  i  F R T A E L €  i M A J S r u E
MINOT( VJA+A-T4I{ INP(Jf

r 2 a

a

rRl)Fr(. oEelvgg 5(LT / d-LA..t
9rta.oNTrNuoJS L€$,5E5 ')F wASa:rcu ogqrv€o

<tLT.

-2

t5 T

TZDPIL D€aIvgo 6IuT/4LAY
D€}OsE-

b T
fROPI4-  DERNE9 t tUT TO FINE SAND
B,o.{tlahlTAL L AMI}I ATlo}.t

a ; : T TFoPr4 oEtv€D 3rL-r. HK'l CIIAR<oAL cahrTiLrT
a: wAlJfiai pezrveP S|LT pEAPE
r= -t

TBOPrc gEtlvEI 5rl:r. roHe CRAPcor.u.\rASrrcU ct{tp5
:l: w ATaU OFqNED ar!-T 9c'A'

? \eJrrT lAl4ll ' leb?C oEprvEo 4rLT Tn MFo
'^/AsATC}\ PERIVEO 5TLT D€APE

? -a: wlT ALTo?NATIN6 
-ilw/Tlw 

flLT De-,rpE
WASAT(.I{ PEE|VEO 4ILf -tD trINE. <AND

.L
WA5AT/-rl DER,TUEO '}!--T TD trIN€ IA\TO

2- ?itf- Y{ /T w/f gFqleo lrLT a, l"16rr^ 4,AilD : Trk\J1^d
.?e

-6_ 5 wlr WA5AT<$/TeoF(- r'EplvEo ttLT To F{Ectu}4 lal.ro
P o oq, gy SoarEo r M tr'ro( TQoo6d ce.D59 6TRAf IRc-h.yr oLr

3 5WK t''.'.'^,1"e SgE b"th t tl& *Jt grac ow{ N
I ^ / lErveo Str t  e taPt

7- W A < A f a H  n E d N 6  d  * t t a  - ^  C t u €",, v t  l f rJh Wf'!-  OE?rvErr <-lL' f  ILL^9 O?AFE
q w ,JAI]\TZH Pe.FrvCQ 5(LT To i-lEplrrv\ 3AirO

1169  l t -DN f , \ l -  r  AMr f , lAT rANt

+_ .L-
--l: wlr Arreq6aj roG \^ / IT p€trvFo 6tut / ( .LAV oRAP(5

4 ''-9'ni?-: < w K ryE *N9 ]  9  FNE g<AYEL '  I I IVER6ELY { .R
|Q6I6N AL 9 ]A<E

2. f rrr.oPtL 9€R\v€9 s\L-f' o
1 s w K r\NE ro MEpru}4 5AN9

enp€.gE 1 Frue-  f -o( . lPLEf t
L' \^,fA6Ar/,H (Ep r\.rErl 4.rt-f oQ A,PF-

5 V";iY,swy_/W glLT -t-o <-oAg5g 5AFlg,
TC,oottl CR.otg86Ps rlrrH cRAFtcoAL ccr{feNf

-9 "l
l'.].'.::f!
t*: T

Tr?D?tL a63.'J.lAO 4LAy To Frr.lE 3t+.rO j C{AI?ZDAL
H\NoF.  WAt\TtH c.HrPg

: O  S I C T  T O  H 6 P I b M  S A N D

-to l 3
I
I

I

I
a

F'#

Hir
l++;;:

ffi
wl r

t[t*ff":.?,t5"H;tt'1 5A$e A$p ctLr'/ c! ^'] oe\? z3
Lrbltr To PACK gc.o\rN
Pe' MA'{ILY A?DP tt- gp g.tv a Q 1 w rYH to Mt wA5\Tar{

HATS9.\AL Iil trR.APEt

b I
I

i:i
: f

:r'5
w l T

A L-TE?N AT rNc: TVASAT4I{ lfCorO oeerve o
s\LT/c-LAv

t{ tuoR vF SarJp

s w/r WASA|LH/- f  pDP{-  DEeNEg S1LT/4LAV

,L
l+--.- . J n F l E H  v e < t v L l r ,  - J t L t  

f  O  C . ) A ? 5 E  : A } ' . l g
L E - H _ f  t g p g l q , i  H b T L t Z D A I T A  ! -  L A H D . l A r r h  N a

+
q

wlf HwK ALf€f , {Ar} I rb w/ f  DEc.Neg srLY/eLAY
P l u K - 8 R o w N - 6 R A Y  r l t A r r  r u a E '  t A L r -  c ^

t2 n i'.-1* 3wv Ll 6qT 6ggvN FlNt lo r^GolUM 3AH9 ; r4A{6rvg

b
- r ' l  '''i-i
g_*

T/sw* lrLT TO trtNE sal.lg
L\6$T 6RawN i  F{A45w€

BA<E bF 'EC]'IDN



MEASURED SECTION NO 22 DATE 7  / r4 /88
LOCALTTY X_s_48
SETTING N0RTH SWAPP HOLLOI,J
STATION 7+86

STRATIGRAPHIC UNITVALLEY FILL
MEASURED BY KFI.IS
ELEVATTON 6e88. 7

F
g
-
F
o-
UJ
o

I
z

-u)
1 U )
tlJ tJrJ
E Z
rd:<
tr()
O - T
4=

GRAIN SIZE
Eogl
{rnY
!-- IJJ 

-')

= E =
53q
6x E
UJUJ F
a F a
HffaDESCRIPTIONS

TOP OF SECTION

GRAV

6 4 4
t l

SAND

V C C  M  F V F
t t t  l l

t ; k
M ( J
t l

I 1-3
I

I

i--.?

tl
:,lF

{-
l t

t/*

I7€t l5g FCTHARTL\I te. '?tL orRIVeD :rur,/CulV
WrrH FlrxroR wArAfeH DERTVED caAR.a€
(AFl g

?ooey1 SoRTEt] ;EUO\^/\}
$t6* C.\\AE@.q,u car'-rr€r"rr

I

3

4

3A
I

I

I
I

:^
i,'.-*

l';=
t--
la.$
4--

/s
o
; ;
r:-A"i

t - j

t/w

OEtrSe re.DPlc DEe)\t €O 6\r_T/Cr_qV
Wrflt H lNoR. FLoD(t-rU('' ftA&F4E\.lTg otr
wAaATa$ DEqrV€o 40A'85€ 34ug 16
tr\LJE dozAvgL

4 't'+t w v\,lA:ATCX 9ERlVrD CLAY To tslEDrul,l 9L,N9r',0EN:,ej huv
LArEi eALLY co\rrt$ua.lst 9t?5 +o lau.rHwseo

5

-o

-7

-8

+z

v_-
-J;.
tl--rz

{
.+.rt
J-
!.;.,'.

lU"
t - -
l:l
l r
l * -

F-
l 1

Vw

TP.oh<- PERNE:F 5rUs7z-uAY
vEcy e€$sE j r{\6H C_r{ARcoal c,or.i.r-ENT
DISCR€.TE Poc-gE-l-g otr wA+ATaH

9ER\VEO SILT- TD F|r,re 3AN9-
BR.tGAri" oRAF){aE lr,r oAe.K r3e.c^^,rj
t{ATR.l{ => CFaAaK tUp tUUu<r1

PERVA5IvE 3ALT Cr<y5TALLlzArloN

I

to

25
!:'c':r, %

TR,6PIC- PE R.NED 5ILT',/ 'LAY

5ALT cRYSTALLILATToFT

l.\rtq55:- wA5ATc-I\ S\LjT r--b trl|lE SANJO

il

t2

oF 584-rtoxt



MEASURED SECTION NO 2 3 DATE 7  l14 l88
LOCALITY XS 48 STRATIGRA

MEASURED
PHIC UN|T V.ALLEY FILL ,
BY KF/J.S_ _
69s2 .3

SETTING
STATION

SUTH SIDE SI.IAPP HOLLOI.I
23+67 ELEVATION

GRAIN StZE

<.r-
trt F

ftEs
Hig,
=HEEH*g?

=91t,',

DESCR IPT IO N S

TOP OF SECTI
feoet<- OeerveP SrvT /LL

t{rh,to(Z w,A.gA't1-H LLAgTg up To rSf4M
Cl{Acrrrr-

f<-oPr4- aER\V€D atr--:r/aulY
Fe \ABLE 

;vee f  D6r . r . , 9

P,lr{pcm wA3Arag cLAsTg up ro SSHH
c\A\o-rlc_

=7 )4uetrLD\r(r/

w/T

SATID TO CAAR{E 6R,AVEL UP TO ISOHI'4

c\{AOT\e;c.DNV€x; LEI{T tcuLAR - .
pArur tuVe,nsE 6iCorr.r6 j t{Vr{ g$AeCoAL

Mruga u/Atafar{ 0E?Ne0 MATEeIAL

.t-R.Dplc egewE? srur/eurV
GPDWN
R,reuP3 6lF wAb\fcr{ P€Rrrree 4ruf pep.pg5

fe>PtL otElvED StS/au,qy pr.rt{ RANPaMLV
oRlE}lTEg wnSA1?H DERrVgo FrrlE C.RAvgL

{lt.s To FNe sAl)g i MoTTLED j 6RowN
TRoPrc/ STEA\6Rf c-vrF f9 a=e-t\r eQ

F\VE9 CL\J TI5
U\Gtl CHAcd,tu)Ar- /-O$.rrENr l lNot( WAAXTCH

ceAe5G
slL-rrD Frr\)E 6ANg i cREy.ro Ll6Hr gEo\r/FJt
CHAECOAL', LOASE JANO ilLE WA'/jTCN

SEef roN



MEASURED SECTTON NJO 24 -.
LOCALITY XS 5 -

DATE 7 /.14/BB
STRAT tGRApHtC gryg1 YALLEY FILL

SETTING _I{_EST EpGE $qBENSON'S GARDEN MEASURED BY KF/JS.
STATION I 0+t 4- _ ELEVATlg5,l 6e46. e

Fg
F
o-
t!
o

z
1 1 9

frfr
>z
trl Y
0r(J
O =
1tr

GRAIN SIZE
Focr r
3r,qH
1- LU -)

f ,E  
_F

€ r - r ( )< F - )
-XE
lJ-, UJ F
a ?  a

{ +
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figH
Hife
HEIE

, r r  5 {
=nv,

DESCRIPTIONS

TOP OF SECTION

GRAV

6 4 4
t t

SAND

V C C M F V F
l l  r  r l

l <
= J
( ^ ( J

t 1

IZ -r
T I L L E D  S O t L
DARK tsROWN SiLT 1o TiEDIUIY sAIID
NO WASATCH DERIVEP i4AERIAL

l0 T'

o R 6 A N r c  K t c A  S T L T I 6 L A Y
D6N5E i  w€T
=) A noerz.oN ?
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IZ i
I

- : g '
- r '

1,L'
!-:- t.
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w/r
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- 3

r3 I
I

*.,-aj
E+$
ffi
|+i,iA

w/r/
twtl

BROWN 31LT TO l.4aptr,tH SANP
HIG l i  ci- tAKcoA L c0r{ ' I€NT
clAgrs o( vlASa3CI{ pERtvgp -<1LT eoHH
HASSIVE

Tcll  9E|(tVe) SlUr 9RAPE; LAT€RAI.LY @Nrr.\ l7.Oug

5 SwtL StLT To HgDrUfl sAN0 i PrSrrrue r-0cr:a1116 ar..X
H o R I Z O N S  r o t / z u  T H t C t (

5

6
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+r
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<--{
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ltq:,
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E

@
@

:- o:

l ' ,:0:

:::=
6 - O
.C ts r
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;iq
rE
E

5wK

\i/

WELL soRTE? SlLT 1-O tiEDl'JH SAND
WA9ATCIi D6RIVFP CLASTS TO 251/tT4
SoFr i  No. . l -C,P,ES.VE
INTSRAEDDED SILT PRAP€s

--
TMgprrH SAND

/ ons.AtttC ttct{
/ BLAcK
,ff io#onelu6c- LtHoNlTs' r . trnrr. tM 

5A.ND =)SEASONAL \HAT€R TABLE

3 "!?,.it3wK FrN€ TO HaatuH SAND TRc 'uGH e  RO5spEes
STAINSD Tb BUKN1 ORN.IGE TH ICKENS NOR-N{ER,LY TO I7-'

? I I T
' 'RgY 

C{AY rO SILT wArER SATURAT6D
z 5t^/K Ll6l{T SROWN CLA) 16 rtNf SAND

AREy-BROWN SILT to  F t  N€ SANP-U

It ffifr=tHswK
SILT To Hfpru|1 sAhlo
SRowN
?6RLV INDURATA"
'i lhq CI{ARCOAL CONTENT

I

-lo
tb r lw

rr.REY r{) tstACK HAsSIVE tr-AY
DENSE
CONTAINS ST1ALL Y{ASATf II I '€RIVED SILTC\IIPs
PR55€RvgD Koors =)  Rreucrq<r

STANDINE VJATAK L.EYEI -

il

12

6A5E OF SaCTlON



MEASURED SECTIONNO _2s__ _ DATE _7 /_r4/se
LOCALITY XS 5 STRATIGRAPHIC UNIT VALLEY FILL

MEASURED gy KF/JS
ELEVAT,911, ,  6or z.  5

SETTING MIDVALLEY
STATIQN 24+2e

l-
LL

I
F
o-
trJ
o

=
- 0r)
4 A
rtl lI
2z
t ! v
trc)( )+
ZF

GRAIN SIZE
*a a
3rr?H
2H"
t r l =  l -

=iq
-XE
trl t! F
a l a
HffsDESC R IPT IO N S

TOP OF SECTION

GRAV

6 4 4
l r

SAND

V C C  M  F V F
l l l  l r

r-, <

t D o
t l

(. w/r \ /AsAT6H I Teo"tc D6R vEtSrLT SENE-ST[D--
@ARSZ IFINE COTIPL€Ts

i
q f

t

PARK 6,R€Y SILT fO FIN' SAND
TREPanrNl ruruY rRor'c DgRlVgD

:i-' zlNK WAS^TCIIDERIVED HASsIVE ELAY fO F1N6 sAI'TD
3 W

FR1AtsL€ ' HASSIVE i WASATCH DERIVEO HtltUtT S\ND
SrzE Srut C}\t?S

b l-- bE
l :++i Vr

- ? 4 T TROPIC PEf\YED SILf/CIAY
l'4ASS lvE

7 r t ' _ .  - ' r wit 16onC/y745q141 DEFIVED stLT To XEqru.t.t sqtrD

-3 t4
F_
t -
t.-tr
:

T
T(oPr g PERwaD g rLr/ cTAt--
HrNoR wAsATcH DeRwaD ceqCK iNFIU-IN{
vEnV DErtlSE

-.4
ll

E
3k/K
w

6R€y SiLT
IJ.INOR AMOUNT OF WA5A.TCH DdRIV€O SIUI-
6\vE5 r4l.trT A yroTll-€D aneY/r'rr'r< AppEARANe€.

l 5 l--

il
$ w K

w
sAH6, SILT aS AGoVe wrrrl lffi
lor,caurRArroN oF wqsArcii OEir,veo s,r, a6
\F tN6 5Ar . . rp
\  v t=  PV  r t .E r . l <F

+ t" .- . , 3WK

6

T

z8 -:F

'r?..

