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TABLE 2.3.7-4

SUMMARY INFORMATION ON GROUNDWATER OBSERVATION WELLS

Well 

Designation

Other 

Designation

Year

Drilled

Monitored

yes/no

Operational

Status

Aquifer Represented/

Monitored Formation

Name & Type

Screened 

Interval, Top & 

Bottom 

Elevations, Mean 

Sea Level

Total

Depth

Drilled

(FT)

Collar

Elev

Ground 

Elevation

(FT)

Total 

Depth of 

Well 

Elevation(

FT)

Top of 

Casing 

(FT) 

above 

collar

Date & Current Water 

Level Elevation, Mean 

Sea Level

Historical Range of 

Water Level 

Elevation, Mean Sea 

Level

Name of Associated 

Coal Seam

Vertical Distance 

from Screened 

Interval to Associated 

Coal Seams (Above or 

Below)

Well Location, 

Township, Range, & 

Section

 W10-1  W79-10-1A* 1979 No Abandoned Star Point - Sandstone (Storrs Tongue)  7393.0-7373.0 5 2190 9379.4 7189.4 2.8  Sept. 2002; 9017.3  9034.6-8891.7 Lower O'Connor "A"  Through Coal Seam  T 13 S, R 6 E, Sec. 10

 W79-10-1B* 1979 Yes Active Blackhawk 1110 9382.8 8272.8 2.8 6/15/16; 8950.4 9039.3 - 8891.7  T 13 S, R 6 E, Sec.10

 W14-2  W79-14-2A* 1979 Yes Active Blackhawk  8342.0-8322.0 122 9051.7 8929.7 3 6/24/16; 9028.51 9049.1 - 8963.1  Lower O'Connor "A"  Through Coal Seam  T 13 S, R 6 E, Sec. 14

 W79-14-2B* 1979 No Casing failed 6/89 Starpoint 965 9047 8082 3  T 13 S, R 6 E, Sec. 14

 W22-2  W79-22-2-1* 1979 No Blocked Blackhawk 585 9040 8455 2.5  T 13 S, R 6 E, Sec. 22

 W79-22-2-2* 1979 No   Casing failed 9/85 Starpoint  1395 9041.8 7646.8 2.5      T 13 S, R 6 E, Sec. 22

 W26-1  W79-26-1* 1979 Yes Active Blackhawk - Sandy Siltsone  8411.0-8391.0 200 9012 8812 2.8 6/15/16; 8949.5 8976.5 - 7598.3  Lower O'Connor "B"  Through Coal Seam  T 13 S, R 6 E, Sec. 26

 W35-1  W79-35-1A* 1979 No Blocked  Star Point - Sandstone (Storrs Tongue)  8092.0-8072.0 1000 8726.4 7726.4 2.5 8/27/12; 8296.1 8557.7 - 8171.6  Lower O'Connor "A"  5' Below Coal Seam  T 13 S, R 6 E, Sec. 35

 W79-35-1B* 1979 No Blocked Blackhawk - Sandy Siltsone  8542.4-8504.4 220 8726.4 8506.4 2.5 10/29/14; 8611.2 8618.5 - 8534.6

 Not associated with 

coal seam  T 13 S, R 6 E, Sec. 35

 W2-1  98-2-1 1998 Yes Active Starpoint - Sandstone (Panther Tongue)  8030.4-8000.4 1519 9271 7752 6/10/16; 8403.31  8551.4-8325.3  Lower O'Connor "B"  Through Coal Seam  T 14 E, R 6 E, Sec. 2

 JC-1 n/a 2001 Yes Active Star Point - Sandstone (Storrs Tongue)  7918.0-7858.0 1000 8797 7797  No Current Data  No Current Data  Lower O'Connor "B"  11.5' Below Coal Seam  T 13 S, R 6 E, Sec. 35

 JC-2 n/a 2002 Yes Active Star Point - Sandstone (Storrs Tongue)  7886-7946 1000 8796 7796  No Current Data  No Current Data  Lower O'Connor "B" Below Coal Seam  T 13 S, R 6 E, Sec. 35

 JC-3 n/a Yes Active Star Point - Sandstone (Storrs Tongue)

 8061.7-8018.0,

 7730.5-1-7711.1  No Current Data  No Current Data  Lower O'Connor "B"  Though Coal Seam  T 13 S, R 6 E, Sec. 35

 99-4-1 n/a 1999 Yes Active Star Point - Sandstone (Storrs Tongue)  7551.0-7521.0 1470 8842 7372 6/10/16; 8533 8562.1 - 8483.6  Lower O'Connor "B"  Through Coal Seam  T 14 S, R 6 E, Sec. 4

 99-21-1 n/a 1999 No Blocked Star Point - Sandstone (Panther Tongue)  7431.3-7401.3 2050 9347 7297 12/18/14; 8287 8320.3 - 8277.3

 Flat Canyon (Middle 

Seam)  Through Coal Seam  T 13 S, R 6 E, Sec.21

 99-28-1 n/a 1999 No Abandoned Star Point - Sandstone (Panther Tongue)  7477.0-7447.0 2100 9351 7251 11/21/08; 8420.8 8420.8 - 8343.3

 Flat Canyon (Middle 

Seam)  ThroughCoal Seam  T 13 S, R 6 E, Sec. 28

 20-4-1 n/a 2000 No Blocked Star Point - Sandstone (Storrs Tongue)  7491.0-7464.0 1570 8874 7304 10/24/14; 8798 8798 - 8448.1  Lost Core  Lost Core  T 14 S, R 6 E, Sec. 4

 20-4-2 n/a 2000 No Abandoned Star Point - Sandstone (Storrs Tongue)  7574.0-7544.0 2200 9554 7354 6/19/10; 8472.53 8478.7 - 8383.2  Lower O'Connor 'A"  16' Below Coal Seam  T 14 S, R 6 E, Sec. 4

 20-28-1 n/a 2000 Yes Active Star Point - Sandstone (Panther Tongue)  7420.0-7390.0 1690 8871 7181 6/24/16; 8371 8393.7 - 8355.4  Lower O'Connor "B"  Through Coal Seam  T 13 S, R 6 E, Sec. 28

 91-26-1  North Lease 1991 No Blocked Starpoint  7698.1-7668.1 1876.7 9235 7358.3 6/19/15; 7851 7956 - 7802.7  Lower O'Connor "B"  Through Coal Seam  T 12 S, R 6 E, Sec. 26

 91-35-1  North Lease 1991 No Blocked Starpoint  7616.9-7586.9 2450 9262 6812 11/8/12; 7955 8021.3 - 7911.2  Lower O'connor "B"  Through Coal Seam  T 12 S, R 6 E, Sec. 35

92-91-03 n/a 1992 Yes Active Starpoint  7728.5-7977.5 132 7720 7852 3 6/14/16; 7977.5 7921.7 - 7867.9  Lower O'Connor "A"  Below Coal Seam  T 13 S, R 6 E, Sec. 4

 8-1-5 n/a 2008 Yes Active Starpoint 327 8144 8140.5 6/14/16; 7868 7834.5-7972.3  Lower O'Connor "B"  Below Coal Seam  T 13 S, R 6 E, Sec. 1

 15-21-2 n/a 2015 Yes Active Star Point - Sandstone  7014.0-7044.0 2142 9186 7044 10/20/16; 8350.4 8313.8 - 8350.4

Lower O'Connor "A"/ 

Flat Canyon  Below Coal Seam  T 13 S, R 6 E, Sec 21

 16-24-1 n/a 2016 Yes Active Star Point - Sandstone 

 Approx.

 7541.0-7571.0 600

Approx.

8111

Approx.

7511 ** ** Lower O'Connor "A"  Below Coal Seam  T 12 S, R 6 E, Sec 24

Denotes wells not in monitoring program

** New well, data will be reported to DOGM

Revised 12-30-2016 2-39

Note:                * The screen interval was determined by using the lowest minable coal seam; the screen was placed 3 feet below top of the coal seam; and a 20 foot screen was installed.
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1.0 Introduction 

 

The Canyon Fuel Company, LLC (CFC) Skyline Mine is located in the northern portion of the 

Wasatch Plateau coal district approximately three miles southwest of the town of Scofield, Utah 

(Figure 1).  The mine, which was opened in December 1981, is an underground mine that 

produces bituminous coal from the lower Blackhawk Formation coal seams in the region.  

Mining operations at the Skyline Mine have been conducted in locations that are mostly east of 

Huntington Creek.  Canyon Fuel is acquiring a new coal lease in the Flat Canyon Tract, which is 

located in upper Huntington Canyon west of Huntington Creek.  The Flat Canyon Tract is 

contiguous with the existing Skyline Mine permit area. 

 

This document presents the findings of an investigation of groundwater and surface-water 

systems in the Flat Canyon Tract area.  The findings of this investigation are a framework for a 

determination of the potential for mining related impacts to the hydrologic regime.  Specifically, 

this document addresses the requirements of Utah Coal Mining Rule R645-301-728, which 

requires that a determination of the probable hydrologic consequences (PHC) of coal mining be 

completed before a coal mining permit is issued by the Utah Division of Oil, Gas and Mining. 
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2.0 Methods of Study 

 
Existing Reports and Hydrologic Data 

Existing hydrogeologic maps and reports were obtained and reviewed. These included previous 

hydrogeologic investigations of the Skyline Mine area (Mayo and Associates, 1996), reports of 

spring and seep surveys conducted on the Flat Canyon Tract and surrounding area (Mayo and 

Associates, 1997, 1998), the Flat Canyon Tract Final Environmental Impact Statement conducted 

by the United States Forest Service and Bureau of Land Management (USFS, 2002), and reports 

of Star Point Sandstone groundwater systems that were intercepted previously by the Skyline 

Mine (HCI, 2001).  A professional paper that presents the findings of a comprehensive, multi-

year investigation of active and inactive groundwater flow regimes in the stratified mountainous 

terrain of the Wasatch Plateau and Book Cliffs coal fields was also reviewed as part of this 

investigation (Mayo et al, 2003). 

 

1997-1998 Spring and Seep Survey 

A spring and seep survey of the Flat Canyon Tract and adjacent area was performed by Mayo 

and Associates during 1997 and 1998.  The spring and seep surveys were conducted during low-

flow conditions in the fall of 1997 and during high-flow conditions in the springtime of 1998.  It 

should be noted that during the fall of 1997 and springtime of 1998 the Skyline Mine area was 

experiencing a period of sever wetness.  A total of 502 springs and seeps were identified in the 

Flat Canyon Tract and the surrounding surveyed area during these surveys.  As part of the spring 

and seep surveys, groundwater and surface-water discharge rates and field water quality 

parameters, including water temperature, pH, specific conductivity, were measured.   
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The use of the water at each spring and seep site was observed and recorded in the field.  Spring 

and seep locations were determined in the field using field reckoning on 1:24,000 scale 

topographic maps and also using Trimble Scoutmaster hand-held GPS units.  It is noted that at 

that time, the GPS signal was intentionally degraded by the U.S. government (selective 

availability) resulting in location accuracies that were considerably poorer than those obtainable 

using the current GPS system.  Selective availability was ended by the U.S. government in May 

2000.  

 

Perennial stream reaches were also identified in the Flat Canyon Tract area.  Discharge rates at 

the stream sites were measured by either measuring the time-to-fill of water flowing into a 

calibrated bucket using a stopwatch or using a Marsh-McBirney brand portable flow meter. 

   

Baseline Data Collection 

Baseline hydrologic data for groundwaters and surface waters in the Flat Canyon area (Petersen 

Hydrologic (2000, 2006-2014)) were obtained using the following methods: 

 

Baseline Monitoring Site Selection 

From the identified springs in the Flat Canyon and adjacent area, spring and seep sites 

were selected for monitoring based on several criteria.  Springs were chosen 1) to provide 

spatial coverage over the extent of the Flat Canyon Tract and adjacent area, 2) to provide 

monitoring coverage from groundwater systems from  the Price River Formation, 

Castlegate Sandstone, Castlegate Sandstone/Blackhawk Formation contact area, and the 

Blackhawk Formation.  Springs of particular importance for their use were also selected, 
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including springs used for campground and private cabin water supplies.  Spring 

monitoring sites were also selected to include springs discharging under varying 

discharge mechanisms, including springs that flow at high flow rates (that are likely 

highly influenced by the annual snowmelt event), and also springs that flow at lower rates 

that display less seasonal variability. 

 

Discharge Measurements 

Discharge measurements for springs were performed using a calibrated container and a 

stopwatch.  Generally, spring discharge measurements were performed by damming and 

diverting the spring discharge through a pipe.  Using an appropriately sized container, 

time-to-fill measurements were typically performed at least 3 times at each location.  An 

average time-to-fill value was used to calculate the reported discharge measurement.  At 

some spring locations with large discharge rates, spring discharge measurements were 

performed using a 90° v-notch weir, or using cross-sectional area – current velocity 

techniques.  Discharge measurements at stream monitoring stations were performed using 

existing Parshall flumes, using a Marsh-McBirney model 2000 electromagnetic current-

velocity meter and wading rod, or using a stopwatch and calibrated container as 

appropriate.  Discharge measurements and calculations were performed using methods 

described by the United States Geological Survey and the U.S. Bureau of Reclamation.  

 

Discharge Temperature Measurements 

Temperature measurements were performed using a Taylor brand electronic digital 

thermometer.  Discharge temperature measurements at springs were performed as close 
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to the spring discharge locations as possible.  Stream temperature measurements were 

performed, where possible, in a shaded, actively flowing portion of the stream. 

 

Specific Conductance Measurements 

Specific conductance measurements were performed using an Extech brand model 

EC400 conductivity meter with automatic temperature compensation.  The instrument 

was regularly calibrated using NIST traceable conductivity standard solutions. 

 

pH Measurements 

pH Measurements were performed using an Oakton model pH Testr 30 or an Oakton 

model Acorn 6 pH meter, both having automatic temperature compensation .  The 

instruments were regularly calibrated using NIST traceable pH standard solutions. 

 

 

Dissolved Oxygen Measurements 

Dissolved oxygen measurements were performed using a YSI brand Model 55 dissolved 

oxygen meter.  The meter was routinely calibrated using atmospheric oxygen calibration 

methods. 

 

Water Quality Laboratory Measurements 

Water quality laboratory analyses were performed by SGS Laboratories of Huntington, 

Utah, and Chemtech-Ford Laboratory of Sandy, Utah.  Both of these laboratories are 

NELAC certified laboratories. 
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Compilation of Data 

Solute, discharge, and isotopic data were obtained from Canyon Fuel Company, LLC and from 

the Utah Division of Oil, Gas and Mining on-line Utah Coal Mining Water Quality Database 

(UDOGM, 2014).  Information from spring and seep surveys and baseline monitoring activities 

were also obtained.  Hydrologic data for the Flat Canyon Tract from these sources were 

compiled into a single electronic database for analysis. 

 
Data Analysis 

Hydrologic data were analyzed using graphical and statistical methods.  Solute chemical 

compositions were analyzed using Stiff (1951) diagrams and Piper plots.  Groundwater mineral 

saturation indices were calculated using WATEQF (Plummer and others, 1976). 

 

Isotopic Analysis 

Groundwater and surface water samples for isotopic analysis have been collected as part of this 

and previous investigations at the Skyline Mine.  Tritium analyses were performed using 

electrolytic enrichment and low level counting methods by the Tritium Laboratory, University of 

Miami, Florida and at the BYU Department of Geology Isotopic Laboratory of Provo, Utah.  

Radiocarbon analyses used for radiometric dating were performed by Geochron Laboratories of 

Cambridge, Massachusetts and the BYU isotopic laboratory.   

 

Groundwater mean residence times were determined using methods described by Pearson and 

Hanshaw (1970), Fontes (1980), and Mookes (1980).  The radiocarbon dating models utilized in 
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this investigation were developed for use in carbonate terrains.  Radiocarbon dating was 

performed on the dissolved inorganic carbon contained in the water samples.  The carbon 

histories of groundwaters were evaluated using measured 13C compositions to account for 

sources of live (modern) and dead carbon and to verify the carbonate geochemical evolutionary 

pathway of the groundwaters (i.e. dissolution of carbonate minerals in the presence of soil-zone 

CO2 gas). 

 

 

3.0 Presentation of Data 

 
Baseline hydrologic data were collected at the Flat Canyon Tract area by Mayo and Associates, 

LC beginning in 1997 and continuing through 2000.  Beginning in 2006 and continuing to the 

present time, routine baseline monitoring of streams and springs in the Flat Canyon area has been 

performed.  Monitoring at several of the baseline monitoring sites has been continuous as part of 

the Skyline Mine hydrologic monitoring activities.  Baseline monitoring site locations in the Flat 

Canyon Tract are shown on Figure 2.  Baseline monitoring site details are presented in Table 1.  

