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411.141.

411.141.1

411.141.2

411.141.3.

County, Utah". This report was written in March 1986
by Don Southworth and Asa S. Nielson for the Mining
and Reclamation Plan submitted to the Division by
Intermountain Power Agency. A cultural Resource
Inventory of the lGiser Steel Corporation South Lease
Mine Property and a Test Excavation (42EM1343 in
Emery County, East Central Utah conducted by
Rebecca Rauch (1981 ). These and additional survey
reports of the area are included in Appendix 4-1.

Detailed archeological ground surveys were conducted
at the Lila Canyon mine site and associated disturbed
area, by Montgomery Archaeological personnel.
+htsl@ surveyE re conducted in 1 998-!999.
and 1€993ggg and is incfuded within Appendix 4-1.

Within the Horse and Lila Canyon Permit areas and the
nearby Southern portion of the Kaiser Steel Corporation
South Lease mine property, there are five known
historic resources that are either on or eligible for f isting
on the National register. There is one listed site
(42EM1222) 2.5 miles from the facility area. One
eligibfe site (42EM1343) has been recovered and
another (42EM2517) will be recovered prior to
construction. The other two efigible sites (42EM2255
and 42EM2256) are not expected to be impacted by
operations.

Historic resources are depicted on Plate 4-3.

The locations of listed or eligibfe cultural and historical
resources in the area are discussed in Appendix 4-1
and shown on Plate 4-3.

There are no publicly owned parks.

No cemeteries are located in or within 100 feet of the
proposed permit area.

No fand within the proposed permit area is within the
boundaries of any units of the National System of Trails
or the Wld and Scenic Rivers System.

Consuftation efforts for cultural and historical resources
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411.143.

411.14

411.200.

are in process. Final concurrence from the SHPO will
be included in this MRP prior to permit approval.

UEI will also include measures to prevent or minimize
adverse impacts to listed sites within the permit area, if
sites are discovered during the consultation process.

The Operator has provided archeology survey reports.
fuI@ of these surveys included intensive survey
and analysis of areas that would be directly impacted
by the Lila Canyon mining operations.

Two other surveys include spot surveys and analysis of
areas that are expected to have a low probability of
indirect mining impacts to the surface.

Of the cultural and historical sites identified
in the area, only one, 42EM1222, is listed on the
National Register of Historic Places. This site is
approximately 2.5 miles from the Lila Canyon surface
facility and therefore, impacts are not expected to occur
at this site.

BLM will develop a re@very plan for 42EM2517 that
will occur after mine plan approval and before
construction.

Previous mining and exploration activities have
occuffed within the proposed permit area within the last
twenty years. In the mid-1950's, the road along the
bottom of Lila Canyon \,vas constructed to allow
exploration of the resources. The road intersects the
Horse Canyon Highway approximately 1.4 miles to the
north and loops back to the south to intersect Highway
191 and 6 to the south (see Plate 4-1). Two sealed
breakouts (Plate ll-2 of Horse Canyon Plan) are
located in the left fork of Lila Canyon where the Lila
Canyon fan was installed in the 1950's. The Lila
Canyon fan was used until the closure of Horse Canyon
post 1977 , and therefore, the current Coal Regulatory
Program has jurisdiction over this disturbance and it is
included in the permit area.

Coal was removed from the outcrop of Horse Canyon

Page -12-
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524.79

524.749

The type and length of the stemming will be
recorded on the blasting record.

Mats or other protections used will be recorded
on the blasting record,

Since all structures are either owned by the permittee
and not leased to another person or are located over six
miles distance from the permit area a record of
seismographic and airblast information is not required.

Since a blasting schedule is not required this section
does not apply.

524.750

524.760

524.800 The operatorwillcomplywith the various appropriate State and
Federal laws and regulations in the use of explosives.

525. Subsidence: The permittee will comply with the appropriate Ril5-301-525
requirements.

525.100 Subsidence Control Plan

525.110 Plate 5-3 shows the focation of State appropriated water
and 5-3 (Confidential) shows the eagle nests that
potentially could be diminished or interrupted by
subsidence.

526.120 SUBSIDENCE POTENTIAL (See also Section 5.4 ol Part'A")

A review of renewable resources in and adjacent to the permit
area found resources consisting of ground water, grazing,
timber, and . Subsidence from
underground coal mines has been believed to affect overlying
forest and grazing resource lands in the following ways:

€ Formation of surface fissures which intercept near surface
soil moisture thus draining the water away from the root
zone with deleterious effects.

€ Alterations in ground slope and destabilization of critical
slopes and cliffs.
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€ Modification of surface hydrofogy due to the general
downward migration of surface water through vertical
fractures.

€ Mod ificat ion of groundryater hydrology i ncl ud i ng con neclion
of previously separated aquifersrnd* reduction in flows of
seeps and springs which rely upon tight aquitards for their
flow. and chanoes in recharoe mechanisms.

€ Emissions of methane originating from the coal seam
through open fissures to the surface or at least the base of
the surficial soil which has been known to have deleterious
effects on woody plants.

Because these renewable resour@s exist with and adjacent to
the permit area, a subsidence control plan is required. This
plan is presented in Section 525.400.

A great deal of baseline data is available from many mining
settings to develop subsidence damage criteria for surface
structures (Bhattacharya et al. 1984). The formation of cracks
and fissures are the general effects of subsidence and can
have minor deleterious effects on groundrater resour@s
without any fissuring to the surface. In the arid areas of Utah,
impacts to and modification of the groundwater regime can be
disruption of flow from natural seeps and springs which rely on
the permeability contrast of interbedded sandstones and shale
for their flows. These water resources are generally near
surface occurrences and are essentially surface waters and
subject to the same lirniting damage criteria as surface water
bodies. Subsidence damage to surface water bodies has been
studied by a number of workers including Dunrud (1976),
Wardell and Partners (1976), and U.S. Bureau of Mines (1977).
The results of the Wardell and Partners studies of subsiden@
effects in a number of countries indicates that the limiting strain
for the onset of minor impacts to surface waters is
approximately 5 x 10-3. The SME Mining Engineering
Handbook also suggests a limiting extension strain value of 5
x 103 for pasture, woodland, range or wildlife food and cover.

Table 10.6.19 in the Mining Engineers Handbook suggests that
the minimum safe cover required for total extraction of the coal
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resources under surface waters is approximately 60 times the
seam thickness for coal beds at least 6 feet thick or
approximately 450 feet. In their review of the foregoing, Singh
and Bhattacharya (1984) re@mmended that the same limiting
safe strain values and cover thickness ratios be used for
protecting groundwater resources and recharoe areas over coal
mines. Where extension strain is greater than this limiting
value, it is likely that surface fissures and cracks may develop.
As the strain value decreases below the limiting value, the
potential for surface damage decreases.

Figure 1 in Appendix 7-3 shows a typical subsidence profile.
As shown in Figure 1, the zones are: a caved zone that occurs
in the 6 to 10 tirnes the thickness of the coal seam, a fractured
zone which occurs 10 to 30 times the thickness of the coal
seam, and deformation zone which occurs 30 to 60 times the
thickness of the coal seam, and finally, a soil zone which
occurs on the ground surface. The cover thickness of 1 ,000 to
over 2,000 feet, over most of the mine area is also much
greater than the limiting thickness of 630 feet recommended by
International Engineers Inc, (1979) (10.5'x 60).

The Lila Canyon mine will be a longnrvall operation. As
projected, 15 longwall panels at various depths wif l be mined.
The fongwall panels are laid out with the gate roads running
along the strike roughly north-south, which will result in the
longrrall shear cutting up and down the dip. The depth of cover
over the longwall panels approaches but never gets less than
500 feet toward the southwest and increases to over 2500 feet
in the northeast. Only three of the 13 planned longwall panefs
are under less than 1 ,000 feet of cover. The remaining 10
panels are under 1,000 plus feet of cover. Maximum
subsidence is expected to be approximately 9.5 feet in the
areas approaching 500 feet of cover and less than 3' in the
deeper cover areas. Extension strain varies from 12.4 x10-3 in
the 500 foot @ver areas to .9 x 10-3 in the 2,500 foot cover
areas. Extension strain values of 5.0 x 10-3 and above occurs
in areas of approximately 1000' of cover and less.

A typical longrall panel at the Lila Canyon Mine will have
dimensions of approximately gs0feetwide and up to 7,000 feet
long and 2,000 feet deep. Using the methods described in the
Nationaf Coal Board's Subside nce Engineers' Handbook, the
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Panel Width =
Seam Height =

Depth of Cover

Maximum Subsidence
& Expected Extensive

Strain (NCB 1975)

Feet Meters
900 274
10.5 3

Width to Depth Maximum
(a) Subsidence(S)

Factor Extension
NCB Fig. Strain (E)

15
Factor x 10 3Feet

500
1 000
1 100
1200
1 300
1 400
1 500
2000
2500

Meters
152
305
335
366
396
427
457
610
762

0.9
0.75
0.71
0.68
0.65
0.59
0.54
0.38
0.28

Metens
2.9
2.4
2.3
2.2
2.1
1 .9
1 .7
1 .2
0.9

12.4
5.2
4.6
4.1
3.7
3.3
3.0
1 .6
0.9

9.5
7.9
7.5
7.1
6.8
6.2
5.7
4.0
2.9

.65

.66

.68

.74

.7A

.75

.78

.82

.60

The most favored technique until recently has been the use of
the empirical@flgg$developed bythe National Coal Board
(NCB). The above calculations were obtained using the
empirical charts developed by the National Coal Board (NCB).
Comparisons, as stated in the SME handbook, of US
subsidence data with NCB predictions highlight the following
differences between coalfields in the US and UK: Most of the
studies in the US are limited to the Eastern US coalfields with
a very limited data base applicable to western conditions.

With the exception of lllinois, maximum subsidence factors
observed in US coalfields are less than predicted by NCB.

The limit (draw angles in the US coalfields tend to be less then
the 35 degree value generally accepted by NCB.

The points of inflection of the subsidence profiles over US coal
mines are generally closer to the panel centerline compared to
the NCB profile. This effect is dependent not only on the
percentage of competent strata in the overburden but also on
their locations relative to the ground surface and their
thickness.
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525.UA

ranges from 0' to approximately 2,300'. The rocks
overlaying the coal seam are sandstones and
mudstones with some thin bands of coal. Due to the
strength of the overburden and depth of workings, even
with full seam extraction, only minimal subsidence if
any is anticipated.

Aerial subsidence monitoring will be done annually
while the significant subsidence is taking place. The
subsidence monitoring will be initiated in an area prior
to any 2d mining being done within that area. Initially
a 20O foot grid along with baseline photograph will be
estabf ished prior to any 2d mining. Approximately 12-
16 control points will be needed to cover the total
mining area. Six of these points will be located outside
of the subsidence zone. The accuracy of this survey
will be plus or minus 6" horizontally and vertically.
From this data a map will be created that will show
subsided areas. Once per year a follow up aerial will
be performed to determine the extent and degree of
active subsiden@. Subsidence monitoring will continue
for a minimum of 5 years after the mining ceases. lf at
the end of the 5 year period the annual subsidence in
any of the 3 prior years measures more than 10 percent
of the highest annual subsidence amount, subsidence
monitoring will continue until there are 3 consecutive
years where the annual subsidence amount is less than
10 percent of the highest annual subsidence amount.
lf for three years in a row the subsidence is measured
to be less than 10o/o of the highest subsiden@ year,
subsidence will be determined to be complete, and no
additional monitoring for that area will be required.

A ground survey of the qeneral mine ill be
performed in conjunction with the quarterly water
monitoring program. During the ffi

any cracks
observed will be noted and reported to DOGM.

Two areas of the permit have stream reaches with fess
than 1,000 feet of cover over the coal seam. As
discussed in Section 525.120, it is not envisioned that
subsidence will negatively impact these areas.
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theDurino periods of znd minino under areas of
Intermittent or pe
be conducted of the stream channels everv two weeks.

The ground survey will consist of walking and
photographing the various areas of the surface over the
mine where subsidence might occur. lf evidence of
subsidence is identified, the area of subsidence will be
surveyed and the extent of the disruption identified.
Depending on the extent and location of the damage,
mitigation measures will be reviewed and implemented.
Due to the fact that mitigation options change with time
as newtechnology and measures are developed, better
options may be implemented in the future. However,
UEI provides a commitment that where subsiden@
damage affects uses of the surface, the land will be
restored to a condition capable of maintaining the value
and reasonable foreseeable uses which it was capable
of supporting before the subsiden@. The surface
effects will be repairs as described in Section 525.500.

525.450 Subsidence control measures.

525.451. No backstowing or backfilling of voids used as a
subsidence @ntrol measure is planned at this
time. Therefore, this section is not applicable.

Support pillars as a subsiden@ control measure
is not anticipated at this time. However, an area
of partial mining where an unmined coal block
will be left for subsidence control is shown on
Plate 5-5. First mining indicates an area where
a block of coal is roomed leaving pillars for
support with no mining of the remaining pillars.
Partial mining as shown on Plate 5-5 indicates
an area where a block of coal has been isolated
without the rooms being developed. Both first
mining and partial mining will leave support that
can be used to control subsiden@. lf the
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526.116

details.

The only coal mining and reclamation operations
that are planed within 100 feet of the County
Road are office complex, sediment pond, topsoil
pile, and security shack. The permit area
adjacent to the county road will be fenced to
protect the public from the sediment pond and
other mine associated buildings. Other than
fencing no additional measures are planned
after the construction phase. During
construction measures to control traffic on the
County Road will be taken to protect the public
from construction related hazzards.

526' I I 6' I' 
t"ffii,l":1'':,"ffJ":T"T#il[i*E';X
l3Hilh:o''xJi?:Li?ilJi3-J,iJ#",:;
Road to provide safety to the general
public in the proximity to the mine site
and mine related structures and activities.

526.116.2. At the current time there are no plans to
relocate any public road.

526.200 Utility Installation and Support Facilities.

526.210 All coal mining and reclamation operations will be
conducted in a manner which minimizes damage,
destruction, or disruption of services provided by oil, gas,
and water wells, oil, gas, and coal-slurry pipelines,
railroads, electric and telephone lines, and water and
sewage lines which may pass over, under, or through the
permit area, unless othenrise approved by the owner of
those facilities and the Division. Since no existing
services are found within the projected disturbed area,
no negative impact to any service is anticipated.
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526.220

tn
ion*

Inis area lntentlo

The new support facilities are described in section 520
and in Appendix 5-4 and shown on plate 5-2 and will be
operated in accordance with the mine reclamation plan.
Plans and drawings for each support facility to be
constructed, used or maintained within the permit area
are found in Appendix 5-,4, Plates 5-7A, 5-78, and 5-8.

The newfacilities designs shown in Appendix 54
prevents or controls erosion and siltation, water
pollution, and damage to public or private
property, and:

The new facilities designs shown in Appendix 5-4
minimizes damage to fish, wildlife, and related
environmental values; and minimizes additional
contributions of suspended solids to stream flow
or runoff outside the permit area to the extent
possible by using the best technology currently
available.

lslands of undisturbed areas within the permit area
will be visually monitored for coal fines deposition.
lf monitoring reveals coal fine deposition, then
water sprays on the area from which the fines are
originating will be warranted as per August 27,
1999 Approval Order.

Water pollution control facilities consist of sedimentation
control and properly designed sewage systems.

The sedimentation control is accomplished by containing
af f disturbed arearunoff in a properly sized sedimentation
pond. Complete designs are presented in Appendix74
and on Plate 7€..

Page -50-
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722. Cross Sections and Maps

722.100 Subsurface Water. The locations where subsurface water,
including springs and seeps, have been identified are presented on Plates 6-
1 and 7-1 and data results are included in Appendix 7-1. Relevant cross
sections of subsurface water, geology, and drill holes are shown on Plate 6-
1. Where sufficient data are available, the seasonal head differences are
presented on contour maps (see Figure 7-2A) and on a piezometer
hydrograph plot (see FigureT-28).

722.200 Surface Water. Location of all streams and stockwatering ponds
or tanks in the area of the mine are shown on Plate 7-1. There are no
perennial streams, lakes or ponds known to exist within the proposed permit
or adjacent areas.

A new diversion work been constructed by
the BLM in 2004 at the confluence of the Right Fork of Lila Canyon and
Grassy Wash. Water from this diversion directed to the stock pond
focated in Section 28,T.16 S., R 14 E. Figure 1 in Appendix 7-9 shows the
location of the diversion and the alignment of the diversion channel to the
stock pond. Also, the location of the overflow channel back to Grassy Wash
is also presented on the figure. However. the BLM wa
oond improvements. Recent site investiqation 2006 shows that the diversion
structure OescriO as been breached and no flow now
reaches the oond fr No other ditches or drains are known
to have been constructed in the area of the mine.

722.300 Baseline Data Locations. Locations of all baseline data monitoring
points are shown on Plate 7-1. Baseline water quality and quantity data is
incfuded in Appendix 7 -1.

722.400 Water Wells. Three wells and three piezometers have been
identified in the permit and adjacent areas. Two wells are located within the
alluvium of lower Horse Canyon Creek. Three water piezometers were
drilled in the area, IPA #1, IPA #2 and IPA #3, to monitor mine water levels.
Drill hole S-32 was drilled and converted to a water monitoring hole by Kaiser
in 1981 . The details of these wells and piezometers are discussed in Section
724.100 of the application. The location of all these wells and piezometers
is shown on Plate 7-1 . No information on any otherwells has been identified.

722.500 Gontour Maps Contour Maps of the proposed disturbed area and
mining areas are included as Plates 5-2A, 5-28,7-1 and 7-2. These maps

Page -3-



Horce Canyon Mine - Lila Canyon Extension UtahAmerican Energy lnc.

in the holes show very little fluctuation. Levels change from less than 1.2'to
a maximum of 21.2' over an eight year monitoring period. Figure 7-2A and
7-2B present the seasonal fluctuations of the water levels as contour maps
and hydrographs. Using these water levels, an estimate of the projected
water level assuming that the zones from the individual piezometers are
connected is shown on Plate 7-1 and the monitoring results are included in
Appendix 7-1 - Baseline Monitoring.

The piezometers were installed to provide depth of water only. lt is
impossible to drop a bailer 1000 feet and withdraw a water sample without
contaminating the sample. lt has been suggested that sampling pumps be
installed on these wells. Appendix 7-11 discusses the difficulties of using
pumps and bailers in these wells. Due to limited pump capabilities in a 2-inch
diameter well such sampling is not feasible. Therefore the depth and
diameter of the piezometers holes make it impossible to use them for
baseline quality sampling.

Drif l holes S-26, S-27, S-28, and S-31 were cased in 3" PVC pipe with bottom
perforations for water monitoring; however, cement seals were faulty,
allowing the PVC pipe to fillwith cement. Drill hole 5-26 was reported dry in
the week prior to cementing.

It has been reported by Kaiser that holes within one and one-quarter miles
east of the cliff face were drilled with air, mist and foam and did not detect
any water in the subsurface with the exception of drill hole S-32. No
apparent increase in fluid level could be attributed to groundwater inflowfrom
these holes, some of which were open for two weeks. Exploration drill holes
in the South Lease property south of Williams Draw did not encounter
groundwaterwithin 1to 1.25 miles of the coal outcrop. Exploration drill holes
in the South Lease property, south of Williams Draw, did not encounter
groundwater within 1 to 1.25 miles of the coal outcrop.

S-32 is located approximately three miles south of Lila Canyon and is
separated from Lila by at least two known fault systems. The drill log along
with the Chronology of Development and Pump tests are included in
Appendix 6-1. Water levels measured are shown in the "'Chronology of
Development". Water quality analysis for S-32 is also included in Appendix
6-1. These water qualit
the well (Upper Sunnvside Coal Seam and zone beneath the coal). The
location of S-32 is shown on Plate 7-1. The Permittee visited S-32 in 2002
and attempted to measure water levels, but found that piezometer S-32 was
unusable.
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Groundwater Systems. In the Lila Canyon Lease area, the groundwater
regime consists of two separate and distinct multilayered zones. The upper
zone consists of the Wasatch Group which includes of the Colton Formation,
the undifferentiated Flagstaff Limestone-North Horn Formation, and the Price
River Formation. These formations contain groundwater in jsolate,perched
aquifers. These perched zones are classified as aquifers because they
supply groundwater in sufficient quantities for a specific use (as specified by
R645-100-200). The lower zone consists of the Blackhawk Formation (where
the coal seams are located). This formation consist of low-permeable strata
which contain groundwater in isolated saturated zones. Based on the
definition in the State coal mine regulations (R645-100-200), there is no
aquifer in the lower saturated zone, because the water is not developed for
a specific use nor does the strata transmit sufficient water to supply water
sources. Additionally, there is no discharge from this zone along any fault or
fracture or in any adjacent canyons. The two zones are separated by the
Castlegate Sandstone. This zone is a porous, fairly clean sandstone.
According to Fisher, et.al. (1960), the Castlegate Sandstone does not have
any shales, clays, siltstones, or mudstones. The lower zone is underlain by
the Mancos Shale, a very impermeable marine shale.

Geologic conditions in the permit and adjacent areas are described in detail
in Chapter 6 of this P.A.P. Though discussed in several publications for the
general Book Cliffs area, formalaquifer names have not been applied to any
groundwater system in the permit and adjacent areas because the geometry,
continuity, boundary conditions, and flow paths of the groundwater systems
in the area differ somewhat from the general published discussions.
However, the data do suggest that groundwater systems in each of the
bedrockgroups aresufficientlydifferentfrom each otherto justifythe informal
designation of groundwater systems based on bedrock lithology. Thus, the
informal designation of the Upper zone - Colton, Flagstaff/North Horn, and
Price River and the Lower zone - Castlegate, Blackhawk, and Mancos
groundwater systems is adopted herein.

The majority of groundwater in the permit and adjacent areas generally
occurs within isolateclperched aquifers in the upperzone overlying the coal-
bearing Blackhawk Formation. ln the lower zone groundwater occurs in
isolated saturated zones in the Blackhawk Formation. Hydrogeologic
conditions within the permit and adjacent areas are summarized below:

Uoper Groundwater Zone
Colton Formation. The Colton Formation outcrops in the northeast portion
of the permit and adjacent areas. This formation consists predominantly of
fine-grained calcareous sandstone with occasional basal beds of
conglomerates and interbeds of mudstone and siltstone. Data presented in
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Pfates 7-1 and 7-1A and Appendices 7-1 and 7-6 indicate that 16 springs
issue from the Colton Formation within the permit and adjacent areas._The
elevations and location of these sprinqs varv qreatlv within the formation.

Waddell et al. (1986) evaluated the discharge of springs in the formation for
the period of June to September 1980. The measured discharge rate
generally declined during the 4-month period of evaluation. This suggests
that the groundwater system has a good hydraulic connection with surface
recharge and that most of the annual recharge quickly drains out of the
system. The limited flow indicates that the recharoe is limited to small areas
above the sprinq and not to a deeoer qroundwater svustem.

Groundwater issuing from the Colton Formation has a total dissolved solids
('TDS") concentration of 300 to 600 mg/l (as measured by specific
conductance and laboratory analyses of TDS). The pH of this water is
slightly alkaline (7.5 to 8.1). Insufficient data are available to describe
seasonal variations in these parameters.

The water is a calcium-magnesium-bicarbonate type (see Appendix 7-1).
The data also indicated total iron concentrations of <0.04 to 4.89 mg/|. Total
manganese concentrations ranged from <0.01 to 1.29 mg/|.

Undifferentiated Flagstaff-North Horn Formation. The Flagstaff-North Horn
Formation outcrops across much of the northern and central portion of the
permit area. This formation consists of an interbedded sequence of
sandstone, mudstone, marlstone, and limestone. Most springs and a major
portion of the volume of groundwater discharging from the permit and
adjacent areas issue from the Flagstaff-North Horn Formation. According to
Plates 7-1 and 7-1A and Appendices 7-1 and 7-6, 36 springs issue from the
Flagstaff-North Horn Formation within the permit and adjacent areas.

Groundwater discharge rates for springs issuing from the Flagstaff-North
Horn Formation are greatly influenced by seasonalvariations in precipitation
and snowmelt, with most discharge corresponding to the melting of the winter
snow pack during the spring months. Discharge is highest following the
spring snowmelt and decreases to a trickle by the fall (Appendices 7-1 and
7-6). Many springs issuing from the Flagstaff-North Horn Formation have
been noted to dry up each year.

Waddell et al. (1 986), found that most of the annual recharge to the Flagstaff-
North Horn Formation drains out of the system within about two months,
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while the remainder of the annual recharge drains out prior to the next
snowmelt recharge event.

The groundwater regime in the Flagstaff-North Horn Formation appears to
be influenced predominantly by the combined effects of lithology and
topographic expression. Because the Flagstaff-North Horn Formation forms
the upland plateau of the permit and adjacent areas, this formation is capable
of receiving appreciable groundwater recharge from precipitation and
snowmelt.

Waddell et al. (1986) concluded that the Flagstaff-North Horn groundwater
system
continuous oerched aquifer. indicate that approximately 9 percent of
the average annual precipitation recharges the Flagstaff-North Horn
groundwater system and that recharge water entering the Flagstaff-North
Horn Formation moves downward until it encounters low permeabilit
o'[ shale or claystone layers in the lower portion of the formation, where
almost all of the water is forced to flow horizontally to springs.

Data presented in Appendices 7-1 and 7-6 indicate that groundwater issuing
from the Flagstaff-North Horn Formation has a TDS concentration range of
400 to 700 mg/I. This water tends to be slightly alkaline and, similar to
conditions encountered in the overlying Colton Formation, is of the calcium-
mag nesiu m-bicarbonate type.

The data presented in Appendices 7-1 and 7-6 indicate that the total iron
concentration of groundwaterdischarging from springs in the Flagstaff-North
Horn Formation is generally less than 0.04 to 0.15 mg/|. Total manganese
concentrations in Flagstaff-North Horn groundwater are generally less than
0.03 mg/|. These data do not exhibit seasonal trends.

Price River Formation. The Price River Formation consists of interbedded
mudstone and siltstone with some fine-grained sandstone and carbonaceous
mudstone. Within the permit area,17 springs have been found issuing from
the Price River Formation as indicated based on data presented in Plates 7-1
and 7-1A and Appendices 7-1 and 7-6. Flows from these springs are limited
in quantity and generally show a seasonal decrease with time, being high in
the spring and reduce to very low or dry conditions in the summer. Such
fluctuations indicate that these springs originate from limited recharge areas.
Therefore, these springs are also part of a series of i-solated-perched
saturated zones or lenses and not part a regional aquifer system.
Transmissivity in the Price River Formation is estimated by Waddell (1986)
to be 0.07 ft2lday or 0.00013 fUday. Based on specific conductance
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identified in the spring and seep inventories or in the drilling of the water level
piezometers in the formation. Therefore, indicating that the piezometer
monitored zones are under pressure and that the water identified in the upper
zone is perched and isolated from the lower groundwater zone.

While the water in the Sunnyside Sandstone is under pressure, there was no
indication during dril l ing thatthe coalseam was saturated. Similarconditions
have been identified in other mines in the Wasatch Plateau and the Book
Cliffs. lt is likely that the water within the Sunnyside Sandstone will not affect
mining unless the confining mudstone layer is breached.

It is possible that mining will intercept some water as it progresses down dip.
However, as discussed previously regarding mine water inflows to the Horse
Canyon Mine, it is expected that water quantities and quality will be similar
to that encountered in the Horse Canyon Mine. While some pumping is likely
for water from the isolated saturated zones within the lower groundwater
zone; since the water in the upper groundwater zone appears to be perched
aquifers 200 to 500 feet above the coalseams, no adverse effects on usable
surface sources are expected.

No springs have been identified as issuing from the Blackhawk Formation
(see Appendices 7-1 and 7-6 and Plates 7-1 andT-14).

The quality of groundwater in the Blackhawk Formation is characterized by
the water quality of data collected from inflows to the Horse Canyon Mine,
which is completed n of the Blackhawk Formation. Both
mines wil l be comoleted in the same coal zone. Therefore. the oualitv of the
water encountereO
encountered in the . These data indicate that Blackhawk
Formation groundwater has a mean TDS concentration range of 1400 to
2400 mgll and is of the calcium, sodium-sulfate type. These waters are
chemically distinct from groundwater in overlying groundwater systems.

Quality and quantity of underground water is the most difficult to ascertain
due to geologic variables such as faults, fractures, channel sands and
isolation of these particular features when water is encountered in order to
gain reliable samples. Underground watertends to be co-mingled with water
from other places in the mine and water pumped through the mines for mine
equipment and dust suppression. Thus, care needs to be taken to obtain
representative samples. Specific undisturbed water samples of the
subsurface inflows are not known to have been collected. However, the
quality results reported in the Horse Canyon records are consistent with in-
mine samples from adjacent mines.
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Recharge in the permit and adjacent areas occurs from precipitation to the
exposed strata. Plate 7-1a shows the majorzone of recharge. This recharge
area corresponds to the outcrop and exposure of the Colton/Flagstaff-North
Horn Formations. No perennial surface water streams or surface water
bodies exist within the permit or adjacent areas which contribute water to the
groundwater systems. The majority of infiltration is a near surface
occurrence into the alluvialfills within the drainages. The deeper sediments
underlying the drainages (Blackhawk and Mancos) consist of low
transmissivity strata which would prohibit the vertical movement of
groundwater.

Recharge rates were calculated by Waddell and others (1986, p. 43)for an
area in the Book Cliffs. Waddell estimated recharge at about 9 percent of
annual precipitation. Lines and others (1984) indicate the mean annual
precipitation along the Book Cliffs in the area of the Horse Canyon Mines is
about 12 inches, indicating a recharge rate of just over 1 inch per year.

The recharge and discharge areas for locallsolAtgd-perched aquifers in the
upper zone (Colton, Flagstaff-North Horn and Price River Formations)
generally lie within the drainage areas of Horse and Lila Canyons. These
local systems are complex In that thev are di
nature and highly dependent on topography. Recharge water from
precipitation or snowmelt enters the Colton or Flagstaff-North Horn
Formations and moves downward until it encounters low permeability shale
or claystone layers or lenses_in the formations, where almost all of the water
is forced to flow horizontally to springs. The springs exhibits substantial
variability in discharge in response both to spring snowmelt events and to
drought and wet years. Discharge rates as great as 20 gpm have been
recorded from the springs during the high-flow season, and discharge rates
as low as 1 gpm are not uncommon during late summer. The effects of the
drought occurring in the late 1980s and early 1990s are clearly evident in the
flow records.

Recharge to the lower zone including the Castlegate Sandstone, Blackhawk
Formation, and Mancos Shale is of limited magnitude, due to the limited
area of exposure of the formations to steep outcrops and the presence of
low-permeability units in overlying North Horn and Price River Formations.
Additionally, the clay layers in the upper Blackhawk, which contain
approximately 80 percent clays, siltstones, mudstones, and shales, are all
highly restrictive to vertical groundwater movement (Fisher and others,
1960). Further, no surface water bodies are present to act a supply sources
to the deep ground water system.

Recharge to the lower zone probably occurs primarily from vertical
movement of waterthrough the overlying formations and is probably greatest
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The upper groundwater zone produces low volume spring flows from up-dip
exposures of bedrock and overlying alluvium. Some spring discharges from
this zone have been developed and are used for livestock and wildlife. The
lowergroundwaterzone has very limited discharges that are used forwildlife,
generally during the early spring. Based on the location of these lower zone
points and the verticalseparation (500 feet) between the coal seam and the
points, there is no possibility of mining impacting the springs.

724.200 Regional Surface Water Resources. The permit area exists
entirely within the Horse Canyon, Lila Canyon, and Little Park Wash
watersheds. The regional drainage patterns are generally north-south with
steep canyons which are incised in the Book Cliffs escarpment. Stream
flows within the region, generally, are the result of snowmelt runoff or
summer thunderstorms. Water is not abundant as evapotranspiration
exceeds precipitation.

Permit Area Surface Water Resources
Within the permit area, the surface water resources consist of three main
drainages: Horse Canyon Creek, Little Park Wash, and Lila Canyon. Horse
Canyon flows to lcelander Wash which, in turn, flows to Grassy Trail Creek
and the Price River. Little Park Wash flows southward to Trail Canyon and
the Price River. Lila Canyon flows southwest to Grassy Wash, then south to
the Marsh Flat Wash and the Price River (see Plate 7-1).

Surface water sampling data are available in AppendixT-2and in the DOGM
electronic database. The data were obtained from multiple sources, including
(but not limited to) on-site sampling efforts, the Horse Canyon Mine P.A.P.
filed by Geneva Steel and annual reports, U.S. Geological Survey
publications, and various consultant reports. Since not all monitoring parties
were required to adhere to UDOGM or SMCRA rules, the laboratory
parameters varied between reports. However, the data are still considered
valid and appropriate for determining baseline conditions within the permit
and adjacent areas. The location of the sampling points are presented on
Plates 7-1 andT-14.

mao the extent of the uDoer water bearinq zones.
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Based on field observations (described in Appendix 7-7) and flow data
obtained during the collection of water-quality samples within the permit and
adjacent areas, Horse Canyon Creek is considered intermittent by rule with
ephemeral flow within the permit area. Lila Canyon and Little Park Wash,
based on the size of the drainage area (greater than 1 sq. mi.), are defined
by regulation as intermittent but have been shown to be intermittent by rule
with ephemeral flow (see Appendix 7-7). Several smallertributaries of these
streams within the permit and adjacent areas are ephemeral by flow pattem
and by rule.

Horse Canyon, Little Park and Lila Canyon flow during the spring snowmelt
runoff period and also as a result of isolated summer thunderstorms. Due to
the limited drainage area and elevation of Lila Canyon, the duration of the
snowmeltflows is quite short and is limited to the very early spring. Flows in
Horse Canyon, generally, are limited to the early spring period (Lines and
Plantz, 1981). By mid to late spring, usually no flow is evident in Horse
Canyon Creek, below the minesite or Lila Canyon.

Over the period of record, 1981 through present, there have been both wet
and dry periods. From 1983 through 1984, the area had high precipitation.
In the late 1990's through the present, a drought has been evident in the
area. Over this period of record, the flows in the streams have increased and
decreased based on the available water. Also, during both of these periods,
flows in Horse Canyon Creek during the summer and fall are generally not
evident below the mine site. Only flows from summer thunderstorms
upstream of the site have resulted in flows below the mine. This indicates
that while surface water resources may fluctuate, the fluctuations are not
great enough to change the response of the stream to overcome the
hydraulic and geologic characteristics of the area.

During most years, the snowmelt peak is the highest peak flow for the
drainages. Under certain circumstances, when a significant summer
thunderstorm occurs over the drainages, the runoff event can be quite large.

titl inOicatinq a lMhere are no indications that any of
reaches of Lila Canyon or Little Park Wash are perennial. Since the

spring of 2000, both areas have been observed numerous times (at least
quarterly) and no flow has even been noted in either drainage. Normally, this
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would indicate an ephemeral drainage, however, since the drainage areas
are greater than one square mile and exhibit no consistent flows, they are
classified by regulation as intermittent.

The ephemeral nature of the streams make it difficult to document the high
and low flow periods. Generally, the ow pattern for the drainages
consists of dry channels until a thunderstorm or rapid snowmelt occurs.
Then there is a short duration of flow within a portion of the channel.
Following the passing of the storm or melting of the snow the runoff quickly
decreases and the channel is again dry until the next event._

wouU nave Oeen Orv w
water qualitv sample was taken. The data are presented in the DOGM
database.

A number of perched springs do exist in the tributaries of the UBper reaches
O[he Little Park Wash drainage; however, the flows from the springs dry-up
or infiltrate into the alluvial fill of the canyons within 50 to 200 feet of the
source, before reaching the main drainage channel. The springs and seeps
in the area have been sampled, as indicated in this application, as part of the
baseline and spring/seep inventories. Therefore, they provide an estimate
of the quality of the flow within the drainages.

Precipitation in the area generally consists of either high-intensity, localized
thunderstorms or area wide, frontal storms. Table 7-1A presents rainfall-
runoff model simulation results of both the 6-hour and 24-hour rainfall events
of the drainages in the site area, to simulate each kind of storm. Appendix
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Z-t O. fiqure l pres
1A. Appendix 7-10 also presents the simulation calculation results. These oeak flow
results show that for short duration events with small return per
is little or no runoff from the watersheds. Additionallv. due to
thunderstorms. th of the watershed and the limited runoff that
does occur is lost t
portion of tne water
tne storm increase

I areas and do

amounts of flow in t
Witn tne increase l
is due to the contribution from the entire watershed.

Text Moved Here: 2
Each flow event in an ephemeral channel is separate and distinct. The
stream flow is directly proportional to the amount of precipitation or
snow-melt runoff, and the water quality varies greatly depending on
the amount of flow. The duration of these runoff events is generally
short. For thunderstorm events, the flow is generally less than a few
hours. Duration of runoff from the frontal runoff events is moderate in
length, generally on the order of 11 to 14 hours. Based on the end of
rainfall from the watershed model simulations, the runoff would
generally end within 3 to 5 hours. Therefore, if a samplerwere not on-
site during the event, it is unlikely that any flow would be observed.

End Of Moved Text
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Table 7-lA

PEAK FLOW SIMULATIONS OF UNDISTURBED DRAINAGES
IN THE LILA CANYON MINE AREA

Watershed_
ID

Mion
(tu)Retu

rn
Period
Flotrvs

2vr
(cfs)

2yr5yr
(cfs)

1Oyr
(cfs)

25yr
(cfs)

50yr
(cfs)

100yr
(cfs)

WS1.1
6h r 0 0 1 .39 5.54 9.98 17. ' t8

24hr 0.65 3.22 9.31 22.68 39.50 59.77

WS1.2
6h r 0 0 1 .21 6.43 12.77 22.18

24 hr 0.86 3.82 9.45 20.66 33.99 49.70

WSI Total

6h r 0 0 2.37 11.78 22.68 38.79

24 hr 1 .50 6.62 16.96 39.59 67.46 100.70

\A€*f6
ffi0sffi41*0

H#T
tn0ll€Affi
7+H1#43

e
\A#5226

hre00{#}1#
8.#54

hr0l€,0$12€2
H71ffi4F1

1
--SZ

Total

6
ffi002€
8&.201G
ru

ffi.3,*ffi
710PF*.
1ff i f f i

G€3

hr

0 0 2.23 10.43 19.63 33.75

24hr 1 .29 6.04 15.85 36.15 60.94 90.24

WS Total

6hr 0 0 0.85 3.60 6.59 11.34

24hr 0.43 2.09 5.76 13.64 23.46 35.09
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Table 7-lA

PEAK FLOW SIMULATIONS OF UNDISTURBED DRAINAGES
IN THE LILA CANYON MINE AREA

Watershed
ID

Mion
(@Retu

rn
Period
Flows

2vr
(cfs)

2yr5yr
(cfs)

1Oyr
(cfs)

25yr
(cfs)

50yr
(cfs)

100yr
(cfs)

WSg+ Total
6h r 0 0 3.46 16.17 30.46 52.36

24 hr 2.01 9.38 24.59 56.08 94.53 139.99



Horse Canvon Mine - Lila Canvon Extension UtahArnerican Enerov lnc,

Table 7-1A

PEAK FLOW SIMULATIONS OF UNDISTURBED DRAINAGES
IN THE LILA CANYON MINE AREA

Watershed
ID

Misn
(@Retu

rn
Period
Flows

2vr
(cfs)

2yr5yr
(cfs)

1Oyr
(cfs)

25yr
(cfs)

50yr
(cfs)

100yr
(cfs)

Little Park 6.1
6h r 0 0 1 .63 6.48 11 .66 20.08

24 hr 0.76 3.76 10 .88 26.5 46.16 69.84

Little Park 6.2
6h r 0 0 0.93 3.70 6.66 11.47

24hr 0.44 2 .15 6.21 15.14 26.36 39.89

Text
Moved
Here: 1

6h r

0 0 2.56 10 .18 18.33 31.54

24 hr 1 .20 5.91 17.09 41.63 72.52 109.74

Little Park 6.3
6h r 0 0 0.32 1 .21 2 .15 3.70

24h r 0 .14 0.70 2 .17 5.47 9.75 14.92

Little Park 5.1
6hr 0 0 0.31 1.00 1 .73 2.93

24hr 0 .11 0.59 2.41 7.85 15 .16 23.59

Little Park 5.2
6hr 0 0 0.73 2.75 4.87 8.38

24h r 0.32 1 .59 4.92 12.40 22.10 33.82

Little Park 5
End Of Moved

Text
Cumulative

6h r q 0 2.82 11.34 20.41 35.22

24 hr 1 .77 8.54 24.80 61 .16

Little Park 4.1
6h r 0 0 0.75 2.58 4.47 7.65

24h r 0.29 1.49 5.31 14.72 28.04 43.72
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Table 7-1A

PEAK FLOW SIMULATIONS OF UNDISTURBED DRAINAGES
IN THE LILA CANYON MINE AREA

Watershed
ID

Mion
ffiRetu

rn
Period
Fto,ttts

2vr
(cfs)

2yr5yr
(cfs)

1Oyr
(cfs)

25yr
(cfs)

50yr
(cfs)

100yr
(cfs)

Little Park 4.2
6h r 0 0 0.76 3.01 5.42 9.33

24 hr 0.36 1 .75 5.06 12.32 21 .46 32.47

Little Park 6.4
6h r 0 q o.23 0.86 1 .53 2.64

24 hr 0.10 0.50 1 .55 3.90 6.95 10.64



Horce Canvon Mine - Lila Canvon E:rtension UtahAmerican Enerov lnc.

Page -30

Table 7-iA

PEAK FLOW SIMULATIONS OF UNDISTURBED DRA]NAGES
IN THE LILA CANYON MINE AREA

Watershed_
ID

Mb,n
(hir)Retu

m
Period
Flo\rvs

2vr
(cfs)

2yr5yr
(cfs)

1Oyr
(cfs)

25yr
(cfs)

50yr
(cfs)

100yr
(cfs)

Little Park 6.5
6h r I 0 0.90 3.58 6.45 1  1 .10

24h r 0.42 2.08 6.02 14.66 25.53 38.63

Little Park 4 6h r 0 0 6 .17 24.81 44.74 77 .12

Cumulative 24 hr 2.93 14.01 40.73

Little Park 6.6
6h r q 0 0.87 4.44 8.64 14.92

24 hr 0.58 2.60 6.58 14.58 24 .18 35.52

Little Park 3.1
6h r 0 0 2.35 8.86 15.72 27.03

24 hr 1.03 5 .13 15.87 40.00 71 .27 109.07

Little Park 3.2
6h r 0 0 1.00 4.65 8.76 15.07

24 hr 0.58 2.70 7.08 16.14 27.20 40.29

Little Park 3 6h r 0 q 9.73 42.29 77.65

Cumulative 24 hr 5.08 23.46 65.66

Little Park 6.7
6h r 0 q 0.76 4.53 9.00 15.63

24 hr 0.60 2.69 6.66 14.57 23.96 35.04

Little Park 2.1

6h r 0 0 0 1.84 4.30 7.79

24hr 0 .17 0.81 2.54 7.96 14.23 24.90

Little Park
62.+2

6h r 0 0 {p.@ 36-18S #re 12.ffifi
835

24hr €95.45 12.07 20.02 29. 0
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Table 7-1A

PEAK FLOW SIMULATIONS OF UNDISTURBED DRAINAGES
IN THE LILA CANYON MINE AREA

Watershed_
ID

Mion
(hrr)Retu

rn
Period
Flo\ftrs

2vr
(cfs)

Zyr5yr
(cfs)

1Oyr
(cfs)

25yr
(cfs)

50yr
(cfs)

100yr
(cfs)

Little Park G2
Cumulative

6h r 0 0 54.40 168.92

24 hr e6.59 29.31 80.1'468 2192.152 6329.41
L
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Table 7-1A

PEAK FLOW SIMULATIONS OF UNDISTURBED DRAINAGES
IN THE LILA CANYON MINE AREA

Watershed
ID

Mion
ffiRetu

rn
Period
F+onrs

2vr
(cfs)

2yr5yr
(cfs)

1Oyr
(cfs)

25yr
(cfs)

50yr
(cfs)

100yr
(cfs)

Little Park€

6
ffiffi#'a
MBW
hrHfA.##
o6#&47329'

63.42titrie
H<-1#6

ffi0ffi258,+
17f#*

ffi'g#gffi+
#zffi
T2tittlefrrk

1#
ffiOffi3i€4G

ffiM
ffi.3cffiS06
*.ffi6*
1#tiftffit

H6
ftr00023€€G{.

wwl
ffi.{€0$01#5
3r906'-95f€lGf
tittteffi.5'6
ttr000€€3r58G

1##M
ffi2*$8'6f,2
1{rG625.53€}&
63tittte#r

6h r 0 0 +11.56 58.64 110.0€4i€-5Wf,02 1583.€+9
I

24 hr 84.30 199.12 6!49.1+g
7
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is

toffi

o determine thes#1ottts.*{o
onf the

of{totrfur these
downstream state a rs were evaluated. As listed in Table
Z-Z anO snown on Pta
BLM and consist  of  91-2617. -2618, -2619. -2620, -2621 ,  -2646. -2665.
-+st o. -+0+0. -+0+
rionts nave no ttow
State fngineers we
determine if there is sufficient water to meet the riqht. Manv of these

stream and
. However. in

ZOZ1. no stoct< ponO
located at the location of water riqht 91-2621 had s
wort< conOucteO in Z
Involved in the pon
the diversion structure described In Appendix 7-9 has
no now now reacnes

There are two water rights for isolated stock ponds in the head waters of Stinky
Spring Canyon, 91-4648 for Dryden Reservoir located in the SE/4, SW4,
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Section 14, T165, R14E and 91-4&l9forSams Pond located in the NW4, NE/4,
Section 23, T165, R14E (see Plates 7-1 and 7-3). Both of the water rights are
owned by the BLM and have a maximum capacity of 3 ac-ft. No records have
been found that these ponds were constructed. Based on the maximum
capacity of the ponds, it is expected that these ponds would be about one half
acre in size, assuming a depth of 5 feet. Field inspection of the quarter sections
found no ponds along the ephemeral drainages and review of aerial photos of
the area also did not reveal any ponds in the area. Based on the locations for
the water rights, the area for water right 91-4648 is shown in a photograph
presented in Attachment 1 of Appendix 7-7 (Photo 93 - Page 28). As can be
seen, there is no stock pond in this area. The area for water right 91-4649 is
shown in photographs taken in the area (see Figure 7-5) indicated in the water
right of the pond. No pond has been found. The only thing found in the
designated area is an area of grass in the pinyon juniper.

Based on water riqhts flow values and the lack of a soecified use. it is assumed
tnat tne State Enql
rmprovements in th of water made this effort unsuccessful.
Given the lack of use for these downstream channels. it do
siqnificant concern exists for the downstream waters.

Surface waters in this part of the Book Cliffs drain to the Price River. The Price
River flows to the Green River which, in turn, flows to the Colorado River. lt is
anticipated that only during extremely long duration, high-intensity thunderstorms
that flow from the ephemeral rainages within the permit area
would reach the Price River. Due to the length of channel and the limited volume
of runoff, the majority of flow is lost to channel losses, as indicated in Appendix
7-9.

Lines and Plantz (1981, p.33) conducted three seepage surveys of Horse
Canyon Creek in 1978 and 1979. The results of the surveys show no consistent
trends through time. Mine discharges created difficulties in interpretation of the
data because there was no indication of whether the mine was or was not
discharging water at the time of the surveys. However, Horse Canyon Creek
below the mine is a losing stream, due to the visual observation of low flows
decreasing downstream of the mine (professional observations, Thomas
Suchoski, 1979-1980 & 1984-86). Flow in the channel adjacent to the mine
facility entry portal on several occasions during mine inspections during the
spring period were approximately 4 to 6 inches deep, with a flow width of 15 to
20 feet. Downstream of the mine in the area of the roadside refuse pile, the flow
woufd be 2 to 3 inches deep with a flow width of 10 to 12feet. Channel slopes
in both areas were similar. No diversions are present along this reach of the
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channel to reduce the flow. Therefore, the channel flow decrease is the result
of infiltration and evaporation of the water within the channel.

The Lila Canyon drainage is normally dry, flowing only in response to
precipitation runoff or rapid snowmelt. The mine facilities will be located in the
Right Fork of Lila Canyon.

f n January 2004, an assessment of the geomorphic character of the Lila Canyon
channel, downstream of the proposed mine site, was conducted to address
DOGM comments. A series of channel cross-section measurements were taken
and the bed and bank materials visually observed. During this evaluation, it was
discovered that a diversion structure had been installed just above the
confluence of the Right Fork of Lila Canyon and Grassy Wash (see Appendix 7-9

and conve it by diversion channelto a stock pond located in the SW4, SW4
of Section 28,T.16 S., R. 14 E. Subsequently, itwas that
the improvements were part of a BLM range improvement project. This structure
has significantly modified the drainage pattern for this area. Flows that
previously would have flowed into Grassy Wash now be detained in the
stock pond. However. in discussions with BLM oersonnel. it was discovered that
tne ALM was not invo
shows that the diversion structure descnbed in Apoendix 7-
anO no now now reac

The closest perennial stream to the permit area is Range Creek. The drainage
is located approximately 6 miles east of the proposed Lila Canyon permit area
boundary (see Plate 7-1a).

Range Creek is in a broad, south-southeast oriented drainage that has been
eroded into the Roan Cliffs. A western extension of the Roan Cliffs (Patmos
Ridge) lies between Range Creek and the Book Cliffs. The proposed Lila
Canyon operation is on the west side of Patmos Ridge. The Colton Formation
is exposed at the surface from Patmos Ridge east to the main body of the Roan
Cliffs, and between these two escarpments Range Creek has eroded into but not
through the Colton Formation. Approximately eleven miles southeast of the
permit area, just upstream of Turtle Canyon, Range Creek has eroded through
the Colton, Flagstaff, and North Horn Formations, but it reaches the Green River
without having eroded through the Upper Price River Formation. The nearest
Blackhawk outcrop is 10 miles further south, along the Price River.

Argument has been made that Range Creek receives recharge from a regional
aquifer which is likely from the lower saturated zone that the Lila Canyon Mine
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of low-permeability, isolating strata between the coal seam and the creek
elevation (see Plate 7-18 and Table above) and the limited potential impact of
subsidence damage to the recharge area, it is not likely that the Lila Canyon
Mine will adversely effect Range Creek. Due to these conditions, no baseline
or other sampling has been gathered nor is anticipated on Range Creek.

Additional concerns have been raised regarding the potential impact that water
extracted from the Blackhawk Formation as a result of the mining activities would
have on the downstream drainages, specifically the Price and Green Rivers.
Initial evaluation indicates that the distance within the Blackhawk Formation
between the mine and the Price River is over 12 miles. This distance alone
would preclude any significant impact.

As further evidence, as discussed in Appendix 7-3, it is difficult to determine the
amount of water that will be extracted by the mining activities. For design
purposes, DOGM has required that a value of 500 gpm be used. This is thought
to be very conservative. lf this volume were extracted, the yearly totalwould be
about 800 ac-ft per year. As there are no significant springs that discharge from
the Blackhawk Formation, the loss of this flow would be minimal. Also, as
discussed in AppendixT-3, the addition or loss of this flow would result in a 0.9%
flow change to the Price River and a 0.02o/o flow change to the Green River. In
both cases, this flow change would be less than could be measured by standard
methods.

The Horse Canyon drainage is monitored in accordance with the approved

the Lila Canyon Little Park Wash @because
flow has been observed during the monitoring activities. Factors

that contribute to the lack of data are: accessibility to the sites during the winter
period and immediately after summer rain storm events is generally not possible,
due to safety issues and a physical lack of flow. Concerns have been raised that
evidence of flow has been seen in the drainaqes over the
therefore. whv hasn't a water qualitv samole been collected. The followinq
sections address the concerns of access and safetv. ohvsl
monitorinq methods.

Access and Safety. Safety issues have hampered field work on several projects
in the area. When the soils in the area get wet from a liqht rain, t
oenerate a flow evenilhey become very slick and pose access and safety
issues. During the IPA drilling, EarthFax had significant difficulty in getting
equipment and vehicles up and down the access road following several small
rain storms. In one case, they had one of their vehicles slide into the
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embankment rocks along the Horse Canyon access road (drop in the area was
about 400 feet).

ccess during rainstorms through the
channels in the area is dangerous. During the avian study for the Westridge
mine, Mel Coonrod (ElS) and Frank Howe (DWR) were caught in a channel
during a rainstorm and lost their vehicle to flooding. This occurred on Nine Mile

drainages are similar to drainages within the Lila Canyon Permit Area.

During winter and early spring periods, there have been times when the access
road has been blocked with several feet of snow making access with the field
equipment impossible.

UAE's position is that collection of environmental data is not worth of the loss of
life or limb. Therefore, when the conditions are unsafe, the site is labeled
inaccessible. At all other times, the sites are visited and if no flow is
encountered it is reported as such.

Physical Lack of Flow. The lack of flow data in the sampling effort is not a failure
of the sampling effort. The lack of flow at these sample sites is data which
documents the normal conditions in the site area. lf the streams were flowing
50 percent of the time, it is likely that the sampling efforts would encounter flow
on an infrequent basis. However, if the flow for the short return periods is
extremely small or none existence, it will be difficult to obtain and provide
samples of these events. This lack of flow shows that the drainages do not
have a base flow component and there is no regional aquifer discharging to the
deeply incised canyons and drainages in the area. The sequence of sampling
efforts have demonstrated further, that there are no long-term flow events
occurring in the mine permit area or adjacent areas. Also, spring photographs
show disturbances in the stream channels from the previous fall period sampling
efforts, indicating that for some years no flow occurred from the fall to spring
measurement events. Additionally, the peak flow simulation results presenlgd
in Table 7-1A show that for small return periods, 2to 5 year events, runoff flows
are not expected and that the duration of any flow events would be of extremely
limited duration.

Therefore, a pattern has been identified of a set of drainages that only flow in
direct response to precipitation or rapid snow melt. The flow events are
localized, sporadic events with no consistent sequence and timing and are
extremely limited in duration. for eonemeral Oral
the variations and distributions in flow that can be expecte
other mines. Under the definitions in the rules. the seasonal variation would then
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be the isolated snowmelt in various reaches of the channelffi
and the isolated oeak flow from a thunder storm that would have enouoh
intensitv to result in a runoff event. Based on the runoff simulations in Table 7-
1A. for the larqer orecioitation events. the flows can be siqnificant.

U.S. Steel conducted water quality monitoring of the Horse Canyon drainage.
These monitoring efforts were conducted prior to the development of DOGM's
present Water Monitoring Guidelines, and as a result the data is quite limited.
The most recent results of these water monitoring efforts are presented in
Appendix 7-2and historic results are included in the DOGM electronic database.

The data collected from Horse Canyon follows the same pattern documented by
Waddell, et.al. (1986). The pattern shows that the TDS concentrations for
surface waters on the lower Blackhawk and out onto the Mancos Shale range
from 1000 mg/l and increase to 2,000 to 2,500 mg/|. Additionally, the highest
concentrations of suspended sedimentwilloccurduring high-intensity runoff from
thunderstorms, and the lowest concentrations will occur during low flow or snow
melt events.

Therefore, because of the similarity of the water quality data, the water quality
expected from the drainages in the area of the proposed mine will be similar to
the water quality found in the Horse Canyon drainage.

Monitoring fforts did not include remote or automatic
sampling efforts because of inherent problems attempting to implement these
methods for this application. lt has been suggested that crest-staff gauges,
single-stage samplers, ISCO instruments, etc. could be used to collect samples.
These are methods that the USGS uses for developed remote sampling sites.
However, none of the UEI sampling sites are developed. In the case of crest
gauges, for these methods to be reliable and feasible, the sites need to be
developed with concrete or bedrock lined channel sections. For the channel
configurations at the UEI sites, the channel bottoms generally consist of
movable beds. These are channels that change configuration from storm to
storm. As a result of channel erosion and deposition, the stage discharge
relationship of the channel changes with each storm event. Therefore, while the
crest gauge would indicate that a flow event may have occurred, the ability to
determine what the flow rate was is greatly compromised. To be able to
overcome this, it would be necessary to construct lined channel sections in
remote channel areas. In some cases, this would require the construction of
access ways and cement trucks to haul in the materials necessary. This would
likely cause more damage than it is worth.
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maintenance and malfunction problems were identified as part of the Smokv
Hollow sampling efurc (Richard White, personal communication, 2006).

Radio Frequency telemetry (RF)sensing equipment has also been considered.
However, as most of the monitoring sensors require line of sight and these sites
are in remote, incised canyons or drainages, that was not considered a viable
option.

As a result of these difficulties, it was determined that these methods would not
provide any better data than was already being collected. The concerns with
what conclusions erroneous or questionable data would generate versus limited
good data lead to the decision that these methods would not be used.

724.300 Geologic Information Detailed geologic information of the permit and
adjacent areas is included in Section 600, with specific strata analyses, as required, in
Section 624.

724.310 Probable Hydrologic Gonsequences. The geologic data indicate that
no toxic- or acid-forming materials are known to exist in the coal or rock strata
immediately below or above the seam (see Section 624.300). The probable
hydrologic consequences of the proposed operation will be discussed in Section
728 and Appendix 7-3 of this application.

724.320 Feasibility of Reclamation. The geologic data in Section 600 provides
sufficient detail to allow: the evaluation of whether toxic- or acid-forming
materials are expected to be encountered in mining; subsidence impacts;
whethersurface disturbed areas are designed to be constructed in a mannerthat
will allow for reclamation to approximate original contour; and whether the
operation plans have been design to ensure that material damage to the
hydrologic balance does not occur outside of the permit area. These issues are
evaluated in the R645 rules and discussed in Section 728 of this application.

7 24.400 Gl imatological Information

7 24.410 Cl i matological Factors

724.411 Precipitation The closest weather recording station to the Lila
Canyon Mine is located at Sunnyside, Utah. Based on the relatively close
proximity and similar locations (west exposure of the Book Cliffs) the data
from this station is representative of the type, intensity and duration of the
precipitation at the site area and will be used to verify precipitation
amounts and other weather conditions for the Lila Canyon Mine.
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TABLE 7-1C

724.413 Temperature. Mean temperatures in the proposed mine
area range from a high of 58.0 degrees F to a low of 33.4 degrees F.
See Table 7-18.

724.420 Additional Data. Additional data will be supplied if
requested bythe Division to ensure compliancewith the requirements
of R645-301 and R645-302.

724.500 Supplemental Information N/A - The determination of the PHG in
Section 728 does not indicate that adverse impacts on or off the proposed
permit area may occur to the hydrologic balance, or that acid-forming or
toxic-forming material is present that may result in the contamination of
ground-water or surface-water supplies.

724.700 Valley/Stream N/A - The proposed plan does not include mining or
reclamation operations within a valley holding a stream or in a location where
the permit area or adjacent area includes a stream which meets the
requirements of R645-302-320.

SUNNYSIDE,  UTRH (4284?4)
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725. Baseline Cumulative lmpact Area Information

725.100 Hydrologic and Geologic lnformation Hydrologic and geologic
information for the mine area is provided in Sections 600, 724 and in the
PHC Determination in AppendixT-3. This information includes the available
information gathered by the applicant. Additional information is available for
the areas adjacent to the proposed mining and adjacent areas from state and
federal agencies.

725.200 Other Data Sources As indicated above, additional information is
available for the cumulative impact area. In addition to the base line data for
the proposed mining, additional pertinent hydrologic data is available from
adjacent mines and permits and government reports.

725300 Available Data Necessary hydrologic and geologic information is
assumed to be available to the Division in this P.A.P.

726. Modeling Where ever possible actual surface and ground water information
is supplied in this application. However, the following models were used to
supplement the data.

Storm 6.2, a program to calculate runoff flows was used to calculate runoff
from some disturbed area drainage areas.

Hydroflow Hydrograph program by Intelisolve was used to simulate the
runoff and routing from the undisturbed drainages above the proposed

can be exoected from the watersheds of the orooosed mine area.

A simulation of transmission losses to determine potential impacts from
mine water discharge to the Price River and fishery was completed using
a spreadsheet based on the NRCS channel loss evaluation.