-.
. 

-l',

;.+

=F- -
l E "

F : :
l':'1
t + :
TT

rj
P;'1,
T,-

T

5WK

\--- --jj-

1C,ulY_ro VErEy F|NE SAND
\ 6REY

6?EY l  VJAT€R SATIJRATED CLAYTO PINE SAND

O C C A S I O N A L  L I q H T  H O T I L I N G  3 U T  N O
DISCRETE v/AsA-rgH DERiVED CI-A.STS
WELL PRE$FRVED ROOfS

V
.B

t?
BASa Or i  SECTION

SfAh lorNG WAT=R

I

t0

l l

l ?

SAAF- OF P [T



MEASURED SECTION NO
LOCALTTY xs 5 _

26

SETTING hTEST SIDE VALLEY
STATIQN - 40+02

DATE 7 /14/88
STRATtGRApHIC ggi111 vALLEy FrLL
MEASURED BY KF/JS
ELEVATI9S ,..687i . I

h€Drul"l To @ARsE sA.ND
t  cRos5 s rRAt rF t  cATrOl , t

FINE SAND rO LoAR56 6R4VEL up ro qo r-. ! t l
PooRLY soRrEo ; Ct{Aorac-DAKoTA 33.
-) D6sRls FLcw

--.-
z

.6
4 V )
IU IJ
E Z
tlJ )l
E ( )
cr?
= ;

GRAIN SIZE

SAND

V C C M  F V F

( +

Hts
< d q

H ig,
=HEF'Fg?

avrctl

DESCRIPTIONS

TOP OF SECTI
TRoprc DER tvs  D St l r /cUey
FRlASt-E

T RoP| C r'e1,lv €? sILFTZE
Sslve i  D€NSEi HtGq CHAK.cOA,_ coNrEN

WASATC'i Cftrp5 u.p TO 6t4H
5ILT TO FINE SAND

?r!ow*i Mrp4r6 \^/AsATcH DERlyet2 cLA->Tg
TROPI C PER.i\,6P StCr,ZCay ilrqsswg
RARE WAS'\TCH P€ntvED PEABLa cr.ASfS
GR,\e2.3 {JrERAry INTO 7'r DESKTS FLoW
wrrr l  wASATcH pERrvED 4LAST5 yr  To 3OHf4
.TAN 

SILJ To FINE SAND
cc\RSE SAND srzE VTASAICK >nfl=?
PAr=914s-
TRcrrc KrPurs
MASSIVE
I IARD

EKovr,1.1 StLT To H€ptr.{H SAIJp
cLEAN, Poo-(ry ,Npr,itRATED i i{ lGil cHlSa_a*
CONIENT
U'|NOR WASATCH OERTV€O ?€-ASLZ UP -rO

13  V lH

PARK BKOWN TFOpic eE.RlvED srur/ct cY
I I INOR, WASATCH PARIVED C'ARsE SANB
cl\rPs
HIAH CHARCOAL CONT6NT

a 5AND To zsfrH
l rED FIHE TO_HeDrqi l  5AN9
FtN€ coqPL6T.5 i  HtaH chAR64L coNl-ENT

fiidfffl5$'^-"ffi5l"'

AL'-Y coNTINyous
RTE9 5':1 to t  €--rup

WELL SoR-rED t r tNE SaNC
'roRr zo.\TAL LA|.{\NATTO Ns i'nr6 x €rl AEcoAL CONTTN T
Hl6fl <oNs661agr(rto,{ ?tNK y1454fc}l SANO qRAlNs

5,4!P <,O_ 90 rlH COAFSE 6RAV€L.-crps E:Asiv,rnno-l irru-clJes-o"li i{iteir 
-

FOORLY S5R' '€ ,? STLT TO COARSE SAI{P

lLt/qHT g.?ot/N StLT fo trlNE iAND
R:FPrl,/ HORTIoNTAL cRO SS STRATI F I C'^.f lO{

oAKSe 5AN9.r0 frNE 4RAv€L i  cCARSZ/ Flt lE CouP;-E13

BASE OF SECTION



MEASURED SECTION NO 2 l
LOCALITYX S 6

SETTING
STATION

WEST SIDE VALLEY
29+92

DATE
STRAT1GRApH;C g5g1 VALLEY FI_L.L
MEASURED BY KF/JS -
EL EVATION 6Bs r_. e

7  l I 4 iBB

=
?6
4 Q
LU ITJ
E Z
L d V
E O
O : Fz,F

GRAIN SIZE

< t
trt I

ft$e
8+Hatr;;r4- \ * = { J
J tI  r l_

Ooq' tn-F5?
a|./).h

DESCRIPTIONS

TOP OF SECT
WA5ATLV 96AVEQ SrLT fo FruE 5a{tr
UaR|?-oNTAL FAgTtt l65

:7 gHaerFuov,r

wA5arc l r /TRoFrC 9EErvgp 5rL ' r

- fQoPt<-  pEQ,veD. J |L1- /C.LAV
HtdH cH \qd.oAL c-oNTEFrt
| "1A{ t rvg

< lLT ro  Meq 5A{e  LraHT ?CoWn{
Hl6H cHA€4oau c -o tJ : 'gN- r
-rF<Optc IzEtr_rvE9 {rr-r/clav lvrri{
WA5A.T'4!r eez|s.t=o FlNa 3AiJa

GR.<-Y CuAV
wATEe s{ruR'AfEEZ
AEANAE b^DTTLIH{:

l3A6E otr 5E<-TION

a<,4t1PtN(= l^./A-f aR



MEASIJRED SECTION NO 28 . DATE 7 /  T5/BB
LOCALITY XS 6 STRAT]GRAPHIC UNIT VAIIL-EY FILL

MEASURED BY MH/KF . -
EL EVATTON 6866 . 8

SETTING
STATION

SI^/APP RANCH
18+91

F
5
-
F
o_
trj
o

-:
z

Fu)
4 U )
ITJ LJ
E Z
t ! Y
f f ( )
O =
z - |

GRAIN SIZE
bo u)

En-v=
H=q
O X E
trJ lrJ F
0 - a

< f

HffiDESCRIPTIONS

TOP OF SECTION
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5 4 4
t l

SAND

V C C M  F V F
l l 1 r  I

t k
J Jr r ( )

l l

I

tZ
'.',-l 

.'
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TZo?tC DER.|VED stur/auAg
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l-4lNaf WASArcg. DER.\VEo coA|alE, g1$D

q I

I 5u./E
Sttt 1'e trt{E AND
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. ?

- 3

r5 w

WAsAT{-H ERtvED HEprur.-r AupTo rrn9
6RAVEL
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'2- w PII-JK WA4A'l-AI{ SERIVE9 SILT T2RAFE

s I
I w/swrr

Ll6Hf Sear^/}.l SrLTvCLAY Wt-rH F,lrNora wASA'r<-\.\
9Eew ED C.D A?'i- AN9 i Htar\ c'P.Aqc-zAL CD{T6\5r

- 4
r {
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-  - \  F

/ - \ -  I  \ -- l  \ - \ - / -
- --\- f- t  \ - /
-\--l' \

r / Svtt+

LA\e6e troDLD€p.g tu 3rut /4LAV HAyRtx
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= 7 D E B ' 1 \ 5  F t a W
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I
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(
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I
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3 W K

YEL{*owrsrl  -6R€v SrLr ror*\Eqt 'H SaNp
rl+drPtl) wATEz FLDw-trq?o()6tt uNrr
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T
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D-Er{rvaD

sruT/  cLAy
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BASE oF sEarrou



MEASURED SECTION NO 29 . .
tocALtTY .xs 7 __
SETTING ,I.JEST SIDE VALLEY
STATION B+99

DATE 7 / t5/BB
STRAT16RApHIC gpIIVALLEY FILL .
MEASURED gy Mll/ KF/rs
ELEVATION 6814. 2

fEuuowtsu -Ge€\ V6Ey \pELL 3ogrep
F,Ng 

'ro I-,,tEC)J()M EAh)tr

WATEU SATUR ATEF ; CPN ETANT
SEEFAGE l1 {To F t - t r  FE.or  DNry

B.A5E oe gEcl'rolJ

GRATN SIZE

<t

fiFa,H#FDESCRIPTIONS

TOP OF SECTI
DAqv.  gqa- .e1N, ' rgeDPtC AER' tq Ee SILT/C,L A

PEPoGEN'C.  f i  Ro<-Tue,E.

PE.EPO|,\TUA}TTLV W\sAT(.H DER,IVE.D +IL-r TQ
FrFre. SAND
i4rrJoq- 5MALL ?d_ggLE SIZE \..tA:.Afc''l

DAqK BC.O\^/N l?.OptL E)eR\VEF, StLr //-LAY
tlt(=H c-HA.rZaoA L 4-orJrEuT

PILI( -TAI.I  WA6ATf,H gEEIV€D 4Iu" To FtNa
s'AND

Te.oPra gHa.L€ q1.pu9'E

VERV WetJ- goefeD MEpluh'{ S{Np
TAI{\{194 wtTtt Mrl\)oq. prur< wA+AT4,ts{

DE?.NEI) {\L-T FeAlr}lrEN.]-S

9AR',< SEoh/N TRDPi4 DERwEo Srcr/ o_Av
VezV E)E|.-\SE
|'4\NDR. W.Ir5ATCII DeRtVEg, p$tR g\r_f

FP-A4TMENTS



MEASUREDSECTTON NO - 30 . -.
xs7LOCALITY

SET TING MINVALLEY -
STAT ION 5+ I 7 - -- -.- -

PH1C UNIT VALLEY FILL

BY MH/J_.SJ,KF

DATE 7 /  L5/BB

STRATIGRA
MEASURED
ELEVATION6 8 1 5 . 6
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o-
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o

Z
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G ( J( J ?
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69Jvc-e .,  EE.OSrauAL EArl i1-EplteuLAR.
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Brrs= otr Sgct ' l6u



MEASI.JRED SECTIONNO 31 .  DATE 7/ rs /88
LOCALITYX S 7 STRATIGRAPH|C UNrT vALL.ry FILL

MEASURED BY .Ulurs/KF .
ELEVAT|ON 6820. 3

SET TING
STATION

IAST SIDE VALLEY
L+]2

t-
g
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UJ
o
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UI UJ
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U J Y
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DESCRIPTIONS

TOP OF SECTION
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tsOor-tr=e.5 ReA4H Z{)OF H

LEIJr \/.-uLAR ; 
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3 W K
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SATURAT Efr * AElvy WATEF- Fr_o\V

I

I

to

l l

t2

BASE OF 6E-cT'tel' l



MEASURED
LOCALITY
SETTING I^JEST SIDE VALLEY
STATION 5+50

sEcTroN N0_32 ._
X S 8

DATI 7 / 1 5 / B B
STRATIGRAPHIC UNIT VALLEY FILL
MTASURED BY MHiKF/JS __
ELEVATION 6747.7

GRAIN SIZE

>"-A a

EnH
6qF>trx
- ' - J

o>< t r
UJ l-tJ Fa*a

1t
LU.(J

5Hs
r$f,
9 *HD

d#E
, ' ,  BQ
=vlo

DESCRIPTIONS

TOP OF SECTION
FINE TO F4€DIUH SAND
!{oR!?TNTAL LAMil \JATtDNi pAR.r t  t165
GRLf
HINOR CLTNKER CEI75

TRoPTc .  DERTVED Sr i_ r / c laY
DARK 3ROV"l*l
aucnY
DENSE

LIC'IHT tsROV,/N TO GREy StL.l To Flni SAND
I " { INOR CL iNKfP .  CHIPS
HASSI ' /E
DENSE

sILT TO VERV FINE SAN9
veRY '.J,rEl.L SORTaD
' l t tJpR WASATAH t=.<tv4D stur Ci i?9
Y?O?|C DERIVED Citoco'-ATe BRovJ N
srLT/cLAy e

y€Ry WELL ggRT€J F,NE SAND
HASStve
r { r N o R  C L T N K a R  C H I P S
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MEASURED SECTION NO 3-3. - DATE 7  /  15 /BB

LOCALITYX S 8 STRATIGRAPHIC UNIT VALLEY TILII
MEASURED BY MHi T[/JS -
ELEVATION P747_.t
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MEASURED SECTION NO 34 -. .. .- DATE 7/rs/88
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MEASURED
LOCALITY
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Appendix 7-6 Climate data for the Coal Hollow Weather Station, 2006-2007

Measured Maximum Min imum
TemperaturePrecipitation" Temperature

(inches) ("F) ( 'F)

January 2006
1t1t2006
1t2t2006
1t3t2006
1t4t2006
1t5t2006
11612006
1t7 t2006
1t8t2006
1t9t2006

1/10/2006
1t11t2006
1t12t2006
1t13t2006
1t14t2006
1t15t2006
1t16t2006
1t17t2006
1t18t2006
1t19t2006
1t2012006
1t21t2006
1t2212006
1t2312006
1t2412006
1t25t2006
1t26t2006
1t27 12006
1t28t2006
1t29t2006
1t30t2006
113112006
Month

February 2006
2t1t2006
21212006
2t3t2006
2t412006
2t5t2006
2t6t2006
2t712006
21812006
2t912006

N/A
N/A
N/A
N/A
NIA
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

)tl
N/A
NIA
N/A
N/A
N/A
N/A
N/A
N/A
N/A

39.4
42 .9
40 .0
45.6
52.6
57.6
49 .5
45.5
40 .3
47 .8
48 .8
43.7
49.6
48.7
37 .5
29.4
48 .3
41.1
33 .5
36.4
41 .1
35. ' t
43.7
48.6
42.9
41.0
29.7
35 .9
46.3
5 1 . 5
43.7
57.6

52.8
5 1 . 3
48 .3
50 .9
39 .3
50.7
5 6 3
57.2
57.8

1 6 . 9
29.5
26.5
20.5
23.4
29.0
23 .9
24.2
1 3  5
21.1
28.1
2 2 . 1
20.9
26.1
1 7 . 6
1  1 . 5
9 9

22.6
1 9  8
10.4
14.1
13.4
14.9
1 2 . 9
2 3 . 1
16.2
14.8
8 . 1
1 9 . 8
24.7
27 .7
8.1

24.3
28.4
25.3
24.3
19.4
11 .6
21.7
23.4
20.2



Measured
Precipitation*

Maximum
Temperature

Minimum
Temperature

( 'F)( inches) ( 'F)

2t10t2006
2t11t2006
2t12t2006
2t13t2006
2t14t2006
2t15t2006
2t16t2006
2t17 t2006
2t18t2006
2t19t2006
2t20t2006
2t21t2006
2t22t2006
2t2A2046
2t24t2006
2t25t2006
2126t2006
2t27 t2006
2t28t2006
Month

March 2006
3t1t2006
3t2t2006
31312006
314t2006
3t5t2006
3/6/2006
31712006
3t8t2006
31912006

3t10t2006
3t11t2006
3t12t2006
3/13/2006
311412006
3t15t2006
3116t2006
3t17 t2006
3t18t2006
3t19t2006
3t20t2006
312112006
3t22t2006
3123t2006
3t2412006
312512006
3t26t2006