A complete listing of baseline hydrologic monitoring data from the Flat Canyon Tract is 

presented in Table 2.  Additional monitoring data for springs, streams, and wells in and around 

the Flat Canyon Tract are available in the Utah Division of Oil, Gas and Mining on-line Coal 

Mining Water Quality Database (UDOGM, 2014).  Average discharge and water quality 

information for the baseline monitoring sites is presented in Table 3.  Plots of the Palmer 

Hydrologic Drought Index for Utah Regions 4 and 5 are presented in Figure 3.  A geologic map 

of the Flat Canyon and adjacent area is shown in Figure 4.  Discharge hydrographs for springs 

are presented in Figures 5.  Discharge hydrographs for streams are presented in Figure 6.  The 
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solute compositions of groundwaters and surface waters in the Flat Canyon Tract are represented 

graphically as Stiff (1951) diagrams in Figure 7.  Stiff diagrams are a useful way to compare the 

solute compositions of groundwaters.  The shape of the Stiff diagram is a representation of 

chemical type, while the size of the Stiff diagram is a reflection of the total dissolved solids 

concentration of the water.  Tritium and radiocarbon concentrations and radiocarbon mean 

residence times of groundwaters and surface waters in the Flat Canyon Tract and adjacent areas 

are listed in Table 4. 

 

 

4.0 Climate 

 
Climate data at the Skyline Mine are measured at NOAA weather station 427729, Scofield-

Skyline Mine, Utah (WRCC, 2014).  Station 427729 is located at the Skyline Mine surface 

facilities area.  The yearly precipitation measured at the Skyline Mine station between 1985 and 

2014 has ranged from a low of 17.69 inches in the 1986 water year to a high of 42.18 inches in 

the 2010 water year.  Monthly average temperatures at the mine site have ranged from a low of 

10.6 in the month of December to 75.9 ºF in the month of July. 

 

Climatic conditions in the region that includes the Flat Canyon Tract varied substantially during 

the period of baseline monitoring (1997 – present).  This is illustrated in plots of the Palmer 

Hydrologic Drought Index (PHDI) for Utah Regions 4 and 5 (Figure 3).  The Flat Canyon Tract 

is situated near the border between Utah Region 4 (south central), and Utah Region 5 (northern 

mountains).  The PHDI is a monthly value generated by the National Climatic Data Center using 

a variety of hydrologic parameters that indicates wet and dry spells.  The PHDI is calculated 
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from several hydrologic parameters including precipitation, temperature, evapotranspiration, soil 

water recharge, soil water loss, and runoff.  Consequently, it is a useful tool for evaluating the 

relationship between climate and groundwater and surface-water discharge data.  It is apparent in 

Figure 3 that the region experienced a prolonged period of moderate to extreme wetness 

beginning in 1997 that continued through November 1999.  It was during this period that the 

spring and seep surveys and the first two years of baseline hydrologic data were collected at the 

Flat Canyon Tract.  Beginning in December 1999, the region rapidly transitioned to a period of 

moderate to severe drought that continued to late 2004. Beginning in late 2004, the region 

transitioned to a period of wetness that peaked in mid-2005.  The period from 2006 through 2010 

was characterized by generally near-normal climatic conditions with brief alternating periods of 

wetness and dryness.  During 2011 the period experienced a period of severe wetness.  During 

2012, 2013, and early 2014 the region has experienced a period of continuous dryness. 

 

 

5.0 Geology 

 
Five Cretaceous- to Tertiary-age bedrock formations outcrop in the Flat Canyon Tract area 

(Figure 4).  These include, in descending order, the North Horn Formation, Price River 

Formation, Castlegate Sandstone, and the Blackhawk Formation.  The Star Point Sandstone and 

the Mancos Shale (which intertongues with the Star Point Sandstone) do not crop out in the Flat 

Canyon Tract area but are present in the subsurface beneath the area.  Each of these formations, 

and their ability to transmit groundwater, is described briefly below. 

 



  Petersen Hydrologic  
 
 

Investigation of Groundwater and Surface-Water 10 2 January 2017 
Systems and Probable Hydrologic Consequences                             
Of Coal Mining in the Flat Canyon Tract  

North Horn Formation 

The Upper Cretaceous-Tertiary age North Horn Formation is exposed on the highest ridge tops 

within and adjacent to the Flat Canyon Tract.  The formation consists primarily of shale with 

lesser amounts of interbedded sandstone, limestone, and conglomerate.  Low permeability 

bentonitic mudstones dominate in the lower third of the formation.  Isolated sandstone channels 

exist throughout the formation.  In the Wasatch Plateau, where the North Horn Formation often 

forms the cap rock along ridges and plateaus, springs commonly discharge from hillsides near 

the ridge tops because of the inability of groundwater to migrate downward through the shales of 

the North Horn Formation. 

 

Price River Formation 

The Price River Formation consists primarily of fluvial sandstones that are interbedded with 

shale and some conglomerate.  Consequently, in outcrop the formation commonly forms 

alternating ledge and slope exposures.  The lenticular, discontinuous nature of the fluvial 

sandstones, and the fact that the sandstones are encased in low permeability fine-grained 

material, prevents the transmission of water significant distances through the formation.  Where 

the formation is exposed at the surface, shallow groundwater systems can form in the soil zone 

or in shallow fractured bedrock horizons within the formation.  Regionally in the Wasatch 

Plateau coal mining district, groundwaters flowing through the Price River Formation commonly 

acquire TDS concentrations that are somewhat elevated relative to the TDS of groundwaters 

flowing through the underlying Castlegate Sandstone. 
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Castlegate Sandstone 

The Castlegate Sandstone is made up primarily of fine- to medium-grained fluvial sandstone.  

The formation was deposited in a braided stream environment, resulting in a series of lenticular, 

interpenetrating deposits.  Thin interbeds of siltstone and claystone are common.  The existence 

of mudstone drapes and the tightly cemented nature of the formation limit its ability to transmit 

groundwater.  In the Flat Canyon Tract area, the formation is exposed over a large area and thick 

soil and colluvial deposits are present in the shallow subsurface.  Consequently, springs in the 

Castlegate Sandstone are common in the Flat Canyon Tract area. 

 

Blackhawk Formation 

The Blackhawk Formation consists of lenticular, discontinuous beds of sandstone, claystone, 

mudstone, shale, and coal.  Because of the discontinuous nature of the rock strata, it is not 

possible to correlate individual rock layers over significant distances.  The claystones of the 

Blackhawk Formation contain high percentages of montmorillonite and other swelling clays 

(UDOGM, 2013).   Chempet Research Corporation (1989) found that claystone layers in the 

Blackhawk Formation contained up to 58% montmorillonite.  Vaughan Hansen Associates 

(1982) report that boreholes drilled into the Blackhawk Formation are very unstable and, when 

left open for a few days, slough badly. 

 

Sandstone paleochannels (sinusoidal fluvial sandstones encased in the surrounding low 

permeability, fine-grained rocks) are present throughout the formation.  Historically, sandstone 

channels encountered in the Skyline Mine sometimes contained water and other times were dry 

(Personal communication, Mark Bunnell, 2013). 
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Although regionally the Blackhawk Formation is known to have poor groundwater flow 

properties, many springs in the existing Skyline Mine permit area and many in the Flat Canyon 

Tract area occur in the Blackhawk Formation.  This is likely due primarily to the fact that in 

most locations in the existing Skyline Mine permit area, the Blackhawk Formation is the only 

bedrock formation present at the surface.  Because of the appreciable precipitation in the Skyline 

Mine area, the potential for groundwater recharge is substantial.  However, the interbedded low 

permeability shales and mudstones present in the Blackhawk Formation generally prevent deep 

downward migration of recharge water and thus the groundwater circulation depths of most 

groundwaters in the Blackhawk Formation are probably of shallow or intermediate depth (as 

evidenced by the marked seasonal variability in discharge rates in most Blackhawk Formation 

springs).  Within the Blackhawk Formation, springs commonly occur where sandstone 

paleochannels in the subsurface intersect the land surface.  The presence of faulting and 

fracturing enhances the secondary porosity of sandstone rocks in the fluvial channels which 

results in increased groundwater flow rates at some springs.   

 

Star Point Sandstone 

The Star Point Sandstone consists of massive, fine- to medium-grained sandstone that is 

moderately well consolidated.  Individual massive sandstone units are separated by partings of 

low-permeability siltstone or mudstone.  The Storrs Tongue of the Star Point Sandstone 

interfingers with the basal portion of the overlying Blackhawk Formation in the Skyline Mine 

area.  The Storrs Tongue of the Star Point Sandstone, which exists beneath the current Skyline 

Mine permit area pinches out to the west in the Flat Canyon Tract area.  The Panther Tongue of 
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the Star Point Sandstone underlies the Storrs Tongue in the existing permit area and the Flat 

Canyon Tract area.  The Panther Tongue is in most locations separated from the overlying Storrs 

Tongue by several tens of feet of relatively impermeable shaley deposits. 

 

Mayo and Associates (1999) report that groundwater inflows into the Skyline Mine from the Star 

Point Sandstone have radiocarbon ages in excess of 13,000 years.  This suggests that 

groundwater flow rates in the Star Point Sandstone are low.  This conclusion is supported by   

the low values of hydraulic conductivity reported for the Star Point Sandstone in the Wasatch 

Plateau.  Slug tests performed in minimally-fractured Star Point Sandstone at the GENWAL 

Resources Crandall Canyon Mine, located south of the Flat Canyon Tract area indicate a 

hydraulic conductivity of approximately 4.8 x 10-8 ft/s to 7.4 x 10-8 ft/s (Mayo and Associates, 

1997).  Bills (2000) found a hydraulic conductivity of 4.06 x 10-6 ft/sec for the Star Point 

Sandstone in the Straight Canyon area.  The higher hydraulic conductivity reported by Bills is 

likely the result of increased fracturing of the sandstone associated with the Straight Canyon 

Syncline.  Because of its low permeability, unfractured Star Point Sandstone bedrock is generally 

not an important water bearing or water transmitting unit in the region.  However, where the 

sandstone has been intensely fractured or faulted, the hydraulic conductivity of the formation and 

the water storage and water transmission potentials are greatly enhanced. 

 

In the Skyline Mine, significant inflows of old groundwater have occurred that are associated 

with fault and/or fracture systems that are sourced from the Star Point Sandstone. 
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Quaternary Alluvium 

Deposits of Quaternary alluvium are present in all of the major canyon bottoms in the Flat 

Canyon and adjacent area.  The Quaternary alluvial deposits in Flat Canyon are particularly well 

developed.  Where exposed in stream channels, the alluvium in the area has been observed to 

consist primarily of unconsolidated deposits cobbles, gravels, sands, and silts. 

 

Structure 

Bedrock strata in the Flat Canyon Area generally dip to the west at approximately 4 to 10 

degrees (Figure 4).  Numerous faults have been mapped in the current Skyline Mine permit area 

and the adjacent Flat Canyon Tract area (Figure 4).  The Flat Canyon Tract area and the Skyline 

Mine current permit area lie between two major north-south trending faults.  The Pleasant Valley 

Fault is located in the Mud Creek area to the east and segments of the Joes Valley Fault are 

present near Gooseberry Creek to the west.  The Pleasant Valley Fault system juxtaposes rocks 

of the Star Point Sandstone against the shale, mudstone, and sandstone rocks of the Blackhawk 

Formation.  The Gooseberry Creek Fault system juxtaposes rocks of the Star Point Sandstone 

against the predominantly shale bedrock of the North Horn Formation. 

 

Several north- to northeast-trending faults with displacements up to a few tens of feet have been 

mapped in the existing Skyline Mine permit area and in the Flat Canyon Tract area.  Significant 

groundwater inflows at the Skyline Mine have been associated with these structures. 
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6.0 Description of Groundwater Systems 

 
Groundwater in the Flat Canyon Tract naturally discharges as springs and seeps from alluvial 

deposits, Price River Formation, Castlegate Sandstone, and Blackhawk Formation.  Discharge 

hydrographs for springs in the Flat Canyon Tract area are presented in Figure 5.  (Note: in 

Figures 5 and 6, discharge data for 2011 and 2012 are not plotted for locations not having both 

high flow and low flow data for the year).  Throughout the extent of Skyline Mine underground 

workings, groundwater has been encountered in greater or lesser amounts as the mine workings 

have advanced.  Most commonly, groundwater has been intercepted in Blackhawk Formation 

sandstone paleochannels in the mine roof in newly opened mining areas.  These groundwater 

inflows are commonly short lived.  Larger inflows were encountered during mining operations in 

the southwest portion of the existing Skyline Mine permit area beginning in about 1999.  These 

larger inflows originated from the mine floor as warm water upwelled through faults and 

fractures in the underling Star Point Sandstone.  Unlike discharges from the overlying sandstone 

paleochannels, discharges from the underlying Star Point Sandstone have been more persistent.  

Radiocarbon dating of the Star Point Sandstone groundwaters indicate very old mean residence 

times for these waters (several thousands of years).  Tritium contents in the intercepted Star Point 

Sandstone groundwaters are generally low, indicating isolation of the groundwater from surface 

recharge sources for at least the past 50 years.  Groundwater sampled from the 10-Left sump area 

(which originated from a fault/fracture that is apparently associated with the “Diagonal Fault” 

system) contained tritium at low but detectable levels (~1 TU), while having a radiocarbon mean 

groundwater residence time of more than 6,000 years.  Because of mine flooding at the 10-Left 

inflow location, the groundwater could only be sampled where the sump/pool was accessible, 

which was a considerable distance from the actual submerged discharge source (personal 
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communication, Doug Johnson, 2001).  The degree to which the water sampled at the 10-Left 

sump could possibly have been contaminated with tritium from other floor waters comingling in 

the sump area is unknown.  However, by comparison, it is noteworthy that the average of the 

tritium concentrations of all spring and stream tritium samples in 1997 and 1998 in the adjacent 

Flat Canyon area (i.e. shallow, active-zone groundwaters and surface-waters) was about 17 TU 

(Table 4).   

 

Groundwater systems in the Skyline Mine and Flat Canyon areas are associated with one of two 

fundamental types of groundwater flow regime.  These two regimes are described by a fairly 

simple conceptual model that includes “active” and “inactive” groundwater flow regimes (Mayo 

et. al, 2003).  The operation of these two regimes is fundamentally a consequence of the vertical 

and horizontal heterogeneity and discontinuity of rock strata in the region.  A discussion of the 

active- and inactive-zone groundwater regimes in the Flat Canyon area is presented below. 

 

Active-Zone Groundwater Systems 

Active zone groundwater systems are characterized as having good hydraulic communication 

with groundwater recharge sources and having active groundwater flow from recharge to 

discharge areas.  Thus, they are dependent on annual recharge events and are affected by short-

term climatic variability.  The elevated tritium concentrations (which indicate groundwaters that 

are less than about 50 years old) and the modern radiocarbon ages of spring waters in the Flat 

Canyon Tract indicate that the springs in the Flat Canyon Tract area discharge from active-zone 

groundwater systems (Table 4).  With the exception of springs that discharge from the Pleasant 

Valley Fault system east of the Skyline Mine permit (Mayo and Associates, 1996), all springs 
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sampled for tritium and radiocarbon in the existing Skyline Mine permit area contain abundant 

tritium, contain modern radiocarbon, and are of modern origin.  These springs discharge from 

active zone groundwater systems. 

 

Discharge hydrographs for selected springs in the Flat Canyon Tract and surrounding area are 

presented in Figure 6.  It is apparent in Figure 6 that the springs exhibit seasonal variations in 

discharge rate.  Most of the springs also show rapid responses to significant periods of drought 

and wetness (climatic variability).  The rapid response of most springs to the annual snowmelt 

event and the subsequent rapid declines in discharge rates during the late summer and fall 

months (seasonal variability) suggests that the travel times from recharge locations to discharge 

locations are generally short.  This supports the conclusion that these springs discharge from 

active-zone systems. 

 

In the Flat Canyon Tract area, active-zone groundwater systems develop where 1) there is 

adequate precipitation to facilitate groundwater recharge, 2) there is sufficient storage capacity in 

the near-surface unconsolidated sediments and/or shallow bedrock to sustain groundwater 

discharge for significant periods, and 3) there is a competent, impermeable perching layer 

present in the subsurface that prohibits the downward migration of groundwater.  In the study 

area, the downward migration of active-zone groundwaters into deeper horizons is impeded by 

the presence of low permeability bedrock horizons that are present throughout the study area, 

creating perched groundwater conditions.  The perched groundwater systems, being constrained 

largely by surface topography, are usually of limited aerial extent. (i.e., groundwater discharge 

locations are commonly near recharge locations). 
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It is apparent from Table 2 and inspection of the Stiff (1951) diagrams in Figure 7 that all of the 

springs in the Flat Canyon area are of the low-TDS calcium-bicarbonate solute geochemical 

type.  The average TDS concentrations for the Flat Canyon are springs range from 72 to 272 

mg/L.  This geochemical type is consistent with the dissolution of carbonate minerals in the 

presence of soil-zone CO2 gas.    The geochemical evolution that produces this solute 

geochemical type in carbonate terrains is described below: 

 

Carbon dioxide gas is produced naturally in the soil at concentrations greatly exceeding 

atmospheric concentrations by root-zone respiration and also by the decay of organic matter.  