727. Alternate Water Source Information A search was conducted of the State
of Utah Water Rights files for all rights occurring within, and adjacent to,
the permit area for a distance of one mile. The location of those rights are
shown on Plate 7-3, based on the locat . A
description of each of the rights. includinq the nam
owner. point of div
and the desiqnated is tabulated in Table 7-2. Due to the
limited volume of w
stock pond facilities is very Door. Based on the water riohts. for the area
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of the mine. the use is limited to stockwaterinq of less than 250 animal
units.
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disturbed area runoff to a sediment pond for final treatment prior to
discharge.

This permit application includes a plan, with maps and descriptions,
indicating how the relevant requirements of R645-301-730, R645-301-740,
R645-301-750 and R645-301-760 will be met. Each of these sections are
addressed in this Chapter, along with relevant Maps and Appendices.

731.1 00 Hydrologic-Balance Protection

731.110 Ground-Water Protection In order to protect the
hydrologic balance, coal mining and reclamation operations will be
conducted according to the plan approved under R645-301-731
and the following:

731.111 Ground-Water Quality Ground-water quality will
be protected by the plan described in Section 731 and the
following:

(1) Minimizing surface disturbance and proper handling of
earth materials to minimize acidic, toxic or other
harmful infiltration to ground-water systems-
Apoendix 6-2 of the MRP presents acid and toxic
resurc from a serie

onlv minor issues with one or two samoles for
reveqetation issues. The recommendations were that

mine area will have the same characteristics.;

Testing (as-necessary) to ensure stockpiled materials
are non-acid and non-toxic;
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Controlling and treating disturbed area runoff to
prevent discharge of pollutants into ground-water, by
the use of diversions, culverts, silt fences, sediment
ponds and by chemical treatment if necessary;

Minimizing and/or treating mine water discharge to
comply with U.P.D.E.S. discharge standards;

Establishing where ground-water resources exist
within or adjacent to the permit area through a
Baseline Study (done) and monitoring quality and
quantity of significant sources through impletation of a
Water Monitoring Plan (proposed);

Proper handling of potentially harmful materials (such
as fuels, grease, oil, etc.) in accordance with an
approved Spill Prevention Control and
Countermeasure Plan (SPCC).

731.120 Surface-Water Protection In order to protect the
hydrologic balance, coal mining and reclamation operations will be
conducted according to the plan approved under 731 and the
following:

7 31 .121 S u rface-Water Qual ity Su rface-water q ual ity wi | |
be protected by handling earth materials, ground-water
discharges and runoff in a manner that minimizes the
formation of acid or toxic drainage; prevents, to the extent
possible using the best technology currently available,
additional contributions of suspended solids to streamflow
outside the permit area; and, otherwise prevent water
pollution.

Surface-water quality protection is proposed to be
accomplished by the plan described in Section 731 and the
following methods:

(1) Minimizing surface disturbance and proper handling of
earth materials to minimize acidic, toxic or other
harmful infiltration to ground-water systems.
Appendix 6-2 of the MRP presents acid and toxic
resutts trom a serie
the areas north and s

(3)

(4)

(5)

(6)
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(2)

(3)

(4)

(5)

roof and floor samoles show the oualitv of the strata
north of the prooosed mine. These samples identified
onlv minor issues with one or two samoles for
reveqetation issues. The recommendations were that
these samoles would not be a oroblem when mixed
with the surroundl
identified in anv of the rock samoles. As these
samples bracket the mine propertv and the qualitv is
similar to qualitv found at other mines alonq the Book
Cliffs and none of these mines have an acid or toxic
rssue.tnen i t  is  t l

rock samoles for the floor;

Testing (as-necessary) to ensure stockpiled materials
are non-acid and non-toxic;

Controlling and treating disturbed area runoff to
prevent discharge of pollutants into surface-water, by
the use of diversions, culverts, silt fences, sediment
ponds, and by chemical treatment if necessary;

Minimizing and/or treating mine water discharge to
comply with U.P.D.E.S. discharge standards;

Establ ish in g where su rface-water resou rces exist
within or adjacent to the permit area through a
Baseline Study (done) and monitoring quality and
quantity of significant sources through impletation of a
Water Monitoring Plan (proposed);

Proper handling of potentially harmful materials (such
as fuels, grease, oil, etc.) in accordance with an
approved Spill Prevention Control and
Countermeasure Plan (SPCC).

731.122 Surface-Water Quantity Surface water quantity
and flow rates will be protected as described in Section 731.

(6)
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the potential mine discharge point, and will be monitored at
least monthly, or as occurs, in accordance with U.P.D.E.S.
Permit requirements. (See Table 7-4) Stations L-s-G, L-7-G,
L-8-G,

L-g-G, L-11-G, and L-12-G are signlficant springs or seeps
located over the area of proposed mining. These springs will
be monitored on a quarterly basis for parameters listed in
Table 7-5.

Station L-6-G (Table 7-3) is in the vicinity of 2 listed water
right springs, Mont Spring and Leslie Spring. These springs
are within the same small drainage, and may in fact be the
same spring. Close examination of spring/seep and baseline
monitoring stations show only one site in this drainage with
any consistent flows - site H-18; therefore, this site was
originally chosen to monitor the Mont and Leslie Springs
area. However in recent years L-6-G has been dry and a
new wet area upstream of L-6-G, Location L-11-G, has been
added to replace site L-6-G. Sampling at L-6-G will be
suspended as of the First Quarter of 2003.

Monitoring site L-7-G is intended to monitor a listed site
known as Cottonwood Spring. Once again, a close
examination of water rights information along with
spring/seep and baseline monitoring has shown only one site
in this area with any consistency - site #9; therefore, this is
the site chosen for monitoring of Cottonwood Spring.

L-8-G is an unnamed spring that matches Earthfax sample
site 10.

L-g-G is known as Pine Spring. There are two locations that
are identified as Pine Spring. These are water rights 91-
2517 and 91-2539, which are part of the same water right
filing. ln the spring and seep inventories there has never
been any flow identified in the area of 91-2517 as the site is

It is assumed that the
the location is wrong.

There have been numerous seep/spring notations in the
local area, but the only consistent flowing site is 91-2539;

filing for 91-2517 is a

this is the site that will be monitored for Pine Spring.

been monitored as L-9-G was determined usino GPS
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been uodated.

L-10-G is also an unnamed spring that matches Earthfax
sample site 14. Since this site is located over 1 mile south of
the permit area, it has been replaced with L-12-G which is a
more appropriate site to monitor. Monitoring of site L-10-G
will be suspended as of the First Quarter of 2003.

L-11-G is located in the bottom of the upper reaches of Lila
Canyon. This is in the same drainage as the Mont and
Leslie Springs water right locations. In recent years L-6-G
(H-18) has been dry. However, there has been some
minimum flow observed approximately one hundred yards
above L-6-G where L-11-G was established.

L-12-G is an unnamed spring which had been developed but
is now abandoned. The seep/spring inventory data is shown
in AppendixT-1 and locations are shown on Plate 7-1.
Proposed water monitoring sites are shown on Plate 7-4.

L-13-S, L-14-S, and L-15-S are sites being monitored to
assist in characterization of the various drainages.

L-16-G and L-17-G are seeps being monitored in Stinky
Spring Canyon. These sites were not identified during
baseline surveys and are believed to exist intermittently and
are not always evident. These two seeps appear to be an
important source of water for Bighorn sheep specifically in
the early spring.

It should be noted that data has been gathered on the
various seeps/springs as part of the original baseline
inventory for the South Lease by l.P.A. The data was
gathered overthe years 1993, 1994 and 1995 and was
stopped. In the second quarter of 2001water monitoring
continued.

f PA-1 ,2 and 3 are groundwater piezometers in the Little
Park Wash area. These holes will be checked quarterly for
water depth only. Monitoring of these sites will continue until
the mining or subsidence renders them unusable.
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Table 7-3
Lila Canyon Mine

Water Monitorino Stations

Station Location Tvpe Freouencv Remarks

L-13-S Little Park
Wash

Dry Wash Monthly At Road Crossing

L-14-S Section 25
Wash

Dry Wash Monthly At Road Crossing

L-15-S Williams Draw
Wash

Dry Wash Sampling
Suspended
lQtr of 2003

At Road Crossing

L-16-G Stinky Spring
Wash

Seep Quarterly Top of Mancos

L-17-G Stinky Spring
Wash

Seep Quarterly Top of Mancos

L-18-S Stinky Springs
Wash

Dry Wash Monthly Adjacent to Access
Road

L-1 9-S Little Park
W"-S--

Orv WaSh Medhly At Permit Boundarv

IPA.1 Little Park Borehole Quarterly Water LevelOnly

IPA-2 Little Park Borehole Quarterly Water Level Only

IPA-3 Little Park Borehole Quarterly Water Level Only

NOTE: Sites L-13-S, L-14-S, L-15-S, and L-18-S will no longer be monitored after
the washes have been characterized.
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contact between the rock slopes and the coal seam will be
1227'from the surface at an elevation of 6300'. Ground
water levels in the mining area, based on the 3 water
monitoring

holes and other geologic data, appear to be nearly static at
elevation 5990 in this area (see Figure 7-1).

Water level in the mine would have to raise approximately
310'to reach the rock slope/coal seam contact and result in
a gravity discharge. Water monitoring results and other
historical data in the area do not indicate this is likely to
occur.

731.522 Surface Entries after January 21, 1981 This is not
known to be an acid-producing or iron-producing coal seam;
however, proposed portals are located to prevent gravity
discharge from the mine (see Section 731.521).

731.600 Buffer Zones All streams within the permit area are either
ephemeral or intermittent by rule with ephemeralflow.,Acffetr

bv definition Lila , the Operator will install stream buffer zone
signs in locations shown on Plate 5-2 and maintain the buffer zones
during the operation.

731.700 Gross Sections and Maps The following is a list of cross-
sections and maps provided in this section of the P.A.P.

Plate 7-1
Plate 7-2
Plate 7-3
Plate 7-4
Plate 7-5
Plate 7-6
Plate 7-7

Permit Area Hydrology Map
Disturbed Area HydrologyMatershed
Water Rights Locations
Water Monitoring Location Map
Proposed Sediment Control Map
Proposed Sediment Pond
Post-Mining Hydrology

Page -69



6/d lVVrd,'u 2'/

Names and initials of people on Ephemeral Stream Monitoring Reports.

MAC - Melvin a. Coonrod

JTP - Tom Paluso

RJM - Robert Jay Marshall

SDM- Susan Marshall (Accompanied but was not the primary observer)

KH - Karl Housekeeper (DOGM)
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Resourcefs Wildlife Timely Tips Newsletter (1988-1990).

Referee Papers for Proceedinqs of Southeastem Association of Fish and Wildlife
Aq'encies, Desert Biqhom @undl Transactions, Proceedinqs of Northem Wild
Sheep.arid Goat Co[ncil, Joumal of Wildlife Mdnagement End Great Basin
Natuialist.

Advisor Nutrition of desert bighom sheep in QanyonlandS National Park, Utah State
University and NaUonEl Park Seruice (1981-1983).

Advisor Deseft bighom sheep river-_rafter interactions on the C,olorado River, Utah
State UniVersity (198+1986).

Advisor ntUtUal.pJ Qmaha's WtJd_Kingdom, Operation Bighom Segment, Utah Division
of Wildlife Resourlces (1983):

Guide Special High:Fid Dege1t Brghom Sheep Hunt, Utah Division of Wildlife
R'esou rces- ( 1 98 2, 1 983, 1 985) .

Technician Desert bighom sheep surve% captUre, and relocaUon in southeastem, Utah
Division oT Wildlife Resourcds (1986).'

Technician Grouse Hunter Check Stations, Utah Division of Wildlife Resources (L977).

2
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TEACHING E'@ERIENCE

College of Eastern Utah Quafter Courses

LFSC 101 Principles of Bioloqy
LFSC Uq Anatci.my and Phy5iology
LFSC 125 HerediU
LFSC 270 Natural'History Excursion

Ceneral Botany
Ll u man. Repr-oductive Biology
@neral Zoofogy
@neral Ecologi

Bioloqy II Lab
GeneT6l Botany Lab
General Zooloqv Lab
Inboductory Edology Lab
Field Experibnce

LFSC 110
LFSC 118
LFSC 210
LFSC 150

College of Eashrn Utah Semester Courses

LFSC LZ20 Bioloqy II LFSC 1240
LESE 111q @ne-r6! Eotany LESQ 1428
LFSC 2100 @neral Zooloqy LFSC 2110
LFSC 2350 Introductory Edoloqv LFSC 2360
WILD 2010 Humankind'and thE'Environ. \MLD 1010
LFSgGeol 1800 Principles of Environ. Science

New CEU Courses Developed

LFSC L220 Bioloqy II LFSC L240 Biolosy II Lab
tfSC 2SSO Introtlfuctory Ecolqsy LFSC 2360 Introtlfuctory Ecology Lab
LFS9GEOL 1800 Principles of Environ. Science

laboratory Cources at Brigham Young Univercilty, 1977-79)

ZOOL 105 Intro. Zooloqy
ZOOL 203 Vertebrate Zcioloqv
ZOOL 457 Eish and_Wildlife Techniques
Z88L 35q General.Ecology
ZOOL547 Mammalogy

lnseruice_lraining Shoft Courses (Training for Uniy. Tenn. County Extension
Pensonnel)

Course Subject Time

Eff Wildlife & Fisheries 201 4-H Wildlife and Fisheries Proiect 8 hrs
Dff Wildlife & Fisheries 202 Baclanrd Wildlife/Outdoor Cldssrooms I hrs
Dff Wildlife & Eisheries 381 Wldlife Qamagg Management I hrs
Dff Wildlife & Fisheries 302 Wildlife Entenlrises 4 hrs
Dff Wildlife & Fisheries 303 Advanced #H Judqinq 6 hrs
Dff Wildlife & Fisheries 305 Advanced Small Gime Management 8 hrs

Workshops Conducted fior Ure General Public

Urban Wildlife - Master Ciardener Traininq (1993-1996)
Sma|| Came Managennent fqr Extenqiol_AgbnE(1990,- 1993)
Tennessee 4-H Wildlife Conference (1989-- 199il
Tennessee 4-H Environmental Stewdrdship Voludteer Leaders Forum (1989,1991,1993)

3
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Backvard Wildlife Seminar (1992)
Fee FlunUnq as and Altemative Entemrise (1990)
Managing Deer Damage In Tennessee (1989)

PROGRAM AND COMMITTEE APPOINTMENTS

Utah State Watchable Wildlife Committee, Utah Div. of Wildlife Resources (LW20O0).
Southeastem Regional Advisory Committeb, Utah Division of WiHlife Resouices (1997-).
Associate Editor, The Wildlife Societv Bulletin ( 1998-1999).
6th Eastem Wildlife Damaqe Manaqbment C-onference (6-chair, 1993-1995).
National 4-H WiHlife Habitbt Erraluition Prosram (1989; Ghair, 1992-1995).-
NaUonal 4-H Environmental Stewadshio Pdoram'Desiqh/ Writihs Team (1992-1993).
Tennessee Ag. EXtension Seruice Nahrrbl Re5burces Priority Team (Chair) 1995-96; 

-

member. 1993-96).
Tennessee +H Wildli'fe Proiect (Dircctor, 1988-1996).
Tennessee 4-H Environmedtal Stewardshfp Task Force (1991-1994).
Univ. Tennessee Ag. Extension Serv. Enddngercd Specibs_Task Force-(1991-1996).
Tennessee District II Forest Stewa rdship Co-m mittee_ (1 996 1 990- 1 994):
Tennessee Animal Damaqe C.onhol C-ommittee (1988:).
Tennessee WeUands Technical Assistance to PriVate l.indowners Committee (1990-92).
Tennessee WeUands Partners Prciect C,ommittee (1993-).
Univ. Tennessee Aq. Extension Sdw. Natural Resources InitiaUve Team (1993-).

Regional Ecoqf*em Management Project Coopenfor, Virginia Tech Univercity,
Auburn University, Univer5itv of Tenn-essee (1994-)

Faculff Atraifs_ Comniittee, Univ. Tenn. Dept. Foiestry, Wildlife and Fish. (1989-1991;
Clfair, 1991).

Search Crimmittbes, Extension Wildlife Assistant Position (Chair, 1990); Extension
Forestrv Assistaht Position (1991), Extension Forestry Assistdnt Prcifessor Position

(1994,1995), Dept. of Forestry, Wildlife and Fisheries'Department Head and Leader
(1991).

Graduate Student Committee Membership:

1990-199t 
0,.9:fparison 

of bird species use of two different forest Wpes (Carol Hardy;

1991-1995 An ahalysis of hunter percepUons gf smAfl game _rTranpgement of two wildlife
manaq€iment areas in'Tenn'essee (Mike W*fer; M.S.)

1993-1995 lepgFtion of crop damage by blaik bears in Nbrth Grolina (Bobby Madry;
M.S.) '

1991-1995 ldentificallgn and mapping of ruffedgrouse habitat in Tennessee (Melora
Doan; M.S.).

PRO FESSIONAL ORGANIZATIONS

The Wildlife SocieW
Southeast Section bf the Wildlife SocieU
Tennessee Chaoter of the Wildlife Societv
Tennessee Association of Aqriculh,rral Aq6nts & Specialists
NaUonal Aspciation of C.ouhty Agricultulral Agentb
Tennessee Onseruation Leaqlue 

-
Epsilon Sigma Phi (National llonorary b<tension Fratemity)

4
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Privdte Lands @mmitiee, SE Sectiqn The Wildlift_ Sqciely (r988-l _Seerehry, 1992).
Education Commitbe, Tdnnessee Chaoter the WldliE Societv (1993-)
The Wildli&_Saciety -Tennessee Chapter; Representatve to Siuthea!;t Section of The Wildlife
society (r99G)

Wildlfe Database PCIect. (Utah Divison of Wildlife Resources - 1999-2000, $17,000).

Riparian Database Project (Bureau of Land Management - 2000-2001, $9500).

Mountain
) .

(Mountain Plains

Plains

1998).

Tennessee 4-H Wildlife Proiect (C,ontact No. ID-1-03853-1-00 - Tennessee Wildlife
lnnually (1989-1994) and $30,000 (1995-1996).

Nauonal +H Wldlife Habitat Evaluation Prooram (Champion Intemational Paper @., $15,000w
(US Fish and Wildlife Seruice, $25,000

(Roclqf Mountain Elk Foundation, $5,000

(National Rifle Association, $2,500 (1994);

(Tennessee Wildlife Resources
ver, $5,000 - 1995).

Statewide Deer Damaoq SUlveY.GOntraEt_l,lo. ID-1-04203-200) - Tennessee Wildlife
1991-1993).
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AWARDS/HOI{OR!;

OWHffiPrry Mentu 79997-94, Division of Science and Technolosy; College of

USDA ffi1tuE of Awtuiafut for stfie b llte NatumI *H lffiHlife Habibt
Eralntun Prcgnm (1996); 1989 1996 (National Chair, 1993-1995)

lhe lUiHlife ffiy ffiifuE of Anotsfratfion - Naful Con#ratu Eduafun
4mrd(lp6);-Awarded in the Pnifram Category to the National4-H Wldlife HaUtat
Evaluati<h Pnigram

W_&t y-CarwAvard- Ep;ilon Slgma Phi National Honorary bftension Fratemity
(19es) -

Tqnw LdqshlpAeny$9s)

Awad for Exdlqe - Environmental uteracv Clennessee +H Wlldlife Program),
Southem Cmperative Extension Forest Resciufu Specialists (1995).

lst-?!@ --ream llayslet@rTennessse Association of Agricultural Agenb and Spechlisb
(1992-19eD.

OWltnC Yqtt g Ageni Tennessee Associauon of Agriculh.tral Agenb and Specialists

tst Pfae ($utlwn Bq-ian) - Tam ll*sHtu, National Association of County
Agriculhrral Agents (lEf)

Awad for Ecdletre - Aaffils lEtdqrnqt($H Wildlitr and-Fisheries Manuals),
Southem Cooperative bGnsion Forest R€source Specialisb (1994).

Univusity otTqurce Ins&tE of &rf,dtldtre M Hrefior, tuUiafiu, (19E.2),

OubbrdingAlumniAvad, College of Eastem Utah (1987).

TSTand 2tlD Ptae,Vt',h wildlib Society Photo @ntest (1984).

Homtariugq Invited $ientific-P-apg-r, Norftem Wild Sheep and Goat Council, White Hore,
Yukon Teiritories, Canada (1984).

llotl@dumr lnvited Seminar, Cnllege of Eastern Utah Natural Hisbry Seminar Series
(1980).

Cum lat& Ctd@Et Brigham Young Uni\rersity Q977).
Honorc Gnila@, College of Eastem LJtah (f974).

High Horrors Crd@E, Carbon County High School (1970).

6

O 
EIk's Mo* Valuable StudentAward, Carbon High School (1970).
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Jewkep1Wodtrard-Mele OuBbnding Student AtfileE Awad, Carbon High School
(1e70)

Ubh Bof's SbE (1969).

PEER REVIEWED EXTENSION PUBLICATIONS:

King, M_.M. lle Quail Series: the northem Bobwhite. P81611. 1999. Univ. Tenn. Ag. Ext.
Seruice. ITppi

Kino, M.M. The Quail Series: the nor$rem Bobwhite - Lesson Plans and Activities. P81612.
f999. Univ. Tenn. Ag. Elt. Selice. 13pp.

J.A. Parkhurst, M.M. Kinq, J.C. Bliss and K.M.
hv Ecosvstems. P81574.-Univ. Tenn. Ag. Ext.

King, i,!.M. 1996. Urban Wldlife Manaoement. P81578. Unlv. of Tenn. Ag. Ext. Serv. Master
Gerderrcr Series.

Hil!- T.K. -an{M.i!. lqS. 1996. E@loov - 4-H Wildlife Project, Unit VIIL PB 1,141. Univ.
Tenn. Ao. Ext. Sewie.

u Bumetbr ft"5is3ali,?[f 8ffn$ifufpsriffi6w 
- +hl

Bumette, J. ald ltM. lftg. 19!16. Wildlifie - 4H Conservaton Project Unit IV. P81551. Univ.
Tenn.'Ag. Ext. SeMce.lln press).

Canbrell, R. L., W. G. Minser and M. M. Kins. 1994. Trees for Wildlife. PBt446. Univ. Tenn.
Ag. Ext. S6rvi<n. ttpp.

King, M.M, 1994. Manaoino Deer Damaoe in Tennessee. PB 1509. Univ. Tenn. Ag. Ext.
$Mce.16pp.-

King, M. M. and_T._K. Hill. 1991. Lefs Learn about Wildlife and Fish - 4-H Wildlife Project,
Unit I. PB 1380. Univ. T€nn. A

King, M, lrl. and T. K. Hill. 1991. foods for Wildlife and fl$ - 4H Wildlife Project, Unit IV.
pB1381. Univ. Tenn. Ag. Fxt.

King, M. M_.,and I K. llill. 1991. Req€ation with WildliE and Fish - 4H Wildlife Project, Unit
VI. P81382. Univ.Tenn. Ag. W

l(no. M. M. and K. Roeker. 1991. Erdanoered Soecles in Tennessee. Paoes 22-25 in
(&rfUfication of Prirrate Pesti@1021. Univ. T-enn. Ag.
Ext. Seniae.

7
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REFEREED / PEER REUTEWEp PUBLT.CATIONS

Kino, M. M. 1995. Landowner perceotions of white-tailed deer pooulation and damage in
Trinnessee. P.ages 156-159, in 6th Eastem Wildlife Damage Management Conf. Ptdc.
M.M.King, €d. 

-

King, J!l= lYl.^1989. Wildlife: A valuable commodity for forest landownels. Forest Farmer
48(8):6-8.

King, M. M. 1988. Osprey preF on Ug,er salamander. J. Raptor Res. 22(4):121.

lfto. M. M. and G. W. Workman. 1986. Resoonse of desert biohom sheeo to human
F6rassment management implkations. Tnns. 51 N Am. Wildl. and Nat. Res. Conf. 51:7'F
85.

lfto. M. M. and G. W. Workman. 1984. Catde orazino in desert biohom habitat in
Stiuheasbm Ubh. Desert Bighom C.ouncil Trdns. 28:.t&22.

l(no. M. M. and G. W. Workman. 1984. E@borcal relationshios between desert biqhom-sheep 
and domegtic catUe l0 sgutheastem ftah. ftoceeditbs of the 4th Nortlre-m Wild

Sheep and @at Council 42167-179.

Kng, M. M. and G. W. Workman. 1983. Oaunence of ontagious ecttyma in desert
biohirn-sheep 

in southeastem Utah. Desert tlighom Council Trans. 27:tl-12.

Kino. M. M. and G. W. Workman. 1983. Mo/erEnt Dattems of desert biqhom in
f<jutheastem Utah. Desert Bighom C.ourrcil Tnns,' 27:.1-6.

Kino. M. M. and G. W. Workman. 1982. Desert Biohom on BLM lands in southeastem Utah.
Cibsert gighom Council Trans. 26:104-106.

King, M. $. and H. D. SIith._ 1980. Differenual habitat uulizauon by the sexes of mule deer.
Gieat Ba$n Nat. {:273-281.

PROCEEDINGS EDITED

King, M. M. 19_9_5. Pr:ocqedingg, 6$ Eastem Wildlife Damage Control Conf.
Ottober 1993, Asheville, NC). 210pp.

REFORTS/MANUSCRIPTS

King,_M._M.and & D. Smith. 1989-1995. Tennessee Private Lands Hunting Register. FWF
frifo. No. 82. 10pp.

Kino, M. M. 1989-1995. Annual Report of 4-H Wildlife Proiect Activities.
T6nnessee Wildlife Resources Agency Contact No. ID90-32I7-01. Nashville, TN.

I

O 
King, M. M. 1989-1995. 4-H Wildlife C.onference Manual. FWF Info. No. 70. 41pp.
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Kinq, M.M. 1993. Tennessee Deer Pooulauon ard Damaoe Survey Remrt. Tennessee
Wildfife Resoure Agency ContractNo. ID.1-04203-201t. Nashfille, TN. 124p.

l(nq, M. M. 1990. Status of Wldlift and Fisheries Extension hoorams in Tennessee. Paoe
f52. in FuUJre Directions for Cmoerative Extension Wildlib, Fi5heries, and Aouaodture-
Proqrams 1991-2000. Proeedinbs of the National Exbnsi<in WildliE'and Fisheries
Woilshop,_Sept. 317-, 1p.90, llonFley, CA. E. L. Fitdrugh and J. E. Miller, eds, USDA-
Exbnsion'SerVie, Washiqibn, D.C.''

Kinq, M. M. 1990. Wldlife: a ValuaUe Commoditv for Forest Landowrrers. Paoes 2G29 in
Proceedinqs of the MkJdle Tennessee Forcst tandowners Seminar: "Don't Ju-st Own It--
Managg IL Creorge Hopper, ed. University of Tennessee Agricultunl ExEnsion Servie.
Knoxfrlle, TN.

Oliver, T., M. M. l(nq and 10 other commit@ members. 1990. Reoort of the Technical
Wfriiq Grouo b-the Gorerno/s Inter€oency WeUands C,ommithe. Privab Landowner
Tedrnidal Asslsbne Subcommithe. Tenhes*e Dept. of Agrkulture. Nashville. 8pp.

l(nq, M. M. 1989. Makino Money with Wildlift. Paoes 93- 104 in Southeastem Forcst
l-dndorrqgf Seminar PrrteedinQs. J.E. Gunbr, ed. Univ. of Grgia Coop. Ext. SeMe.
Athens, GA.

Kinq, M. M. 1986. Veqetation. Paqes 115-f74 in A studv of the flora and fauna of Hill Air
fore Base ard ttp UAh Test arfrl Trainino Ra-noe wiffi soecial emohasis on arrcidance of
bid suike bv aircaft, ard wildlife and habitat iniircntorie5 fur mandoement olans. 2nd
Annual Rep<irt. G. W. Workman, ed. Contact no. F1265&84-C-3559.

Kino, M. M. 1985. Veqetation. Paqes 13+149 in A strdv of the flora and fauna of Hill Air
Force Base and the Utah Test and Trainino Ranoe witf soecial emohasis on anotulance of
bird stike bv aircnft, and wildlift and habiitat in-ventorie5 br man6oement olans. 1st
Annual Repo-rt. G. W. Workman, ed. Oontract no. F12650-84-C-3559.

Kino, M. M. 1985. Behavioral resilnse of desert Hohom sheeD b human harassment: a
dmparison of disturbed and udriisturbed PooulaEons. Ph.D: Dissertaton. t tah State
Univbrsity, logan, Utah. 137 W.

Kinq, M. M. and G. W. Worknan. 19&3. Eoloqv of the desert biqhorn sheeo on BLM lands
ih- southea$er_n_lttah: 3rd Annual Report. Btpl @ntract numb* YA-533-CfC1068.
Moab, utah. rB pp.

Kino, M. M. and G. W. Workman. 1982. Eolmv of the desert biohorn sheeo on BLM lands
i-n southeastem !tah: 2nd Annual Report. BII'4 contract numbEr YA-533{TO-1068.
Moab, utah. 115 pp.

Kinq, M. M. and G. W. Workman. 1981. Embqv of the desert biohom sheeo on BLM lands
in southeqsbm_Utah: lst Annual Report. BLM contract numbEr YA-533{TG1068.
Moab, Utah. 1(X} pp.

9

Kinq, M. M. L979. Differential habitat utilization by male and female mule deer. M.S.
Thesis. Brigham Young University, Provo, Utah. 27 pp.
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MAGAZINE ARTICLES

King, M.M. 19_93. Do Yq_u_Kpw How to Manage Your Forest for Songbirds? West Virginia
Nbngame News 11(8):7-8.

Kinq, M. M. 1991. Tennessee 4-H'ers Win 1991 National 4-H Wildlife Invitational. Tenn.
Wildl. Mag. Insider Section 15(3):1.

King, M. M. 19q). Tennessee's +H Wildlife Project. Tenn. Wildl. Mag. !4:9-L2.

King,_1t4. M. 19_90..Te4nessee.plqces 2nd in National 4-H Wildlife Judging Contest. Tenn.
Wildl. Mag. Insider Section L4:6.

EDUCATIONAL VIDEOS

oT'l[TXn9.hye]{r8j|ill3fr. leee. rhe Quail series (4 modules in the series). Univ.

Kino, M. M. and K. Roeker. 1991. Endanqered Soecies in Tennessee. In Recertification of
PriwE Pesticide ApplL@ELs fnining Wleo. G. Burgess, ed, Univ. fenn. Ag. Ext. Serulce.
(companion video to EC1021).

King, M. M. and T. K. Hill. 1989. The_Tennesgqq 4:Ll Wildlife Project. University of
Tennessee Ag. Extension Seruice. C.at. No. 088. 29 min.

National 4-_H Wiblife Habitat Evaluation Contest Video (Advisor). 1992. Kansas State
University. 11 min.

Na$onal 4-H Wildlife labitat EvaluaUon Contest Video - Leader's Guide (Advisor). lGnsas
State Univers,ty. 42 min.

TECH NICAL PAPER PRESENTATIONS

Kino. M. M. 1993. Teachino Environmental Stewardshio throuqh the Tennessee 4-H Wildlife
g$gct. 2nd TelnesseeT*latural Resource Researchers and Educators Symposium,
Muifreesboro, TN.

Kinq, M. M. 1993. Landowner DerceoUons of white-tailed deer populaUon and damaqe in
T6nnessee. 6th Eastem Wi6life Damage Management C.onferehce, Asheville, NC.-

Kinq. M. M. 1991. Utilizinq the Forest Stewardshio Prooram to Enhance Grouse Habitat on
Frivate Lands. 4th Southem Ruffed Grouse Workshdp, Greeneville TN.

King, M. M. 1991. Meetinq the natural resource educaUon needs of our chanoinq
cbnstituencies. Tennessee Chapter of The Wildlife Society Annual MeetingsT lvfaftin, TN.

Kino, M. M. 1990. Tennessee's Wildlib and Fisheries Extension Proorams. 4th National USDA

O 
Extension Fisheries and Wldlift Workshoo. Monbrev, CA.

10
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KiOs, M. M. and G. W. Workman. 1986. Effi of human hanssment on flioht behavior and
trvity budg€ts of desert bighom sheep. 30th Desert tlighorn Camcil, April 1985.
Page,'Nl. 

-

RenEhr, P., T.D. Bundl, G.W. Workman, and M. M. lcno. 1985. Reinbodnctbn of desert
bighgt!_sheqr into eipitol Reef National Park: a sum-mary. 30$ Desert Bighom Courrcil,
Aplif 1986. Page, M.'

Cresto, J., Connor, J., Karpowitr, J., and Kino, M.M. 1986. Desert biohom sheeo
manaq'ement iri tltah: 

'a 
oorierdtive effoft. 5fst North American Wildlife and NaUral

Resou-rces Conference, March 1986. Reno, NV. (Po6ter).

Knq, M. M. and G. W. Workman. 1986. ResDonse of desert biohom sheeo b human
h.rassrrent: manaqement imDlicauons. 51st Norh Americarfwildlift add Natunl
Resources @nftreice, March 1985. Reno, NV.

Kinq, M. M. and G. W. Workman. 1985. Flioht behavior of desert biohom sheeo in resoonse
Ej human disturbance. 29th Desert Bigh*n Council, Aprfl f985. bs Vegas, NV.

lfto, M. M. and G. W. Workman. 1984. Habitat overlao between desert biohom and
@qrestic.cat[e in southpstem Utah. Northem Wild'Sheep and @at Cofrftrene, May
198{. Whltehorse, YK, Anada.

Kino, M. M. and G. W. Workman. 1984. CatUe orazino in d€sert biohom haHtat in
Sutheastem Utah. 28F Desert Bbhorn C,oufrcil, April 1S4. Bullhead W, NZ.

lftu, M. M. and G. W. Workman. 1984. Ecdooical overlao htureen desert biohorn and
6tue in southeasGm Utah. Utah Wildlift S&., February 1984. l-ogan, UT.-

Kinq, M. M. and G. W. Workman. 1983. Behavior of the desert biohom sheeo in
5<iutheasEm Utah. Utah Academy of Science, Arts, and lettersl April 1983. logan, UT.

Kinq, M. M. and G. W. Workman. 19&3. Occurrence of a mouth disear in desert biohom
gllqep, Blue Notdt Canlon, Utah. 27th Desert Bighom Council, April 1983. SilverCity,
NM.-

lfiiq, M. M. and G. W. Workman. 1983. Mo/ements and habitat utilization of desert biqhom
fi BLM lands in southeastem Utah. 27th Desert Bighorn Council, Afil 1983. Silver City,
NM.

lGnq, M. M. and G. W. Workman. 1982. Desert biohom on BLM lands in southeastem Utah,
26ft Desert Bighorn @uncil, Apdl 1982. Bonefo Springs, CA.

l(nq, M. M. and G. W. Workman. 1981. A oreliminary reDort on desert Hohom sheeo
Elnviq'in_southea$m Ubh. Utah Academy of Scjedces, Arb, and L*ters, Nodmber
1981. St. George UT.

lftq, M. M. and H. D, Smith. 1979. Habitat oartiuoninq in male and female mule deer. 5S
Meetirp of Amer. Soc. Mammal., June 1979. Conallis, OR.

l(no, M. M. and H. D. Smith. 1979. Hatitat r"H* by male and female mule deer. utah
O 

Wildlift Soc.. February 1979. Salt lake GW.]
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II{VITED SEMINAR PR.ESETTTTATIONS

The Bashs of WiHlife Habltat Selection. 1994. lst Eastem Nuisane Wildlife @ntrrd
9peGbrs-Shor@urse: Unir/efsity of Kcngcky, Utah StaE UnlveElty and NaUonal Animal
Dbrnge Contnol Association. l-odngton, l(Y. "

Roqt Danlage_by Wildfift. 19t94.Jurf Gnss Shorburse. University of Tennessee Agricultunl
Extensioh Seivie. Knoxville, TN.

Fee Huntino: Positive and Neoative asoects fior Landowners and Hunbrs. 1993. Tennessee
Student(hapter of The WiHlif Soiiety Deer HunUng Seminar. Knoxville, TN.

Endanqer€d Soecies and Pesticide Use. 1992. The Universitv of Tennessee Aoriolhral
b<E-nsion SeMe CommefjalJesticide Appli-cabfs Certif,cauon WEl(shoF. Memphis,
Jad<son, Nashville, Knoxvilh, Cleveland, Mnrfrteesboio, l(ngspofl TN.

Wldlift Damaqe @nbd in Tennessee. 1992. The Unircrsitv of Tennessee Aoricultunl
Extension Sbrvice Pest Oontrol Operator School. Knoxvillb, TN.

Badcvard_wildlife. l9_9?.The University of Tennessee Agricultural ExEnsion SeMe UT Nc\t
Door Program. Nashvilb, TN.

- Deer Hunter - Lando^rner RelaUons in Tennessee. 1991. Tennessee Wildlib Resilrces
tt Agency Whitetaibd Deer Management Workshop. Jaclcon, TN.

Attractino Wildlife to the Landraoe. 1991. Unirrersitv of Tennessee Aoricrjltural Extension
Servic6 Omamental Horticulfure Expo Program. Ja'ckson, Lebanon, Chattanooga, TN.

Wildlife E@nomics. 1990. Middle Tennessee Forest Landowners Seminar. Nashville. TN.

Fee Hunting. 1990. WestTennessse Rural Revitalizauon oonfierence. Jad<son, TN.

Wildlife E@nomics. 1990. Tennessee Association of Soil Consenation Disticts Annual
Meeting. Memphis, TN.

AlQmativqlncome Wlth Wildlife. 1989. Tri-State CfN, @, AL) Catueman's Association
Spring Meeting. Chattanooga, TN.

Tennessee Wildlife; a rraluable @mmodity. 1989. Tennessee Foresby Associatjon Annual
Meeting. Nashville, TN.

Making Moryy with Wldlife. 1989. Georgh Fot€stry Day in the South landowner Workshop.
Afla-nh, GA.

WHlift in Utah. 1984-1985. Box Elder County Junior High Sctrools, Manhra, UT.

History of rylldlift in Utah. 1984-1985. logan Junior High School-Utah History Classes,
log'an, UT.

Held aqinq tedrniques br desert bhhom sheeo. 1982-1985. Utah Division of Wildlib
Resdufies, Blaniling and Moab, UT.

Eftcts of cattle Srazirp and human disturbance on desert bighom sheep in southeas€m.

L2



M.M. King

1984- &1.eau -Sf Land Ma-nagemenq U.S. Park Service, and U.S. Forest Service, Moab
Disfict Office (BLtvl), Moab, 0T.

Ecqlqgy of desert bfiShqm s.[gep in southeastern Utah. 1983. C,ollege of Eastem Utah Ufe
Sciehes DMsion,-hice, UT.'

Freld research on desert blghom sheep in Utah. 1983. Carbon County High School
Mvanced

Biology Program, Price, Utah.

Desert ttghorn sheep on BLM lands in southeastem Utah. 1983. Bureau of Land
Managenrent, Sari Juan Resoure Arg, MonUello, UT.

Degert blgtlAm sheep habitat use in southeastem Ubh. 1982. Utah Bighom Sheep Society,
Orem,UT.

Bighom sheep resrch in Utah. 1981. l.rlah Eighom Sheep Society, Salt Lake City, UT.

Moltnbin_ $eep of Nor$ America. 1980. College of Eastem Ubh Ufe Sciences Division,
Priae, UT.

Su4mer habitat uUliafon of mule deer. 1980. College of Eastem Utah Natural History
Seminar Series, Prie, UT.

Mule deer habitat utilizaUon and _winbrp,o-bleps in central Lrla-h. 1979. Brigham Young
University Student Chapter of Ute Wildlife Society, Proro, UT.

13
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Jody J. Patterson

EDUCATION: 1994 B.A. New Mexico Highlands University
1996 M.A. New Mexico Highlands University
2002 A.B.D. (Ph. D. expected Fall 2005) University of Alaska, Fairbanks

PROF ESS IONAL ORGAN IZATIONS:
Plains Anthropological Association

tF#"i!l*ffif#$il:';,,
PROFESSIONAL EXPERIENCE IN COLORADO:
2001 Cultural Resource Inventory and Limited Testing Resource Development

Technologies Eleven Well Locations Southwest of Rangeley, Rio Blanco County,
Colorado. Project Duration: 1 month.

PROFESSIONAL EXPERI ENCE:

2001 Archaeologist, Montgomery Archaeological Consultants, Moab, Utah.
Permitted as a supervisor in Utah (statewide). Responsibilities include fieldwork
(survey and testing); documentation of prehistoric and historic cultural resources;
site eligibility (NRHP) assessments; laboratory analysis of artifacts; and IMACS site
form and report and research design preparation.

Adjunct Faculty, University of Alaska-Fairbanks, Department of Anthropology
Courses taught include: Fundamentals of Archaeology, Archaeological Field School,
and Introduction to Anthropology. Also worked as a laboratory instructor and
Teaching Assistant for various courses from 1998-2000.

Archaeologist, Cultural Resource Consultants, Anchorage, Alaska.
Responsibilities included archaeological survey and testing, literature reviews, and
report writing.

Archaeologist-Project Director, University of Alaska and Wrangell-St. Elias National
Park and Preserve Project.
Supervised archaeology crew, conducted archaeological survey, lab work, and
report writing.

Archaeologist (GS-09), Wrangell-St. Elias National Park and Preserve
Conducted archaeological survey, supervised crew members, performed lab work,
and wrote reports.

Archaeological Technician, Pecos National Historical Park
Lithic analyst and crew member for cultural resource survey at Pecos Historical
Nationaf Park.

2000

2000

1 998

1997

1 995-1 996



J. Patterson

1993-1996 Archaeological Technician and Crew Chief, Northern Research Group, Inc., Las
Vegas, New Mexico.
Conducted field work, supervised crew members, conducted file searches, and
wrote repofts.

1993-1995 Archaeological Technician and Crew
Management, Las Vegas, NM.
Conducted field work, supervised crew

1 993

Chief, Las Vegas Cultural Resource

members, conducted file searches, and
wrote reports,

Crew Chief, Archaeological Mapping, NMHU, Department of Anthropology, Las
Vegas, NM. Supervised mapping crew during the summer field season.

Professional Presentations and Presented Papers

Patterson, J., S. George, P. Matheus, and C. Martin
2001 lJpper Yukon River Region. 1:6,000,000 scale map published by the Alaska Quaternary

Center and National Park Service for the Upper Yukon Heritage Symposium.

Patterson, J.
2000 How Far is too Far?: Quantifying Viewsheds in the Nutzotin Mountains, South-central

Alaska. Alaska Anthropological Association.

Patterson, J.
1999 A First Approximation of a Lithic Scatter Typology in the Nutzotin Mountains, Wrangel/-Sf.

Elias National Park and Preserue. Alaska Anthropological Association.

Patterson, J.
1998 Late Holocene Land Use in the Nutzotin Mountains. University of Alaska, Public

Anthropology Colloqui um.

1998 Archaeotogical and Paleoecological Fieldwork in the Wrangell-Sf. E/ras National Park and
Preserue. Alaska Quaternary Center Seminar.

Selection of Projects with Technical Publications in Utah

Patterson, J.
2005 Archaeological Data Recovery at42Ga381B and 43ln1371Along State Route 20, Garfield

and lron Counties, Utah.

Patterson, J., and K. Montgomery
2005 Cultural Resource Inventory of Bill Barrett Corporation's Stone Cabin Access on SITLA in

Carbon County, Utah.

Patterson, J.
2004 Bill Barrett Corporation's Stone Cabin Jack Canyon and Rims Survey, Carbon County, Utah.

2004 Cultural Resource Inventory of the Division of Wildlife Resources Little Mountain Test Annex
Project, Weber County, Utah.



J. Patterson

2004 Cultural Resource Protection, Monitoring, and Discovery Plan for the West Tavaputs
Plateau Drilling Program, Carbon County, Utah.

2004 Cultural Resource Summary of BBC's Tavaputs Plateau Exploratory Drilling Program,
Carbon County, Utah.

Patterson, J. and A. Whitfield
2004 Monitoring and Additional CRI of BBC Stone Cabin 3-D Seismic Program, Carbon County,

Utah.

Patterson, J.
2003 Mitigation of UDOT's US 191 lmprovement Project from SR 279 to SR 313, Grand County,

Utah.

2003 Cultural Resource Inventory of Lone Mountain's Bar X25 Well Location and Access, Grand
County, Utah. MOAC Report 03-55.

2003 Cultural Resource Inventory of Rio Algom's Water Drilling Program, San Juan County, Utah.
MOAC Report 03-37.

2003 Nine Mile Monitoring and Protection Program for BBC Well Locations in Dry and Nine Mile
Canyons, Carbon County, Utah.

2003 Cultural Resource Inventory of Bill Barrett Corporation's 12-24 and 5-13 Alt. Well Location,
Carbon County, Utah.

2003 Cultural Resource Inventory of Bill Barrett Corporation's Three Mile Pipeline in Nine Mile
Canyon, Carbon County, Utah.

2003 Cultural Resource Inventory of Bill Barrett Corporation's Water Canyon Compressor Station,
Carbon County, Utah.

2003 UDOT's Data Recovery Plan for 428e2189, Beaver County, Utah.

2003 Cultural Resource lnventory of Bill Barrett Corporation's Dry Canyon Compressor Station,
Carbon County, Utah.

2002 Cultural Resource Inventory of the RSA-USA, Inc. Marlboro Commercial Location Near
Gemini Bridges, San Juan County, Utah. MOAC Report 02-68.

2002 Cultural Resource Inventory of the RSA-USA, Inc., Marlboro Commercial Location Near
Dugout Ranch, San Juan County, Utah. MOAC Report No. 02-62.

2002 Cultural Resource inventory of a Portion of the Beehive-Midstate Fiber Optic Line Near
Garrison, Millard County, Utah. MOAC Report No. 02-32.

2002 Cultural Resource Inventory of Brown Brothers Constructions' Material Pit Near Cainville,
Wayne County, Utah. MOAC Report No. 02-05.



2A02 Cultural Resource Inventory of Utah Department of Transportation's Proposed Baker Gravel
Pit Near Kanosh, Millard County, Utah.

2002 Cultural Resource Inventory for MACTEC-ERS' Five Water Monitoring Well Locations Near
Green River, Grand County, Utah.

2002 Cultural Resource Inventoryfor MACTEC-ERS' FourWater Monitoring Well Locations Near
Moab, Grand County, Utah.

2002 Cultural Resource Inventory of Rock Deformation Research Inc's Proposed Sampling Areas
Along Muddy Creek, Emery County, Utah.

Patterson, J. and K.R. Montgomery
2002 Cultural and Paleontological Resources Survey of UDOT's US 191 lmprovement Project

Between SR 279 and SR 313, Grand County, Utah. MOAC Report No. 01-36.

Patterson, J. and K.R. Montgomery
2002 Cultural Resource lnventory of Two RSA-USA, Inc.'s Marlboro Commercial Locations in

Grand and San Juan Counties, Utah

2002 Cultural Resource Monitoring of Anshutz Headwater FederalT-15 Access Road, San Juan
County, Utah.

Patterson, J., M. Elkins, and K. Montgomery
2001 Cultural Resource Inventory of the New Water Utility Line for the City of Price, Carbon

County, Utah. MOAC Report No. 01-87.

Patterson, J. and K. Montgomery
2001 Cultural Resource Inventory of Three Areas within the Proposed Scofield Area Coal Mine,

Carbon County, Utah. MOAC Report No. 01-97

2001 Cultural Resource Inventory of the Quitchupah Coal Haul Road, Emery and Sevier
Counties, Utah. MOAC Report NO. 01-82.

Patterson, J.
2000 Wiki Peak-Ptarmigan Lake 1999 Archaeological Investigations: Overview of the Work

Conducted by the University of Alaska, Fairbanks Archaeological Field School. Submitted
to Wrangell-St. Elias National Park.

2000 Additional Testing of Six Surface Depressions Near the Egegik Airport, Alaska. Cultural
Resource Consultants, Anchorage, Alaska.

2000 Survey and Testing of the Alternative B Runway at Platinum, Alaska. Cultural Resource
Consultants, Anchorage, Alaska.

Patterson, J.
1996 Plains-Pueblo Interaction at Tecolote Pueblo (LA 296), Tecolote, New Mexico. Master's

Thesis, Anthropology Department, New Mexico Highlands University.
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NAME: Keith R. Montgomery

ADDRESS: 
i;3;itiJ[' ror,
(43s)'2ss-s764
kmontgo mry @montarch. com

EDUCATION: 1974 A.A. Edmonds Community College
1976 B.A. Western Washington University (Anthropology)
197 9 M.A. Western Washington University (Archaeology/Anthropology)

PROFES SIONAL ORGANIZATIONS : Utah Professional Archaeological Council
Society for American Archaeology

PROFES SIONAL EXPERIENCE :

L996 - Present Principal Investigator, Montgomery Archaeological Consultants, Moab, Utah.
In charge of writing technical proposals, and initiating and directing all cultural resource
projects. Responsible for ensuring that all projects conducted by the company meet required

standards for compliance with federal and state legislature pertaining to cultural resources.

To date, he has directed over 500 projects to completion on state, federal, and private lands.

1983-1996 Consulting Project Archaeologist, Sagebrush Archaeological Consultants, Ogden, Utah.

Permitted under Sagebrush to conduct cultural resource investigations (survey, testing, and

excavation) on federal and state lands in the Great Basin (Utah and Nevada) and Colorado

Plateau (Utah, Colorado, and Arizona). Responsible for project planning and coordination,

supervision of field crews, site recordation, NRHP assessments, data analysis, and report
preparation.

1984- 1996 Consulting Project Archaeologist, Abajo Archaeology, Bluff, Utah.
Permitted under Abajo to perform cultural resource investigations (survey, testing,

excavation) on federal and state lands in the Utah, western Colorado, and northern Arizona).
Responsible for project planning and coordination, technical proposals, supervision of field

crews, site recordation and NRHP assessments, data analysis, and report preparation.

1981-1983 StaffArchaeologist. Archeological Environmental Research.
Corporation (AERC) Bountiful, Utah. Permitted (federal and state) to supervise cultural

resource investigations (survey and excavation) in the Great Basin and Colorado Plateau
(Fre mo n t and Ana s azi) ge o gr aphic al I cultural are as .
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Selected Projects with Technical Reports and Publications:

Montgomery, K.
2005 Cultural Resource Inventory of EOG Resources, Inc.'s Five Proposed Wells: CWU #662-6, CWU

#663-6, and East Chapita #l-5, #2-5, and #5-5 in Uintah County, Utah

Montgomery, K.
2004 Cultural Resource Inventory ofBill Barrett Corporation's ProposedTumbleweedUnits #14-Il -15-21,

#16-17-15-21,#9-18-15-21 and #I-19-15-21Well Locations, Uintah County, Utah.

Montgomery, K.R., and D.L. Shank
2004 Cultural Resource Inventory forUtah Department of Transportation's SR 56 Bridge (Structure OC

-307) Rehabilitation Project, East of Modena, Iron County, Utah.

Montgom€ry, K., and S. Kinnear-Ferris
2004 Cultural Resource Survey of Bill Barrett Corporation's Cedar Camp3D Seismic Project, Uintah and

Grand Counties, Utah.

Elkins, M., and K. Montgomery
2004 Cultural Resource Block Inventory of Ute Tribal Lands in Sections 19, 30, and 31 of T5S RsW for UTE

FNR LLC, Duchesne County, Utah.

Mrstik, J., and K. Montgomery
2004 Cultural Resource Inventory of Division of Wildlife Resources Consumers Road Parcels, Carbon

County, Utah.

Whitefield, A., and K. Montgomery
2004 Cultural and Fossil Resource Inventory Along US Highway 89 and State Route 14 Near Long Valley

Junction, Kane County, Utah. STP-0089(86)104.

Elkins, M. and K.R. Montgomery
2003 Cultural Resource Inventory For the Utah Department of Transportation's US 6 Helper Interchange,

Carbon County, Utah. Report No. U-03-MQ-0320s.

2003 Class I Existing Data Review of Encana Oil and Gas Colporation's Proposed Oil and Gas
Development Area in the Kennedy Wash Region of Uintah County, Utah. Report No. U-03-MQ-
7 52b,s,p.

Montgomery, J.A. and K.R. Montgomery
2003 Utah Department of Transportation's State Route l0 Muddy Creek Bridge Replacement Cultural

Resource Inventory, Emery County, Utah.
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Elkins, M. and K.R. Montgomery
2002 Cultural Resource Inventory ofUP&L Pacificorp Camp Williams To FourCorners 345kv Power Line,

San Juan County, Utah.

2002 Cultural Resource Inventory of Seven Seismic Lines for the Veritas Uintah Seismic Project, Uintah
County, Utah.

2002 Cultural Resource Inventory of the Emery Telecom's FiberOptic Line Between the Towns of Price
and Helper, Carbon County, Utah.

Kinnear-Ferris, S. and K.R. Montgomery
2002 Cultural Resource and Fossil Inventory of Utah Department of Transportation's SR-95 Westwater

Canyon Realignment, San Juan County, Utah.

Montgomery, J. and K.R. Montgomery
2002 Utah Department of Transportation's State Route 10 Muddy Creek Bridge Replacement Cultural

Resource Inventory, Emery County, Utah.

Montgomery, K.R. and S. Ball
2002 Cultural Resource Inventory of Inland Resources' 760-Acre Parcel in Township 8S, Range 168,

Section 24 andTownship 85, Range 17E, Section 19, Duchesne County, Utah.

Raney, A. and K.R. Montgomery
2002 Cultural Resource Inventory ofthe Dixie Escalante 138kV Power Line Project, Washington County,

Utah.

Montgomery, K.R.
2001 Cultural Resource Inventories of400 Acres in the Wells Draw and Pariette Bench Localities for Inland

Production Company, Duchesne County, Utah. Montgomery Archaeological Consultants.

200I Cultural Resource Inventories of 20 Well Locations, Access and Pipeline Routes in the Wonsits
Valley Oil and Gas Field, Uintah County, Utah. For Shenandoah Energy, Inc. Montgomery
Archaeological Consultants.

Montgomery, K.R. and S. Ball
2001 Cultural Resource Inventory ofthe Moore Road (County Road 1612) Emery County, Utah. Preapred

for the Utah Department of Transporation under contract with JBR Environmental Consultants.
Montgomery Archaeological Consultants.

2001 Cultural Resource Inventory of the Garkane Powerline Between Mount Carmel Junction and Zion
National Park, Kane County, Utah. Montgomery Archaeological Consultants.

Montgomery, J.A. and K.R. Montgomery
2001 Cultural Resource Inventory of Bonnevilee Fuels Corporation's Willow Creek Pipeline, Uintah

County, Utah. Montgomery Archaeological Consultants.

Elkins, M. and K.R. Montgomery
2001 Cultural Resource Inventory of Citizen Communications'Fiber Optic Line Along SR l74,Millard

County, Utah. Montgomery Archaeological Consultants.
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Elkins, M. and K.R. Montgomery
2A0l Cultural Resource Inventory for the Utah Department of Transportation's US 89 Intersection

Improvement Near Big Water, Kane County, Utah. Montgomery Archaeological Consultants.

Patterson, J.J. and K.R. Montgomery
2A0I Cultural Resource Inventory of the Quitchupah Coal Haul Road, Emery and Sevier Counties, Utah.

Montgomery Archaeological Consultants.

Montgomery, K.R.
2000 Archaeological Data Recovery at a Prehistoric Quarry (Site 5RB790/42Un1669) In Hells Hole

Canyon, Rio blanco County, Colorado. Montgomery Archaeological Consultants.

Montgomery, K.R. and S. Ball
2000 Cultural Resource Inventory of Marathon Oil Company's 2000 Drilling Program in Castle Valley,

Carbon County, Utah. Montgomery Archaeological Consultants.

Montgomery, K.R. and J.A. Montgomery
2000 Utah Department of Transportation's Interstate 70 to Price State Route 10 Passing Lanes Cultural

Resource Inventory, Emery and Carbon Counties, Utah. Montgomery Archaeological Consultants.

2000 Cultural Resource Inventory and Evaluative Testing ofUtah Department ofTransportation's U. S. 191
White Mesa Amended Right-of-Way Access Project, San Juan County, Utah. Montgomery
Archaeological Consultants.

Montgomery, K.R.
1999 Cultural Resource Inventory of the Plateau's Willow Creek Mine Pipeline Gathering System, Carbon

County, Utah. Montgomery Archaeological Consultants.

1999 Cultural Resource Inventory of Coastal Oil and Gas Corporation's Ten Well Locations in the Park
Mountain Area, Rio Blanco County, Colorado. Montgomery Archaeological Consultants.

Montgomery, K.R. and J.A. Montgomery
1999 Cultural Resource Inventory Along Salina's Main and State Streets, Sevier County, Utah.

Montgomery Archaeological Consultants.

Montgomery, K.R., J.A. Montgomery, and S.Kinnear-Ferris
1999 Cultural Resource Inventory of the Emery Telephone Fiber Optic Line Ferron to Emery, Emery

County, Utah. Montgomery Archaeological Consultants.

Montgomery, J.A., and K.R. Montgomery
1999 Eligibility Testing at Site 4zcbI3}2,CarbonCounty, Utah. Montgomery Archaeological Consultants.

Montgomery, K.R.
1998 Cultural Resource Inventories of Coastal Oil and Gas Corporation's Douglas Creek Unit Wells #67,

#69, and#70, Rio Blanco, Colorado. Montgomery Archaeological Consultants..

1998 Data Recovery at Site 428m2423.1 for the Proposed Cottonwood Creek Water Treatment Plant in
Emery County, Utah. Montgomery Archaeological Consultants.
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Montgomery, K.R., and J.A. Montgomery
1998 Cultural Resource Inventory of the Bryce Canyon Foster's Development Parcel, Garfield County,

Utah. Montgomery Archaeological Consultants.

1998 Cultural Resource Investigations of the Joe Wilson Canyon Pipeline, San Juan County, Utah.
Montgomery Archaeological Consultants.

1998 Cultural Resource Inventory of the Goblin Valley Materials Pit, Emery County, Utah. Montgomery
Archaeological Consultants.

Montgomery, J.A.., and K.R. Montgomery
1998 Cultural Resource Inventory of the Jack Spring Water Line Project, San Juan County, Utah.

Montgomery Archaeological Consultants.

1998 Cultural Resource Inventory of the Wellington Canal Irrigation and Water Conservation Project,
Carbon County, Utah. Montgomery Archaeological Consultants.

Montgomery, K.R., and J.A. Montgomery
1997 Cultural Resource Inventory and Site Testing ofthe Cottonwood Creek Water Project, Emery County,

Utah. Montgomery Archaeological Consultants.

1997 Cultural Resource Inventory and Evaluative testing for the Wilson Arch Power Line Project, San Juan
County, Utah. Montgomery Archaeological Consultants.

1997 Cultural Resource Inventory of the Emery Telephone Company's Green River to Crescent Junction
Fiber Optic Line, Grand County, Utah. Montgomery Archaeological Consultants.

Montgomery, K.R., and J.A. Montgomery
1997 Cultural Resource Inventory of the Moab Airport to Crescent Junction Fiber Optic Line, Grand

County, Utah. Montgomery Archaeological Consultants.

Montgomery, K.R., and J.A. Montgomery
1996 Cultural and Paleontological Resource Inventory of Utah Department of Transportation's U.S. 191

Lane Addition and Drainage Easement for the Kane Springs Wash Bridge Replacement Project, San
Juan County, Utah. Abajo Archaeology.

1996 Cultural Resource Inventory and Evaluation of Utah Department of Transportation's Mormon Tank
Wash Bridge Replacement Project Along U.S. 191, San Juan County, Utah. Abajo Archaeology.

Montgomery, K.R.
1996 Evaluative Testing of Site 42Gr2556 along Tusher Canyon Road (CR126), Grand County, Utah.

Abajo Archaeology.

W.E. Davis and K.R. Montgomery.
1996 Site 42Sa22396: A Prehistoric Hoe Procurement Site on Big Bench, Southern San Juan County, Utah.

Utah Archaeology 1996.