N/A
NiA
NiA
NIA
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

)3

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

46.2
49.1
53.2
52.2
5 1 . 0
45.1
32.8
40 .6
35 .6
30 .0
34.8
38 .9
47 .0
5 1 . 9
54.0
54.9
57.3
56.8
44.5
57.8

48.7
51.2
52.3
46.3
55 .5
50.6
45 .0
37.4
43.6
31.1
26.4
25.1
34.2
39.4
44.1
44.2
45.1
38 .6
38 .8
36.6
34.9
43 .9
50 .3
55. '1
53.4
52.3

23 .0
20.4
1 7 . 2
1 7 . 7
27 .2
1 7 , 9
2 .4
19.1
1 5 . 5
1 2 . 3
1 1  2
1 0

20.4
1 5 . 5
2 1 . 9
24.3
27 .2
30 .0
33.7
1.0

29.6
25 .2
31.2
28.5
27 .0
30 .0
27 .2
19.4
19.4
1 2 . 9
16.2
14.1
10.4
9 .6

24.8
21.6
26.2
1 9 . 0
2 1 . 3
6 . 9
2 1 . 7
2 1 . 6
1 8 . 3
29.8
32.9
26.4



Measured
Precipitation*

Maximum
Temperature

Minimum
Temperature

( 'F)( inches) ( 'F)

3t27 t2006
3t28t2006
3t29t2006
3t30/2006
313112006
Month

April 2006
4t1t2006
4t2t2006
4t3t2006
4t4t2006
4t5t2006
4t6t2006
4t7 t2006
4t8t2006
4t9t2006

4t10t2006
4t11t2006
4t12t2006
4t13t2006
4t14t2006
4t15t2006
4t16t2006
4t17 t2006
4t18t2006
4t19t2006
4t20t2006
4t21t2006
4t22t2006
4t23t2006
4t24t2006
4t25t2006
4t26t2006
4t27 t2006
4t28t2006
4t29t2006
4/30/2006
Month

May 2006
5t1t2006
5t2t2006
5t3t2006
5t4t2006
5t5t2006
5t6t2006
5t7 t2006

N/A
N/A
N/A
N/A

Ttl

0 . 1 4
0 .00
0 .00
0 .00
0 . 1  8
0 . 1  0
0 0 0
0 0 0
0 .00
0 .00
0 .00
0 .00
0 0 0
0.28
0 . 1 2
0 . 0 1
0 0 0
0.00
0 .00
0 .00
0.00
0.00
0.00
0 .00
0 .00
0 .00
0 .00
0 .00
0.00
0.00
0.83

0 0 6
0 .00
0 .00
0.00
0 0 4
0.00
0 .00

55.7
43.3
40 .0
4 6 8
4 9 5
55.7

47 .6
54.4
6 3 . 1
5 9 . 1
5 0 . 1
48 .5
56.9
61.7
6 3 9
55.7
55.4
65.0
66.8
6 0 . 1
5 1 . 8
60 .8
48.5
49.8
56.4
65.4
66.2
67.6
57.8
56.2
6 1 . 8
66.6
69 .5
67.8
68 .5
7 1  . 0
71.0

68 .3
7 2 . 1
70.3
65.4
58.9
64.8
7 1 . 7

24.0
36.5
25.4
I  9 . 1
32.4
6.9

30 .9
28.7
37 .3
43.9
26.6
26.0
24.2
35.4
34.0
35.7
26.7
31.2
35 .3
34.6
33 .0
3 1 . 5
27 .9
2 1 . 9
23.3
2 1 . 5
39.4
39 .7
30.2
27.4
30 .9
34.2
38.7
45.6
32.8
40.2
21.5

38 .3
44.3
38 .8
3 8 8
39 .7
3 1 . 8
39 .8



Measured
Precipitat ion*

(inches)

Maximum
Temperature

("F)

Min imum
Temperature

("F)

5t8t2006
5t9t2006

5/10/2006
5t11t2006
5t1212006
5t13t2006
5t14t2006
5t1512006
5t16t2006
5t1712006
5t1812006
5t1912006
5t2012006
5t2112006
5t2212006
5t23t2006
5t2412006
5t25t2006
5t2612006
5t2712006
5t28t2006
5t2912006
5/30/2006
5t3112006
Month

June 2006
6t112006
6t2t2006
6t3t2006
6t4t2006
6/5/2006
6t612006
6t712006
6t812006
61912006

6t1012006
6t1112006
6t12!2006
6t13t2006
6t1412006
6t15t2006
6i 16i2006
6t1712006
6t1812006
6t19t2006
6t2012006
6t2112006

0.00
0.00
0.00
0.00
0.00
000
000
0.00
0 .16
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.26

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0 .01
0.00
0.00
0.00
0.00
0.00
0.00

70 .8
67 .0
6 9 3
7 1  . 8
76.6
78 .6
79.6
76.2
74 .1
8 1 . 8
78 .8
77.6
76.7
76.3
62.8
69.2
79.1
80 .0
7 5 . 1
66.0
55 .0
64.7
7 1 . 2
77.4
81.8

8 1 . 9
8 2 9
82.0
83 .6
85 .5
90 1
76.5
6 8 4
76.3
77.7
79.4
78 .5
78.5
70.4
63 .8
72 .7
8 1 . 9
84.7
83 .9
82.3
82.1

44.0
32 .8
28.7
34.5
45 .8
53 .3
49 .8
42 .5
48.7
48 .8
49 .0
52 .8
49 .9
48 .9
4 2 . 1
35.4
44.8
4 7 . 1
49.2
43 .8
28 .8
28.3
36.8
40.7
28.3

37.2
53.2
52.7
55 .0
57 .4
54.6
53 .9
46.5
45 .0
47.6
48 .9
48 .3
44.5
46.3
45.7
39 .5
3 7 . 1
55.4
53 .5
55.7
54.8



Measured
Precipitation*

( inches)

Maximum
Temperature

( 'F)

Min imum
Temperature

( 'F )

6t22t2006
6t23t2006
6t24t2006
6t25t2006
6t26t2006
6t27 t2006
6t28t2006
6t29t2006
6/30/2006
Month

July 2006
7 t1t2006
7 t2t2006
7 t3t2006
7 t4t2006
7 t5t2006
7 t6t2006
7 t7 t2006
7 t8t2006
7 t9t2006

7 t10t2006
7t11t2006
7 t12t2006
7 t13t2006
7 t14t2006
7 t15t2006
7 t16t2006
7t17t2006
7 t18t2006
7 t19t2006
7 t20t2006
7 t21t2006
7 t2212006
7 t23t2006
7 t24t2006
7 t25t2006
7 t26t2006
7 t27 t2006
7 t28t2006
7 t29t2006
7 t30t2006
7 t31t2006
Month

August 2006
8t1t2006
8t2t2006

0 .00
0 .00
0.00
0.00
0 .00
0 .00
0 .00
0 .00
0 . 1 6
0 .17

0.00
0 . 1 6
0 .07
0 .00
0 .00
0.72
0.02
0 .00
0 . 0 1
0 .03
0 . 0 1
0.00
0 0 0
0.00
0.00
0.03
0.00
0.00
0 .00
0 .00
0 5 7
0 .02
0 .00
0 0 7
0.04
0.00
0 .00
0 . 1 0
0 .08
0.27
0.45
2.65

0 .00
0 .00

85.4
9 1  8
88 .0
90 .0
86 .1
79 .9
83.2
8 1 . 8
83 .5
91.8

82.5
83 .3
83.2
75 .9
77.7
75 .2
77 .7
77 .5
79.1
77 .6
82.2
8 3 . 1
85 1
88.4
93.3
92.1
90.2
86.5
83 .5
83.6
88 .5
85.6
89.4
90 .5
86.2
86.2
90 .9
86.6
83.2
78.8
77 .6
93.3

75 .5
75.8

52.0
45 .8
50 .0
55 .5
53 .8
57 .0
50 .0
52.2
56.4
37.1

53.5
54.7
55.4
55 .9
55.6
54.1
49.2
55 .5
51.7
49.5
52.9
55 .0
562
58 .9
59 .0
64.2
63.3
63.7
59.7
5 7 . 1
56.2
60.3
59.2
59.4
59.9
61.7
57.0
57 .3
53 .9
58 .3
54.3
49.2

53 .9
53.2



Measured
Precipitat ion*

(inches)

Maximum
Temperature

("F)

Min imum
Temperature

( "F)

8t3t2006
8t4t2006
8t5t2006
8t6t2006
8t7 t2006
8t8t2006
8t9t2006

8t10t2006
8t11t2006
8t12t2006
8t13t2006
8t14t2006
8t15t2006
8116/2006
8t17 t2006
8t18t2006
8t19t2006
8t20t2006
8t21t2006
8t22t2006
8t23t2006
8t24t2006
8t25t2006
8t26t2006
8t27 t2006
8t28t2006
8t29t2006
8/30/2006
8t31t2006
Month

September 2006
9t1t2006
9t2t2006
9t3t2006
9t4t2006
9t5t2006
9/6/2006
9t7 t2006
9t8t2006
9t9t2006

9t10t2006
9t11t2006
9t12t2006
9t13t2006
9t14t2006
9t15t2006
9t16t2006

0.00
0 .17
0.00
000
0.00
0.00
0 .01
0.00
0.00
0.00
000
0.00
0.00
0.00
0.00
0.00
0.00
000
0.00
0.00
0.00
0.00
000
0.00
0.00
0.00
0.00
0.00
0.00
0.18

0 .15
0.00
000
0.00
0.00
0.06
0.22
0.50
0.02
0.05
0.00
0.00
0.00
0.40
0.00
0.00

79.8
7 1  . 4
78 .0
82.4
82.4
83.2
79.7
84.1
79.7
79.6
80 1
82.3
80 .9
77 .8
78.0
79.5
82.8
83.7
85.7
86.0
83.7
84.1
78.3
77.2
80 .3
82 .3
83.4
81.7
83.2
86.0

80.0
80.2
78.2
8 1 . 0
8 0 7
7  4 .6
6 1 . 3
68 .8
70.2
7 1  . 1
76.8
8 0 . 1
80.2
65.4
67.6
59 .3

53 .9
55.8
528
53 .3
623
55 1
58.7
57.8
57 .7
53.6
55 .0
56.4
56.6
52.2
52.9
53.6
49.5
52.9
54.6
5 6 5
55 .6
56.6
54.2
5 0 . 1
45 .0
44.5
49 .5
54.5
56 .1
44.5

5 1 . 1
49.2
47.5
51.2
55.4
5 0 . 1
49 .3
43 .9
45.3
45 .0
44.5
51.7
52 .5
50.7
49 .9
37 "7



Measured
Precipitation*

Maximum
Temperature

Minimum
Temperature

("F)( inches)  ( "F)

9t17 12006
9t18t2006
9i 19/2006
9t20t2006
9t21t2006
9t22t2006
9t23t2006
9t24t2006
9t25t2006
9t26t2006
9t27 t2006
9t28t2006
9t29t2006
9/30/2006
Month

October 2006
10t1t2006
10t2t2006
10t3t2006
10t4t2006
10t5t2006
10t6t2006
10t7 t2006
10t8t2006
10t9t2006

10t1012006
1011112006
10t12t2006
10t13t2006
10t14t2006
10t15t2006
10t16t2006
10t17t2006
10t18t2006
10t19t2006
10t20t2006
10t21t2006
10t22t2006
10t23t2006
10t24t2006
10t25t2006
10t26t2006
10t27 t2006
10t28t2006
10t29t2006
10t30t2006
10t31t2006

0 0 0
0 0 0
0 0 0
0 .00
0 .00
0 .00
0 .00
0 .00
0 0 0
0.00
0.00
0 .00
0 0 0
0 0 0
1.40

0.00
0.00
0 . 1 0
0.00
0 .27
0 3 7
0 0 0
0 .00
0.02
0 . 3 1
0.00
0 . 0 1
0 .00
1 . 6 1
0 .00
0 .00
0.42
0.00
0 .00
0.00
0.00
0 .00
0 .00
0 1 5
0 .09
0 . 0 1
0 .00
0 .00
0 0 0
0 0 0
0 .00

62 1
67.6
7 1  . 1
57.5
63 .3
52.3
60 .5
63 .6
70.5
7  5 .6
74 .9
78.4
78 .5
7 7 . 1
81.0

74.2
7 1  . 5
69.7
67 .9
63 .5
6 1 . 3
60 .5
62.9
55.0
56.0
62.2
6 6 0
66.9
49.4
58.7
57.7
46.2
47.0
58 .8
60 .8
54.6
60 .0
62.5
54.4
48 .3
49.6
62.6
64.7
60 .7
57.6
56.3

24.6
23.2
3 9 . 1
38.4
3 0 6
36.6
27  .5
29.4
3 1  6
43 .3
42.2
40.4
41.8
40.8
23.2

49 .5
49 .8
44.4
50 .8
45.6
44.9
32 .5
37 .0
36.6
35 .8
33.2
25.7
35.7
34.3
3 1 . 6
37.0
32.0
29.6
25.1
30 .8
2 6 9
24.6
3 1 . 9
3 8 . 1
29 .9
28.5
27.4
30.4
34.3
33 .5
32.8



Measured
Precipitat ion*

( inches)

Maximum
Temperature

( 'F)

Min imum
Temperature

( 'F)

Month

November 2006
11t1t2006
11t212006
11t3t2006
11t4t2006
11t5t2006
11t6t2006
11t7 t2006
11t8t2006
11t912006

11t10t2006
11t11/2006
11t1212006
11t1312006
11t1412006
11t15t2006
11t16t2006
11t1712006
11t1812006
11t1912006
11t20t2006
11t21t2006
11t2212006
11t2312006
11t24t2006
11t25t2006
11t26t2006
11t27 t2006
11t28t2006
11t29t2006
11t30t2006

Month

December 2006
12t1t2006
12t2t2006
12t3t2006
12t4t2006
12t5t2006
12t6t2006
12t7 t2006
12t8t2006
12t9t2006

12t10t2A06
12t11t2006
12t12t2006

3.36

0.00
0.00
000
0.00
000
0.00
0.00
0.00
0.00
0.00
0.00
0.03
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0 .01
0.20
0.0'1
0.00
0.25

0.00
000
0.00
0.00
0.00
0.00
0.00
0.00
0.00
o .12
0 .17
0.00

74.2

57 .0
59 .3
59.4
58.2
5 9 3
65 .3
70 .5
66.8
58.2
49.6
44.5
42.0
50 .3
49.2
5 1 . 5
59.4
63 .0
62 ,3
58.7
60 .6
60 .9
54.1
53 .8
53 .7
47 -3
44.8
35 .5
33.2
16.4
38 .8
70.5

45.1
28.5
39.4
50 .3
53 .9
5 4 0
53 .5
49.6
46.9
3 6 5
36.8
44.4

24.6

27.2
33.7
32.0
33.2
25 .7
29.6
35 .9
42 .9
30.7
16.1
26.4
22 .5
25.4
26.4
1 9 . 0
3 1 . 6
32 .7
29.8
25.8
28.5
29.9
3 3 . 1
32 .0
1 8 . 3
28.5
25.0
23 .8
13.7
6 . 8
0 . 9
0.9

13.7
10.4
2 .4
1 6 . 8
22.9
1 9 . 3
2 1 . 6
2 1 . 7
2 1 . 5
18.4
1 3 . 6
1 1 . 6



Measured
Precipitation*

(inches)