Recharge water (rain and snow melt), upon entering the soil mantle, reacts with CO2 to produce 

carbonic acid according to: 

 
CO2 + H2O = H2CO3 (carbonic acid)     (Equation 1) 

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

according to: 

 
H2CO3  = H+ + HCO3

-      (Equation 2) 
 

 
The H+ produced from Equation 2 reacts with carbonate minerals pervasive in the rocks of the 

Wasatch Plateau coal field, yielding calcium (and in the Flat Canyon area to a lesser extent 

magnesium) ions and additional bicarbonate ions to the water according to: 

 
CaCO3 (calcite) + H+ = Ca2+ + HCO3

-      (Equation 3) 
And 

CaMg(CO3)2 (dolomite) + 2H+ = Ca2+ + Mg2+ + 2 HCO3
-      (Equation 4) 
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Because of the limited solubility of calcite and dolomite in the absence of an additional source of 

CO2, waters acquiring their solute compositions through the geochemical evolutionary pathway 

described in Equations 1 through 4 typically have relatively low TDS concentrations. 

 

Much lesser amounts of sulfate, sodium, and chloride are also present in groundwaters and 

surface-waters in the Flat Canyon area.  These species are commonly produced by the 

dissolution of soluble minerals such as gypsum and halite according to: 

 

CaSO4 · 2H2O (gypsum) = Ca2+ + 2H2O      (Equation 5) 
 

NaCl (halite) = Na+ + Cl-      (Equation 6) 
 

 
Dissolution of halite used as road salt sometimes increases sodium and chloride concentrations in 

stream waters adjacent to salted roadways in the wintertime according to Equation 6. 

 

Waters containing Ca2+ resulting from the dissolution of carbonate minerals or gypsum may 

subsequently undergo ion exchange on exchangeable clay minerals present in the region 

resulting in an increase in Na+ concentrations at the expense of exchanged Ca2+ ions according 

to: 

Ca2+ + Na-clay = 2Na+ + Ca-Clay      (Equation 7) 
 

Ion exchange may also occur on zeolite minerals such as the sodium zeolite analcime according 

to: 

2NaAlSi2O6 · H2O + Ca2+ = Ca(AlSi2O6)2 · H2O +2Na+      (Equation 8) 
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Inspection of concentrations of important water quality parameters in stream discharge waters in 

the Flat Canyon Tract area (Table 2) do not indicate any substantially elevated concentrations of 

these constituents. 

 

 

Inactive-Zone Groundwater Systems 

Inactive-zone groundwater systems are characterized by old groundwater (commonly from about 

2,000 to 19,000 years) and a general lack of hydraulic communication with the ground surface or 

active recharge sources (Mayo et. al, 2003).  This condition is the result of the lack of recharge 

potential to deeper groundwater systems, either vertically or horizontally, because of 1) the 

abundance of low-permeability rocks in the rock sequence, and 2) the lenticular, discontinuous 

nature of the interbedded more permeable horizons that limits the extent of potential 

groundwater movement.  Inactive-zone groundwater systems are not influenced by either annual 

recharge events or by short-term climatic variability.  This is evidenced by the lack of seasonal 

or climatic discharge responses of groundwater inflows into the mine.  Rather, groundwater 

inflows encountered in the Skyline Mine (with the exception of the intercepted Star Point 

Sandstone fracture/fault inflows) typically drain rapidly after first being encountered (Personal 

communication, Mark Bunnell, 2013). 

 

Inactive-zone groundwaters in the Blackhawk Formation are not part of a regionally continuous 

aquifer.  Groundwater in the inactive zone occurs primarily in isolated partitions created by the 

discontinuous nature of bedrock hydrostratigraphic horizons and poor recharge potential.  

Because of the internal structure of the Star Point Sandstone, the sizes of the partitions in that 
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formation are considerably greater.  This condition may result in more sustained groundwater 

inflows from the Star Point Sandstone when intercepted by the mine openings.  Where faulted 

and/or extensively fractured, the secondary fracture porosity of the Star Point Sandstone can 

cause that formation to behave more like an aquifer in the traditional sense due to the hydraulic 

interconnectedness of the fracture network.  However, on a macro scale, the size of fracture-

enhanced groundwater partitions are constrained by hydrogeologic features such as lithologic 

pinch-outs, bounding faults that juxtapose permeable zones against impermeable lithologies, 

fracture discontinuities, or lateral variation in fracture intensities.  For example, because the 

Storrs Tongue of the Star Point Sandstone pinches out to the west in the Flat Canyon Tract area, 

groundwater flow in the partition associated with that member cannot extend westward beyond 

the Flat Canyon Tract area.  Similarly, the Flat Canyon Tract and existing Skyline Mine areas are 

constrained on the east and west by the Pleasant Valley and Gooseberry Fault Systems, 

respectively.  On both the east and west, these faults juxtapose the sandstones of the Star Point 

against rocks which likely have lower values of hydraulic conductivity.  The decline in the 

historic discharge rates measured at CS-14 (southwest mine area) supports the conclusion of a 

partitioned groundwater system in the Star Point Sandstone.  After peaking at more than 8,000 

gpm during early 2003, the discharge rate from CS-14 had declined to less than 2,000 gpm by 

early 2014 (Figure 8). 

 

Mayo and Associates (1996) found that the old radiocarbon ages of groundwater discharging 

from faults in the Skyline Mine area substantiate the idea that about 10,000 and 20,000 years ago 

major groundwater recharge events recharged the deeper portions of the bedrock in the Skyline 

Mine area, and that the clustering of 14C data suggests two major recharge events – one that 
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occurred about 10,000 years ago and another that occurred about 20,000 years ago – that 

occurred during very wet climatic cycles (i.e. glaciation).  It should be noted that, because 

similar climatic/recharge conditions are not present currently, nor have they been present for 

likely several thousand years, similar major recharge events to the deep, inactive-zone 

groundwater systems have likely not occurred during the recent past nor are they occurring 

presently. 

 

 

Over the life of the mine, mining operations in the Skyline Mine have encountered groundwater 

in some portions of the mine, while other nearby locations were dry.  Wells drilled into both the 

mine roof and mine floor at the Skyline Mine encountered significant thicknesses of unsaturated 

bedrock (Mayo and Associates, 1996).  The presence of unsaturated zones in the deep system is 

not consistent with a condition of continuous hydraulic saturation/connectivity with overlying or 

underlying groundwater systems (Mayo and Associates, 1996).  This condition is likely the result 

of limited groundwater recharge potential and the limited potential for groundwater migration in 

the lenticular rock bodies of the Blackhawk Formation and unfractured Star Point Sandstone.  

Because of these circumstances (discontinuous saturation), it is not possible to create meaningful 

potentiometric surface contour maps of such disconnected inactive-zone groundwater systems 

adjacent to coal mining areas.  However, water level responses in Star Point Sandstone 

monitoring wells in the Flat Canyon area have been observed over an area of several square 

miles in the Flat Canyon Tract and existing Skyline Mine area that appear to be related to the 

local depressurization of the Star Point Sandstone from fault-related groundwater inflows into 

the Skyline Mine.   
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The lack of vertical communication between vertically juxtaposed inactive-zone groundwater 

systems in the study area is demonstrated by the hydrographs of wells 79-35-1A and 79-35-1B, a 

nested monitoring well pair in Burnout Canyon (Figure 9).  Well 79-35-1B is completed in the 

Blackhawk Formation above the mined coal seams.  Well 79-35-1A is completed in the Star 

Point Sandstone below the currently mined coal seams.  In response to the substantial (several 

thousand gpm) groundwater inflows into the Skyline Mine that have occurred, the potentiometric 

level in 79-35-1A has experienced a marked decline (such as would be anticipated under such 

hydrogeologic conditions).  In contrast, the potentiometric level in 79-35-1B, which is isolated 

from the underlying Star Point Sandstone by low-permeability rocks of the Blackhawk 

Formation, has remained remarkably stable during this same period.  (The one-time drop in the 

water level at W79-35-1B corresponds with the passage of the longwall face within a few 

hundred feet of the well’s location during mining of the 11L longwall panel in December 2002 

and January 2003.  This likely represents a local adjustment within the Blackhawk Formation 

groundwater system above the coal seam near the physical well location (i.e. response to 

subsidence) and is not related to the more regional water level response of groundwaters in the 

Star point Sandstone).  What this means is that the Blackhawk Formation in the vicinity of 79-

35-1A and -1B is not being dewatered as a result of mine-related dewatering/depressurization of 

the Star Point Sandstone. 

 

The conclusion that mine-related dewatering/depressurization of the Star Point Sandstone is not 

dewatering overlying formations is also supported by the fact that springs in the vicinity of the 

major 10-Left inflow have not experienced discharge declines since the time of the initial inflow.  
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Discharge rates from several Blackhawk Formation springs near the 10-Left inflow area (see 

data for springs 2-413, S35-8, and S34-12 in UDOGM, 2014) have not been impacted by the Star 

Point Sandstone dewatering/depressurization in the 10-Left area.  Similarly, discharge rates in 

the James Canyon surface stream that directly overlies the 10-Left mining area (see data for F-9 

and F-10 in UDOGM, 2014) has not be impacted in any measurable or perceptible way 

subsequent to the interception of large quantities of Star Point Sandstone groundwater directly 

beneath that surface-water drainage. 

 

It is apparent from Table 3 that groundwater discharging from springs in the Flat Canyon area is 

uniformly low in TDS (the average TDS for all springs is less than 250 mg/L).  Springs 

discharging from the Price River Formation generally have the highest concentrations of 

dissolved salts (average of 223 mg/L).  The higher TDS concentrations in the Price River Springs 

are attributable to the presence of soluble minerals in the shaley sequences within the Price River 

Formation.  The lowest TDS concentrations occur in the Castlegate Sandstone springs (Table 3).   

Because the fluvial sandstones of the Castlegate Sandstone generally have lower concentrations 

of soluble minerals than do geologic formations from other depositional environments, the 

potential for increased solute concentrations as groundwaters flow through the Castlegate 

Sandstone is lower.  The low TDS of groundwater in the Castlegate Sandstone suggests that the 

Castlegate Sandstone groundwaters have not interacted with the rocks of the overlying Price 

River Formation.  What this means is that vertical recharge through the Price River Formation to 

the Castlegate Sandstone and deeper geologic strata is likely not occurring to any appreciable 

extent.  

 



  Petersen Hydrologic  
 
 

Investigation of Groundwater and Surface-Water 25 2 January 2017 
Systems and Probable Hydrologic Consequences                             
Of Coal Mining in the Flat Canyon Tract  

A determination of the mechanisms and directions of groundwater flow and groundwater 

gradients in the heterogeneous hydrogeologic framework of the Skyline Mine and Flat Canyon 

area is often not straightforward.  Groundwater flow in the Blackhawk Formation is constrained 

largely by the geometry of permeable strata and stratigraphic dips.  Most notably, groundwater 

flow mostly occurs within sandstone paleochannels which are commonly sinuous in their spatial 

extent and discontinuous laterally.  Areas of unsaturated bedrock have been identified in the deep 

Blackhawk Formation groundwater system both above and below the mined coal seams. 

 

The U.S.D.A. Forest Service (2002) suggests that the mechanics of the Star Point Sandstone 

groundwater systems are not well understood. Within the Star Point Sandstone, groundwater 

flow occurs primarily where the sandstone bedrock is significantly fractured or faulted.  In areas 

of unfractured Star Point Sandstone, discharge from the bedrock as springs is rare, and major 

springs are only associated with fault systems (Bills, 2000). The geometries of permeable units in 

the Star Point are commonly discontinuous and lenticular (although typically at a larger scale 

than in the overlying Blackhawk Formation) with interbedded tongues of low permeability 

shaley strata being present in the formation.  Regional faulting has resulted in the creation of 

discontinuous blocks of permeable bedrock being juxtaposed with blocks of low permeability 

strata.  Geologic structures such as faulting and folding influence stratal dips which can influence 

groundwater flow in bedded sedimentary rocks.  Additionally, calculating groundwater flow 

directions and gradients using data from dispersed monitoring wells in stratified groundwater 

systems, particularly with large vertical gradients, can prove problematic (i.e. where the 

monitoring wells are not all screened in the same continuous hydyrostratigraphic unit). 
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Faults can be conduits through which groundwater can migrate.  In some cases, the fault plane 

and any associated damaged zones can facilitate the movement of water along these structures.   

Groundwater flow may also occur along damaged zones associated with significant faulting. In 

other instances, particularly where faults intersect clay-rich strata, the potential for groundwater 

movement through the fault and its associated fault gouge is low.  Where displacement along a 

fault juxtaposes low-permeability strata with higher permeability units, the fault can be a barrier 

to lateral groundwater flow. The U.S.D.A. Forest Service (2002) states that mining experience in 

the Wasatch Plateau suggests that large-offset faults are generally barriers to lateral flow across a 

fault due to the presence of low-permeability fault gouge.  

  

It has been the experience at the Skyline Mine that in some locations where faults are 

encountered in the underground mine workings, the fault surfaces are dry.  In other locations, 

similar faults will discharge appreciable amounts of groundwater when intercepted by the 

advancing mine workings (personal communication Gregg Galecki, 2016).  Because of such 

variability in the water-transmitting potential of faults, there appears to be limited reliable 

predictive value in drilling into discrete fault plane segments to define the hydrologic 

characteristics of the larger fault zone. 

 

It is anticipated that because of the presence of low-permeability units (shales, claystones, and 

mudstones) interbedded vertically with the more permeable sandstone units, horizontal 

groundwater flow dominates in such stratified bedrock with vertical flow across the low 

permeability units being minimal.  This conclusion is supported by rock testing performed on 

drilling cores of shales from the Blackhawk Formation.  Laboratory testing of cores from the 
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Blackhawk Formation by the United States Geological Survey indicate low permeability for 

shales and siltstones from the Blackhawk Formation (UDOGM 2013).  Permeability testing on a 

shale sample from the Blackhawk Formation indicated the shale was impermeable to water (in 

both vertical and horizontal directions) even at pressures of 5,000 pounds per square inch.  

Measured permeability for other shales and siltstones in the Blackhawk Formation were also 

very low. 

 

Mayo and Associates (1996) did not attempt to use monitoring well data to construct a 

piezometric surface map because they found that the deep groundwater systems are 

discontinuous and, thus, water surface correlations between wells is not meaningful. 

The U.S.D.A Forest Service suggested that, although the mechanics of the Star Point Sandstone 

groundwater systems are not well understood, that groundwater flow directions in the Flat 

Canyon area follow the direction of the bedrock dip (to the west). 

In conjunction with the construction of their numerical groundwater model of the Skyline Mine 

and Flat Canyon areas, HCI (2001) projected a hydraulic gradient from south to north.  Their 

analysis was based on a comprehensive analysis of all available data from the mine area. 

 

7.0 Description of Surface Water Systems 

 
Most surface water in the Flat Canyon Tract is tributary to the Upper Huntington Creek drainage, 

which is part of the San Rafael River drainage.  The San Rafael River drains into the Green 

River approximately 80 miles southeast of the study area.  A small portion of the Flat Canyon 

Tract (~40 acres) flows into the upper Gooseberry Creek drainage, which is part of the Price 
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River drainage (Figure 2).  However, mining is not currently proposed in this small area within 

the Gooseberry Drainage.  

 

As shown in Figure 6, in the spring and early summer months, perennial, intermittent, and 

ephemeral stream drainages in the Flat Canyon Tract area convey large amounts of snowmelt 

water down the Wasatch Plateau during the annual snowmelt event.  As the snowmelt period 

wanes in the summer months, discharges from the ephemeral and intermittent streams cease and 

discharges in perennial streams decrease dramatically, commonly to only small fractions of peak 

snowmelt period discharge rates (Table 2; Figure 6). 

 

Perennial stream reaches have been identified in Boulger, Flat, Swens, Little Swens, and the 

upper portion of Cunningham Canyons (USFS, 2002).  Huntington Creek, which is located 

immediately east of the Flat Canyon Tract is also a perennial stream. 