Montgomery, K.R., and J.A. Montgomery
1995 Cultural Resource Inventory of PacificorpAJtah Power's Proposed 345 kV Transmission Line Green

River to Grand Junction Section, Grand County, Utah and Mesa County, Colorado. Volumes I and
II. Abajo Archaeology.
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Montgomery, K.R.
1995 Cultural Resource Inventory and Evaluative Testing for Utah Department of Transportation's State

Route 18: St. George to Snow Canyon, Washington County, Utah. Abajo Archaeology.

Montgomery, K.R., and J.A. Montgomery
1994 Cultural Resource Inventory and Evaluation of Utah Department of Transportation's Mormon Tank

Wash Bridge Replacement Project along U.S. 191, San Juan County, Utah. Abajo Archaeology.

1994 Cultural Resource Inventory and Historical Reconnaissance Survey for Utah Department of
Transportation's SR-260, Sevier County, Utah. Abajo Archaeology.

Montgomery, K.R.
1994 Cultural Resource Inventory of Utah Departments of Transportation's La Sal Junction road

improvement project along U.S. 191 and SR-46, San Juan Co., Utah. Abajo Archaeology.

Montgomery, K.R., and J.A. Montgomery
1993 Utah Department of Transportation's State Route 31 Huntington Canyon Project: Archaeological

Excavations at Site 42Em2109 and 42Em2095, Emery County, Utah. Abajo Archaeology.

Montgomery, K.R.
1993 Cultural Resource Inventory and Site Testing for White Mesa Sanitary Landfill in San Juan County,

Utah. Abajo Archaeology.

Montgomery, K.R., and J.A. Montgomery
1992 Cultural Resource Inventory and Evaluation of the Utah Department of Transportation's State Route

14 Conidor between Mileposts 0.6 and 8.5, Iron County, Utah. Abajo Archaeology.

Montgomery, K.R., and J.A. Montgomery
1992 Cultural Resource Inventory and Evaluation of Garfield County's Johns Valley Road Improvement

Project, State Road 22 Survey Conidorbetween Mileposts 12.00 and 16.58, Garfield Counfy, Utah.
Abajo Archaeology.

Montgomery, K.R.
1992 Cultural Resource Inventories of Utah Department of Transportation's Circleville to Junction State

Route 89 and State Route 62 Project Areas, Piute County, Utah. Abajo Archaeology.

Montgomery, K.R.
1990 Cultural Resource Survey of a Gold Mine Near Soup Rock, San Juan County, Utah. Sagebrush Ar-

chaeological Consultants.

1989 Cultural Resource Inventory of the Proposed Utah Department of Transportation's Dubinkey Road
Materials Pit, Grand County, Utah. Abajo Archaeology.

Montgomery, K.R.
1989 Cultural Resource Inventories and Evaluations of the Utah Department of Transportation's

Information/View Localities along State Route 313, Grand County, Utah. Abajo Archaeology.

1988 Cultural Resource Inventory of the Proposed Utah Department of Transportation's Sagebrush Bench
Materials Pit, Emery County, Utah. Abajo Archaeology.
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Montgomery, K.R., and J.A. Montgomery
1988 The Archaeology of the Recapture Dam Pipeline Project, Phase I, San Juan County, Utah. Abajo

Archaeology.

1988 Archaeological Testing for Utah Department of Transportation at Site 42Em1876: Interstate Highway
70, Castle Valley to Beyond Muddy Creek Segment, Emery County, Utah. Abajo Archaeology.

1988 Archaeological Testing at Sites 425a10636,425a18241 and 425a20040 Along U.S. Highway 191,
Grand and San Juan Counties, Utah. Abajo Archaeology.

Montgomery, K.R.
1987 Cultural Resource Inventory of the Utah Department of Transportation's Ferron Creek Bridge and

Highway Improvement Project in Emery County, Utah. Abajo Archaeology.

Montgomery, K.R., and J.A. Montgomery
1987 Cuttural Resource Inventory of the State of Utah's Horse Pasture No. 2 Chaining Program, Grand

County, Utah. Abajo Archaeology.

Montgomery, K.R.
1986 Intensive Cultural Resource Inventory ofthe Proposed Utah Department ofTransportation Cat Canyon

Materials Pit, Carbon County, Utah. Abajo Archaeology.

Montgomery, K.R., and J.A. Montgomery
1986 Cultural Resource Inventory and Avoidance Recommendations for the Alkali Road Improvement

Project, San Juan County, Utah. Abajo Archaeology.

Montgomery, K.R., and J.A. Montgomery
1985 Cultural Resource Inventory and Avoidance on Seven Seismographic Transects for Champlin

Petroleum, Alkali Prospect, San Juan County, Utah. Abajo Archaeology.

Montgomery, K.R.
1983 Cultural Resource Survey ofFive Seismic Lines in San Juan County, Utah. Environment Consultants

Inc., Dallas, Texas.

Montgomery, J.A., K.R. Montgomery, D.Weder, and F.R. Hauck
1982 Archaeological Investigations in the Ten Mile Potash Project Area in Grand County, Utah. AERC

Paper No. 35, Archaeological Environmental Research Corporation, Salt Lake City.

Montgomery, K.R.
1981 Archaeological Reconnaissance of Seismic Conidors and Access Roads in the Cottonwood Canyon,

Tank Mesa, Montezuma Canyon, Cedar Peak, and Little Ruin Canyon Localities of San Juan County,
Utah. Archeological Environmental Research Corporation.

Montgomery, K.R.
1979 Prehistoric Settlements of Sumas Valley, Washington. Masters's Thesis, Department of

Anthropology, Western Washington University.

Montgomery, K.R.
1978 "A Preliminary Report of Archaeological Research of the Sumas Area." Paper Presented to the 31st

Annual Northwest Anthropological Conference.
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Education

2004 - Present Ph.D., Anthropology, Washington State University - Pullman, WA
Dissertation topic - How shifting subsistence strategies of settled agro-pastoralists relate to

tffiff; il,3:.'Jl;:ttrnt 
and social structure at the chalcolithic site of Gilund India,

2000 - 2004 il;kffi$".l; i#,;Jilxlv";"x:r ::;;":;Y" #)trit;xh, B ones Among
Contemporary Bofi Foragers of the Central African Republic," Chaired by Dr. K.D. Lupo

1992 - 1997 8.S., Sociology-Anthropology, Montana State University - Bozeman, MT

Research Interests

Conservation Biology, Prehistoric Environmental Exploitation, Cultural Sustainability

Appropriate Field Methodologies, Public Participation and Archaeological Applicability

Colorado Plateau, Chaco, Anasazi, Fremont, Socioeconomic Scale and Interactions

Indus Civilization, Shifting Subsistence Strategies, Pastoralism, Domestication

Central Africa Forest-Foragers, Ethnography, Applied Ethnographic Research

Zoo archaeol ogy, Taphonomy, Hominid/Hominoid Ec o logy

Publications and Reports

Fancher, Jason and Matthew Landt
In Prep Tooth and Tool in Small Mammal Butchery Studies: Ethnoarchaeological Research Among

Bofi Foragers of the Central African Republic. Prepared for submission to Journal of
Anthropological Archaeology during Summer 2006

Landt, Matthew and Andrew Duff
In Prep Report on Excavations from the 2005 and 2006 Cox Ranch Community Project. Prepared for

submission to BLM - Socorro Field Office during early summer 2006.
Landt, Matthew

In Prep Tooth Marks and Human Consumption: Ethnoarchaeological Mastication Research
Amongst Foragers of the Central African Republic. Prepared for submission to Journal of
Archaeological Science during early summer 2006

Landt, Matthew and Jenn Mueller
In Press Prehistoric Bedrock Mortars in Southeastern Utah. Utah Archaeology. Given final

acceptance and awaiting publication of volume.
Landt, Matthew J.

2005 Preliminary Report on the Faunal Remains from Gilund, India. Submitted in Fall 2005 and
awaiting final form from P.I.s Dr. G. Possehl (U. of Penn.) and Dr. V. Shinde (Deccan
College) - expected during summer 2006

Mueller, Jenn and Matthew Landt
2004 Results of A Cultural Resource Revisitation Programfor Lisbon Valley, San Juan County,

Lltah. Bureau of Land Management. Copies available from BLM Report # U-04-BL-1395b,

P, S'
Lupo, Karen, and Matthew Landt

2003 Wear and Functional Analysis of Three Bone Scrapers fro* the Bernstein-
Dierking Discovery Site (425A24364), Utah. Prepared for Edge of the Cedars State Park
Museum, Blanding, Utah.

a

o

o

o

o

a
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matth en _landt@ws u. e da PO Box 2612 Pullman, WA 99165-2612

Professional Presentations

Mueller, Jenn L., Matthew J. Landt, and Donna Turnipseed
2005 Downcutting, Erosion and Old Survey Data: A Cautionqry Tale of Two Site Inventories.

Paper presented at the 7th Biennial Rocky Mountain Anthropological Conference, September
20A5, Park City, Utah.

Landt, Matthew, Andrew Duff, and Fumiyasu Arakawa
2005 Results from the Cox Ranch Pueblo Community Research Project. Poster presented at the

70'h Annual Meeting of the Society forAmerican Archaeology, March-April 2005, Salt Lake

City, UT. - Included as link on National BLM website in web-friendly format at
http://www.blm.gov/heritageladventures/heritage_ed/site_visits.html, accessed 10 Jan 2006.

Duff, Andrew, Alissa Nauman, Jenn Mueller, Stephanie VanBuskirk, Gary Huckleberry, Matthew Landt,

and Hugh Robinson
2004 Recent Research in the Cox Ranch Community, a Chacoan CommuniQ on the System's

Southern Frontier. Poster presented at the 69th Annual Meeting of the Society for American
Arc haeo lo gy, March-April 2004, Montreal, Canada.

Landt, Matthew
2003 Investigations of Human Gnawing on Small Mammal Bones by Contemporary Bofi Foragers

of the bentral African Republic. Paper presented at the 68th Annual Meeting of the Society
for American Archaeology, April 2003, Milwaukee, WI.

Schachner, Gregson, Andrew I. Duff, Matt J. Landt, and R. David Satterwhite
2003 Exploring Chaco's Southern Frontier: Survey of the Cox Ranch Community. Poster

presented at the 68'h Annual Meeting of the Society for American Archaeology, April 2003,
Milwaukee, WI.

Guest Lecturer
Landt, Matthew

2005 Chimpanzee Mastication and Early Hominid Evolution Invited Lecturer at WSU-Pullman as
part of the Undergraduate Anthropology Lecture Series.

Landt, Matthew
2005 The Marginal Chalcolithic Site of Gilund, India. Invited Lecturer at WSU-Vancouver as

part of Vancouver Anthropology Undergraduate Colloquium Series.

Societv Memberships

Register of Professional Archaeology (since 2004)Society for American Archaeology (since 2000)
Archaeological Conservancy (since 2003)
International Council of Archaeozool ogy (2002)

Society of Conservation Biology
2003)

(since

Computer & Miscellaneous Skills

Adobe Suite (Photoshop and Illustrator)
ArcGis & GPS Pathfinder
Miscrosoft Suite (Excell, Word, Powerpoint, etc.)

Automotive Repair Skills (Clutch, Throwout
Bearing, Carburetor, Transfer Case, etc.)

NAUI Certified (2002)



MATTHEW J. LANDT nnA npl rsaq'ars-sara
m att h ew _l an dl@w s u. e d u

Date / Location
July - Aug 2005

Utah

May - July 2003-2005
New Mexico

Jan - Feb 2005
India

July - Dec 2004
Utah

Sept - Dec 2003 I
Central African

Republic

Iuly 2003 I
Utah

July - Aug2002 I
Washington

May - June 2002 I
New Mexico

Sept 2001 /
Idaho

July - Aug 2001 I
Montana

July - Aug 2000 /
Montana

PO Box 2612 Pullman, WA 99165-2612

Field Work Experience
Supervisor, Position, & Nature of Work

Donna Turnip see s (BLM), Archaeological Technician/ArcGis Spec iali st
Hired under the STEP program with the Moab Field Office. Performed Section 106,

Class III Field Inventory and Pedestrian Survey for Uranium testing programs in

Lisbon Valley with at-risk/vandalized sites in Ten-Mile Canyon. In field mapping

and lithic analysis with Trimble mapping.

Dr. Andrew Duff (WSU) - Field School Teaching Assistant/Excavation Crew Chief/
Site Photographer; Plan and Supervise Site Excavation and Facilitate Student
Instruction in Excavation Procedures as well as Field Laboratory Methods that
include Flotation and Faunal Analysis at the Cox Ranch Pueblo Community

Dr. Gregory Possehl (University of Pennsylvania), Faunal Analyst/Excavation Crew
Chief; Archaeological Excavation, Survey and Faunal Analysis at the Chalcolithic
site of Gilund, Rajasthan District, India

Donna Turnipseed (BLM) & Dr. Andrew Duff (WSU), Crew Chief/ArcGis Trainee

Challenge Cost-Share/Cooperative Conservation Initiative Agreement between

Washington State University and the BLM, Moab Field Office (MFO). Audited
cultural resource records at MFO for 'at-risk' sites. Performed unsupervised
Section 106, Class III field inventory for designated sites with GIS. Reassessed site
evaluations and provided action plan for mitigation in Lisbon Valley.

Dr. K.D. Lupo (WSU), Ethnoarchaeological Assistant
Pedestrian and Archaeological Survey of Rockshelters, Ethnographic Interviews

and Focal Follows among Forest Foragers in the N'gotto Forest Reserve

Mr. David Schmitt (Desert Research Institute), Crew
Pedestrian Survey on Dougway Military Base for Stryker Project

Dr. Matthew Root (Rainshadow Research, Inc.), Crew
Pedestrian Survey for BLM Land Exchange in NE Washington

Dr. Andrew Duff (WSU) - Crew
Pedestrian Survey & Reconnaissance for 2003 WSU Field School at the Cox Ranch
Peublo Community

Dr. Peter Mehringer (WSU), Student
Lake Coring linked with Palynology class at Perkins Lake

Dr. Leslie Davis (Museum of the Rockies), Crew and Lab Manager
Pedestrian Survey and Excavation at the Hagen Site, OTL Ridge, and MacHaffie
Site. Responsible for the Curation and Cataloging of Excavated Materials.

Dr. Leslie Davis (Museum of the Rockies), Excavation Crew and Lab Manager
Archaeological Reconnaissance in the Badlands of Montana and South Dakota.
Responsible for Excavation, Curation and Cataloging of Materials at MacHaffie.



MATTHE . LANDT
metthew_landt@wsu.edu

Date / Location
July - Aug 1998 /

Montana

June - July 1996 I
Wyoming

Date
2005-2006

Spring 2004

Spring 2004

2001-2003

200r-2003

2001-2003

200r-2003

Fall2002

Spring 2002

Spring 2002

Fall 2001

Summer 2001

509, 435-5080
PO Box 2612 Pallman, WA 99165'2612

Field Work Experience cont'd
Supervisor, Position, & Nature of Work

Dr. Leslie Davis (Museum of the Rockies), Crew
Excavation in Central Montana at Blacktail Cave and the MacHaffie Site

Dr. Marcel Kornfeld & Dr. Charles Reher (University of Wyoming), Student
Excavator at the Vore Buffalo Jump, Sandcreek Rockshelter, and Pedestrian
Survey in the Black Mountain Archaeological District

Teachins/Professional Exoerience
Position/Supervisor NatureofWork/Location
Teaching Assistant Anthropology Department WSU, Pullman, WA

World History Pre-1500 (GenEd 110) Dr. Richard Hines
Introduction to Anthropology (Anth 101) Dr. Marsha Quinlan

Preceptor/Grader, World History Post-1500 (GenEd 111)
Dr. Ken Faunce, Anthropology Department WSU, Pullman, WA

Preceptor/Tutor, Physical Anthropology (Anth 264)
Dr. Katherine Lovrich, Student Advising and Learning Center WSU, Pullman, WA

Scanning Electron Microscopy Technician, Microscopy Research (EMIC 487)
Dr. Chris Davitt Department of Biological Sciences WSU, Pullman, WA

Teaching Assistant, Anthropology Department WSU, Pullman, WA

Introduction to Anthropology (Anth 101) Dr. Gary Huckleberry
Sex, Evolution and Human Behavior (Anth 468) Mrs, Terry Tucker
World History Post-1500 (GenEd I 1 1) Dr. Ken Faunce
Introduction to Anthropology (Anth 101) Dr. Shila Baksi

Senator, Graduate and Professional Student Association (GPSA) WSU, Pullman, WA

Affiliate, GPSA Budget Committee WSU, Pullman, WA

Research Assistant, SEM Technician/Image Analysis of Ground Stone
Dr. Peter Mehringer, Anthropology Department WSU, Pullman, WA

Research Assistant, Human Genome Diversity Project Literature Research
Dr. Linda Stone, Anthropology Department WSU, Pullman, WA

Research Assistant , Lab Prep/Cataloging of Small Animal Comparative Specimens
for Curation in the Connor Museum of Vertebrate Zoology

Mr. Kevin Pullen, Department of Biological Sciences WSU, Pullman, WA

Museum Assistant, Volunteer/Supervisor for Visit of Grade School Children
Dr. Mary Collins, Museum of Anthropology WSU, Pullman, WA

Museum Technician, Catalogue Artifacts for Curation and NAGPRA Compliance
Dr. Mary Collins, Museum of Anthropology WSU, Pullman, WA

4



MA
matthew_landt@wsu.edu

Date

Type/Date
Award /

Fall 2005

Scholarship /

Award /
Fall 2004

Grant I
Spring 2003

Grant I
Spring 2003

Award /
Spring 2003

Language
English
German
Hindi
Rajastani
French
Sangho
Bofi

Teaching/Professional Experience cont'd
Position/Supervisor Nature ofWork/Location

Jeff Bondy Montana State Universitv

Awards. Grants. and Honors
Issuer & Nature of GranUAward

s09 43s-s080
PO Box 2612 Pullman, WA 99165'2612

MSU, Bozeman, MT

Ability
fluent
non-practical
practical only - Spring 2005
practical only - Spring 2005
practical only - Fall 2003
practical only - Fall 2003
practical only - Fall 2003

LANDT

Spring 2001 Research Technician, Identification of Macrobotanicals in Multiple Lake Cores
Dr. Peter Mehringer, Anthropology Department WSU, Pullman, WA

1997-1998 Research Assistant, Display Preparation, Cataloging and Curation of Prehistoric and

Dee Seitel
Historic Artifacts and Fossils
Museum of the Rockies MSU, Bozeman, MT

r994-1996 Resident Advisor, Organize & Supervise Student Community Involvement
Tammy Olsten Montana State University MSU, Bozeman, MT

Spring 1995 Resident Advisor National Representative, National Association of College and University

1" Annual Rain Shadow Research Graduate Student Award to further graduate

research.

I't Annual Janet L. Friedman Memorial Scholarship in Archaeology for a Ph.D.

Spring 2005 student with a focus in Cultural Resource Management.

Excellence Award for archaeological contribution to the BLM- Moab Field Office
(1st Oct 2004)

Graduate School Travel Grant for travel to 68th Annual Meeting of the Society for

American Archaeology, April 2003, Milwaukee, WI.

GPSA Registration Grant for registration at 68th Annual Meeting of the Society for
American Archaeology, April 2003, Milwaukee, WI

GPSA Senate Excellence Award for service to graduate and professional students as
a member of the Senate and Budeet Committee

Laneuaee Abilities
Experience

2 vears school
2 months
2 months
3 months
2.5 months
2.5 months



VITA

MARK CLAYTON BOND
P.O. Box 56

Blufl utah 84512

EDUCATION:

MA in Anthropology (Dean's List), Northern Arizona University, Flagstaff, Arizona,
1981 .

BA in Anthropology, (with Honors), New Mexico State University, Las Cruces, New
Mexico. 1974.

PROFES SIONAL EXPERIENCE :

1999-Present Staff Archaeologist (full-time), Montgomery Archaeological Consultants, Moab,
Utah.

1996-1998 and 2002 Project Site Foreman, University of Colorado (Boulder), summer field
school excavations at Site 42Sa22674, a Chacoan Great House in Bluff, Utah.

D90-2A02 Consulting Project Archaeologist contracting with Abajo Archaeology, Bluff,, Utah.

I 988- 1990 Staff Archaeologist, Zum Archaeological Program , Zum Pueblo, New Mexico.

1982-1988 Consulting Project Archaeologist contracting with Abajo Archaeology, Bluff, Utah.

1987 Archaeological Field Director, Human Systems Research, Inc., Las Cruces, New Mexico.

1981 Crew Director, Plano Archaeological Consultants, Longmont, Colorado.

1981 Project Archaeologist, Archaeology Laboratory, Northern Artzona Universtiy, Flagstaff,
Anzona.

1980 Crew Director, Laboratory of Public Archaeology, Colorado State University, Fort
Collins, Colorado.

1979-1980 (full time) and 1975-1977 (intermittent) Project Director, Cultural Resources
Management Division, Department of Sociology and Anthropology, New Mexico State
University, Las Cruces, New Mexico.

TECHNICAL REPORTS AND PUBLICATIONS :



197 6 An Archaeological Survey of Sixteen Proposed Drill Pads in Socorro County, New
Mexico. New Mexico State University, Cultural Resources Management Division
Report No. 47.

1976 An Archaeological Reconnaissance of Ten Proposed Geothermal Testing Areas in
Hidalgo County, New Mexico, with Janet Watson. New Mexico State University,
Cultural Resources Management Division Report No. 51.

1977 Highway Salvage Archaeology in the Vicinity of Chilchinbito, Arizona, with Toni Sudar-
Murphy and Fred P. Frampton. New Mexico State University Museum Occasional Paper
No. 4.

1978 Collection and Analysis of Lithic Procurement Debris Loci in the Bullhead City-Riviera
Area, Mohave County, Aizona. Manuscript on file, Laboratory of Archaeology,
Northern Arizona University, Flagstaff.

1978 A Survey of Proposed Construction Site Areas in Riviera, Aizona. Manuscript on file,
Laboratory of Archaeology, University of Northern Arrzona, Flagstaff.

1979 An Archaeological Survey of Eight Proposed Continental Oil Company Well Locations
in Lea County, New Mexico. New Mexico State University, Cultural Resources
Management Division Report No. 285.

1979 An Archaeological Survey of Selected Parcels of Bureau of Land Management
Administered Lands in the Eagle Draw and Cottonwood Wash Watersheds, Eddy and
Chaves Counties, New Mexico. New Mexico State University, Cultural Resources
Management Division Report No. 298.

1979 A Class III Cultural Resource Inventory of Proposed Off-Road Vehicle Areas in the
Haystack Mountain, Comanche Hill, and Mescalero Sands Vicinity near Roswell, New
Mexico. New Mexico State University, Cultural Resources Management Division
Report No. 327.

1979 An Archaeological Clearance Survey for a Buried Telephone Cable in Dona ana County,
New Mexico. New Mexico State University, Cultural Resources Management Division
Report No. 330.

1980 An Archaeological Clearance Survey of the Restless Prospect. New Mexico State
University, Cultural Resources Management Division Report No. 360.

1980 An Archaeological Clearance Survey of the Aden Crator Prospect. New Mexico State
University, Cultural Resources Management Division Report No. 363.

1980 An Archaeological Clearance Survey of the Hunts Hole Prospect. New Mexico State
University, Cultural Resources Management Division Report No. 364.



1980 An Archaeological Survey of Two Proposed Well Pad Sites in Southern Dona Ana
County, New Mexico. New Mexico State University, Cultural Resources Management
Division Report No. 367.

1980 An Archaeological Clearance Survey of Eleven Magnotelluric Survey Sites near Radium
Springs, New Mexico. New Mexico State University, Cultural Resources Management
Division Report No. 375.

1980 An Archaeological Survey of Nineteen Proposed Uranium Prospect Drill Holes in
McKinley County, New Mexico. New Mexico State University, Cultural Resources
Management Division Report No. 377.

1980 An Archaeological Survey of a Proposed El Paso Electric Company Powerline in
northeastern Luna County, New Mexico. New Mexico State University, Cultural
Resources Management Division Report No. 383.

1980 An Archaeological Survey of the Mesa Park Project, Las Cruces, New Mexico. New
Mexico State University, Cultural Resources Management Division Report No. 390.

1980 An Archaeological Survey of Five Proposed Uranium Test Drilling Locations near the
Bear Mountains, Socorro County, New Mexico. New Mexico State University, Cultural
Resources Management Division Report No. 391 .

1980 An Archaeological Survey of a Mine Access Road near Magdalena, Socorro County,
New Mexico. New Mexico State University, Cultural Resources Management Division
Report No. 395.

1981 An Archaeological Survey of Two Proposed Water Well Sites in Coconino and Navajo
Counties, near Dennebito Trading Post, Arizona. Manuscript on file, Northern Anzona
University, Archaeology Laboratory, Proj ect No. 452- AZ-D .

l98l An Archaeological Survey of Fifteen Proposed House Sites in the Keams Canyon Wash
Vicinity and Three Proposed Electrical Service Lines on Hopi Tribal Lands in Navajo
County, Aizona. Manuscript on file, Northern Aruona University, Archaeology
Laboratory, Project No. 475-AZ-J.

l98l Ground and Pecked Stone Artifacts from the San Juan Bridge Project. Manuscript on
file, Selected Studies Program, Department of Anthropology, Northern Arizona
University.

1982 An Intensive Cultural Resource Inventory of a Proposed Energy Fuels Nuclear, Inc.,
Uranium Exploration Field Camp in Northern Mojave County, Anzona. Manuscript on
file, Abajo Archaeology, Bluff, Utah and the Arizona Strip District Office, Bureau of
Land Management, St. George, Utah.



1982 An Intensive Cultural Resource Inventory of the Red Wing Uranium Exploration Claim
in Northern Mohave County, Anzona. Manuscript on file, Abajo Archaeology, Bluff,
Utah and the Arizona Strip District Office, Bureau of Land Management, St. George,
Utah.

1982 An Intensive Cultural Resource Inventory of the Energy Fuels Nuclear Inc., Proposed
Corncob and S.G. Claims Drilling Locations in Northern Mohave County, Aizona.
Manuscript on file, Abajo Archaeology, Bluff, Utah and the Arizona Strip District Office,
Bureau of Land Management, St. George, Utah.

1982 An Intensive Cultural Resource Inventory of a Garkane Power Association, Inc.,
Powerline Right-of-way in Northern Mohave County, Anzona. Manuscript on file,
Abajo Archaeology, Bluff, Utah andthe Arizona Strip District Office, Bureau of Land
Management, St. George, Utah.

1982 Archaeological Investigations on the Garkane Power Association, Inc., Hack Canyon
Powerline Right-of-way, Northern Mohave County, Arizona. Manuscript on file, Abajo
Archaeology, Bluff, Utah and the Aizona Strip District Offrce, Bureau of Land
Management, St. George, Utah.

1982 The Intensive Cultural Resource Inventories of Four Uranium Exploration Drilling
Platform Areas near the Mt. Trumbull Road in Northern Mohave County, Arrzona.
Manuscript on file, Abajo Archaeology, Bluff, Utah and the Arrzona Strip District Office,
Bureau of Land Management, St. George, Utah.

1982 The Intensive Cultural Resource Inventory of Six Proposed Energy Fuels Nuclear, Inc.,
Uranium Exploration Drilling Locations in Northern Mohave County, Arrzona.
Manuscript on file, Abajo Archaeology, Bluff, Utah and the Arizona Strip District Office,
Bureau of Land Management, St. George, Utah.

1982 The Intensive Cultural Resource Inventory of the Energy Fuels Nuclear, Inc., Drill Site
No. 86 Uranium Exploration Drilling Location in Northern Mohave County, Arrzona.
Manuscript on file, Abajo Archaeology, Bluff, Utah and the Arizona Strip District Office,
Bureau of Land Management, St. George, Utah.

1983 White Mesa Ceramics, 1981. In 1981 Excavation on White Mesa, San Juan County,
Utah, by William E. Davis, et al., pp. 165-240. Manuscript on file, Plano Archaeological
Consultants, Longmont, Colorado.

1983 Archaeological Survey of the STM Geophysical Corporation PB-SPEC Seismic
Exploration Line: Cedar Point, San Juan County, Utah. Manuscript on file, Abajo
Archaeology, Bluff, Utah and the San Juan Resource Area, Bureau of Land Management,
Monticello. Utah.



1983 Archaeological Survey of the Rocky Mountain Geophysical Siesmographic Exploration
Transect Right-of-way: Horsehead Point, Coal Bed Canyon, and Cedar Point, San Juan
County, Utah. Manuscript on file, Abajo Archaeology, Bluff, Utah and the San Juan
Resource Area, Bureau of Land Management, Monticello, Utah.

1983 Ceramics. In 42Sa14187: A Pueblo II Anasazi Burial in Westwater Canyon, San Juan
County, Utah edited by William E. Davis. Manuscript on file, Abajo Archaeology, Bluff,
Utah.

1984 Ceramics. In 42Sal60l l: A Basketmaker III Slab-lined Cist North of Recapture Wash,
San Juan County, edited by William E. Davis. Manuscript on file, Abajo Archaeology,
Blufl Utah and the San Juan Resource Area, Bureau of Land Management, Monticello,
Utah.

1984 Archaeological Survey of the Proposed San Juan County Roads' Alkali Ridge Road
(CR204) Gravel Quarry, San Juan County, Utah. Manuscript on file, Abajo
Archaeology, Bluff, Utah and the San Juan Resource Area, Bureau of Land Management,
Monticello. Utah.

1984 Archaeological Survey of the Proposed San Juan County Roads' Bluff Airport Road, San
Juan County, Utah. Manuscript on file, Abajo Archaeology, Bluff, Utah and the San
Juan Resource Area, Bureau of Land Management, Monticello, Utah.

1984 Archaeological Survey of a Portion of the City of Blanding Water Pipeline Construction
Project, Johnson Creek Canyon, San Juan County, Utah. Manuscript on file, Abajo
Archaeology, Blufl Utah and the San Juan Resource Area, Bureau of Land Management,
Monticello" Utah.

1984 Archaeological Survey of the San Juan County Roads' Alkali Ridge Road (CR204)
Surfacing Project, San Juan County, Utah. Manuscript on file, Abajo Archaeology,
Bluff, Utah and the San Juan Resource Area, Bureau of Land Management, Monticello,
Utah.

1984 The Archaeological Survey of the Union Oil Company of California's Proposed Natural
Gas Pipeline: Drill Site A-911 to the Big Indian Valley, San Juan County, Utah.
Manuscript on file, Abajo Archaeology, Bluff, Utah and the Moab District Area, Bureau
of Land Management, Monticello, Utah.

1984 Archaeological Survey of the San Juan County Roads'Proposed County Road 146
Realignment at the Confluence of Tank and MontezlJma Canyons, San Juan County,
Southeastern Utah, wilh William E. Davis. Manuscript on file, Abajo Archaeology,
Bluff, Utah and the San Juan Resource Area, Bureau of Land Management, Monticello,
Utah.



1985 The Archaeological Survey of Rocky Mountain Geophysical, Inc., Seismographic
Exploration Transect Numbers PX-4, Southeast San Juan County, Utah, and Montezuma
County, Colorado. Manuscript on file, Abajo Archaeology, Bluff, Utah and the San
Juan Resource Area, Bureau of Land Management, Monticello, Utah.

1985 Archaeological Survey of Six GeoSeismic Services, Inc., Seismographic Exploration
Transects on the Ute Mountain Reservation, Montezuma County, Colorado. Manuscript
on file, Abajo Archaeology, Bluff, Utah.

1985 Piedra Black-on-white, White Mesa Variety: Formal Description of a Western Mesa
Verde Anasazi Pueblo I White Ware Type, with Winston Hurst and Sloan Emory
Schwindt. Pottery Southwest, l2(3).

1985 White Mesa Ceramics, 1981. In Anasazi Subsistence and Settlement on White Mesa,
San Juan County, Utah, edited by William E. Davis. University Press, Cambridge.

1985 Cultural Resource Inventory of the Utah Department of Transportation's US-6, SR123 to

Sunnyside, Proposed Borrow Pit, Carbon County, Utah with Debra Foldi. Manuscript on
file, Abajo Archaeology, Bluff, Utah, and the Price River Resource Area Office, Bureau
of Land Management, Price, Utah.

1985 Cultural Resource Inventory of the Utah Department of Transportation's Section 7
Borrow Pit Location, Southern Carbon County, Utah with Debra Foldi. Manuscript on
file, Abajo Archaeology, Bluff, Utah, and the Price River Resource Area Office, Bureau
of Land Management, Price, Utah.

1986 The Cultural Resource Inventory of Southern Union Exploration Company's Proposed
Tin Cup Federal 1-31 and 1-36 Well Pad Locations and Associated Acess Routes in San
Juan County, Southeastern Utah. Manuscript on file, Abajo Archaeology, Bluff, Utah
and the San Juan Resource Area, Bureau of Land Management, Monticello, Utah.

1987 42Bm2ll2: Cultural Resource Inventory and Testing of a Fremont Camp Site in the
Proposed Utah Department of Transportation Detour Right-of-way at the Huntington
Creek Bridge, Emery County, Utah. Manuscript on file, Abajo Archaeology, Bluff, Utah,
and the Antiquities Section, Division of State History, Salt Lake City, Utah.

1987 Archaeological Testing at 425a9290: A Basketmaker III Pit House Village in the
Westwater Canyon Bottom, San Juan County, Utah with William E. Davis. Manuscript
on file, Abajo Archaeology, Bluff, Utah, and the Antiquities Section, Division of State
History, Salt Lake City, Utah.

1987 Analysis of Ceramics from the Energy Fuels Nuclear, Inc., Pinenut Site
(AZ:B:6:aa[ASM]). In The Archaeology of the EFN Pinenut Site on the Kanab Plateau,
Anzona, by Deborah A. Westfall. Bureau of Land Management, Arizona State Office,
Cultural Resource Series 4.



1987 Archaeological Inspection of Southern Union Exploration's Tin Cup Federal 1.31
Reserve Pit, San Juan County, Utah. Manuscript on file, Abajo Archaeology, Bluff, Utah
and the San Juan Resource Area, Bureau of Land Management, Monticello, Utah.

1987 Archaeological Survey of a Six Mile Fence Line on White Sands Missile Range north of
Organ, Dona Ana County, New Mexico. Human Systems Research, Inc., Project No.
8719, Tularosa, New Mexico.

1987 Archaeological Survey of a Mountain Bell Buried Telephone Cable Near Holloman Air
Force Base, Otero County, New Mexico. Human Systems Research, Inc., Project No.
8720, Tularosa, New Mexico.

1987 Archaeological Survey of a Proposed Otero Electric Company Powerline Corridor on
Fort Stanton Mesa, Lincoln County, New Mexcio. Human Systems Research, Inc.,
Project No. 8722, Tularosa, New Mexico.

1987 Archaeological Survey of Two Proposed Hughes Aircraft, Inc., Mobile Radar Ssite
Locations in De Baca and Lincoln Counties, New Mexico. Human Systems Research,
Inc., Project No. 8723, Tularosa, New Mexico.

1987 Archaeological Survey of the Mountain Bell Rough and Ready Gap Buried Fiber Optics
Right-of-way in Dona Ana County, New Mexico. Human Systems Research, Inc.,
Project No. 8717, Tularosa, New Mexico.

1988 Historic Artifacts from Site 42Em1934. ln The Interstate 70 Ghost Rock Archaeological
Project, Emery County, Utah, edited by William E. Davis. Manuscript on file, Abajo
Archaeology, Bluff, and the Antiquities Section, Division of State History, Salt Lake
Ciry, Utah.

1989 Site Descriptions: AZ:KI4:25 and AZ:K:14:27 with Mark B. Sant. In Excavation at
Early Puebloan Sites in the Puerco River Valley, Artzona: The N2007 Project edited by
Mark B. Sant and Marianne Marek. Zuni Archaeological Program Report No. 271.

1989 The Phase I Off-Site Testing Program and Unanticipated Discoveries Treatment Plan for
the Navajo Springs Rural Housing Cluster, Apache County Artzon4 with Lawrence C.
Todd. Zum Archaeological Program Report No. 299.

1989 The Phase I Off-Site Testing Program and Unanticipated Discoveries Treatment Plan for
the Little Chambers Rural Housing Cluster, Apache County Anzona, with Lawrence C.
Todd. Zum Archaeological Program Report No. 259.

1990 Archaeological Survey of the East Mill Housing Well and Beacon Well Locations,
Navajo Nations New Lands, Apache County, Arizona. Zum Archaeological Program
Report No. 31 l.



1990 The Phase I Off-Site Testing Program and Unanticipated Discoveries Treatment Plan for
the Kelsey Rural Housing Cluster, Navajo Nation Chambers-Sanders Trust Lands,
Apache County Arizona with Michael McFaul, Harold Drollinger and Lawrence C.
Todd. Zum Archaeological Program Report No. 3 15.

1990 The Archaeological Survey of the Utah Department of Transportation's Proposed
Interstate 70 Floy/Crescent Junction Weigh Station Project Area. Manuscript on file,
Abajo Archaeology, Bluff, Utah and the Grand Resource Area Office, Bureau of Land
Management, Moab, Utah.

1990 An Archaeological Survey of the Chevron USA, Inc., Range Creek #3-4 Drill Location
and Associated Vehicle Access Routes in the Book Cliffs Area, Emery County, Utah.
Manuscript on file, Abajo Archaeology, Bluff, Utah and the Price River Resource Area
Office, Bureau of Land Management, Price, Utah.

1990 The Cultural Resources Inventory of a Proposed Western Gas Processors, Inc., Gas
Pipeline Corridor near Tsitah Wash, Apache County, Arizona. Manuscript on file, Abajo
Archaeology, Bluff, Utah and the Navajo Nation Historic Preservation Department,
Window Rock. Arizona.

1990 The Cultural Resource Inventory of the Proposed Utah Power and Light Company's
Abajo-Aneth Number 2 69 Kv Transmission Line Corridor, San Juan County, Utah.
Manuscript on file, Abajo Archaeology, Blufl Utah and the San Juan Resource Area
Office, Bureau of Land Management, Monticello, Utah.

1990 Letter Report for Contel's Proposed Upper Horse Flats Microwave Tower Site Survey in
San Juan County, Utah. Manuscript on file, Abajo Archaeology, Bluff, Utah and the San
Juan Resource Area Office, Bureau of Land Management, Monticello, Utah.

1991 Site Description Chapters: The Chihuahua Lake Basin to the Chihuahua Desert:
Archaeological Studies Along the Arizona Inter-connection Project Transmission Line
Corridor, edited by J. Simon Bruder and A. E. Rogge. Zunt Archaeological Program
Report No. 347.

1992 Cultural Resource Inventory and Evaluative Testing along SR262: Utah-Colorado State
Line to Montezuma Creek, Navajo Nation Lands, San Juan County, Utah with William E.
Davis, Winston B. Hurst and Deborah A. Westfall. Manuscript on file, Abajo
Archaeology, Bluff, Utah.

1992 Archaeological Survey of the Utah Department of Transportation's Proposed State Route
9 Dalton Wash to Grafton (F-014(17)), Slump-fiIl disposal Loci Project, Washington
County, Utah. Manuscript on file, Abajo Archaeology, Blufl Utah and the Division of
State History, Salt Lake City, Utah.



1992 Archaeological Evaluative Testing at Site 42Ws325, SR9: Dalton Wash to Grafton,
Washington County, Utah. Manuscript on file, Abajo Archaeology, Bluff, Utah and the
Division of State History, Salt Lake City, Utah.

1992 A Technical Proposal for Archaeological Data Recovery at Site 42Ws325, SR9: Dalton
Wash to Grafton, Washington County, Utah. Manuscript on file, Abajo Archaeology,
Bluff, Utah and the Division of State History, Salt Lake City, Utah.

1993 Cultural Resource Inventory of the Proposed Grand County Hastings Road (CR154)
Improvement Project, Grand County, Utah. Manuscript on file, Abajo Archaeology,
Bluff, Utah and the Division of State History, Salt Lake City, Utah.

1993 Cultural Resource Inventory of Six Proposed Road Improvement Segments: The San
Juan Road 146 Improvement Project, San Juan County, Utah. Manuscript on file, Abajo
Archaeology, Bluff Utah and the Division of State History, Salt Lake City, Utah.

1993 Cultural Resource Inventory of the SR24 Improvement Project: Interstate 70lSR24 South
to Greasewood Draw, Milepost 155 to Milepost 161, Emery County, Utah. Manuscript
on file, Abajo Archaeology, Blufl Utah and the Division of State History, Salt Lake City,
Utah.

1993 Cultural Resource Inventory and Traditional Cultural Properties Survey of the Proposed
San Juan County Road Department's CR413 Improvement Project on Navajo Nation
Lands, San Juan County, Utah. Manuscript on file, Abajo Archaeology, Bluff, Utah and
the Navajo Nation Historic Preservation Department, Window Rock, Arizona.

1993 Archaeological Investigations Along the Utah Department of Transportation's U.S.
Highway 191 Improvements Project Right-of-way: Cow Canyon to State Route 262,San
Juan County, Utah. Manuscript on file, Abajo Archaeology, Bluff, Utah and the Division
of State History, Salt Lake City, Utah.

1993 Cultural Resource Inventory and Evaluative Testing Along U.S. Highway 191: Black
Mesa Road to Shirttail Junction, San Juan County, Utah with Winston B. Hurst, Deborah
A. Westfall, and William E. Davis. Manuscript on file, Abajo Archaeology, Bluff, Utah
and the Division of State History, Salt Lake City, Utah.

1994 Evaluative Testing of Four Archaeological Sites Along the Grand County's Proposed
Hastings Road (CR154) Improvement Project Righrof-w&y, Grand County, Utah with
Jonathon Till. Manuscript on file, Abajo Archaeology, Bluff, Utah and the Division of
State History, Salt Lake City, Utah.



1994 Ceramic Analysis of Sherd Collections from Natural Bridges National Monument,
Arches National Park and Canyonlands National Park, Southeastern Utah. Manuscript
on file, Canyonlands National Park Headquarters, Moab, Utah.

1994 The Cultural Resource Inventory of the Utah Department of Transportation's State Road
50 Cattle Underpass Project, Eastern Millard County, Utah with William E. Davis.
Manuscript on file, Abajo Archaeology, Bluff, Utah and the Division of State History,
Salt Lake City, Utah.

1994 The Cultural Resource Inventory of Six Proposed Filming Loci for Locations Southeast
in the Valley of the Gods, San Juan County, Utah. Manuscript on file, Abajo
Archaeology, Bluff, Utah and the Division of State History, Salt Lake City, Utah.

1994 Limited Evaluative Testing of Six Archaeological Sites Located along Utah Department
of Transportation's Proposed US- l9l Improvement Project (NH-Ol9l(2)42), Black Mesa
Road to Shirttail Junction, San Juan County, Utah with Winston B. Hurst and Deborah A.
Westfall. Manuscript on file, Abajo Archaeology, Bluff, Utah and the Division of State
History, Salt Lake City, Utah.

1994 Cultural Resource Inventory of Two Proposed Gravel Pits and Associated Facilities on
the Bluff Bench, San Juan County, Utah. Manuscript on file, Abajo Archaeology, Bluff,
Utah and the Division of State History, Salt Lake City, Utah.

1995 Cultural Resource Inventory of the San Juan County School District's Proposed Blanding
Block Project, San Juan County, Utah. Manuscript on file, Abajo Archaeology, Blufl
Utah and the Division of State History, Salt Lake City, Utah.

1995 The Archaeological Survey of a Proposed Western Gas Resources, Inc., Buried Pipeline
Right-of-way Corridor in Upper Little Nance Patterson Canyon, San Juan county, Utah.
Manuscript on file, Abajo Archaeology, Bluff, Utah and the Division of State History,
Salt Lake City, Utah.

1995 Supplemental Archaeological Investigations Along the U.S. Highway 191 Right-of-way.
Addendum to: Archaeological Investigations Along the Utah Department of
Transportation's U.S. Highway 191 Improvements Project Right-of-way: Cow Canyon to

State Route 262, San Juan County, Utah (1993). Manuscript on file, Abajo Archaeology,
Blufl Utah and the Division of State History, Salt Lake City, Utah.

1996 Evaluative Testing of Two Discovery Sites, 425a22502 and 425a22503, Along the San
Juan County Road 104 Realignment, San Juan County, Utah with Jonathon Till.
Manuscript on file, Abajo Archaeology, Bluff, Utah and the Division of State History,
Salt Lake City, Utah.



1996 Ceramic Analysis. In Archaeological Testing at the Bluff Great House, Southeastern
Utah, October 1995 with Cathrine Cameron, Stephen K. Lekson and William E. Davis.
Manuscript on file, Department of Anthropology, University of Colorado, Boulder.

1996 A Technical Proposal for a Three Year Program of Archaeological Inventory, Natural
Bridges National Monument, San Juan County, Utah with William E. Davis, Winston B.
Hurst, Jonathan D. Till and Deborah A. Westfall. Manuscript on file, Natural Bridges
Nationa Monument. Utah.

1996 Cultural Resource Inventory of Space Chimp Production's Proposed White Wash
Filming Location, Grand County, Utah. Manuscript on file, Abajo Archaeology, Bluff,
Utah and the Grand Resource Area Office, Bureau of Land Management, Moab, Utah.

1997 Cultural Resource Inventory and Avoidance: Twin Mountain Rock Company's Proposed
Railroad Spur, Beaver County, Utah. Manuscript on file, Abajo Archaeology, Bluff,
Utah and the Division of State History, Salt Lake City, Utah.

1997 Cultural Resource Inventory of the Twin Rock Company's Quarry Expansion Area,
Beaver County, Utah. Manuscript on file, Abajo Archaeology, Bluff, Utah and the
Division of State History, Salt Lake City, Utah.

1998 Archaeological Investigations in the DTX-10 Project Area, Washington County, Utah
with William E. Davis, Jonathon D. Till and Deborah A. Westfall. Manuscript on file,
Abajo Archaeology, Bluff, Utah and the Cedar City District Office, Bureau of Land
Management, Cedar City, Utah.

1998 Cultural Resource Inventory of the Proposed KEJANA Development Mill Creek Canyon
Road Improvement Corridor Project, San Juan County, Utah. Manuscript on file, Abajo
Archaeology, Blufl Utah and the Grand Resource Area Office, Bureau of Land
Management, Moab, Utah.

1999 Archaeological Test Excavations at Sites 425a23300 and 425a23301 in the Canyon of
Mill Creek, San Juan County, Utah. Manuscript on file, Abajo Archaeology, Bluff, Utah
and the Grand Resource Area Office, Bureau of Land Management, Moab, Utah.

1999 Cultural and Paleontological Resource Inventory of Utah Department of Transportation's
Proposed Improvement Project: State Route 20,Milepost 0 to 10.5, Iron and Garfield
Counties, Utah with William E. Davis and Deborah A. Westfall. Manuscript on file,
Abajo Archaeology, Blufl Utah and the Division of State History, Salt Lake City, Utah.

1999 A Cultural and Paleontological Resources Inventory of the Preposed Brown Sugar
Surface Mine Area in Tooele County, Utah. Manuscript on file, Abajo Archaeology,
Bluff, Utah and the Salt Lake City Office, Bureau of Land Management, Salt Lake City,
Utah.



2000 Cultural and Paleontological Resources Inventory of the Proposed Roadway
Reconstruction along Highway US-89, Centerfield to Gunnison (UDOT Project No. NH-
0089(43)206), Sanpete County, Utah. Manuscript on file, Abajo Archaeology, Bluff,
Utah and Division of State History, Salt Lake City, Utah.

2000 Evaluative Archaeological Testing at Site 425a22675, Bluff Bench Gravel Pit (UDOT
Project NH-0l9l(6)37), San Juan County, Utah. Manuscript on file, Abajo Archaeology,
Blufl Utah and Division of State History, Salt Lake City, Utah.

2000 Cultural Resource Inventory along Selected Fence Lines at the Green River Test Site
(GRTS), Green River, Grand Junction, Utah. Manuscript on file, Abajo Archaeology,
Bluff, Utah and the Archaeology Office, U.S. Army, White Sands Missile Range, New
Mexico.

20A0-2002 Cultural Resource Inventories of Fill Sediment Disposal Areas near the Utah
Department of Transportation's North Glendale to Long Valley Junction US-89
Improvement Project, Kane County, Utah (STP-0089(11)90. Three letter reports for
small cultural resource inventories (U-00-AS-0686p, U-00-AS-0332p and U-00-AS-
0037p). Manuscripts on file, Abajo Archaeology, Bluff, Utah and the Division of State
History, Salt Lake City, Utah.

2001 Mars Analog Research Station (MARS) Cultural Resource and Paleonotological
Inventory on SITLA Lands near Hanksville, Wayne County, Utah. Manuscript on file,
Abajo Archaeology, Blufl Utah and the Division of State History, Salt Lake City, Utah.

2001 The Cultural Resource Inventory of the Utah National Guard Blanding Armory
Maintenance Hut Construction Project, Blanding, Utah. Manuscript on file, Abajo
Archaeology, Bluff, Utah and the Division of State History, Salt Lake City, Utah.

2001 Cultural and Paleontological Resources Inventory of Utah Department of
Transportation's SR-161 Cove Fort Rest Area Turning Lanes Project (No. IM-15-
4(39) 138), Millard County, Utah. Manuscript on file, Abajo Archaeology, Bluff, Utah
and the Division of State History, Salt Lake City, Utah.

20A2 Cultural and Paleontological Resource Inventory of the Proposed Ticaboo Breakwater

Quarry Project, Garfield County, Utah. Manuscript on file, Abajo Archaeology, Bluff,,
Utah andthe United State Department of the Interior, National Park Service, Glen
Canyon National Recreation Area,Lake Powell, Utah.

2002 Cultural and Paleontological Resource Inventory Aong 5500 West and 5700 West,
Kanarraville to Iron Springs, Cedar Ciry,Iron County, Utah (Udot ProjectNo. STP-
1756(l)0. Manuscript on file, Abajo Archaeology, Bluff, Utah and the Division of State
History, Salt Lake City, Utah.



2002 The Class III Cultural Resources Inventory of the Southeastern Area Sale Parcels:
Looking Glass Overlook Deux, Pine Ridge, Lower Allen Canyon, Dolores Point
Overlook, Mine Road, Photograph Gap, Millcreek Overlook and Southern Comb Ridge,
San Juan, Grand and Emery Counties, Utah (State Survey Permit No. U-01-AS-0541s)
with Winston B. Hurst and William E. Davis. Manuscript on file, Abajo Archaeology,
Blufl Utah and the Division of State History, Salt Lake City, Utah.

2003 Cultural Resource Inventory of Westport Resources Deadman Creek 3939 Acre Block
Survey, Carbon County, Utah with Anne Raney. Manuscript on file, Montgomery
Archaeological Consultants, Moab, Utah and the Price River Resource Area Office,
Bureau of Land Management, Price, Utah.

2003 Cultural Resource Management Inventory of Shenandoah Energy's OU GB #3W-15-8-22
Well Location on Glen Bench, Uintah County, Utah. Manuscript on file, Montgomery
Archaeological Consultants, Moab, Utah and the Vernal Field Office, Bureau of Land
Management, Vernal, Utah.

2003 Cultural Resource Inventory of Pendragon Energy's Well Locations Federal#14-17-10-
18,#7-19-10-18 and#15-20-10-18, Uintah County, Utah. Manuscript on file,
Montgomery Archaeological Consultants, Moab, Utah and the Price River Resource Area
Office, Bureau of Land Management, Price, Utah.

2003 Cultural Resource Inventory of Shenandoah Energy's Proposed Well Locations WVX
#8- 1 7 -8-21 , NC 3M-32-8 -22 and NC 8m- 32-8-22 on Ute Indian Lands, Uintah County,
Utah. Manuscript on file, Montgomery Archaeological Consultants, Moab, Utah and the

Ute Indian, Tribe, Uintah and Ouray Agency, Fort Duchesne, Utah.

2003 Cultural Resource Inventory of Shenandoah Energy's Proposed Well Locations WVX
1W-17, WVX 2W-17, WVX 5W-16 GB 3W-36 and GB 7W-36 on Ute Tribal Land,
Uintah County, Utah. Manuscript on file, Montgomery Archaeological Consultants,
Moab, Utah and the Price River Resource Area Office, Bureau of Land Management,
Price, Utah.

2003 Cultural Resource Inventory of Shenandoah Energy's Proposed Well Locations NDC
9M-22, llM-22, 3M-27 , l0W-25 and Lateral #5 Pipeline (Township 8S, Range 2IE),
Uintah County, Utah. Manuscript on file, Montgomery Archaeological Consultants,
Moab, Utah and the Price River Resource Area Office, Bureau of Land Management,
Price, Utah.



Personal Information:

Name: Andre' B. Jendresen

Address: 3228,100 S
Moab, Utah 84532

Phone #: (435) 259-5764

E-mail : aj endre sen@montarch. com

Bducation:

2004 Master of Arts in Anthropology, University of Montana, Missoula, Montana.
2001 Bachelor of Arts in Anthropology, University of Montana, Missoula, Montana.

Work Experience:

2005-Present Staff Archaeologist.
Montgomery Archaeological Consultants. Moab, Utah.
Conducted various Class I literature reviews and Class III inventories in Utah
(Vernal field office, Price Field Office, Richfield Field Office, Cedar City Field
Office, Monticello Field Office, and Moab Field Office). Responsibilities include
conducting fieldwork (survey, testing, and data recovery); documentation of
prehistoric and historic cultural resources; site eligibility (NRHP) assessments;
laboratory analysis of artifacts; and site form and report preparation. Skilled in a
number of software packages including Microsoft Word, Excel, GPS Pathfinder
and ArcView; and is proficient with the use of GPS units and related software
(e.g. Trimble GeoExplorer II and III).

2004-2005 Archaeological Technician.
USDA Forest Service, Sierra National Forest. Clovis, CA.
Conducted cultural resource surveys and inventories in areas of proposed
projects. Produced site maps using a compass and protractor. Took GPS location
readings using a Garmin GPSMAP 765. Took site photos. Recorded new sites,
and monitored the site condition of pre-recorded sites. Monitored the
performance of contract archaeologists for compliance with their contract.

Performed file searches and pre-field research. Filed archaeological site records
and reports. Uploaded GPS data to ATcGIS/ArcMap, and produced project area
maps and inventory maps. Cataloged digital pictures and burned them onto CD's
for storage. Compiled and entered archaeological data in preparation of reports.
Updated and maintained records systems of known cultural resources. Evaluated
the archaeological accuracy in the reporting of survey and excavation findings in
three wilderness cultural resource inventories, and in contractor site reports.
Performed site condition assessments. Served as the Forest Service's contract



2402-2003

2001

inspector on contracts that they had negotiated with a CRM firm for Wilderness
inventories. Assisted in writing cultural resource management reports for five
commercial pack stations operating in Siena Nevada Wilderness areas.

Archaeological Records Technician.
University of Montana. Missoula, Montana.

Filing archaeological site records, scanning records into the Montana Antiquities
Database, updating records, processing requests for site records, and assigning
site numbers. Providing information for and coordinating with archaeologists,
Native American tribes, and the State Historic Preservation Office (SHPO).

Archaeological Technician.
USDA Forest Service. Lewis & Clark National Forest. Great Falls. Montana.

Conducted surveys and inventories of cultural resources in areas of proposed
projects; using a compass, topographical ffiop, and aerial photographs. Searched
for surface evidence of historic and prehistoric archaeological remains; and
recorded their location. Used shovel, trowel and screen to test for subsurface
evidence of historic and prehistoric archaeological remains. Took pictures of
artifacts and features. Typed up cultural resource inventories and cultural site
records. Recorded site leads on topographical maps. Performed historic research.
Conducted pre-field research of archaeological reports, maps, and aerial photos.
Filed archaeological reports.

Other Qualifications:

Profes sional Organizations : Re gister o f Profes sional Archaeolo gi sts.

Field Schools:

Historic Archaeology. Field school in Virginia City, Montana, during the
summer of 2000, under the direction of Dr. John Douglas.

Prehistoric Archaeology. Field school at the Keatley Creek site in British
Columbia, Canada, during the summer of 2002, under the direction of Dr. Bill
Prentiss.



UTAH FIELDWORK EXPERIENCE

2005 Crew Leader - Cultural Resource Inventory of The Central Utah Railroad Project in

Sevier, Sanpete and Juab Counties, Utah. (8 weeks)

Crew Leader - Cultural Resource Inventory of Bill Banett Corporation's Seismic Project
Near Pine Ridge, San Juan County, Utah. (2 months)

Crew Leader - Cultural Resource Inventory of The Alton Coal Development in the Alton
Amphitheater, Kane County, Utah. (l y, months)

Crew Leader - Cultural Resource Inventory of Newfield Exploration's Block Parcel in
Township 95, Range l6E, Sections 23 and24,Duchesne County, Utah. (2 weeks)

Crew Leader - Cultural Resource Inventory of The State of Utah Division of Wildlife
Resources Grey Wolf Parcels, Duchesne County, Utah. (3 days)

Crew Leader - Cultural Resource Inventory of The State of Utah Division of Wildlife
Resources Sanford Sagegrouse 2 Project Parcels, Garfield County, Utah. (l week)

Crew Leader - Cultural Resource Inventory of The Little Hole Hazardous Fuel Reduction
Project Parcels, Daggett County, Utah. (2 weeks)

Crew Leader - UDOT US 491 Monticello to Colorado State Line, Data Recovery for Site
425a25619, San Juan County, Utah. (l week)

Crew Leader - Cultural Resource Inventory of EOG Resources Inc.'s Two Proposed
Wells: East Chapita #17-17 and East Chapita #18-17 in Township 95, Range 238,

Section 17, Uintah County, Utah. (3 days)

Crew Leader - Cultural Resource Inventory of EOG Resources Inc.'s Two Proposed
Wells: CWU #336-19 & CWU #548-19 in Township 95, Range 238, Sections 10,17, &
26Uintah County, Utah. (2 days)

Crew Leader - Data Recovery for Sites 42Ws4113 and 42Ws4115 Washington County
Utah. Utah Department of Transportation's State Route 18 RP 37.0 to RP 38.73
Maintenance Project. (2 weeks)

Crew Leader - Cultural Resource Inventory of Westport Oil and Gas Compary's Six
Proposed Well Locations near Sand Wash: NBU Wells l02L-13 A, C, G, I, K, and O in
Township 10S, Range zlE, Sections 13, Uintah County, Utah. (2 days)

Crew Leader - Cultural Resource Monitoring of Star Valley's Proposed 12-Mile Pipeline
Near Harley Dome in Grand County, Utah. (3 days).

Crew Leader - Cultural Resource Inventory of Medallion Exploration's Nine Well
Locations in Evacuation Creek, Uintah County, Utah. (3 days).



Crew Leader - Cultural Resource Inventory of GLNA LlClEclips Exploration's
Proposed Federal Access Corridor, Grand County, Utah. (l week).

Crew Member - Cultural Resource Inventory of the Colorado River Bridge Project for

Michael Baker Jr., Inc., Grand County, Utah. (2 weeks).

2006 Crew Leader - Cultural Resource Monitoring of GLNA LlClEclips Exploration's
Proposed Federal Access Corridor, Grand County, Utah. (1 week).