Maximum
Temperature

Min imum
Temperature

( 'F) ( 'F)

1211312006
12t14t2006
12t15t2006
12t16t2006
12t17 t2006
12t18t2006
1211912006
12t20t2006
12t21t2006
1212212006
12t23t2006
12t24t2006
12t25t2006
12t26t2006
12t2712006
12t28t2006
12t29t2006
12t3012006
12t31t2006

Month

January 2007
1t1t2007
1t2t2007
1t3t2007
1t4t2007
1t5t2007
1t6t2007
1t7t2007
1t8t2007
1t9t2007

1t1012007
1t11t2007
1t12t2007
1t13t2007
1t14t2007
1t15t2007
1t1612007
1t17t2007
1t18t2007
1t19t2007
1t2012007
1t21t2007
1t2212007
1t2312007
1t2412007
1t2512007
1t26t2007

0 .00
0 .00
0 0 0
0 0 0
0 .20
0 . 0 1
0 .06
0 .00
0 .00
0.23
0 .00
0 .00
0 .00
0 .00
0 .33
0 .03
0.00
0 .00
0.00
1 . 1 5

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

47.4
50 .3
4 9 0
40 .3
37 .2
3 3 . 1
3 2 . 1
34.7
4 2 . 1
34.3
38.4
40 .0
55.6
50 .9
40 .5
31.1
33 .5
46.1
50 .0
55.6

38.4
49.1
50.4
43.0
34.3
3 8 . 1
40.1
49.9
50 .3
44.6
38 .3
33.7
1 7 . 8
22 .5
25.8
32.4
32.6
39 .5
44.6
41.1
24.8
35.7
49.2
52.4
51.1
49.0

26.3
28.6
33 .3
26.6
13.1
4 .4
1 2 . 8
11 .4
1 3 . 1
2 1 . 8
1 3 . 3
16.4
14.6
31.4
29.1
22 .7
22.2
16.4
14.6
2.4

1 7 . 1
16.4
22.7
24.3
1 0 . 9
-3.4

15.4
11 .4
1 8 . 8
30 .8
24.2
1 0 . 5
-6.4
- 1 . 0
-7.3
-0.7

3 .5
4 . 8
4 . 3
9 .8
1 2 . 0
4 .5
1 6 5
'19 .5

24.9
21.8



Measured
Precipitation*

Maximum
Temperature

Min imum
Temperature

( 'F)( inches)  ( "F)

1t27 t2007
1128t2007
1t29t2007
1130t2007
1t31t2007
Month

February 2007
2t1t2007
2t2t2007
2t3t2007
2t4t2007
2t5t2007
2t6t2007
2t7 t2007
2t8t2007
2t9t2007

2t10t2007
2111t2007
2t12t2007
2t13t2007
2t14t2007
2t15t2007
2t16t2007
2t17 t2007
2t18t2007
2119t2007
2t20t2007
2t21t2007
2t22t2007
2t23t2007
2t24t2007
2t25t2007
2t26t2007
2127 t2007
2t28t2007
Month

March 2007
3t1t2007
3tzt2007
3t3t2007
3t4t2007
3t5t2007
3t6t2007
3t7 t2007
3t8t2007
319t2007

NA
NA
NA
NA
NA
NA

0
0
0
0
0
0
0
0
0
0

0.32
0.02
0 .03

0
0
0
0
0

0 .03
0
0
0

0 .2
0
0
0

0.08
0.23
0.91

43.2
44.2
46.3
42 .8
38 .0
52,4

31.7
36 .5
50 .5
54.9
59 .3
57.2
55.0
52 .5
53 .0
53 .9
47.2
47.2
43.5
35.4
4 5 0
5 1 . 9
55 1
52.6
42.9
43.7
50 .9
5 5 . 1
39.9
35 .8
39 .5
45.0
35.0
29 .7
59.3

34.0
33 .0
40.5
52 .7
58.2
56 1
57.7
58 .8
60.2

2 1 . 7
20.7
1 9 3
1 7 . 5
16.7
-7.3

8 . 7
4 .4
10.4
26.7
28.2
31.1
33 .8
30.6
32.4
36.6
30 .8
25.6
27 .5
23.9
16.1
24.0
26.1
25.2
23.3
1 0  5
2 1 . 4
26.2
1 7 . 9
12.9
1 8 . 3
25.4
23.5
8 3
4.4

6 3
9 . 8
6 8
1 5 . 0
28.2
32 .0
3 1  1
33 .9
30.7

0
0
0
0
0
0
0
0
0



Measured
Precipitation*

( inches)

Maximum
Temperature

('F)

Minimum
Temperature

("F)

3t10t20Q7
3t11t2007
3t12t2007
3t13t2007
3t14t2007
3t15t2007
3t16t2007
3t17t2007
3t18t2007
311912007
312012007
3t21t2007
3t2212007
3t23t2007
3t24t2007
3t2512007
3t26t2007
312712007
3t2812007
a2u2a07
3t30t2007
3t31t2007
Month

April 2007
4t1t2007
4t2t2007
4t3t2007
41412007
41512007
4t612007
41712007
4t8t2007
4t9t2007

4t10t2007
4t11t2007
4t12t2007
4t13t2007
4t14t2007
4t15t2007
4t16t2007
4t17t2007
4t18t2007
4t19t2007
4t20t2007
4t21t2007
4t22t2007
4t23t2007

0
0
0
0
0
0
0
0
0
0
0

034
0

0 .1
0
0
0
0

0.52
0
0
0

0.96

0
0
0
0
0
0
0

0 0 5
0 . 0 1

0
0
0

0 . 1 2
0
0
0
0
0
0
0
0

0.34
0.52

56.0
64.7
69 .8
7 2 . 1
7 1 . 0
67.2
72 .3
72.7
70.6
67.3
63 .3
49.7
55 .5
48.7
53.7
61.4
62.1
5 1 . 6
35.2
38.7
50.7
63 .8
72.7

63.8
63.3
66.6
69 .5
67.3
66.8
6 5 . 1
620
61.4
50 .0
48.9
47 .0
50.4
58.8
51.7
52.5
61.2
47.4
51.4
46.3
5 1 . 6
3 8 9
42 .7

3 4 0
23.3
30.9
32.6
4 2 . 1
34.4
30.7
38 .3
43.4
3 5 8
36.4
33 .8
30 .5
34.9
34.5
33.5
37.6
20.9
28.6
27 .0
1 7 . 9
23.7
6.3

37.0
3 8 . 1
40.4
41.7
40.7
44.2
43.7
40.1
29.3
3 1 . 9
29.5
24.6
29.6
28.5
32.5
26.6
29.5
22.6
1 6 . 1
29.2
27 .0
3 1 . 5
28.4



Measured
Precipitation*

( inches)

Maximum
Temperature

('F)

Min imum
Temperature

("F)

4t24t2007
412512007
4t26t2007
4t27 t2007
4t2812007
4t29t2007
4t30t2047
Month

May 2007
5t1t2007
5t2t2007
5t3t2007
5t412007
5t5t2007
5t6t2007
51712007
5t8t2007
51912007

il10t2407
5t11t2007
5t12t2007
5t13t2007
5t14t2007
5t15t2007
5116t2007
5t17t2007
5t18t2007
5t19t2007
5t20t2007
5t21t2007
5t22t2007
5t23t2007
5/24t2007
5t25t2007
5t26t2007
5t27 t2007
5t28t2007
5t29t2007
5t30t2007
5t31t2007
Month

0 .03
0
0
0
0
0
0

1.07

53 .5
62.6
6 3 0
7 1 . 1
73 .7
75 .7
73.2
75.7

67.5
67.8
53.4
53 .3
43.7
5 1 . 3
6 3 . 1
67 .3
72.2
7  5 . 5
77 .3
78.1
74.8
73.2
75 .0
75 .0
72.2
72 .7
7 5 . 1
7  4 .2
68.6
59 .1
56.2
63 .0
72.4
72.4
75 .0
73 .8
73.1
7 5 . 1
7 7 . 1
78.1

0
0
0
0

0.02
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.02
0 . 1 0
0.03

0
0
0
0
0
0
0
0

0 .17

3 1  5
32.9
38 .3
39 .3
40.2
48.1
49.2
16 .1

47 .7
41.2
41.5
33. '1
27 .8
33 .7
28.4
37  .3
44 .1
4 9 4
5 0 6
52.5
5 1 . 8
46.7
38 .9
44.8
48 .8
49.6
5 0 6
47.9
44.2
40.1
34.5
53.4
42.2
49.6
49 .5
47.6
46.1
36.7
4 8 5
27.8

* Nofe: The coal hollow weather station precipitation gauge ls nof equiped with

a heating unit and consequently precipitat ion fal l ing during freezing condit ions may

may not be recorded.o



o 
ALTON, UTAH (420086)
Period of Record

Period of Record :

Nlonthly Climate Summary

ll l,ll928 to 12R12005

Average Max.
Temperature (F)

Average Min.
Temperature (F)

Average Total
Precipitation (in.)

Average Total
SnowFall (in.)

Average Snow Depth
( in.)

Percent of possible observations for period of record.
Max. Temp.: 99. I % I{in. Temp. : 99 .l7o Precipitation: 99.60/o Snowfall: 97 .7o/o Snow Depth: 92.4%
Check Station Metadatzr or N'letadata grapli ics for more detail about data completeness"

Western Regional C.'limate C'enter, r.'t'('L'ii.dri adu

AL'|ON, UTAH Period of Record Monthly Climate Summary Page I ot I

Jun Jul Aug Sep Oct Nov Dec Annual

76.7 82.6 80.4 73.9 63.1 49.9 41.8 60.2

42.0 49.8 48.9 4l .8 33.0 23.0 t 6.8 3 1 ,0

0 .s7  1 .40  1 .76  r .49  1 .40  1 .23  r .52  16"38

0.2 0.0 0.0 0.0 1 .3 6.6 15 .4 83.4

00000122

Jan Feb Mar Apr May

39.5 42.t 47 .9 57 .7 67 .2

r5 . l  17 .5  2 r .8  28 .0  34 .8

1 .79  1 .80  1 .54  1 .05  0 .85

2t  .2 I  9.5 14.3 4.5 0.6

A/1' l  t ' )AAA



ALTON, UTAH, 1971 - 2000 Temperan[e and Precipitation, 30 Year Averages (WRCC) Page I oI t

ALTON, UTAH
l97l - 2000 Temperature and Precipitation

f ,LT0N,  UTnH (420086)
1971-2OOO 30 Year Rverage
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Data is smoothed using a29 day running average.

o - Max. Temp. is the average of all daily maximum temperatures recorded for the day of the year
between the years l97l and 2000.
J - Ave. Iemp. is the average of all daily average temperatures recorded for the day of the year
between the years l97l and 2000.
O - Min. Temp. is the average of all daily minimum temperatures recorded fbr the day of the year
between the years l97l and 2000.
O - Precipitation is the average ofall daily total precipitation recorded for the day of the year between
the years l97l and 2000.

httn : //w w'w. wrc c . dri . ed u/c rr i -b in/c t i F 3 02 0 0 0. o I ?ut0 0 8 6 6t23t2006



O 
ALTONO UTAH
30 Year Daily Temperature and Precipitation Summary

S - T A T I O N  4 2 O O B 6  A V E R A G E S  F R O M  A V A I L A B L E  Y E A R S  I N  P E R I O D  L 9 1 I  T O  2 A O O

DOY MON DY
r .  1 l
2 r 2
3 1 3
q l - q

5 1 5
6 1 6
l l l
8 r B
9 1 9

1 0  1  l 0
1 1  1  1 1
L 2  I L 2
1 3  1  1 3
L 4  I  1 4
1 5  r  1 5
1 6  1  1 6
L ]  I  1 7
r 8  I  l B
1 9  1  1 9
2 0  r 2 0
2 L  I 2 L
2 2  L 2 2
2 3  r 2 3
2 4  1 .  2 4
2 5  L 2 5
2 6  1 2 6
2 1  1 2 1
2 B  T 2 8
2 9  r 2 9
3 0  1  3 0
3 1  r  3 1
3 2 2 L
3 3  2  2
- r , \ -
J C ,  Z  J

3 5  2  4
3 6 2 5
3 1  2 6
3 8  2  1
3 9  2  B
4 0  2  9
4 1  2  I 0
4 2  2 1 r
4 3  2 L 2
4 4  2  L 3
A C  a  1 AL !  J  / -  L . t