 

Baseflow to perennial streams in the Flat Canyon Tract area is through discharge from active-

zone groundwater systems (described previously).  Thus, the mechanism whereby perennial 

streams in the Flat Canyon Tract operate is intimately related to the operation of active-zone 

groundwater systems.  Fundamentally, perennial streams exist in the study area where 1) there is 

sufficient discharge from active-zone groundwater systems to exceed combined downstream 

losses resulting from evapotranspiration and infiltration, and 2) there is a competent perching 

layer beneath the stream to prevent the infiltration and downward migration of surface water 
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The fact that most streams in the Flat Canyon Tract area are gaining streams over most of their 

reaches (USFS, 2002) suggests that the perching layers beneath the streams do effectively 

prevent downward migration of surface waters into the subsurface.  This also suggests significant 

communication between perennial streams and adjacent active-zone groundwater systems.  This 

communication is likely due to the fact that the same perching layers that allow for the operation 

of the perennial stream also support adjacent perched, active-zone groundwater systems. 

 

In order to document the hydraulic disconnect between perennial streams and active-zone 

groundwater systems in the Skyline Mine area, a major, multi-year hydrologic investigation of 

the Burnout Canyon drainage was commenced by Canyon Fuel Company in 1991.  Burnout 

Canyon is a tributary to Huntington Creek.  The mouth of Burnout Canyon is located about 0.6 

miles east of the Flat Canyon Tract (Figure 1).  As part of this investigation, frequent discharge 

measurements were performed during the accessible period of the year in several locations in the 

Burnout Creek drainage.  Concurrent with the extensive monitoring program, multiple-seam 

longwall undermining of the drainage has occurred.  It is apparent that discharge rates in Burnout 

Creek respond rapidly to both seasonal and climatic variations.  This observation is consistent 

with the finding that the perennial stream is sustained by active-zone groundwater discharge in 

the drainage basin.  However, no perceptible or quantifiable diminutions in peak flow or 

baseflow discharge rates are apparent.  The fact that discharge rates in the stream (and the active-

zone groundwater systems that sustain them) were not impacted by multiple-seam longwall 

mining supports the conclusion that the inactive-zone groundwater systems encountered in the 

mine workings beneath Burnout Canyon are hydraulically isolated from the stream channel in 
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Burnout Canyon (i.e., the impermeable perching layers separating the two hydrologic regimes 

effectively isolates these two systems). 

 

Also as part of the Burnout Canyon study, topographic gradients of the stream channel thalweg 

were surveyed regularly, and stream characteristics were inventoried before and after longwall 

mining to determine the effects of subsidence of the stream drainage.  It was the conclusion of 

these investigations that with the possible exception of an increase in the pool/riffle ratio in the 

drainage, no significant changes to the stream channel morphology occurred as a result of 

undermining of the stream (Sidel, 2000).  Given the close proximity of Burnout Canyon to the 

Flat Canyon Tract and the overall similar conditions in the two areas, it is anticipated that the 

hydrologic response to mining in the Flat Canyon Tract will likely be generally similar to that 

which was observed in Burnout Canyon. 

 

The solute compositions of surface waters in the Flat Canyon Tract area are similar to the 

compositions of springs in the area that discharge from active zone groundwater systems.  These 

surface waters are of the calcium-bicarbonate chemical type with average TDS concentrations 

ranging from 137 to 198 mg/l.  This chemical composition is consistent with the dissolution of 

carbonate minerals in the presence of CO2 gas.  The fact that the stream compositions are 

essentially the same as those for active-zone springs is expected, because stream discharge in the 

streams is derived primarily from active-zone groundwater discharge. 

 



  Petersen Hydrologic  
 
 

Investigation of Groundwater and Surface-Water 31 2 January 2017 
Systems and Probable Hydrologic Consequences                             
Of Coal Mining in the Flat Canyon Tract  

Inspection of concentrations of important water quality parameters in stream discharge waters in 

the Flat Canyon Tract area (Table 2) indicate no elevated concentrations of any of these 

constituents. 
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8.0 Determination of Probable Hydrologic Consequences of Coal Mining in the Flat 

Canyon Tract. 

 

728.100  Quality and quantity of surface water and groundwater under seasonal flow 

conditions 

 

A large quantity of water quality and water quantity baseline data has been collected from the 

Flat Canyon Tract and adjacent area over a period of more than 5 years.  The baseline hydrologic 

data that has been collected from groundwaters and surface waters in the Flat Canyon Tract and 

adjacent area is adequate to determine potential future impacts resulting from the proposed coal 

mining and reclamation activities in the Flat Canyon Tract. 

 

Groundwaters and surface waters in the Flat Canyon Tract area are generally of the low TDS 

calcium-bicarbonate chemical type (Table 2).  Lesser amounts of magnesium and sulfate are also 

present.  Average TDS concentrations of spring waters sampled during baseline monitoring 

range from approximately 72 to 272 mg/L.  Stream waters sampled during baseline monitoring 

have average TDS concentrations ranging from 157 to 198 mg/L.  Average pH values for springs 

and streams in the Flat Canyon Tract area range from about 7.1 to 8.5. 

 

728.200   Baseline hydrologic information 

Spring and seep surveys were conducted at the Flat Canyon Tract during low-flow conditions in 

the fall of 1997 and during high-flow conditions in the springtime of 1998.  As part of the spring 
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and seep surveys, groundwater and surface-water discharge rates and field water quality 

parameters, including water temperature, pH, specific conductivity, were measured.  The results 

of the 1997 and 1998 Mayo and Associates Spring and Seep surveys (including a map showing 

spring and seep locations and tables listing the discharge and field water quality parameters 

measured during high flow and low flow conditions as well as the geographical coordinates and 

uses of water at each spring and seep) are included in Appendix A-1 of the Skyline Mine MRP. 

 

Baseline monitoring of selected springs and streams in the Flat Canyon Tract and surrounding 

area continued during both high-flow and low-flow conditions in 1998, 1999 and 2000.  From 

2006 through 2014, additional monitoring of stream and spring discharge rates and field water 

quality parameters were monitored in the Flat Canyon area.  Operational monitoring of selected 

baseline monitoring sites has continued as part of the Skyline Mine hydrologic monitoring plan 

to the present (UDOGM, 2014).  The results of baseline monitoring at the Flat Canyon Tract area 

are listed in Table 2.  

 

 

728.310  Whether adverse impacts may occur to the hydrologic balance 

The hydrologic balance is the sum of the flow interactions between surface waters and 

groundwaters and between various groundwater flow systems.  Coal mining in the Flat Canyon 

Tract will likely not result in significant adverse impacts to the hydrologic balance. 

 

Mine workings in the Flat Canyon Tract will likely intercept perched, inactive-zone groundwater 

systems in sandstone channels in the mine roof.  As has been the case historically in the Skyline 
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Mine, these inflows will likely be short lived and of magnitudes similar to those encountered 

previously.  Mining operations will dewater these perched groundwater systems.  However, 

because these systems are not in hydraulic communication with the ground surface or shallow 

overlying active-zone groundwater systems, dewatering of the deep perched systems will likely 

have no impact on overlying groundwater or surface water resources.  This conclusion is 

supported by the fact that in the previous 30+ years of coal mining at the Skyline Mine, no 

appreciable impacts to groundwater or surface-water discharge rates in the Skyline Mine permit 

or adjacent areas have been identified. 

 

There is the likelihood that as mine working progress westward (down-dip) large fault-related 

groundwater inflows could occur where mine openings intersect faults or fracture systems.  This 

conclusion is based on 1) the general hydrogeologic similarities between the Flat Canyon Tract 

and the adjacent the southwestern portion of the Skyline Mine permit area, and 2) the history of 

encountering large fault-related groundwater inflows in the southwest portion of the Skyline 

Mine.  As has been the case with previously encountered fault-related inflows in the Skyline 

Mine, the water discharging from these fault systems will likely emanate from water-bearing 

horizons below the coal seam, likely from the tongues of the Star Point Sandstone.   

 

As indicated previously, no perceptible or quantifiable impacts to discharge rates in the shallow 

groundwater systems that support springs or provide baseflow to streams have been noted during 

historic mining operations the Skyline Mine – even in areas where large inflows of groundwater 

from the Star Point Sandstone have been encountered.  Long-term baseline monitoring data from 

springs and streams in the Flat Canyon area (1997-2014), collected prior to and subsequent to the 
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encountering of the large Star Point Sandstone groundwater inflows in the nearby Skyline Mine, 

do not show any perceptible or quantifiable impacts to overlying spring or surface-water 

discharge rates in response to this occurrence.  A similar lack of impacts to groundwater or 

surface-water systems in the vicinity of the Flat Canyon Tract would be anticipated as a 

consequence of future coal mining activities in the Flat Canyon area. 

 

As discussed previously, inactive-zone groundwater systems in the Star Point Sandstone occur in 

isolated partitions.  However, the sizes of the Star Point Sandstone partitions are generally larger 

than are the partitions in the overlying Blackhawk Formation.  In most instances, these partitions 

are not in hydraulic communication with the land surface or shallow overlying active-zone 

groundwater systems that support springs and seeps and provide baseflow to streams, or with 

adjacent groundwater partitions in the Star Point.  (As noted above, the Star Point Sandstone 

groundwater inflow encountered in the 10-Left area at the Skyline Mine may have contained a 

low level of tritium (~1 TU) but the water had a radiocarbon mean residence time of greater than 

6,000 years, indicating that the great majority of the intercepted water was ancient water derived 

from the Star Point Sandstone). 

 

The lack of impacts to groundwater or surface-water discharge rates at springs or streams 

overlying in-mine Star Point Sandstone groundwater inflow areas indicates that there is not 

strong hydraulic communication between the Star Point and overlying active-zone groundwater 

systems.  Rather, the observed water level responses in distant surrounding Star Point Sandstone 

wells to the interception of the Star Point Sandstone groundwaters in the mine suggests that the 

intercepted water is being taken out of storage from the Star point Sandstone.  Accordingly, it is 
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unlikely that springs, seeps, or perennial streams in the Flat Canyon area would be impacted as a 

result of intercepting deep Star point Sandstone groundwaters during the proposed coal mining 

activities in the Flat Canyon Tract. 

 

At any coal mine, subsidence-related interruption and deformation of strata above longwall-

mined areas has the potential to alter the pre-mining groundwater flow conditions.  The potential 

for this impact to affect groundwater and surface-water resources in the Flat Canyon Tract is 

low.  Subsidence of the land surface overlying coal mining areas is a commonly observed 

phenomenon in the Utah coal mining environment.  Surface subsidence can occur where the rock 

strata overlying mined-out areas sags into the voids left by the extraction of the coal.  The United 

States Mine Safety and Health Administration (MSHA 2009) describes zones of disturbance of 

geologic strata over mine workings.  These zones include:   

 Floor heave – Upward thrust of the floor in the mine working area. 

 Caved zone – Caving of the overburden directly over a mine void and bulking of the 

caved material leading to support of overlying strata generally extending to a height of 3 

to 10 times the extraction thickness.  Assuming an extraction thickness of 10 feet, the 

caved zone would extend from 30 to 100 feet above the mining interval. 

 Fractured zone – A zone of vertical fracturing and bed separations.  Overburden in this 

zone moves vertically in large blocks along existing joints and new vertical fractures.  

Typically this zone extends no more than 24 times the extraction thickness above the 

mine, but can reach 30 times the extraction thickness.  Assuming an extraction thickness 

of 10 feet, the Fractured zone would be anticipated to extend no more than 240 feet above 
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the mine, possibly reaching 300 feet above the mine level. 

 Main roof – This zone, which is sometimes subdivided into the Dilated Zone and the 

Constrained Zone, is an area of no significant increase in vertical hydraulic conductivity.  

This zone has been characterized as extending above the Fractured Zone up to 60 times 

the extraction thickness.  Assuming a coal extraction thickness of 10 feet, the Main roof 

zone would extend for 600 feet above the mine level. 

 Surface zone – Surface cracks are typically present in this zone and are generally limited 

to areas placed in tension by subsidence.  Cracks can be created in dry clayey soil and 

joints can open in massive sandstones.  Such cracks can extend downward to a depth of 

50 feet. 

Similarly, in order to estimate the height overlying mining areas to which subsidence-induced 

fracturing may extend, and to project minimum overburden thickness required to protect 

hydrologic resources, the Society for Mining, Metallurgy, and Exploration (SME, 2011) has 

developed empirical relationships between the thickness of the extracted coal seam and the 

upward fracture propagation distances (see SME Chapter 10.6, “Mine Subsidence”).  Utilizing 

these relationships, the Mining Engineers Handbook recommends that a minimum vertical 

distance between the mine and an overlying water body with the potential for causing 

catastrophic damage should be a minimum of 60 times the coal mining height.  The same 

minimum vertical separation distance is recommended for protection of aquifers overlying total 

extraction mining areas.  Based on these considerations, it is considered unlikely that impacts to 

groundwater aquifers, springs, seeps and streams will occur as a result of upwardly propagating 

fracturing in areas where the overburden exceeds 600 feet.  Because mining in the Flat Canyon 
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Tract will occur in areas where the overburden exceeds 1,000 feet, subsidence-related impacts to 

shallow groundwater systems that support springs and provide baseflow to streams are not 

anticipated.  The presence of a thick zone of unfractured, low-permeability bedrock prevents the 

downward migration of active-zone groundwaters into the deeper subsurface.  Sealing of 

subsidence cracks by clays in the Blackhawk Formation is expected to minimize long-term 

effects of subsidence on the hydrologic systems (UDOGM, 2013).   

 

Where tension cracks at the surface do form, they can temporarily divert shallow, active-zone 

groundwaters and cause minor changes to groundwater discharge locations.  Spring discharge 

locations could be moved a short distance down-gradient as a result of groundwater flow path 

alterations.  It has been the experience at the Skyline Mine that tension cracks that form at the 

surface (on hillsides and ridge lines) are rapidly filled with sediment over time.  The impacts to 

groundwater systems that could potentially result from tension cracking at the surface are 

considered minimal. 

 

In a similar fashion, tension cracking of the substrate of a perennial stream has the potential to 

divert surface waters.  The potential for loss of surface waters to deeper groundwater systems 

through downward migration of water through subsidence fractures in the Flat Canyon Tract area 

is considered low.  This is because 1) overburden thicknesses are appreciable (>1,000 feet), and 

2) as discussed previously, the perching layers underlying perennial streams would likely not be 

compromised as a result of tension fracturing.  This is considered likely for two reasons.  First, 

the hydraulic conductivites of underlying bedrock formations are low and permeable horizons 

are lenticular and discontinuous.  Thus, the underlying bedrock is likely not capable of accepting 
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appreciable quantities of stream leakage, and rejected recharge occurs.  Second, the presence of 

swelling clays in the bedrock formations in the Flat Canyon Tract area causes the natural healing 

of tension cracks in fine-grained bedrock lithologies.  Surface cracks in stream substrates that 

occur in more brittle sandstones would likely be filled with sediment transported by the stream.  

Because active-zone groundwater systems will likely not be impacted by subsidence fracturing, 

the potential for diminution of baseflow in perennial streams is considered low.  Thus, the 

overall potential for detrimental effects resulting from subsidence fracturing beneath perennial 

streams in the Flat Canyon Tract area is believed to be minimal.  Most importantly, these 

conclusions are supported by the fact that during the more than 30-year history of mining in the 

Skyline Mine area, no substantial or long-term impacts to stream drainages in mined areas have 

been noted.  The experience of multiple seam longwall extraction in the Burnout Canyon area, 

discussed previously, suggests the likelihood that longwall mining in the Flat Canyon Tract will, 

similarly, not result in detrimental impacts to springs or perennial streams.  The operation of 

active-zone and inactive-zone groundwater regimes in the Flat Canyon Tract is believed to be 

generally similar to that in the existing Skyline Mine permit area.  The similarity of the 

groundwater regimes and groundwater – surface-water interactions in the Flat Canyon and 

existing Skyline Mine permit areas suggests the likelihood that the experience of undermining 

surface-water drainages in the Flat Canyon area will be similar to the previous experience in 

Burnout Canyon (i.e., likely no significant impacts).  

 

The deep, inactive-zone groundwater systems historically intercepted in the Skyline Mine 

underground workings are not in good hydraulic communication with overlying shallow active-

zone groundwater systems.  This is evidenced by the old radiocarbon ages and general lack of 
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tritium in the intercepted deep groundwaters and the modern radiocarbon ages and abundant 

tritium concentrations of overlying shallow groundwaters.  This condition results primarily as a 

consequence of the lenticular, interbedded, and discontinuous character of the sandstones and 

encasing low-permeability shales, claystones and mudstones of Blackhawk Formation.  These 

stratigraphic characteristics result in a poor potential for vertical migration of fluids through the 

Blackhawk Formation rocks.  For the same reasons, the potential for horizontal migration of 

groundwater through the Blackhawk Formation over large distances is also limited.  These 

conclusions are consistent with the experience at surrounding coal mines in the Wasatch Plateau 

and Book Cliffs coal fields of Utah as described by Mayo et al (2003). 