Crew Leader - Cultural Resource Inventory of Enduring Resources' Proposed Southam
Canyon 10-24-11-16 Well Location in T10S R24E Section 16, Uintah County, Utah.
(1 day)

Crew Leader - Cultural Resource Inventory of Enduring Resources' Proposed Southam
Canyon 10-24-44-18 Well Location in Tl0S R24E Section 17, Uintah County, Utah.
(l day)

Crew Leader - Cultural Resource Inventory of Enduring Resources' Proposed Southam
Canyon 10-24-31-7 Well Location in Tl0S R24E Section 6, Uintah County, Utah.
(1 day)

Crew Leader - Cultural Resource Inventory of Enduring Resources' Two Proposed

Southam Canyon Well Locations 11-24-1 l-10, and ll-24-22-10, in Tl lS Pt24E,, Section
10, Uintah County, Utah. (2 days)

Crew Leader - Cultural Resource Inventory of EOG Resources, Inc.'s Three Proposed

Chapita Well Locations CWU #1212-12, l2l5-12, and 1216-ll, in T9S R22E Sections
l1 and l2,Uintah County, Utah. (2 days)

Crew Leader - Cultural Resource Inventory of Kerr-McGee Oil & Gas Onshore LP's

Proposed NBU #1022-l7D Pipeline, Uintah County, Utah. (2 days)

Crew Leader - Cultural Resource Monitoring of GLNA LLClBclipse Exploration's

Federal Access/ Pipeline Corridor, Grand County, Utah. ( 1 week)

Crew Leader - Cultural Resource Inventory of Utah Division of Wildlife Resources
Midway State Fish Hatchery, Wasatch County, Utah. (l day)

Crew Leader - Cultural and Fossil Resource Inventory of Utah Department of

Transportation's SR-10 Muddy Creek Bridge to Ferron, Emery County, Utah. (2 weeks)

Crew Leader - Cultural Resource Inventory of of Questar's Southern System Expansion

Project II in Carbon, Duchesne, and Uintah Counties, Utah. (2 days)

Crew Leader - Cultural Resource Inventory of Running Foxes Petroleum's Broadhead

CDM Trespass, Grand County, Utah. (1 day)



Crew Leader - Cultural Resource Inventory of Running Foxes Petroleum's Eight
Proposed Cisco Gamma Well Locations, Grand County, Utah. (2 days)

Crew Leader - Cultural Resource Inventory of Veritas Geophysical Integrity's Hatch
Point Seismic Staging Areas, San Juan County, Utah. (1 day)

Crew Leader - Cultural Resource Monitoring of Lisbon Valley Mine's Proposed Flying
Diamond Drill Hole, San Juan County, Utah. (1 day)

SBLECTED MOAC TECHNICAL REPORTS AND PUBLICATIONS

Jendresefl, A. and K. Montgomery
2005 Cultural Resource Inventory of Newfield Exploration's Block Parcel in Township 95,

Range l6E, Sections 23 and 24, Duchesne County, Utah. Montgomery Archaeological
Consultants, Moab, Utah.

Jendrese& A. and A.Whitfield
2005 Cultural Resource Inventory of Utah Division of Wildlife Resources Sanford Sagegrouse

2 Project, Garfield County, Utah. Montgomery Archaeological Consultants, Moab, Utah.

Jendresetr, A. and K. Montgomery
2005 Cultural Resource Inventory of EOG Resources Inc.'s Two Proposed Wells: East Chapita

#17-17 andEast Chapita #18-17 tn Township 95, Range 238, Section 17, Uintah County,
Utah. Montgomery Archaeological Consultants, Moab, Utah.

Jendresef,, A. and K. Montgomery
2005 Cultural Resource Inventory of EOG Resources Inc.'s Two Proposed Wells: CWU #336-

19 & CWU #548-19 in Township 95, Range 238, Sections 10,17, & 26 Uintah County,
Utah. Montgomery Archaeological Consultants, Moab, Utah.

Jendreseq A. and K. Montgomery
2005 Cultural Resource Inventory of Westport Oil and Gas Company's Six Proposed Well

Locations near Sand Wash: NBU Wells l02l-13 A, C,G, I, K, and O in Township l0S,
Range 2lE, Sections 13, Uintah County, Utah. Montgomery Archaeological Consultants,
Moab, Utah.

Jendrese& A.
2005 Cultural Resource Monitoring of Star Valley's Proposed l2-Mile Pipeline Near Harley

Dome in Grand County, Utah. Montgomery Archaeological Consultants, Moab, Utah.

Jendrese& A.
2005 Cultural Resource Inventory of Medallion Exploration's Nine Well Locations in

Evacuation Creek, Uintah County, Utah. Montgomery Archaeological Consultants,
Moab, Utah.



Jendreseq A.
2005 Cultural Resource Inventory of GLN A LLclEclipse Exploration's Proposed Federal

Access Corridor, Grand County, Utah. Montgomery Archaeological Consultants, Moab,
Utah.

Jendresefl, A.
2005 Cultural Resource Inventory of EOG Resources, Inc.'s Four Proposed Well Locations:

North Chapita #233-33, #307-33, #310-33, and #312-33, in T8S Ft22E section 33, in
Uintah County, Utah. Montgomery Archaeological Consultants, Moab, Utah.

Jendresefl, A.
2006 Cultural Resource Inventory of Westport Oil & Gas Company's Proposed Well

Locations: NBU 920-138,920-14K, L, M, N, 920-158, C,920-22A, and 920-24G, H,
M, Uintah County, Utah. Montgomery Archaeological Consultants, Moab, Utah.

Jendreseil, A.
2006 Cultural Resource Inventory of Flying J Oil & Gas Inc.'s proposed well location, Ute

2-17 AlE, and access route, Uintah County, Utah. Montgomery Archaeological
Consultants, Moab, Utah.

Jendreseo, A.
2006 Cultural Resource Inventory of Enduring Resources' 18 Proposed Rainbow Well

Locations with Access and Pipeline Corridors near Asphalt Wash, in T11S Pt24F,,
Sections 17 and 20, Uintah County, Utah. Montgomery Archaeological Consultants,
Moab, Utah.

Jendresefl, A. and K. Lower-Eskelson
2006 Cultural Resource Inventory of Westport Oil & Gas Company's 14 Proposed Well

Locations (NBU #920-274, B, C, D, F, G, H, I & NBU #920-284, B, G, H, J, O) ,
Uintah County, Utah. Montgomery Archaeological Consultants, Moab, Utah.

Jendresen, A.
2006 Cultural Resource Inventory of Westport Oil and Gas Company's Proposed Well

Locations: NBU#1022-16 (J, K, L, P), Uintah County, Utah. Montgomery
Archaeological Consultants, Moab, Utah.

Jendresef,, A.
2006 Cultural Resource Inventory of Questar Exploration's Three Proposed Well Locations:

COY #13ML-24-8-24, COY #l4ML-24-8-24, and WWT #15ML-24-8-24, in Coyote
Basin, T8S R24E, Section 24, Uintah County, Utah. Montgomery Archaeological
Consultants, Moab, Utah.

Jendresefl, A.
2006 Cultural Resource Inventory of Westport Oil and Gas Company's Bitter Creek

Compressor Station, in Tl0S P.22E Sec. 19, Uintah Co. Utah. Montgomery
Archaeological Consultants, Moab, Utah.



Jendreseq A.
2006 Cultural Resource Inventory of EOG Resources Inc.'s Eight Proposed Well Locations

(CWU 1140-18,  1147-18,  l l49-18,  1131-19,  l132-19,1133-19, l l34-19 and 1135-19) ,
in T9S, R23E, Sections 18 and 19, Uintah County, Utah. Montgomery Archaeological
Consultants, Moab, Utah.

Jendresetr, A.
2006 Cultural Resource Inventory of EOG Resources Inc.'s Proposed Well Locations:

Stagecoach #103-17, and Natural Cotton #80-19, in Township 9 South, Range 22 East,
Sections 17 and 19, Uintah County, Utah. Montgomery Archaeological Consultants,
Moab, Utah.

Jendreseo, A.
2006 Cultural Resource Inventory of XTO Energy's Proposed Well Locations: #17-8-8-14,

#17-8-17-32, #17-8-18-43, #17-8-18-31 and #17-8-18-23 in T17S R8E, Sections 8, 17
and 18, Emery County, Utah. Montgomery Archaeological Consultants, Moab, Utah.

Jendreseq A. and T.B. Seacat
2006 Cultural Resource Inventory of EOG Resources Inc.'s Proposed Well Locations: CWU

#1144-18, #l 146-18, #1137-19, #1139-19, #1150-19, #1130-20 and #1170-20, in T9S
R23E, Sections 18, 19, and 20, Uintah County, Utah. Montgomery Archaeological
Consultants, Moab, Utah.

Jendrese& A. and A. Whitfield
2006 Cultural Resource Inventory of EOG Resources, Inc.'s Ten Proposed Chaptta Well

Locations in T9S R22E Sections l0 and 11, Uintah County, Utah. Montgomery
Archaeological Consultants, Moab, Utah.

Jendresef,, A.
2006 Cultural Resource Inventory of Kerr-McGee Oil & Gas Onshore LP's Seven Proposed

Well Locations: NBU #1021-3D, G, H, L, and #1021-4B., G, H, in Tl0S R2lE Sections 3
and 4, and T9S R2lE Sections 33 and 34, Uintah County, Utah. Montgomery
Archaeological Consultants, Moab, Utah.

Jendresefl, A.
2006 Cultural Resource Inventory of EOG Resources, Inc.'s Three Proposed Chapita Well

Locations CWU #1212-12, l2l5-12, and 1216-11, in T9S P.22E Sections l1 and 12,
Uintah County, Utah. Montgomery Archaeological Consultants, Moab, Utah.

Jendresen, A.
2006 Cultural Resource Inventory of Enduring Resources' Proposed Southam Canyon 10-24-

I l-16 Well Location in T10S R24E Section 16, Uintah County, Utah. Montgomery
Archaeological Consultants, Moab, Utah.

Jendresetr, A.
2006 Cultural Resource Inventory of Enduring Resources' Proposed Southam Canyon 10-24-

44-18 Well Location in T10S R24E Section 17, Uintah County, Utah. Montgomery
Archaeological Consultants, Moab, Utah.



Jendreseo, A.
2006 Cultural Resource Inventory of Enduring Resources' Proposed Southam Canyon l0-24-

3l-7 Well Location in T10S P.24E Section 6, Uintah County, Utah. Montgomery
Archaeological Consultants, Moab, Utah.

Jendreseq A.
2006 Cultural Resource Inventory of Kerr-McGee Oil & Gas Onshore LP's Proposed NBU

#1022-l7D Pipeline, Uintah County, Utah. Montgomery Archaeological Consultants,
Moab, Utah.

Jendresen, A. and P. Stavish
2006 Cultural Resource Inventory of Kerr-McGee Oil & Gas Onshore LP's Proposed South

Central Compressor to Sage Grouse Compressor Pipeline, Uintah County, Utah.
Montgomery Archaeological Consultants, Moab, Utah.

Jendresetr, A.
2006 Cultural Resource Inventory of Enduring Resources' Two Proposed Southam Canyon

Well Locations, Il-24-11-10, and ll-24-22-10, in TllS R24E Section 10, Uintah
County, Utah. Montgomery Archaeological Consultants, Moab, Utah.

Jendresetr, A.
2006 Cultural Resource Inventory of Kerr-McGee Oil & Gas Onshore LP's Ten Proposed

Bitter Creek Well Locations 1122-6 A, B, C, F, G, H, J,L, O, and P, in TllS R22E
Section 6, Uiniah County, Utah. Montgomery Archaeological Consultants, Moab, Utah.

Jendresen. A.
2006 Cultural Resource Inventory of EOG Resources,

Well Locations , in T8S R228, Section 34,
Archaeological Consultants, Moab, Utah.

Jendresen, A.
2006 Cultural Resource Inventory of EOG Resources

Locations, in T9S R23E, Sections 21,27,28, and
Archaeological Consultants, Moab, Utah.

Inc.'s Seven Proposed North Chapita
Uintah County, Utah. Montgomery

Inc.'s Eleven Proposed Chapita Well
34, Uintah County, Utah. Montgomery

Jendreseo, A.
2A06 Cultural Resource Monitoring of GLNA LlClEclipse Exploration's Federal Access/

Pipeline Corridor, Grand County, Utah. Montgomery Archaeological Consultants,
Moab, Utah.

Jendreseil, A.
2006 Cultural Resource Inventory of Kerr-McGee Oil & Gas Onshore LP's Four Proposed

Love Well Locations ll22-18 C, F, J, and K, in T11S R22E Section 18, Uintah County,
Utah. Montgomery Archaeological Consultants, Moab, Utah.



Jendresen, A.
2006 Cultural Resource Inventory of Utah Division of Wildlife Resources Midway State Fish

Hatchery, Wasatch County,IJtah. Montgomery Archaeological Consultants, Moab, Utah.

Jendresen, A.
2006 Cultural Resource Inventory of Kerr-McGee Oil

Processing to Diablo Compressor Powerline
Archaeological Consultants, Moab, Utah.

Jendreseo, A.
2006 Cultural Resource Inventory of Kerr-McGee Oil & Gas Onshore LP's Proposed Chapita

Processing toBonanza Power Plant, Uintah County, Utah. Montgomery Archaeological
Consultants, Moab, Utah.

Jendresen, A.
2006 Cultural Resource Inventory of Cisco Expro, LLC's Danish Flat 2D seismic prospect, in

Grand County, Utah. Montgomery Archaeological Consultants, Moab, Utah.

Jendrese& A.
2006 Cultural Resource Inventory of EOG Resources Inc.'s Proposed Big Spring Well

Location #3-36GR, Duchesne County, Utah. Montgomery Archaeological Consultants,
Moab, Utah.

Jendrese& A. and A. Whitfield
2006 Big Pack Project Area EA, Uintah County, Utah, Sections 3.5 and 4.0,.Prepared for the

Bureau of Land Management, Vernal Field Office, under Contract with Buys and
Associates, Inc. Montgomery Archaeological Consultants, Moab, Utah.

Jendreseo, A.
2006 Cultural and Fossil Resource Inventory of Utah Department of Transportation's SR-10

Muddy Creek Bridge to Ferron, Emery County, Utah. Montgomery Archaeological
Consultants, Moab, Utah.

Jendresen, A.
2006 Cultural Resource Inventory of Kerr-McGee

Micro-Seismic Project, Uintah County, Utah.
Moab, Utah.

& Gas Onshore LP's Proposed Chapita

, Uintah County, Utah. Montgomery

Oil & Gas Onshore LP's NBU #920-25C
Montgomery Archaeological Consultants,

Jendreseq A.
2006 Cultural Resource Inventory of Kerr-McGee Oil & Gas Onshore LP'S Proposed Well

Location NBU #922-31P-1, Uintah County, Utah. Montgomery Archaeological
Consultants, Moab, Utah.



Jendresen, A.
2006 Cultural Resource Inventory of Enduring Resources' Two Proposed Rainbow Well

Locations #l I -24-14-29, and 1l-24-24-29,Uintah County, Utah. Montgomery
Archaeological Consultants, Moab, Utah.

Jendresen, A.
20A6 Cultural Resource Inventory of Enduring Resources' Proposed Well Location Buck

Camp Canyon 12-22-31-20, Uintah County, Utah. Montgomery Archaeological
Consultants, Moab, Utah.

Jendresetr, A.
2006 Cultural Resource Inventory

Creek #1122-4C Pipeline,
Consultants, Moab, Utah.

Jendresef,, A.
2006 Cultural Resource Inventory

#1022-22D Pipeline, Uintah
Moab, Utah.

Jendrese& A.
2006 Cultural Resource Inventory

#1022-28J Pipeline, Uintah
Moab, Utah.

of Kerr-McGee Oil & Gas Onshore LP's Proposed Bitter
Uintah County, Utah. Montgomery Archaeological

of Kerr-McGee Oil & Gas Onshore LP's Proposed NBU
County, Utah. Montgomery Archaeological Consultants,

of Kerr-McGee Oil & Gas Onshore LP's Proposed NBU
County, Utah. Montgomery Archaeological Consultants,

Jendrese& A.
2006 Cultural Resource Inventory of

rc-25-33-19 Well Location,
Consultants, Moab, Utah.

Enduring Resources, Inc.
Uintah County, Utah.

's Proposed Southam Canyon
Montgomery Archaeological

Jendrese& A.
2006 Cultural Resource Inventory

#921-25A Pipeline, Uintah
Moab, Utah.

Jendresen, A.
2006 Cultural Resource Inventory

Bench #ll-23-43-3 l, Uintah
Moab, Utah.

of Kerr-McGee Oil & Gas Onshore LP's Proposed NBU
County, Utah. Montgomery Archaeological Consultants,

of Enduring Resources' Proposed Well Location Archy
County, Utah. Montgomery Archaeological Consultants,

Jendreseflo A.
2006 Cultural Resource Inventory of Questar E & P's

Wonsits Valley, Uintah County, Utah. Montgomery
Utah.

Nine Proposed Well Locations ln
Archaeological Consultants, Moab,



Jendresetr, A.
2006 Cultural Resource Inventory of EOG Resources, Inc.'s Eight Proposed HOSS Well

Locations (T8S R22E S. 36 and T8S R23E S. 3l), Uintah County, Utah. Montgomery
Archaeological Consultants, Moab, Utah.

Jendreseo, A.
2006 Cultural Resource Inventory of EOG Resources Inc.'s Proposed Well Location CWU

#1228-7, Uintah County, Utah. Montgomery Archaeological Consultants, Moab, Utah.

Jendreseil, A.
2006 Cultural Resource Inventory of Kerr-McGee Oil & Gas Onshore LP's Two Proposed

Pipelines (NBU #922-34D-3, and NBU #922-340-3), Uintah County, Utah.

Montgomery Archaeological Consultants, Moab, Utah.

Jendresen, A.
2006 Cultural Resource Inventory of Kerr-McGee Oil & Gas Onshore LP's Two Proposed

Pipelines (NBU #1022-3C-2, and NBU ffiA22-3M-4), Uintah County, Utah.

Montgomery Archaeological Consultants, Moab, Utah.

Jendresetr, A.
2006 Cultural Resource Inventory of UTE/FNR LLC's Four Proposed Well Locations

#14-12-56, #2-24-56, #9-24-56, and #10-24-56, Duchesne County, Utah. Montgomery
Archaeological Consultants, Moab, Utah.

Jendresen, A.
2006 Cultural Resource Inventory of EOG Resources, Inc.'s Proposed Well Location East

Chapita #55-5, Uintah County, Utah. Montgomery Archaeological Consultants, Moab,

Utah.

Jendresetr, A.
2006 Cultural Resource Inventory of Questar Exploration and Production Company's

Proposed Water Well Location WF WTR #15-15-19, on Ute Tribal Lands, Uintah

County, Utah. Montgomery Archaeological Consultants, Moab, Utah.

Jendresen, A.
2006 Cultural Resource Inventory of Kerr-McGee Oil & Gas Onshore LP's Hill Creek

Compressor Station, Uintah County, Utah. Montgomery Archaeological Consultants,
Moab, Utah.

Jendresen, A.
2006 Cultural Resource Inventory of Kerr-McGee Oil & Gas Onshore LP's Four Proposed

Pipelines, NBU #1022-4D-1T, #1022-4E-lT, #L022-4I-4 and #1022-4J-4T, Uintah

County, Utah. Montgomery Archaeological Consultants, Moab, Utah.



Jendreseq A.
2006 Cultural Resource Inventory of McElvain Oil & Gas' Proposed Asphalt Wash

ll-23-33-12 Well Location, Uintah County, Utah. Montgomery Archaeological

Consultants, Moab, Utah.

Jendresetr, A.
2006 Cultural Resource Inventory of McElvain Oil & Gas Properties, Inc.'s Two Proposed

Well Locations, Rainbow ll-24-13-13 and 1t-24-ll-14, Uintah County, Utah

Montgomery Archaeological Consultants, Moab, Utah.

Jendrese& A.
2006 Cultural Resource Inventory of Veritas Geophysical Integrity's Hatch Point Seismic

Staging Areas, San Juan County, Utah. Montgomery Archaeological Consultants, Moab,

Utah.

Jendresefl, A.
2006 Cultural Resource Inventory of Running Foxes Petroleum's Eight Proposed Cisco

Gamma Well Locations, Grand County, Utah. Montgomery Archaeological Consultants,

Moab, Utah.

Jendresen, A.
2006 Cultural Resource Inventory of Running Foxes Petroleum's Broadhead CDM Trespass,

Grand County, Utah. Montgomery Archaeological Consultants, Moab, Utah.

Jendreseq A.
2006 Cultural Resource Inventory of Questar Exploration and Production's Seven Proposed

WRU Well Locations, Uintah County, Utah. Montgomery Archaeological Consultants,
Moab, Utah.
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Patricia M. Stavish
Curriculum Vitae 2006

EDUCATION:

2003-2005 Masters of Science in Anthropology with a focus in Archaeology, Dec. 2005
University of Wisconsin-Milwaukee, Milwaukee, Wil. Thesis: Women and Children
First: The Distribution of Grave Goods at the La Tene cemetery Munsingen-Rain.

1998-2002 Bachelor of Arts Degree with a major in Anthropology.
University of Minnesota-Twin Cities, Minneapolis, MN.

PROFESSIONAL ORGANIZATIONS :

Register of Professional Archaeologists (RPA)
American Anth ropolog ical Association

PROFESSIONAL EXPERIENCE :

April-Sept 2005
Feb 2006 to Present

2004

2002-2004

2000

2000

Staff Archaeologist, Montgomery Archaeological Consultants, Moab, Utah.
Responsibilities include fieldwork (survey and mitigation); documentation of
cultural resources; site eligibility assessments; laboratory analysis of artifacts
technical and research design reports. Skilled in a number of software
packages including Microsoft Word, Excel, GPS Pathfinder and ArcView;
and is proficient with the use of GPS units and related software (e.9. Trimble
GeoExplorer l l  and l l l).

Archaeological Crew Member, Bad Duerrnberge, Hallein, Austria.
Excavation of lron Age settlement. Tasks included retrieval of artifacts and
identification of settlement features; use of total station and theodalite to
record artifacts and; laboratory analysis.

Archaeological Field Technician: Foth and Van Dyke, Eagan, MN. Phase
l, ll and lll archaeological survey and excavation in Minnesota and lowa.
Operation of archaeological and survey equipment.

Archaeological Assistant. Minnesota Historical Society, St. Paul, MN.
Excavation of the Mill City ruins (historical urban site). Collection and
documentation of archaeological data; creation of scaled drawings of historic
structures; operation of survey and GPS equipment.

University of Minnesota-Twin Cities Field School. Excavation of historical
furtrading site in Mendota Minnesota. Skills acquired: survey methods, site
mapping, excavation of test units, mapping unitfloors, profiles and features.
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Utah Fieldwork (Montgomery Archaeological Gonsultants)

Page 2 of 5

2005 Archaeological Technician. Cultural Resource Inventory of Alton Coal Development, Kane
County, Utah (2 months). Cultural Area: Anasazi

2O0S Archaeological Technician. HDR Engineers Central Railroad Project, Sevier County, Utah
(2 weeks). Cultural Area: Great Basin

2O0S Archaeological Technician. Utah Department of Transportation's Data Recovery at Sites
425a25619,425a25664, and 425a25664, San Juan County, Utah (1 month). Cultural
Area: Anasazi

20OS ArchaeologicalTechnician. Cultural Resource Inventory of Bill Barrett Corporation's Seismic
Project Near Pine Ridge, San Juan County, Utah. (1.5 months). Cultural Area: Anasazi

2005 Archaeological Technician. Cultural Resource Inventory for the Santa Clara River Bridge
on Shivwits Tribal Land, Washington County, Utah (2 weeks). Cultural Area: Anasazi

2005 Archaeological Technician. Cultural Resource Inventory of 13 EOG Resources well
locations, Uintah County, Utah (1 week). Cultural Area: Great Basin

2005

2005

2006

2006

2006

Archaeological Technician. Cultural Resource Inventory of 5 EOG Resources well locations,
Uintah County, Utah (3 days). Cultural Area: Great Basin

Archaeological Technician. Cultural Resource Inventory of Veritas Geophysical Integrity's
Seep Ridge 3D selsmic prospect, Uintah County, Utah (3 weeks). Cultural Area: Great
Basin.

Archaeological Technician. Cultural Resource Inventory of Consol Coal's Hidden Valley
development parcels, Emery County, Utah (1 week). Cultural Area: Great Basin

Archaeological Technician. Cultural Resource lnventory of Delta Petroleum's three well
locations, Grand County, Utah (1 week). Cultural Area: Great Basin

Archaeological Technician. Cultural Resource Inventory of Tidewater's four well locations,
Grand County, Utah (1 week). Cultural Area: Great Basin

20OO Archaeological Technician. Cultural Resource Inventory of the Adam's mineral claims,
Grand County, Utah (2 weeks). Cultural Area: Great Basin

2006 Archaeological Technician. Cultural Resource Inventory of Kerr-McKee's Ouray compressor
to Bridge station pipeline, Uintah County, Utah (5 days). Cultural Area: Great Basin.

2O0O Archaeological Technician. Cultural Resource Inventory of Kerr-McKee's proposed State
921-33M well location, Uintah County, Utah (4 days). Cultural Area: Great Basin.

2O0G Archaeological Technician. Cultural Resource Inventory of Kerr-McKee's proposed State
921-33M well location, Uintah County, Utah (a days). Cultural Area: Great Basin.

2000 Archaeological Technician. Cultural Resource Inventory of Kerr-McKee's proposed State
1021-36L well location, Uintah County, Utah (4 days). Cultural Area: Great Basin.
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Utah Fieldwork (Montgomery Archaeological Gonsultants)
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2006 Archaeological Technician. Cultural Resource Inventory of EOG Resources well Locations
North Duck Creek 320-27 , 321-27 , 322-27 , 323-27 , 324-27 ,318-33, 319-33 on Ute Tribal
Lands, Uintah County, Utah (1 week). Cultural Area: Great Basin

2000 Archaeological Technician. Cultural Resource Inventory of Kerr-McKee NBU 1021-10P well
location, Uintah County, Utah (5 days). Cultural Area: Great Basin

2006 Archaeological Technician. Cultural Resource Inventory of Kerr-McKee NBU 1021-78 well
location, Uintah County, Utah (5 days). Cultural Area. Great Basin

2O0O Archaeological Technician. Cultural Resource Inventory of Enduring Resources'10
Southam Canyon well locations, Uintah Co., Utah (1 week). Cultural Area: Great Basin

2006 Archaeological Technician. Cultural Resource Inventory of Questar E & P 13 well locations
in the Wonsits Valley on Ute Tribal Lands, Uintah Co. Utah (1 week). Cultural Area: Great
Basin

LABORATORY WORK

2004 Lab Volunteer. Old World section in the Archaeology laboratory at the University of
Wisconsin-Milwaukee. Digitizing field drawing from excavations in Germany.

2002-
2003 Archaeological Lab Technician. Forth and Van Dyke, Eagan MN. Washed and cataloged

artifacts, including both prehistoric and historical remains from surveys and excavations.

TEACHING EXPERIENCE

Fall 2005 Teaching Assistant. Introduction of Anthropological Statistics, University of
Wisconsin-Milwaukee.

Spring 2005 Teaching Assistant. Introduction of Cultural Anthropology, University of Wisconsin-
Milwaukee.

RESEARCH EXPERIENCE

2OO4 Part of a graduate student team involved in digitizing excavation drawings from the UWM
"Landscape of Ancestors" project in Germany (http://www.uwm.ed/-barnold/arch/),
Mortuary contexts, including burials, from two early lron Age mounds digitized using Canvas
software.

2OO2 Research assistant to Professor Greg Laden, Dept. Of Anthropology; University of
Minnesota-Twin Cities, Minneapolis, MN. Library research on various topics of Biological
Anthropology and Archaeology.

2AU-
2OO2 Research Assistant to Professor Robert Blanchette, Department of Plant Pathology;

University of Minnesota-Twin Cities, Minneapolis, MN. ldentification of archaeological wood
samples using light microscope and digital imaging equipment.
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PRESENTATIONS
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December
2005 American Anthropological Association: 104 th Annual Meeting, Washington, DC.

Session: Materialization of Social ldentity. Presentation of paper "Women and
Children First: An Analysis of Grave Goods and Gender in the lron Age Cemetery
at Munsingen-Rain.n'

November
2004 Chacmool Gender Conference: Qu(e)erring Archaeology, Calgary, Alberta, Canada

Session: Expressions of Gender ldentity in Mortuary Context. Presentation of paper
"Women and Children First: The Distribution of Grave Goods at the La Tene
cemetery M unsingen-Rain. "

TECH N ICAL PU BLICATIONS (Montgomery Archaeolog ical Consu ltants)

Stavish, P. and K. Montgomery
2005 Cultural Resource Inventory of EOG Resources' Proposed 3 CWU Wells: #684-1,#677-6,

and #680-6 in Uintah County, Utah. Project No. U-05-MQ-0783b.

Cultural Resource Inventory of EOG Resources'Proposed 4 CWU Wells: #1039-18,
#1034-19,#1035-19 and #692-20 in Uintah County, Utah. Project No. U-05-MQ-0780b.

Cultural Resource Inventory of EOG Resources' Proposed 5 Chapita Wells Units in
Sections 29 and 30 of Township 9 South, Range 23 East in Uintah County, Utah. Project
No. U-05-MQ-0781b.

Cultural Resource Inventory of EOG Resources' Proposed 4 CWU Wells: #1039-18,
#1034-19,#1035-19 and #692-20 in Uintah County, Utah. Project No. U-05-MQ-0780b.

Cultural Resource Inventory of EOG Resources' Proposed 2 East Chapita Wells Units in
Section 5 of Township 9 South, Range 23 East in Uintah County, Utah. Project No.
u-05-MQ-0779b.

Cultural Resource Inventory of EOG Resources, lnc.'s Proposed Chapita Wells Unit
#1 065-3 (Previous #597-3), #1 066-3 (Previous #543-3), and #1067 -3 (Previous #542-3) in
Uintah County, Utah. Project No. U-05-MQ-0778b.

Cultural Resource Inventory of EOG Resources, Inc.'s Proposed Chapita Wells Unit
#1041-22 (Previous #237-22) and #1042-28 (Previous #401-28F) in Uintah County, Utah.
Project No. U-05-MQ-0777b.

Cultural Resource Inventory of EOG Resources, Inc.'s Proposed Chapita Wells Unit
#1036-13 (Previous #236-13), #1037-13 (Previous #338-13), and #1038-24 (Previous
#328-24F) in Uintah County, Utah. Project No. U-05-MQ-0776b.
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Stavish, P. and K. Montgomery
2005 Cultural Resource Inventory of Westport Oil & Gas NBU #922-34 D, K, M and 0 Well

Locations, Uintah County, Utah. Project No. U-05-MQ-0782b.

Cultural Resource Inventory of EOG Resources, Inc.'s 13 Proposed Well Locations: North
Chapita #225-33, #284-6, #287-5, Stagecoach #97-8, #98-8, #99-8, #100-8, #106-8,
#107-8, #108-8, CWU #982-9, #983-9, #985-9 in Uintah County, Utah. Project No.
u-05-MQ-0795i.

Cultural Resource Monitoring of Westport Resources Pipeline Corridor, Carbon County,
Utah. Montgomery Archaeological Consultants, Moab, Utah. BLM, Vernal Field Office.
Permit No. U-05-MQ-041|b Part 2 of 2.

Cultural Resource Inventory of Portions of the Grey Wolf Parcel for the State of Utah,
Division of Wildlife Resources, Duchesne County, Utah. Project No. U-05-MQ-0802s.

Cultural Resource Inventory of EOG Resources, Inc.'s Proposed Stagecoach Wells #109-7 ,
#104-17,#80-20 and CWU #1016-16, Uintah County, Utah. Project No. U-05-MQ-07BO|.

Stavish, P.
2006 Cultural Resource Inventory of NeMield Exploration's 40 Acre Parcel in Township 95,

Range 16E, Section 15, Duchesne, Utah. Project No. U-06-MQ-0349b,s.

Cultural Resource Inventory of Kerr-McGee Oil & Gas Onshore LP'S Proposed Ouray
Compressorto Bridge Station Pipeline and Power Line in Uintah County, Utah. Project No.
Project No. U-06-MQ-0348|.

Cultural Resource Inventory of Kerr-McGee Oil & Gas Onshore LP's Proposed State #921-
33M Well Location, Uintah County, Utah. Project No. U-06-MQ-488s.

Cultural Resource Inventory of Kerr-McGee Oil & Gas Onshore LP's Proposed Well
Locations State #1021-36L and#1021-36M Uintah County, Utah. Project No. Project No.
U-06-MQ-0325b,s.

Cultural Resource Inventory of EOG Resources Inc.'s Proposed Well Locations North Duck
Creek 320-27,321-27 ,322-27 ,323-27,324-27 ,318-33, 319-33 on Ute Tribal Lands, Uintah
County, Utah. Project No. U-06-MQ-0324I.

Cultural Resource Inventory of the Delta Petroleum Corporation Energy's Proposed
Greentown Federal #33-12 and #35-12 Well Locations, Grand County, Utah. Project No.
u-06-MQ-0288b.

Cultural Resource Inventory of Alton Coal Development's Sink Valley-Alton Amphitheater
Project Area, Kane County, Utah. Project No. U-05-MQ-0346b,p.
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Memorandum

To:

From:

United States Department of the Interior
FTSH AND WILDLIFE SERVICE

UTAH h'EIlD OFF'CE
2369 WESTORTON CTRCLE SUTTE 50

wh,s't-ynlr EY clTY, UTAH E4l 19

January I l, 2006

Reclamation and Enforcement, Regional Director, (Attention: Carl R. Johnston),
Office of Surface Mining, P.O. box 46667, Denver, Colorado 80201

Utah Field Supervisor, Ecological Services, U.S. Fish and Wildlife Service, Salt
Lake City, Utatr

Subject Formal Section 7 consultation, UtahAmerican Enerry Company, "Lila Canyon"
Mine, utah stxe Perrrit c/0071M13

The U.S. Fish and Wildlife Service (Service) has reviewed your letter of December 13, 2005
regarding the proposed Lila Canyon Mine in Carbon and Emery Counties. Potential impacts to
proposed or listed species from mining activities have ben previously addressed in the Serrice's
Septembs 24,1996 Biological Opinion and Confereirce Re,port on Surface Coal Mining and
Reclamation Operations under the Surface Coal Mining and Reclamation Act of 1977. As part
of the terms and conditions of this BO, the regulatory authority must implement and require
compliance with any species-specific protective measures developed by the Service field office
and the regulatory authority.

De,pletion to the Upper Colprado River Svstem: Colorado River Endangerqd Fish Species:
Colorado pikeminnow. razorback sucker. bon)rtail chub, and humpback chub:

In accordance with section 7 of the Endangered Species Act of 1973, as amended (16 U.S.C.
I 531 et seq.), and the Interagency Cooperation Regulations (50 CFR 4AZ), the Fish and Wildlife
Service (Service) reviewed your correspondence regarding the impacts of the project on
endangered Colorado River fishes. The proposed action will cause an average annual depletion
of 80.81 acre-feet to the River in the Upper Colorado River Basin.

A Recovery Implementation Program for Endangered Fish Species in the Upper Colorado River
Basin (Recovery hogram) was initiated on January 22,1988. The Recovery Program is
considered the reasonable and prudent alternative to avoid jeopardy to the endangered fishes by
depletions from the Upper Colorado River Basin.

RECEIVED
JAII Ilitr

DlV. 0F 01i., GnS & idifrlF:,.
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ln order to further define and clarifi the process in the Recovery Program, a sectionT agreement

was implemented on October 15, lgg3,by the Recovery Program participants. Incorporated into

this agreement is a Recovery Implementation Program Recovery Action Plan (Plan) which

identifies actions required to recover the endangered fishes in the most expeditious manner-

Included in the Recovery Program is the requiranent that water depletion fees would be paid to

help support the Recovery Program. On March g,lggl,the Service issued an intra-Service

bioiogical opinion determining that the depletion fee for depletions of 100 acre-feet or less are no

longer required because the Recovery Program has made sufficient progress to be the reasonable

and prudent altemative to avoid the tikelihood ofjeopardy to the endangered fishes and to avoid

destruction of adverse modification of their criticat habitat by depletions of 100 acre-feet of less.

Water depletion associated with this project is authoizedunder the March 1995 biological

opinion. Therefore, the depletion fee for this project is waived.

The Offrce of Surface Mining should condition their permit to retain jurisdiction in the event that

the Recovery Program is unable to implement the Plan in a timely manner. In that case, as long

as the lead Federal Agency has discretionary authority over the project, reinitiation of section 7

consultation may be required so that a new reasonable and prude,lrt alternative can be developed

by the Service.

The Office of Surface Mining must also report actual annual water depletion from this project to

this office at the end of each fiscal year. The Recovery Frogram maintains water depletion

records to ensure that recovery goals are not hindered by excessive de'pletions.

Should project plans change, or if additional information on the distribution of listed or proposed

species becomes available, this determination may be reconsidered.

Only a Federal age,lrcy can enter into fonnal Endangered Species Act section 7 consultation with

the Service. A Flderal agency may designate a non-Foderal representative to conduct informal

consultation or prepare a biological assessment by giving written notice to the Service of such a

designation. The ultimate responsibility for compliance with ESA section 7, however, remains

with the Federal agency.

We appreciate your interest in conserving endangered species. If further assistance is needed or

you have any q-uestions, please contact Diana \Uhittington, at (801) 975-3330 extension 128.

Nw
UDOGM - Coal Regulatory Program, (Attention: Pamela Grubaugh-Littig and Jerriann

Ernstsen'),lsg4West North tempte, Suite 1210, P.O. Box 145801, Salt Lake City, Utah

84114-s801
USFWS - Upper Colorado River Recovery Program (Attn: Angela Kantola), 44 Union

Boulevard, Suite 120, Lakewoo{ Colorado 80228
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FISH AND WILDLIFE SERVICE
UTAH FIELDOFFICE

2359 WEST ORTON CIRCLq SUITE 50
WEST VALLEY CITY, UTAH t4I 19

February 28,20065

ttrnrw H.

RECEN/ED
tffi a2M

ft0ron,6*s& Ftttffia
h Rcply RcfaTo

FWS/R6
ESruT
I-0r35

Jerriann Ernstsen
Division of Oil, GaS, and Mining
1594 West Nonh Temple, Suite l2l0
P.O. Box 145801
salt l-ake ciry, utah Ml 14-5801

RE: Informal Section 7 Endangered Spocies Consultation, Lila Canyon Extension,
UtahAmerican Enerry Inc. (UEI), Horse Canyon Mine, Cl007l00l3

Dear Ms. Ernstsen:

The U.S. Fish and Wildlife Service (Service) has reviewed your letter of February 1,2006.
Potential impacts to proposed or listed species from mining activities have been previously
addressed in the Senricds Septerrber 24,1996 Biological Opinion aud Conference Report on
Surface Coal Mining and Reclarnation Operations under the Surface Coal Mining and
Reclamation Act of 1977. As part of the terms and conditions of this BO, the regulatory
authority must implement and require compliance with any species-specific protective rneasures
developed by the Service field office and the regulatory authority.

Protective measures for the Mexican spotted owl (MSO) are outlined in your February I letter
and include:

Because suitable habitat for the MSO within the pnrposed permit area" UEI will
conduct MSO surveys in accordance with USFWS protocol two years prior to
reaching potential MSO habitat, in areas with the following factors; l)areas
identified by the 2000 Willey-Spotskey Canyon Habitat Model and supported by the
Willey flyover results, and 2) areas classified as subsidence zones.

If the surve)ts indicate the presence of MSO in areas that may be subsided, the agencies
will immediately coordinate to determine appropriate measures prior to mining in those
areas.

Jrrcontrtty

United States Department of the Interior 'U,, ! J



Based on your conrnifinent to implernent the afore,me,ntioned protoctive measures, we concur
with your "not likely to adversely a{fect" determination for the Mexican spotted owl. Should
project plans change, or if additional information on the distribution of listed or proposed species
becomes available, this deterrnination may be reconsidered.

Only a Federal agency can enter into fonnal Endangered Species Act section 7 consultation with
the Service. A Federal ag€,lrcy may designate a non-Federal representative to conduct informal
consultation or pr€,pare a biological assessment by giving written notice to the Service of such a
designation. The ultimate responsibility for compliance with ESA section 7, however, remains
with the Federal agency.

We appreciate your intercst in conserving endangered species. If firrttrer assistance is needed or
you have any questions, please contact Dian+lfrlhittington, at (80t) 975-*tg elssrrsion 128.

cc:

Sincerelv.
/^'*/ P-1-

,rx t^ _*)f
' /  V r / -  t

ftf Henry R. Maddux' 
Utah Field Supeirrisor

OSM - Denver (Attrr: Ranvir Singh)
UDWR - Salt Lake City (Atnr: Frank Howe)
USFS - Manti l.asal Supervisor's Office, Price (Attn: Terry Nelson)
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Honse Canvon itlne - Lita Canvon E dension lnahAmerlcan Energv lnc.

County, Utah". This report was written in March 1986
by Don Southworth and Asa S. Nielson for the Mining
and Reclamation Plan submitted to the Division by
Intermountain Power Agency. A cultural Resource
Inventory of the Kaiser Steel Corporation South Lease
Mine Property and a Test Excavation (42EM1343 in
Emery County, East Central Utah conducted by
Rebecca Rauch (1981). These and additional survey
reports of the area are included in Appendix 4-1.

Detailed archeological ground surveys were conducted
at the Lila Canyon mine site and associated disturbed
area, by MontgofiEry Archaeological personnel. These
surveys were conducted in 1998, 1999, and 2006 and
is included within Appendix 4-1.

Within the Horse and Lila Canyon Permit areas and the
nearby Southern portion of the KaiserSteel Corporation
South Lease mine property, there are five known
historic resour@s that are either on or eligible for listing
on the National register. There is one listed site
(42EM1222) 2.5 miles from the facility area. One
eligibfe site (42EM1343) has been recovered and
another (42EM2517) will be recovered prior to
construction. The other two eligible sites (42EM2255
and 42EM2256) are not expected to be impacted by
operations.

411.14L Historic resour@s are depicted on Plate 4-3.

411.141.1 The locations of listed or eligible cultural and historical
resources in the area are discussed in Appendix 4-1
and shown on Plate 4-3.

There are no publicly owned parks.

411.141.2 No cemeteries are located in or within 100 feet of the
proposed permit area.

411.141.3. No land within the proposed permit area is within the
boundaries of any units of the National System of Trails
or the Wild and Scenic Rivers System.

411.142. Consuftation efforts for cultural and historical resources

Page -11-



Horse Garuon Mine - Lila Ganvon Extension lltahAmerican Energv lnc.

411.143.

411.1&

411.204.

are in process. Final concurrence from the SHPO will
be included in this MRP prior to permit approval.

UEI will also include measures to prevent or minimize
adverse impacts to listed sites within the permit area, if
sites are discovered during the consultation process.

The Operator has provided archeology survey reports.
Three of these surveys included intensive survey and
analysis of areas that would be directly impacted by the
Lila Canyon mining operations.

Two other surveys include spot surveys and analysis of
areas that are expected to have a low probability of
indirect mining impacts to the surface.

Of the 22 cultural and historical sites identified in the
area, only one, 42EM1222, is listed on the National
Register of Historic Places. This site is approximately
2.5 miles from the Lila Canyon surface facili$ and
therefore, impacts are not expected to occur atthis site.

BLM will develop a recovery plan for 42EM2517 that
will occur after mine plan approval and before
construction.

Previous mining and exploration activities have
occurred within the proposed permit area within the last
twenty years. In the mid-1950's, the road along the
bottom of Lila Ganyon was constructed to allow
exploration of the resources. The road intersects the
Horse Canyon Highway approximately 1.4 miles to the
north and loops back to the south to intersect Highway
191 and 6 to the south (see Plate 4-1). Two sealed
breakouts (Plate ll-2 of Horse Canyon Plan) are
located in the left fork of Lila Canyon where the Lila
Canyon fan was installed in the 1950's. The Lila
Canyon fan was used until the closure of Horse Canyon
post 1977 , and therefore, the current Coal Regulatory
Program has jurisdiction over this disturbance and it is
incfuded in the permit area.

Coal was removed from the outcrop of Horse Canyon
and transported back through the Horse Canyon Mine.
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524.748

524.749

The type and length of the stemming wilf be
recorded on the blasting record.

Mats or other protections used will be recorded
on the blasting record.

Since all structures are either owned by the permittee
and not leased to another person or are located over six
miles distance from the permit area a record of
seismographic and airbfast information is not reguired.

Since a blasting schedule is not required this section
does not apply.

524.750

524.760

524.8A0 The operatorwill complywith the various appropriate State and
Federal laws and regulations in the use of explosives.

525. Subsidence: The permittee will comply with the appropriate R645-301-525
requirenents.

525.100 Subsidence Control Plan

525,110 Plate 5-3 shows the location of State appropriated water
and 5-3 (Confidential) shows the eagle nests that
potentially could be diminished or interrupted by
subsiden@.

525.120 SUBSIDENCE POTENTIAL (See also Section 5.4 of Part "A")

A review of renewable resources in and adjacent to the permit
area found resources consisting of ground water, grazing,
timber, and recharge areas. Subsidence from underground coal
mines has been believed to affect overlying forest and grazing
resour@ lands in the following ways:

o Formation of surface fissures which intercept near surface
soil moisture thus draining the water away from the root
zone with deleterious effects.

o Alterations in ground slope and destabilization of critical
slopes and cliffs.
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o Modification of surface hydrology due to the general
downward migration of surface water through vertical
fractures.

o Modification of groundwater hydrology including connection
of previously separated aquifers, reduction in flows of
seeps and springs which rely upon tight aquitards for their
ffow, and changes in recharge mechanisms.

o Emissions of nrethane originating from the coal seam
through open fissures to the surface or at least the base of
the surficial soil which has been known to have defeterious
effects on woody plants.

Because these renewable resources exist with and adjacent to
the permit area, a subsidence control plan is required. This
pfan is presented in Section 525.400.

A great deal of baseline data is available from m€lny mining
settings to develop subsidence damage criteria for surface
structures (Bhattacharya et al. 1984), The formation of cracks
and fissures are the general effects of subsidence and can
have minor defeterious effects on groundwater resources
without any fissuring to the surface. In the arid areas of Utah,
impacts to and modification of the groundwater regime can be
disruption of flow from natural seeps and springs which rely on
the penneability contrast of interbedded sandstones and shale
for their florlls. These water resour@s are generally near
surface occurrences and are essentially surface waters and
subject to the sarne limiting damage criteria as surface water
bodies. Subsidence damage to surfiace water bodies has been
studied by a number of workers including Dunrud (1976),
Wardefl and Partners (1976), and U.S. Bureau of Mines(1977).
The results of the Wardell and Partners studies of subsidence
effects in a number of countries indicates that the limiting strain
for the onset of minor impacts to surface waters is
approximately 5 x 10-3. The SME Mining Engineering
Handbook also suggests a limiting extension strain value of 5
x 10'3 for pasture, woodland, range or wildlife food and cover.

Table 10.6.19 in the Mining Engineers Handbook suggests that
the minimum safe cover required for total extraction of the coal
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resources under surface waters is approximately 60 tirnes the
seam thickness for coal beds at least 6 feet thick or
approxirnately 450 feet. In their review of the foregoing, Singh
and Bhattacharya (1984) recommended that the same limiting
safe strain values and cover thickness ratios be used for
protecting groundwater resources and recharge areas over coal
mines. Where extension strain is greater than this limiting
value, it is likefy that surface fissures and cracks may develop.
As the strain value decreases befow the limiting value, the
potential for surface darnage decreases.

Figure 1 in Appendix 7-3 shows a typical subsidence profile.
As shown in Figure 1, the zones are: a caved zone that occurs
in the 6 to 10 tinres the thickness of the coal seam, a fractured
zone which occurs 10 to 30 times the thickness of the coal
seam, and deformation zone which occurs 30 to 60 times the
thickness of the coal seam, and finally, a soil zone which
occurs on the ground surface. The cover thickness of 1,000 to
over 2,000 feet, over most of the mine area is also much
greater than the limiting thickness of 630 feet recommended by
International Engineers Inc. (1979) (10.5' x 60).

The Lila Canyon mine will be a longwall operation. As
projected, 15 longwall panels at various depths will be mined.
The longwalf panels are laid out with the gate roads running
along the strike roughly north-south, which will result in the
longwall shear cutting up and douvn the dip. The depth of cover
over the longwall panels approaches but never gets less than
500 feet toward the southwest and increases to over 25A0 feet
in the northeast. Only three of the 13 planned longwall panels
are under less than 1,000 feet of cover. The rernaining 10
panels are under 1,000 plus feet of cover. Maximum
subsidence is expected to be approximately 9.5 feet in the
areas approaching 600 feet of cover and less than 3' in the
deeper cover areas. Extension strain varies from 12.4 x10-3 in
the 500 foot cover areas to .9 x 10-3 in the 2,500 foot cover
areas. Extension strain values of 5.0 x 10-3 and above occurs
in areas of approximately 1000' of cover and less.

A typical longwall panel at the Lila Canyon Mine will have
dimensions of approxirnately 950 feetwide and up to 7,000 feet
long and 2,000 feet deep. Using the methods described in the
Nationaf Coal Board's Subside nce Engineers' Handbook, the
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Panel Width =
Seam Height =

Depth of Cover

llaximum Subsidence
& Expected Exbnsive

Stnain (NCB 1975)

Feet Meters
900 274
10.5  3

Width to Depth Maximum
(a) Subsidence(S)

Feet
500
1 000
1 100
1200
1 300
1400
1 500
2000
2500

Meters
152
305
335
366
396
427
457
610
762

Meters
2.9
2.4
2.3
2.2
2.',|
1 . 9
1 .7
1 .2
0.9

Factor
NCB Fig.

15
Factor

.65

.66

.68

.70

.70

.75

.78

.82

.80

Extension
Strain (E)

x 10-3
'12.4

5.2
4.6
4 .1
3.7
3.3
3.0
1 .6
0.9

0.9
0.75
o.71
0.68
0.65
0.59
0.il
0.38
0.28

Feet
9.5
7.9
7.5
7.1
6.8
6.2
5.7
4,0
2.9

The most favored technique until recently has been the use of
the empirical charts developed by the National Coal Board
(NCB). The above calculations were obtained using the
empirical charts developed by the National Coal Board (NCB).
Comparisons, as stated in the SME handbook, of US
subsidence data with NCB predictions highlight the following
differences between coalfields in the US and UK: Most of the
studies in the US are limited to the Eastern US coalfields with
a very limited data base applicable to western conditions.

With the exception of lllinois, maximum subsidence factors
observed in US coalfields are less than predicted by NCB.

The limit (draw angles in the US coalfields tend to be less then
the 35 degree value generally accepted by NCB.

The points of inflection of the subsidence profiles over US coal
mines are generally closer to the panel centerline compared to
the NCB profile. This effect is dependent not only on the
percentage of competent strata in the overburden but also on
their locations relative to the ground surface and their
thickness.
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528.M0

with full seam extraction, only minimal subsidenc€ if
any is anticipated,

Aerial subsidence monitoring will be done annually
while the significant subsidence is taking place. The
subsiden@ monitoring will be initiated in an area prior
to any 2nd mining being done within that area. Initially
a 200 foot grid along with baseline photograph will be
established prior to any 2nd mining. Approxirmtely 12-
16 control points will be needed to cover the total
mining area. Six of these points will be located outside
of the subsidence zone. The accuracy of this survey
will be plus or minus 6" horizontally and vertically.
From this data a map will be created that will show
subsided areas. Once per year a follow up aerial will
be performed to determine the extent and degree of
active subsiden@. Subsidence rnonitoring will continue
for a minimum of 5 years after the mining eases. lf at
the end of the 5 year period the annual subsidence in
any of the 3 prior years measures more than 10 percent
of the highest annual subsiden@ amount, subsidence
monitoring will continue until there are 3 consecutive
years where the annual subsidence amount is less than
10 percent of the highest annual subsidence amount.
lf for three years in a row the subsidence is measured
to be less than 10o/o of the highest subsidence year,
subsidence will be determined to be complete, and no
additional monitoring for that area will be required.

A ground survey of the general mine permit area will be
perfornred in conjunction with the quarterly water
monitoring program. During the ground surveys any
cracks observed will be noted and reported to DOGM.

Two areas of the permit have stream reaches with less
than 1,000 feet of cover over the coal seam. As
discussed in Section 525.120, it is not envisioned that
subsidence will negatively impact these areas. During
periods of 2"d mining under areas of intermittent or
perennial streatru$, a ground survey will be conducted
of the stream channels every two weeks. These ground
surveys will be continued for a period of 3 months
following the 2d mining.
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The ground survey will consist of walking and
photographing the various areas of the surfiace over the
mine where subsidence might occur. lf evidence of
subsidence is identified, the area of subsidence will be
surveyed and the extent of the disruption identified.
Depending on the extent and location of the damage,
mitigation measureswill be reviewed and implemented.
Due to the fact that mitigation options change with time

ilff['"'::;*',ffi i:trft::'fi il:tf'35*ff*::
UEI provides a commitnent that where subsidence
damage affects uses of the surface, the land will be
restored to a condition capable of maintaining the value
and reasonable foreseeable uses which it was capable

:1d,13ffi ll[,'n,S:?,:",5::ff 5.i"I],t;"'ffi ili1fr
525.450 Subsidence control measures.

525.451.

525.452.

No backstowing or backfilling of voids used as a
subsidence control measure is planned at this
time. Therefore, this section is not applicable.

Support pillars as a subsidence control neasure
is not anticipated at this time. However, an area
of partial rnining where an unmined coal block
wiff be left for subsidence controf is shown on
Plate 5-5. First mining indicates an area where
a block of coal is roomed leaving pillars for
support with no mining of the remaining pillars.
Partial mining as shown on Plate 5-5 indicates
an area where a block of coal has been isolated
without the rooms being developed. Both first
mining and partial mining will leave support that
can be used to control subsiden@. lf the
partially mined area shown on Plate 5-5 is ever
roomed out, the area now defined as partially
mined would become an area defined as being
first mined.

An outcrop barrier of coal will be left to protect
the escarprnents at the outcrop. As per the
R2Pzonly first mining will be allowed within 200'
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fencing no additional Ineasures are planned
after the construction phase. During
construction measures to control traffic on the
County Road will be taken to protect the public
from construction ref ated hazzards.

526.{16.{. A cooperative agreenent with Ernery
County as stated in APPendix 14
requires a six foot chain link fence to be
constructed adjacent to the Lila Canyon
Road to provide safety to the general
public in the proximity to the mine site
and mine related structures and activities.

526.1 16.2. At the current time there are no plans to
relocate any public road.

526.200 Utility Installation and Support Facilities.

526.210 All coal mining and reclamation operations will be
conducted in a manner which minimizes damage,
destruction, or disruption of services provided by oil, gas,
and water wells, oil, gas, and coal-slurry pipelines,
railroads, electric and telephone lines, and water and
sewage lines which may pass over, under, or through the
permit area, unless otherwise approved by the owner of
those facilities and the Division. Since no existing
services are found within the projected disturbed area,
no negative impact to any service is anticipated.

This area Intentionally left Blank.

The new support facilities are described in section 520
and in Appendix 54 and shown on plate 5-2 and will be
operated in accordance with the mine reclamation plan.
Plans and drawings for each support facility to be
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EIS ENWIRONMENTAL & ENGINEERING
CONSULTINGSTAFF

J. T. 6'Tomtt Paluso, P.E.
Civil and Environmental Engineer

Mr. Paluso has over 32 years experience in mining, the oil and gas industry, and governmental service,
with more than 26 years dedicated to coal mining. Upn gmduatioa he worked for Schlumberger
Offshore Services in Alaska and California where he supervised a geologic exploration crew searching for
oil and gas on Alaska's North Slope and offshore drilling platforms in Cook Inlet. For several years he
worked with the U. S. Forest Service in Alaska, California and Utalu concentrating on engineering and
environmental projects. Duriqg his coal caxeer, he worked in a rariety of different positions in both union
and non-union mining operations. These included: longwall and development section frc€ boss,
preparation plant engineer, coal laboratory marrlger, project engineer and chief mining engineer.

Mr. Paluso has worked for some the most innovative and aggressive coal mines in the West, zuch as,
Kaiser Steel Corporation, which introduced longwall mining to Utah and the West, and also pioneered
ntany experimental mining mettrods over the years. He worked at Skyline Mineg once the largest
underground coal mine west of the Mississippi, with an annual production of 5 million tons. A wide
diversity of projects were completed during his 26 years in the coal mining industry. His major areas of
concern were engineering and construction. Following are a few of his major endeavors during this
period: developed complete plans for a new mine; designed coal handling facilities; supervised
preparation plant engineering and operation; managed coal laboratory operations; coordinated methane



drainage systems; designed and supervised the construction of rock slopes and shaft development;
designed and operated underground slurry systems. Tom did extensive work on mine permitting
ventilation systems, pneumatic rock dust systems, mine de-watering and supply systems, and reserve
exploration.

Mr. Paluso received his B. S. in Civil Engineering and a M. S. in Environmental Engineering from Utah
State University. He is a Registered Professional Engineer and is also a certified Fireboss and Mine
Foreman in Utah. Presently he is a member of the Society for Mining Metallurgy and Exploration and
the American Society of Civil Engineers.
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RECENT WORKPROJECTS
Tom Paluso

o
o

EIS PROJECTS

l. Bridge Design & Installation
2. Road Design and Upgrading
3. Pipeline Relocation Permitting
4. Stneam Alteration Permits
5. Flood Evaluation
6. Air Quality Permitting
7. Surface and Ground Water Appropriation
8. Culvert Sizing
9. Petroleum Storage Tank Emissions
10. Evaporation Pond Evaluation

LILA CANTYON PROJECTS

l. Mine Permitting
2. Sediment Pond Design
3. Sediment Movement Calculations
4. Reclanration Cost Evaluation
5. Hydrology Calculations

ARCH COAL & KAISER STEEL PRO.IECTS

l .
2.
3.

Sediment pond and Dam inspection
Slope Stability Analysis
Geologic Forrnation Drilling (Reserve Evaluation)
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Chapter 7

7OO. HYDROLOGY

710. lntrcduction

7 11 . General Requirements

71 1 .100

711.240

711.300

711.40A

71{.500

The existing hydrologic resources of the proposed Lila Canyon
Mine area are detailed under section720.

The proposed operations and potential impacts to the
hydrologic balance are described in Sections72S and 730.

All nethods and calculations utilized to achieve compliance
with hydrologic design criteria and plans are described in
Section 740 and Appendtx74.

Appl icable performance standards

Reclamation hydrology is described in Section 760 and in
AppendixT4.

712. All cross sestions, rnps and plans required by R&t5-301-722 as
appropriate, and RA45-301-731.700 have been prepared and certified
according to R645-301 -512.

713. lmpoundments will be inspected as described under Section 514.300:

A professional engineer or specialist experienced in the construction of
impoundments will inspect the impoundment.

Inspections will be made regularly during construction, upon completion of
the construction, and at least yearly until removal of the structure or release
of the performance bond.

The qualified, registered professional engineer will promptly, after each
inspection, provide to the Division, a certified report that the impoundment
has been constructed and maintained as designed and in accordan@ with
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the approved plan and the R645 Rules. The report will include discussion
of any appearan@s of instability, structural weakness or other hazardous
conditions, depth and elevation of any impounded waters, existing storage
capacity, anyexisting or required monitoring procedures and instrumentation
and any other aspects of the structure affecting stability. (See Appendix 5-2
for the inspection form).

A copy of the report will be retained at or near the mine site.

There are no impoundments at this site subject to MSHA, 30 CFR 77.216;
therefore, urcekly inspections are not required.

lmpoundments not subject to MSHA, 30 CFR 77.216 will be examined at
least quarterly by a qualified person designated by the operator for
appearane of structural weakness and other hazardous conditions.

7 2A. Environmental Description

721. General. The following infornation will present a description of the existing,
pre-mining hydrologic resources within the proposed permit and adjaecnt
areas. This information will be used to aid in determining if these areas will
be affected or impacted by the proposed coal mining activities.

The proposed Lila Canyon Mine is located, in the southwestern portion of
the Book Cliffs in Emery County, Utah, approximately 2 miles south of the
old Horse Canyon Mine, fornerly operated by Geneva Steel Company. The
proposed mining will be in the Upper (and possibly Lower) Sunnyside Seam
of the Blackhaurk Formation.

Existing hydrologic resources of the area consist of: Surface water resources
- intermittent by rule with ephemeral flow streams; and Groundwater
resouroes - springs and seeps and perched, isolated aquifers. These
resour@s have been evaluated using hydrologic data from the Horse
Canyon Mine, water level piezometers, and seep/spring inventory data of the
proposed mine and adjacent areas. Plates 7-1 and7-lAshowthe locations
of the surface drainages, springs and seeps, and piezometers.
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722. Cross Sections and taps

722.100 Subsurface Water, The locations where subsurface water,
including springs and seeps, have been identified are presented on Plates
6-1 and 7-1 and data results are included in Appendix 7-1. Relevant cross
sections of subsurface water, geology, and drill holes are shown on Plate 6-
1. Where sufficient data are available, the seasonal head differences are
presented on contour maps (see Figure 7-24) and on a piezoneter
hydrograph plot (see Figure 7-28).