4 6  2  L 5
4 1  2 L 6
4 8  2  T 1
4 9  2  1 8
5 0  2 L 9
5 1  2  2 0

T M I N  # Y R S  P R E C I P  # Y R S  S D  M A X  S D  M I N
1 5  . 1  3 0 .  0 . 0 6 2  2 9 .  9 . 0 6 1  9  . 0 6 2
1 5 . 0  3 0 .  0 . 0 6 0  2 9 .  9 . 0 9 s  9 . 0 9 9
1 5 . r  3 0 .  0 . 0 6 2  3 0 .  9 . r 3 0  9 . L 4 1
1 5 . 3  3 0 .  0 . 0 6 4  3 0 .  9 . 1 6 0  9 . 1 8 3
1 5 . 4  3 0 .  0 . 0 6 4  2 9 .  9 . 1 9 9  9 . 0 5 6
1 5 . 5  3 0 .  0 . 0 6 3  3 0 .  9 . 2 1 9  8 . 9 1 1
1 5 . 5  3 0 .  0 . 0 6 2  3 0 .  9 . 2 5 6  B . B 8 7
1 5 . 6  3 0 .  0 . 0 6 2  3 0 .  9 . 2 4 0  8 . 7 6 3
1 s . 6  3 0 .  0 . 0 6 1  3 0 .  9 . 1 6 5  8 . 7 1 1
1 5 . 7  3 0 .  0 . 0 6 0  3 0 .  9 . 1 0 5  8 . 6 1 2
1 5 . 7  3 0 .  0 . 0 5 9  3 0 .  9 . 0 7 1  8 . 6 3 2
1 5 . 7  3 0 .  0 .  0 5 8  3 0 .  9 . 0 3 7  B  . 6 6 1
1 5 . 7  3 0 .  0 . 0 5 7  3 0 .  9 . 0 0 7  B .  6 l l
1 5 . 1  3 0 .  0 . 0 5 7  3 0 .  8 . 9 9 2  8 . 5 5 5
1 5 . 7  3 0 .  0 . 0 5 9  3 0 .  B .  9 5 2  8 . 5 2 2
1  5 . 7  3 0 .  0 . 0 5 9  3 0 .  8 . 9 4 8  8 . 5 6 3
1  s .  9  3 0 .  0 .  0 6 0  3 0 .  9 .  0 0 8  B  .  s s 3
1 6 . 0  3 0 .  0 . 0 5 9  3 0 .  8 . 9 9 1  8 . 4 9 1
1 6 . 0  3 0 .  0 . 0 5 7  3 0 .  B .  9 7 0  B .  4 C 9
1 6 . 0  3 0 .  0 . 0 5 3  3 0 .  8 . 9 4 1  8 . 3 1 2
1 6 . 0  3 0 .  0 . 0 5 4  3 0 .  8 . 8 8 1  8 . 3 4 1
1 6 . 2  3 0 .  0 . 0 5 3  3 0 .  8 . 8 7 1  8 . 3 1 8
1 6 . 2  3 0 .  0 . 0 5 2  3 0 .  B .  9 0 9  B  . 3 5 0
1 6 . 2  3 0 .  0 . 0 5 3  3 0 .  8 .  8 7 5  B  .  4  1 0
1 6 .  3  3 0 .  0 . 0 5 4  3 0 .  B . 8 6 9  8 . 4 3 7
1 6 . 4  3 0 .  0 . 0 5 6  3 0 .  8 . 8 3 4  8 . 5 3 2
1 6 . 5  3 0 .  0 . 0 5 8  3 0 .  8 . 7 5 9  8 . 5 s 0
1 6 .  s  3 0 .  0 . 0 5 8  3 0 .  8 . 6 8 3  8 . 5 9 3
1 6 . s  2 9 .  0 . 0 s 6  3 0 .  8 . 6 1 s  8 . 6 0 7
1 6 . 5  3 0 .  0 . 0 5 5  3 0 .  8 . 6 4 5  8 . 6 5 4
L 6 . t  3 0 .  0 . 0 5 8  3 0 .  B  . 6 2 3  B  .  6 6 3
1 6 . 6  3 0 .  0 . 0 5 1  2 9 .  8 . 6 5 0  8 . 7 s 6
1 6 . 6  3 0 .  0 . 0 5 5  3 0 .  8 . 6 6 1  B  . 1 2 4
1 6 . 1  3 0 .  0 . 0 5 6  3 0 .  8 . 6 4 6  8 . 1 2 5
1 6 . 8  3 0 .  0 . 0 5 7  3 0 .  8 . 5 8 1  8 . 1 r 1
1 6 . 9  3 0 .  0 . 0 6 0  3 0 .  8 . 5 9 7  8 . 1 2 r
L 1  . 2  3 0 .  0 . 0 6 4  3 0 .  8 . 6 4 3  8 . 1 5 1
1 7 . 3  3 0 .  0 . 0 6 6  3 0 .  8 . 6 9 6  8 . 7 5 1
L ]  . 4  3 0 .  0 . 0 6 7  3 0 .  B  . 1 4 4  B  . 1 9 5
L ]  . 4  3 0 .  0 . 0 6 1  3 0 .  8 . 7 8 4  8 . 7 9 5
1 7 . 5  3 0 .  0 . 0 6 7  3 0 .  B . 8 2 0  8 . 1 4 3
L ]  . 6  3 0 .  0 . 0 6 8  3 0 .  8 . 8 8 0  8 . 7 5 1
n . 1  3 0 .  0 . 0 6 8  3 0 .  8 . 9 2 5  8 . 7 3 3
1 7 .  B  3 0 .  0 . 0 6 6  3 0 .  8 . 9 6 1  B . 8 1 3
r B . 0  3 0 .  0 . 0 6 7  3 0 .  8 . 9 1 1  8 . 7 8 0
L B  . 2  3 0 .  0 . 0 6 6  3 0 .  B .  9 1 4  B  . t  9 t
1 8 . 4  3 0 .  0 . 0 6 8  3 0 .  8 . 9 1 1  B , 7 s B
1 8 . 7  3 0 .  0 . 0 7 3  3 0 .  8 .  B B 3  B  . 1 4 4
1 8 . B  3 0 .  0 . 0 7 6  3 0 .  8 . 8 7 7  8 . 7 5 1
1 9 . 0  3 0 .  0 , 0 7 4  3 0 .  8 . 9 2 9  8 . 1 2 . 7
L 9 . 2  3 0 .  0 . 0 7 5  3 0 .  8 . 9 1 5  8 . ' , 7 l s
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TMAX *YRS
3 9 . 4  3 0 .
3 9 . 4  3 0 .
3 9 . 4  3 0  "
? o  q  ? n
J  J  .  J  J V  .

3 9 . 6  3 0 .
3 9 . 7  3 0 .
? o  a  ? n
J J .  V  J V .

3 9 .  B  3 0  "
? o  q  ? n

? q  q  ? n

4 0 . 0  3 0 "
4 0 . 1  3 0 .
4 0 . 1  3 0 .
4 0 .  r  3 0 .
4 0 . 2  3 0 .
4 0 . 3  3 0 .
4 0 . 4  3 0 .
4 0 . 6  3 0 .
4 0 . 8  3 0 "
4 0 . 9  3 0 .
4 1 . 1  3 0 .
4 L . 2  3 0 .
4 L . 2  3 0 .
A 1  ?  ? n
:  I  .  J  J V  

"

4 1 .  3  3 0 .
4 1  .  3  3 0  .
4 r . 4  2 9 .
A 1  q .  ? n
:  r  .  J  J V  .

4 1 . 5  2 9 .
4 1 . 6  3 0 .
4 L . 1  3 0 .
4 1 . 8  3 0 "
4 1 .  9  3 0 .
4 r . 9  3 0 "
4 2 . 0  3 0 .
4 2 . r  3 0 .
4 2 . 3  3 0 .
4 2 . 4  3 0 .
A )  (  ? n
a  4  .  J  J V  .

4 2  . 6  3 0 .
4 2 . 1  3 0 .
4 2 . 9  3 0 .
4 3 . r  3 0 .
4 3 . 2  3 0 .
4  3  .  4  3 0  .
4 3 . 8  3 0 .
4 3 . 9  3 0 .
4 4 . 0  3 0 .
4 4 . t  3 0 .
4 4 . 2  3 0 .
4 4 . 4  3 0 .
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52 2 21.
5 3  2  2 2
t r . A  )  ) a
J :  L  L J

5 5  2  2 4
5 6  2  2 5
5 1  2 2 6
5 8  2  2 1
5 9  2  2 8
6 0  2 2 9
6 1  3  I
6 2 3 2
6 3  3  3
6 4  3  4
6 5  3  5
6 6 3 6
6 1  3 1
6 8  3  B
6 9 3 9
1 0  3  1 0
1 I  3  1 1
1 2  3  L 2
1 3  3  1 3
1 4  3  1 4
t 5  3  1 5
1 6  3  1 6
1 1  3  t ]
1 8  3  1 8
1 9  3  1 9
8 0  3  2 0
8 1  3  2 I
8 2  3 2 2
8 3  3  2 3
8 4  3  2 4
8 5  3  2 5
8 6  3  2 6
8 7  3  2 1
B B  3  2 8
8 9  3  2 9
9 0  3 3 0
9 1  3  3 1
o ?  ^  1
J L  :  I

9 3  4  2
9 4  4  3
9 5  4  4
9 6 4 5
9 1  4 6
9 8  4  1
9 9 4 8

i 0 0  4  9
1 0 1  4  l 0
1 0 2  4  1 1
i 0 3  4  t 2
1 0 4  4  1 3
1 0 5  4  L 4
1 0 6  4  1 5
1 0 7  4  L 6
t - 0 8  4  L 1
r 0 9  4  l B
l t n  /  1 0
t t \ /  1  L )

l l l  4  2 0

4 4  . 6  3 0 .
4  4  .  B  3 0 .
4 5 . 0  3 0 .
4 5 . 3  3 0 .
A t r ,  q ,  ? n
a J . J  J V .

4 5 . 1  3 0 .
4 5 . 1  3 0 .
4 5 . 9  3 0 .
4 6 . 0  B .
4 6 . 2  2 9 .
4 6 . 4  2 9  .
4 6 . 6  2 9 .
4 6 . 9  2 9  .
4 1  . 2  2 9 .
4 1  . 4  2 9 "
4 1  . 1  2 9 .
A Q  N  ? O. t u . v  L J o

4 8 . 3  2 9 .
4 8 . 5  2 9 .
4 8  . 1  2 9 .
4 8 . 9  2 9 .
4 9 . 0  2 9 .
4 9 . 1  2 9 .
4 9 . 0  2 9 .
4 9 . 2  2 9 .
4 9 . 5  2 9 .
4 9 . 6  2 9 .
4 9 . 8  2 9 .
q n  1  , q

5 0 . 3  2 9 .
5 0 . 6  2 9 .
5 0 .  9  2 9 .
3 r . z  z Y .

-   n

f  L .  )  z Y .

5 1 .  B  2 9 .
5 2 . 2  2 9 .
- ^  -  ^ n

J L . J  L J .

5 Z . d  t Y .

s 3 . 1  2 9 "
5 3 .  4  2 9 .
\  {  t \  1 l  I

5 4  . 0  3 0 .
5 4  . 3  3 0 .
5 4  . 5  3 0 .
5 4  . 1  3 0 .
5 4  .  9  3 0 .
s 5 . 1  3 0 .
5 5 . 4  3 0 .
s 5 . 7  3 0 .
5 6 . 0  3 0 .
q A  q  ? n
J V  t  J  J V .

q A  a  ? n

5 7 . 3  3 0 .
5 7  .  B  3 0 .
5 8 . 2  3 0 .
5 8 . 7  3 0 .
q q  1  ? n

5 9 . 6  3 0 ,
6 0 . 0  3 0 .
6 0 . 4  3 0 .

1 9 . 4  3 0 .
1 9 . 6  3 0 .
1 q  7  ? n

1 9 . B  3 0 .
2 0 .  0  3 0 .
2 0 . 2  3 0 .
2 0  . 4  3 0 .
20 .  s  30 .
2 0 . 6  B .
2 0  . 1  2 9 .
2 0 . 8  2 9 .
2 0 . 9  2 9 .
2 r . r  2 9 .
2 t . 2  2 9 .
2 r . 3  2 9 .
2 r . 5  2 9 .
2 r . 6  2 9 .
2 r . B  2 9 .
2 2 . 0  2 9 .
2 2 . 2  2 9 .
2 2 . 4  2 9 .
2 2 . 6  2 9 .
2 2 . 1  2 9 .
2 2 . 1  2 9 .
2 2 . 1  2 9  .
2 2 . 1  2 9 .
2 2 . 8  2 9 .
2 2 . 8  2 9 .
2 2 . 9  2 9 .
2 3 . 0  2 9 .
2 3 . 2  2 9 .
2 3 . 4  2 9 .
2 3 . 5  2 9 .
2 3 . 6  2 9 .
2 3 . 6  2 9 .
2 3 . 8  2 9 .
2 4 . 0  2 9 .
2 4 . L  2 9 .
2 4 . 3  2 9 .
2 4 . 4  2 9 .
2 4  . 1  3 0 .
2 4 . 8  3 0 .
2 5 . 0  3 0 .
2 5 . 2  3 0 .
2 5 . 4  3 0 .
2 5 . 6  3 0 .
2 5  . B  3 0 .
2 6 . 0  3 0 .
2 6 . 2  3 0 .
2 6 . 4  3 0 .
2 6 . 6  3 0 .
2 6 . 8  3 0 .
2 1  . 0  3 0 .
2 1  . 4  3 0 .
2 1  . 7  3 0 .
2 1  . 9  3 0 .
2 8 . 2  3 0 .
2 8  . 5  3 0 .
2 8 . B  3 0 .
2 9 . 0  3 0 .

0 . 0 7 7  3 0 .
0 . 0 7 7  3 0 .
0 . 0 7 4  3 0 .
0 . 0 1 2  3 0 .
0 . 0 7 0  3 0 .
0 . 0 7 1  3 0 .
0 .  0 7  1  3 0 .
0 . 0 7 0  3 0 .
0 . 0 6 8  B .
0 . 0 6 6  2 9 .
0 . 0 6 6  2 9 .
0 . 0 6 4  2 9 .
0 . 0 6 3  2 9 .
0 . 0 6 0  2 9 .
0 . 0 5 5  2 9 .
0 . 0 5  4  2 9 .
0 . 0 5  4  2 9 .
0 . 0 5  4  2 9 .
0 . 0 5 3  2 9 .
0 . 0 5 3  2 9 .
0 . 0 5 4  2 9 .
0 . 0 5 1  2 9 .
0 . 0 5 9  2 9 .
0 . 0 6 1  2 9 .
0 . 0 5 6  2 9 .
0 . 0 5 2  2 9 .
0 . 0 s 0  2 9 .
0 . 0 5 2  2 9 .
0 . 0 4 9  2 9 .
0 . 0 4 6  2 9 .
0 . 0 4 5  2 9 .
0 . 0 4 5  2 9 .
0 . 0 4 4  2 9 .
0 . 0 4 3  2 9 .
0 . 0 4 2  2 9 .
0 . 0 4 0  2 8 .
0 . 0 4 0  2 8 .
0 . 0 3 8  2 9 .
0 . 0 3 8  2 9 .
0 . 0 3 9  2 9 .
0 . 0 3 9  3 0 .
0 . 0 4 0  3 0 .
0 . 0 4 0  3 0 .
0 .  0 4  1  3 0 .
0 . 0 4  1  3 0 .
0 . 0 4 0  3 0 .
0 . 0 4 0  3 0 .
0 . 0 4 0  3 0 .
0 . 0 4 1  3 0 .
0 . 0 4 0  3 0 .
0 . 0 3 5  3 0 .
0 . 0 3 3  3 0 .
0 . 0 3 1  3 0 .
0 . 0 3 1  3 0 .
0 . 0 3 2  3 0 .
0 . 0 3 1  3 0 .
0 . 0 2 9  3 0 .
0 . 0 2 9  3 0 .
0  . 0 2 9  3 0 .
0 . 0 2 9  3 0 .