Electric Lake, a water storage reservoir constructed in 1974, is situated about one-half mile or 

more east of the Flat Canyon Tract (Figure 1).  In the regions adjacent to the Flat Canyon Tract 

(including a 1-mile buffer zone around the tract) the floor of Electric Lake is situated on the 

Blackhawk Formation.  A layer of clayey mud is also observed to be present on the immediate 

lake bottom and shores.  The nearest proposed Flat Canyon Tract underground workings are 

located more than 1.5 miles northwest of locations near the dam where Star Point Sandstone 

bedrock is mapped beneath the reservoir.  As described above, the deep, inactive-zone 

groundwater systems typically intercepted in the Skyline Mine underground workings are not 

believed to be in good hydraulic communication with overlying shallow groundwater systems. 

For these reasons, it is anticipated that mining in the Flat Canyon Tract will not appreciably 

impact shallow groundwater systems that may be present that are associated with the presence of 

the Electric Lake surface water body (i.e. it is considered unlikely that shallow groundwater 

systems near Electric Lake will be in good hydraulic communication with the deep, inactive-

zone groundwaters that are anticipated to be intercepted in the proposed underground Skyline 
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Mine workings in the Flat Canyon Tract. Further, it is considered unlikely that the Electric Lake 

water surface would provide a constant head source for the deep inactive-zone groundwater 

systems in the Flat Canyon area). 

 

728.320 Whether acid-forming or toxic-forming materials are present that could result in the 

contamination of surface water or groundwater supplies 

Acid- and toxic-forming materials in soil and rock disturbed by mining have the potential to 

impact groundwater and surface water quality.  Mine discharge water and groundwater from 

monitoring wells at the waste rock piles at the current Skyline Mine are monitored for indicators 

of increased acidity (iron and manganese, pH) and toxic materials.  Although the concentrations 

of iron in mine discharge water are occasionally elevated relative to springs in the region, mine 

discharge waters rarely exceed permitted discharge limits. 

 

No new topsoil or waste rock piles are planned as a consequence of mining in the Flat Canyon 

Tract and no impact from acid- or toxic-forming materials is anticipated. 

 

With the exception of pyrite, acid- or toxic-forming materials are not believed to be present in 

the Flat Canyon Tract area.  Iron pyrite and other iron sulfide minerals are common in western 

coal mines.  The oxidation of pyrite, when exposed to water and air, releases H+ ions (acid) into 

the mine water.  The acid produced from pyrite oxidation temporarily lowers the pH of the water.  

However, the acid produced from pyrite oxidation is rapidly consumed by reactions with the 

carbonate minerals which are pervasive in the rocks associated with the coal fields of the western 

United States.  Thus, acid mine drainage in mine discharge water does not usually occur.  The 
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iron released into the water from pyrite oxidation is readily precipitated as iron-hydroxide when 

it contacts oxygenated water.  This is because waters flowing in a well-aerated surface stream 

with near-neutral pH will generally not contain more than a few micrograms per liter of 

dissolved iron (Hem, 1985).  Thus, the potential for acid-forming or toxic-forming materials to 

result in contamination of surface-water or groundwater supplies is low. 

 

 

 

728.331 What impact the proposed coal mining and reclamation operation will have on 

sediment yield from the disturbed areas 

The sediment load of streams can be impacted by increased sediment yield from disturbed areas 

and from land that has undergone subsidence.  Canyon Fuel Company has implemented a 

rigorous sediment control program that is designed to minimize the sediment yield from 

disturbed areas.  This includes the use of sediment control fences, re-vegetation of previously 

disturbed areas, and the diversion of surface waters around disturbed areas.  Runoff from 

disturbed areas is collected near its source and diverted into sediment control ponds for retention 

and settlement of suspended solids before it is discharged to natural drainages.  Because the Flat 

Canyon Tract will be accessed through the existing Skyline Mine in Eccles Canyon, the potential 

for additional impacts resulting from coal mining in the Flat Canyon Tract is minimal. 

 

Where differential subsidence of the land surface occurs in stream drainages, there is the 

potential for the temporary increase of sediment yield in these drainages.  This potential impact 

is primarily the result of subsidence induced gradient changes along areas of differential 
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subsidence.  However, this effect is generally expected to be short lived.  This is because the 

channel substrate in areas of increased stream gradients is down-cut while sediment is being 

deposited in areas of decreased stream gradients and the stream gradually returns to equilibrium 

with its channel substrate. 

 

 

728.332 What impact the proposed coal mining and reclamation operation will have on 

acidity, total suspended and dissolved solids and other important water quality 

parameters of local impact 

As discussed previously, impacts to the active-zone groundwater systems that support springs 

and seeps and provide baseflow to streams in the Flat Canyon Tract area are not anticipated.  

Thus, detrimental impacts to important water quality parameters such as acidity, total suspended 

solids, and total dissolved solids in creeks and springs in the Flat Canyon Tract area are 

considered unlikely.  This conclusion is supported by the fact that during the 30+ years of coal 

mining activity at the Skyline Mine, significant impacts to important water quality parameters in 

springs or streams overlying mined areas have not been observed.  

 

Fuels, greases, and oils are used in the Skyline Mine permit area.  There is the potential for 

spillage of these substances during equipment maintenance and operations, during filling of 

storage tanks and vehicle tanks and from leakage from potentially leaking storage tanks.  

However, because the Flat Canyon Tract will be accessed through the existing Skyline Mine (i.e. 

no new surface facilities), the potential for releases of these materials in the Flat Canyon Tract is 

considered minimal. 
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The discharge of mine water to surface water drainages will have an impact on the water quality 

of the receiving water.  Historically, with few exceptions, the mine discharge water has been of 

good quality and has met all of the beneficial use standards of the receiving water.  It is 

anticipated that the water quality of groundwaters encountered underground in mine workings in 

the Flat Canyon Tract will be similar to that encountered in the existing Skyline Mine permit 

area.  Therefore, the potential for significant detrimental impacts on receiving waters is low.  

This impact will be regulated under a UPDES permit issued from the Utah Division of Water 

Quality.  There is the potential for increases in total suspended solids concentrations in the mine 

receiving water (Eccles Creek) if mine water discharge rate were to stabilize at or above the 

15,000 gpm range (USFS, 2002).  This condition could result from potential increased erosion 

and sediment transport in the stream channel in Eccles Creek under high flow conditions. 

 

728.333 What impact the proposed coal mining and reclamation operation will have on 

flooding or streamflow alteration 

It is anticipated that discharge rates from the Skyline Mine during mining in the Flat Canyon 

Tract will likely be of similar or perhaps somewhat greater magnitude than that currently 

discharging from the mine (possibly in the range of 15,000 gpm; USFS, 2002).  Thus, no 

significant increase to the flooding or streamflow alteration potential of mine water discharge 

receiving waters is anticipated above that currently occurring.  In the event that mine water 

discharge from the Skyline Mine during mining in the Flat Canyon Tract significantly exceed 

current levels, the potential for streamflow alteration in receiving waters will increase. 
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During 2013, the mine water discharge rate from the Skyline Mine (MD-1) averaged 2,473 gpm, 

or about 5.5 cfs (UDOGM, 2014).  During the early 2000s, when the mine discharge rate to 

Eccles Creek was about 22 cfs, an assessment of the stability of the stream channel in Eccles 

Creek after 10 weeks of mine discharge at approximately 22 cfs revealed few obvious changes in 

channel conditions (USFS, 2002).  Based on theoretical calculations, sediment transport in 

Eccles Creek should begin at approximately 35 cfs (15,700 gpm).  Thus, at a mine discharge rate 

of approximately 15,000 gpm, the receiving water (Eccles Creek) could be subject to flows 

capable of transporting sediment approximately 50% of the year and perhaps year-long.  This 

could result in channel adjustments such as stream bank erosion, undercutting of valley side-

slopes and sloughing, channel widening, and some headcutting (USFS, 2002). 

 

A continuous discharge of 15,000 gpm would constitute a substantial contribution to the storage 

in Scofield Reservoir.  During dry years, this additional recharge to the reservoir would likely be 

considered a benefit by water users.  During extremely wet years, the addition of approximately 

35 cfs to Scofield Reservoir would be small relative to the 6,200 cfs capacity of the Scofield 

Reservoir spillway.  If downstream water courses were near flood stage, the addition of mine 

water would increase, although, based on the fact that the Price River has at times discharged in 

excess of 2,000 cfs, this additional discharge would constitute only a relatively minor impact. 
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728.334 What impact the proposed coal mining and reclamation operation will have on 

groundwater and surface-water availability 

As discussed previously, impacts to discharge rates from shallow, active-zone groundwaters that 

feed springs and provide baseflow discharge to streams in the region are not anticipated.  

Additionally, impacts to high-flow discharges in streams that are a result of seasonal snowmelt 

events and/or torrential precipitation runoff events are not anticipated.  Therefore, the availability 

of these groundwaters and surface waters should not be impacted by the proposed mining 

activities in the Flat Canyon Tract. 

 

Since 2004, Skyline Mine has monitored five locations in the Star Point Sandstone to determine 

whether the interception of Star Point Sandstone groundwaters in the mine has influenced 

regional discharge from the Star Point Sandstone.  These stations include two stream monitoring 

locations in the Mud Creek drainage, VC-11 (Boardinghouse Creek) and VC-12 (Finn’s Creek), 

and two creek monitoring stations in Huntington Canyon below Electric Lake, CS-22 

(Valentines Creek), and CS-23 (Hughes Creek).  Each of these creeks flows over Star Point 

Sandstone surface exposures.  Monitoring is also performed at site S24-1 (sulfur spring in 

Huntington Canyon below Electric Lake).  Discharge hydrographs for these five monitoring 

stations are presented in Figures 10 and 11.  In Figure 10, all discharge data for the five 

monitoring sites are plotted.  In Figure 11, only the baseflow discharge data are plotted.  It is 

apparent in Figure 10 that discharge rates at all of the monitoring sites show seasonal variability 

in discharge.  Additionally, responses to the prevailing climatic conditions (droughts and wet 

spells) are apparent in both Figures 10 and 11.  There are no indications of any diminution of 
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discharge at these monitoring locations that would indicate a loss of groundwater discharge from 

the Star Point Sandstone. 

 

Current mining operations have made available several thousands of gallons per minute of mine 

discharge water that has previously been unavailable for use.  It is anticipated that as mining 

progresses in the Flat Canyon Tract, additional groundwater inflows into the mine workings will 

occur and discharge of significant quantities of water to the surface will likely occur.  It should 

be noted that historically, when inactive-zone mine water inflows from all sources have been 

encountered, the inflow rates have generally declined appreciably over time relative to the initial 

inflow rates when the water sources were first intercepted.  Similarly, it would be anticipated that 

groundwater inflows that may be encountered during mining in the Flat Canyon Tract would 

likely decline over time.  This is primarily because the intercepted inactive-zone groundwater is 

being removed from storage.  Active recharge in appreciable quantities to these inactive-zone 

groundwater systems generally does not occur.  Consequently, it should not be assumed that the 

groundwater discharging from the mine would necessarily be a long-term source of water. 

 

It is anticipated that the Star Point Sandstone groundwater partition located beneath the Flat 

Canyon Tract will likely be depressurized as a result of mining operations if major fault-related 

groundwater inflows occur.  However, there are no known uses of deep Star Point Sandstone 

groundwater in the vicinity of the Flat Canyon Tract. 

 

Three important culinary supply springs exist in the Star Point Sandstone in lower Huntington 

Canyon more than 20 miles from the Flat Canyon Tract.  These include Little Bear Spring, Big 
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Bear Spring, and Birch Spring.  For several reasons, the potential for detrimental impacts to these 

springs as a result of mining in the Flat Canyon Tract is considered remote.  Mayo and 

Associates (2001) determined that Little Bear Spring is recharged primarily from surface water 

and alluvial groundwater losses in Mill Fork Canyon adjacent to the spring.  The Gooseberry 

Fault System, which has been surmised as the location for groundwater discharge from the 

Panther Tongue (NorWest, 2001), is not structurally connected to fault systems from which Big 

Bear and Birch Springs discharge. 

 

Source of the Star Point Sandstone In-Mine Inflow groundwater 

Several lines of evidence provide valuable insight into the likely source(s) of the Star Point 

Sandstone groundwater inflows that have been encountered in the southwestern portion of the 

Skyline Mine since 1999.  These are discussed below. 

 

Stable and Unstable Isotopic Analysis 

Tritium, carbon-14, deuterium, and oxygen-18 analyses were performed on in-mine Star Point 

Sandstone inflow groundwaters in the southwest portion of the Skyline Mine when the 

underground monitoring sites were accessible.   By the end of September 2002, the 10-Left 

inflow area became flooded and samples of that groundwater could no longer be collected.  By 

March 2003, the remainder of the region surrounding the 10-Left inflow area became mostly 

inaccessible and thus isotopic samples could no longer be collected from the area. 
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After the southwest Skyline Mine area became inaccessible due to the flooding of the 

underground mine workings in that area, monitoring of the Star Point Sandstone groundwater 

was accomplished by sampling JC-1.  As noted above, JC-1 is a pumping well that is screened in 

a fracture system that is near the 10-Left inflow area but it does not penetrate the underground 

mine workings.  JC-3 is a water production well that is completed within the flooded 

underground mining voids very near the 10-Left inflow area.  CS-14 is the monitoring point for 

the groundwater that is pumped from the southwest portion of the Skyline Mine to the mine 

surface facilities area where it is discharged to Eccles Creek. 

During the 2002, groundwater samples were collected from JC-1 and also from the 10-Left 

inflow source area underground.  The tritium and carbon-14 isotopic results from JC-1 and from 

the 10-Left sump during 2002 were generally similar.  To assist in determining whether the 

groundwater pumped from JC-1 is representative of the groundwater that flows into the Skyline 

Mine, samples of groundwater from JC-3 and CS-14 were collected for tritium analysis.  The 

results of these analyses are presented below. 

Sample date(s)      JC-3  CS-14     JC-1   

11 March 2004   1.78 TU    ---  2.74 TU 

15, 28 June 2004   1.41 TU    ---  2.74 TU   

  

3, 25 May 2005      ---  0.92 TU 2.76 TU   

18 July, 28 June 2005      ---  0.95 TU 2.79 TU 

14, 20 October 2005      ---  1.00 TU 3.07 TU 

27 January, 27 February 2006     ---  1.07 TU 2.91 TU 
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It is apparent from these data that the tritium concentrations measured at JC-1 were always 

significantly higher than those measured contemporaneously at JC-3 (the underground mine pool 

near the 10-Left inflow area), or at CS-14.  It is unknown whether pumping-induced changes to 

the flow dynamics in the fracture system at JC-1 contribute to the higher tritium concentrations 

measured in JC-1 relative to the directly measured underground water tritium concentrations (i.e. 

whether pumping-related drawdowns induce flow towards the well from more distant locations).  

 

As part of Skyline Mine’s hydrologic monitoring plan, tritium concentrations are measured at 

JC-1 during the 2nd, 3rd, and 4th quarters of each year when accessible.  The monitoring plan also 

calls for carbon-14, deuterium, and oxygen-18 analysis at JC-1. 

Tritium concentrations at JC-1 are plotted in Figure 13.  It is apparent that by January of 2004, 

the tritium concentrations in JC-1 had risen to 2.87 TU.  For the seven-year period from 2004 

through 2010, the tritium concentration in JC-1 groundwater was essentially unchanged, with an 

average concentration of 2.92 TU – ranging from a low of 2.74 TU to 3.14 TU.  Interestingly, 

during 2012, tritium concentrations at JC-1 were appreciably lower than in the previous seven 

years, with a concentration of 2.2 TU measured in September 2012, and a concentration of 1.8 

TU measured in October 2012.  While the cause of the marked decline in tritium concentrations 

during 2012 is not fully understood, the lower tritium concentrations could be related to the 

resting of JC-1 for a 10-month period from July 2011 to May 2012 prior to the September 2012 

and October 2012 sampling events. 
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Carbon-14 compositions at JC-1 continue to indicate that the mean groundwater residence time 

of the JC-1 water is old (UDOGM, 2014).  Considered together with the tritium concentrations in 

the well water, a mixed source is indicated in the groundwater in which the fracture in which JC-

1 is completed (i.e. there is a component of old water and a component of younger water). 