722.2OO Surface Water. Location of all streams and stockwatering ponds
or tanks in the area of the mine are shown on Plate 7-1. There are no
perennial strearns, lakes or ponds known to exist within the proposed permit
or adjacent areas.

A new diversion work was thought to have been constructed by the BLM in
2004 at the confluence of the Right Fork of Lila Canyon and Grassy Wash.
Water from this diversion was directed to the stock pond located in Section
28, T. 16 S., R 14 E. Figure 1 in Appendix 7-9 shows the location of the
diversion and the alignment of the diversion channel to the stock pond.
Also, the location of the overflow channel back to Grassy Wash is also
presented on the figure. However, the BLM was not involved in the pond
improvernents. Recent site investigation 2006 shows that the diversion
structure described in Appendix 7-9 has been breached and no flow now
reaches the pond from Grassy Wash. No other ditches or drains are known
to have been constructed in the area of the mine.

722.3OO Baseline Data Locations. Locations of all baseline data
monitoring points are shown on Plate 7-1. Baseline water quality and
quantity data is included in Appendix 7-1.

722.4A0 Water Wells. Three wells and three piezometers have been
identified in the permit and adjacent areas. Two wells are located within the
alluvium of lower Horse Canyon Creek. Three uater piezometers were
drilled in the area, IPA #1, IPA #2 and IPA#3, to monitor mine uater levels.
Drill hole S-32 was drilled and converted to a water monitoring hole by
Kaiser in 1981. The details of these wells and piezorneters are discussed
in Section724.100 of the application. The location of all these v'ells and
piezometers is shown on Plate 7-1. No inforrnation on any other wells has
been identified.
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722.500 Gontour ilaps Contour Maps of the proposed disturbed area and
mining areas are included as Plates 5-2A, 5-2B, 7-1 and 7-2. These rnaps
use U.S.G.S. based contours and accurately represent the proposed permit
and adjacent areas. Disturbed area maps present greater detail from low-
level aerial photography, for greater detail, and are tied to relevant U.S.G.S.
elevations to ensure correlation befueen the maps.

723. Sampling and Analysis
All water quality analyses performed to meet the requirements of R645-301-
7 23 th ro ug h RM5-3 A 17 24.300, R64$3 O 1 -7 24 .500, R&+5-3 A L7 25 th ro u g h
R&+5-301-731, and Re45-301-731 .210 through RA45-301-731 .223 will be
conducted according to the methodology in the current edition of "Standard
Methods forthe Examination of Waterand Wastewater" orthe methodology
in 40 CFR Parts 136 and 4U. Water quality sampling perforrned to rneetthe
requirenents of RO45-301-723 through R645-301-724.300, R645-301-
724.504, R&[5-301-725 through R645-341731, and R&5-301-731 .21A
through Ril5-301-731.223 will be conducted according to either
rnethodology listed above when feasible. "Standard Methods for the
Examination of Water and Wastewatef is a joint publication of the Arnerican
Water Works Association, and the Water Pollution Control Federation and
is available from the American Public Health Association, 1015 Fifteenth
Street, NW, Washington, D.C. 20036.

7 24. Baseline Information
This section presents a description of the groundwater and surface water
hydrology, geology, and clirnatology resources to assist in determining the
baseline hydrologic conditions which exist in the permit and adjacent areas.
This information provides a basis to determine if mining operations can be
expected to have a significant impact on the hydrologic balance of the area.

724.100 Ground Water lnformation, This section presents a discussion of
baseline groundwater conditions in the permit and adjacent areas. The data
set consists of piezometer, spring and seep inventory data, mine discharge,
and mine inflow information from the abandoned Horse Canyon Mine.
Appendices 7-1 and 7€ provide data through the 2002 sampling period. All
of these data and other recent data are available in the DOGM electronic
database. The data, provided in Appendices 7-1 and 7-6 and the DOGM
electronic data base, were obtained from multiple sour@s, including (but not
limited to) on-site sampling efforts, the Horse Canyon Mine P.A.P. filed by
Geneva Steel and annual reports, U.S. Geological Survey publications, and
various consultant reports. Since not all monitoring parties were required to
adhere to UDOGM or SMCRA rules, the laboratory pararneters varied
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between reports. Houlever, the data are still considered valid and
appropriate for determining baseline conditions within the permit and
adjacent areas. The location of the sampling points are presented on Plates
7-1 and 7-14.

History of Data Collection. The U.S. Geological Survey c-onducted a water
quality study in Horse Canyon from August 1978 until September 1979
during the time that U.S. Steel operated the mine. Samples were taken
monthfy from the Horse Canyon Creek and analyzed for most major ions and
cations and field pararneters. Metals, eight nitrogen species and other minor
chemical constituents urere taken on a quarterly basis or less.

Between January 1981 and April 1983, baseline water quality data was
colfected for four surface water/spring sites B-1 , HC-1, RF-1 and RS-2, and
3 UPDES Discharge Points, 001 (Mine Discharge), 002 (Mine Discharge)
and 003 (Sewer Plant) , on the Horse Ganyon permit area. Between 14 and
19 samples were taken and analyzed during the monitoring period
depending on the site. The parameters that were analyzed were derived
fiom Section 783.16 in the regulations. DOGM rnonitoring guidelines were
not in force at that time.

Two othersites, RS-1, and RS-2, were sampled once a yearduring 1978,
1979, and 1980 and analyzed for most major chemical constituents. In
addition, springs H-1, H-6, H-18, and H-21vvere sampled once by JBR and
analyzed for the rnajor constituents in 1985. Third quarter data for 1989
were collected for B-1, HC-1, RF-1, and RS-2 and sampled for most of the
paraneters in DOGM's guidelines.

Sarnple sites B-1, HC-1, RF-1 and R$2, along with the UPDES Discharge
Points 001A and 0018, have been monitored quarterly since 1989 in
accordance with the approved water monitoring plan for the Horse Canyon
Mine (Part A). The results of this monitoring have been submitted to the
Division each yearwith the Annual Report and or have been entered into the
Divisions electronic data base.

Baseline monitoring was also conducted on the proposed Lila Canyon Mine
extension area by Earthfax Engineering in 1993-1995. Sotre 60 sites were
identified and monitored. This data is presented in Appendix 7-1.

The operational water monitoring program committed to the permit
application was implemented in July, 200A. Datawill be collected from new
monitoring sites L-1-S through L-,4-S. L-s-G has yet to be installed. These
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sites are typically dry and no quality data has been gathered as yet. Sites
L-6-G through L-10-G have been monitored for baseline in 1993, 1994, and
1995. These sites, along with piezometers IPA-1 , IPA-2 and lPA 3, were
monitored in December 2000 to determine if they were still viable and to
establish a current baseline that will be continuous with operational
nnnitoring.

Sites L-1 1-G and L-12-G were added in October 2001to replace sites L-6-G
and L-10-G. Sites L-13-S, L-14-S, L-15-S, and L-18-S are being used to
determine flow characteristics of the Williarre Draw Wash, Wash below L-
12-G, Little Park Wash, and Stinky Springs Wash.

Sites L-6-G, L-10-G and L-15-S were determined to either provide no flow
data or data that was less representative than the replaceffEnt sites and will
be suspended from sampling in the 1"t quarter of 2003.

Wells. The wells in the mine area consist of two water supply wells, three
water level piezometers, and an exploration borehole converted to a
monitoring well.

Two wells are located within the alluvium of lower Horse Canyon Creek, near
the Horse Canyon Mine. These wells area compfeted in the aerially small,
alluvial aquifer at the rmuth of Horse Canyon which contains groundwater
likely collect from infiltration of surface flows from the upper Horse Ganyon
area. As indicated in Section722.400, the well located near the main Horse
Canyon surface facilities, identified as Horse Canyon well on Plate 7-1A, is
still open, although not operational at this time. The well was investigated
and it was determined that it would not be useful as a piezometer. The
pump is sitting on the top of a concrete cap encapsulating the top of the well.
The site could not be used as a piezometerwithout removing the pump. This
well wilf be donated to the College of Eastern Utah as part of the Post Mine
Land Use Change. The vrrell located near the road junction, identified as
MDC well on Plate 7-'lA, is an abandoned well owned by Minerals
Development Corporation. This well has been sealed to the operator's best
knowledge. No hydrologic data is presently available from either of these
wells.

Three water level piezometers were drilled as part of plans to access the
Kaiser South Lease by l.P.A. These piezometers were designated IPA-1,
IPA-2 and IPA-3, and are located in the Lila Canyon Permit area (see Plate
7-1). IPA monitored these sites for water depth from 7Kn to 4/96. These
monitoring results are included in Appendix 7-1 and monitoring points and

Page -6-



Horce Ganyon tine - Lila Ganyon Extension utahAmerican Eneruy Inc.

measured water levels are shown on Plate 7-1. lt shoufd be noted that the
npnitoring of these holes was done over the 2 314 year period to provide
baseline data for the South Lease by l.P.A. Monitoring of water depths at
these points by UtahAmerican commenced in December 2000 and continued
through present. As indicated by the data in Appendix 7-1, the water levels
in the holes show very little fluctuation. Levels change ftom less than 1.2'
to a maximum of 21 .2'over an eight year monitoring period. Figure7-ZAand
7-2B present the seasonal fluctuations of the water levels as contour maps
and hydrographs. Using these water levels, an estimate of the projected
water level assuming that the zones from the individual piezoneters are
connected is shown on Plate 7-1 and the monitoring results are included in
Appendix 7 -1 - Baseline Monitoring.

The piezoneters were installed to provide depth of water only. lt is
impossible to drop a bailer 1000 feet and withdraw a water sample without
contaminating the sample. lt has been suggested that sampling pumps be
instaffed on these wells. Appendix7-11 discusses the difficulties of using
pumps and bailers in these vuells. Due to limited pump capabilities in a 2-
inch diameter well such sampling is not feasible. Therefore the depth and
diameter of the piezometers holes make it impossible to use them for
baseline quality sampling.

Drill holes 5-26, $27, S-28, and S-31 urere cased in 3" PVC pipe with
bottom perforations for uater monitoring; hourever, @ment seals vl,ere faulty,
allowing the PVC pipe to fill with cement. Drill hole S-26 was reported dry
in the week prior to cementing.

It has been reported by Kaiser that holes within one and one-quarter miles
east of the cliff face were drilled with air, mist and foam and did not detect
any water in the subsurface with the exception of drill hole S-32. No
apparent increase in fluid level could be attributed to groundwater inflow
ftom these holes, sone of wfrich r rere open for two vveeks. Exploration drill
holes in the South Lease property south of Willians Draw did not encounter
groundwater within 1 to 1.25 miles of the coal outcrop. Exploration drill
holes in the South Lease property, south of Williams Draw, did not encounter
grounduater within 1 to 1.25 miles of the coal outcrop.

S-32 is located approximately three miles south of Lila Canyon and is
separated from Lila by at least two known fault systems. The drill log along
with the Chronology of Developnent and Pump tests are included in
Appendix 6-1. Water levels measured are shown in the '"Chronology of
Development". Water quality analysis for S-32 is also included in Appendix
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6-1. These uater quality data are representative of the completion zone of
the well (Upper Sunnyside Coal Seam and zone beneath the coal). The
location of S-32 is shown on Plate 7-1. The Permittee visited S-32 tn 20A2
and attempted to measure water levels, but found that piezometer S-32 was
unusable.

Spring and Seep Data. JBR Consultants Group (1986) conducted a spring
and seep inventory of the Horse Canyon areaduring the fall of 1985. During
the study, no springs or seeps \ rere located within the disturbed area or near
the proposed surface facilities. Within and adjacent to the permit area, 19
springs and seeps were found. Flows occurred from either sandstone beds
located over shales or from alluvium. The flow rates from the springs varied
fiom less than 1 gpm to about 10 gpm. Table 7-1 shows the flow rates and
field data for each site. Sample results are listed in Appendix 7-6.

Based on the data, nine of the springs occurred from alluvial deposits in the
stream channels or in colluvium. Nine of the remaining springs discharge
from sandstone located above less pefineable shale. Spring (H-92) u,Els
developed by excavating into bedrock. The discharge from this spring is
through a pipe.

An additional spring and se€p survey was conducted in the area, including
the proposed Lila Canyon Mine area, by Earthfax Engineering in 1993
through 1995. Results of this survey are included in Appendix 7-1 of this
permit. This is the most consistent and most recentdata; therefore, this data
has been used for baseline monitoring in Appendix 7-1.

All of the spring and seep sites identified from the various surveys are
presented on Plate 7-1A. The geologic source for the springs can be
determined by cornparing Plates 6-1 and 7-1 and 7-1A. Additionally, the
elevation of the sampling points can be estimated from the topographic base
map. All groundwater use (seeps and springs) within the permit and
adjacent areas is confined to wildlife and stock watering.

It should be noted that a number of sample sites and npnitoring holes have
been noted in previous submittals. Sites A-26 and A-31 were mentioned in
the Horse Canyon Mine Plan; however, these sites were drilled in 1981 , and
no data is available as to location and/or water quafity data. These sites are
considered non-usable for this plan. Sites H-21A, H-218, H-18A, H-188,
HC-1A and an unidentified spring 1000' southwest of HCSW-2 have been
mentioned; however, no sample data or pertinent information is available for
these sites, and they have been removed from Plates 7-1 and7-1{. Plates
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7-1 and 7-1A have therefore been revised to show only seep/spring and
other pertinent hydrologic data points for which adequate, reliable data is
available for the plan.

Water rights for the mine and adjacent areas are addressed in Section
722.200 of this P.A.P.
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Table 7-1
1985 Spring and Seep Survey Results

Spring lD Temp (C") pH Flow Occunence
(gpm)

H-2

H-3

H4

H-5

H€

H-7

H-8

H-9

H-10

H-11

H-13

H-14

H-18

H-19

H-20

H-21

H-22

H-92

Conduct.
(umhos.)

950

1111

1229

1359

1 366

1 985

1 997

1919

2150

1227

1596

z0/;O

1 381

er5

777

968

322

2

2

<<1

1

1

1 0

< 1

< 1

2

1

2.5

4.5

2

I

3.5

2.5

6

1

<<<1

Use

wildlife

wildlife

wildlife

wildlife

wildlife

cattle

cattle

wildlife

cattle

caftle

cattle

cattle

cattle

wildlife

none

wildlife

none

none

Sampled

yes

no

no

no

no

yes

no

no

no

no

no

no

no

yes

no

no

yes

no

no

H-1 7

10

9

10.5

I

9.5

12

11

11

9.5

11

7

8.1

8.0

7.7

7.7

7.9

7.6

7.8

7.7

7.9

7.8

7.1

7.5

7.9

8.2

8.3

8.3

8.3

SS over
Shale

Collwium

Alluvium

Colluvium

Alluvium

SS over
Shale

SS

SS

Alluvial

Alluvial

Alluvium

Colluvium

SS over
Shale

Alluvium

14

1 4

SS over developed
Shale

SS over
Shale

SS over
Shale

SS over
Shale

SS over
Shale
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Mine Inflow Information. Based on the historic record, water was
encountered underground in the Horse Canyon Mine, resulting in outflows
from portal areas of approxirnately 0.2 cfs or 90 gpm. The size of the flows
from pumping or from old portal discharges is more the result of the large
size of the mine (approx. 1500 ac), ratherthan the result of intercepting a
localized high flowing aquifer. lf the flow is distributed over the mine area,
the average inflow is about 0.6 gpm per acre. The water encountered was
likely discharge from perched aquifers or saturated sandstone lenses
encountered during mining, not uncommon in mines in the Blackhauft
Formation.

According to mining records of U.S. Steel (previous owner), groundwater
was monitored within the Horse Canyon mine in several locations.
Generally, the underground flovrrs occurred ftom roof drips or areas where
entries encountered sandstone lenses. As discussed in the Blackhawk
Formation description, the inflows were similar to inflows found in other
mines along the Book Cliffs. This is thought to represent an interception of
an isolated saturated zone in the subsurfiace. Generally, a saturated,
perched sandstone lense which overlies the coal seam is intersected by the
mining operation. This provides a flow path for the isolated water in the
sandstone lense to drain into the mine. Over time as the volume of water in
the sandstone lense decreases, the rate of discharge also decreases.
Eventually, the inflow ceases as the available water in the lense is fully
drained. This drying up of the inflow is indicative of a very limited recharge
to the deep strata in area, which is consistent with the known horizontaf and
vertical hydraulic conductivity of the Blackhawk Forrnation.

Flows which issued from rock slopes and gob areas, where roof collapse
may have occurred, were also small. These area would have exposed
nurerous points for inflow from sand stone lenses, roof bolts, and fractures
within the formation. Therefore, it would be likely that if there were large
amounts of water stored within the formation, the inflows from these area
would have been significantly greater. The lack of these flows from these
areas of the mine are a further indication that limited raater was stored in the
fonnation and that the recharge to the formation from overlying strata was
also limited.

During the period from 1957 to 1962, an exploration test entry \^rzrs mined
south from the Geneva Mine into the Lila Canyon Area. This entry
encountered in-place water, which was allowed to collect in short cuts made
into the down dip entry which was sufficient to keep excess water from
working areas. The exploration entry was terminated when the Entry fault
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was encountered (see Plate 7-1). More than tulo months was spent drilling
to ascertain the nature of the fault and locate the coal seam. During this
period, there is no mention in the records of excess water or that water was
encountered in the Entry fault area.

There is no estimate of water quality retrieved while mining the exploration
entry other than rnentioned above. However, water flow and seeps were
reported to be in the range of 1 to 24gpm.

Only when the mine neared the Sunnyside Fault was significant water
en@untered. The water was initially pumped for use in the water supply
system for the mine, When inflows increased beyond in-mine needs, to
keep the workings near the Sunnyside Fault from flooding, the mine pumped
uater collected from this area from the workings during the period 1980
through 1983, prior to suspending operations. The development plan forthe
mining within the Lila Canyon extension is planned to avoid the Sunnyside
Fault. Therefore, the amount of water to be encountered underground will
be limited.

The rate of inflow into the Horse Canyon Mine is not precisely known. In
U.S. Steel's Permit Application Package (PAP) (1983) they estimated the
average discharge fiom the mine to be 0.2 cts. Lines and Plantz (1981, p.
32) also estirnated the discharge from the mine to be 0.2 cfs and nentioned
that the discharge was intermittent. lt is not known, however, if this
represents a constant average flow or the average flow rate during discharge
periods. The mine was using an unknown volume of water within the mine
for dust suppression and other operational needs.

According to the l.P.A. Mining and Reclamation Plan for Horse Canyon,
Kaiser Coal re-entered the mine in 1986. They found that at the intersection
of the Main Slope and 3d level, at the rotary car dump, there was water in
the bottom of the dump. The water level in the dump was described in the
Horse Canyon P.A.P. as being "about 30 feet below the floor (personnel
communication, 1990)". U.S. Steel monitoring site 2 Dip, a sump where
water collected, is very near this location and has an elevation of 5,827 feet.
Therefore, the water level in the rotary dump would be at a level of about
5,800 feet. No other water levels were obtained during 1986.

In 1993, BXG also re-entered the Horse Canyon Mine. They reported water
levels at the rotary car dump at approximately 5870. lt is not known if this
reported level was for the same locations, but it is assumed to be the close
to the sarne location. Due to the extended period without pumping, this
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water level is probably representative of the level of water collected in the
rest of the mine. Therefore, to be conservative, it is assutrpd that the
Geneva exploration entries driven south from the Horse Canyon Mine into
the proposed Lila Canyon mining area do contain water since the tunnels
elevation is approximately 5855 feet.

The Horse Canyon Mine has been closed and the surface area reclaimed.
With no significant inflow to the old workings, no discharges are occurring
from any of the portal areas nor are expected in the future. lt is known
however, that unter has collected in the old entries. As future mining
activities, forthe proposed Lila Canyon Mine, will be occurring nearthis area
of collected water in the old exploration entry workings, it is likefy that sore
of this unaterwill be intercepted bythe proposed Lila Canyon Mine (see Plate
7-1'). Water may then have to be pumped from the mine. Because of
undulating floor and unknown void areas, it is impossible to determine the
amount of water that would be pumped. The rate of pumping, if ony, would
be determined by the water discharge system design. All water discharged
from the mine would be discharged at UPDES Site # 002A which is Site L-5-
G, and will meet all UPDES standards. DOGM has specified planning to
include a mine discharge of 500 gpm maximum.

An inspection of the Horse Canyon area following mining has shown no
diminution of reasonably foreseeable use of aquifers. Since mining ceased
in 1983, subsidence should have occurred within two years. However, no
deterioration of the aquifers in the area was identified. Mining has not yet
begun on the Lila Canyon site; however, sine the structure and
groundwater reginn is similar to the Horse Canyon area, no diminution or
deterioration of groundwater resources is expected in this area.

As the mining in the Lila Canyon Mine will be from the sane seam and the
adjacent strata are the same and the over and underburden are the satre,
occurrences of ground water in the Lila Canyon Mine are expected to be
similar to the Geneva Mine (Horse Canyon). The water quality is expected
to be the sarne as the water en@unter in the Horse Ganyon Mine. Samples
taken underground fromthe Horse Canyon Mine (MRP part ?"AppendixVl-
1) tothe north of the Lila Canyon Mine and fromwell S-32 (MRP part"B"
Appendix 7-1) by Kaiser to the south of the Lila Canyon Mine show the
water from the level of the mal seam to be a calcium, sodiurnsulfate type
water. Therefore, it is likely that the water from the strata between these two
points from the sane strata will be very similar.

Inflorrs of water en@untered ufiile mining are expected to reduce to seeps
or dry up in a short period of time. lf a significant water inflow is
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encountered, thermter, which is not needed for underground operations, will
be collected, treated as necessary, and pumped to the surface for discharge
under the terms of the UPDES permit.

Groundraater Svsterns. In the Lila Canyon Lease area, the groundwater
regime consists of two separate and distinct multilayered zones. The upper
zone consists of the Wasatch Group which includes of the Colton Formation,
the undifferentiated FlagstaffLirnestone-North Horn Formation, and the Price
River Formation. These fonnations contain groundwater in isolate, perched
aquifers. These perched zones are classified as aquifers because they
supply groundwater in sufficient quantities for a specific use (as specified by
R645-100-200). The lower zone consists of the Blackhawk Formation
(udrere the coal seams are located). This fonnation consist of low-
penneable strata which contain groundwater in isolated saturated zones.
Based on the definition in the State coal mine regulations (R645-100-200),
there is no aquifer in the lower saturated zone, because the water is not
developed for a specific use nor does the strata transmit sufficient water to
supply water sources. Additionalfy, there is no discharge from this zone
along any fault or fracture or in any adjacent canyons. The two zones are
separated by the Castlegate Sandstone. This zone is a porous, fairly clean
sandstone. According to Fisher, et.al. (1960), the Castlegate Sandstone
does not have any shales, clays, siltstones, or mudstones. The louler zone
is underlain by the Mancos Shale, a very impermeable marine shale.

Geologic conditions in the permit and adjacent areas are described in detail
in Ghapter 6 of this P.A.P. Though discussed in several publications for the
general Book Cliffs area, formal aquifer nares have not been applied to any
groundwater system in the permit and adjacent areas because the geometry,
continuity, boundary conditions, and flow paths of the groundwater systerns
in the area differ sornewhat from the general published discussions.
However, the data do suggest that groundwater systems in each of the
bedrock groups are sufficiently different from each other to justiff the
informal designation of groundwater systens based on bedrock lithology.
Thus, the infonnal designation of the Upper zone - Colton, Flagstaff/North
Horn, and Price River and the Lower zone - Castlegate, Blackhaud<, and
Mancos groundwater systems is adopted herein.

The maiority of groundwater in the permit and adjacent areas generally
occurs within isolated, perched aquifers in the upperzone overlying the coal-
bearing Blackhavrft Formation. ln the lower zone groundwater occurs in
isolated saturated zones in the Blackhawk Formation. Hydrogeologic
conditions within the permit and adjacent areas are summarized below:
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Upper Grounduater Zone
Colton Formation. The Colton Formation outcrops in the northeast portion
of the permit and adjacent areas. This formation consists predominantly of
fine-grained calcareous sandstone with occasional basal beds of
conglomerates and interbeds of mudstone and siltstone. Data presented in
Pfates 7-1 and 7-1A and Appendices 7-1 and 7-6 indicate that 16 springs
issue from the Colton Formation within the permit and adjacent areas. The
elevations and location of these springs vary greatly within the formation,
indicating that the springs are isolated from each other and that they are not
part of one aquifer.

Waddell et al. (1986) evaluated the discharge of springs in the formation for
the period of June to September 1980. The measured discharge rate
generally declined during the 4-rnonth period of evaluation. This suggests
that the groundwater system has a good hydraulic connection with surface
recharge and that most of the annual recharge quickly drains out of the
system. The limited flow indicates that the recharge is limited to small areas
above the spring and not to a deeper groundwater syustem.

Groundwater issuing from the Colton Formation has a total dissolved solids
("TDS") con@ntration of 300 to 600 ng/l (as measured by specific
conductane and laboratory analyses of TDS). The pH of this uaater is
slightly alkaline (7.5 to 8.1). Insufficient data are available to describe
seasonal variations in these pararneters.

The water is a calciurnrngnesiurn-bicarbonatre type (see Appendix 7-1).
The data also indicated total iron concentrations of <0.O4 to 4.89 mg/|. Total
m€rnganese concentrations ranged from <0.01 ta 1.29 nn. ry,ll.

U nd ifferentiated F lagstaff-North Hom Formation. The Flagstaff-North Horn
Fonnation outcrops across much of the northern and central portion of the
permit area. This formation consists of an interbedded seguence of
sandstone, mudstone, marlstone, and limestone. Most springs and a major
portion of the volurne of groundraater discharging from the permit and
adjacent areas issue from the Flagstaff-North Horn Formation. According to
Plates 7-1 and 7-1A and Appendices 7-1 and7-6,36 springs issue from the
Flagstaff-North Horn Formation within the permit and adjacent areas.

Groundwater discharge rates for springs issuing from the Flagstaff-North
Horn Fonnation are greatly infl uenced by seasonal variations in precipitation
and snownelt, with most discharge corresponding to the melting of the
winter snow pack during the spring months. Discharge is highest following
the spring snownelt and decreases to a tric*le by the fall (Appendices 7-1
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and 7-6). Many springs issuing from the Flagstaff-North Horn Formation
have been noted to dry up each year.

Waddell et al. (1986), found that most of the annual recharge to the
Flagstaff-North Horn Formation drains out of the system within about two
months, while the remainder of the annual recharge drains out prior to the
next snowmelt recharge event.

The groundwater regime in the Flagstaff-North Horn Formation appears to
be influenced predominantly by the combined effects of lithology and
topographic expression. Because the Flagstaff-North Horn Formation forrns
the upland plateau of the permit and adjacent areas, this formation is
capable of receiving appreciable groundwater recharge from precipitation
and snowmelt.

Waddell et al. (1986) concluded that the Flagstaff-North Horn groundwater
system consists of isolated, perched water bearing lenses rather than a
continuous perched aquifer. They indicate that approximately 9 percent of
the average annual precipitation recharges the Flagstaff-North Horn
groundwater system and that recharge water entering the Flagstaff-North
Horn Fonnation rTpves downrrard until it encounters low permeability lenses
of shale or claystone layers in the lower portion of the formation, where
afmost afl of the water is forced to flow horizontally to springs.

Data presented in Appendices 7-1 and 7S indicate that groundwater issuing
from the Flagstaff-North Horn Fonnation has a TDS con@ntration range of
400 to 700 mg/|. This water tends to be slightly alkaline and, similar to
conditions encountered in the overlying Colton Formation, is of the calcium-
rnag nesi urnbicarbonate type.

The data presented in Appendices 7-1 and 7-6 indicate that the total iron
con @ntrati on of g rou ndwater d i scha rg i ng from spri ngs i n the F I agstaff- N orth
Horn Fonnation is generally less than 0.M to 0.15 mg/!. Total manganese
conoentrations in Flagstaff-North Horn groundwater are generally less than
0.03 mg/|. These data do not exhibit seasonal trends.

Prie River Fonnation. The Price River Forrnation consists of interbedded
mudstone and siltstone with some finegrained sandstone and carbona€ous
mudstone. Within the permit area, 17 springs have been found issuing from
the Price River Formation as indicated based on data presented in Plates 7-
1 and 7-1A and Appendices 7-1 and 7-6. Flous ftom these springs are
limited in quantity and generally show a seasonal decrease with time, being
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high in the spring and reduce to very fow or dry conditions in the summer.
Such fluctuations indicate that these springs originate from limited recharge
areas. Therefore, these springs are also part of a series of isolated, perched
saturated zones or lenses and not part a regional aquifer system.
Transmissivity in the Price River Formation is estirnated by Waddell (1986)
to be 0.07 ff/day or 0.00013 ft/day. Based on specific conductance
measurements collected from these springs, the TDS concentration of water
issuing from the Price River Formation varies from about 75A to 850 mg/|,
The water is slightly alkaline, with a pH of 7.9 to 8.9.

Lower Zone
Castlegate Sandstone. The Castlegate Sandstone consists of a fine- to
mediurngrained sandstone that is cemented with clay and calcium
carbonate. The outcrops of this sandstone form prominent clifb in the area.
No springs were identified in this formation, suggesting that it is not a
significant aguifer. The absence of springs is of great significan@, since
this formation is situated betvrreen the overlying Upper groundwater zone (in
the Colton, Flagstaff/North Horn, and Price River Formations) and the
underlying lower zone (in the Blackhawk Formation). This lack of springs
indicates that there is separation between the upper and lower groundwater
zones. Most likely this zone is the result of two factors: 1) clay horizons in
overlying formations inhibit vertical recharge from groundwaters in the
Flagstaff-North Horn Formations, and 2) the exposed recharge area of the
Castlegate Sandstone is limited primarily to areas of steep cliff faces.

Blackhaud< Fonnation. The Blackhawk Fonnation underlies the Castlegate
Sardstone and consists of interbedded sandstone, siltstone, shale, and coal.
The lower Sunnyside coal seam, to be mined by UtahAmerican, is located
in the upper portion of the Blackhawk Formation.

Across the fonnation, with the exception of the Sunnyside Sandstone, most
of the individual sandstone bodies are discontinuous. This results in areas
that are saturated; i.e. sandstone lenses; and areas that are dry; i.e. siltstone
and shale sections. This discontinuous nature results in the typical pattern
found in the mines of the Wasatch Plateau and the Book Clitrs. For this
upper portion of the Blackhaurk Formation, no regional aquifer has been
identified. As mining advances an isolated area of saturation (perched
aquifer) is encountered by the entry or by roof bolting or fractures due to
subsidence. As the uater ftom these isolated saturated zone drains into the
mine it starts at an initially high rate and overtirne as the limited extent of the
zone is emptied, the rate of flow decreases. Sone zones which are laterally
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connected are able to reach a consistent inflow which is a balance for the
recharge to the system with the outflow to the mine entry.

The hydraulic conductivity of the lower zone is believed to be about 0.01 to
0.02 filday, similar to values reported by Lines (1985) from the Wasatch
Plateau for similar lithologies. Structural dip in the Lila Canyon area is about
6 to 7 degrees to the east. The gradient of the lower zone in the Horse
CanyonlLila Canyon area is probably less than 2 degrees.

The IPA rrrlater level piezonreters (Plate 7-1) vyere completed within the first
forrnation with identifiable rrater below the coal seam, the Sunnyside
Sandstone of the Blackhawk Formation. EarthFax Engineering supervised
the drilling of the monitoring wells for lPA. In all three piezometers,
imrnediatefy below the coal seam, a mudstone layer was encountered.
Above the mudstone layer no significant rrater had been identified. Befow
the mudstone layer, a sharp transition to a sandstone layer was
encountered. This sandstone layer was identified as the Sunnyside
Sandstone. Water was identified as occurring fiom the sandstone layer in
each of the piezorneters. According to the EarthFax completion logs, the
screened zones in the piezometers were located within the Sunnyside
Sandstone layer and a @ment-bentonite seal was placed from the top of the
sandstone layer to the ground surface of the piezorneter. Thus, the water
level rneasured in the piezorneters is indicative of the conditions found within
the sandstone layer.

Data collected ftom the piezoneters (Appendix 7-1) indicate that the water
in the sandstone is under pressure. In IPA 1, the water level is
approximately 590 feet above the completion zone. In IPA 2, the water level
is about 810 feetabove the screened level. While, IPA 3 has a water level
approxirnately 250 feet above the completion level.

Additionally, water levels in IPA 2 and 3 varied by approximately 2 feet
during the period of July 1994 through April 1996, but showed no consistent
trend. IPA 1 shoued a rise of 5.6 feet over the sarne period. Measurernents
collected in 2001 indicated that the water levels in IPA 2 and 3 were 1 to 2
feet higher than the last time it was measured nearly 5 years earlier, while
f PA 1 showed a rise of 16 feet. For the period since 2001, no trend has been
identified for IPA 2 and 3, while IPA t has continued a slow increase.
Although an increase in water levels has occurred during the period of
record, this increase is not considered significant.
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As the piezonreters are completed in the sarn saturated zone, the
piezornetric surface shours that groundwater in the Sunnyside Sandstone to
be moving to the northeast, into the Book Cliffs (see Plate 7-1). The
gradient of the piezometric surface is approximately 0,01 1 ftlft. The
seasonal fluctuations betrr',een fall and spring are almost undistinguishable.
Based on the tabulated data (Appendix 7-1), the fluctuation range is less
than 0.5 feet between summer and fall readings. Figures 7-1 and 7-2
attempt to show these variations in contour map and piezometer
hydrographs.

The water level piezometers show water levels above the lower zone
containing the coal seam in area of the mine. However, as reported in the
Castfegate Sandstone section, no springs or uater bearing zones urere
identified in the spring and seep inventories or in the drilling of the water
level piezometers in the formation. Therefore, indicating that the piezometer
monitored zones are under pressure and that the water identified in the
upper zone is perched and isolated from the lower grounduater zone.

While the water in the Sunnyside Sandstone is under pressure, there was
no indication during drilling that the epal seam was saturated. Similar
conditions have been identified in other mines in the Wasatch Plateau and
the Book Clitrs. lt is likelythatthe waterwithin the Sunnyside Sandstone will
not affect mining unless the confining mudstone layer is breached.

It is possible that mining will intercept some water as it progresses down dip.
Hourever, as discussed previously regarding mine uater inflovvs to the Horse
Canyon Mine, it is expected that water quantities and quality will be similar
to that encountered in the Horse Canyon Mine. Whife some pumping is
likely for water from the isolated saturated zones within the lourer
groundwater zone; since the water in the upper groundwater zone appears
to be perched aquifers 200 to 500 feet above the coal searns, f,o adverse
effects on usable surface sour@s are expected.

No springs have been identified as issuing from the Blackhawk Formation
(see Appendices 7-1 and 7-6 and Plates 7-1 and 7-1A).

The quality of groundwater in the Blackhawk Formation is characterized by
the water quality of data collected from inflows to the Horse Canyon Mine,
which is completed in the lower portion of the Blackhawk Formation. Both
mines will be completed in the same coalzone. Therebre, the quality of the
water encountered in the Lila Expansion is expected to be similar to the
water encountered in the Horse Canyon Mine. These data indicate that
Blackharark Formation groundwater has a rnean TDS con@ntration range of
1400 to 2400 mgfl and is of the calcium, sodiunusulfate type. These waters
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are chemically distinct from groundwater in overlying groundwater systems.

Quality and quantity of underground water is the most difficult to ascertain
due to geologic variables such as faults, fractures, channef sands and
isolation of these particular features when water is encountered in order to
gain reliable samples. Underground watertends to be co-mingled with water
from other places in the mine and water pumped through the mines for mine
equiprnent and dust suppression. Thus, care needs to be taken to obtain
representative samples. Specific undisturbed water samples of the
subsurface inflous are not known to have been collected. Hourcver, the
quality results reported in the Horse Canyon records are consistent with in-
mine samples from adjacent mines.

The dissolved iron concentration of groundwater flowing into the Horse
Canyon Mine has historically been less than 0.5 ng/l and is generally less
than 0.1 mg/l (see Appendices 7-1 and7-O). The total iron concentration of
this water has historically been less than 0.7 nry,ll and generally less than 0.1
mg/|. Thetotal m€lnganese @ncentration of Blackhauk Formation uater (as
rneasured in the Horse Canyon Mine) has historically been less than 0.05
mg/f and is typically less than 0.03 mgfl (see Appendices 7-1 and74).

Mancos Shale. The Mancos Shale is exposed south and urest of the permit
area. This fonnation is a relatively impenneable rnarine shale and is not
considered to be a regional or local aquifer. Groundwater samples collected
from two monitoring sites located in Stinky Spring Canyon approxirmtely 2
miles southeast of Lila Canyon Mine have a TDS concentration in the range
at 22AO to 4200 mg/l and are of the sodiunrsulf;ate-chloride type (Appendix
7-1). The flow rate for these two springs is less than 1 gpm, indicating the
impermeable nature of the source formation. In the 1981 baseline study for
the Kaiser Steel south lease permit docurnent, Kaiser indicated that no
springs were identified belowthe coalseam along the f;ae of the Book Clifts.
Therefore, at that time, these springs were not flowing. Total iron
concentrations ranged from 0.35 to 11.8 mg/|. Total manganese
concentrations ranged from 0.05 to 0.29 ng/!. Chemical compositions of
other pararneters are consistent with uaters from the Mancos Shale in the
Book Cliffs area. The change in water type, from sodium-bicarbonate in the
overlying Blackhawk Formation to sodiurn-sulfate-chloride in the Mancos,
and the increased iron and rnanganese @ncentrations indicate that the Big
and Liftle Stink spring waterc are not from the same source, but are isolated
waters from different recharge sour@s.

The tuvo springs, which are located stratigraphically near the top of the
Mancos Shale, appear to be fault related. As shown on Plate 7-1a, there is

Page -20-



Hoce Canvon iline - Lila Canvon Extonsion tltahAmerican Energy Inc.

an east-west trending fault zone that is located within the canyon where Big
and Little Stink Springs are located, referred to as the Central Graben.
These two springs are located on the southern side of the northern fault of
the graben. Due to the isolated nature of this graben block, being down
dropped relative to the surrounding strata, within the highly imperreable
Mancos Shale, it is unlikely that these springs are connected to any other
water sour@s within the permit area. Further, the water quality and flow of
the these springs, as discussed above, also indicate an isolated nature of
the waters. Based on these results, the waters from Big and Little Stinky
Springs are @nsidered are ftom a localized, isolated saturated zone, but not
part of a regional aquifer or an extensive saturated zone.

Recharge and Discharge Relations
Recharge in the permit and adjacent areas o@urs from precipitation to the
exposed strata. Plate 7-1a shows the major zone of recharge, This
recharge area corresponds to the outcrop and exposure of the
Golton/Flagstaff-North Horn Formations. No perennial surfiae water
strearns or surfiace water bodies exist within the permit or adjacent areas
which contribute water to the groundwater systems. The majority of
infiltration is a near surface occurrence into the alluvial ftlls within the
drainages. The deeper sedinrents underlying the drainages (Blackhawk and
Mancos) consist of lowtransmissivity strata which would prohibitthe vertical
moverent of groundwater.

Recharge rates \irere calculated by Waddell and others (1986, p. 43) for an
area in the Book Cliffs. Waddell estimated recharge at about 9 percent of
annual precipitation. Lines and others (1984) indicate the mean annual
precipitation along the Book Cliffs in the area of the Horse Canyon Mines is
about 12 inches, indicating a recharge rate of just over 1 inch per year.

The recharge and discharge areas for local isolated, perched aquifers in the
upper zone (Colton, Flagstaff-North Horn and Price River Formations)
generally lie within the drainage areas of Horse and Lila Canyons. These
local systens are complex in that they are discontinuous and lenticular in
nature and highly dependent on topography. Recharge water from
precipitation or snownrelt enters the Colton or Flagstaff-North Horn
Formations and moves downuard until it encounters low perrneability shale
or claystone layers or lenses in the formations, where almost all of the water
is forced to flow horizontally to springs. The springs exhibits substantial
variability in discharge in response both to spring snowrelt events and to
drought and wet years. Discharge rates as great as 20 gpm have been
recorded from the springs during the high-flow season, and discharge rates
as low as 1 gpm are not uncomrnon during late sumrner. The effects of the
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drought occurring in the late 1980s and early 1990s are clearly evident in the
flow records.

Recharge to the lower zone including the Castlegate Sandstone, Blackhawk
Formation, and Mancos Shale is of limited magnitude, due to the limited
area of exposure of the fonnations to steep outcrops and the presence of
low-permeability units in overlying North Horn and Prie River Formations.
Additionally, the clay layers in the upper Blackharark, which contain
approximately 80 percent clays, siltstones, mudstones, and shafes, are all
highly restrictive to vertical groundwater movefiFnt (Fisher and others,
1960). Further, no surface uater bodies are present to act a supply sources
to the deep ground water system.

Recharge to the lourer zone probably occurs prirnarily from vertical
movement of water through the overlying fonnations and is probably greatest
where surface fractures intersect the topographic highs where the upper
zone formations outcrop. The rate of recharge to the lower zone is very
slow. The lack of a significant recharge source results in limited discharge
areas. The largest portion of recharge to the lourer zone is in the Castlegate
Sandstone and upper member of the Blackhawk Formation with some
leakage from the upper zone where the greatest number of springs are
identified.

The Sunnyside fault zone is the major feature throughout much of the
Sunnysdie Mining District, Having a north-northwest strike, the fault zane
extends from West Ridge to the Horse Canyon Mine. South of the Horse
Canyon Mine the faults are not mapped at the surface. South of Horse
Canyon, the faults are believed to be east of the Lila Canyon extension.

At the south end of the Lila Canyon Extension, a series of east-urest trending
faults have been rnapped. These faults furm the structure known as the
Central Graben. The graben is a down dropped block relative to the
adjacent strata.

Faults may effect flow, direction and rnagnitude of both lateral and vertical
flows. However, the area is abundant with plastic or swelling clays that can
seal faults and fractures inhibiting both lateral and vertical flows. As
discussed in the mine inflow section, significant groundwater was only
en@untered in the Horse Canyon Mine as mining approached the
Sunnyside fault zone. To prevent such inflows at the Lila Canyon extension,
the mining plan attempts to avoid the fault zone. Also, exploratory mining by
U.S. Steel, during the period 1952 to 1960, en@untered the east-west
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trending Entry fault in the proposed Lila Canyon area. After extensive
exploration, no significant water was encountered from the east-west
trending fault.

Assuming mass-balance and stable hydrologic conditions, recharge will
equal discharge over the long term. The relatively rapid groundwater
discharge from the upper zone formations as compared with the underlying
lower zone formations suggest that the stratigraphically-higher water
discharges are local and are not hydraulically connected with the lovrer
zone. Waddell et al. (1986) conclude that the perched nature of the upper
zone formations protect them from the influence of dewatering of the coal-
bearing zone unless the upper zone is influenced by subsidence.

Grounduater resources in the permit area are limited due to the srnall
surface area and low recharge rates. There is not enough base flow from
groundwater discharge to maintain a perennial flow in Horse Canyon Creek
or Lila Canyon.

The upper groundwater zone produces low volurne spring flourls from up{ip
exposures of bedrock and overlying alluvium. Sorne spring discharges from
this zone have been developed and are used for livestock and wildlife. The
lower groundwater zone has very limited discharges that are used for
wildlife, generally during the early spring. Based on the location of these
lower zone points and the vertical separation (500 feet) between the coal
seam and the points, there is no possibility of mining impacting the springs.

Due to the lenticular, dismntinuous, and vertically separated water bearing
zones in the upper zone, it is not possible to develop a potentiornetric
surface orto showwater level variations within these discontinuous aquifers.
As described above, the nature of the discharge from the springs with tirne
has been identified. Also, it is not possible, due to the discontinuous nature,
to map the extent of the upper water bearing zones.

724.2OO Regional Surface Water Resources. The permit area exists
entirely within the Horse Canyon, Lila Canyon, and Little Park Wash
watersheds. The regional drainage patterns are generally north-south with
steep canyons which are incised in the Book Clifb escarpment. Stream
flows within the region, generally, are the result of snowmelt runoff or
summer thunderstorms. Water is not abundant as evapotranspiration
exceeds preci pitation.

Permit Area Surface Water Resources
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Within the permit area, the surface water resourc€s consist of three main
drainages: Horsie Canyon Creek, Little Park Wash, and Lila Canyon. Horse
Canyon flows to lcelander Wash which, in turn, flows to Grassy Trail Creek
and the Price River. Little Park Wash flows southward to Trail Canyon and
the Price River. Lila Canyon floue southr,vest to Grassy Wash, then south
to the Marsh Flat Wash and the Price River (see Plate 7-1).

Surface water sampling data are available in Appendix 7-2 and in the DOGM
efectronic database. The data were obtained from multiple souroes,
including (but not limited to) on-site sampling efforts, the Horse Canyon Mine
P.A.P. filed by Geneva Steel and annual reports, U.S. Geological Survey
publications, and various consultant reports. Since not all monitoring parties
were required to adhere to UDOGM or SMCRA rules, the laboratory
parannters varied between reports. However, the data are still considered
valid and appropriate for determining baseline conditions within the permit
and adjacent areas. The location of the sampling points are presented on
Plates 7-1 and7-lA.

Based on field observations (described in Appendix 7-7) and flow data
obtained during the collection of uaterquality samples within the permit and
adjacent areas, Horse Canyon Creek is considered intermittent by rule with
ephemeral flow within the permit area. Lila Canyon and Little Park Wash,
based on the size of the drainage area (greater than 1 sq. mi.), are defined
by regulation as intermittent but have been shown to be intermittent by rule
with ephemeral flow (see Appendix7-7). Several smaller tributaries of these
streams within the permit and adjacent areas are ephemeral by flow pattern
and by rule.

Horse Canyon, Little Park and Lila Canyon flow during the spring snowmelt
runoff period and also as a result of isolated summer thunderstorms. Due
to the limited drainage area and elevation of Lila Canyon, the duration of the
snowmelt flows is quite short and is limited to the very early spring. Flows
in Horse Canyon, generally, are limited to the early spring period (Lines and
Plantz, 1981). By mid to late spring, usually no flow is evident in Horse
Canyon Creek, below the minesite or Lila Canyon.

Overthe period of record, 1981 through present, there have been both wet
and dry periods. From 1983 through 1984', the area had high precipitation,
In the late 1990's through the present, a drought has been evident in the
area. Over this period of record, the flovvs in the streanrs have increased
and decreased based on the available water. Also, during both of these
periods, flows in Horse Canyon Creek during the summer and tall are
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generally not evident below the mine site. Only flows from summer
thunderstonns upstream of the site have resulted in flows below the mine.
This indicates that while surface water resour@s may fluctuate, the
fluctuations are not great enough to change the response of the stream to
overcome the hydraulic and geologic characteristics of the area.

During most years, the snowmelt peak is the highest peak flow for the
drainages. Under certain circumstan@s, when a significant sumffFr
thunderstorm occurs over the drainages, the runoff event can be quite large.
In the area of the springs, there are sections with continuous flow, where the
channel has cut into the perching layer of the spring. The flows from the
springs continue a short distance downstream of the spring location;
hourcver, there is no base flow contribution within the channel itself. The
only flow is a result of the spring discharge and this is absorbed by the
channel fill indicating a losing stream reach. There are no indications that
any other reaches of Lila Canyon or Little Park Wash are perennial. Since
the spring of 2000, both areas have been observed nurerous times (at least
quarterly) and no flow has even been noted in either drainage. Normally,
this would indicate an ephemeral drainage, however, since the drainage
areas are greater than one square mile and exhibit no consistent flows, they
are classified by regulation as intermittent.

The ephemeral nature of the streams make it difficult to document the high
and low flow periods. Generally, the seasonal flow pattern for the drainages
mnsists of dry channels until a thunderstorm or rapid snowmelt occurs.
Then there is a short duration of flow within a portion of the channel.
Following the passing of the storm or melting of the snow the runoff quickly
decreases and the channel is again dry until the next event.

Such an event was documented in March 05 near the monitoring station L-
11-G reported in the DOGM database 05106/05. This was flow from a
snowmelt event. An attempt was made to get to the monitoring point, but the
access to the site was inaccessible due to deep snow across the road up
Lila Canyon. Access was available only a short distance (couple of hundred
feet above the Horse Canyon Access road). A water sample was taken at
the upper most point that could be accessed. This was an area that typically
would have been dry with no flow. The flow recorded was 7.5 gpm and a
water quality sample was taken. The data are presented in the DOGM
database.

A number of perched springs do exist in the tributaries of the upper reaches
of the Little Park Wash drainage; however, the flows from the springs dry-up
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or infiltrate into the alluvial fill of the canyons within 50 to 200 feet of the
sour@, before reaching the rnain drainage channel. The springs and seeps
in the area have been sampled, as indicated in this application, as part of
the baseline and spring/seep inventories. Therefore, they provide an
estirnate of the quality of the flow within the drainages.

Precipitation in the area generally consists of either high-intensity, localized
thunderstoruns or area wide, frontal storms. Table 7-1A presents rainfall-
runoff rnodel simulation results of both the 6-hour and 24-hour rainf;all events
of the drainages in the site area, to simulate each kind of storm. Appendix
7-10, Figure 1 presents the location of the drainages for the simulation
resufts in Table 7-1A. Appendix 7-10 also presents the simulation
calculation results. These peak flow results show that for short duration
events with srnall return periods (5 years or less), there is little or no runoff
from the watersheds. Additionally, due to the localized character of the
thunderstonns, the storms affect only a part of the watershed and the limited
runoff that dms occur is lost to channel losses (infiltration, evaporation,
transpiration) within the portion of the watershed that is not affected by the
rainfall event. As the return period of the storm increases, storms have
greater intensity and tend to cover larger areas, which likely affects most if
not all of the watershed. Therefore, flovvs tend to increase. Intense rainfall
rnay cause heaqy flooding, but likely only affect srnall areas and do not result
in large volurres of runoff.

For the long duration, frontal type stonrs, the entire watershed is covered for
each event. The frontal precipitation events tend to produce only limited
amounts of flow in the local ephemeral washes for the short return periods.
With the increase in the return period, the flow events tend to be larger.
This is due to the contribution ftom the entire watershed.

Each flow event in an ephemeral channel is separate and distinct. The
stream flow is directly proportional to the arnount of precipitation or snow-
melt runofi, and the rrater quality varies greatly depending on the amount of
flow. The duration of these runoff events is generally short. For
thunderstorm events, the flow is generally less than a few hours. Duration
of runoff from the frontal runoff events is moderate in length, generally on the
order of 11 to 14 hours. Based on the end of rainfall ftom the watershed
model simulations, the runoff would generally end within 3 to 5 hours.
Therefore, if a sampler were not on-site during the event, it is unlikely that
any flow would be observed.
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Table 7-1A

PEAK FLOW SIMULATIONS OF UNDISTURBED DRAINAGES
IN THE LILA CANYON MINE AREA

Watershed
ID

Return
Period

2yr
(cfs)

5yr
(cfs)

1 Oyr
(cfs)

25yr
(cfs)

50yr
(cfs)

1 00yr
(cfs)

WS1.1
6hr 0 0 1.39 5.54 9.98 17.18

24 hr 0.65 3.22 9.31 22.68 39.50 59.77

WS1.2
6hr 0 0 1 .21 6.43 12.77 22.18

24 hr 0.86 3.82 9.45 20.66 33.99 49.70

WS1 Total

6hr 0 0 2.37 11.78 22.68 38.79

24 hr 1.50 6.62 16.96 39.59 67.46 100.70

WS7 Total
6hr 0 0 2.23 10.43 19.63 33.75

24 hr 1 .29 6.04 15.85 36.1 5 60.94 94.24

WS8 Total
6hr 0 0 0.85 3.60 6.s9 11.U

24hr 0.43 2.09 5.76 13.44 23.46 35.09

WSg Total

6hr 0 0 3.46 16.17 30.46 52.36

24 hr 2.01 9.38 24.59 56.08 94.53 139.99
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Table 7-14

PEAK FLOW SIMU1ATIONS OF UNDISTURBED DRAINAGES
IN THE LIIA CANYON MINE AREA

Watershed
ID

Return
Period

2yr
(cfs)

5yr
(cfs)

1 Oyr
(cfs)

25yr
(cfs)

50yr
(cfs)

1 00yr
(cfs)

Little Park 6.1
6hr 0 0 1.63 6.48 11 .66 20.08

24 hr 0.76 3.76 10.88 26.5 46.1 6 69.84

Liftle Park 6.2
6hr 0 0 0.93 3.70 6.66 11.47

24 hr o.M 2.15 6.21 15,14 26.36 39.89

Little Park 6
Cumulative

6hr 0 0 2.56 10 .18 18.33 31.54

24 hr 1 .20 5.91 17.09 41.63 72.52 109.74

Little Park 6.3
6hr 0 0 0.32 1 .21 2 .15 3.70

24 hr 0 .14 0.70 2 .17 5.47 9.75 14.92

Little Park 5.1
6hr 0 0 0.31 1.00 1.73 2.93

24 hr 0 .11 0.59 2.41 7.85 1  5 .16 23.59

Little Park 5.2
6hr 0 0 0.73 2.75 4.87 8.38

24 hr 0.32 1.59 4.92 12.40 22.14 33.82

Little Park 5
Cumulative

6hr 0 0 2.82 11.U 20.41 35.22

24 hr 1 .77 8.54 24.84 61  .16 107.32 163.42

Little Park 4.1
6hr 0 0 0.75 2.58 4.47 7.65

24 hr 0.29 1.49 5.31 14.72 28.04 43.72

Littfe Park4.2
6hr 0 0 0.76 3.01 5.42 9.33

24 hr 0.36 1.75 5.06 12.32 21.46 32.47

Little Park 6.4
6hr 0 0 0.23 0.86 1.53 2.U

24 hr 0 .10 0.50 1.55 3.90 6.95 10.64



Table 7-14

PEAK FLOW SIMUTATIONS OF UNDISTURBED DRAINAGES
IN THE LILA CANYON MINE AREA

Watershed
ID

Return
Period

2yr
(cfs)

5yr
(cfs)

1 Oyr
(cfs)

25yr
(cfs)

50yr
(cfs)

1 00yr
(cfs)

Liftle Park 6.5
6hr 0 0 0.90 3.58 6.45 11 .10

24 hr 4.42 2.08 6.02 14.66 25.53 38.63

Little Park 4
Cumulative

6hr 0 0 6 .17 24.81 M.74 77.12

24 hr 2.93 14.01 40.73 101 .08 178.91 269.04

Little Park 6.6
6hr 0 0 0.87 4.M 8.64 14.92

24 hr 0.58 2.60 6.58 14.58 24.18 35.52

Little Park 3.1
6h r 0 0 2.35 8.86 15.72 27.43

24 hr 1 .03 5.1  3 15.87 40.00 71.27 109.07

Little Park 3.2
6hr 0 0 1.00 4.65 8.76 15.47

24 hr 0.58 2.74 7.08 16.14 27.20 40.29

Little Park 3
Cumulative

6hr 0 0 9.73 42.29 77.65 133.01

24 hr 5.08 23.46 65.66 162.22 2U.24 430.1 0

Little Park 6.7
6hr 0 0 0.76 4.53 9.00 15.63

24 hr 0.60 2.69 6.66 14.57 23.96 35.04

Littfe Park2.1

6hr 0 0 0 1.U 4.30 7.79

24 hr o.17 0.81 2.il 7,96 14.23 24.90

Littfe Park2.Z

6hr 0 0 0.&4 3.68 7 .15 12.35

24 hr 0.48 2.16 5.45 12.07 20.02 29.40

Horce Garryon Mine - Lila Canyon Extension lltahAmerican Enerw lnc.
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Table 7-14

PEAK FLOW SIMUTATIONS OF UNDISTURBED DRAINAGES
IN THE LIIA CANYON MINE AREA

Watershed
ID

Return
Period

2yr
(cfs)

5yr
(cfs)

1 Oyr
(cfs)

25yr
(cfs)

50yr
(cfs)

1 00yr
(cfs)

Little Park?
Cumulative

6hr 0 0 11.07 il.44 100.57 168.92

24 hr 6.59 29.31 80.68 192.12 329.11 493.91

Little Park
Total

6hr 0 0 11 .56 58.64 110.O2 183.99

24 hr 7.24 31.45 84.30 199.12 3/l0.37 508.74

To determine the extent of the protection of these runoffwaters, the downstream
state appropriated waters were evaluated. As listed in Table 7-2 and shown on
Plate 7-3, the downstream water rights are held by the BLM and consist of 91-
2617, -2618, -2619, -2620, -2621, -2646, -2665, 4516, 464;6, 4648, and -
4tr9. As reported in Table 7-2, most of these rights have no flow and no use
associated with them. According to the State Engineers web site, these rights
have not yet been evaluated to determine if there is sufficient water to meet the
right. Many of these rights are located on the stream and some are for stok
ponds to be located off stream. Hovvever, in reviewing these locations, ex@pt
for 91 -2621, no stock ponds have been located in these areas. The BLM pond
located at the location of water right 91-2621 had sorne improvement work
conducted in 2004 (see Appendix 7-9). However, the BLM was not involved in
the pond improvernents. Recent site investigation shours that the diversion
structure described in Appendix 7-9 has been breached and no flow now
reaches the pond from Grassy Wash.

There are two rrater rights for isolated stock ponds in the head waters of Stinky
Spring Canyon, 91-4448 for Dryden Reservoir located in the SH4, SW4,
Section 14,T16S, R14E and 914il9 for Sams Pond located in the NW4, NE/4,
Section 23,T16S, R14E (see Plates 7-1 and7-3). Both of the water rights are
owned by the BLM and have a maximum capacity of 3 ac-ft. No records have
been found that these ponds were constructed. Based on the maximum
capacity of the ponds, it is expected that these ponds would be about one half
acre in size, assuming a depth of 5 feet. Field inspection of the quarter sections
found no ponds along the epherneral drainages and review of aerial photos of
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the area also did not reveal any ponds in the area. Based on the locations for
the water rights, the area for water right 9146.48 is shown in a photograph
presented in Attachment 1 of Appendix 7-7 (Photo 93 - Page 28). As can be
seen, there is no stock pond in this area. The area for water right 91-4649 is
shown in photographs taken in the area (see Figure 7-5) indicated in the water
right of the pond. No pond has been found. The only thing found in the
designated area is an area of grass in the pinyon juniper.

Based on water rights flow values and the fack of a specified use, it is assuned
that the State Engineer and the BLM had planned to develop range
improvements in the area, but the lack of water made this effort unsuccessful.
Given the lack of use for these downstream channels, it does not appear that
a significant concern exists for the downstream waters.

Surface waters in this part of the Book Cliffs drain to the Price River. The Price
River flows to the Green River which, in turn, flows to the Colorado River. lt is
anticipated that only during extrenely long duration, high-intensity
thunderstorns that flow from the ephemeral and intermittent drainages within
the permit area would reach the Price River. Due to the length of channel and
the limited volume of runoff, the majority of flow is lost to channel losses, as
indicated in Appendix 7-9.

Lines and Plantz (1981, p.33) conducted three seepage surveys of Horse
Canyon Creek in 1978 and 1979. The results of the surveys show no consistent
trends through time. Mine discharges created difficulties in interpretation of the
data because there was no indication of whether the mine was or was not
discharging water at the time of the surveys. However, Horse Canyon Creek
below the mine is a losing stream, due to the visuaf observation of low flows
decreasing downstream of the mine (professional observations, Thomas
Suchoski, 1979-1980 & 1984-86). Flow in the channel adjacent to the mine
facility entry portal on several occasions during mine inspections during the
spring period were approximately 4to 6 inches deep, with a flowwidth of 15 to
20 bet. Downstream of the mine in the area of the roadside refuse pile, the flow
woufd be2 to 3 inches deep with a flowwidth of 10 to 12 feet. Channel slopes
in both areas were similar. No diversions are present along this reach of the
channel to reduce the flow. Therefore, the channel flow decrease is the result
of infiltration and evaporation of the water within the channel.