B .  B B 3  B  . 6 0 2
B . 8 4 0  8 . 5 1 4
B .  B 2 O  8 . 4 1 8
8 . 8 2 1  8 . 3 0 3
8 . 8 3 4  8 . 2 3 3
8 . 9 1 4  8 . 1 3 1
8 . 9 9 5  8 . 1 0 7
8 . 9 8 9  8 . 0 9 3
n n t - ^ n r A
Y . U I J  U . U l t U

8 . 9 8 4  1 . 8 6 1
8 . 9 6 0  7 . 8 1 0
8 . 9 3 2  1 . 8 4 9
8 . 9 4 3  1 . 1 1 4
8 . 8 9 9  1 . 1 2 8
8 . 8 6 2  1  . 6 1 3
8 . 9 1 E  1 . 6 5 4
8 . 9 1 2  1 . 5 3 9
9 . 0 2 3  1  . 4 1 1
8 . 9 9 6  1 . 4 4 1
8 . 9 8 7  1  . 3 4 6
8 . 9 3 9  1  . 2 9 7
8 . 9 7 r  1 . 1 4 3
9 . 0 r 3  7 . 0 9 9
9 . 1 3 5  6 . 9 8 9
9 . r 0 8  7 . 0 0 5
9 . L 2 2  6 .  9 5 3
9 . r 3 3  6 . 8 6 9
9 .  r B B  6  . 8 8 2
9 . 2 5 8  6 . 7 8 0
9 . 2 1  6  6 . 1 2 r
9 .  3 6 8  6 .  6 8 7
9 .  4  1 5  6 . 6 6 2
9 . 5 2 3  6 . 1 r 1
9 . 6 3 2  6 . 1 4 3
9 .  6 6 0  6 . 1 3 6
9 .  6 3 8  6 .  6 8  6
9 . 6 8 2  6 . 6 3 4
9 . 1  4 3  6  . 5 9 9
9  . 1  6 1  6 . 6 5 2
9 . 1 1 8  6 . 6 3 9
9 . 1 9 4  6 . 5 5 6
9 . 8 4 2  6 . 5 1 1
9  . 9 2 1  6  . 4 1  4
9 . 9 6 8  6 . 4 5 9
9 .  9 6 3  6 . 4 2 9
9 . 9 1 1  6 . 4 5 1
9 . 9 8 9  6 . 4 4 3
9 . 9 8 2  6 . 3 9 0
9 . 9 6 6  6 . 3 4 2
9 . 9 5 6  6 . 2 1 5
9 . 8 6 9  6 . 2 5 2
9 .  8 7 3  6 . 2 2 1
9 . 8 0 0  6 . 2 3 8
9 .  B 0 s  6 . 2 0 3
9 . 7 8 4  6 . 1 9 5
9 .  7  9 0  6 . L 6 1
9 . 1 4 2  6 . 0 3 8
9 . 6 1 8  5 . 9 9 2
9 . 4 9 2  s . 9 5 9
9 . 3 6 1  5 . 9 0 9
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6 0 .  6  3 0 .
6 0 .  B  3 0 .
6 1 . 0  3 0 .
6 r . 2  3 0 .
6 1 . 5  3 0 .
6 1 .  B  3 0 .
6 2 . r  3 0 .
6 2 . 5  3 0 .
6 2 . 8  3 0 .
6 3 . 2  3 0 .
6 3 . 5  3 0 .
6 3 . 1  3 0 .
6 4  . 0  3 0 .
6 4  . 4  3 0 .
6 4  . 8  3 0 .
6 5 . 0  3 0 .
6 s . 3  3 0 .
6 5 .  6  3 0 .
6 5 .  9  3 0 .
6 6 . 2  3 0 .
6 6 .  s  3 0 .
6 6 .  B  3 0 .
6 1  . L  3 0 .
6 1  . 3  3 0 .
a -  a  a  
V  /  .  V  J V .

a -  n  1 n
V  I  .  J  J V .

6 8 . 1  2 9 .
6 8  . 3  3 0 .
6 8 . 6  3 0 .
6 8 .  9  3 0 .
6 9 . 4  3 0 .
6 9 .  B  3 0 .
7 0 .  1  3 0 .
1 0 . 4  3 0 .
1 0 . 1  3 0 .
7 1 . 0  3 0 .
7 1 . 3  3 0 .
1 L . 6  3 0 .
7 1 . 8  3 0 .
1 2 . r  3 0 .
1 2 . 5  2 9 .
1 )  O  ? n

,  L .  J  J V  .

7 ?  ?  ? n

1 3 . 6  3 0 .
1 4 . 0  3 0 .
1 4 . 4  3 0 .
1 4 . 1  3 0 .
7 5 .  I  3 0 .
1 5 . 4  3 0 .
7 5 . 8  3 0 .
7 6 . 3  3 0 .
1 6 . 6  3 0 .
1 A  q  ? n

1 1  . 3  3 0 .
1 1  . 1  3 0 .
7 8 .  1  3 0 .
1 8 . 4  3 0 .
7 8 . 8  3 0 .
- 7 q  ' r  ? n

I  J .  !  J V .

7 9 . 3  2 9 .

2 9 . 2  3 0 .
2 9 . 5  3 0 .
2 9 . 1  3 0 .
2 9 . 9  3 0 .
3 0 .  1  3 0 .
3 0 .  3  3 0 .
3 0 .  4  3 0 .
3 0 . 7  3 0 .
3 0 .  9  3 0 .
3 1 .  1  3 0 .
3 1 . 4  3 0 .
3 1 . 5  3 0 .
3 1 . 7  3 0 .
3 1 . 9  3 0 .
3 2 . r  3 0 .
3 2 . 3  3 0 .
3 2 . 5  3 0 .
3 2 . 6  3 0 .
3 2 . 8  3 0 .
3 3 .  1  3 0 .
3 3 . 3  3 0 .
3 3 .  6  3 0 .
3 3 " 8  3 0 .
3 4 . 0  3 0 ,
3 4 . 2  3 0 .
3 4 . 4  3 0 .
3 4  . 6  2 9 .
3 4 . 8  3 0 .
? q ,  n  ? n
J J .  V  J V .

3 5 . 2  3 0 .
3 5 .  4  3 0 .
3 s .  B  3 0 .
3 6 . 0  3 0 .
3 6 . 3  3 0 .
3 6 . 5  3 0 .
3 6 . 8  3 0 .
3 7 . 0  3 0 .
3 7 .  l  3 0 .
3 1  . 4  2 9 .
3 7 . 5  3 0 .
3 7 .  B  2 9 .
3 8 . 0  3 0 .
3 8 . 3  3 0 .
3 8 . 5  3 0 .
3 8 .  B  3 0 .
3 9 . 0  3 0 .
3 9 . 3  3 0 .
3 9 . 5  3 0 .
3 9 . 1  3 0 .
4 0 . 0  3 0 .
4 0 . 3  3 0 .
4 0 . 5  3 0 .
4 0 . 8  3 0 .
4 1  . 0  3 0 .
4 r . 4  3 0 .
4 r . 1  3 0 .
4 2 . 0  3 0 .
4 2 . 2  3 0 .
4 2 . 5  3 0 .
4 2 . 1  3 0 .

0 . 0 3 0  3 0 .
n  n ? 1  ? n
V .  V J r  J V .

0 . 0 3 0  3 0 .
0 . 0 2 9  3 0 .
0 . 0 3 0  3 0 .
0 . 0 3 0  3 0 .
0 . 0 3 0  3 0 .
0 . 0 2 9  3 0 .
0 . 0 2 1  3 0 .
0 . 0 2 9  3 0 .
0 . 0 2 8  3 0 .
0 . 0 2 8  3 0 .
0 . 0 2 8  3 0 .
0 . 0 2 1  3 0 .
0 . 0 2 7  3 0 .
0 . 0 2 1  3 0 .
0 . 0 2 1  3 0 .
0 . 0 2 1  3 0 .
0 . 0 2 5  3 0 .
0 . 0 2 8  3 0 .
0 . 0 3 0  3 0 .
0 . 0 3 0  3 0 .
0 . 0 3 r  3 0 .
0 . 0 3 2  3 0 .
0 . 0 3 1  3 0 .
0 . 0 3 0  3 0 .
0 . 0 3 2  3 0 .
0 . 0 3 2  3 0 .
0 . 0 3 3  3 0 .
0 . 0 3 3  3 0 .
0 . 0 3 2  3 0 .
0 .  0 3 2  3 0 .
0 . 0 3 2  3 0 .
0 . 0 3 2  3 0 .
0 . 0 3 2  3 0 .
0 . 0 3 1  3 0 .
0 . 0 3 2  3 0 .
0 . 0 3 2  3 0 .
0 . 0 2 9  3 0 .
0 . 0 2 9  3 0 .
0 . 0 2 9  3 0 .
0 . 0 2 1  3 0 .
0 . 0 2 8  3 0 .
0 . 0 2 1  3 0 .
0 . 0 2 6  3 0 .
0 . 0 2 5  3 0 .
0 . 0 2 5  3 0 .
0 . 0 2 6  3 0 .
0 . 0 2 4  3 0 .
0 . 0 2 1  3 0 .
0 . 0 2 1  3 0 .
0 . 0 2 0  3 0 .
0 . 0 1 9  3 0 .
0 . 0 1 8  3 0 .
0 . 0 1 8  3 0 .
0 . 0 1 6  3 0 .
0 . 0 1 6  3 0 .
0 . 0 1 5  3 0 .
0 . 0 r 5  3 0 .
0 . 0 1 5  3 0 .

9 . 3 0 1  5 . 8 7 8
9 . 2 5 0  5 . 8 9 8
9 . 1 9 6  5 . 8 5 1
9 . 1 3 7  5 . 8 4 7
9 . 0 5 5  5 . 8 4 5
8 . 9 8 8  5 . 1 1 3
8 . 9 4 1  5 . 1 1 3
B .  9 0 4  5 .  7  1 3
8 . 8 7 6  5 . 6 8 8
8 . 8 6 5  5 . 6 4 1
8 . 7 6 6  5 . 6 3 2
B .  6 9 0  5 .  6 0 5
8 . 6 0 1  5 . 5 9 4
8 . 4 5 8  5 . 5 1 2
8 . 3 2 9  5 . 5 4 8
8 . 2 1 0  s .  s 6 4
8 . 2 r 1  5 .  6 r 9
8 . 1 7 8  5 .  6 8 4
8 . 1 4 2  5 . 6 8 9
8 . 1 1 6  5 .  6 5 4
8 . 0 4 4  5 . 6 0 4
1  . 9 9 1  5 . 5 3 5
7 .  9 5 3  5 .  4  6 8
1 . 9 5 4  5 . 4 4 0
1 . 9 1 0  5 . 3 9 3
1  . 9 3 1  5 . 4  1 0
1 . 9 8 3  5 . 4 3 8
8 . 0 5 5  5 . 4 4 0
8 . 0 5 5  5  . 4 6 9
8 . 0 4 0  5 . 4 4 4
1  . 9 6 4  5 . 3 7 0
7 .  B 9 B  5 . 3 4 6
1 . 8 4 8  5 . 3 4 4
1 . 8 1 1  5 . 3 4 1
1  . 9 r 2  5 . 3 9 1
1  . 8 4 9  5 . 3 8 1
1 . 1 6 3  5 . 3 6 8

- - n
/  h x  |  :  { a v
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ALTON, UTAH 30 Year Daily Summary ,,1971-2000 (WRCC)
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ALTON, UTAH 30 Year Daily Summary ,1971-2000 (WRCC)
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ALTON, UTAH 30 Year Daily Summary ,1971-2000 (WRCC)
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ALTON, UTAH 30 Year Daily Summary ,1971-2000 (WRCC)

3 5 2  L 2  I 1
3 5 3  1 2  1 8
3 5 4  L 2  1 9
3 5 5  1 2  2 0
3 5 6  L 2  2 r
3 5 7  L 2  2 2
3 5 8  1 2  2 3
3 5 9  L 2  2 4
3 6 0  1 2  2 5
3 6 1  L 2  2 6
3 6 2  1 2  2 1
3 6 3  L 2  2 8
3 6 4  L 2  2 9
3 6 5  1 2  3 0
3 6 6  1 " 2  3 1

4 1 . 5  2 9 .
r  l    ^ nL t  r  .  z  z J  .

4 0 .  B  2 9 .
4 0 . 5  2 9 .
4 0 . 3  2 9 .
4 0 .  1  2 9 .
3 9 . 9  2 9 .
3 9 . 8  2 9 .
3 9 . 6  2 9 .
3 9 . 5  2 9 .
3 9 . 5  2 9 .
3 9 . 5  2 9 .
< q  \  / v

J J . J

3 9 . 4  2 9 .
3 9 . 4  2 9 .

1 6 . 6  2 9 .
1 6 . 4  2 9 .
L 6 . 2  2 9 .
1 -  n  ^ n

L J  .  J  -  J .

1 5 .  B  2 9 .
1 5 . 7  2 9 .
1 5 .  6  2 9 .
1 5 . 4  2 8 .
T 5 . 2  2 9 .
1 5 .  r  2 9 .
1 5 . 1  2 9 .
1 5 . 0  2 9 .
1 5 . 1  2 9 .
1 5 . 1  2 9 .
1 5 .  r  2 9 .

0 . 0 4  L  2 9 .
0 . 0 4  r  2 9 .
0 . 0 4 r  2 9 .
0 . 0 4 3  2 9 .
0 . 0 4  5  2 8 .
0 . 0 4 9  2 9 .
n  n / o  t o
v . v : J  L / .

0 . 0 5 L  2 9 .
0 . 0 5 2  2 9 .
0 . 0 5 2  2 9 .
0 . 0 5 3  2 9 .
0 . 0 s  4  2 9 .
0 . 0 5 5  2 9 .
0 . 0 5 1  2 9 .
0 . 0 6 0  2 9 .

9 . 3 6 9  8 . 3 9 4
9 . 3 9 1  8 . 5 4 2
q  ? ? R  R  ? 1 ?

9 . 3 9 2  8  . 8 2 r
9 . 3 1  4  B  . 9 2 6
9 . 3 1 1  9 . 0 2 4
9 . 2 8 4  9 . L r 2

.  - ^
Y .  I J V  Y .  L ) Z

9 . 1 6 8  9 . 1 6 0
9 . 1 4 9  9 . L 4 2
9 . 1 6 4  9 . r 0 5
o  n q l  Q  n q ?
J . V J L J . V J I

q  1 n R  q  1 ' t ' l

9 . 1 2 3  9 . 0 8 1
9 . 1 1 4  9 . 0 8 8

Page I oI I

Western Regional Climate Center, trrt'c",'tiJlr i.adtt

h r i ' . ' .  / / r i n r ^ r ,  \ r r r \ r !  r l r i  o r l r r l r . r ' i - h i n / ' " 1 ; N I ( ) P  N u { ? O O O t  n l 9 r r t O t ' l R A R n  1 / ) n n h



O 
ALTON'UTAH
NCDC l97L-2000 Monthlv Normals

Mean Max.
Temperature (F)

Highest Mean Max.
Temperature (F)

Year Highest
Occurred

Lowest Mean Max.
Temperature (F)

Year Lowest
Occurred

Mean Temperature
(F)

Highest Mean
Temperature (F)

Year Highest
Occurred

Lowest Mean
Temperature (F)

Year l,owest
Occurred

Mean Min,
Temperature (F)

Highest Mean Min.
Temperature (F)

Year Highest
Occurred

Lowest Mean Min.
Temperature (F)

Year Lowest
Occurred

Mean Precipitation
( in.)

Highest Precipitation
( in.)

Year Highest
Occurred

Lowest Precipitation
( in.)