A plot of the deuterium and oxygen-18 compositions of JC-1 groundwater and Electric Lake 

surface waters is presented in Figure 14.  Stable isotopic plots are often used in hydrologic 

investigations to “fingerprint” waters form different sources (i.e. waters that recharged under 

different climatic conditions).  It is readily apparent from Figure 14 that JC-1 groundwater plot in 

a different location on the graph than do the surface water samples from Electric Lake.  This 

indicates that the groundwater sampled at JC-1 is not the same as the average of the adjacent lake 

water.  It is noted that the more recent stable isotopic data generally plot somewhat higher on the 

meteoric water line than do the earlier samples. 

 

Microscopic Particulate Analysis (MPA) 

Microscopic Particulate Analysis testing is included in the EPA Consensus Method for 

Determining Groundwaters Under the Direct Influence (GWUDI) of Surface Water Using 

Microscopic Particulate Analysis.  MPA is one parameter used to determine if a groundwater 

source is under the direct influence of surface water.  The testing procedure is performed using a 

flow-through filter unit with an in-line flow gauge.  To collect the sample for the test, a large 

volume of water (several hundred gallons) is allowed to pass through the filter at a low flow rate.  

After a sufficient amount of water has passed through the filter, the filter is removed from the 

unit, placed in a sealed plastic bag and sent to the laboratory for analysis.  At the laboratory, the 
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filter is processed chemically and/or mechanically to separate any material trapped by the filter 

during the flow-through test.  The recovered material is then examined under the microscope to 

ascertain whether particulates are present in the sample that would indicate the water was from a 

surface-water source.  The sample is examined for the presence of “bioindicators” such as plant 

debris, algae, diatoms, insects, protozoa, rotifers, and other particulates that are characteristic of 

surface waters.  The number and type of bioindicators are tabulated and used to calculate a risk 

rating score, which indicates the risk of surface water contamination (Analytical Services, Inc., 

2006). 

MPA testing was performed on groundwater from JC-1 on two occasions.  The initial test was 

performed during January of 2003.  The second MPA test was performed during July of 2006.  

The results of these tests are presented in Appendix A.  The MPA risk rating for both samples 

was “Low”, as biological particulates that contribute to the EPA Risk Raging score were not 

detected in either the 2004 or 2006 test.   This information indicates that the water pumped from 

JC-1 is not under the direct influence of surface water based on the laboratory results.  The lack 

of bioindicators in the MPA samples is not consistent with a conceptual model that includes 

rapid downward flow of surface water into the fracture in which JC-1 is completed. 

 

Aquifer Temperature 

 

Petersen Hydrologic (2002) described the implications of groundwater discharge temperatures to 

groundwater circulation patterns.  The average discharge temperatures of the upwelling fault 

groundwaters sampled within the mine from 1999 to 2003 range from approximately 13.2 to 15.6 
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ºC, while groundwaters discharging from sandstone paleochannels in the mine roof near the fault 

inflows, such as 11 Left HG E1 XC62 (longwall set-up room) roof drip, which discharges at 8.9 

ºC, is more than 4 ºC cooler.  The water in the sandstone channel, with a radiocarbon age of 

5,900 years and essentially no tritium and, prior to being intercepted by the mine workings, was 

not actively flowing, has equilibrated with the temperature of the surrounding rocks in the mine 

roof.  Thus, based on an average geothermal gradient of approximately 23ºC per kilometer depth 

(Written Communication, Dr. David S. Chapman, University of Utah, 2002), upwelling fault 

groundwater has a circulation depth on the general order of 187 to 291 meters (614 to 955 feet) 

below the mine workings.  These circulation depths are consistent with groundwater residing in 

the Star Point Sandstone beneath the coal seams.  It is difficult to envision a mechanism whereby 

warm groundwater could migrate downward vertically through horizons of colder rock and 

colder groundwater above the coal seams and subsequently emerge as warm groundwater in the 

mine floor.    

 

 

Chemical Data 

Petersen Hydrologic (2002) previously concluded that the solute chemical compositions of Star 

Point Sandstone groundwaters encountered underground at the Skyline Mine during 2002 were 

chemically distinct from nearby lake waters.  Most notably, the average chloride content of the 

water in Electric Lake (6.5 mg/l) was nearly four times greater than the average chloride content 

in the fault-related systems (1.7 mg/l).  Chloride is considered a conservative species, meaning 

that the constituent is not attenuated from a groundwater system, other than by dilution (Fetter, 
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1988).  In other words, there is no mechanism whereby the chloride in the lake water could be 

removed were it to flow through a fault system.  Although the calcium contents of the in-mine 

and lake water were similar, the magnesium and bicarbonate content of the waters were 

dissimilar (Petersen Hydrologic, 2002).  The average bicarbonate content of the fault-related 

groundwater (216 mg/l) was approximately 50% greater than the average lake content (148 

mg/l).  The average magnesium content of the fault-related groundwater (23.0 mg/l) was more 

than three times that of the average lake water (7.5 mg/l).  Because the Star Point Sandstone 

inflow areas in the southwest portion of the Skyline Mine are no longer accessible, it is not 

currently possible to obtain a representative sample for water chemistry analysis. 

 

Groundwater and Surface-Water Monitoring Data 

Groundwater has been intercepted during underground mining operations at the Skyline Mine 

since the mine opened in December 2001.  The Skyline Mine has carried out a rigorous 

hydrologic monitoring program for groundwaters and surface-waters.  The results of these 

monitoring activities are submitted to the Utah Division of Oil, Gas and Mining quarterly 

(UDOGM, 2014).  In the more than 30 years of the mine operation, no significant mining-related 

impacts to spring or stream discharge rates have been observed.   The lack of impact to shallow 

groundwater systems and/or stream flows strongly suggests that the deep groundwater regime is 

hydraulically isolated from shallow groundwater and surface-water systems in the mine area. 
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Groundwater Storage Reservoir 

In investigating potential source areas for the deep Star Point Sandstone groundwater systems at 

the Skyline Mine, it is instructive to evaluate the groundwater storage capacity of potential 

sources.  Petersen Hydrologic (2002) and HCI (2004) have previously determined that the likely 

source for the large groundwater inflows encountered in the southwest portion of the Skyline 

Mine is within the pore spaces of the sandstone members of the Star Point Sandstone. 

In order to calculate the storage potential of a hypothetical bedrock reservoir, it is necessary to 

know the volume of the rock body that comprises the potential reservoir and also the effective 

porosity of the rock itself.  In this evaluation of the potential for groundwater storage in the Star 

Point Sandstone, we have made the following assumptions: 

Aerial extent of Star Point Sandstone: 6 miles x 6 miles = 36 square miles  

This is a very conservative assumption, as the Star Point Sandstone underlies a very large 

area surrounding the Skyline Mine (probably several times this value). 

Effective porosity of Star Point (average): 15.5 %  

This is an average value provided by Bills (2000) based on analysis of Star Point bedrock 

over the Wasatch Plateau 

Using these values and converting to cubic feet, it is calculated that an area six miles square and 

one foot thick can contain approximately 156 million cubic feet of water.  Based on monthly 

average discharge rates, it is calculated that approximately 3.4 billion cubic feet has discharged 

from CS-14 since 1999.  Using these values it is calculated that the entirety of the 3.4 billion 

total cubic feet of water that has been discharged from the southwest portion of the mine since 
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1999 could be stored in a 22-foot thick sandstone unit with an aerial extent of 36 square miles – 

or in other words, a saturated Star Point Sandstone unit (under unconfined conditions) would be 

drawn down by 22 feet to release the 3.4 billion cubic feet of water.   

Drawdown in Sandstone to release 3.4 billion cubic feet of groundwater:      22 feet 

Because the Star Point Sandstone in the Skyline Mine area is more than 1,000 feet thick, a 

drawdown of 22 feet in the unit constitutes only a small percentage of a the potential Star Point 

Sandstone storage capacity.  This storage volume calculation demonstrates that the large 

groundwater inflows that have been encountered at the Skyline Mine can easily be sourced from 

releases from storage in the Star Point Sandstone bedrock in the regions near the mine. 

 

728.350 Whether the underground coal mining and reclamation activities may result in 

contamination, diminution or interruption of State-appropriated water 

 

As discussed above, impacts to water quantity or water quality of active-zone groundwater 

systems that support springs and seeps and provide baseflow to perennial streams in the Flat 

Canyon Tract area are not anticipated.  Consequently, the potential for contamination, 

diminution, or interruption of these groundwater systems is remote.  Inactive-zone groundwater 

systems that will likely be encountered during mining in the Flat Canyon Tract include perched 

systems associated with sandstone channels in the Blackhawk Formation, and partitioned Star 

Point Sandstone groundwaters beneath the Flat Canyon Tract.  While these groundwater systems 

will likely be impacted by mining activities, there are no known uses or State appropriations of 

these waters. 
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9.0 Recommended Monitoring Plan 

 

This recommended monitoring plan is based on the determination of probable hydrologic 

consequences for the Flat Canyon Tract presented previously.  This plan is designed to monitor 

for potential hydrologic impacts to water quantity or water quality resulting from the proposed 

mining-related activities in the Flat Canyon Tract.  The PHC anticipates no detrimental impacts 

to springs or streams in the Flat Canyon Tract.  Consequently, the recommended monitoring plan 

for springs and streams is designed primarily to provide verification that mining in the Flat 

Canyon Tract does not cause detrimental impacts to water quality or discharge rates and also to 

document that the observed fluctuations in spring and stream discharge rates are a function of 

seasonal and climatic variability.  Monitoring of wells in the Star Point Sandstone is included to 

evaluate the effects of the potential dewatering of the sandstone during coal mining in the tract.  

There are no surface exposures of the Star Point Sandstone in the Flat Canyon Tract area (Figure 

4) and thus no springs or streams associated with the Star Point Sandstone are available for 

monitoring. 

 

Shallow monitoring wells in the Blackhawk Formation are not recommended as part of the 

groundwater monitoring plan for the Flat Canyon Tract.  As described previously in this report, 

the shallow, perched groundwater systems that support springs in the Blackhawk Formation are 

not believed to be well interconnected with surrounding regions or deeper strata.  Consequently, 

monitoring wells placed in the shallow, perched systems would likely not provide any substantial 

information beyond what would be obtained by simply monitoring the discharge rates at the 

spring.   
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The recommended monitoring plan is summarized in Tables 5, 6, 7, and 8.  Recommended 

monitoring locations are shown on Figure 12. 

   

The monitoring plan may be used to determine whether mining activities in the Flat Canyon 

Tract cause diminution in surface-water or groundwater discharge rates.  Additionally, the data 

from the monitoring activities specified in this plan may be used to evaluate whether water 

supplies have been contaminated or otherwise impacted.  This may be accomplished by 

comparing the water quantity and water quality information collected during and after the coal 

mining in the area is completed.  This information may then be compared with baseline 

information collected prior to mining in the area to ascertain potential impacts to water quality or 

water quantity.  Where significant differences between the historic baseline data and the 

operational or post-mining data are observed, it is possible that mining impacts have occurred.  

However, in making such an analysis, other factors that could potentially affect water quality or 

water quantity must be evaluated.  This may be accomplished using statistical analysis or using 

graphical techniques.  One useful technique for evaluating changes in water quality is by the use 

of Stiff (1951) diagrams.  Information on Stiff diagrams is available at the internet site of the 

Utah Division of Oil, Gas and Mining at http://www.utah.gov.  Factors that could influence 

water quantity or water quality in the Flat Canyon area could include any of the following:  

Seasonal or climatic variability (i.e. droughts and wet spells), land use practices, agricultural 

activities, water management practices, or several other factors. 
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Table 5  Recommended Monitoring Plan 
 
Streams  Protocol  Comments    
CS-17    B, 1, 2  Little Swens Canyon Creek   
CS-27  B, 1, 2  Little Swens Creek above mining area 
CS-16   B, 1, 2  Swens Canyon Creek 
CS-28  B, 1, 2  Swens Canyon Creek above mining area 
CS-30 (C-8)  B, 1, 2  Boulger Creek above reservoir 
C-18 (C-4)  B, 1, 2  Boulger Creek above Electric Lake   
CS-29 (CS-6)  B, 1, 2  Flat Canyon Creek 
CS-10 (C-1) B, 1  Upper Left Fork Huntington Creek 
UPL-10  B, 1  Huntington Creek above Electric Lake 
 
 
Springs 
4-429  C, 3, 4  Castlegate Sandstone, USFS Flat Canyon Campground water supply  
8-253  C, 3  Castlegate Sandstone spring in upper left fork Boulger Canyon 
32-277  C, 3, 4  Blackhawk Formation spring in Flat Canyon area 
33-268  C, 3,  Castlegate Sandstone spring in Flat Canyon area 
28-110   C, 3, 4  Blackhawk Formation spring in lower Swens Canyon 
3-290  C, 3  Spring in Cunningham Canyon area (includes surface water from above) 
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Table 6  Monitoring protocols for springs, surface waters in the Flat Canyon Tract. 
 
 
Water level and flow measurements 
 
B Stream: 2nd, 3rd, and 4th quarter discharge measurements when accessible 
 
C Spring: 2nd, 3rd, and 4th quarter discharge measurements when accessible 
 
 
Water Quality 
 
1 Stream: 2nd, 3rd, and 4th quarter water quality field measurements when accessible 
 
2 Stream: 2nd, 3rd, and 4th quarter water quality operational laboratory measurements when 

accessible 
 
3 Spring: 2nd, 3rd, and 4th quarter water quality field measurements when accessible 
 
4 Spring: 2nd, 3rd, and 4th quarter water quality operational laboratory measurements when 

accessible 
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Table 7  Recommended groundwater operational water quality parameters. 
 
 
Field Measurements    Reported as 
 
pH      pH units 
Specific Conductivity    μS/cm @ 25ºC 
Temperature     ºC 
 
Laboratory Measurements 
 
Total Dissolved Solids   mg/L 
Carbonate     mg/L 
Bicarbonate     mg/L 
Calcium (dissolved)    mg/L 
Chloride     mg/L 
Iron (dissolved)    mg/L 
Iron (total)     mg/L 
Manganese (dissolved)   mg/L 
Potassium (dissolved)    mg/L 
Sodium (dissolved)    mg/L 
Sulfate      mg/L 
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Table 8  Recommended surface water operational water quality parameters. 
 
 
Field Measurements    Reported as 
 
pH      pH units 
Specific Conductivity    μS/cm @ 25ºC 
Temperature     ºC 
Dissolved oxygen    mg/L 
 
Laboratory Measurements 
 
Total Dissolved Solids   mg/L 
Total Suspended Solids   mg/L 
Carbonate     mg/L 
Bicarbonate     mg/L 
Calcium (dissolved)    mg/L 
Chloride     mg/L 
Iron (dissolved)    mg/L 
Iron (total)     mg/L 
Manganese (dissolved)   mg/L 
Manganese (total)    mg/L 
Potassium (dissolved)    mg/L 
Sodium (dissolved)    mg/L 
Sulfate      mg/L 
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8-253 (Castlegate Sandstone)
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32-277 (Castlegate Sandstone)
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21-222 (Castlegate/Blackhawk Contact)
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Figure 5 Discharge hydrographs for springs in the Flat Canyon area.



29-133 (Castlgate/Blackhawk Contact)
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3-290 (Blackhawk Formation)
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4-173 (Blackhawk Formation)
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4-429 (Blackhawk Formation)
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Figure 5 (continued).

Note: In 2009 the 3-290 monitoring site was moved from pond outlet area to an upstream location above the pond which resulted in the inclusion of additional surface water.



5-231 (Blackhawk Formation)
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28-110 (Blackhawk Formation)
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32-183 (Blackhawk Formation)
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32-279 (Blackhawk Formation)
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Figure 5 (continued).



33-268 (Blackhawk Formation)
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Figure 5 (continued).



CS-10 (Upper Huntington Creek)
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CS-17 (Little Swens Canyon Creek)
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Figure 6  Discharge hydrographs for streams in the Flat Canyon area.



C-5 (Cunningham Canyon Creek)
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C-7 (Boulger Canyon Creek below reservoir)
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 C-8 (Boulger Canyon Creek above reservoir)
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Figure 6 (continued).



UPL-10 (Huntington Creek above Electric Lake)
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Figure 6 (continued).
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CS-14 discharge rate
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Figure 8 Discharge rates from CS-14 at the Skyline Mine.
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Figure 10  Discharge hydrographs for Star Point Sandstone monitoring locations.
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Figure 11 Discharge hydrographs for Star Point Sandstone monitoring locations under
                  baseflow conditions..
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Table 1 Baseline monitoring site details.