The Lila Canyon drainage is normally dry, flowing only in response to
precipitation runoff or rapid snownelt. The mine facilities wifl be located in the
Right Fork of Lila Canyon.
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f n January 2004. an assessment of the georprphic character of the Lila Canyon
channel, downstream of the proposed mine site, was conducted to address
DOGM comments. A series of channel cross-section measu rements were taken
and the bed and bank materials visually observed. During this evaluation, it was
discovered that a diversion structure had been installed just above the
confluence of the Right Fork of Lila Canyon and Grassy Wash (see Appendix
7-9 and Figure 7-3). This diversion structure diverted all flow from the drainage
and conveyed it by diversion channelto a stock pond located in the SW4, SW/4
of Section 28, T. 16 S., R. 14 E. Subsequently, it unas thought that the
improvements u€re part of a BLM range improvement project. This structure
significantly modified the drainage pattern for this area. Flows that previously
would have flowed into Grassy Wash would now be detained in the stock pond.
Hourever, in discussions with BLM personnel, it \ras discovered that the BLM
was not involved in the pond improvements. Recent site investigation shows
that the diversion structure described in Appendix7-9 has been breached and
no flow now reaches the pond from Grassy Wash.

The closest perennial stream to the permit area is Range Creek. The drainage
is located approximately 6 miles east of the proposed Lila Canyon permit area
boundary (see Plate 7-1a).

Range Creek is in a broad, south-southeast oriented drainage that has been
eroded into the Roan Clifb. A vvestern extension of the Roan Clifft (Patmos
Ridge) lies between Range Creek and the Book Cliffs. The proposed Lila
Canyon operation is on the west side of Patmos Ridge. The Colton Formation
is exposed at the surf;ace ftom Patmos Ridge east to the rnain body of the Roan
Clifb, and between these two escarpnrents Range Creek has eroded into but
not through the Colton Formation. Approximately eleven miles southeast of the
permit area,just upstream of Turtle Canyon, Range Creek has eroded through
the Colton, Flagstaff, and North Horn Formations, but it reaches the Green River
without having eroded through the Upper Price River Formation. The nearest
Blackhaurk outcrop is 10 miles further south, along the Price River.

Argument has been made that Range Creek receives recharge from a regional
aquifer which is likely from the lower saturated zone that the Lila Canyon Mine
will be mining or that the overlying perched upper zone might be drained by the
mining activities and affect the flows contributing to and in Range Creek.

To address these @ncerns, the following issues vvere evaluated. An evaluation
of the elevation difference betureen the saturated ground-water zone in the
Blackhawk Formation and stream flows in the Range Creek drainage
conducted, especially for the reaches nearest the permit area. Also,

was
the
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thickness and composition of the strata between the coal seam and the creek
was conducted. Further, the potential for diminishment of spring and tributary
flows to the Range Creek drainage resulting from subsidence impacts within the
recharge area to the overlying strata was evaluated.

lf the deeper ground raater in the Blackhaud< Fonnation utere to flow following
either the gradient indicated by the piezometers (see Figure 7 -1\ or geologic dip
(see Plate 7-18), the water would flow well below Range Creek (800 to 1,200
fee$ in the reaches nearest the Lila Canyon Mine and for many miles
downstream.

Additionally, the thick section of strata between Range Creek and the
Blackhawk Formation would impede hydraulic interaction between any deep
ground water and the surfiae (Plates 7-1A and 7-18). lt is estirnated that the
vertical separation between the Blackhavrd< and Range Creek at the base of the
Cofton would be about 1 ,200 feet.

A review of U.S. Geological Professional Paper by D.J. Fisher, C.E. Reeside
and J.B. Erdman, 1960, Cretaceous and Tertiary Fomation of the Book Cliffs'
Carbon and Emery Counties, Utah, which evaluates the composite stratigraphy
in the Horse Canyon area, was conducted. The lithology descriptions were
reviewed and a total of the percentage of shale, siltstone and mudstone (less
penneable layerc), for each strata identified by the authors, was generated to
get an idea of the ability of each strata to restrict flow throughout the
stratigraphic column.

Colton Formation
Upper Sandstone Unit

7o Shale
Shale Unit

7o Mudstone
Lowe r 

i,Tfl :B:xH ti', o,tone
North Horn-Flagstaff, Undifferentiated

Shale beds
Mudstone
Limestone
Siltstone
Clay
Sandstone beds

1,300 ft.
23.1

960 ft.
82.9

1,128 f t .
34.8

237 ft.
181 ft.
21 ft.
25 ft.
7 f t .
99 ft.

Page -33



Hope Caruon Mlne - Lila Canvon Extension tltaMmerican Enemv lnc.

ToShale, Clay, Siltstone, and Mudstone 79.0

Price River Formation
Upper Unit

% Shale
Lower Unit

7o Shale and Siltstone

Castlegate Sandstone

Upper Shale Unit
Middle Sandstone Unit
Middle Shale Unit
Lower Sandstone Unit

% Shafe

299 fr..

23/.ft.

160 ft.

43.8

43.8

7o Shales, Clays, Siltstones or Mudstones 0

Blackhawk Formation
170 ft.
0 f t .
102 ft.
200 ft.

52.5

Based on the stratigraphic column in the area, the overall percentage of less
permeable strata is 47 percent. Looking at the distribution of the less
permeable strata, the majority is in the upper lithographic units. The Colton and
North Horn-Flagstaff contain about 194A feet of less permeable units, while the
Price River and Blackhauft contain about 480 fuet. Therefore, there is little
potential for uater to move vertically between the upper and lower zones. The
main direction of water moverent will be horizontally within the strata.

Further, the elevation of Range Creek in the area of concern ranges from 6890
to 5740 feet (see Plate 7-1A). The coal seam exposure along the Book Clifh
ranges from 5,500 to 6,000 feet. Therefore, for water to flow from the coal seam
to Range Creek the flow would need to overcorTe a hydraulic head difference
of 200 plus feet, just based on the initial elevation and not accounting for dip of
the fonnations. There is insufficient head and no sour@ of water to provide the
driving head for such conditions.

In regard to subsidence afbcting the potential recharge to the springs and
tributaries to Range Creek, as described in Chapter 5, Section 525, the
subsiden@ limits from the proposed mining are required to be limited to the
area of the permit boundary. Therefore, the recharge area to Range Creek that
the mine might affect is limited to that portion of the recharge area within the
permit boundary.
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To determine the recharge area to Range Creek, a review of the relationship of
the proposed permit area, location of Range Creek and the geology in the area,
as shown on Plate 7-1A, in the reach nearest to the proposed mine, was
conducted. As is evident on Plate 7-1A, the Little Park drainage has eroded
through the Colton and North Horn Formations and into the Price River
Formation, while the Range Creek drainage has not eroded through the Colton
Formation. Based on this and the previous discussion of the high percentage
of low penrpable strata within the Lower Golton and North Horn-Flagstaff
fonnations, there is limited potential for recharge to the springs and tributaries
from areas below the boftom of the Colton Formation. Figure 7-3 presents a
representation of the likely characterization of the method of recharge to these
springs. The potential impact area from the mine is, therefore, that portion of
the permit area that is east of the Horse Canyon and Liftle Park drainages which
is above the Colton - North Horn-Flagstaff contact within the area of maximum
subsiden@.

Based on a proiection of the direction of dip (N68"E), the recharge area of the
Range Creek drainage that might be affected by the mine would be from just
north of Little Horse Canyon south to Cherry Meadow Canyon. Figure 74
presents aloealized view of this areawith recharge potential along the west side
of the Range Creek drainage. The total recharge area to this portion of the
Range Creek drainage is approxirnately 18,150 acres.

Based on a review of Figure 74, the portion of the permit boundary that meets
the potential impact area criteria is approximately 183 acres. Therefore, the
perentage of the recharge area that might be intercepted by catastrophic
subsidence is 1.0 percent. As catastrophic subsidence is unlikely due to the
cover over the coal seam for most of this area (2,000ft +) (see Figure 74), this
percentage is conservatively high. Such a smalf percentage would not be
measurable within the Range Creek drainage.

lf such an occurrence were to happen, based on the hydraulic conductivity
(0.1gpdlff) and porosity (0.25) of the formation and the anticipated gradient
(0.1ft1ft), the average linear velocity of flow through the fonnation would be
about 0.006fl/day. This results in an estimated duration, for the reduced
recharge to move laterally through the Colton Formation and reach the Range
Creek drainage, to be about 8,700 to 11,300 years.

As a result of the five to six miles horizontal distane from proposed permit area
to Range Creek (see Plate 7-1al and the isolating effects of the over 1 ,000 feet
of low-permeability, isolating strata between the coal seam and the creek
efevation (see Plate 7-1F and Table above) and the limited potential impact of
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subsidence darnage to the recharge area, it is not likely that the Lila Canyon
Mine will adversely effect Range Creek. Due to these conditions, no baseline
or other sampling has been gathered nor is anticipated on Range Creek.

Additional conerns have been raised regarding the potential impact that water
extracted from the Blackhawk Formation as a result of the mining activities
would have on the downstream drainages, specifically the Price and Green
Rivers. Initial evaluation indicates that the distance within the Blackhawk
Formation betrrveen the mine and the Price River is over 12 miles. This distance
alone would preclude any significant impact.

As further evidence, as discussed in Appendix 7-3, it is difficult to determine the
amount of water that will be extracted by the mining activities. For design
purposes, DOGM has required that a value of 500 gpm be used. This is thought
to be very @nservative. lf this volune urere extracted, the yearly total would be
about 800 ac-ft per year. As there are no significant springs that discharge from
the Blackhavrd< Formation, the loss of this flow would be minimal. Also, as
discussed in Appendix 7-3, the addition or loss of this flow would result in a
0.97o flow change to the Price River and a 0.Q2o/o flow change to the Green
River. In both cases, this flow change would be less than could be measured
by standard nethods.

The Horse Canyon drainage is rnonitored in accordance with the approved
monitoring plan for the permit. There has been only one sample taken in the
Lila Canyon and no samples taken in Little Park Wash because only limited flow
has been observed during the monitoring activities. Factors that contribute to
the lack of data are: accessibility to the sites during the winter period and
imnrediately after summer rain storm events is generally not possible, due to
safety issues and a physical lack of flow. Concerns have been raised that
evidence of flow has been seen in the drainages over the course of the year,
therefore, why hasn't a water quality sample been collected. The following
sections address the concerns of access and safety, physical lack of flow, and
monitoring nethods.

Access and Safety. Safety issues have hampered field tlork on several projects
in the area. When the soils in the area get ulet ftom a light rain, that would not
generate a flow event, they become very slick and pose ac@ss and safety
issues, During the IPA drilling, EarthFax had significant difficulty in getting
equipment and vehicles up and down the access road following several small
rain storms. In one case, they had one of their vehicles slide into the
embankment rocks along the Horse Canyon access road (drop in the area was
about 400 feet).
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In the conditions of heavier rains, acess during rainstorrns through the
channels in the area is dangerous. During the avian study for the Westridge
mine, Mel Coonrod (ElS) and Frank Howe (DWR) were caught in a channel
during a rainstorm and lost their vehicle to flooding. This occurred on Nine Mile
Creek at the Dry Canyon crossing in March or April of 2000. Conditions in this
drainages are similar to drainages within the Lila Canyon Permit Area.

During winter and early spring periods, there have been times when the access
road has been blocked with several feet of snow making ac@ss with the field
equipment impossible.

UAE's position is that collection of environmental data is not worth of the loss
of life or limb. Therefore, when the conditions are unsafe, the site is labeled
inaccessible. At all other times, the sites are visited and if no flow is
encountered it is reported as such.

Physical Lack of Flow. The lack of flow data in the sampling effort is not a
failure of the sampling effort. The lack of flow at these sample sites is data
wtrich docunents the normal conditions in the site area. lf the strearns urere
flowing 50 perent of the tirne, it is likely that the sampling efforts would
encounter flow on an infrequent basis. However, if the flow for the short return
periods is extremely small or none existence, it will be difficult to obtain and
provide samples of these events. This lack of flow shours that the drainages do
not have a base flow component and there is no regional aquifer discharging to
the deeply incised canyons and drainages in the area. The sequence of
sampling efforts have demonstrated further, that there are no long-term flow
events occurring in the mine permit area or adjacent areas. Also, spring
photographs show disturbances in the stream channels from the previous fall
period sampling efforts, indicating thatfor sone years no flow occurred from the
fall to spring measurenent events. Additionally, the peak flow simulation results
presented in Table 7-lAshow that for small return periods, 2 to 5 year events,
runoff floun are not expected and that the duration of any flow events would be
of extrernely limited duration.

Therefore, a pattern has been identified of a set of drainages that only flow in
direct response to precipitation or rapid snow rnelt. The flow events are
localized, sporadic events with no consistent sequence and timing and are
extremely limited in duration. For epherneral drainages in the area, these are
the variations and distributions in flow that can be expected and are seen at
other mines. Under the definitions in the rules, the seasonal variation would
then be the isolated snowmelt in various reaches of the channels in the spring
period, and the isolated peak flow from a thunder storm that would have enough
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intensity to result in a runoff event. Based on the runoff simulations in Table 7-
1A, for the larger precipitation events, the flows can be significant.

U.S. Steel conducted water quality monitoring of the Horse Canyon drainage.
These monitoring efforts were conducted prior to the developrnent of DOGM's
present Water Monitoring Guidelines, and as a result the data is quite limited.
The npst recent results of these water npnitoring efforts are presented in
Appendix 7-2 and historic results are included in the DOGM electronic
database.

The data collected from Horse Canyon fiollorrvs the same pattern documented by
Waddell, et.al. (1986). The pattern shows that the TDS @n@ntrations for
surface waters on the lower Blackhawk and out onto the Mancos Shale range
from 1000 ffg/l and increase to 2,000 to 2,50O mg/|, Additionally, the highest
@ncentrations of suspended sedinrent will occur during high-intensity runoff
from thunderstolms, and the lorlrest concentrations will occur during low flow or
snow melt events.

Therefore, because of the similarity of the water quality data, the uater quality
expected from the drainages in the area of the proposed mine will be similar to
the water guality found in the Horse Canyon drainage.

Monitoring Methods. Monitoring efforts did not include remote or autornatic
sampling efforts because of inherent problens attempting to implement these
methods for this application. lt has been suggested that crest-staff gauges,
single-stage samplers, ISCO instruments, etc. coufd be used to coffect samples.
These are rnethods that the USGS uses for developed remote sampling sites.
Horrvever, none of the UEI sampling sites are developed. In the case of crest
gauges, for these methods to be reliable and feasible, the sites need to be
developed with concrete or bedrock lined channel sections. For the channel
configurations at the UEI sites, the channel boftorre generally consist of
movable beds. These are channels that change configuration from storm to
storm. As a result of channel erosion and deposition, the stage discharge
relationship of the channef changes with each storm event. Therefore, while the
crest gauge ulould indicate that a flow event may have occurred, the ability to
determine what the flow rate was is greatly compromised. To be able to
overcome this, it would be necessary to construct lined channel sections in
remote channel areas. In some cases, this would require the construction of
acess $rays and cernent trucks to haul in the materials necessary. This would
likely cause more damage than it is worth.

o
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Single stage and automatic sarnplers have problerns with holding tine on many
water samples being exceeded, routine clogging of the inlets to the sampler,
and acceptability or reliability of the data. Holding time exceeden@ would occur
when a storm event occurred immediately after a prior sampling visit and
resulted in a sample being collected. As a result, the sample would remain in
an unpreserved and unrefrigerated state for the duration of the period until the
site was next visited. In the hot summer conditions, common in the area, the
water quality of unpreserved and unrefrigerated samples would not be
representative of the uater in the drainage during the flow event. Changes to
unater quality pararneters would be expected with changes in temperature of the
sample, con@ntration due to evaporation of the sample, and extended contact
of the water with the sediment collected in the sample bottle. Therefore, for the
majority of pararneters in the rnonitoring guidan@ list, the uater quality data
would not be usable for detennining the baseline or impact conditions.

Maintenance problems have been common problems with the use of remote
samplers. Generally, these samplers work fairly well in perennial sampling
environrnents. Horruever, in epherneral environments ufiere the flovrts tend to be
"flashy" - short duration events which carry a heavy sediment and debris load,
these samplers encounter significant problems with plugging of the inlets or
sampler damage or destruction.

The use of stage or autornatic samplers on epherneral streanrs does not neet
the USGS sampling protocols and are not a depth integrated sample. According
to the Shelton (1994), there are no protocols for adequately sampling an
epheneral stream and ephemeral streams are not included in the national
rmaterquality assessrnent program. Australian uater quality nnnitoring
guidelines suggest that autornatic samplers are not appropriate for sampling
pararneters that change with tirre (A-NZECC, 2000). ADOT (2005) removed all
automatic samplers from there monitoring program. Only grab samples are
alloued and ADOT will not accept any data collected by any autornatic
samplers. Recent infonnation provided to ADOT indicates that automatic
samplers are unreliable and impractical in arid climate conditions in Arizona.
As the conditions in the arid climate in Southeastern Utah are similar to the
Arizona conditions, similardifficulties and problenswill be encountered and the
data will have the sare difficulties.

Several samplers were installed as apart of the Westridge Mine sampling
efforts. The samplers have problems with plugging and maffunctions on a
regular basis and need constant rnaintenance. They are still in use, because
they u,ere required, horifever, the data are of limited value (Karla Knoop,
personal communication, 2006). Single stage and automatic samplers were
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Average
Total
Precip
(in.)

0.80 1.01 1.30 1.22 1.22 0.85 1.46 1.50 1.80 1.67 1.14 0.78 14.74

Unofficial values based on averagedsunrs of smoothed daily data, Information is corputed from
available daily data during the '1971-2000 period. Snoothing, missing data and observation-tirne
changes may cause these 1971-2fi)0 values to difierfrom official NCDC values. This table is
presented for use at locations that dont have offcial NCDC data. No adjustments are made for
missing data or time of observation. Gheck NCDC nonnals table for ofrcial data.



Horse Canyon Mine - Lila Canyon Extension tftaMmerican Energy Inc.
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TABLE 7-1C

724.413 Temperature. Mean temperatures in the proposed mine
area range from a high of 58.0 degrees F to a low of 33.4 degrees F.
See Table 7-18.

724.42A Additional Data. Additional data will be supplied if
requested by the Division to ensure compliancewith the requirements
of RA45€01 and R645-302.

724.5AA Supplemental Information NIA - The determination of the PHC in
Section 728 does not indicate that adverse impacts on or off the proposed
permit area may occur to the hydrologic balance, or that acid-forming or
toxic-forming material is present that may result in the contamination of
ground-water or surface-water suppl ies.

724.7(n Valley/Stneam N/A - The proposed plan does not include mining
or reclamation operations within a valley holding a stream or in a location
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where the permit area or adjacent area includes a stream which rneets the
requirements of R645-3 02-320.

725. Baseline Cumulative lmpact Area Information

725.140 Hydrologic and Geologic Information Hydrologic and geologic
infonnation for the mine area is provided in Sections 600, 724 and in the
PHC Determination in Appendix 7-3. This information includes the available
information gathered by the applicant. Additional information is available for
the areas adjacenttothe proposed mining and adjacent areas ftom state and
federal agencies.

725.200 Other Data Sources As indicated above, additional information is
available for the cumulative impact area. In addition to the base line data for
the proposed mining, additional pertinent hydrolqic data is available ftom
adjacent mines and permits and government reports.

725.300 Available Data Necessary hydrologic and geologic information is
assumed to be available to the Division in this P.A.P.

726. todeling Where ever possible actual surface and ground water information
is supplied in this application. Hourcver, the following nndels were used to
supplement the data.

Stonn 6.2, a program to calculate runoff floutrs was used to calculate
runoff from some disturbed area drainage areas.

Hydroflow Hydrograph program by Intelisolve was used to simulate the
runoff and routing from the undisturbed drainages above the proposed
mine. As discussed in Section724.200 of the MRP, the flow simulations
provide an understanding of the types and kinds of flow responses that
can be expected from the watersheds of the proposed mine area.

A simulation of transmission losses to determine potential impacts ftom
mine water discharge to the Price River and fishery was completed using
a spreadsheet based on the NRCS channel loss evaluation.

727. Alternate Water Source lnformation A search vras conducted of the State
of Utah Water Rights files for all rights occurring within, and adjacent to,
the permit area for a distance of one mile. The location of those rights
are shown on Pfate 7-3, based on the location provided for the water
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right. A description of each of the rights, including the naffE of the water
right owner, point of diversion, source of the water, along with the allotted
flow and the designated use of the water is tabulated in Table 7-2. Due to
the limited volune of water available, the condition of npst of the spring
and stock pond f;acilities is very poor. Based on the rrater rights, for the
area of the mine, the use is limited to stockwatering of less than 250
animaf units.

Table 7-2

LILA CANYON MINE AREA
Water Rights

Water
RiqhUOwner

cfs gpm ac.ft. Source Use Point of
Diversion

91-557 Eardley,
Joseph K.

0 0 So. Fork Horse
Canyon Creek

Stockwatering SW 34, T. 15 S, R.
14 E.

91-557 Eardley
Joseph K.

0 0 So. Fork Horse
Canyon Creek

Stockwatering NE 34, T. 15 S, R.
14 E.

91-1903 State of
Utah

0.08 36 0 Spring Stockwatering SE 35, T. 15 S, R.
14 E.

*91-148 IPA 0.30 135 0 U. G. Tunnel Other NW 3, T. 16 S., R.
14 E.

*91-149 tPA 0 .10 45 0 U. G. Tunnel Other NW 3, T. 16 S., R.
14 E.

*91-150 tPA 0 .10 45 0 U. G. Tunnel Other NW 3, T. 16 S., R.
14 E.

*914959 CEUF 0.00 5.00 Redden Spring Mining NE 3, T. 16 S., R.
14 E.

91-2616 BLM 0 0 Stream Stockwatering NW 3, T. 16 S., R.
14 E.

*91-183 CEUF 0.8 359 0 Horce Canyon
Creek

Domestic,
Other

sE 1/4 3, T.. 16 S.,
R. 14 E.

91-185 Minerals
Devel. Co.

0.0190 I 0 Wdl Domestic,
Other

NW 9, T. 16 S., R.
14 E.

91€18 Mont
Blackburn

0.0110 5 0 Mont Spring Stockwatering NE 11 ,  T ,  16  S . ,  R .
14 E.
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Table 7-2

LILA CANYON MINE AREA
Water Rishts

Water
RiqhUOwner

cfs gpm ac.ft. Source Use Point of
Diversion

91-2615 BLM 0 0 Stream Stockwatering NW 10, T. 16 S., R.
14 E.

91€17 Mont
Blackburn

0.01 10 5 0 Leslie Spring Stockwatering NW 11,  T .  16 S. ,  R.
14 E.

914650 BLM 0 0 Tributary to Flat
Wash

Stockwatering,
Other

sw 9, T. 16 S., R.
14 E.

*91-399 tPA 0.050 22 0 Unnamed Spring Mining, Other SE 12, T. 16 S., R.
14 E.

91-2537 BLM 0.0120 5 0 Spring Stockwatering SE 12, T. 16 S., R.
14 E.

91-2521 BLM 0.0110 5 0 Cottonwood
Spring

Stockwatering NE 13, T. 16 S.,  R.
14 E.

914e|8 BLM 0.00 0 Unnamed Wash Stockwatering,
Other

sw 14, T. 16 S., R.
14 E.

9146'49 BLM 0 0 Unnamed Wash Stockwatering,
Other

NE 23, T. 16 S., R.
14 E.

*91€10 IPA 0.050 22 0 Unnamed Spring Mining, Other SE 24, T. 16 S., R.
14 E.

91-2517 BLM 0.01 10 5 0 Pine Spring sE 24, T. 16 S., R.
14 E.

91-2618 BLM 0 0 Stream NW 27, T. 16 S., R.
14 E.

9t-2619 BLM 0 0 Stream SE 28, T. 16 S., R.
14  E .

91-2620 BLM 0 0 Stream SE 28, T. 16 S., R.
14 E.

91-2621 BLM 0 0 Stream SW 28, T. 16 S., R.
14 E.

91-2617 BLM 0 0 Stream SE 27, T. 16 S., R.
14 E.
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Table 7-2

LILA CANYON MINE AREA
Water Riqhts

Water
RiqhUOwner

cfs gpm ac.ft. Source Use Point of
Diversion

914&16 BLM 0 0 Wash Stockwatering,
Other

sw 33, T. 16 S., R.
14 E.

91-2518 BLM 0 .1  10 5 0 Williams Spring sE  8 ,  T .17  S . ,  R .
15 E.

914516 BLM 0 0 Liftle Park Wash Stockwatering,
Other

SW 7, T. 17 S., R.
15 E.

914705 BLM 0 0 Bear Canyon Stockuatering,
Other

NW 7, T. 16 S., R.
15 E.

914621 BLM 0.0150 7 0 Kenna Spring Stockwatering,
Other

NE 8, T. 16 S., R.
1 5  E .

$47A1 BLM 0 0 Nelson Canyon Stockuatering,
Other

NW 17, T. 16 S., R.
15 E.

91-2519 BLM 0.0110 5 0 Unnamed Spring Stockwatering,
Other

sE 18, T. 16 S., R.
15  E .

*91-808 IPA 0.050 22 0 Unnamed Spring Mining, Other sw 18, T. 16 S., R.
15  E.

91-2538 State of
Utah

0.0120 5 0 Unnamed Spring Stockwatering SW 18, T. 16 S., R.
1 5  E .

914701 BLM 0 0 Nelson Canyon Stockwatering,
Other

SE 17, T. 16 S., R.
15 E.

91-2539 BLM 0.0120 5 0 Pine Spring Stockwatering sw 19, T. 16 S., R.
15  E.

914703 BLM 0 0 Nelson Canyon Stockwatering,
Other

NW21,  T .  16 S. ,  R.
15  E .

914703 BLM 0 0 Trib. to Nelson Stockwatering,
Other

NE 29, T- 16 S., R.
15  E .

914381 State of
Utah

0.0150 7 0 Spring Stockwatering, NW 32, T. 16 S., R.
15 E.

91-2520 BLM 0.0110 5 0 Unnamed Spring Stocl<watering NW 32, T. 16 S., R.
15  E .
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Table 7-2

LII.A CANYON MINE AREA
Water Rights

Water
Riqht/Owner

cfs gpm ac.ft. Source Use Point of
Diversion

"91-809 tPA 0.0500 22 0 Unnamed Spring Mining, Other SE 31,  T.  16 S. ,  R.
15  E .

91-2535 BLM 0_0120 5 0 Unnamed Spring Stockwatering
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Any State-Appropriated water supply that may be damaged by mining
operations will either be repaired or replaced. As soon as practical, after
proof of damage by mining in Lila Canyon, of any State-Appropriated
water supply, UEI will replace the water. Water replacement may include
sealing surf,ace ftactures, piping, trucking rmater, transferring uater rights,
or construction of urells. The preferable method of replacement will be
sealing of surface fractures effecting the water supply. As a last resort
UEI wilf replace the water by transferring water rights or construction of
wells.

As noted in the table, the majority of rights are owned by UEI for industrial
use. Other rights owned by the B.L.M. or individuals are primarily for
stockwatering.

UEI owns the rights to approximately 1.50 cfs in this area. Atthough the
PHC (Appendix 7-3) indicates little, if any, adverse effects on water
resources resulting fiom the operation, if such effects should become
evident, lost uater sources would be replaced from the rights owned by
the company.

7 28. Prcbable Hyd rolog ic Conseq uences ( PHC) Ileterm i natio n

728.100 PHC The Probable Hydrologic Gonsequen@s (PHC)
Determination is provided as a separate document in Appendix 7-3. This
determination indicates minirnal (or no) negative impacts of the mining or
reclamation operation on the quality and quantity of surface and ground
water under seasonal flow conditions for the proposed permit and
adjacent areas.

728.2AO Basis for Debrmination The PHC is based on baseline
hydrologic, geologic and other infonnation such as public records and
adjacent mine plan data statistically representative of the site (see
AppendixT-3).

With underground mining, there always exists a potential for impacting
surface or ground water resources; however, as indicated in Section 525,
subsidence effects are expected to be minimal due to the amount of cover
and massive rock stratas between the mining and the surface. Effects on
underground ranter are also expected to be minimal, since this water is
not presently issuing to the surface, and any ne@ssary discharges of the
water would be in accordance with U.P,D.E.S. requirements.
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Water in this area is prirnarily used for stock or wildlife watering. Any
impacts to the small surface springs or seeps as a result of mining would
likely be offset by the emergence of new seeps or springs due to
fracturing, mine water discharge or replacernent of water rights as
described under Sections 525, and 731.800.

7283AA Findings

728.3{0 Advense Impacts. Potentiaf adverse impacts of the
operation on the hydrologic balance include:

(1) Increased sediment loading;

(2\ Diminution or intenuption of water supplies on rnnater
rights;

(3) Discharge (pumping) of contaminated ground water;

(4) Erosion and strearnflow alteration;

(5) Deterioration of water quality.

Each of the above potential impacts has been evaluated in
the PHC (Appendix 7-3). Based on inforrnation provided in
this plan to mitigate or otherwise control these impacts, the
Probable Hydrologic Consequences determination is that of
minirnal (or no) negative impacts. (see Appendix 7-3)

728324 Acid/Toxic Forming tlaterials (see Appendix7-3)

728.330 lmpacts On:

728.331 Sediment Yiefd (see Appendix7-3)

728.332 Water Quality Paramebrc (see Appendix 7-3)

728.333 Flooding and Streamflow Alteration In the event
that sufficient volumes of water are encountered
underground that necessitate purnping, the applicant will
take the following steps:
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(1)

(2)

(3)

(4)

Water will be held in sumps as long as
possible to promote settling;

Water will be sampled prior to discharge to
ensure compliance with UPDES standards;

Prior to mining receiving channel morphology
pararneters and erosion impacts will be
evaluated prior to discharging to any drainage
and at least quarterly during pumping to
detennine what, if any, strearnflow alteration is
occurring;

lf adverse impacts to the receiving stream are
noted, steps will be taken, with Division input
and approval, to minimize or eliminate those
impacts.

(Afso see Appendix7-3)

728.334 Water Availability (see Appendix 7-3)

7 28.335 Other Gharacteristics (see Append ix 7 -3)

728.W Surface Mining Activity N/A - Underground Mine

728.404 Pemit Revision To be reviewed by the Division.

729. Cumulative Hydrologic lmprct Assessment (CHIA)

729.100 CHIA Assessment provided by Division.

729.200 Permit Revision To be reviewed by the Division.

730. Operation Plan

731. General Requircments This will be an underground mine with
approxirnately 42.6 acres of surface disturbance for mine site facilities
and roads. Runoff from the disturbed minesite area is proposed to be
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controlled by a system of ditches and culverts which will convey all
disturbed area runoff to a sediment pond for final treatnent prior to
discharge.

This permit application includes a plan, with maps and descriptions,
indicating how the relevant requirements of R845-301-730, R&45-301-
744, R645-301-75A and R&t5-301-760 will be met. Each of these
sections are addressed in this Chapter, along with relevant Maps and
Appendices.

7 31 .100 Hydrologic-Balance Protection

731.110 Ground-Water Prctecffon In order to protect the
hydrologic balan@, coal mining and reclamation operations will be
conducted according to the plan approved under R645-301-731
and the following:

731.111 Ground-Water Quality Ground-water quality will
be protected by the plan described in Section 731 and the
following:

(1) Minimizing surfae disturbance and proper handling
of earth rnaterials to minimize acidic, toxic or other
h a rrnfu I i nfi ltration to g ro u nd-water systems.
Appendix 6-2 of the MRP presents acid and toxic
results ftom a series of roof and floor samples from
the areas north and south of the proposed mine. The
samples of the S-24 and S-25 drillholes show the
quality of the roof and floor strata located to the south
of the proposed operation, while the Lih Fan Portal
roof and floor samples show the quality of the strata
north of the proposed mine. These samples
identified only minor issues with one or two samples
for revegetation issues. The recommendations were
that these samples would not be a problem when
mixed with the surrounding rock. No acid conditions
were identified in any of the rock samples. As these
samples bracket the mine proper$ and the quality is
similar to quality found at other mines along the Book
Cliffs and none of these mines have an acid or toxic
issue, then it is likely that the rock in the proposed
mine area will have the same characteristics.;
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Testing (as-necessary) to ensure stockpiled materials
are non-acid and non-toxic;

Controlling and treating disturbed area runoff to
prevent discharge of pollutants into ground-water, by
the use of diversions, culverts, silt fences, sedinrent
ponds and by chemical treatment if necessary;

Minimizing and/or treating mine water discharge to
comply with U.P.D.E.S. discharge standards;

Estabf ishing where g round-water resources exist
within or adjacent to the permit area through a
Baseline Study (done) and monitoring quality and
quantity of significant sour@s through impletation of
a Water Monitoring Plan (proposed);

Proper handling of potentially hannful materials (such
as fuels, grease, oil, etc.) in accordan@ with an
approved Spill Prevention Control and
Countenneasure Plan (SPCC).

731.120 Surface-Water Protection In order to protect the
hydrologic balan@, coal mining and reclamation operations will be
conducted according to the plan approved under 731 and the
following:

731.121 Surface-Water Quality Surface-water quality will
be protected by handling earth materials, ground-water
discharges and runoff in a rnanner that minimizes the
fonnation of acid or toxic drainage; prevents, to the extent
possible using the best technology currently available,
additional contributions of suspended solids to streamflow
outside the permit area; and, othenrise prevent water
pollution.

Surface-water quality protection is proposed to be
accomplished by the plan described in Section 731 and the
following methods:

(1) Minimizing surface disturbance and proper handling
of earth materials to minimize acidic, toxic or other

(2)

(3)

(4)

(5)

(6)
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(z',)

(3)

(4)

(5)

hannfu| infiltration to ground-water systens.
Appendix 6-2 of the MRP presents acid and toxic
results from a series of roof and floor samples from
the areas north and south of the proposed mine. The
samples of the 924 and S-25 drillholes show the
quality of the roof and floor strata located to the south
of the proposed operation, whi|e the Lila Fan Portal
roof and floor samples show the quality of the strata
north of the proposed mine. These samples
identified only minor issues with one or two samples
for revegetation issues. The re@mrnendations were
that these samples would not be a problem when
mixed with the surrounding rock. No acid condilions
were identified in any of the rock samples. As these
samples bracket the mine property and the quality is
similar to quality found at other mines along the Book
Clifis and none of these mines have an acid or toxic
issue, then it is likely that the rock in the proposed
mine area will have the same characteristics. Also,
the rock from the access tunnels will be similar to the
rock samples for the floor;

Testing (as-necessary) to ensure stockpiled materials
are non-acid and non-toxic;

Controlling and treating disturbed area runoff to
prevent discharge of pollutants into surface-uater, by
the use of diversions, culverts, silt fences, sediment
ponds, and by chemical treatrnent if necessary;

Minimizing and/or treating mine water discharge to
comply with U.P.D.E.S. discharge standards;

Establ ish i ng where surface-water resources exist
within or adjacent to the permit area through a
Baseline Study (done) and monitoring quality and
quantity of significant sour@s through impletation of
a Water Monitoring Plan (proposed);

Proper handling of potentially hannful materials (such
as fuels, grease, oil, etc.) in accordan@ with an
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approved Spill Prevention Control and
Countenreasure Plan (SPCC).

731.122 Surface-Water Quantity Surface water quantity
and flow rates wilf be protected as described in Section 731.

731.200 Water ilfonitoring The water monitoring program was
implenrented in July, 2000. Baseline data will be collected (as possible)
from new monitoring sites L-1-S through L-4-S. These sites are typically
dry and no quality data has been gathered as yet. Sites L-6-G through L-
10-G have been monitored forbaseline in 1993, 1994, and 1995. These
sites, along with IPA-1, IPA-2 and IPA-3, urere monitored in December 2000
to detennine if they were still viable and to establish a current baseline that
will be continuous with operational monitoring.

Preceding each five year permil renewal, ground (springs) and surface
waters will be sampled for baseline parameters, same as listed in Tables 74
and 7-5. Analysis on baseline and surface waters will be conducted
according to the operational monitoring plan. lt has been determined that
minimum monitoring b required based on minimal impacts and no
appropriated surface uaater use down stream.

731.210 Ground-Water Monitoring The proposed ground-water
monitoring plan is based on results of the Baseline Study and PHC
determination. Based on results of these studies, the only ground
urater eryected in the permit area is that which has been klentified as
springs or seeps, and that which may be expected from perched
aquifers encountered by the proposed mining. Since no portals are
presently discharging on, or adjacent to, the permit area, and since
mining has not started, no underground water is prcsently available
for sampling; selected springs are proposed for sampling under the
Ground Water Monitoring Pfan.

lf ground water is encountered in the future mining of a quanti$
which requires dbcharge, the uater will be monitored in accordance
with requirements of this section and a monitoring plan will be
proposed at that time.

For purposes of the water monitoring progmffi, springs and seeps are
consirJered ground water and will be monitored as such.
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731.211 Ground-Water ilonitoring Plan Based on
information in the PHC determination (Appendix 7-3), and as
indicated above, the only ground water resources on or
adjacent to the permit area that can be monitored at this time;
are springs and seeps. See Appendix 7€ for a detailed
description of the ranter monitoring locations.

There are a total of 11 ground water monitoring sites proposed
for this property. (See Tabb 7-3). Station L-s-G is the
potential mine dbcharge point, and will be monitored at bast
monthly, or as occurs, in accordance with U.P.D.E-S- Permit
requirements. (See Tabb 741 Stations L-rc, L-7-G, L€-G,

L-9-G, L-11-G, and L-12-G are significant springs or seeps
located over the area of proposed mining. These springs
will be monitored on a quarterly basis for parameters listed
in Table 7-5.

Station L-6-G (Table 7-3) is in the vicinity of 2 listed uater
right springs, Mont Spring and Leslie Spring. These springs
are within the same small drainage, and may in fact be the
same spring. Close examination of spring/seep and
baseline npnitoring stations show only one site in this
drainage with any consistent flows - site H-18; therefore, this
site was originally chosen to monitor the Mont and Leslie
Springs area. However in recent years L€-G has been dry
and a new wet area upstream of L-6-G, Location L-l1-G,
has been added to replace site L-6-G. Sampling at L-6-G
will be suspended as of the First Quarter of 2003.

Monitoring site L-7-G is intended to rmnitor a listed site
known as Cottonwood Spring. Once again, a close
examination of water rights information along with
spring/seep and baseline monitoring has shown only one
site in this area with any consistency - site #9; therefore, this
is the site chosen for monitoring of Cottonwood Spring.

L-8-G is an unnamed spring that matches Earthfax sample
site 10.

L-g-G is known as Pine Spring. There are two locations that
are identified as Pine Spring. These are water rights 91-
2517 and 91-2539, which are part of the sarTrer water right
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filing. In the spring and seep inventories there has never
been any flow identified in the area of 91 -2517 as the site is
located off of the stream channel. lt is assumed that the
filing for 91 -2517 is a duplicate but the location is wrong.
There have been nuffFrous seep/spring notations in the
local area, but the only consistent flowing site is 91-2539;
this is the site that will be monitored for Pine Spring. In a
recent archeological study, the location of the sight that has
been npnitored as L-9-G was determined using GPS
coordinates. The location for this site was determined to be
different than what was plofted on the Plates 7-1,7-1A, and
7-3. Based on this new data, the location of the spring has
been updated.

L-10-G is also an unnamed spring that matches Earthfax
sample site 14. Since this site is located over 1 mile south
of the permit area, it has been replaced with L-12-G uftich is
a more appropriate site to monitor. Monitoring of site L-10-
G will be suspended as of the First Quarter of 2003.

L-11-G is located in the bottom of the upper reaches of Lila
Canyon. This is in the same drainage as the Mont and
Leslie Springs water right locations. In recent years L-6-G
(H-18) has been dry. However, there has been soffxe
minimum flow observed approxirnately one hundred yards
above L-6-G uftere L-11-G \ tas established.

L-12-G is an unnamed spring which had been developed but
is now abandoned. The seep/spring inventory data is
shown in Appendix 7-1 and locations are shown on Plate 7-
1. Proposed water monitoring sites are shown on Plate 74.

L-13-S, L-14-S, and L-15-S are sites being monitored to
assist in charadenzation of the various drainages'

L-1GG and L-17-G are seeps being monitored in Stinky
Spring Canyon. These sites were not identified during
baseline surveys and are believed to exist intermittently and
are not always evident. These two seeps appear to be an
important sourre of vrater for Bighom sheep specifically in
the early spring.
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It should be noted that data has been gathered on the
various seepdsprings as part of the original baseline
inventory for the South Lease by l.P.A. The data was
gathered over the years 1993 , 1994 and 1995 and was
stopped. In the second quarter of 2001 rarater nnnitoring
continued.

IPA-1 , 2 and 3 are groundwater piezometers in the Little
Park Wash area. These holes will be checked quarterly for
water depth only. Monitoring of these sites will continue
until the mining or subsidence renders them unusable.

At a minimum, total dissolved solids or specific conductance
corrected to 25 degrees C, pH, total iron, total m€lnganese
and water levels will be monitored, on all points except IPA-
1, 2 and 3.

731.212 Monitoring Reports Ground-water will be
monitored and data will be submitted at least every three
npnths for each monitoring location. Monitoring submittals
will include analytical results from each sample taken during
the approved reporting period. When the analysis of any
ground-water sample indicates noncompliance with the
permit conditions, then the operator will promptly notiff the
Division and imnrediately take the actions provided for in
145 and 731.

731.213 Waiver of tonitoring N/A - No waiver is
requested.

7 31 .21 4 G round-Water Monitori ng Duration Grou nd-
water monitoring will continue through mining and
reclarnation until bond release. lf the ground uater is a
discharge strictly from the mining operations, npnitoring will
continue, or until the ground water sour@ is no longer
accessible. Other rpnitoring will continue until:

731.211.1 "The coal mining and reclarnation
operation has minimized distubance to the prevailing
hydrologic batance in the permit and adjacent areas
and prevented material damage to the hydrologic
balance outside the permit area; water quantity and
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ffii'yr::|, 
t"1':b I e to s u p port a p p roved postmi n i ns

731.214.2 until "Monitoring is no longer ne@ssary to

illfi::T,]lyf;ffi -"?,':#, : l li: 
mon ito ri ns p r a n

731.215 Monitoring Equipment equipment, structures and
other devices used in conjunction with monitoring the quality
of ground water on-site and off-site will be properly installed,
rnaintained and operated and will be removed by the
operator and will be removed by the operator when no
longer needed.

731.220 Surface Wabr tonitoring SurFace water monitoring will
be conducted in accordance with the plan described in this section.

Based on results of the PHC determination, base-line study and
other available information, numerous srnall springs and seeps
exist within, and adjacent to, the permit area. In addition,
ephemeral drainages in the area flow in response to snow nelt and
precipitation events. The proposed surface-water monitoring
program will monitor the significant surface water sources,
including drainages above and below the disturbed mine site area,
and all point-source discharges (i.e. sediment pond). Seeps,
springs and potential mine water discharge will be monitored in
accordance with the Ground Water Monitoring Plan in the previous
section.

It should be noted that field sheets in Appendix 7-2 refer to a point
HC-z, while Bar Graphs and Spreadsheets refer to a station B-1. lt
has been determined that these are the saffxa point. The site is
designated B-1 on Plate 7-1, with a red HC-2 in parenthesis. The
efectronic data inventory (EDl) also shows both B-1 and HC-z
designations for this site.

Another HC-2 site is listed in the seep/spring inventories in
Appendix 7-6 and in the baseline data in Appendix 7-1. This
station is also occasionally referred to as H-2 in the seep/spring
inventories (Appendix 76). lt has been determined that the H-2
and HC-z sites rebrred to in these 2 appendices are the saffF
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station. The station location is shown on Plate 7-1, where it is
designated H-2 with a green (HC-2) in parentheses-

fhere is one other station with confusing designations in the data
fromAppendix7-2 and 7-6 - station HCSW-1. This station has 3

+'ffi"iilii,'y'[x}f ::'ffi ll?,;ffi o%1,illffi1;""
has been added to Plate 7-'l to show the station is also called
(HCSW-1), to eliminate confusion. lt should also be noted that
there is a seep/spring site designated as H-1 on Plate 7-1. This is
not to be confused with any of the above listed HC, HSW or HCSW
sites.

These are the only known duplication or utrong designation of
sample site numbers. lt appears that different samplers or
companies conducting seep/spring inventories occasionally used
different designations for the sare sites - the main probfem being
the use of H-n or HC-n for the same location, in sonp instances.
Every effort has Ueen rnade to refine the station identifications and
locations on Plate 7-1 to reflect the sampling data provided in
Appendices 7-1,7-2 and 7-6. Wherever a site has 2 different
designations, both are shown with one in parentheses.

The following is a list of proposed lrcnitoring sites:

Station No. Location TYPe
L-1-S Lita Canyon Intermiftent by rule with

ephemeral flow
L-2-S Rt. Fork Lila (above mine) Ephemeral Stream
L-3-S Lila Canyon Below Mine Intermittent by rule with

ephemeral flotr
L-4-S Sediment Pond Disctrarge UPDES
L-rc Mine Water Discharge UPDES (Groundurater)
L€-G (suspended) Sampling Suspended lQtr 2(Xl3 Spring
L-7-G Cottonuood SPring SPring
L-8-G Unnamed SPring SPring
L-g-G Pine SPnng SPring
L-10-G (suspended) Sampling Suspended lQtr 2(n3 Spring
L-11-G Lila Canyon Wash SPring
L-12-G Section 25 Wash SPring
L-13-S Little Park Wash Intermittent by rule with

ephemeral flow
L-14-S Section 25 Wash Intermittent by rule with

efitemeral flcnr
L-1$S (suspended) Sampling Suspended lQtr 2m3 Intermiftent by rule with

ephemeral flow
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L-lrc
L-17€
L-1&S

IPA.1
IPA-2
IPA-3

Stinky Spring Wash
Stinky Sprirlg Wastt
Stinky Spring Wash

Liftle Park Wash
Little Park Wash
Little Park Wash

Seep
Seep
Intermittant by rule with
ephemeral flow
Borehole
Borehole
Borehole

Sampling at Locations L-13€, L-1+S, L-1S, and L-18€ will no longer be required once the
washes have been characterized as Intermiftent by rule with ephemeral flow or Ephemeral.

Locations of all monitoring sites are shcnnrn on Plate 74 , "Water Monitoring Location Map".

Proposed npnitoring nrcthods, pararetets and ftequencies are
described in Table 7-3, "Water Monitoring Stations", Table 74,
"surface Water Monitoring Parameters", and Table 7-5 "Ground
Water Monitoring Parameters".

In any one guarter a minimum of three unsuc:cessful attempts will
be made by using either 4 wheel drive vehicles or AT\fs to access
all water monitoring sites prior to reporting any site as "No Ac@ss".
However, safety and oommon sense will prevail while making these
attempts.

Monitoring reports will be submitted to the Division at least every 3
months, within 30 days following the end of each quarter.

731.221 Surface-Wabr tonitoring Plan The proposed
surfiace-water monitoring plan is detailed in Section
731.220. This plan is based on PHC determination and
analysis of all baseline hydrologic, geologic and other
infonnation in this permit application. The plan provides for
npnitoring of pararneters that relate to the suitability of the
surface water for current and approved postmining land
uses and to the objectives for protection of the hydrologic
balance as set forth in 751 (see Table 74).

7 31 .222 Su rface-Water Monitori ng Parametens The
surface-water monitoring paranreters are shown in TableT-
4. Water monitoring locations and sample fiequencies are
described in Table 7-3 and on Plate 74 .

The plan will provide data to show impacts to potentially
affected springs, seeps, impoundrrents and drainages within
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and adjacent to the permit area, by comparison with relevant
baseline data and with applicable effluent limitations.

731.222.1 Non-point Source Locations The
parameter list in Table 74 provides monitoring for all
paranreters required by this section. The nnnitoring
locations and frequencies described in Table 7-3
show that all significant springs, seeps,
impoundments and drainages that could potentially
be impacted by the mining and reclarnation
operations will be monitored on a regular basis.

731.222.2 Point-source Discharges Point-source
discharge monitoring wilf be conducted in accordan@
with 40 CFR Parts 122 and 123, R&+5-301-751 and
as required by the Utah Division of Environnental
Health for Utah Pollutant Discharge Elimination
System (U.P,D.E.S.) permits. A U.P.D.E.S. discharge
permit application has been submitted to the Division
of Environmental Health for the proposed sediment
pond and mine water for the Lila Canyon operation.
Existing U.P.D.E,S. permit applications for the Lila
Canyon Mine are provided in Appendix 7-5.

731.223 Reporting As indicated in Section 731 .220,
surface-water monitoring data will be submitted at least
every 3 months for each monitoring location. When analysis
of any surface water sample indicates non-compliane with
the permit conditions, the company will promptly notify the
Division and immediately take actions to identiff the source
of the problem, @rrect the problem and, if necessary, to
provide vuaming to any person whose health and safety is in
imminent danger due to the non-oompliance.

731.221 Duration Surface-water npnitoring wi|| continue
through mining and reclamation until bond release.
Locations, parameters and/or sampling frequency (other
than U.P.D.E.S. discharge points) Inay be modified by the
Division if:

731.224.1 "The operator has minimized disturbance
to the hydrologic balance in the permit and adjacent
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areas and prevented material darnage to the
hydrologic balance outside the permit area; water
quantity and quality are suitable to support approved
postmining land uses"; or,

['Jf,1l;ilY:$'ffin,f ,il:iilffi ffin:il^jffii:5*
under 731.221.

731.225 tonitoring Equipment Equipment, structures and
other devies used in conjunction with monitoring the quafity

;f':ffi ilg":L',:Hffi Hi[1"#':?:HS"15#ii'l;
renpved by the operator when no longer needed.

731.300 Acid- and Toxic-Forming Materials Drainage from acid- and
toxic-forming materials and underground development waste into surface
water and ground rnrater will be avoided by implenentation of a Spill
Prevention Control and Counteffneasure (SPCC) Plan and by the
following:

73{.311 ldentification/Burial of Acid- or Toxic-Forming
ilaterials
Potentially acid- or toxic-forming materials will be identified by use
of Material Safety Data Sheets (MSDS), or by direct sampling and
analysis in the case of underground developnent waste.

Any material which exhibits acid- or toxic-forming characteristics
will be properly stored, protected from runoff, removed to an
approved disposal site or buried on site beneath a minimum of 4' of
non-acid, non-toxic rnaterial.

731.312 Storage of Acid- or Toxic-Foming lfaterials Storage
of potentially acid- or toxic-forming materials, such as fuel, oils,
solvents and non-coal waste will be in a controlled rtrlnner,
designed to contain spillage and prevent runoff to surfa@ or
ground water resour@s.

All oils and solvents will be stored in proper containers within
enclosed structures. Fuels will be stored in appropriate tanks,
enclosed within concrete or earthen bermed areas designed to
contain any spillage.

Page -61



HonEe Canvon tine - Lila Ganvon Extension lftahAmefican Enerlm lnc.

Non-coal waste (garbage) will be stored in a designated location,
in dumpsters, and removed to an approved landfill (East Carbon
Developrnent Contractors - ECDC) on a regular, as-needed basis.

Unused or obsolete equipnnnt or supplies will be stored in a
designated area. Drainage from the storage area will be directed
to the sediment pond as shown on the Sediment Control Map,
Plate 7-5.

Underground developnent waste (if any) will also be stored in a

ffilffi ffr#ll#;|:fi lrff lirililF
earthen benrs.

731.320 Storage, Burial, Trcatment All storage, burial and
treatnent practices will be as described in this permit, and
consistent with applicable rnaterial handling and disposal
provisions of the R6,45-Rules.

731.4OA Transfer of Wells There are presently three piezometers on this
permit. When these piezorneters are no longer required, they will be
sealed in a safie, environrnentally sound rnanner in accordance with
regulations (see Section 631.200). The Horse Canyon Well will be
donated to the College of Eastern Utah as part of the Post Mine Land use
Change

731.500 Dischatges The only proposed discharges from this operation
will be from the sediment pond and/or underground mine water.
Each of these potential discharges would be monitored and
controlled within requirernents of approved U,P.D.E.S. Discharge
Pemits.

731.510 Discharges into an Underground Mine There are no
plans to discharge any water into an underground mine.
This section is not applicable.

731.512 Types of Discharge The only planned discharges from
this site are water, in the form of sedinent pond discharge
or underground mine water discharge.

731.512.1 Water See Section 731 .512.

Page -62



Horse Canvon tline - Lila Canvon Extension ljtahAmerican Enerry 1ry9.

73{.512.2 Coal Processing Waste N/A - There are no
plans to process coal or discharge coal processing waste
from this site.

731.512.3 Fly Ash from a Coal-Fired Facility NIA - There
are no plans for a coal-fired facility at this tine.

731.512.4 Sludge from Acid-Mine-Drainage Trcatment
N/A There are no plans for an acid-mine-drainage treatment
facility at this tirne.
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Table 7-3
Lila Canyon Mine

Water Monitoring Stations

Station Location Type Frequencv Remarks

L-1.S Lila Ganyon lnt. Stream Monthly At mine Site

L-2.S Rt. Fork Lila
(above mine)

Ephemeral
Stream

Monthly RF Above Mine Site

1.3-S Lila Canyon
(below mine)

lnt. Stream Monthly RF Below Mine Site

L-4€ Sedirnent
Pond

Discharge Monthly or as
occurls

Per UPDES Permit

L-5-G Mine Water Discharge Monthly or as
occurs

Per UPDES Permit

L-6-G Lila Canyon Spring Sampling
Suspended
l Qtr 2003

Replaced by L-1 1-G
Water Right 91517

L-7-G Little Park Spring Quarterly Cottonwood Spring
Sample Site 9
Water Right 91-2521

L.8-G Little Park Spring Quarterly Unnamed Spring
Sample Site 10
Water Right 91-2538

L-9-G Little Park Spring Quarterly Pine Spring Sample
Site 162
Water Right 91-2539

L-10-G Williams Draw Spring Sampling
Suspended
lQtr 2003

Replaced by L-12-G
Water Right 91€09

L-11-G Lila Canyon Spring Quarterly MonUleslie Spring
Replaces L€-G
Water Right 91618

L-12-G Section 25
Spring

Spring Quarterly Replaces L-10-G
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Table 7-3
Lila Canyon Mine

Water Monitoring Stations

Station Location Tvpe Frequency Remarks

L-13-S Little Park
Wash

Dry Wash Monthly At Road Crossing

L-14-S Section 25
Wash

Dry Wash Monthly At Road Crossing

L-15-S Williams Draw
Wash

Dry Wash Sampling
Suspended
l Qtr of 2003

At Road Crossing

L-16-G Stinky Spring
Wash

Seep Quarterly Top of Mancos

L-17-G Stinky Spring
Wash

Seep Quarterly Top of Mancos

L-18-S Stinky Springs
Wash

Dry Wash Monthly Adjacent to Access
Road

L-19-S Little Park
Wash

Dry Wash Monthly At Permit Boundary

IPA-1 Little Park Borehole Quarterly Water Level Only

IPA.2 Little Park Borehole Quarterly Water Level Only

IPA-3 Little Park Borehole Quarterly Water Level Only

NOTE: Sites L-13-S, L-14-S, L-15-S, and L-18-S will no longer be monitored
after the washes have been characterized.
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Table 7-4
Lila Canyon Mine

Surface Water Monitoring Parareters
Operational and Post-Minins

Field Measurements Reoorted As

Water Level or Flcnnr Depth, Flow

pH Standard Units

Specific Conductivity (ohmdcm) umho$cm @ 25" C

Temperature oc

Dissolved Oxygen mg/l

Laboratorv Measurements Reoorted As

Total Dissolved Solids mg/l

Total Settleable Solids (UPDES)

Total Suspended Solids mg/l

Total Hardness (CACO3) mg/l

Total Alkalinity mg/l

Carbonate (CO, -t) mg/l

Bicarbonate (HC). {) mg/l

Calcium (Ca) (Dissolved) mg/l

Chloride (Cl ) mg/l

lron (Fe) (Dissolved) mg/l

lron (Fe) (Total) mg/l

Magnesium (Mg) (Dissolved) mg/l

Manganese (Mn) (Dissolved) mdl

Manganese (Mn) (Total) mg/l

Potassium (K) (Dissolved) mg/l

Sodium (Na) (Dissolved) mg/l

Sulfate (SOo -') mg/l

Oil and Grease (As required) mg/l

Cations medl

Anions meqll
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Table 7-5
Lila Canyon Mine

Ground Water Monitoring Parameters
Operational and Post-Mining

Field Measurements Reported As

Water Level or Flow Depth, Flow

pH Standard Units

Specific Conductivity umhos/cm @25" C

Temperature
oc

Laboratory Measurements Reported As

Total Dissolved Solids mg/l

Total Hardness (CACO3) mg/l

Total Alkalinity mg/l

Carbonate (CO. -') mg/l

Bicarbonate (HC)r {) mg/l

Calcium (Ga) (Dissolved) mg/l

Chloride (Cl ) mdl

lron (Fe) (Dissolved) mg/l

lron (Fe) (Total) mg/l

Magnesium (Mg) (Dissolved) mg/l

Manganese (Mn) (Dissolved) mg/l

Manganese (Mn) (Total) mg/l

Potassium (K) (Dissolved) mg/l

Sodium (Na) (Dissolved) mg/l

Sulfate (SOo -t) mgll

Oil and Grease (As required) mg/l

Cations meq/l

Anions meq/l



73{.512.5 Flue{as l}esulfurization Sludge N/A - There
are no plans for fluegas desulfurization at this site.

731.512.6 Inert taterials N/A - There are no plans to use
or discharge inert materials used for stabilizing underground
mines.

731.512.7 Any underground mine development wastes that
cannot be left and permanently stored underground will be
brought to the surface and stored in a controlled, designated
location. Final disposal of such rnaterial will depend on its
volume, physical and chemical characteristics and potential
for use in reclamation. There are presently no plans to
return such rnaterial underground; hourever, if this does
becorne ne@ssary in the future, @mplete plans will be
submitted for disposal at that time.

731.513 Wabr fiom Underground Workings Based on historical
data from other mines in the area, some mine water can be
expected to be encountered during the mining operation.
Typically, such water is stored in "sumps" or designated
areas in the mine and used for mining operations or
discharged to the surfiace. A sump is an underground
storage area that is used to temporarily store water before it
is used underground or pumped to the surface for
discharge. The main purpose of a sump is to remve
sedirrents. The sump will also renpve oil/grease if they
were to get into the water. The size of a sump can vary from
a few hundred gallons to several thousand gallons. The
size nonnally depends on the space available and the
anpunt of water needed for mining operations.

In order to more accurately define the potential impact of the
mine on ground water, underground usage discharge
amounts, if they were to occur, would be docurnented- This
infonmtion along with the surfia@ rpnitoring program will
provide the best information available as to the potential
impact of the mine on ground water.

IPA piezorneters 1-3 will still be monitored quarterly if
possible. The three piezometers urcre monitored on
December 22,2000. The water level probe during this
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period was unable to reach the depth required to measure
the water level of IPA-1 and IPA -3. Another attempt will be
made to enter these piezometers when the sites are
accessibfe.

The water level of IPA-2 was very consistent with the last
reading taken on April 29, 1996. This piezometer (lPA-2) is
the farthest west of the three piezometers and is up dip from
the other two. Any impact to ground water would be noticed
very quickly at IPA-2. This infonnation from IPA-2 along
with the past baseline data on the three piezometers and the
in mine water monitoring program mentioned above, would
provide an accurate evaluation of potential ground water
impacts.

At the present tirne, there are no plans to divert water from
the underground workings of this operation to any other
underground uorkings.

lf it became ne@ssary to discharge water from the mine,
this water would be discharged in accordan@ with the
UPDES permit application in Appendix 7-5. The water
would be discharged into the Right Fork of Lila Canyon.
Refer to Plate 7-5.

731.520 Gravity Discharges Location of the proposed portal
slopes are below the uestern (upper) exposure of the
easterly dipping coal bed. In the area imnrediately around
the proposed portals, no water is presently issuing from the
strata above or below the coal outcrop; therefore, it is
assumed any vmter en@untered in the underground mining
will not be under artesian pressure or with sufficient
hydrostatic head to raise it to the portal site.