Year Lowest

ALTON. IJTAH NCDC197 l-2000 Monthly Normals

Jan Feb Mar

40.0 42.9 48.6

49.4 50.8 60.0

1 986 l 995 1972

30.8 36.2 4r .2

1979 1 998 1973

27.9  30 .s  35 .6

36.0 37 . t  43.2

1986 1995 t972

20.0 25 .0 29.7

t979 t993 r980

15.7  l8 . l  22 .6

22.5 23.s 28.2

r986 1991 r986

8 .9  1  1 .3  16 .8

1973 1979 t977

1.76  1 .90  t .75

7 .32  5 .88  4 .38

1993 1993 1978

0,00 0.00 0.00

Apr May

58.1  68 .0

67.2 75.5

1989 1984

48. l  60 "7

1983 1977

43.0 5t .2

49.8 56.6

t992 l 984

35.2 46.3

1975 t977

27 .8 34.4

33.2 38.4

1992 1992

21.4 30.8

L97s t975

0.95 0.97

3.90 2.96

1988 t992

0.02 0.02

Jun Jul Aug

78.6  84 .0  81 .7

85.0 89.0 85.9

t974 1972 1994

72.1  79 .5  78 .1

l 993 t993 l 983

60.3 66.6 65. r

65.0 69.9 68.7

1974 1996 1994

5s.0 60.8 62.2

1993 1993 t976

4t .9 49.2 48.4

45.2  53 .3  51 .9

1994 1996 2000

36.8 42.1 44.2

1998 1993 t976

0 .51  1 .34  1 .62

1  .61  3 .  I  8  3 .59

t972 t999 1987

0.00 0.00 0.00

Sep Oct Nov

7 4.9 64.2 50.2

80.1  7 t .6  59 .3

1979 1988 t99s

69.7 56.9 4l .3

I 986 1972 1994

58.2 48.4 36.4

62.0 54.7 42.7

1979 1988 t99s

5 3.4 43.2 29 .3

1 9tr6 1984 1994

4t.4 32.6 22.6

46.3 37 .7 263

1997 1988 1996

37 .2 28.3 17 .2

I 986 t982 t994

I  .53  1 .59  1 .40

5.21 4.93 s.72

t997 2000 1978

0.03 0.00 0. r l

Page I ot I

^ Annualuec Monthly

42 .1  61"  1

51.7 89.0

1980 1972

32.6 3 0.8

1992 t979

29 .5 46.r

37 .8 69.9

I 980 1996

21.0 20.0

1990 1979

16 .8  3  1 .0

23 .9  53 .3

1980 1996

6.9 6,9

I 990 I 9e0

l . t9  16 ,51

4.85 7 .32

I97l 1993

0"00 0"00

h t fn . / / r rn f ,n r /  r r /? r ,n  A i  e 'A r t l r -o i -h in /n l iNnPN{NI ( - f ) f ' ?OnO n l? r r fOORA 6n7 0t \ f i ^



ALTON. UTAH NCDC l97l-2000 Monthly Normals
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ALTON, UTAH (420086)
l97l-2000 Monthly Climate Summary

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Average Max--, 40.5 43.7 49.6 58.3 67.9 78.0 83.3 80.9 74.r 63.2 48.0 41.5 60.9
r emperanue (rJ
Averase Min.- - ' - .-  ----.- .  15.9 18.4 22.6 27.8 34.5 41.8 48.8 48.2 41.4 32.4 22.1 16.7 31.0
r emperanre (iJ

fvelageTooJ. . l.8l 1.97 1.59 1.01 0.93 0.59 r.2s r.69 r.5r 1.60 1.37 r.32 16.62
rreclplunron (ln.)
Uqqffigiel values based on averages/sums of smoothed daily data. Information is computed from
available daily data during the l97l-2000 period. Smoothing, missing data and observation-time
changes may cause these l97l-2000 values to differ from official NCDC values. This table is presented
tbr use at locations that don't have official NCDC data. No adjustments are made for missing data or
time of observation. Check NC'[)C nolmals table for official data.
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BONDING AND INSURANCE

R645-301-800
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CHAPTER 8

R645-301-800. BONDING AND INSURANCE

820. REQUTREMENT TO FILE A BOND

820.100 The Operator Agrees to File a Bond.

After the permit application is approved, but before the permit is issued, the applicant
will file with the Division, on a form prescribed and furnished by the Division, a bond or
bonds conditioned upon performance of all requirements of the State Program, the permit
and the reclamation bond.

820.1 1 0- 1 1 1 Area to be Covered by the Performance Bond

The disturbed area at the Coal Hollow Project will be bonded. The disturbed areas are
identified on Drawine 5-3. The area to be mined is also identified on Drawins 5-3.

820. II2-I14 Incremental Bonding

Not applicable at this time.

820.120 Acceptance of Bond

The applicant agrees not to commence operations until the Division approves a
performance bond for the Coal Hollow Project.

820.130 Coverage of Bond

The applicant will provide a performance bond for the disturbed area within the permit.

820.200 Form of the Performance Bond

820.223 Suretv Bond
+

Alton Coal Development, LLC is proposing to submit a surety bond consistent with the
requirements of R645-301-860.100 and any additional requirements in the State Program.

830. DETERMINATION OF BOND AMOLINT

830.100 Determined by the Division

The amount of the bond required will be determined by the Division.

Chapter 8 8 - l 5t25t07



830.140 Detailed Estimated Costs

The bonding amount for final reclamation will depend upon the upproved permit and
reclamation plan (R645-301-830.120). As a preliminary estimate, costs for final
reclamation are listed in Appendix 8-1. These cost calculations are for the disturbed area
boundaries provided in the proposed plan in this application. For this preliminary
evaluation, final reclamation has been estimated at $6,172,0A0 as shown in Appendix 8-1.

A revised bond estimate will be provided by the applicant to the Division following
completion of the approved permit and reclamation plan.

840. GENERAL TERMS AND CONDITIONS OF THE BOND

General terms and conditions of the bond as stated at R645-301-840 throush R645-301-
840.520 will be met by Alton Coal Development, LLC

850. BOND REQUIREME,NTS FOR LINDERGROTIND COAL MINING

Not Applicable

860. FORM OF BOND

860.100 Surety Bond

The applicant will submit a surety bond as defined under R645-100-200 and meet all the
requirements under R645-301-860.110 to .120.

870. REPLACEMENT OF BONDS

Equivalent bond coverage will be provided if Alton Coal Development, LLC replaces the
surety bond.

880. REQUIREMENT TO RELEASE PERFORMANCE BONDS

Upon completion of reclamation operations, the applicant will apply for bond release and
meet the requirements of R645 -3 0 1 - 8 80.

890. TERMS AND CONDITIONS FOR LIABILITY INSURANCE

890.100 Certificate of Liability Insurance

A copy of the Certificate of Liability Insurance is provided in Appendix 1-3. Alton Coal
Development, LLC will meet the requirements of R645-301-890 prior to commencing
any mining operations.
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APPE,NDIX 8-1

PRELIMINARY COST ESTIMATE
And CALCULATIONS
COAL HOLLOWMINE

Initial Estimate By: John T. Boyd Company
Update d (7 - 1 8-07) By: Alton Coal Development , LLC



BONDING

Introduction

The purpose of this section is to provide a preliminary reclamation cost estimate. The
final bond estimate will depend upon the approved permit and reclamation plan (R645-
301-820.120). Therefore, aftnal bond estimate will be provided by the applicant to the
Division following completion of the approved plan.

The calculation of reclamation costs is intended to conform to "Handbook for Calculation
of Reclamation Bond Amounts" published by the US Office of Surface Mining. That
handbook provides a series of Worksheets used to perform the calculation. This
calculation follows that same worksheet format and numbering system. Attached to this
introduction are the following worksheets:

Worksheet 1 - Description of the Worst Case Reclamation Scenario
Workshe et 2 - Structure Demolition and Disposal Costs
Worksheet 3 - Material Handling Plan Summary
Workshe et 4 - Earthwork Quantity
Worksheet 54. - Equipment Productivity - Remove Ponds
Worksheet 58 - Equipment Productivity - D10R - Remove Ponds
Worksheet 5C - Equipment Productivity - Backfill Pit from Excess Spoil
Worksheet 5D - Equipment Productivity - Loader/Truck Backfill Pit from Excess Spoil
Worksheet 5E - Equipment Productivity - Topsoil Replacement from Central Stockpile
Worksheet 5F - Equipment Productivity - Loader/Truck Topsoil Replacement - Central
Worksheet 5G - Equipment Productivity - Topsoil Replacement to North Reclaim
Worksheet 5H - Equipment Productivity - Loader/Truck Topsoil Replacement - North
Worksheet 5I - Equipment Productivity - Subsoil Replacement
Worksheet 5J - Equipment Productivity - Loader/Truck Subsoil Replacement
Worksheet 6,4. - Grading Requirements Haulroads, Facilities, Spoil, Topsoil
Worksheet 68 - Equipment Productivity - Grading & Ripping
WorksheetT - Summary Calculation of Earthmoving Costs
Worksheet 8 - Revegetation Costs
Worksheet 9 - Reclamation Bond Summarv Sheet



Worksheet 1
Description of the Worst Case Reclamation Scenario

The "Worst Case" reclamation scenario occurs at the point during the permit term when
the reclamation liabilities would be the highest. The determination of that point is based
on the mining plans and material movement requirements, as well as the status of
infrastructure and facilities. As with most trucVshovel mines, the major reclamation cost
is pit backfilling and reclamation, and the "Worst Case" reclamation scenario occurs at
the time when the largest pit void exists creating the largest backfilling requirements. At
the Coal Hollow Mine, this will occur at the end of the mining process when the final pits
(in the NE % NE % of Section 30) are fully open.

Structure Demolition:

The support facilities will be located at the north end of the permitarea in the EyrSEy^
of Section 19. The facilities area covers approximately 29 acres. When returning the site
to the post-mining land use, all structures not required for the post-mining land use will
be removed. The facilities will generally be constructed of concrete and steel and will be
demolished and the demolition debris hauled offsite to an approved disposal facility or
properly disposed in the final pits. The coal stockpile pad will be excavated and the
material buried in the final pit.

Earthmoving Activities :

Mining operations are conducted such that most of the spoil from the active pit is hauled
to the previous mined-out pit which is backfilled and reclaimed. Thus, at any one time
some portions of the planned mining area will have been mined and backfilled, some
portions will have not been disturbed as yet, and some portion will be open and active.
The worst-case reclamation scenario occurs when the active pit is at it's greatest extent.
At Coal Hollow this occurs during the final phase of the mine plan when the final pits are
fully open. The worst case scenario in this situation will be the Alternate scenario of
final reclamation as provided in Chapter 5. This scenario assumes that Alton Coal
Development, LLC is not successful with acquiring the adjacent federal coal reserves. In
this situation, the variation from approximate original contour and part of the excess spoil
structure will be rehandled to fill these final pits (refer to Drawings 5-19 and 5-37).

The main haulroad is located on the east side of the mining afea and covers about 15
acres. The haulroad will be constructed with overburden material and surfaced with
crushed rock. Since the slope along the haulroad from north to south is gradual, no
significant cuts or fills are required. Road material will be removed and disposed of in the
open pits or ramps using the truck and shovel fleet.

The "worst case" mining pit void will be about 75 feet deep (measured from the planned
post-mining surface). The void volume was determined by superimposing the pit design
including spoil slopes, sidewalls and pit advance wall slopes, over the planned post



mining contours using Carlson Software's SuTvCADD software. (This phase can be
viewed in Drawing 5-19).

Reclamation of the facilities area will require the removal of contaminated material
where applicable. The material will be disposed of and buried in the open pit. A11
sediment ponds, diversion ditches, and berms will be removed during this same time
frame.

Topsoil Replacement:

Suitable topsoil will be removed from the areas to be disturbed prior to that disturbance
as specified in Chapter 2. Initially, the topsoil will be placed in stockpiles, however as
mining progresses, the topsoil removed from ahead of the pit will be placed on mined
over areas as part of normal reclamation. At the time of the "worst case" reclamation
scenario, sufficient topsoil and subsoil will exist in stockpiles in the permit area to
reclaim the pit area, roads facilities area and other disturbed zones. The stockpiled topsoil
will be used to cover all areas where topsoil has been removed but not replaced. Subsoil
will be separate layer below the topsoil placed over areas that have been mined. All
topsoil will be graded in preparation for seeding.

Revesetation:

The worst-case reclamation situation is estimated to occur during the third year of
mining. Seeding will occur during appropriate seasons, generally in the fall and spring.
Depending on the timing of this final phase, seeding may be delayed to meet the
appropriate seasonal weather conditions.

No prime farmland has been identified in the mining area.



Project: Coal Hollow Mine
Date: May 1, 2006 (updated May 18,2007)

Worksheet 2
Structure Demolition and Disposal Costs

Structures to be demolished

Item Construction
Material

Volume
(cuft)

Unit Cost
Basis ($)

Demolition
Cost ($)

Office (footers only) Concrete 750 14.60 s  10 .950
Shop Concrete 30,000 6.30 $  189 ,000
Wash Bay Concrete 7,000 630 $ 44,100
Fuel Storaqe Concrete 3,000 6 3 0 s 18.900
Oil Storaqe Concrete 5,000 6.30$  31 ,500
Coal Hopper/Transfer Concrete 48,000 630 $ 302.400
Coal Crusher (footers only) Concrete 300 14  60 s 4.380
Coal Convevors and Tower Concrete 5,000 14 .60$ 73.000
Reclaim Tunnel Concrete 42,000 6.30 $ 264,600
Coal Loadout Concrete 900 630 $ 5,670
Subtotal $ 944.500

Item Construction
Material

Volume
(cuft)

Unit Cost
Basis ($)

Demolit ion
Cost ($)

Shop Stee 1.000.000 026 $ 260,000
Office Stee 315,000 026 $  8 1 . 9 0 0
Wash Bay Stee 150,000 0.26 $ 39,000
Fuel Storaqe (3 tanks) Stee 2 , 1 1 1 026 $ 549
Oil Storaqe (5 tanks) Stee 628 0.26 $ '163

Coal Hopper Steel 3,400 026 $ 884
Coal Crusher Steel 16,000 4.26 $  4 , 1 6 0
Recla im Tunnel Steel 14,240 026 $ 3,702
Coal Loadout Steel 10,400 0.26 $ 2,704
Subtotal $ 393.063

I tem Construction
Material

Volume
(feet)

Unit Cost
Basis ($)

Demolit ion
Cost ($)

Coal Convevors and Tower Steel 1.537 44.25 $  6 8 , 0 1 2
Subtotal $  6 8 , 0 1 2

Total $  1 ,405 ,575

Reference: 2006 RSMeans Heavy Construction Cost Data
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Project: Coal Hollow Mine
Date: May 1, 2006 (updated May 18,2007)

Worksheet 4
Earthwork Quantity

Backfi l l  Final Pits and Toosoil  Haul Road

Active Pit volume = 6,800,000 cuyd
(Volumes derived from pit design and Carlson Software's SuTvCADD)

Replace topsoi l  = 80 acres X 1 foot = 130,000 cuyd
Replace subsoil  = 80 acres x 2.35 feet = 304,000 cuyd

Faci l i t ies Area Cleanup and Topsoil /Subsoil  for disturbed/nonmined areas

Faci l i t ies area volume = 29 acres X .25 ft  = 1 1,696 cuyd
Replace topsoi l = 231 acres X 1 foot = 372,68A cuyd

Any contaminated material wi l l  be picked up and hauled to the pit  for disposal
topsoi l  is replaced.