Geologic Formation Area Use
Springs
29-138 475833 4390705 Price River Formation Swens Canyon Livestock
32-277 476939 4389144 Price River Formation (base) Flat Canyon Wildlife and cabin water
MSS-1 477099 4392306 Price River Formation Brooks Canyon Girls camp water

4-429 477315 4387145 Castlegate Sandstone Boulger Canyon Flat Cyn. Campground
8-253 476844 4386266 Castlegate Sandstone Top of E. Fork Boulger Canyon None apparent
29-133 476947 4390076 Castlegate Sandstone Swens Canyon Cabin water
33-268 477257 4388392 Castlegate Sandstone Flat Canyon Camp area water

21-222 477509 4391103 Castlegate/Blackhawk contact N. Fork of Swens Canyon None apparent
32-183 475689 4388665 Castlegate/Blackhawk contact Flat Canyon Cabin water
32-279 476320 4389122 Castlegate/Blackhawk contact Flat Canyon Cabin water

3-290 478802 4386572 Blackhawk Formation Cunningham Cyn. in stream channel None apparent
4-173 477778 4387169 Blackhawk Formation Boulger Canyon None apparent
5-231 476578 4386891 Blackhawk Formation Boulger Canyon None apparent
28-110 478715 4390076 Blackhawk Formation Swens Canyon None apparent

Spring-fed water tanks
MST-1 477046 4391570 Composite water in tank Little Swens Canyon Girls camp water
MST-2 477121 439163 Composite water in tank Little Swens Canyon Girls camp water
MST-3 477840 4392441 Composite water in tank Little Swens Canyon Girls camp water

Creeks
C-5 479649 4385815 --- Cunningham Canyon None apparent
C-6 478450 4388370 --- Flat Canyon None apparent
C-7 478473 4388336 --- Boulger Canyon (below reservoir) None apparent
C-8 478052 4388019 --- Boulger Canyon (above reservoir) None apparent
CS-10  (C1) 478922 4392550 --- Upper Left Fork Huntington Canyon None apparent
CS-16  (C-3) 479211 4390178 --- Swens Canyon None apparent
CS-17  (C-2) 479129 4392284 --- Little Swens Canyon None apparent
CS-18 (C-4) 478941 4387913 --- Boulger Canyon below Flat Canyon None apparent

UTM NAD 27
Location



Table 2  Discharge and water quality data for springs and streams.

Temp. Cond. Flow Turb D.O. TDS TSS Ca Mg Na K HCO3 CO3 SO4 Cl As (D) B (D) Cd (D)Fe (D)Fe (T)Pb (D)Mn (D)Mn (T)Hg (D) Se NO3 NO2 NO3+NO2 PO4 O&G
Site Date °C pH µS/cm gpm NTU mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L ug/L mg/L mg/L mg/L mg/L mg/L mg/L

Springs
3-290 13-Oct-97 5.2 7.1 336 3 200 53 8 4 <1 215 <5 5 3 <0.01 0.1 <0.01 <0.1 1.6 <0.1 <0.1 <0.1 <0.2 <0.01 0.4 <0.03 0.05
3-290 23-Jul-98 5.1 7.2 230 4.6 210 52 8 2 <1 205 <5 4 1 <0.01 0.1 <0.01 <0.1 0.3 <0.1 <0.1 <0.1 <0.2 <0.01 0.4 <0.03 <0.05
3-290 13-Oct-98 5.5 7.9 250 2.7 209 57 8 2 <1 220 <5 4 2 <0.01 0.2 <0.01 <0.1 0.3 <0.1 <0.1 <0.1 <0.2 <0.01 0.5 <0.03 <0.05
3-290 08-Jul-99 4.1 7.13 265 6 171 44 7 2 <1 180 <5 3 1 <0.01 0.1 <0.01 <0.1 0.3 <0.1 <0.1 <0.1 <0.2 <0.01 0.63 <0.03 0.06
3-290 19-Oct-99 3.1 7.83 267 7.6 151 44 8 2 <1 176 <5 4 1 <0.01 0.1 <0.01 <0.1 0.2 <0.1 <0.1 <0.1 <0.2 <0.01 0.27 <0.03 <0.05
3-290 10-Jul-00 11.3 7.95 231 16.7 121 31 6 3 <1 140 <5 4 <1 <0.01 <0.1 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 <0.03 <0.03 0.27
3-290 27-Oct-00 1.8 8.21 239 5.83
3-290 19-Jun-01 10.4 8.32 206 18.75  117 < 5. 32 5 1 < 1.   5 0.9       < .1    < .05  
3-290 04-Sep-01 9.9 7.74 337 4.44 6.03 151 14 43 7 2 < 1. 168 < 5. 4 0.8  0.06  < .1 < .1 0.09 0.13  < .03  < .05  
3-290 08-Oct-01 6 6.94 408 2.48  181 11 47 8 7 2 180  1.5 18.6       1.06  0.06  < .05  
3-290 13-Jun-02 13.9 8.39 219 24.2  111 5 25 4 3 < 1. 103 < 5. 3 < 1.       < .05    < .05  
3-290 25-Sep-02 7 7.01 399 0.649 7.33 200 17 48 9 4 1 180 < 5. 18 1  0.06  0.2 < .1 1.12 1.12   < .03 < .05  
3-290 16-Oct-02 4.6 6.93 381 0.402  201 < 5. 47 8 2 1 174 < 5. 11 < 1.       1    0.08  
3-290 19-Jun-03 11.3 8.62 146 21.6  104 < 5. 25.1 3.3 2.3 0.62 124 < 5. 3 1       0.01    < .05  
3-290 23-Sep-03    0                        
3-290 30-Oct-03    0                        
3-290 24-Jun-04 10.4 7.52 168 2.94  163 < 5. 24.2 3.59 1.36 0.95 72 < 5. 7 < 1.       0.21  0.08 < .05 < .05  
3-290 07-Sep-04    0                        
3-290 26-Jun-05 9.8 7.83 112 14.6  109 < 5. 21.1 2.84 2.25 0.47 71 <5 4 < 1.       0.02  0.14  < .05  
3-290 08-Sep-05    0                        
3-290 14-Oct-05    0                        
3-290 29-Jun-06    0                        
3-290 18-Aug-06    0                        
3-290 07-Nov-06    0                        
3-290 23-Jun-07 17 8.47 148 13.9                        
3-290 20-Sep-07 8.5 8.17 197 3.73                        
3-290 17-Nov-07 0.2 7.99 163 1.06                        
3-290 30-Jun-08 10.4 8.05 133 121                        
3-290 23-Sep-08 5.4 8.35 217 4.39                        
3-290 29-Oct-08 2 7.43 188 2.6                        
3-290 26-Jun-09 9.1 8.37 142 48.4                        
3-290 28-Sep-09 8.2 8.48 201 2.97                        
3-290 11-Nov-09 0.6 8.16 188 5.64                        
3-290 19-Jun-10 7.5 8.28 131 94.5                        
3-290 21-Sep-10 7.3 8.42 190 6.88  136 < 4. 32.9 4.8 1.9 0.8 121 1 5 2  < .05  < .02 < .02 < .005 < .005      
3-290 12-Nov-10 0.6 8.56 196.7 13.25                        
3-290 07-Jul-11 11.9 8.2 138 83                        
3-290 28-Sep-11 9 8.55 205 10.6                        
3-290 10-Nov-11 0.3 8.6 254 9.8                        
3-290 18-Jun-12 9.4 8.5 208 25.6                        
3-290 11-Sep-12 10.1 7.85 201 8.45                        
3-290 30-Oct-12 0.5 8.01 217 6.29                        
3-290 06-Jun-13 6.7 8.4 156 65.2                        
3-290 20-Sep-13 7.6 8.6 221 4.9                        
3-290 18-Nov-13    0                        

4-173 09-Oct-97 4.6 7.2 322 5 200 49 9 2 0 195 <5 5 2 <0.01 0.2 <0.01 <0.1 0.2 <0.1 <0.1 <0.1 <02 <0.01 0.9 <0.03 0.04

MetalsMajor Ions Nutrients



Temp. Cond. Flow Turb D.O. TDS TSS Ca Mg Na K HCO3 CO3 SO4 Cl As (D) B (D) Cd (D)Fe (D)Fe (T)Pb (D)Mn (D)Mn (T)Hg (D) Se NO3 NO2 NO3+NO2 PO4 O&G
Site Date °C pH µS/cm gpm NTU mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L ug/L mg/L mg/L mg/L mg/L mg/L mg/L

MetalsMajor Ions Nutrients

4-173 21-Jul-98 4.3 6.2 160 2.5 204 48 9 1 <1 191 <5 6 2 <0.01 0.1 <0.01 <0.1 0.2 <0.1 <0.1 <0.1 <02 <0.01 0.9 <0.03 0.04
4-173 13-Oct-98 4.5 7.6 230 2.1 188 49 9 2 <1 200 <5 5 2 <0.01 0.1 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 0.9 <0.03 <0.05
4-173 07-Jul-99 2.9 7.33 199 1.5 171 45 9 3 <1 192 <5 5 1 <0.01 0.1 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 1.17 <0.03 <0.05
4-173 19-Oct-99 3.3 7.8 303 1.2 163 49 10 2 <1 196 <5 5 1 <0.01 0.2 <0.01 <0.1 0.3 <0.1 <0.1 <0.1 <0.2 <0.01 1.18 <0.03 <0.05
4-173 11-Jul-00 4 8.11 312 1.40 185 49 9 1 <1 193 <5 5 1 <0.01 <0.1 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 <0.03 0.87 <0.05
4-173 26-Oct-00 3.7 7.26 311 1.44
4-173 18-Aug-06 6.3 7.77 219 0.68
4-173 07-Nov-06 3.9 7.38 204 0.85
4-173 27-Jun-07 4.6 7.47 209 0.58
4-173 27-Sep-07 5.6 7.63 252 0.57
4-173 17-Nov-07 4 7.4 221 0.59
4-173 22-Jun-08 4 7.43 126 1.60
4-173 22-Sep-08 5.1 7.42 244 0.67
4-173 30-Oct-08 4.3 7.47 258 0.72
4-173 30-Jun-09 5 7.1 151 0.98
4-173 21-Sep-09 5.7 7.34 245 0.67
4-173 07-Nov-09 4.2 7.51 236 0.82
4-173 12-Jun-10 5.7 7.41 119 1.99
4-173 12-Sep-10 5.6 7.47 258 0.41
4-173 24-Sep-11 5.8 7.57 241 0.77
4-173 11-Nov-11 4.1 7.75 228 1.01
4-173 23-Sep-12 6.5 7.68 274 0.52
4-173 05-Nov-12 5 7.61 284 0.67
4-173 19-Jun-13 4.7 7.39 201 0.59
4-173 20-Sep-13 6.1 7.50 283 0.51
4-173 09-Nov-13 4.2 7.65 272 0.48
4-173 24-Jun-14 4 7.25 162 0.57

4-429 20-Oct-97 6 7.2 149 2 80 22 4 2 <1 84 <5 0 2 <0.01 0.1 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 0 <0.03 0.05
4-429 19-Oct-99 5.8 7.3 133 1.4 76 21 4 1 <1 83 <5 3 <1 <0.01 0.1 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 1.38 <0.03 0.08
4-429 12-Jul-00 9.6 7.84 155 No overflow 104 24 4 <1 <1 88 <5 3 <1 <0.01 <0.1 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 <0.03 1.91 <0.05
4-429 27-Oct-00 5.9 7.52 144 1.28
4-429 18-Aug-06 7.9 7.06 140 0.61
4-429 07-Nov-06 --- --- --- Dry
4-429 27-Jun-07 7.8 6.91 139 0.55
4-429 27-Sep-07 8 7.69 136 1.07
4-429 17-Nov-07 6.3 7.42 124 0.95
4-429 22-Jun-08 4.5 7.37 114 13.3
4-429 22-Sep-08 7.5 7.49 141 0.45
4-429 30-Oct-08 --- --- --- Dry
4-429 30-Jun-09 6.5 7.12 137 0.37
4-429 21-Sep-09 7.8 7.29 141 0.82
4-429 07-Nov-09 --- --- --- Dry
4-429 12-Jun-10 6.4 7.46 118 10.6
4-429 12-Sep-10 7.8 7.22 149 1.12
4-429 24-Sep-11 7.2 7.42 165 1.62
4-429 11-Nov-11 5.4 7.84 129 0.78
4-429 23-Sep-12 8.4 7.46 137 1.19
4-429 05-Nov-12 --- --- --- Dry
4-429 19-Jun-13 --- --- --- No overflow



Temp. Cond. Flow Turb D.O. TDS TSS Ca Mg Na K HCO3 CO3 SO4 Cl As (D) B (D) Cd (D)Fe (D)Fe (T)Pb (D)Mn (D)Mn (T)Hg (D) Se NO3 NO2 NO3+NO2 PO4 O&G
Site Date °C pH µS/cm gpm NTU mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L ug/L mg/L mg/L mg/L mg/L mg/L mg/L

MetalsMajor Ions Nutrients

4-429 20-Sep-13 --- --- --- Dry
4-429 09-Nov-13 6.6 7.79 160 0.94
4-429 24-Jun-14 4.6 7 136 3.21

5-231 13-Oct-97 3.4 7.1 244 3 140 38 5 1 <1 143 <5 17 2 <0.01 0.2 <0.01 <0.1 2.4 <0.1 <0.1 <0.1 <0.2 <0.01 1.2 <0.03 0.09
5-231 21-Jul-98 2.8 6.2 120 3 161 38 3 1 <1 137 <5 5 1 <0.01 0.1 <0.01 <0.1 1.2 <0.1 <0.1 <0.1 <0.2 <0.01 <0.1 <0.03 <0.01
5-231 13-Oct-98 3.5 7.8 170 2.4 148 40 4 2 <1 152 <5 6 2 <0.01 0.2 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 <0.1 <0.03 <0.05
5-231 07-Jul-99 1.9 7.16 205 8 133 35 3 3 <1 132 <5 5 <1 <0.01 0.1 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 0.34 <0.03 0.07
5-231 19-Oct-99 2.7 7.3 231 1.4 130 40 6 2 <1 146 <5 6 <1 <0.01 0.2 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 0.44 <0.03 0.07
5-231 10-Jul-00 2.9 7.42 227 2.96 117 33 5 2 <1 138 <5 5 <1 <0.01 <0.1 <0.01 <0.1 <0.1 <0.02 <0.1 <0.1 <0.2 <0.01 <0.03 <0.03 <0.05
5-231 26-Oct-00 2.9 7.06 242 1.65

7-242 09-Oct-97 3.4 7.4 377 12 190 59 9 1 <1 232 <5 9 2 <0.01 0.1 <0.01 <0.1 0.6 <0.1 <0.1 <0.1 <0.2 <0.01 0.3 <0.03 0.03

8-253 09-Oct-97 3.8 6.6 151 20+ 70 24 2 1 <1 100 0 19 1 <0.01 0.1 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 0.6 <0.03 0.02
8-253 21-Jul-98 3.3 5.97 80 1.4 118 24 2 <1 <1 86 <5 2 <1 <0.01 <0.1 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 0.5 <0.03 <0.01
8-253 13-Oct-98 4.1 7.8 100 12 91 24 3 1 <1 95 <5 2 1 <0.01 0.2 <0.01 <0.1 0.1 <0.1 <0.1 <0.1 <0.2 <0.01 0.5 <0.03 <0.05
8-253 07-Jul-99 2.3 6.76 140 12 80 23 2 2 <1 87 <5 2 <1 <0.01 0.1 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 2.43 <0.03 <0.05
8-253 19-Oct-99 3.2 7 141 18 79 24 3 1 <1 90 <5 3 <1 <0.01 0.1 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 0.89 <0.03 <0.05
8-253 10-Jul-00 2.9 7.42 146 15.1 77 21 3 2 <1 86 <5 2 <1 <0.01 <0.1 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 <0.03 <0.03 <0.05
8-253 26-Oct-00 3.4 6.95 151 14.2
8-253 26-Jun-05 2.9 7.46 100 17.1                        
8-253 18-Aug-06 3.4 6.92 137 14.4
8-253 07-Nov-06 3.6 7.11 137 16.5
8-253 27-Jun-07 3.1 7.22 137 15.9
8-253 17-Nov-07 3.7 6.94 117 15.1
8-253 30-Jun-08 2.9 7.24 116 19.8
8-253 22-Sep-08 3.4 7.36 144 15.4
8-253 29-Oct-08 3.6 7.01 143 15.5
8-253 21-Sep-09 3.9 7.06 143 15.9
8-253 07-Nov-09 3.9 7.48 148 16.5
8-253 12-Jun-10 4.2 7.06 101 22.6
8-253 12-Sep-10 3.9 6.97 145 16.2
8-253 17-Nov-10 3.9 7.02 149 13.7
8-253 07-Jul-11 3.2 7.26 113 24.1
8-253 24-Sep-11 4 7.39 165 18.1
8-253 11-Nov-11 4 7.61 127 18.5
8-253 15-Jun-12 3.4 7.38 121 18.1
8-253 23-Sep-12 4.3 7.05 148 16.7
8-253 05-Nov-12 4.3 7.23 151 16.3
8-253 19-Jun-13 3.6 7.16 134 15.9
8-253 20-Sep-13 4.4 7.01 159 14.6
8-253 09-Nov-13 4.3 7.33 172 14.5
8-253 25-Jun-14 3.2 7.1 169 15.2