The coal seam to be mined dips away from the portal site at
approximately 10o/o. lf uater is encountered in the mining, it
will likely be at a static level far below the exposed outcrop
or rock slopes. This may result in some possible mine
discharge ftom pumping, but not from gravity.
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731.521 Portal Location The proposed access portals are below
the coal outcrop, as shown on FigureT-1, Plates 5-5 and 7-
5. The fan is to be located above, at the outcrop. The rock
slopes will slope up to the east at approximately 12o/o to
contact the coal seam; honrever, the coal seam is dipping
down to the east in this area. The approxirnate point of
contact between the rock slopes and the coal seam will be
1227'from the surface at an efevation of 6300'. Ground
water levels in the mining area, based on the 3 water
monitoring

holes and other geologic data, appear to be nearly static at
elevation 5990 in this area (see Figure 7-1).

Water level in the mine would have to raise approxirnately
310'to reach the rock slope/coal seam contact and result in
a gravity discharge. Water monitoring results and other
historical data in the area do not indicate this is likefy to
occur.

731.522 Surface Entries after January 21,1981 This is not
known to be an acid-producing or iron-producing coal seam;
however, proposed portals are located to prevent gravity
discharge from the mine (see Section 731.521).

731.600 Buffer Zones All streams within the permit area are either
ephemeral or intermittent by rule with ephemeral flow. In the area
of the surf;ace facilities along the intermiftent by definition Lila
Wash, the Operator will install stream buffer zone signs in
focations shown on Plate 5-2 and maintain the buffer zones during
the operation.

731.700 Cross Sections and taps The following is a list of cross-
sections and maps provided in this section of the P.A.P.

Plate7-1 Permit Area Hydrology Map
Plate 7-2 Disturbed Area HydrologyMatershed
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Plate 7-3
Plate 74
Plate 7-5
Plate 7-6
Plate 7-7

Water Rights Locations
Water Monitoring Location Map
Proposed Sediment Control Map
Proposed Sediment Pond
Post-Mining Hydrology

All required maps and cross-sections have been prepared by, or
under the supervision of, and certified by a Registered
Professional Engineer, State of Utah.

731.710 General Area Hydrology Plate 7-1.

731.724 Plate 7-2.

731.734 Wabr tlonitoring ilap Plate 74.

731.740 Sediment Pond tlap Plate 7-6.

731.750 Plate 7-6.

731.760 Other tlaps (See Section 731.70A for a complete list of
rnaps provided in this section).

731.800 Water Righb and Replacement (See Section 727)

732. Sediment Gontrcl ileasurcs

732,',?,:'13:'i,",fiLTffi ;,;Hr:'i,ruiff ff$'if :ff:iictureror
proposed to be directed to this pond for final treatrnent prior to
discharge.

The sediment pond will be constructed and maintained in
compfiance with applicable regulations. Details of the proposed
pond are discussed in the following section and in Appendix 74.

732.244 Sedimentation Ponds As discussed above, all disturbed area
runoff is proposed to be directed to a sediment pond for finaf
treatrnent prior to any discharge. The proposed sedinent pond will
be loeated at the low point of the disturbed area, as shown on
Plate 7-5.
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732.21A Sediment Pond [letails The proposed sedinrent pond is
considered temporary, and will be removed during final
reclamation. The pond is designed in compliance with the
requirements of the following sections, as required:

356.300 - The pond will be rnaintained until the disturbed area has
been stabilized and revegetated. Removal shall not be any sooner
than 2 years after the last augmented seeding;

356.400 - Upon removal, the pond area will be reclained and
reseeded according to the reclarnation plan;

513.200 - NIA - The proposed sediment pond does not meet the
size or other qualiffing criteria of MSHA, 30 CFR 77.216(a);

763 - Refer to this regulation addressed later in this chapter.

Design details for the sedirnent pond and site drainage control are
addressed in Appendix 74 of this P.A.P.

732.224 ilSHA Requircments This section does not apply since
there are no plans for construction of coal processing waste dams
or embankments at this site. The proposed pond does not meet the
size or other qualiffing criteria of MSHA, 30 CFR 77.216(a).

732.3{10 Diversions There is one undisturbed diversion planned for this
site. This diversion consists of a bypass culvert beneath the
sediment pond, wtrich will allow undisturbed runoff to bypass the
site without mixing with disturbed area runoff.

Other diversions planned consist of disturbed area ditches and
culverts, as shown on Plate 7-5. Design details for all diversions
are provided in Appendix 74.

All diversions will be constructed and maintained to comply with
the requirernents of RO45-301 -742.100 and R&15-301-742.300.
Details are described under those respective sections of this
chapter.
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732.&0 Road Drainage All roads will be constructed, rnaintained and
reconstructed to comply with R&15-301-742.400. Specific
information to road drainage is provided under that section of this
chapter.

732.410 Albration or Relocation of Natutal Dminages There
are no plans to construct roads which will require alteration or
relocation of natural drainageways, other than by providing
culverted crossings over ephemeral drainages. There are no pfans
to alter or relocate any intermittent or perennial drainages in
conjunction with road construction.

Road construction and design details are provided in Chapter 5 of
this P.A.P. Road drainage and culvert design details are provided
in Appendix 74.

732.42A Cutuerb Culvert details are provided in Appendix 74.
All undisturbed culvert inlets will be provided with headwalf
protection, @nsisting of inlet sections, rock or cpncrete.

733. lmpoundments The only water impoundment proposed for this site is the
sedinent pond. Design details for the pond are provided in Appendix74
and on Plate 7-6.

733.{00 General Plans The general plan for this site is to drain runoff
from the disturbed area into a single sedimentation pond for
treatment prior to discharge. Site drainage and design details are
described in Appendix 74. The general plan includes the
following, at a minimum:

733.110 Gertification The sedirnent control plan and proposed
sediment pond designs have been prepared and certified by a
Registered Professional Engineer, State of Utah.

733.120 llaps and Cross Sections Sedinent pond locations,
design plans and cross sections are provided on Plates 7-5 and 7-
6, respectively.
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733.{30 Namative A complete description of the proposed
sediment pond along with volumes and design/construction details
in provided in Appendix 74.

733.140 Suruey The proposed sediment pond is not located within
a potential subsidence area from past underground mining
operations.

733.150 Hydrologic and Geologic lnformation Relevant
hydrologic and geologic infonnation for the sediment pond is
provided in Appendix 7 4.

733.160 Certification Statement All proposed sedinent pond
structures are provided with this submiftal. The structure will be
constructed prior to construction of the mine site area, but not
before receiving Division approval.

733.200 Permanent and Temporary lmpoundments As indicated
earlier, the proposed sediment pond is classed as temporary.

733.210 Design Requirements The proposed sediment pond is
temporary; therefore, the pond is not designed to neet
requirernents of MSHA 30 CFR 77.216.

The proposed pond is not located where failure would expect to
cause loss of life or serious property darnage. As shown in
Appendix74, the proposed pond embankment will have a
minimum of 3H : lV on the inside slope and 2H : 1V on the outside.
These slopes, along with the 95% compaction requirement, will
ensure a static safety factor in excess of 1.3, as required.

733.220 Permanent lmpoundment Section 733.220 is not
applicable since the impoundrnent will be temporary.

733.230 Temporary lmpoundment The proposed sediment pond
is a temporary impoundment, and will be removed when
reclamation sedinent control and revegetation criteria are rnet, in
accordance with Phase ll Bond Release criteria.
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733.2& lnspectionsrPotential Hazards As indicated under
Section 515.200, if any examination or inspection shows a
potential hazard exists, the person who examined the
impoundment will promptly notiff the Division of the finding and
emergency proedures formatted for public protection and rernedial
action.

734. Discharge Structure All discharges from sedimentation ponds, diversions
and culverts will be protected from erosion by the use of adequately sized
rip-rap, concrete or other approved protection. Details for outlet
protection for all drainage control structures are provided in appendix 74.
All discharge structures have been designed according to standard
engineering design procedures.

735. Disposal of Excess Spoil No excess spoil production is anticipated.

736. Goal Mine Waste Any areas designated for the disposal of coal mine
waste will be constructed and maintained to comply with R&f5-301-746.
Details are described under that section.

737, Noncoal lline Waste Storage and final disposal of noncoal mine waste
are described under section 747.

738. Temponary Casing and Sealing of Wells There are no urells proposed to
be used to monitor ground water conditions associated with this permit or
operation.

T40.Ilesign Griteria and Plans Design criteria and plans for this permit are
detailed in Appendix 74. The following section will describe the general
drainage and sediment control plan.

741. Genenal Requircments The proposed operation is an underground mine
with a relatively srmll surface disturbance for transportation, support and
coal handling facilities. The proposed surface facilities will comprise a
disturbed perilreter of approxirnately 42.6 acres. Access roads and utility
lines will consist of approxirnately 10 acres of additional disturban@
along a BLM Right-of-Way designated as a "Transportation Corridor".

The majority of undisturbed runoff from areas above the proposed mine
site will be diverted beneath the site via an undisturbed diversion culvert.

o
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Runoff from the disturbed mine site area will be directed to a sedirnent
pond, designed to contain and treat the runoff from a 10 year - 24 hour
precipitation event for the contributing watershed. Disturbed area runoff
wifl be directed to the sediment pond via a combination of properly sized
ditches and culverts. The general drainage control plan for the mine site
is shown on Plate 7-5. The complete Drainage Design and Control Plan
is provided in Appendix74 of this P.A.P.

742. Sediment Contrcl ileasunes See Appendix74 for Sediment Control
Measure details.

7 42.100 General Requirements

7 12.11 0 llesi g nedlGonstrucbdrtainta i ned Appropri ate
sedirnent control rneasures will be designed, constructed and
maintained using the best technology currently availabfe to:

742.111 "Prevent, to the extent possible, additional
contributions of sediment to stream flow or to runoff outside
the permit area;"

This will be accomplished by the construction of undisturbed
diversions to allow most undisturbed runoff to by-pass the
site and by routing all disturbed runoff to a sediment pond
for treatnent prior to discharge.

712.112 "Meet the effiuent limitations under R&[5-301-
751;"

Any discharge from the sediment pond will be made in
compliance with all Utrah and federal water quality laws and
regulations and with effiuent limitations for coal mining
promulgated by the U.S. Environrnental Protection Agency
set forth in 40 CFR Paft 4U.

742.113 "Minimize erosion to the extent possible:" This will
be accomplished by proper routing of drainage, and by the
use of energy dissipators and/or erosion protection at all
sediment pond, ditch and culvert outlets and in ditches
where erosive velocities are expected.
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742.120 Sediment Control teasurc Sedirnent control nreasures
within and adjacent to the disturbed areas are detailed in Appendix
74. These measures include, but are not limited to:

742.121 As discussed in Appendix 74, runoff from the
disturbed area will be captured in a sediment pond and/or
treated as necessary to meet effluent limitations prior to
discharge.

712.122 As discussed in Appendix 74, the majority of
undisturbed drainage from above the mine site will be
diverted via designed undisturbed diversions.

712.123 Undisturbed diversions will consist of properly
designed and protected channels and/or culverts as
described in Appendix 7 4.

742.124 The prirnary means of velrcity reduction is planned
to be the use of rip-rap; however, other methods such as
straw dikes, check dams and/or vegetative filters may be
employed during the operational or reclamation phases as
determined ne@ssary, and with Diversion approval.

742.125 There are no plans to treat runoff with chemicals.
Based on extensive experience with runoff in this area,

*H'X'#ffi[::F.,fJ fl T:Siffiiox"ff ''Y be met bY

742.126 lt is expected that water will be encountered in the
underground mining; however, this water will be used for
mining needs and only discharged when no further storage
is available underground. Any discharge of mine water will
meet applicable effluent limitations. Such water will be
sampled (and treated if necessary) prior to discharge.

742.200 Silhtion Structures As described in Appendix 7-.4 the sediment
pond will provide for sedinrent removal for most of the surf;ace
facility disturbanoe. An alternate sedinent control method of
berms and silt fences will be used at the fan site. The description
of this alternate sedinent control method is also described in
Appendix74. This is necessary due to its remote location and
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rough terrain. Other sedirnent structures that might be usd
around the surface f;acilities are temporary sediment traps such as
straw dikes andlor catch basins.

712.210 Genenal Requircmenb Siltation structures will be
designed, constructed and rnaintained in accordance with the
following regulations.

742.211 Siltation structures will be constructed using the
best technology currently available to prevent additional
contributions of suspended solids and sediment to
strearnflow outside the permit area to the extent possible.
Sedirnent control structures and details are discussed in
AppendixT4.

742.212 The siltation structures (i.e. sediment pond) will be
constructed prior to any coal mining and reclamation
operations. Upon construction, the pond and any other
siltation structures will be certified by a qualified registered
professional engineer to be constructed as designed and
approved in the reclamation plan.

742.213 The sediment pond will be designed, @nstructed
and rnaintained in accordance with all applicable
regulations. See 732.200,733.2A0 and Appendix74 for
details.

742.214 Any discharge of uater from underground workings
to surface waters will rneet applicable effiuent limitations of
751. lf such water is found not to meet those requirements,
the water will be treated underground prior to discharge, or
passed through a siltation structure prior to leaving the
permit area.

742.220 Sedimentation Ponds The sedimentation pond will meet
the following criteria:

742.221.1 The pond will be used individually;
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742.221.2 The pond is located at the lorrver end of the
disturbed area and out of any perennial stream (See Plate
7-S);

742.221.3 The sedinent pond will be designed, constructed
and maintained to:

742.221.31 The pond is designed to contain the
runoff from a 10 year - 24 hour precipitation event for
the area in addition to a minimum of 2 years of
sediment storage.

742.221.32 The pond is designed to provide a
minimum of 24 hour retention of the runoff from a 10
year - 24 hour precipitation event.

742.221.33 The pond is designed to contain the
runoff from a 10 year - 24 hour precipitation event
plus a minimum of 2 years of sediment storage.

742.221.34 A nonclogging dewatering device is
proved as described in Appendix 74.

742.221.35 This will be accomplished by proper
design, construction and rnaintenan@ of the pond as
described in Appendix 7 4.

742.221.36 As discussed in Appendix 74, sedinent
will be removed when the level reaches the 2 year
storage level. Since the pond is oversized, this
leaves adequate room for storage of the design
event.

742.221.37 The sediment pond construction ensures
against excessive settlernent, See "Sediment Pond
Construction Requirernents" in Appendix 74.

742.221.38 Sediment pond will be free of sod, large
roots, trozen soil, and acid- or toxic forming coal
processing waste. See "Sedinent Pond Construction
Requirernents' in Appendix 74.
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742.221.39 The sedinrent pond will be compacted
properly. See "Sediment Pond Construction
Requirements" in Appendix 74.

712.222 Sediment Ponds illeeting ilISHA Cribria The
proposed pond does not meet the size or other qualiffing
criteria of MSHA, 30 CFR 77.216(a). Therefore, this section
is not applicable.

712.223 Sediment Ponds Not teeting ilSHA Criteria As
discussed in Appendix74, the pond will be equipped with a
principle spillway culvert and an open channel spillway each
sized to safely discharge runoff from a 25 year - 6 hour
precipitation event.

742.223.1 The Principle Spillway culvert is and the
Ernergency Overflow Culverts will be corrugated,
nretal pipe. Each one designed to carry sustained
flows.

742.223.2 N/A - See 742.223.1

742.224 NUA - See 742.223.1

742.225 N/A - No exception requested.

742.225.1 N/A

742.225.2 N/A

712.23A O$rer Trcatment Facilities No other treatnent facilities
are planned for this operation. Therefore, Section 742.234 is not
applicable.

712.2& Exemptions No exemptions are requested at this tine;
however, since this is a new proposed operation, the need for
Small Area Exemptions and/or Alternate Sediment Control Areas
may arise in the future.

742340 Divensions
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7 42.310 General Requirements

742.311 All diversions are considered temporary, and will
be removed upon final recfamation.

Diversions are 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 detailed diversion designs
are presented in Appendix 74 of this P.A.P.

742.312 See Appendix74 for diversion designs.

742.313 As indicated, all diversions for the Lila Canyon
Mine are temporary, and will be removed when no longer
needed. Land disturbed by removal will be reclaimed in
accordance with R645-301 and R645-302. Prior to
diversion removal, downstream nmter treatnent facilities will
be rnodified or renpved. See Reclarnation Hydrology
Section of Appendix 74.

712.320 Divercion of Percnnial and Inbrmittent Steams
Section 742.320 is not applicable since there are no diversions
pfanned for perennial or intermittent streanrs within the permit area.

742.330 Divercion of iliscellaneous Flows All diversions within
the permit area are of misellaneous flows.

742.331 Certain miscellaneous undisturbed flows are
proposed to be diverted around the disturbed area. Other
flours are diverted within the disturbed area and to the
sediment pond, as described in Appendix 74.

742.332 See Appendix 74.

742.333 All temporary diversions are designd to sably
pass the peak runoff of a 10-year 6-hour event resulting in a
more robust design that the required 2-year 6-hour
precipitation event. See Appendix74 for details.
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742.400 Road Drainage

742.410 All Roads All roads are designed in accordance with
requirements of 534. Drainage control for afl roads is discussed in
detail in Appendix 74. No part of any road is planned to be located
in the channel of an intermittent or perennial stream. As shown on
Plate 7-2, roads are located to minimize downstream sedimentation
and flooding.

742.120 Primary Roads Primary road design is discussed under
534.

742.421 As described in Section 534, all primary roads are
to be located, insofar as practical, on the most stable
availab|e surfaces.

742.422 There are no stream fords planned for this
operation.

712.423 Drainage Gonhol Road drainage control is
discussed in Appendix 7 4.

742.423.1 Primary roads will be equipped with
adequate drainage controf , including ditches, culverts
and relief drains. The drainage control system is
designed, and will be constructed and maintained, to
pass the peak runoff safely from a 10 year - 6 hour
precipitation event, as described in Appendix 74.

742.423.2 Culvert design and installation details are
described in Appendix74. Inlets and outlets are
protected from erosion. Undisturbed culvert inlets are
to be equipped with trash racks.

742.423.3 Drainage ditch design details are provided
in Appendix 74.

742.423.4 There are plans to alter the drainage
channel on the south boundary of the disturbed area.
This drainage is an epherneral channel with no
raparian habitat. A stream alteration permit will not
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be required for this channel. A 60 inch culvert and a
sedimentation pond will be placed in this channel.
lnstallation of this culvert and sedimentation control
pfans are described in Appendix 74. To ensure that
state of the art technology is incorporated, the final
reclamation plans for the sedimentation pond area
will be submitted prior to commencement of final
recfamation of this area.

712.123.5 Stream channel crossings will be provided
by culverts designed, constructed and rnaintained
using current, prudent engineering practice, as
described in Appendix 7 4.

743.lmpoundments

743.100 General Requircments All impoundments associated with this
operation are considered temporary.

78.110 Not applicable there are no impoundrnents planned that
meet the criteria of MSHA, 30 CFR 77.216 (a).

743.120 The design of impoundments have been prepared and
certified by a qualified, registered professional engineer. As
described in Appendix74, the proposed sedirnent pond will have
at feast 2' at freeboard above the highest flow level in the
emergency spillway, which is adequate to resist overtopping by
waves and by sudden increases in storage volures.

743.130 As described in Appendix 74, the sedirnent pond will be
equipped with a culvert riser principal spillway and a culvert riser
emergency overflow sized to safely pass the runoff from a 25 year -
6 hour precipitation event.

743.13{ The principal spillway design is discussed below.

743.131.1 The principle spillway will be constructed
of corrugated metal pipe. The emergency spiffway will
also be constructed of corrugated netal pipe.
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7 44. Discharge Structurcs

7*1%;iffi"',::'ffi *'fil:1ffiY?:iJ;?i':ffi 'viiffiJ"J'trf
beneath the pond and discharge onto an engineered rip-rap apron
to prevent scouring or erosion. (See Appendix 74).

Diversions and culvert outlets that are expected to have flow
velocities in excess of 5 fps will also be equipped with erosion and
vefocity controls as described in Appendix 74.

7U.2OA Discharge structures have been designed and certified
according to standard engineering design procedures, (See
Appendix 7.4).

745. Disposal of Excess Spoil Section 745 is not applicable since there are no
plans for disposal of excess spoil at the Lila Canyon operation.

7ffi. Coal tine Wasb The area designated for coal mine ramste disposal is
within an existing depression area which is located beneath and around
the proposed coal storage pile area as shown on Plates 5-2, 7-2 and 7-5.
This disposal area will be used for disposal of the rock slope material,
reiect from coal proessing, coal contaminated uaste from the mine (i.e.
roof falls, etc.) and/or sediment pond uaste.

The designated waste area will be within the disturbed area and drained
to the sediment pond, and will be constructed according to Division and
MSHA requirenents. Coal mine waste disposal is discussed in detail
under Section 536 of this permit.

7 46.140 General Requirements

746.110 All coal mine waste will be placed in a new disposal area
within the permit area as discussed in Section 536 and 746.

746.12A The area selected for coal mine waste disposal will drain
to the sediment pond for finaf treatrnent to minimize adverse effects
on the surface and ground water quality and quantity. (See Plates
7-2 and 7-5).
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746.200 Refuse Piles. The refuse area is described under Coal Mine
Waste in Section 746 and detailed in Section 536. Rock slope
material will be used as fill and is referred to as refuse. No coal
refuse pile is anticipated. Other than described in Section 536.

7rc.210 In the event a refuse pile is needed for future operations
the refuse piles would be designed to meet the requirements of the
above listed Division regulations as well as applicable MSHA
regulations. See Section 536 for details.

7rc.21{ The coal mine waste disposal areas will not be
located in an area containing springs, seeps or water
courses. As shown on Plates 5-2 and 7-5 and described in
Appendix74, runoff from the areas will be drained to the
sedirnent pond.

746.212 As described in Sections 536 and 746, the coal
refuse will be placed within the mine workings, rock slope
material will be placed in existing depression areas. These
areas are below grade and will drain to the sediment pond.
Due to the location (below grade) no berms or diversion
ditches are planned for the Coal Mine Waste Area. See
Append tx 7 4 for hydrologic details.

746.213 Not applicable since there are no underdrains
planned for this pile.

740.220 Surface Arca Stabilization

746,221 The plan for revegetation of the area is discussed
in Section 536.

7ffi.222 There are no plans for any pennanent
impoundments on the refuse or Coal mine waste area.
Small depressions may exist for a short time until regrading
is completed. These depressions are normally less than
one foot in depth and not left for more than 30 days.
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746.300 This section is not applicable sine there are no plans to
construct any impounding structures of coal mine waste or to
impound coal mine waste.

746400rhff 
LT:il'##i3',:T:l:;ffi JH:ili",ffi *:[:,$return

747. Disposal of Noncoal Waste. Disposal of non-coal mine waste is
discussed under Section 528.330 of this permit.

7{I.1OO As indicated in Section 528.330, non-coal mine waste will be
stored in a controlled manner in a designated area on site. Final
disposal of all noncoal mine waste , except concrete during
reclamation, will be in a state-approved solid waste disposal area
(E.C.D.C.).

747200is-J:H:::3i::f j3"XffJ,:b'Hjl?3:T'$1tr1,Tff0,,
and drained to the sedinrent pond.

747.300 There are no plans to dispose of noncoal mine waste within the
permit area, except concrete during reclamation. The concrete will
be buried beneath a minimum of 2' of non-acid, non-toxic rnaterial,
and will not degrade surfae or ground water.

748. Gasing and Sealing of Wells There are only three ground water
piezometers on the site IPA-1 ,IPA-? and fPA-3, They will be reclairned
according to the requirenents of the Division's Perfornan@ Standards. lf
any additional ulells are required in the ftrture, requirenents of this
section will be met.

750. Performance Standards

751. Water Quality Discharges of water from this operation will be made in
compliance with all Utah and federal water quality laws and regulations
and with effiuent limitations for coal mining promulgated by the U. S.
Environmental Protection Agency set forth in 40 CFR Part 4U. See
Sections 731 and 742.
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752. Sediment Control teasunes Sedirnent control nreasures will be located,
rnaintained, constructed and reclainred according to plans and designs
described under Sectio ns 7 32, 7 42, 7 60 and Append ix 7 4.

752.100 Siltation Struchrrcs Siltation structures and diversions will be
located, rnaintained, constructed and reclaimed according to plans
and designs described under Sections732,742,763 and Appendix
7-4.

752.2OO Road Drainage Roads will be located, designed, constructed,
reconstructed, used, rnaintained and reclained as described under
Section s 7 32.4AO, 7 42.400 and 7 62.

752.21A Control or Prcvent Etosion See Section 742.400 and
AppendixT4.

752.220 Control or Prcvent Additional Disturbance See Section
7 42.400 and Appendix 7 4.

752.230 Effluent Shndards See Section 742.40A and Appendix
74.

752.240 Degradation of Ground Water Systems See Section
7 42.40A and Appendix 7 4.

752.250 Altering Normal Flow of Water See Section 742.4OO
and Appendix74.

753. lmpoundmenb and Discharge Structurcs lmpoundments and discharge
structures will be located, maintained, constructed and reclaimed as
described in Sections 733, 7U,743,745,760 and Appendix74.

754. Disposal of Excess Spoil, Coal Mine Waste and Noncoal ltline Waste
Disposal areas for excess spoil, coal mine waste and non@al mine waste
will be located, rnaintained, constructed and reclairned to comply with
Sections 735, 736, 745,746,747 and 760.

755. Gasing and Sealing of Wells Not applicable since no wells are planned for
this site.

760. Reclamation Reclarnation hydrology is detailed in Appendix 74.
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761. General Requirements Upon completion of operations, the disturbed area
will be reclaimed. All drainage and sedinent controls are considered
temporary and will be removed when no longer required. The sediment
pond will remain in place until Phase ll Bond Release requirements have
been rnet. At that tirne, the pond will be renpved and the area will be
reclairned in accordance with the approved plan.

762. Roads All roads within the disturbed area are temporary, and will be
removed and reclaimed upon completion of operations. An access road
will be left in place to reach the sedirnent pond; however, this road will
also be removed and reclairned when the sedirnent pond is removed.

762.100 Upon removal of roads, culverts and diversions will also be
removed and the natural drainage patterns will be restored.

762.2A0 Gut and fill slopes will be reshaped according to the approved
reclamation plan. This reshaping will be compatible with the
postmining land use and will complement the drainage pattern of
the surround terrain. Road reclamation is described in Section
550.

763. Siltation Structur(Bs. See Appendix74 for details on removal of siltation
structures.

763.100 Siltation Stnrctures will be tlaintained. As indicated in
Section 761, the sedinrent pond will remain in place until the
stability and vegetation requirements for Phase ll Bond Release
are met. This will be a minimum of 2 years after the last
augmented seeding. At this time, the pond will be removed and the
area reclairned.

763.200 Structurc is Removed Upon removal of the sedirnent pond, the
area will be regraded and revegetated in accordance with the
approved reclamation plan and Sections 358, 356 and 357.

764. Structurc Removal A timetable for reclamation activities is provided in
Section il2.100.

765. Permanent Gasing and Sealing of lfUells There are only three ground
water piezonreters on the site IPA-I, IPA-2 and IPA-3. They will be
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reclaimed according to the requirements of the Division's Perfornance
Standards. lf any additional vrrells are required in the future, requirements
of this section will be met.
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Probable Hydrologic Gonsequences Determination

General

The best available adjacent area data to assist in making a determination of
probable hydrologic consequences of the proposed operation comes from the
adjacent Horse Canyon Mine, and Columbia Mines. The Columbia Mine has been
closed since the late 1960's, and the Horse Canyon Mine has been closed since the
mid-1980's. The Horse Canyon Mine has also been reclaimed under SMCRA.

Data gathered from these mines and the surrounding hydrologic regime has been
used in this determination, as well as baseline data gathered in the area of the
proposed Lila Canyon Mine Extension.

Pertinent water monitoring data for the Horse Canyon Mine and Lila Canyon
Extension are included in Appendices 7-1,7-2. and 7-6 of this application and
Appendix Vll-1 of the Horse Canyon MRP. Additional recent monitoring data are
available from the DOGM electronic database. Baseline geologic information is
presented in Chapter 6 of this P.A.P. Baseline hydrologic information, descriptions
of the function of the streams and groundwatersystems, and discussions of various
issues regarding the data are presented in Sections724.100 and 724.200 of this
P.A.P. To ensure that this document addresses these issues, these data,
descriptions, and discussions are referenced and should be considered a part of
this document.

Mining in the Horse Canyon area began in the late 1930's. Detailed hydrologic
information was first gathered in the late 1970's. lt is impossible to precisely
describe the area's pre-mining hydrology due to the adjacent historical mining.
The conditions represented by these data help to define the hydrology about the
time SMCRA was passed.

Analvsis of Data

Potential impacts of coal mining on the quality and quantity of surface and
groundwater flow may include:

o Contamination from acid- or toxic-forming materials;

o Increased sediment yield from disturbed areas;
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o

Increased total dissolved solids concentrations;

Flooding or stream flow alteration;

lmpacts to groundwater or surface water availability;

Hydrocarbon contamination from above ground storage tanks or from the
use of hydrocarbons in the permit area;

Contamination of surface and groundwater from road salting; and

Contamination of surface waterfrom coal spillage due to hauling operations.

Potential lmpacts to the Hydrologic Balance. Potential impacts of the Lila
Canyon Mine on the hydrologic balance of the permit and adjacent areas are
addressed in the following sections:

Acid- or Toxic- Forming Materials. Information on acid-and toxic-forming
materials is presented in Chapter 6. These data show that no acid- or toxic-forming
materials are present to the north or south of the Lila Canyon Mine. Given the Lila
Canyon Mine will be opened in the same strata as has been disturbed to the north
at the Horse Ganyon Mine and the Boreholes S-24 and S-25 to the south, no
impacts from Acid or Toxic forming materials are anticipated.

Additionally, rocks of the Mesa Verde Group are carbonaceous, resulting in
persistence of acids and related toxins in water in the mine and adjacent strata
unlikely. Also, the design of the refuse pile will prevent any acid or toxic potential
from material removed from the mine. Based upon the hydrology, geology, and
climate of the area probability of acid or toxic impacts from materials removed from
the mine or from mine water discharge is unlikely. Thus, no significant potential
exists for the contamination of surface and groundwater in the permit and adjacent
areas by acid- or toxic-forming materials.

Sediment Yield. The potential impact of mining and reclamation on sediment yield
is an increase in sediment in the surface waters downstream from disturbed areas.
Sediment-control measures (such as sedimentation ponds, diversions, etc.) will be
installed to minimize this impact. These facilities will be regularly inspected (see
Section 514) and maintained to ensure that they remain in proper operating
condition.
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The implementation of sediment control measures are mandated to minimize the
erosion hazard associated with mining operations. Argument has been presented
that reducing the sediment load, while the sediment carrying capacity of the stream
remains the same, can result in increased stream bed and stream bank erosion.
This would be true, if the flow rate released to the stream remained the same.
However, the use of sediment control structures results in the peak flow released
from the site being reduced to a controlled rate which is less than the natural peak
flow. Therefore, the sediment carrylng capacity of the stream is correspondingly
reduced. Additionally, the duration of the lower rate controlled release from the
sediment control structures aids in enhancing the development of vegetation along
the stream banks which provides additional stabilization of the channel banks and
bed. While the bed and bank impacts are not anticipated, the applicant has agreed
to monitor the conditions of the channel downstream of the site for geomorphic and
erosional change as a result of mine discharges.

All construction and upgrading activities will be undertaken during periods of dry
weather, commencing in late spring and lasting through fall. For both the mining
and reclamation periods, it is expected that construction, upgrading, or regrading
activities would cause an increase in sediment load to the stream. Temporary
sediment controls will be used whenever possible to lessen the impact of
construction activities.

Stream buffer zones have been delineated upstream and downstream of the
disturbed area of the mine facilities. These buffer zones will aid in ensuring that no
disturbance occurs within the area of the unprotected channel. While these buffer
zones are planned and will be installed and maintained for the intermittent by
definition stream, it should be recognized that the reach of the channel that is being
protected is ephemeral in nature and not an intermittent or perennial nature reach
(see Appendix 7-6 for characterization of streams).

Subsidence tends to cause a warping or sagging of the surface in the area of the
mined out area. Within the stream channel that crosses a subsided.area, at the
upstream boundary of the subsidence, the stream channel is steepened, resulting
in the potential for additional erosion in the steepened reach. As the stream
crosses the sagged subsided area, the channel gradient decreases below the pre-
subsided slope. This results in increased glides and extended pools in intermittent
and perennial streams or areas of increase deposition in ephemeral streams.
Subsidence cracks which intersect stream channels with steep gradients could, for
a shortperiod of time, resultin a local increase in the sedimentyield of the stream.
However, this sediment increase would also cause the crack to quickly fill,
recreating pre-subsidence stream channel conditions. Thus, the potential impact
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to sediment yield from subsidence in the permit area would be minor and of short
duration.

Various sediment-control measures will be implemented during reclamation as the
vegetation becomes established. As discussed in Section 542.200 of this P.A.P.,
these measures will include installation of silt fences and straw-bale dikes in
appropriate locations to minimize potential contributions of sediment to the Right
Fork of Lila Canyon. These measures will reduce the amount of erosion from the
reclaimed areas, thereby precluding adverse impacts to the environment.

Acidity, TotalSuspended Solids, and Total Dissolved Solids. Probable impacts
of mining and reclamation operations on the acidity and total suspended solids
concentrations of surface and groundwater in the permit and adjacent areas were
addressed previously in this section. Since the proposed Lila Canyon Mine has not
started, there is no specific data available on Lila mine water. Therefore, quality
information obtained from the adjacent Horse Canyon Mine workings was used to
be representative of the water quality expected in the Lila Canyon Mine. This is
due to the mines being adjacent to each other and the same geologic strata being
mined.

Data presented in Appendices 7-1 and 7-6 and summarized in Section724.100 of
this P.A.P. indicate that the TDS concentration of water in the Blackhawk Formation
(as measured in inflow to the nearby Horse Canyon Mine) ranged from
approximately 1400 to 2400 mg/l and is of the sodium-bicarbonate type. As noted
in Section7?4.200, the TDS concentration of water in the Right Fork of Lila Canyon
is unknown, but likely to be similar to the flows in Horse Canyon Greek which are
in the range from 120A to 1500 mg/|. This comparison is justified due to the similar
exposures of strata that both streams flow across and the similarity in the watershed
conditions. The dominant ions in this water are calcium and bicarbonate during
high-flow periods, whereas the dominant ions during low-flow periods are sodium,
magnesium, sulfate, and bicarbonate.

These daia suggest that the TDS concentration of water in the Right Fork of Lila
Canyon can be expected to increase by a factor of 1 .5 for the water discharged
from the mine to the drainage. This concentration is similar to concentrations found
in other streams along the Book Cliffs are described by Waddell, et. Al. (1 986). lt
should be noted that it is anticipated that the Lila Canyon Mine will use powdered
limestone or dolomite (i.e., calcium-magnesium-carbonate) for rock dust. lt is not
anticipated that gypsum rock dust (calcium-sulfate) will be used in the mine.
Hence, dissolution of rock dust by water in the mine should not influence the
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chemical type of water in the drainage if mine water is discharged to the Right Fork
of Lila Canyon.

As indicated in the P.A.P., the total iron and manganese concentrations in potential
discharges from the mine are not significantly elevated to an effect downstream
uses. Also, as discussed in Appendix 7-9, the worst case mine water discharge
rate specified by the Division is expected to affect only a distance of 3.4 miles
downstream from the mine.

Lila Canyon drainage, as part of the lower Price River basin, is classified according
to Section R317-2-13 of the Utah Administrative Code (Standards of Quality for
Waters of the State) as a class 28 (secondary contact recreation use), 3C
(nongame fish and other aquatic life use), and 4 (agricultural use) water. No TDS
standards exlst for class 28 and 3C water. The TDS standard for class 4 water is
1 ,200 mg/|. Hence, if discharges occur from the Llla Canyon Mine to the Right Fork
of Lila Canyon, the data indicate that the TDS concentration of these discharges
will slightly exceed the agricultural use water-quality standard.

As there is limited agricultural use in the area, this TDS exceedance is not
considered significant. The major usable water resources in the area that could
potentially be affected are springs and ephemeral channels. These water sources
are used by wildlife and livestock. Most of these sources are locate upstream of the
proposed discharge point. Therefore, there would be no impact to these existing
sources. Additionally, the quality of water discharge from the mine is expected to
be significantly better than the other waters which occurs from the Mancos Shale
which downstream agriculture currently uses (TDS ranging from 2200 to4800 mg/l).

Concerns have been raised that there mlght be impacts of increased salinity
from the solution of salts from the Mancos Shale. While it is likely that a small
increase in TDS from salts picked up from the Mancos Shale, this is not
expected to be a significant problem. Appendix 7-9 includes a calculation of
how far a worst case mine discharge of 500 gpm would be expected. to flow.
This flow rate is thought to be higher than the expected discharge amount, but it
does provide a worse case estimate. Because of infiltration, evapotranspiration,
and diversion runoff from the channel to which the mine would discharge to a
stock pond, the mine discharge affect is limited to a distance of 3.4 miles and is
not expected to reach the Price River. Therefore, it is not expected that any
salinity increase would affect downstream waters.

It should also be noted that the dissolved iron standard for class 3C water is 1.0
mg/|. No dissolved iron standard exists for class 28 or 4 waters. The data
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presented above indicate that potentlal discharge water from the mine will not
exceed the dissolved iron standard of Lila Canyon. No standards exist in the
R317 regulations for total iron, dissolved manganese, or total manganese.
However, the data presented above indicate that potential discharges from the
mine to the Right Fork of Lila Canyon will meet the effluent limitations of 40 CFR
434.

No hydrologic impacts have been noted at the adjacent Horse Canyon Mine due
to subsidence. Although tension cracks may locally divert water into deeper
formations, resulting in increased leaching of the formation and increased TDS
concentrations, the potential of this occurring is considered minimal. This
conclusion is based on experience at the Horse Canyon Mine and on the fact
that the shale content of the North Horn Formation, the Price River Formation,
and the Blackhawk Formation should cause these subsidence cracks to heal
quickly where they are saturated by groundwater flow. Thus, potential impacts
on TDS concentrations would be minor and not of significant concern.

Flooding or Streamflow Alteration. Runoff from all disturbed areas will flow
through a sedimentation pond or other sediment-control device prior to
discharge to the Right Fork of Lila Ganyon. Three factors indicate that these
sediment-control devices will minimize or preclude flooding impacts to
downstream areas as a result of mining operations:

1. The sedimentation pond has been designed and will be constructed to be
geotechnically stable. Thus, the potential is minimized for breaches of
the sedimentation pond to occur that could cause downstream flooding.

2. The flow routing that occurs through the sedimentation pond and other
sediment-control devices reduces peak flows from the disturbed areas.
This precludes flooding impacts to downstream areas.

3. By.retaining sediment on.site in the sediment-control devices, the bottom
elevations of the Right Fork of Lila Canyon downstream from the
disturbed area will not be artificially raised. Thus, the hydraulic capacity
of the stream channel will not be altered.

The volume of streamflow will increase in the Right Fork of Lila Canyon if water
is discharged from the mine to the drainage. Potential impacts to the drainage
channel could include the displacement of fines on the channel bottom, and
minor widening of the channel. However, the degree of widening will likely be
minimized by the increased vigor and quantity of vegetation which will be
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sustained along the stream channel by the increased availability of water. In
particular, it is anticipated that a phreatophyte streambank vegetative community
will develop as a result of mine-water discharges. This effect will occur for the
distance downstream that surface flows can be sustained above channel
transmission losses. Based on the maximum anticipated estimate of mine water
discharge, it is unlikely that any flooding will occur to the downstream channel as
the flow (1.1cfs) is significantly below the anticipated 2-year flood (37 cfs) (see
Appendix 7-9 and 7-10 for discussion of the flow simulations). Care will be
taken during discharge of this water to avoid erosion at the discharge point or
flooding of downstream areas. Once mining ceases, the mine will be sealed and
no discharges will occur. The streamflow in the Right Fork of Lila Canyon will
then return to pre-mining discharge levels. Downstream impacts from such
discharge will be limited to the establishment of riparian area along the stream
channel. The flow are expected to be below the flow threshold to result in
changes to the stream channel.

Following reclamation, stream channels which have been altered by mining
operations will be returned to a stable state (see Section 762.100). The
reclamation channels have been designed to safely pass the peak flow resulting
from the 1O-year, 6-hour or the 1OO-year, 6-hour precipitation event as
appropriate for the channel and in accordance with the R645 regulations. Thus,
flooding in the reclaimed areas will be minimized. Interim sediment-control
measures and maintenance of the reclaimed areas during the post-mining period
will preclude deposition of significant amounts of sediment in downstream
channels following reclamation, thus maintaining the hydraulic capacity of the
channels and precluding adverse, off-site flooding impacts.

Subsidence tension cracks that appear on the surface will increase the
secondary porosity of the formations overlying the Lila Canyon Mine. During the
period prior to healing of these cracks, this increased percolation will decrease
runoff during the high-flow season (when the water would have rapidly entered
the stream channel rath.er than flowing into the groundwater system). During
low-flow periods, the result of this increased percolation will be an increase in
the base flow of the stream. Hence, the net result will be a decrease in the
flooding potential of the affected stream.

An additional flooding issue is the potential for flooding of the mine following
mining and the discharge of water from the portals. Since the regional geology
and hydrologic regimes of the Horse Canyon and Lila Canyon Mines are so
similar, data has been extrapolated from the Horse Canyon Mine to the
proposed Lila Canyon Mine. The proposed Lila Canyon Mine portals are
located up-dip from areas in the mine where water may be expected; therefore,
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the only mine water expected to reach the surface is that which is pumped. Mine
water is not expected to reach the portal level or flow from the reclaimed portal
level or flow from the reclaimed portals of either the reclaimed Horse Canyon
Mine or the Lila Canyon Mine based on the following information:

1) Mine water level information gathered in 1986 and 1993
indicates that there has been little rise in the water level
since mining activities ceased.

The Sunnyside Fault is not a large producer of water. As an
example, the Columbia Mine located north of the Horse
Canyon Mine also encountered the Sunnyside Fault zone
and has been closed since the late 1960's. lf water inflow
rates were high, the mine workings would have flooded,
developing a head differential between the Columbia Mine
and the Horse Canyon Mine (pumped). lf the fault zone were
a good conductor of water, the inflow to the Horse Canyon
Mine would have been high, driven by the head from the
flooded Columbia Mine Workings. However this was not the
case and the water levels have not flooded much beyond
the water levels in the Horse Ganyon Mine while it was
pumped. Suggesting that there is no head to cause a
flooding rise and that the Sunnyside Fault is not a significant
conduit for water flow.

Sieler and Baskins (1986) showed that the water quality for
natural waters generally drops significantly when exposed to
mine workings (gob, etc). The water quality of the mine
water samples from the Horse Canyon Mine sump locations
(2 Dip, Main Slope, 2E-B) as compared to the water quality
of springs in the lower stratigraphic section of the Horse
Canyon permit area show little difference in TDS. This
indicates that majority of the water in the mine is not the
result of inflow along the fault zone from the Columbia Mine.
Suggesting that the fault zone is a poor conductor of water
for the poorer quality water expected from the flooded
Columbia Mine workings or that the Columbia Mine workings
have not flooded much beyond the water levels in the Horse
Canyon Mine while it was pumped.

The three Piezometers, IPA-1, 2 and 3 shown on Plate 7-1,
suggest that the gradient is down dip away from the portal

2)

3)

4)
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area. The Piezometer readings can be found in Appendix 7-
1 .

5) The coal mined at Horse Canyon (as well as that at Lila
Canyon) is underlain by a marine sheet sandstone
(Sunnyside, see Geology, Chapter Vl). Lines (1985) did
extensive petrographic work on porosity and permeability in
the formation (see Table 1). lf the water level in the mine
were to ever approach the level of the portal, the Sunnyside
marine sandstone would likely discharge water, preventing
any head development behind the portal closures.

6) Much of the Horse Canyon Mine floor has been fractured by
the effects of pillar removal, especially near the outcrop.
Fracturing develops secondary porosity and enhances the
permeability of the underlying Sunnyside marine sandstone.
This would function as a means to dissipate any head which
might otherwise develop on the portals. The proposed
longwall mining in the Lila Canyon Mine is also expected to
produce floor fracturing.

7) There is a difference in elevation of about 400 to 500 feet
between the lowest portal and the approximate water level in
the Horse Canyon mine (1986 and 1993). lf the water level
in the mine continues to rise, the head differential between
the discharging aquifer and the mine will decrease. The
decrease in head will have the direct effect of decreasing
the inflow rate into the mine. Additionally, the volume of
water required to "fill the mine" would also have to fill the
strata above the mine, which has been dewatered
throughout the history of the mine.

Based on these factois it is unlikely that the groundwater level in the lower
groundwater zone will ever rise to the level of the portal, at any portal location
for either the Horse Canyon or Lila Ganyon Mines. Hence, there should be no
natural discharge of groundwater through any of the sealed portals. To verify
this, stand pipes will be incorporated into the grading plans for the portals so
that water levels can be checked annually.

Groundwater and Surface Water Availability. Potential impacts to the
availability of surface and groundwater from the Lila Canyon Mine operations
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include both decreased and increased stream flows and spring discharges
caused by mine-related subsidence, bedrock fracturing, and aquifer dewatering.
These potential impacts are discussed below.

Potential for Decreased Spring and Stream Flows

To date, while surface subsidence has been identified as a result of coal mining
in the nearby Horse Canyon Mine, no impact or disruption of spring and seep or
stream flows have been identified. Bedrock fracturing routinely occurs,
depending on the overburden thickness, in the rock units overlying mined coal
seams. As discussed in the MRP, section 724.100, the groundwater zones in the
proposed mine area is divided into two zones. The upper zone consists of
discontinuous, localized perched zones which are separated vertically from the
coaf or any deeper groundwater bearing zone. This zone is monitored by the
spring sampling. The deeper zone of groundwater consists of the Sunnyside
sandstone underlying the coal seam. This zone contains groundwater that is
under pressure and is the zone monitored by the monitoring wells. Given the
limited number of springs and limited groundwater resources of the Gastlegate
Sandstone and Blackhawk Formations in the permit and adjacent areas, there is
essentially no connection between the upper and lower zones. Therefore,
subsidence or fracturing would affect the hydrologic balance in the area only if
zones of increased vertical hydraulic conductivity were created which extended
through the Price River Formation into the North Horn-Flagstaff and Colton
Formations.

When subsidence occurs as a result of mining, there are four zones that occur
above the mined out area. As shown in Figure 1, the zones are: a caved zone
that occurs in the 6 to 10 times the thickness of the coal seam, a fractured zone
which occurs 10 to 30 times the thickness of the coal seam, and deformation
zone which occurs 30 to 60 times the thickness of the coal seam, and finally, a
soil zone which occurs on the ground surface. Damage to surface and
groundwater resources generally.occur in the caved and fractured zones. Little
or no damage occurs in the deformed zone. With only localized effects felt in the
soil zone. As discussed in Section 525.120, the strains forthe rock in the
proposed mine area, as a result of mining, should limit subsidence deformation to
those areas where the overburden is less than 630 feet.

Where surface disruption or cracks appear, the general mechanism is extension
of the soil mantle. Natural processes will heal these crack over time. Runoff and
snowmelt will wash sediments into the crack and fill any voids created. As this
process progresses, the crack disappear and the surface runoff and snowmelt
return to normal courses. In the Wasatch Plateau and Book Cliffs area, the clays
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in the area are expansive and tend to seal these cracks very rapidly. Sidel, et.al.
(1996) found that minor surface changes in the area of Burnout Creek recovered
within two years.

As indicated in Figure 7-4 of the PAP, the majority of the identified springs and
seeps are located outside of the maximum limits of subsidence. Therefore, the
potential impact is significantly reduced. Where springs are located within the
maximum limits of subsidence (L-g-G), the overburden thickness is estimated to
be greater than 1500 feet. Therefore, in these areas, subsidence strains, as
described in Section 525.120, wlll not be enough to result in surface rupture or
deformation. Thus, potential impact to the springs within the area of subsidence
is not expected.

Concerns have been raised regarding the potential impact from subsidence on
state appropriated water in the Right fork of Lila Wash, Stinky Wash, and Water
rights 91-2617 through 91 -2621. As discussed in the MRP, Section 724.200,
these water rights have no flow and many have no use designated. While 91-
2621 has a stock pond, many of the other water rights do not have a stock pond.
Therefore, there is limited water storage to be protected. Also, as described
above, subsidence is not expected to decrease the stream flows from the
proposed mine area. As part of the subsidence monitoring plan, the area of the
streams will be visually inspected during periods of 2"d mining and 3 month after
to determine if any impacts occur. lf impacts are identified, the mitigation plans
described in Chapter 5 will be implemented.

Several lines of evidence suggest that mining-related subsidence and bedrock
fracturing have not resulted in decreased stream flows or groundwater discharge
in the vicinity of the nearby Horse Canyon Mine. Although considerable seasonal
and climatic variability are noted in the hydrographs of springs in the permlt and
adjacent areas, data for both Horse Canyon Creek and springs which overlie the
Horse Canyon Mine workings do not show discharge declines which may be

. attributed to either subsidence or bedrock fracturing (see Appendices 7-1 andT-
6).

Active groundwater systems in the Colton, Flagstaff-North Horn, and Price River
Formations are separated from the Blackhawk Formation by the Castlegate
Sandstone. As discussed in Section724.100, this formation contalns no springs
and is not considered to be a major groundwater resource. Past mining in the
Horse Canyon Mine has not increased the rate of spring discharge from the Price
River Formation, indicating that groundwater from the overlying formations is not
being diverted into this formation. The absence of increased saturation in the
Price River Formation indicates that vertical zones of artificially-increased
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hydraulic conductivity or secondary porosity does not extend into the Price River
Formation and from thence into the overlying active groundwater systems of the
North Horn-Flagstaff Formations.

Data presented in Appendlces 7-1 and 7-6 and summarized in Section724.100
indicate that the low-permeability lower groundwater system, in the vicinity of
mined coal seams, contains groundwater which is compartmentalized both
vertically and horizontally. Coal mining locally dewaters isolated, overlying
saturated rock layers in the Blackhawk Formation but does not appear to draw
significant additional recharge from overlying or underlying zones.

Additionally, the springs which supply most of the local flow discharge from the
upper discontinuous perched aquifers in the Flagstaff-North Horn or Colton
Formations. These springs or groundwater zones receive snowmelt and
precipitation recharge from the local area above each spring. The recharge area
for each spring is limited, as evidenced by the limited flow rates, decreasing flow
through the year, and the steep topography above them. Also they are perched
above the underlying lower groundwater zone and the intervening formations
contains swelling clays which tend to heal small fractures. Since the perched
zones materials are isolated both vertically and horizontally and are lenticular in
nature, there is a great probability that fractures in one area will not drain all the
different perched aquifers because they are not interconnected. As the strains
from subsidence are not expected to reach the level of the upper groundwater
zone, there is little chance that the recharge to these springs might be affected.

The very low permeability and vertical gradients in Blackhawk Formation rock
layers underlying actively mined coal seams in the Horse Canyon Mine and the
absence of significant discharge into the mine from these layers indicates that
mining does not draw groundwater from the underling portions of the Blackhawk
and Mancos Shale. Additionally, the distinctive solute composition of Mancos
Shale groundwater has not been observed inside the Horse Canyon Mine
indicating that the saturated zones in the Blackhawk and Mancos are separate.

From the above discussion, it appears that the Horse Canyon Mine has not
decreased groundwater discharge in overlying or underlying groundwater
systems. Since the conditions of the springs in the area of the Lila Canyon Mine
are the same, with the same strata, it is unlikely that coal mining will effect the
discharges of any spring as a result of mining in the Lila Canyon permit and
adjacent areas.

Concern has been raised that the mining might impact flows in the Range Creek
basin. This issue has been addressed in the MRP, Section 724.200, Pages 29-
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33. As discussed in the MRP, the distance of the five to six miles horizontal
distance from proposed permit area to Range Creek (see Plate 7-1a) and the
isolating effects of the over 1,000 feet of low-permeability, isolating strata
between the coal seam and the creek elevation (see Plate 7-18 and Table
above) and the limited potential impact of subsidence damage to the recharge
area, it is not likely that the Lila Canyon Mine will adversely effect Range Creek.
Due to these conditions, no baseline or other sampling has been gathered nor is
anticipated on Range Creek. For the above reasons Lila Canyon extension does
not present any Probable Hydrologic Consequences to Range Creek.

The contamination, diminution, or interruption of any water resources would not
likely occur within the mine permit or adjacent areas. Since surface water flows
only a limited part of year and will be provided protection by use of sediment
controls, the major usable water resources that could potentially be effected in
the area would be springs that are currently in use by wildlife and livestock. Most
of these springs are located upstream of the permit area or are in areas where
subsidence resulting from post-1977 mining is not documented or expected. To
date no known depletion of flow and quality of surveyed springs in the Horse
Canyon permit area exists, and none are expected in the Lila Canyon area,
based on available data from the Horse Canyon Mine. Although pre-mining data
is not available for Horse Canyon, depletion problems from subsidence are not
known to have been filed and are not indicated by sampling results in
Appendices 7-1 and 7-2. Therefore, it is unlikely an alternative water supply will
be needed, although they have been identified in Section R645-301 -727 .

L-16-G and L-17-G are seeps being monitored in Stinky Spring Ganyon. Bighorn
sheep have been observed within the canyon but have never been observed
drinking the water.

Flows from these springs are historically less than 0.5 gpm and show a general
seasonal decrease throughout the season. These sites were not identified during
baseline surveys and are believed to exist.intermittently and are not always
evident. The low flow rates and intermittent nature of these springs suggest that
they are local in nature.

These springs are located within the Central Graben, which is a block that has
been downdropped between 145 and 250 feet relative to the adjacent bedrock.
They occur near the contact between the Mancos Shale and the overlying
Blackhawk Formation. The fractured nature of the bedrock along the edges of
the Central Graben, as a result of the faulting, likely are the limits of the areal
extent of the recharge or source area to the springs. The low-permeability of the
surrounding Mancos Shale likely isolate the graben block from groundwater in
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the surrounding bedrock. Thus, the recharge to the springs is likely limited to the
area of the consolidated graben block.

As indicated previously, there is no evidence that mining in the Horse Canyon
Mine had any influence on the underlying formations. Therefore it is likely that
the Lila Canyon Mine would have similar affects. Due to the springs location and
lateral separation from the mine, outside the permit area, outside the limit of
subsidence, being separated from the mine block by faulting within the Central
Graben, and being 500 to 600 feet below the coal seam, there is no potential for
Lila Canyon Mine to negatively impact these springs or there recharge sources.

Based on the review of the information presented in section724.100 of the MRP,
there does not appear to be any regional groundwater zone. The upper
groundwater zone is a series of discontinuous, lenticular, isolated perched zones
with limited recharge. Generally each zone is isolated, both horizontally and
vertically, from those surrounding it. This upper zone is separated vertically from
the f ower zone in the Sunnyside Sandstone by the Castlegate Sandstone. No
impacts to the function and quality of the springs in the upper zone are
anticipated from mining subsidence.

The underlying groundwater zone is not used for any purpose and has limited
ability to produce water due to the low hydraulic conductivity and the depth to
water from the top of the Book Cliffs. While this lower zone contains water, it
does not meet the definition of an aquifer as indicated above (see discussion in
Section 724.100 of MRP).

Potential for lncreased Stream Flows

lf sufficient water is encountered in the Lila Canyon Mine workings to require
discharge of that water to the surface, the flow of the Right fork of Lila Canyon
will be increased. This flow could be ultimately to the Price and Green Rivers.
The impact of such discharge by the development of the Lila Canyon extension
would be quite limited.

The majority of water discharged from the mine would be water held in storage in
the saturated zones above the coal seam. lt is unlikely that any water below the
coal seam would be affected or drained by the mine workings.

It is difficult to estimate the maximum potential discharge from the mine, however,
DOGM has determined that a maximum discharge rate of 500 gpm should be
used for design purposes. Appendix 7-9 estimates that this discharge would
extend a maximum of 3.4 miles downstream of the mine. Under the absolute
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worst case conditions, if this discharge were to extend to reach the Price River,
based on this discharge rate, during the life of the operation, the water extracted
woufd be 22,600 ac-ft of water or approximately 800 ac-ft per year. Discharge for
the Price River at Woodside has a mean annual flow of 88,000 ac-fUyr.
Discharge for the Green River at Green River has a mean annual flow of
4,484,000 ac-fUyr. Therefore the average discharge at 500 gpm from the mine
would be 0.9% of the Price River flow volume and 0.02% of the Green River flow
volume. Given the standard fluctuations in the stream flows, this small flow
addition would have little effect on the streams.

It should be emphasized that the 500 gpm estimate is considered to be
conservatively high. The adjacent Horse Canyon Mine had a maximum
discharge of 90 gpm. While the Soldier Canyon Mine farther to the north in the
Book Cliffs, the rate of water discharged was estimated to be 15,000,000 gallons
per year (approximately 30 gpm).

lf water does need to be discharged, it will be sampled and discharged in
accordance with the approved UPDES Discharge Permit. lf the quality
parameters of the mine water do not meet UPDES standards, the water will be
treated prior to discharge. Treatment may include holding/settling in the mine,
pumping to retaining or sediment ponds, chemical treatment or other approved
means to prevent non-compliant discharge.

Based on the results of the evaluation presented in Appendix 7-9, the discharge
of this amount of water from the mine is not expected to have a significant impact
on the downstream resources. Based on the results from Appendix 7-9, the mine
discharge flow will be lost due to transmission losses and percolation within 3.4
miles from the discharge point. Therefore, the discharge will not reach the Price,
Green, or Colorado Rivers. The discharge of the water will have a positive
impact on the vegetation and wildlife of the area by providing a fairly constant
supply of water along this limited reach of the channel.

Based on comparison of upstream and downstream data gathered on Horse
Canyon Creek which incorporates the analysis from past mine discharges to the
channel, water quality will not be drastically affected in the intermittent drainage
in the event of discharge of mine water into the channel. The expected impacts
to the channels of the Lila Canyon area are very likely to be similar to those at
Horse Canyon due to the close proximity, and similarities of mining and drainage
conditions.
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Concerns have been raised regarding the character of the streams in the area.
Utah still uses the Office of Surface Mining two part definition of intermittent
streams -

"means (a) a stream, or reach of a stream, that drains a watershed of at least one
square mile, or (b) a stream, or reach of a stream, that is below the local water
table for at least some part of the year and obtains its flow from both surface
runoff and groundwater discharge." Utah Admin Code R645-100 (2006)

The first part is an arbitrary size determination, while the second part is a
scientific definition. While the drainage areas of several of the streams within the
proposed permit area are greater than one square mile, the character of the flows
in all the channels are ephemeral in nature. Colorado, Montana, New Mexico,
and Wyoming regulatory programs have changed their rules to use the scientific
definition for an intermittent stream and do not use an arbitrary size to determine
the flow condition of a stream.

Appendix 7-6 presents the characteristics of the channels within the proposed
permit area. The characterization is based on the definition of ephemeral
streams in the DOGM rules. Reaches of these streams flow only in response to
direct precipitation and based on monthly monitoring at no point in the year does
the groundwater table extend above the bottom of the channel to provide
baseflow to the channel. Therefore, the channels fit the criteria for ephemeral
drainages. While DOGM rules for drainages greater than one square mile
stipulate that these drainages are to be considered intermittent in nature, that
does not change the flow characteristics of the drainages.

The intermittent stream definition creates a problem of expectation. An
intermittent stream is expected to have flow for a period of the year when the
water table is above the ground surface. As such a standard monthly surface
water monitoring program should and would be able to sample the flows. An
ephemeral stream which does not flow as a general rule, but only in direct
response to precipitation events or significant snowmelt, would be expected to be
dry. Therefore, a standard monthly monitoring program would not result in flow
data except on a very infrequent basis.