Sediment Ponds

Four sediment ponds 30,000 cuyd

before



Worksheet 5A

Project: Coal Hollow Mine
Date:  May 1,  2006 (updated May 18,2007)

Earthmovinq Activitv:
Remove Ponds

Characterization of Dozer Used (type, size, etc.):
D10R, U-b lade,  r ipper
Power shif t  transmission

Descript ion of Dozer Use:
Average dozing distance (feet)
Hourly production (LCY/hr from chart)
Grade (in percent)
Grade Correction
Material Unit Weight ( lb/LCY)
Density Correction

Production Adjustment Factors
Operator Factor
ls operator excel lent
ls operator average
ls operator poor

Material Factor
Loose stockpile
Hard to cut, frozen with tilt cylinder
Hard to cut, frozen without tilt cylinder
Normal material
Hard to drift
Rock, ripped or blasted

Production Method/Blade Factor
Slot dozing
Side by side dozing
Normal dozing

Visibi l i tv
Dust, rain, snow, fog, or darkness
Normal weather

Job Efficiencv
50 min/hr
40 min/hr

Elevation Factor
<7,500 feet

Quantity of Material to be Moved (LCY)

100

200
1 050

-10
120

1,826
1 .26

yes

100
4.75
0.60

120
080
070
100
080
075

1 .20
120
100

080
100

083
067

100

30,000

no
yes
no

yes
no
no
no
no
no

no
no
yes

no
yes

yes
no



Worksheet 58
Remove Ponds

L
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D10R Estimated Dozing Production

200 300 400 500

Average Dozing Distance (feet)

Operating

Adjustment
Factor

= 0.75 X
Operator
Factor

1 .20  X
Material
Factor

083  X
Job Efficiency

Factor

700

x  126
Weight

Correction
Factor

1 . 2 0

Grade
Factor

1  1 3

Net Hourly

Production

Hours

Required

1 . 0 0

Production
Method

1 , 0 5 0

Normal
Hourly
Production
(see graph)

30,000

Volume to
be Moved
(LCY)

1 . 0 0

Visibi l i ty
Factor

1  1 3

Operating
Adjustment
Factor

I  1 , 1 9 0  =

Net Hourly
Production
(LCY/h r)

1 .00  =

Elevation
Factor

1 190 LCY/hr

25 Hours

Data Source: Caterpi l lar Performance Handbook, Edit ion 34



Worksheet 5C

Project: Coal Hollow Mine
Date: May '1, 2006 (updated May 18, 2007)

Earthmovinq Activity:
Backfill Pit From Excess Spoil Area

Characterization of Loader Used (type, size, etc.)
992G Wheel Loader
777D Rear Dump Trucks

Loading and Haulage

Productivity Factors
Basic Loader Cycle (min)
Bulky Material (min)
Dumped Pi le  (min)
Common Loader/Truck Ownership (min)
Work Hour Factor (50 minlhr)
Bucket Fi l l  Factor
Truck Loaded Volume - 6 passes
Haulage Distance (feet)
Effective Grade (%)

Production Times
Haul  T ime (min)
Dump Time (min)
Return T ime (min)

Truck / Loader Match (trucks per loader)
Quantity of Material to be Moved (LCY)
(Using Carlson Software's SUTvCADD)

1 5  c y
79 cy

055
0.03
002

-0 04
083
085

79
4,092

15

23
1 .1

2

3
6,800,000



Worksheet 5D

777D Loaded Travel Time
Total Resistance (Grade plus Rolling)
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Worksheet 5D

Backfill Pit from Stockpile
Loader Summary

Loader =

Cycle
Time

0.55  +

Basic Loader
Cycle Time

003
Bulky
Material

085
Bucket
Fill Factor

60
Passes
per Truck

2.30
Haul Time

Loader

Volume
per Cycle

Loader

Cycle Time
per Truck

Hourly

Production

Hours
Required

1 5  X

Bucket
Capacity

0 5 6

Loader
Cycle Time

002  +  (004 )
Dumped Common
Pile Owner

12.75 cubic  yards

3 3 6 minutes

0.56 minutes

8.76 minutes

Truck Summary

Truck =  336
Cycle Time Load Time

Production =

Rate

7 9 X 3 l

1  1 0

Dump
Time

8.76

Truck
Cycle Time

0 . 8 3  =

Efficiency
Factor

2.00 =

Return
Time

Truck
Capacity
(LCY)

27.05
Production
Rate

6,800,000
Volume to
be moved

N u mber
of Trucks

27.05 LCY/min

1,352 LCY/hour60x
Minutes
per Hour

1,352
Hourly
Production

5,029 hours



Worksheet 5E

Project: Coal Hollow Mine
Date:  May 1,  2006 (updated May 18,  2007)

Earthmoving Activity:
Topsoil  Replacement From Central Stockpi le to South End Pit and Haul Road

Characterization of Loader Used (tvpe, size, etc.):
992G Wheel Loader
777D Rear Dump Trucks

Loading and Haulage

Productivity Factors
Basic Loader Cycle (min)
Bulky Material (min)
Dumped Pi le  (min)
Common Loader/Truck Ownership (min)
Work Hour Factor (50 min/hr)
Bucket Fi l l  Factor
Truck Loaded Volume - 5 passes
Haulage Distance (feet)
Effective Grade (%)

Production Times
Haul  T ime (min)
Dump Time (min)
Return T ime (min)

Truck / Loader Match (trucks per loader)
Quantity of Material to be Moved (LCY)

1 5  c y
79 cy

055
0.03
002

-0 04
0.83
0.85

79
4,092

-0.7

24
11
2.4

3
130,000



Worksheet 5F

Topsoil Replacement from Central Stockpile
Loader Summary .

Loader = 0.55 +  0 0 3  +  0 . 0 2  +  ( 0 . 0 4 \

Bulky Dumped Common
Material Pi le Owner

Cycle
Time

Loader =

Volume
per Cycle

Basic Loader
Cycle Time

1 5

Bucket
Capacity

0.85
Bucket
Fil l  Factor

60
Passes
per Truck

2.40
Haul Time

12 75 cubic  yards

3.36 minutes

1 . 1 0  +

0.56 minutes

9.26 minutes

Loader = 0.56

Cycle Time Loader
per Truck Cycle Time

Truck Summary

Truck = 3.36
Cycle Time Load Time

Production =

Rate
7 9 X 3 l

Dump
Time

9.26

Truck
Cycle Time

083
Efficiency
Factor

2 .40 =

Return
Time

25 59 LCY/min

1,279 LCY/hour

Truck
Capacity
(LcY)

25 59
Production
Rate

130,000
Volume to
be moved

N u mber
of Trucks

Hour ly

Production

Hours
Required

60x
Minutes
per  Hour

1 , 2 7 9

Hourly
Production

102 hours



Worksheet 5G

Project: Coal Hollow Mine
Date:  May 1,  2006 (updated May 18,2007)

Earthmoving Activitv:
Topsoil Replacement from Central Stockpile to North Reclaim and Facilities

Characterization of Loader Used (type, size, etc.):
992G Wheel Loader
777D Rear Dump Trucks

Loading and Haulage

Productivitv Factors
Basic Loader Cycle (min)
Bulky Material (min)
Dumped Pi le  (min)
Common Loader/Truck Ownership (min)
Work Hour Factor (50 min/hfl
Bucket Fi l l  Factor
Truck Loaded Volume - 5 passes
Haulage Distance (feet)
Effective Grade (%)

Production Times
Hau l  T ime (m in )
Dump T ime (m in )
Return Time (min)

Truck / Loader Match (trucks per loader)
Quantity of Material to be Moved (LCY)

1 5  c y
79 cy

0 .55
0 0 3
0 .02

-0 04
0 8 3
0 .85

79
2,200

3 4

'1 6
1 . 1
1 . 1

A

J

373,000



Worksheet 5H

Topsoil  Replacement from Central Stockpi le to North Reclaim
Loader Summary

Loader = 0.55 + 003  +

Basic Loader
Cycle Time

1 5

Bucket
Capacity

056  X
Loader
Cycle Time

0 a 2  +  ( 0 0 4 )

Dumped Common
Pile Owner

12.75 cubic yards

3 36 mrnutes

0 5 6 minutes

7.16 minutes

Cycle
Time

Loader =

Volume
per Cycle

Loader =

Cycle Time
per Truck

Bulky
Material

0 8 5

Bucket
Fill Factor

6 0

Passes
per Truck

1 6 0

Haul  T ime

Truck

Truck

Summary

Cycle Time

= 3.36
Load Time

1 . 1 0  +

Dump
Time

7 . 1 6  =

Truck
Cycle Time

0 .83  =

Efficiency
Factor

1  10
Return
Time

33  10Production
Rate

Hourly

Production

Hours
Required

Truck
Capacity
(LCY)

3 3  1 0

Production
Rate

373,000

Volume to
be moved

7 9 X 3 l LCY/min

1,654 LCY/hour

Number
of Trucks

60x
Minutes
per  Hour

1 ,654

Hour ly
Production

225 hours



Worksheet 5l

Project. Coal Hollow Mine
Date: May 1, 2006 (updated May 18, 2007)

Earthmovinq Activity:
Subsoil  Replacement From East Stockpi le to South End Pit and Haul Road

Characterization of Loader Used (tvpe, size, etc.):
992G Wheel Loader
777D Rear Dump Trucks

Loading and Haulage

Productivitv Factors
Basic Loader Cycle (min)
Bulky Material (min)
Dumped Pi le  (min)
Common Loader/Truck Ownership (min)
Work Hour Factor (50 min/hr)
Bucket Fi l l  Factor
Truck Loaded Volume - 5 passes
Haulage Distance (feet)
Effective Grade (%)

Production Times
Haul  T ime (min)
Dump T ime (m in )
Return Time (min)

Truck / Loader Match (trucks per loader)
Quantity of Material to be Moved (LCY)

15  cy
79 cy

055
003
4.02

-0 04
083
0.85

79
5,500

-05

2 .7
1 .1
a ^z . o

3
304,000



Worksheet 5J

Subsoil  Replacement From East Stockpi le to South End Pit and Haul Road
Loader Summary

Loader = 0.55
Cycle
Time

Loader =

Volume
per Cycle

Basic Loader
Cycle Time

1 5

Bucket
Capacity

+  0 0 3

Bulky
Material

x  085
Bucket
Fi l l  Factor

x  60
Passes
per Truck

Loader = 0.56

Cycle Time Loader
per Truck Cycle Time

+  0 0 2  +  ( 0 0 4 )

Dumped Common
Pile Owner

12.75 cubic  yards

3.36 minutes

1 . 1 0  +

0.56 minutes

9.76 minutes

Truck Summary

Truck = 3.36
Cycle Time Load Time

Production =

Rate

270
Haul Time D u m p

Time

9 7 6

Truck
Cycle Time

0 8 3

Efficiency
Factor

2.60 =

Return
Time

7 9 X 3 l 24 28 LCY/min

1 ,214  LCY/hour

Truck
Capacity
(LCY)

24 28
Production
Rate

304,000
Volume to
be moved

N um ber
of Trucks

Hourly

Production

Hours
Required

60x
Minutes
per  Hour

1 , 2 1 4

Hourly
Production

250 hours



Worksheet 6A

Project: Coal Hollow Mine
Date: May 1, 2006 (updated May 18,2407)

Earthmovinq Activitv:
Grading of haulroads, faci l i t ies, f inal grading of spoi l ,  and grading of topsoi l

Characterization of Motorqrader Used (type, size, etc.):
16H Motorgrader with r ipper

Productivity Factors:
Average speed
Effective blade width
Work hour factor (50 min/hr)

Work Activities:
Grade haulroads
Grade spoi l
Grade topsoil
Grade Subsoil
Grade stockpile areas
Faci l i t ies areas
Sediment ponds
Diversion ditches

Total

16 ft  blade

3  mph
13  9  f t
0 8 3

14 acres
62 acres

200 acres
62 acres
55 acres
29 acres

7 acres
6 acres

435 acres



Worksheet 68
Motorgrader Productivi ty Calculat ion - Final Preparation and Grading of Disturbed Areas

Grading

Hour ly  = 3.0 X 13.9 X 5,280

Production Average Effective Feet per
Speed Blade Mile

width

X 0.83 = 4.21 acres/hr

Efficiency
Factor

/  43,560

Square feet
per acre

Hours
Required

Ripping

Hourly
Production

Hours
Required

Acres
Graded

3 . 0

Average
Speed

1 0 5

Acres
Graded

o n
v . v

R'pp"t
width

273
Hourly
Production

5,280
Feet per
Mi le

39

43,560

Square feet
per acre

hours

0 8 3

Efficiency
Factor

435 I 4 .21  =  103  hours

Hourly
Production

= 2.73 acres/hr

Motorgrader is assumed to be onsite during total project.

Data Souce: Caterpi l lar Performance Handbook, Edit ion 34



Project: Coal Hollow Mine
Date: May 1, 2006 (updated May '18, 2007)

Worksheet 7
Summary Calculat ion of Earthmoving Gosts

Reference: US Department of Labor website, Labor Cost Data for Kane County, Utah
Reference: Western Mine Engineering, Inc., Mine and Mil l  Equipment Costs

Equipment Ownership &
Operation Cost

($/nr1

Labor Cost
($m4

Total Hours
Required

Total Cost

992G Wheel Loader 104.74 12.86 5 ,356 s 629,866
777D Rear Dump Trucks 67 28 11.02 5,356 $ 1,258,124
16H Motorqrader 43 09 14.27 142 $  8 , 1 4 5
Water Truck ( 7000 gal.) 42 48 11.02 5,356 $ 286.546

Subtotal $ 2,182,681



Project: Coal Hollow Mine
Date. May 1, 2006 (updated May 18, 2007)

Worksheet 8
Revegetation Costs

Description of Area to be Reveqetated:
Northeast corner and south end of mining area, haulroads, as well  as area under
spoil  and topsoi l  stockpi les

Description of Reveqetation Activities:
Seedbed preparation, seeding, fert i l iz ing, mulching, tree planting and
spraying

Cost calculation for Individual Revegetation Acttvities:

Init ial  Seedinq

200 .0  X  117  +  609  =  $145 ,200
Area to be Seedbed Seeding,

seeded preparation fertil izing,
(acres) ($/acre) & mulching

($/acre)

Planting Trees and Shrubs

40.0
Area to be

planted
(acres)

Reseedinq

233 0
Area to be
seeded &
unreleased
disturbed
areas

(acres)

x  315
Planting
($/acre)

x  025
Fai lure
rate

Herbicide
Treatment

($/acre)

Seedbed
preparation

($/acre)

3 1 5
Planting
($/acre)

Seeding,
fert i l iz ing,
& mutching

($/acre;

Herbicide
Treatment

($/acre)

5 0 = $ 14 ,600

4 5 + 609 = $ 38,096

Replantinq Trees and Shrubs

40.0 x 0.50 x
Area to be Fai lure
planted & rate
unreleased
disturbed
areas

(acres)

50 = S 7,300

Total revegetation cost for this area =  $  2 0 5 . 1 9 6



Project: Coal Hollow Mine
Date: May 1, 2006 (updated May 18,2007)

Worksheet 9
Reclamation Bond Summary Sheet

1 Total Facility and Structure Removal Costs

2 Total Earthmovinq Costs

3 Total Revegetation Costs

4 Total Other Reclamation Activities Costs

5 Total Direct Costs (sum of 1 through 4)

6 lnflated Total Direct Costs

7 Mobil izat ion/Demobil izat ion
5% of l ine 6

Contingencies
5% of l ine 6

Engineering Redesign Fee
3% of  l ine 6

Contractor ProfiVOverhead
20% of line 6

Project Management Fee
5% of l ine 6

Total lndirect Costs (sum of 7 through 1 1)

Grand Total Bond Amount

10

4 4t l

$  1 ,405 ,575

$ 2,182,681

$  2 0 5 , 1 9 6

$

$ 3,793,452

$ 4,472,479

$ 223,624

$ 223,624

$ 134,174

$ 894,496

$ 223,624

$  1 ,699 ,542

$  6 ,172 ,022

12

13

lnflation factor for prior 4.25 years = 17 90%

Source: U.S. Department of  Labor,  Producer Pr ice lndex, Bi tuminous coal  & l igni te surface mining
(Only avai lable f rom December 2001 through March 2006)