As a result, concerns regarding the lack of flow data have been raised for the
intermittent streams within the permit area. For these are intermittent streams, it
has become an issue as to why no flow and water quality data has been
collected. As indicated above, these streams may be defined as intermittent, but
they function as ephemeral drainages. For ephemeral streams, the standard
condition for the channel is dry. The monthly monitoring has provided data which

Page -16-



UtahAmerican Energy, Inc. Appendix 7-3 PHC Lila Canyon Extension

document the lack of flow. The flow modeling, described in the MRP section
724.200 for the watersheds within the permit area, suggests that for short
duration, frequent storms (2to 10 yr), while the watershed would be wetted, no
generally concentrated flow would be evident. Higher frequency, longer duration
events (1Oyr +) would result in increasing amounts of runoff. Therefore, for a
short period (less than 10 years), the expected flow condition for an ephemeral
character stream would be no flow.

Based on the data from the Western Regional Climate Center, presented in MRP
section 724.440, the probability of precipitation events capable of generating
runoff is very low. Table 7-1C shows that the probability of a 1-day event with
more than 0.5" of runoff is less than 5 percent. According to the flow simulations
in section724.200, runoff is not common in storms with less than 1.2 inches of
rainfall (10 year event).

Also, the lack of monthly water monitoring data for the period of December and
January for most years was raised as a concern. Generally, the access to the
sites is prevented by snow. This is not considered a significant problem due to
the general lack of precipitation and flow during this period. Average
precipitation at Sunnyside during December and January is generally under 2
inches of precipitation of the annual average of over 14 inches (see Table 7-18).
Average maximum temperatures during December and January at Sunnyside are
reported to be around freezing (see Table 7-18). At the mine site, the elevation
is higher, therefore, the temperatures would be lower. Thus, any precipitation
would generally be in the form of snow which would not result in a runoff event.
Any snow melt which might occur would be at a very slow rate which would also
not result in runoff, but would likely ripen the snowpack and locally infiltrate into
the soil.

Further, a concern regarding the identification of seasonal variation in flows and
water quality has been raised. Based on the monthly monitoring, there has been
no consistent orseasonal flows identified in any of the drainages in the proposed
permit area. Thus, the modeling presented in the MRP section 724.200 is
representative of the flows in the drainages. These are characterized by
infrequent runoff events from isolated, heavy precipitation occurrences with very
limited durations. Based on these types of runoff events, the drainages are
ephemeral in nature and the use of the downstream waters is very limited. This
is evidenced by the lack of State appropriated waters in the downstream
drainages. There are no water rights with acknowledged flows found on the
downstream drainages. Only one partially functioning BLM stock pond is found
within the Grassy Wash drainage. Based on a site visit in January 2004, the
pond is silted in, though a new diversion works had been constructed. In

Page -17-



UtahAmerican Energy, Inc. Appendix 7-3 PHC Lila Canyon Extension

checking with the BLM personnel, the pond improvements were not part of
agency range improvements. Recent site visits have shown that the diversion
structure in the Right Fork of Lila Canyon has been breached. This will result in
very limited flow reaching the pond. Given the limited flow and lack of use, there
is little impact that could be achieved by the mining activities.

Potential Hydrocarbon Contamination. Diesel fuel, oils, greases, and other
hydrocarbon products will be stored and used at the site for a variety of
purposes. Diesel and oil stored in above-ground tanks at the mine surface
facilities may spill onto the ground during filling of the storage tank, leakage of
the storage tank, or filling of vehicle tanks. Similarly, greases and other oils may
be spilled during use in surface and underground operations.

The probable future extent of the contamination caused by diesel and oil spillage
is expected to be small for three reasons. First, because the tanks will be located
above ground, leakage from the tanks will be readily detected and repaired.
Second, spillage during filling of the storage or vehicle tanks will be minimized to
avoid loss of an economically valuable product. Finally, the Spill Prevention
Control and Countermeasure Plan which will be developed for the site will
provide inspection, training, and operation measures to minimize the extent of
contamination resulting from the use of hydrocarbons at the site. This plan is not
required to be submitted. However, a copy will be maintained at the mine site as
required by the Utah Division of Water Quality.

Road Salting. No salting of roads will occur within the permit area. Hence, this
impact is not a significant concern.

Goal Haulage. Coal will be hauled over the county road from the mine portal
area to Utah Highway 6 and thence to its ultimate destination. In the event of an
accident which causes coal to spill from the trucks, residual coal following
cleanup of the spill may wash into local streams during a runoff event. Possible
impacts to the surface water are increased total.suspended solids concentrations
and turbidity from the fine coal particulates. The probability of a spill occurring in
an area sufficiently close to a stream channel to introduce coal to the stream bed
is considered small.

In addition to spills, wind may carry coal dust or small pieces of coal from the
open top of the coal trucks into drainages near the roads. The impact from
fugitive coal dust is considered to be insignificant due to the small amounts lost
during haulage in the permit and adjacent areas.
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Water Gonsumption. The USFWS have identified that water consumption by
underground coal mining operations could jeopardize the continued existence of
and/or adversely modify the critical habitat of the Colorado River endangered fish
species: Colorado pikeminnow, humpback chub, bonytailed chub, and razor back
sucker. The USFWS has determined that water consumption by underground
operations could potentially have adverse effects on the Colorado River basin.
The USFWS considers consumption to include: evaporation from ventilation, coal
preparation, sediment pond evaporation, subsidence on springs, alluvial aquifer
abstractions into mines, postmining inflow to workings, coal moisture loss, and
direct diversions. These consumption process are discussed below.

Bath House/Office
It has been estimated that the Bath House/Office will consume approximately 35
gallon per day per person for shower and human consumption. This estimate
resufts in a usage of 1,260,000 gal/yr or 3.86 ac-ftlyr.

Evaporation from Ventilation - evaporation rates have been estimated at2.5
gallons per million cubic feet of ventilated air. This number is dependent on
temperature and relative humidity. lt is estimated that with the projected usage of
473,040 million cflyr of air and a loss of 2.5 gallons per million c.f. Therefore, the
water consumption for evaporation would be approximately 1,183,600 gallons per
year or 3.63 acre feet of water.

Coal Preparation - The operator does not anticipate any coal preparation that
would result in water usage.

Sediment Pond Evaporation - The sediment pond is used to hold rain and snow
runoff that flows over disturbed areas of the coal mining and reclamation
operations until accumulated sediment has dropped out. At that point the water
is discharged into a receiving stream. The holding time for this water is planned
to be short, therefore, no significant evaporation loss is expected. This would not
be considere.d a consumption mechanism.

Subsidence on Springs - As shown in Appendix 7-8 and discussed in Section
525.120 of the application, the majority of springs cannot be adversely effected
by subsidence because of their physical location (off the permit area and outside
the area of potential subsidence) or for those within the permit area because of
the amount of cover, 1000 feet or more, which as discussed in Section 525.120
are not expected to experience any significant deformation for covers over 630
feet. In the adjacent Horse Canyon mine, which was mined for over 45 years,
there have been no reported effects on springs due to subsidence.
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Alluvial Aquifer Abstractions into Mines - There will be no water infiltrations from
alluvial systems into the mine.

Postmining Inflow to Workings - Postmining all openings will be sealed and
backfilled. The proposed mine openings for Lila Canyon are at an elevation
where no surface inflow is possible. This coupled with the sealing plan for the
portals makes postmining inflows virtually impossible.

Coal Moisture Loss - lt has been estimated that coal moisture loss or usage to be
estimated at 4.5 gallons per ton of coal mined (see Table 2). Using the estimated
usage for mining with an estimated production of 4.5 Million tons per year a
usage of 20,250,000 gal per year or 62.12 acre feet can be estimated. lt should
be noted that due to the extremely low hydraulic conductivity rates measured in
the general area, that groundwater movement is very slow. Using the average
hydraulic conductivity measured for Blackhawk Sandstone (3.0 x 10-6 cm/sec)
(see Table 1) which is equal to .1 inch per day. Therefore, water encountered
underground would take approximately 1,736 years to travel one mile. This water
is considered relatively immobile. The water encountered and used underground
would not reach the Colorado Drainage in any reasonable time, if ever, and thus
water consumed underground cannot negatively effect the Colorado River Basin.

Surface Dust Suppression lt has been estimated that usage on the surface for
dust suppression will be approximately 10,000 gallon per day or 3,650,000
gallons per year. This results in a usage of 11.20 acre feet per year.

Dlrect Diversions - no consumption.

Adding the four losses due to mining equals to 80.81 acre feet which is below the
mitigation level of 100 acre feet. UEI does hold 362.76 acre feet of underground
water rights to offset any consumption. Therefore, it is the opinion of
UtahAmerican Energy, Inc. that water consumption by underground coal mining
operation will NOT jeopardize the existence of or adversely modify th.e critical
habitat of the Colorado River endangered fish species.

Gonclusion

Based on available data and expected mining conditions, the proposed mining
and reclamation activity is not expected to proximately result in contamination,
diminution or interruption of an underground or surface source of water within the
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proposed permit or adjacent areas which is used for domestic, agricultural,
industrial, wildlife or other legitimate purpose.

It should be noted that the determination of no known depletion of flow or quality
is based on available data, which is primarily post-mining. UtahAmerican Energy
Inc. will report actual water depletion values annually in the Annual Report.
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a al,av I

Proiected Water Usage (Quantitative Water Consumption lmpact Assessment)

1- Bath House/Office
a. 150 @ 35 gpd/ea. = 5250 x240 1,260,000 gal./yr.

2- Mining(Coal moisture loss)
a. 2 Sections

(1) 4.5 M Ton @ 4.5 gal./ton 20,250,000 gal./yr.

3- Fan (Evaporation from ventilation)
a. Evaporation

(1) 900,000 cfm @473,040 M cflyr.
(212.5 sal./M c.f. 1 ,1 83,6009a1./yr.

4 . Surface Dust Suppression
10,000 gallon per day 3,650,000 gal/yr.

Total Usage 26,343,600 gal./yr.
(80.81 ac.ft.lyr.)
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Appendix 7-8 UtatrAmerican Energy, Inc. Water Monitoring Locations

L.l-S

Location:

General:

In Lila Canyon wash North of the permit area. Stream reach is intermittent
by definition but ephemeral acting (See Appendix 7-7 & Plate 74). The wash
above and below flows only as a result of spring run-off or storm events.
Located in the Mancos Shale at an elevation of 5,830 feet.

The Sunnyside coal seam does not exist at this location. Since L-1-S is
located off the permit area and subsidence is not a possibility, there is no
potentialfor Lila Canyon Mine to negatively affect this monitoring location.
The permiftee has never observed amphibians at or near this location.

Vegetation description:' Habitat within this Mancos substrate 'out wash area is
predominately a mix of salt desert shrub, greasewood, and
invasive tamarisk and cheatgrass.
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Location:

General:

Vegetation description:

L-2-S

L-2-S is located In the Right Fork of Lila Canyon wash South of and
upstream of the permit area. Stream reach is ephemeral by definition (See
Appendix 7-7& Plate 7-4). The wash above and below flows only as a result
of spring run-off or storm events. Located in the Mancos Shale at an
elevation of 5,950 feet.

The Sunnyside coal seam does not exist at this location. Since L-2-S is
located off the permit area and subsidence is not a possibility, there is no
potential for Lila Canyon Mine to negatively affect this monitoring location.
The permittee has never observed amphibians at or near this location.

Habitat overstory adjacent to the dry streambed monitoring
location is Pinyon-Juniper, isolated sagebrush, and needle and
thread grass.
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Location:

General:

L.3.S

Located in the Right Fork of Lila Canyon wash South of and down stream of
the permit area. Stream reach is ephemeral by definition (See Appendix 7-
7& Plate 7-4). The wash above and below flows only as a result of spring
run-off or storm events. The Sunnyside coal seam does not exist in this
location. Located in the Mancos Shale at an elevation of 5,750 feet.

Since L-3-S is located off the permit area and subsidence is not a possibility,
there is no potential for the Lila Canyon Mine to negatively affect this
monitoring location. The permittee has never observed amphibians at or
near thi$ location.

Vegetation description: Habitat overstory is a Pinyon-Juniper habitat similar to L-2-S.
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L4-S
Lila Sediment Pond Discharge
(UPDES 001A permit #UTG040024)

L-4-S will be installed once the Lila Canyon facilities are built. This monitoring
location is the sediment pond discharge from the sediment pond to be constructed at the
Lila Canyon Mine surface facilities. The projected location of the monitoring point is shown
on Plate 7-4.

The monitoring location is UPDES (Utah Pollutant Discharge Elimination System)
point # 001A under general permit number UTG040000.

PHOTO NOT YET AVAILABLE
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L.5.G
Underground Mine Water Discharge

(UPDES 002A permit #UTG040024)

This monitoring location will be installed once the mine has been constructed. This
monitoring location is to monitor the underground mine water discharge and is shown on
Plate 7-4. lt is unlikely that any significant amounts of water will be discharged from
underground workings. However, in the unlikely event that water is discharged it will be
discharged from UPDES (Utah Pollutant Discharge Elimination System) point#002Aunder
general permit number UTG040000.

The monitoring location is UPDES (Utah Pollutant Discharge Elimination System)
point # 002A under general permit number UTG040000.

PHOTO NOT YET AVAILABLE
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L.6.G
(H-18) Lila Ganyon

Location: Located in Lila Canyon within the Permit area. The old Horse Canyon Mine
has already undermined this monitoring location with no impact. Stream
reach is intermittent by definition but is ephemeralacting (See AppendixT-7
& Plate 7-4). The wash above and below the spring flows only as a result
of spring run-off or storm events. Located in the Upper Price River near the
contact of the Flagstaff/ North Horn and the Upper Price River Formations
at an efevation of 7280 teet.

The coal seam has been previously mined under this location. The spring
lies approximately 1,800 feet above the mined out Sunnyside coal seam.
There is no potential for Lila Canyon Mine to negatively impact this
monitoring location. The permittee has never observed amphibians at or
near this location.

Vegetation description: Habitat overstory is Douglas Fir-Mountain Brush association.

Since the operator has never observed flow at this location, and a new location upstream
has been determined to be more suitable for monitoring, this site will be terminated. L-1 1-
G has been established to replace L-6-G as a monitoring location.

General:
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Location:

General:

L.7.G
Gottonwood Spring

Located in Cottonwood Canyon approximately .5 miles from the intersection
of Coftonwood Canyon with Little Park Wash. This spring is located
approximately .25 miles inside the permit area. Located in the Flagstaff/
North Horn Formation at an elevation of 7360 feet. Stream reach is
intermittent by definition but is ephemeralacting (See Appendix7-7 & Plate
7-4). Flow from the spring flows approximately 200 feet down stream where
it evaporates or is absorbed. The drainage above and below Cottonwood
spring flows only as a result of spring run-off or storm events.

The coal seam at this location lies approximately 2,500 feet below the spring.
Due to the depth of the coal and the tendency for the overlying formations to
swell and seal, there is little potential for Lila Canyon Mine to negatively
impact this spring or recharge sources. The permittee has never observed
amphibians at or near this location.

Vegetation description: Habitat overstory is Douglas fir-mountain brush association.
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L.8.G
Above IPA #1

Location: L-8-G is located in an unnamed canyon that the operator refers to as IPA#1,
approximately 1 mile above Piezometer IPA #1. Located in the Flagstaff/
North Horn Formation at an elevation of 7360 feet. Stream reach is
intermittent by definition but is ephemeralacting (See Appendix 7-7 & Plate
7-4). Flow from the spring flows approximately 200 feet down stream where
it evaporates or is absorbed. The drainage above and below this spring
flows only as a result of spring run-off or storm events.

The coal seam at this location lies approximately 2,400 feet below the spring.
The spring is located .5 miles to the East and off of, the permit area. Due to
its location, .5 miles outside of the limit of subsidence, depth of the coal, and
the tendency for.the overlying formations to swell and seal,-there is no
potential for Lila Canyon Mine to negatively impact this spring or recharge
sources. The permiftee has never observed amphibians at or near this
location.

General:

Vegetation description : Habitat is predominantly Pinyon - Juniperand sagebrush grass
associations.
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L.9.G
Pine Spring

Location: L-g-G is located in an unnamed side canyon approximately 1.25 miles from
Little Park Wash. Located in the Flagstaff/ North Horn Formation at an
elevation oI 7200 feet. Stream reach is intermittent by definition but is
ephemeral acting (See Appendix 7-7 & Plate 7-4). Flow from the spring
flows approximately 400 feet down stream where it evaporates or is
absorbed. The drainage above and below this spring flows only as a result
of spring run-off or storm events.

The coal seam at this location lies approximately 2,300 feet below the
spring. The spring is located along the channel and just inside of the permit
area. Due to its location, thickness of the overburden, and the tendency for
the overlying formations to swell and seal, there is no potential for Lila
Canyon Mine to negatively impact this spring or recharge sources. The
permittee has never observed amphibians at or near this location.

Vegetation descri ption : A wet meadow habitat is present within the area of the
monitoring site. An overstory of Pinyon-Juniper and
sagebrush grass lies immediately adjacentalong each side of
this site. The wet meadow habitat was washed out or covered
with sand and gravel as a result of storm events in Aug 2003.
Indications of localized riparian habitat exists. Moss, sedge,
willow, columbine observed.

General:
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L-10-c
Williams Draw Spring

Location:

General:

L-10-G is located in Williams Draw approximately 1.25 miles South and East
of the permit area. Located in the Upper Price River near the contact of the
Flagstaff/ North Horn and the Upper Price River Formations at an elevation
of 6720 feet. Stream reach is intermittent by definition but is ephemeral
acting (See Appendix 7-7 & Plate 7-4). Flow from the spring flows
approximately 200 feet down stream where it evaporates or is absorbed.
The drainage above and below this spring flows only as a result of spring run-
off or storm events.

The coal seam at this location lies approximately 1250 feet below the spring.
The spring is located over a mile outside of the limit of subsidence. Due to
its location, outside the limit of subsidence, depth of the coal, and the
tendency for the overlying formations to swell and seal, there is no potential
for Lila Canyon Mine to negatively impact this spring or recharge sources.
The permittee has never observed amphibians at or near this location.

Vegetation description: A wet meadow habitat is present within the area of the
monitori n g site. An overstory of Pinyon-J u n i per and sagebrush
grass lies immediately adjacent along each side of this site.

Since this spring location is so far off the permit area a better site was identified where the
information gathered would be more valuable. This site will be replaced by L-12-G.
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Location:

General:

L-l1-c
MonUleslie Springs Area

Will Replace L-6-G

L-11-G is located in Lila Canyon within the Permit area. Located in the
Upper Price River near the contact of the Flagstaff/ North Horn and the
Upper Price River Formations at an elevation of 7360 feet. The old Horse
Canyon Mine has already undermined this monitoring location with no
impact. The spring flows for approximately 50 feet where it either evaporates
or is absorbed. Stream reach is intermittent by definition but is ephemeral
acting (See AppendixT-7 & Plate 74). The wash flows only as a result of
spring run-off or storm events.

The coal seam has been previously mined at this location. The spring lies
approximately 1,900 feet above the mined out Sunnyside coal seam. There
is no potential for Lila Canyon Mine to negatively impact this monitoring
location. The permittee has never observed amphibians at or near this
location.

Vegetation description: Habitat overstory is Douglas fir-mountain brush association.

This monitoring location will replace L-6-G.
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L-I2-c
Will Replace L.10.G

Location: L-12-G is located in an unnamed drainage on the south end of the permit
area. Located in the Upper Price River at an elevation of 6800 feet. Stream
reach is intermittent by definition but is ephemeral acting (See Appendix7-7
& Plate 7-4). Flow from the spring flows approximately 100 feet down
stream where it evaporates or is absorbed. The drainage above and below
this spring flows only as a result of spring run-off or storm events.

The coal seam atthis location lies approximately 1100 feet below the spring.
The spring is located just outside of the limit of subsidence. Due to its
location, outside the limit of subsidence, depth of the coal, and the tendency
for the overlying formations to swell and seal, there is no potential for Lila
Canyon Mine-to negatively impact this spring or recharge sources. The
permiftee has never observed amphibians at or near this location.

General:

Vegetation description: A small wet meadow habitat is present within the area of the
monitoring site. An overstory of Pinyon-Juniper and sagebrush
grass lies immediately adjacent along each side of this site.
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L-l3€
Little Park Waeh

Location: L-13-S is located in Little Park Wash at the road intersection. Located in
Alluvium adlacent to the Upper Price River Formation at an elevation of 6840
feet. Stream reach is intermittent by definition but is ephemeralacting (See
Appendix 7-T & Plate 7-4). The drainage above and belor this monitoring
location flows only as a result of spring run-off or storm events.

The coal seam at this location lies approximately 1400 feet below the
monitoring location. Due to its location, depth of the coal, and the tendency
for the overlying formations to swell and seal, there is no potential for Lila
Canyon Mine to negatively impact this monitoring location. The permittee
has never observed amphibians at or near this location.

Vegetation description:

General:

The area surounding the dry wash monitoring site consists
primarily of mature sagebrush habitat.
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L-l4€
Wash Below L-12-G

Location: L-14-S is located at the road intetsection of the unnamed drainage below L-
12-G. Located in the Upper Price River Formation at an elevation of 6690
feet. Stream reach is intermittent by definition but is ephemeralacting (See
Appendix 7-7 & Plate 74). The drainage above and below this monitoring
location flows only as a result of spring run-off or storm events.

The coal seam at this location lies approximately 1000 feet below the
monitoring location. Due to the faulting this monitoring location is outside the
mine projections and the projected limit of subsidence. As a result of lts
location, depth of the coal, and the tendency for the overlying formations to
swell and seal, there is no potentialfor Lila Canyon Mine to negatively impact
this monitoring location. The permittee has never observed amphibians at
or near this location.

General:

Vegetation description: The area surrounding the dry wash monitoring site consists
primarily of mature sagebrush habitat with a bordering
overstory of Pinyon-Juniper and invasive tramarisk..
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L-l5-S
Williams Draw Wash

Location: L-15-S is located at the road intersection of Williams Draw. Located in
Alluvium adjacent to the Upper Price River Formation at an elevation of 6560
feet. The stream reach is intermittent by definition but is ephemeral acting
(See Appendix 7-7 & Plate 7-4). The drainage above and below this
monitoring location flows only as a result of spring run-off or storm events.

The coal seam at this location lies approximately 900 feet below the
monitoring location. This site is located 1.25 miles South of the permit
boundary. As a result of its location, there is no potential for Lila Canyon
Mine to negatively impact this monitoring location. The permittee has never
observed amphibians at or near this location.

General:

Vegetation description: The area surrounding the dry wash monitoring site consists
primarily of mature sagebrush and Pinyon-Juniper habitat.
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L-l6-c
Little Stink

Location: Located in what has recently been named Stinky Spring Canyon by the
Operator. The seep is located approximately 0.25 miles to the West of the
permit area and within the CentralGraben. The seep is located atthe top of
the Mancos Shale approximately 600 feet below the coal seam in a highly
faulted area at an elevation of 5840 feet. The stream reach is intermittent by
definition but is ephemeral acting (See Appendix 7-7 & Plate 74). The
drainage above and below this monitoring location flows only as a result of
spring run-off or storm events.

Due to its location, outside the permit area, outside the limit of subsidence,
within the Central Graben, and being 600 feet below the coal seam, there is
no potential for Lila Canyon Mine to negatively impact this spring or recharge
sources. This location is used by Rocky Mountain Bighorn Sheep; however,
no evidence of the sheep using the poorqualitywater has been documented.
The permittee has never observed amphibians at or near this location.

General:

Vegetation description: Habitat immediately below this wet seep monitoring site is a
mix of grasses and salt desert shrub habitat.
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L-l7-G
Big Stink

Location: Located in what has recently been named Stinky Spring Canyon. The seep is
located approximately 0.25 miles to the West of the permit area, 0.1 mile above L-
16-5, and within the Central Graben. The seep is located at the top of the Mancos
Shale approximately 500 feet below the coal seam in a highly faulted area at an
elevation of 5920 feet. The stream reach is intermiftent by definition but is
ephemeral acting (See AppendixT-7 & Plate 74). The drainage above and below
this monitoring location flows only as a result of spring run-off or storm events.

Due to its location, outside the permit area, outside the limit of subsidence, and
being 500 feet below the coal seam, there is no potential for Lila Canyon Mine to
degatively impact this strbam reach. This locati<in is used by Rocky Moirntain
Bighorn Sheep; however, no evidence of the sheep drinking the poor quality water
has been documented. The permittee has never observed amphibians at or near
this location.

Vegetation description : Habitat immediately below this wet seep monitoring site is a mix of
grasses and salt desert shrub habitat and invasive tamarisk.

General:
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L-l8-S
Stinky Spring Wash

Loca ted in what
has recently been named Stinky Spring Canyon. The stream reach is
intermittent by definition but is ephemeral acting (See Appendix 7-7 &
PlateT-4). The drainage above and below this monitoring location flows
only as a result of spring run-off or storm events.

Due to its location, outside the permit area, outside the limit of subsidence,
and being 500 feet below the coal seam, there is no potential for Lila
Canyon Mlne to negatively impact this spring or recharge sources. This
location is used by Rocky Mountain Bighorn Sheep; however, no evidence
of the sheep drinking the poor quality water has been documented. The
permittee has never observed amphibians at or near this location.

Location:

General:

Vegetation description: The area surrounding the dry wash monitoring site consists
primarily of mature sagebrush and Pinyon-Juniper habitat.
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Appendix 7-8 UtahAmerican Energy,Inc. Water Monitoring Locations

L-l9-S
Little Park Wash

L-19-S is located in Little Park Wash at the permit boundary. The flow at this site is
nearly the same as for L-13-S. There are no contributing sources between the two
sites other than overland flow. Essentially, the data already recorded for site L-13-S
is representative of the new site. Located in Alluvium adjacent to the Upper Price
River Formation at an elevation of 6725 feet. Stream reach is intermittent by
definition but is ephemeral acting (See Appendix7-7 & Plate 7-4). The drainage
above and below this monitoring location flows only as a result of spring run-off or
storm events.

General: The coal seam at this location lies approximately 1400 feet below the
monitoring location. Due to its location outside of the subsidence area, depth
of the coal, and the tendency for the overlying formations to swell and seal,
there is no potential for Lila Canyon Mine to negatively impact this monitoring
location. The permiftee has never observed amphibians at or near this
location.

The area surrounding the dry wash monitoring site consists
primarily of mature sagebrush habitat.

Vegetation description :
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Appendix 7-8 UtaMmericanEnergy,Inc. WaterMonitorinsLocations

IPA #1
Piezometer

General:

Located in an unnamed canyon that is a branch of Little Park Wash.
Located in the Upper Price River Formation at an elevation of 7034 feet.
See Pfate 7-4 for location.

This site is used as a Piezometer measuring location only. The depth of
water is measured quarterly.

Vegetation description: Habitat surrounding this Piezometer site is sagebrush-grass.
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Appendix 7-8 UtahAmerican Energy, Inc. Water Monitoring Locations

IPA#2
Piezometer

Located on the Little Park Wash road near the Little Park Wash crossing.
See Pfate 7-4 for location. Located in the Upper Price River Formation at
an elevation of 6865 feet.

This site is used as a Piezometer measuring location only. The depth of
water is measured quarterly.

Vegetation description: Habitat surrounding this Piezometer site is sagebrush-grass.
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IPA #3
Piezometer

Location:

General:

Located on the Little Park Wash road. See Plate74 for location. Located
in the Upper Price River Formation at an elevation of 6810 feet.

This site is used as a Piezometer measuring location only. The depth of
water is measured quarterly.

Vegetation description: Habitat surrounding this Piezometer site is sagebrush-grass.
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Horse Ganyon
Sediment Pond #1

Sediment Pond has been Reclaimed
Monitoring no longer necessary
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Appendix 7-8 UtahAmerican Energy, Inc. Water Monitoring Locations

Horse Ganyon
Sedlment Pond #2

UPDES #OO2A

Location: Located in Horse Canyon above and to the North of the bridge on County
highway 124. Loeted in an alluvialfan on the Mancos Shale at an
elevation of 6190 feet.

This is UPDES site #002A of the Horse Canyon UPDES permit. The
Sunnyside coal seam does not exist in this location. There is no potential
for Lila Canyon Mine to negatively affect this monitoring site. The
permittee has never observed amphibians at or near this location.

General:

Vegetation description: This reseeded sediment pond is covered by a reclamation
vegetation cover consistent with a sagebrush{rass habitat.
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HC-2 (B-l)
Horse Ganyon Below Permit Area

Location: HC-2 is located in Horse Canyon Wash West and downstream of the
permit area. Located in an alluvialfan on the Mancos Shale at an
elevation of approximately 6100 feet. Stream reach is ephemeral by
definition (See Appendix 7-7& Plate 7-4). The wash above and below
flows only as a result of spring run-off or storm events.

The Sunnyside coal seam does not exist in this location. Since this site is
located off the permit area and subsidence is not a possibility, there is no
potential for Lila Canyon Mine to negatively affect this monitoring location.
The permittee has never observed amphibians at or near this location.

General:

Vegetation description: This dry channel monitoring location is surrounded by a
Pinyon-Juniper overstory. Vegetation within the ephemeral
acting channel is a mix of sagebrush, salt desert shrub and
invasive tamarisk habitats.
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Location:

General:

HC-l
Horse Ganyon Above Permit Area

HC-1 is located in Horse Canyon Wash within the permit area, near the
Carbon Emery county lines. Located in the Upper Price River Formation at
an elevation of 6480 feet. Flow appears to be perennial due to spring
inflow in the immediate area. Stream reach below this monitoring point is
intermittent by definition but exhibits ephemeralflow patterns. The wash
above and below flows only as a result of spring run-off or storm events.

The coal seam has been previously mined at this location. The monitoring
location lies approximately 300 feet above the mined out Sunnyside coal
seam. There is no potentialfor Lila Canyon Mine to negatively impact this
monitoring location. The permittee has never observed amphibians at or
near this location.

Vegetation description: This wet channel monitoring location is surrounded by
mature sagebrush and Pinyon-Juniper habitats. Invasive
tamarisk is present within the channel.
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Location:

General:

Vegetation description:

RF.1
Right Fork

RF-1 is located In the right fork of Horse Canyon Wash near the road forks
but within the permit area. Located in the Upper Price River Formation at
an elevation of 6480 feet. Flow appears to be perennial due to Redden
Spring inflow. Flow continues for approximately 300 feet below the
monitoring location where the stream reach becomes ephemeral. The
wash700 feet below flows only as a result of spring run-off or storm
events.

The coal seam has been previously mined at this location. The monitoring
location lies approximately 300 feet above the mined out Sunnyside coal
seam. There is no potentialfor Lila Canyon Mine to negatively impact this
monitoring location. The permittee has never observed amphibians at or
near this location

This wet channel monitoring location is sunounded by
mature sagebrush and Pinyon-Juniper habitrats. Invasive
tramarisk is present within the channel.
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RS-2
Redden Spring

Location: Redden Spring is located in the right fork of Horse Canyon Wash near the
road forks but within the permit area. Located at the base of the
Flagstaff/North Horn Formation at an elevation of 6592 feet. The wash
above flows only as a result of spring run-off or storm events.

The coal seam has been previously mined at this location. The monitoring
location lies approximately 800 feet above the mined out Sunnyside coal
seam. There is no potential for Lila Canyon Mine to negatively impact this
monitoring location. The permittee has never observed amphibians at or
near this location.

General:

Vegetation description: Habitat immediately below this wet seep monitoring site is a
mix of grasses and salt desert shrub habitat.
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ADDondix 7-9 UtahAmerlcan Enemv. lnc. Flow and Gsrnomhlc Evaluaflon

INTRODUCTION:
On January 31, 2004 a stream evaluation was conducted of the Right Fork

of Lila Canyon downstream of the proposed mine facilities toward the Price River.
The purpose of the study was to determine the impact of a continuous discharge of
500 gpm from the mine would have on the downstream channel. A series of cross-
section measurementsweretaken to characterizethe channelconfiguration and the
channel bed and bank materials. Photographs were taken of each cros-section
location looking upstream and downstream to help visualize the conditions at the
cross-section, Also, a photograph of the bed and bank materials was tiaken to aid
in classifoing the material type. The photographs are presented in Aftachment #1
to this Appendix.

Figure 1 shows the location of the cross-section sites. The original plan was
to collect cross-sections at one-half mile spacings along the channel alignment
between the mine site and the Price River. However, at the third cross-section
location, a recent diversion structure was bund which divertied the normalflow of
the Right Fork of Lila Canyon. Previously the flow from the Right Fork joined with
the flows from Grassy Wash, However, with the diversion, the entire flow of the
Right Fork is diverted to a diversion channel. The location of the diversion dam and
alignment of the diversion channel is presented in Figure 1 . Ultimately, the diversion
channel will convey the fiow to a stock pond located in the SW4, SW/4 of Section
28,T.16 S. ,  R,  14 E.

This stock pond is a BLM pond. The work appeared to be part of
implementation of a range improvement program in the area of the pond. As part
of this program, the embankment had been improved and raised, the outlet
riprapped, and the diversion structure moved upstream and improved to collect
additional flows. However, the pond area was filled with silt or sediment.

The result of this range improvement project is that the flows from the Right
Fork of Lila Canyon will be diverted to the stock pond. lf the pond fills, any ex@Es
water will be released back to Grassy Wash. Based on the size of the pond, if
cleaned, it appears that the pond will hold about 5 to 7 acre-fuet.

Results:

Channel sections

The Right Fork of Lila Canyon is an ephemeral channel which is incised into
the pediment surface below the Book Clifft. At cross-section location 1 , the channel
is incised about 25 to 30 feet and has a top width of approximately 75 to 100 feet.
The channel has a low-flow component that consists of a general trapezoidal shape
with 1V:1.5 to 2H slopes, a bottom width of about 5 bet, and a low flow channel
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depth of almost 1.5 feet. Channel material consists of fine to coarse gravels and
fine sands and bw silts.

At cross section location 2, the channel is transitioning ftom the incised
section to a broader section at the confluence of the Right Fork with Grassy Wash.
In this reach, the channel is incised about 10 to 15 feet and has a top width of
approximately 250 to 300 bet. The channel has a low-flow component that consists
of a swale shape with gentle sideslopes, a bottom width of about 7.5 to 10 feet, and
a low flow channel depth of almost 1.0 foot. Channel material consists of fine to
coanie gravels and fine sands and silts.

Upstream of the confluence, GrassyWash consists of a braided channelwith
several flow channels. The predominant channel has a top width of 10 to 12feet
with a boftom width of I or 9 feet and steep side slopes. The depth of this channel
is approximately 2.5 bet deep. The overall channel is approximately 50 to 75 feet
wide. Channel material consists of fine to coarse gravels and fine sands and silts.

Downstream of the confluence with the Right Fork, Grassy Wash is again an
incised channel. The channel is approximately 10 to 15 bet wide with a depth of 5
to 6 feet. The channel bends to the west and flow is directed againstthe outer bank.
This results in a steep slope on the outer bank and a gentler slope on the inner
bank. Channelmaterialconsists of fine to coarse gravels and line sands and silts.

Stream Transmission Loss Modeling

Based on the DOGM estimate br mine discharge, an estimate was prepared
to determine if flow would reach the Price River. This estimate is based on the
concepts presented in the U.S. Soil Conservation Service National Engineering
Handbook Chapter 19 - Transmission Losses (1985). The actual method is based
on regression equations derived ftom Arizona and New Mexico conditions. Wtile
the current site is similar, the conditions are different. Therebre, the current site
was modeled using similar concepts.

The estimated mine discharge was assumed to be introduced to the channel.
The soil designations of the channel area were determined ftom preliminary soils
maps developed by the NRCS Price ffice for the Emery County Soil Survey
(personnelcommunication, Leland Sasser, 2004). The length of channelcrossing
each different soil $pe was determined. Permeability estimates of the soils were
determined from the SCS soil survey engineering properties table. Estimates of
channel width and depth, valley fill width and depth, along with the length of soil
sections and permeability data were input into the spreadsheet presented in Table
1. No evaporation was assumed to provide a conservative estimate. Based on the
discharge to the channeland the estimates of infiltration and permeability loss over
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the flow length, an estimate of the distance that the flow would be conveyed was
determined.

Given the soils in the area the 500 gpm flow from the mine would be
expectedtoflowadistanceof approximately 18,300feet or3.4 miles. Thedistance
to the Price River from the mine is about 9.5 miles. Therefore, the flow from the
mine will not reach the Price River.

\Mth the presence of the divercion and the anticipated collection of the flows
from the Right Fork of Lih Canyon in the stock pond, it is likely that the flow will not
reach the 3.4 mile distance estimated.

Flow Characteristics

Based on regresssion equations for ephemeral streams in Utah developed
by Thomas and Lindskov (1983), two watersheds on the Right Fork of Lila Canyon
were evaluated to determine the peakflow and flow depth of the various retum
period storms. The first was the drainage ftom the mine site upstream. The second
was the entire drainage upstream from the confluence with Grassy Wash.
Calculations are presented in Attachment #2.

The results of the calculations show that the 500 gpm mine discharge (1.1
cfs) is significanfly less than the 37 cb for the 2year flood flow expected just below
the mine site. Given that the regression equations are limited in accuracy, even if
the estimated peak is off by a factor ol2,the mine discharge would still be less than
6 percent of the expected peakflow of 18.5 c6.

The 2 year flow was selected for comparison as this is generally considered
to be the bankfull stage or capacity of the low flow channel. Many reseachers
considerthe bankfull flow to be the major channelforming flow, due to its probabili$
of occunence and its channel furming energy. Given the fact that the mine water
flow is significantly below this flow, its is not likely that the flow will have any
significant negative impact on the channel conditions.

It is likely that the constant low flow condition will result in the establishment
of a vegetative community adjacent to the channel br the short distance that flow
willexist above ground. Additionally, the development of such a community, would
increase the evapotranspiration along the flow conidor and ultimately result in a
shorter flow distance below the mine.
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ATTACHMENT #1

PHOTOGRAPHS



X-section 1 Looking Upstream

X-Section 1 Looking Downstream



X-Section 1 Bed Materials



X-Section 2 - Looking Upstream

X-section 2 Bed Materials



X-section 3 Looking Upstream

X-section 4 Looking Upstream
Diversion Dam center and
Diversion Channel to Right



X-section 4 looking upstream
Diversion channel in center

Diversion Channelabove stock pond



ATTACHMENT #2

CALCU1.ATIONS
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Regressirxt Calculations fun Feak Flow ard Flovu D,epth
For Low Plateau Regbn - Thornas and Lindekw (1983)
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Appendix 7-10 UtahAmerican Energy, Inc. Peak Flow Simulation Results

INTRODUGTION:

The following simulation was prepared to provide a characterization of the variation
of flow as a result of differing rainfall return periods within each drainage basin
within the Lila Canyon Permit Area. Surface waters in or adjacent to the permit area
have not exhibited flow on a long term basis and therefore were characterized as
intermittent or ephemeral in nature.

General:
Figure 1 for Appendix 7-10 presents the nine drainage basins that were
evaluated as part of the simulations. These drainages include: Noname
Wash (WS1), Little Park Wash (WS 2 through 6), Stinky Spring Wash (WS
7), Lila Canyon (WS 9), and a smaller tributary WS 8).

The drainages were simulated for the 6-hour and 24-hour rainfall events.
This provides an assessment of the drainages response to different types of
rainfall events. The 6-hour events are typical of local, isolated high intensity
thunderstorms, while the 24-hour events are typical of large, frontal type
storms. Rainfall data were obtained from the precipitation frequency data
server from the NOAA web site (see Attachment 1)

The simulation was conducted using the Hydroflow program prepared by
Intelisolve. This program uses the NRCS unit hydrograph method with
selected rainfall distributions to simulate peak flows. lt also incorporates
channel routing and hydrograph addition to allow multiple watersheds to be
simulated and modeled to determine the effect on combined watershed
flows.

For the simulation, the watersheds were modeled using a weighted curve
number value to cover the entire watershed. This value was determined
based on professional judgement using soils and vegetation information
from the watershed areas. For the watersheds, the curve number was based
on a hydrologic soil group of 'B' due to the sandy soils predominant in the
higher elevations and a combination of sage-grass and juniper-grass
vegetation with a ground and canopy cover percentage of 40 (see Figure 9.6
from NEH-4 Attached). Hydraulic length and slope values were determined
from the topographic maps of the area. Watershed inputs are presented in
Table 1.

Channel routing parameters were determined from field observation and
from topographic maps of the area. Channel routing inputs are presented
in Table 2.
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Appendix 7-10 UtahAmerican Energy, Inc. Peak Flow Simulation Results

Simulations were prepared for the 2-, 5-, 1 0-,25-,50-, and 10O-year, 6-hour
and 24-hour rainfall events for each watershed. The results of these
simulations are presented in Table 3. These simulation results present the
individual watershed values for watersheds 1 ,7 ,8, and 9 and the cumulative
flows at the junction points within the channel or the total flow for the
watershed Little Park Wash. Graphs of the combined hydrographs of each
watershed are presented in Attachment 2.

The difference in peak flow from these simulations versus the peak flow
calculated in Appendix 7-g for similar watersheds is the difference in
methods. One uses the rainfall runoff relationship of the NRCS and one
uses the channel geometry basin size regression analysis. Both methods
have application in determining peak flow from a watershed. The regression
analysis assumes that all watersheds in the area of a given size and
elevation meets the same flow conditions of all other watersheds in the area.
This is not always the case. In any regression analysis there is fluctuation
in the prediction.

ln the case of the rainfall runoff relationship, the prediction is based on the
an understanding of the rainfall depth and intensity of the precipitation event
and the characteristics of the watershed land condition. The NRCS
simulation requires more data regarding the specificwatershed being studied
than the regression analysis and, so long as the inputs are reasonable and
representative of the watershed, is generally deemed a more accurate
predictor.
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Appendix 7-10 UtahAmerican Energy, Inc. Peak Flow Simulatlon Results

Table I

PEAK FLOW SIMULATION WATERSHED INPUTS

Watershed lD

Drainage
Area
(ac)

Curve
Number

Hydraulic
Length

(ft)
Basin Slope

(/"1

Time of
Concentration

(min)

WS1.1 427 65 7290 21.8 50.88

WS1.2 566 65 7520 4.3 1 18.03

WS7.1 849 65 1 2880 19.7 84.30

WSB.1 278 65 9670 21 .1 64.80

WSg.1 1317 65 1 3900 20.0 89.00

Little Park 6.1 499 65 7930 20.8 55.70

Little Park 6.2 285 65 6790 19.3 51  . 10

Little Park 6.3 94 65 2170 4.2 44.20

Little Park 5.1 77 65 2230 44.8 13.70

Little Park 5.2 213 65 4550 13.2 44.80

Little Park 4.1 189 65 3850 31.3 25.40

Little Park4.2 232 65 501 0 10.4 54.60

Little Park 6.4 67 65 2370 4.2 47.00

Little Park 6.5 276 65 6770 17.5 53.50

Liftle Park 6.6 383 65 5730 3.3 107.50

Little Park 3.1 687 65 7090 24,2 47.20

Little Park3.2 379 65 4980 4.4 83.30

Little Park 6.7 399 65 5760 2.9 191 .30

Littfe Park2.1 272 65 7810 22.O 57.80

Little Park2.2 333 65 7010 4.7 106.20

Little Park 6.8 444 65 681 0 2.9 132.1

Page -3-



UtahAmerican Energy, Inc.

Table 2

PEAK FLOW SIMULATION CHANNEL INPUTS

Channel lD

Reach
Length

(ft)
Mannings

n
Side Slope

(xH:1V)

Bottom
width
(ft)

Channel Slope
(/ r l

WS1 Channel 7520 0.030 2 8 4.3

WS2 Channel 8560 0.030 2 8 4.7

WS6.3 Channel 2170 0.030 2 I 4.2

WS5.2 Channel 4550 0.030 2 B 13.2

WS6.4 Channel 2370 0.030 2 B 4.2

WS4.2 Channel 501 0 0.030 2 8 10.4

WS6.6 Channel 5730 0.030 2 B 3.3

WS3.2 Channel 4980 0.030 2 8 4.4

WS6.7 Channel 5760 0.030 2 B 2.9

WS6.8 Channel 681 0 0.030 2 8 2.9



Appendix 7-10 UtahAmerican Energy. lnc. Peak Flow Simulation Results

Table 3

PEAK FLOW SIMULATIONS OF UNDISTURBED DRAINAGES
IN THE LILA CANYON MINE AREA

Watershed
ID

Return
Period

2yr
(cfs)

5yr
(cfs)

1 Oyr
(cfs)

25yr
(cfs)

50yr
(cfs)

1 00yr
(cfs)

WS1.1
6h r 0 0 1.39 5.54 9.98 17 .18

24 hr 0.65 3.22 9.31 22.68 39.50 59.77

WS1.2
6h r 0 0 1 .21 6.43 12.77 22.18

24 hr 0.86 3.82 9.45 20.66 33.99 49.70

WS1 Total

6h r 0 0 2.37 11.78 22.68 38.79

24 hr 1 .50 6.62 16.96 39.59 67.46 100.70

WS7 Total

6h r 0 0 2.23 10.43 19.63 33.75

24 hr 1 .29 6.04 15.85 36.1 5 60.94 90.24

WSB Total

6h r 0 0 0.85 3.60 6.59 11.34

24 hr 0.43 2.09 5.76 13.64 23.46 35.09

WSg Total

6h r 0 0 3.46 16.17 30.46 52.36

24 hr 2.01 9.38 24.59 56.08 94.53 139.99



Appendix 7-10 UtahAmerlcan Energy. Inc. Peak Flow Simulation Results

Table 3

PEAK FLOW SIMULATIONS OF UNDISTURBED DRAINAGES
IN THE LILA CANYON MINE AREA

Watershed
ID

Return
Period

2yr
(cfs)

5yr
(cfs)

1 Oyr
(cfs)

25yr
(cfs)

50yr
(cfs)

1 00yr
(cfs)

Little Park 6.1
6h r 0 0 1.63 6.48 11 .66 20.08

24 hr 0.76 3.76 10.88 26.5 46.16 69.84

Little Park 6.2
6h r 0 0 0.93 3.70 6.66 11.47

24 hr 0.44 2 .15 6.21 15.14 26.36 39.89

Little Park 6
Cumulative

6h r 0 0 2.56 1  0 .18 18.33 31.54

24 hr 1 .20 5.91 17.09 41.63 72.52 109.74

Little Park 6.3
6h r 0 0 0.32 1 .21 2 .15 3.70

24 hr 0 .14 0.70 2 .17 5.47 9.75 14.92

Little Park 5.1
6h r 0 0 0.31 1.00 1.73 2.93

24 hr 0.11 0.59 2.41 7.85 15 .16 23.59

Little Park 5.2
6h r 0 0 0.73 2.75 4.87 8.38

24 hr o.32 1.59 4.92 12.40 22.10 33.82

Little Park 5
Cumulative

6h r 0 0 2.82 11.34 20.41 35.22

24 hr 1 .77 8.54 24.80 61  . 16 107.32 163.42

Little Park 4.1
6h r 0 0 0.75 2.58 4.47 7.65

24 hr 0.29 1.49 5.31 14.72. 28.04 43.72

Littfe Park4.2
6h r 0 0 0.76 3.01 5.42 9.33

24 hr 0.36 1.75 5.06 12.32 21.46 32.47
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Appendix 7-10 UtahAmerican Energy, Inc. Peak Flow Slmulation Results

Table 3

PEAK FLOW SIMULATIONS OF UNDISTURBED DRAINAGES
IN THE LILA CANYON MINE AREA

Watershed
ID

Return
Period

2yr
(cfs)

5yr
(cfs)

1 Oyr
(cfs)

25yr
(cfs)

50yr
(cfs)

1 00yr
(cfs)

Little Park 6.4
6h r 0 0 0.23 0.86 1.53 2.64

24 hr 0.10 0.50 1.55 3.90 6.95 10.64

Little Park 6.5
6h r 0 0 0.90 3.58 6.45 1  1 .10

24 hr 0.42 2.08 6.02 14.66 25.53 38.63

Little Park 4
Cumulative

6h r 0 0 6 .17 24,81 44.74 77.12

24 hr 2.93 14.O1 40.73 101 .08 178.91 269.04

Little Park 6.6
6h r 0 0 0.87 4.44 8.64 14.92

24 hr 0.58 2.60 6.58 14.58 24.18 35.52

Little Park 3.1
6h r 0 0 2.35 8.86 15.72 27.03

24 hr 1 .03 5.1  3 15.87 40.00 71.27 109.07

Little Park3.2
6h r 0 0 1.00 4.65 8.76 15.07

24 hr 0.58 2.70 7.08 16.14 27.20 40.29

Little Park 3
Cumulative

6h r 0 0 9.73 42.29 77.65 133.01

24 hr 5.08 23.46 65.66 162.22 2U.24 430.10

Little Park 6.7
6h r 0 0 0.76 4.53 9.00 15.63

24 hr 0.60 2.69 6.66 14.57 23.96 35.04

Little Park2.1

6h r 0 0 0 1.U 4.30 7.79

24 hr 0 .17 0.81 2.54 7.96 14.23 24.90

Little Park2.2
6h r 0 0 0.64 3.68 7 .15 12.35

24 hr 0.48 2 .16 5.45 12.07 20.02 29.40
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Appendix 7-10 UtahAmerican Energy, Inc. Peak Flow Simulatlon Results
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Table 3

PEAK FLOW SIMULATIONS OF UNDISTURBED DRAINAGES
IN THE LILA CANYON MINE AREA

Watershed
ID

Return
Period

2yr
(cfs)

5yr
(cfs)

1 Oyr
(cfs)

25yr
(cfs)

50yr
(cfs)

1 00yr
(cfs)

Little Park2
Cumulative

6h r 0 0 11.07 u.40 100.57 168.92

24 hr 6.59 29.31 80.68 192.12 329.11 493.91

Little Park
Total

6h r 0 0 1 1.56 58.64 110.02 183.99

24 hr 7.24 31.45 84.30 199.12 340.37 508.74



ATTACHMENT 1

PREGIPITATION DATA



Precipitation Frequency Data Server http://hdsc.nws.noaa.gov/cgi-binArdsc/buildout.perl?typelf&series-..

POINT PRECIPITATION
FREQUENCY ESTIMATES
FRO]II NOAA ATI.AS 14

Utah 39.43 N t 10.35 W 6397 feet
from "Precipitation-Frequency Atlas of the United States" NOAA Atlas 14, Volume l. Version 3

G.M. Bonnin, D, Todd, B. Lin, T. Parzybok. M.Yekta" and D. Riley
NOAA. National Weather Sen'ice. Silver Spring, Maryland.2003

Extracted: Tue Nov 22 2A05

20
day

3 . r9

3.93
4.52

s.29

5.89

6.49

7.09

7.88

8.48

24
hr

1.36

1.66

l .9 l

2.23

2.48

2.74

3.00

3.34

3.79

, . r .,^ 1 
'These precipitation fiequency estimates are based on a p@!_duration series. ARI is the Average Reamence Interval.

I eXI veFlon or t"ole j Pbase ruo tb the documentaiion for more information, HOrgrormatring forces estimates near zero to appear ils zero.

conndence r-i*it9-j*9g*gngrityjffi*9l[glllorj SFigF--J -geP'-j *tp I oes*j - V.-s' VeF
Precipitation Frequency Estimates (inches)

ARt* 5 l0 15 30 60 120 3 6 12
(years) min min min min min min hr hr hr

2 0.15 0.23 0.2g o.3s 0.49 0.58 0.66 0.s3 1.03

s 0.22 0.33 0.41 0.5s 0.6s 0.78 0.85 1.04 1.27

r0 0.27 0.4r 0.51 0.69 0.85 0.96 1.03 1.22 t.4g

25 0.36 0.54 0.67 0.91 l . l2  1.25 l .3 l  1 .49 r .77

s0 0.44 0.67 0.82 l . l l  1 .37 l .5 l  1 .57 1.72 2.01

100 0.53 0.81 1.00 1.35 1.67 1.83 1.88 2.00 2.26

200 0.65 0.98 t.22 1.64 2.03 2.2r 2.26 2.37 2.s8

500 0.83 1.26 1.56 2.r0 2.60 2.82 2.88 2.99 3.19

1000 r.00 t.sz 1.88 2.54 3.14 3.39 3.46 3.56 3.76

4 8 4 7 1 0
hr day day day

t .62 l .9r  2.21 2.50

1.98 2.33 2.71 3.07

2.27 2.68 3. l l  3 .s2

2 .66  3 .15  3 .67  4 .1 I

2.96 3.5t 4.49 4.57

3.27 3.89 4.53 5.02

3.58 4.27 4.97 5.49

4.00 4.t8 5.57 6.10

4.32 5.t6 6.02 6.56

30 4s 60
day day day

3.79 4.59 5.38

4.63 5.61 6.59

s.28 6.44 7.50

6.t2 7.42 8.69

6.75 8.18 9.s6

7.38 8.93 10.43

7.99 9,67 tt.27

8.79 10.64 12.35

9 .39  I1 .36  13 . r5
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Precipitation Frequen cy Data Server
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Precipitation Frequen cy Data Server htp://hdsc.nws.noaa.govicgi-bin/hdsc/buildout.perl?type=pf&series...

P a r t i a l  d u r a t i o n  b a s e d  P o i n t  P r e c i p i t a t i o n  F r e q u e n c u  E s t i n a t e s  V e r s i o n :  3
3 9 . 4 3  N  1 1 6 . 3 5  ! l  6 3 9 7  f  t

l 4

1 3

1 e

1 l

L S

9

:tr fl
o a
E E
t l

t r )

Confidence Limits -

* Upper bound of the g0oh confidence interual
Precipitation Frequency Estimates (inches)

ARr** 5 t0 15 30 60 120 3 6 t2 24 48 4 7 l0 20 30 45 60
(years) min min min min min min hr hr hr hr hr day day day day day day day

2 0.t8 0.28 0.35 0.47 0.58 0.67 0.75 0.94 l .16 1.49 1.77 2.09 2.43 2.73 3.47 4.t2 4.99 5.83

5 0.26 0.3g 0.48 0.65 0.80 0.90 o,g7 t. t1 t .43 t.82 2.16 2.55 2.g8 3.34 4.27 5.02 6.08 7.12

lo 0.32 0.48 0.60 0.8t l .ob l . i l  l . r8 r.38 r.66 2.08 2.46 2.s2 3.42 3.82 4.sO s.7t 6.s2 8. l l

25 0.42 0.64 0.80 1.07 t.33 l .4s l .5r t .7t 2.00 2.45 2.89 3.42 4.01 4.46 5.74 6.61 8.02 9.38

50 0.52 0.79 0.98 1.32 1.63 t.77 t.82 t.99 2.28 2.74 3.21 3.82 4.49 4.96 6.39 7.32 8.85 10.35

100 0.63 0.96 1.20 l.6l t.99 2.r5 2.2r 2.35 2.62 3.04 3.s6 4.24 4.97 s.48 7.06 8.02 9.67 11.32

200 0.78 r.rE 1.47 t.g1 2.44 2.63 2.6s 2.E2 3.04 3.35 3.91 4.66 s.46 s.gg 7.74 8.71 10.49 t2.28

s00 1.02 1.55 t.92 2.58 3.t9 3.44 3.s2 3.62 3.83 3.87 4.40 s.24 6.17 6.68 8.67 9.63 11.58 13.55

1000 t.25 t.90 2.36 3.18 3.93 4.21 4.29 4.38 4.60 4.65 4.79 5.7r 6.70 7.23 9.37 10.34 12.43 14.49
* The upprr bolnd of the confidence interval at 90% confuence level is the value wtrich 5% of the simulated quantih values for a given frequency are greeter

than.
" These pecipitatim fiequency estimates are based on a partial duration series. ARI is the Average Recunence Interval.
Please refer to the documentation for more information. NOTE: Formattittg prevenb etimates near zerc to appear as zero.
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Precipitation Frequen cy Data Server

* Lower bound of the 90"h confidence interval
Precipitation Frequency Estimates (inches)

A R I * * 5 1 0  1 5  3 0  6 0  1 2 0  3  6 1 2 2 4  4 E  4  7 1 0  2 0  3 0 4 5  6 0
(years) min min min min min min hr hr hr hr hr day day day day day day day

2 0.t4 0.21 0.26 0.34 0.42 0.51 0.58 0.74 0.93 1.26 t.49 t.77 2.02 2.3r 2.9s 3.52 4.25 4.99

5 0.t9 0.28 0.35 0.47 0.58 0.68 0.75 0.92 l . l4 1.53 1.82 2.15 2.49 2.82 3.63 4.29 5.19 6.09

l0 0.23 0.35 0.43 0.59 0.72 0.83 0.90 1.08 t.32 t.1s 2.08 2.46 2.83 3.2t 4.16 4.87 5.88 6.91

2s 0.30 0.4s 0.56 0.76 0.94 1.05 r. tz 1.30 t.s6 2.05 2.42 2.86 3.31 3.72 4.85 s.62 6.77 7.95

50 0.35 0.54 0.67 0.90 r.r2 t .25 r.3l 1.48 t.7s 2.27 2.67 3.16 3.66 4.10 5.36 6.16 7.43 8.70

100 0.42 0.64 0.80 1.07 1.33 1.47 t.54 1.70 1.95 2.49 2.93 3.47 4.0r 4.46 s.86 6.68 8.05 9.43

200 0.49 0.75 0.93 t .26 1.56 1.72 t .80 t .97 2. t9  2.7r  3. r7 3.76 4.34 4.83 6.34 7.18 8.65 l0 . l l

500 0.60 0.92 l .r4 1.53 t.so 2.og 2.2t 2.4t 2.66 3.00 3.4g 4.13 4.78 5.27 6.95 7.81 9.39 10.96

1000 0.70 1.06 1.32 t.78 2.20 2.4t 2.55 2.80 3.08 3.22 3.72 4.40 s.08 5.59 7.39 8.2s g.g3 l l .ss
r The lorer bound o{ the conftdence interval dn%confidence level is the vdue wtrich 5% of the simulated quantile values for a given ftequenry ae lcss Sran.
* Thee precipitation frequency estimates are based on a partial duration maxima series. ARI is the Average Recurrence Interval.
Please refer to the documentatbn for more information. NOTE: Fomalting prevents estimates near zero to appear as zero.
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Precipitation Frequency Data Server
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htp:/Zhdsc.nws.noaa.gov/cgi-bin4rdsc/buildout.pcrl?WPe:pflkseries...

- These maps \'yere produced using a direct map request frun $e

_f, U.S. Census Bureau Mapoinq ad Cartoqraphic Resources
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Other Maps/Photographs -

View USGS dieital orthophoto quadrangle (DOQ) covering this location from TeraServer; USGS Aerial

Photograph may also be available
from this site. A DOQ is a computer-generated image of an aerial photograph in which image displacement caused by

terrain relief and camera tilts has been removed. [t combines the image characteristics of a photograph with the geometric

qualities of a map. Visit the USGS for more information.

Watershed/Stream Flow fnformation -

Ifffdlbel[qlgrslfgd for this location using the U.S. Environmental Protection Agency's site.

Climate l)ata Sources -

Precipitationfrequency results are based on datafrom a variety of sources, but largely NCDC. Thefollowing links
provide general information
about obsertting sites in the area, regardless of if their data,'vas used in this study. For detailed information about the
stations used in this study,
please refer to our documentation.

Using the National Climatic Data Center's (NCDC) station search engine, locate other climate stations within:

_ t{:99 q!!!rtgq | ...OR... t/.: t gggr,qeJ of this location (39.431-t10.35). Digital ASCII data can be obtained directly
from NCDC.

Find Natural Rcsources Conservation Service (NRCS) SNOTEL (SNOwpack TElemetry) stations by visiting the
Western Regional Climate Center's state-specific SNOTEL station maos.

Hydrrmctcorological Design Studics Center
DOCA{OAA/Nationrl lVcrther Scnice
1325 tsest-West Highwry
Silvcr Spring, MD 211910
(30r) 7r3-1669
Questions?: I lDSC.Questions'4Jnoaa.eov

Disclaimer
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Appendix 7-10 UtahAmerican Energy,Inc. Peak Flow Simulation Results

ATTAGHMENT 2

SIMULATION HYDROGRAPHS



6.HOUR SIMULATION RESULTS
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24.HOUR SIMULATION RESULTS
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