21-222 09-Oct-97 4.4 7.2 350 10 190 51 12 2 <1 208 <5 9 2 <0.01 0.1 <0.01 <0.1 0.8 <0.1 <0.1 <0.1 <0.2 <0.01 1 <0.03 0.02
21-222 21-Jul-98 6.4 7.3 200 18 200 45 10 1 <1 190 <5 5 1 <0.01 <0.1 <0.01 <0.1 0.2 <0.1 <0.1 <0.1 <0.2 <0.01 1 <0.03 0.01
21-222 13-Oct-98 4.1 7.7 280 6 196 52 12 2 <1 218 <5 7 1 <0.01 0.1 <0.01 <0.1 0.5 <0.1 <0.1 <0.1 <0.2 <0.01 1 <0.03 <0.05
21-222 07-Jul-99 2.4 7.41 260 12 160 40 9 1 <1 178 <5 5 <1 <0.01 0.2 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 1.21 <0.03 <0.05
21-222 19-Oct-99 3.5 7.5 339 5.5 204 55 13 2 <1 221 <5 7 <1 <0.01 0.1 <0.01 <0.1 0.1 <0.1 <0.1 <0.1 <0.2 <0.01 1.51 <0.03 <0.05



Temp. Cond. Flow Turb D.O. TDS TSS Ca Mg Na K HCO3 CO3 SO4 Cl As (D) B (D) Cd (D)Fe (D)Fe (T)Pb (D)Mn (D)Mn (T)Hg (D) Se NO3 NO2 NO3+NO2 PO4 O&G
Site Date °C pH µS/cm gpm NTU mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L ug/L mg/L mg/L mg/L mg/L mg/L mg/L

MetalsMajor Ions Nutrients

21-222 11-Jul-00 3.2 7.49 309 6.60 188 48 11 <1 <1 196 <5 6 <1 <0.01 <0.1 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 ><0.01 <0.03 0.91 <0.05
21-222 21-Aug-06 4.9 7.08 313 6.98
21-222 07-Nov-06 5 7.25 313 6.76
21-222 28-Jun-07 4.1 7.35 297 8.24
21-222 25-Sep-07 6 7.59 300 5.54
21-222 14-Nov-07 5.1 7.23 301 4.93
21-222 09-Jul-08 3.5 6.93 280 12.3
21-222 30-Sep-08 5.3 7.34 351 6.64
21-222 28-Oct-08 4.8 7.46 366 5.28
21-222 30-Jun-09 3.7 6.94 287 11.9
21-222 21-Sep-09 5.3 7.44 361 5.98
21-222 11-Nov-09 5.2 7.43 371 4.78
21-222 22-Jun-10 3.4 7.22 235 15.2
21-222 25-Sep-10 5.8 7.17 353 5.86
21-222 25-Sep-11 5.1 7.54 360 7.30
21-222 11-Nov-11 5 7.64 388 6.46
21-222 24-Sep-12 5.9 7.39 353 4.12
21-222 05-Nov-12 5.7 7.7 371 3.02
21-222 30-Jun-13 4.8 7.19 313 8.31
21-222 20-Sep-13 6.1 7.52 373 5.10
21-222 14-Nov-13 5.5 7.52 374 4.05
21-222 24-Jun-14 4.2 7.39 293 10.3

28-110 08-Oct-97 6.5 7.2 310 2.1 200 56 10 2 <1 219 0 7 2 <0.01 0.2 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 0 <0.03 0.03
28-110 21-Jul-98 5.9 7.4 250 2 226 56 9 2 <1 224 <5 7 2 <0.01 0.1 <0.01 <0.1 0.2 <0.1 <0.1 <0.1 <0.2 <0.01 0.3 <0.03 <0.01
28-110 13-Oct-98 5.8 7.8 330 1.8 209 55 10 2 <1 238 <5 7 2 <0.01 0.1 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 0.3 <0.03 <0.05
28-110 07-Jul-99 4.8 7.48 327 1.3 194 53 9 2 <1 219 <5 7 1 <0.01 0.2 <0.01 <0.1 1.8 <0.1 <0.1 0.2 <0.2 <0.01 0.52 <0.03 <0.05
28-110 19-Oct-99 5.5 7.42 343 1.9 204 58 11 3 <1 225 <5 7 1 <0.01 0.2 <0.01 <0.1 0.2 <0.1 <0.1 <0.1 <0.2 <0.01 1.21 <0.03 <0.05
28-110 11-Jul-00 5.6 7.37 348 1.15 216 57 10 1 <1 222 <5 7 1 <0.01 <0.1 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 <0.03 0.31 <0.05
28-110 27-Oct-00 5.8 7.22 339 2.21
28-110 31-Jul-06 7.5 7.46 335 1.85
28-110 18-Nov-06 5.1 7.57 333 1.85
28-110 28-Jun-07 6.1 7.78 339 1.96
28-110 27-Sep-07 7.2 7.76 309 1.76
28-110 22-Dec-07 4.6 7.74 303 1.42
28-110 28-Jun-08 5.2 7.08 345 2.94
28-110 22-Sep-08 6.1 7.49 340 1.96
28-110 28-Oct-08 6.7 7.49 347 2.10
28-110 29-Jun-09 5.4 7.45 341 2.49
28-110 21-Sep-09 6.9 7.47 348 2.10
28-110 11-Nov-09 5.6 7.52 350 2.10
28-110 22-Jun-10 5 7.51 343 2.55
28-110 25-Sep-10 7.5 7.35 356 1.99
28-110 24-Sep-11 6.3 7.73 373 2.53
28-110 11-Nov-11 5.5 7.68 375 2.44
28-110 24-Sep-12 7.1 7.57 342 2.04
28-110 04-Dec-12 5.4 7.45 350 1.91
28-110 30-Jun-13 6.2 7.52 364 2.09
28-110 20-Sep-13 7.5 7.52 361 1.89
28-110 14-Nov-13 5.5 7.61 360 1.96



Temp. Cond. Flow Turb D.O. TDS TSS Ca Mg Na K HCO3 CO3 SO4 Cl As (D) B (D) Cd (D)Fe (D)Fe (T)Pb (D)Mn (D)Mn (T)Hg (D) Se NO3 NO2 NO3+NO2 PO4 O&G
Site Date °C pH µS/cm gpm NTU mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L ug/L mg/L mg/L mg/L mg/L mg/L mg/L
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28-110 24-Jun-14 5 7.57 347 2.41

29-133 08-Oct-97 8.5 7.2 278 20 180 60 5 2 <1 205 <5 6 2 <0.01 0.3 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 0 <0.03 0.03
29-133 21-Jul-98 3.4 6.9 230 60 212 60 4 1 <1 205 <5 6 1 <0.01 0.1 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 0.3 <0.03 0.02
29-133 13-Oct-98 3.4 7.8 270 15 203 61 4 2 <1 224 <5 5 2 <0.01 0.1 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 0.4 <0.03 <0.05
29-133 08-Jul-99 2.5 7.47 290 60 181 56 4 3 <1 205 <5 4 <1 <0.01 0.1 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 1.23 <0.03 <0.05
29-133 19-Oct-99 2.9 7.5 322 25 195 60 7 2 <1 215 <5 6 1 <0.01 0.2 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 0.91 <0.03 <0.05
29-133 12-Jul-00 3.3 7.49 331 36.6 188 62 5 <1 <1 214 <5 5 1 <0.01 <0.1 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 <0.03 0.4 <0.05
29-133 21-Aug-06 3.4 7.07 332 38.7
29-133 07-Nov-06 3.5 7.06 327 24.0
29-133 28-Jun-07 3.6 7.47 331 43.9
29-133 25-Sep-07 3.7 7.06 270 21.1
29-133 14-Nov-07 3.7 7.33 273 19.5
29-133 09-Jul-08 3.7 7.08 341 67.7
29-133 30-Sep-08 3.9 7.22 342 28.6
29-133 28-Oct-08 3.7 7.27 345 26.3
29-133 30-Jun-09 3.9 7.10 335 62.1
29-133 21-Sep-09 3.9 7.25 341 28.8
29-133 11-Nov-09 3.9 7.48 349 29.5
29-133 22-Jun-10 3.6 7.28 309 67.9
29-133 25-Sep-10 4.3 7.19 334 25.4
29-133 25-Sep-11 4.1 7.46 363 42.1
29-133 11-Nov-11 4.2 7.64 364 34.1
29-133 24-Sep-12 4.3 7.41 326 22.2
29-133 05-Nov-12 4.2 7.28 343 15.4
29-133 30-Jun-13 4.3 7.12 338 45.0
29-133 20-Sep-13 4.4 7.75 347 23.8
29-133 14-Nov-13 4.3 7.46 349 19.7
29-133 24-Jun-14 4.1 7.44 357 56.4

29-138 08-Oct-97 6.4 7.0 478 15 280 79 7 2 <1 300 0 5 2 <0.01 0.2 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 0 <0.03 0.03
29-138 21-Jul-98 4.8 7 350 30 293 85 7 2 <1 299 <5 3 13 <0.01 0.1 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 0.2 <0.03 <0.01
29-138 13-Oct-98 5.9 7.6 390 1.7 270 85 8 2 <1 307 <5 4 2 <0.01 0.1 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 0.3 <0.03 <0.05
29-138 08-Jul-99 3.9 7.34 420 28 251 78 7 3 <1 295 <5 3 <1 <0.01 0.2 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 0.65 <0.03 <0.05
29-138 19-Oct-99 5.1 7.28 448 3.1 262 84 12 3 <1 300 <5 5 1 <0.01 0.1 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 0.71 <0.03 <0.05
29-138 12-Jul-00 4.8 7.27 444 19.4 273 84 7 1 <1 296 <5 4 <1 <0.01 <0.1 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 <0.03 0.27 <0.05
29-138 21-Aug-06 5.5 6.85 449 13.5
29-138 07-Nov-06 5.9 6.9 438 7.39
29-138 28-Jun-07 4.7 7.37 441 42.9
29-138 25-Sep-07 6.3 7.43 379 4.84
29-138 14-Nov-07 5.6 7.17 392 3.16
29-138 09-Jul-08 4.5 7.12 422 97.0
29-138 30-Sep-08 6.3 7.16 441 6.38
29-138 28-Oct-08 5.8 7.2 446 4.52
29-138 30-Jun-09 4.8 7.13 435 76.6
29-138 21-Sep-09 6.3 7.21 440 6.58
29-138 11-Nov-09 6 7.27 449 4.10
29-138 22-Jun-10 4.3 7.35 407 103
29-138 25-Sep-10 6.9 7.15 456 5.15
29-138 25-Sep-11 6 7.22 468 10.3



Temp. Cond. Flow Turb D.O. TDS TSS Ca Mg Na K HCO3 CO3 SO4 Cl As (D) B (D) Cd (D)Fe (D)Fe (T)Pb (D)Mn (D)Mn (T)Hg (D) Se NO3 NO2 NO3+NO2 PO4 O&G
Site Date °C pH µS/cm gpm NTU mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L ug/L mg/L mg/L mg/L mg/L mg/L mg/L

MetalsMajor Ions Nutrients

29-138 11-Nov-11 6 7.58 480 5.44
29-138 24-Sep-12 6.6 7.34 445 3.81
29-138 05-Nov-12 6.2 7.53 459 2.60
29-138 30-Jun-13 5.2 7.33 444 44.0
29-138 20-Sep-13 6.6 7.36 473 5.86
29-138 14-Nov-13 5.9 7.48 474 3.73
29-138 24-Jun-14 4.7 7.29 476 103

32-183 09-Oct-97 4.2 6.9 230 4 140 32 5 2 <1 136 <5 6 2 <0.01 0.2 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 0.4 <0.03 0.02
32-183 21-Jul-98 3.6 5.9 80 17 131 23 4 1 <1 95 <5 4 1 <0.01 <0.1 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 0.3 <0.03 <0.01
32-183 13-Oct-98 3.8 7.5 160 4 134 32 6 2 <1 133 <5 6 1 <0.01 0.2 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 0.4 <0.03 <0.05
32-183 07-Jul-99 2.5 7.03 134 20 91 22 4 1 <1 95 <5 4 <1 <0.01 0.2 <0.01 <0.1 0.1 <0.1 <0.1 <0.1 <0.2 <0.01 0.4 <0.03 <0.05
32-183 19-Oct-99 1.9 7.88 193 3.2 117 33 7 2 <1 140 <5 6 <1 <0.01 0.1 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 0.64 <0.03 <0.05
32-183 11-Jul-00 4.9 7.93 174 5.04 119 27 5 1 <1 102 <5 5 <1 <0.01 <0.1 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 <0.03 0.37 <0.05
32-183 26-Oct-00 2.1 7.46 212 0.99

32-277 13-Oct-97 6.1 7.5 208 1.5 180 41 7 1 <1 163 <5 10 2 <0.01 0.2 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 0.9 <0.03 0.04
32-277 21-Jul-98 5.2 6.1 150 2.1 176 40 6 2 <1 154 <5 7 1 <0.01 0.1 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 0.9 <0.03 <0.01
32-277 13-Oct-98 5.9 7.9 240 0.75 181 44 8 2 1 189 <5 8 1 <0.01 0.2 <0.01 <0.1 0.9 <0.1 <0.1 <0.1 <0.2 <0.01 0.4 <0.03 <0.05
32-277 07-Jul-99 4.2 7.33 228 3 137 36 6 1 <1 147 <5 6 <1 <0.01 0.2 <0.01 <0.1 1.8 <0.1 <0.1 <0.1 <0.2 <0.01 1.2 <0.03 <0.05
32-277 19-Oct-99 Damp
32-277 11-Jul-00 5.6 7.64 268 1.36 177 43 7 <1 <1 160 <5 8 <1 <0.01 <0.1 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 <0.03 0.89 <0.05
32-277 27-Oct-00 6.1 7.30 213 0.88
32-277 31-Jul-06 5.8 7.08 275 1.613
32-277 18-Nov-06 6.1 7.28 259 1.064
32-277 27-Jun-07 6.1 7.75 265 1.020
32-277 27-Sep-07 7.4 7.36 291 0.606
32-277 20-Dec-07 6 7.33 234 0.563
32-277 24-Jun-08 4.8 7.61 156 10.4
32-277 22-Sep-08 6.2 7.21 275 0.977
32-277 28-Oct-08 6.7 7.26 279 0.857
32-277 30-Jun-09 5.2 7.24 214 3.80
32-277 28-Sep-09 6.9 7.16 289 0.949
32-277 04-Dec-09 6.3 7.19 309 0.877
32-277 12-Jun-10 5.3 7.39 155 8.215
32-277 25-Sep-10 7.8 7.14 296 0.721
32-277 25-Sep-11 6.1 7.39 299 1.430
32-277 17-Nov-11 6.2 7.47 296 1.240
32-277 24-Sep-12 7.6 7.47 294 0.617
32-277 04-Dec-12 6.7 7.46 321 0.570
32-277 30-Jun-13 6.3 7.14 283 0.888
32-277 20-Sep-13 7.8 7.38 316 0.514
32-277 01-Dec-13 5.1 7.26 333 0.455
32-277 24-Jun-14 5.2 7.46 204 2.239

32-279 09-Oct-97 7.2 7.3 360 2.8 230 57 15 2 <1 247 <5 11 2 <0.01 0.1 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 1 <0.03 0.01
32-279 21-Jul-98 5.6 7.2 210 2.8 234 52 14 1 <1 224 <5 5 1 <0.01 0.1 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 0.7 <0.03 <0.01
32-279 13-Oct-98 5.9 7.4 310 0.9 240 57 17 2 <1 259 <5 10 2 <0.01 0.1 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 0.9 <0.03 <0.05
32-279 07-Jul-99 4.3 7.44 283 6 190 47 12 1 <1 215 <5 6 <1 <0.01 0.2 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 1.49 <0.03 <0.05
32-279 19-Oct-99 5.4 7.4 387 1.6 224 58 17 3 <1 250 <5 10 <1 <0.01 0.2 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 1.08 <0.03 <0.05



Temp. Cond. Flow Turb D.O. TDS TSS Ca Mg Na K HCO3 CO3 SO4 Cl As (D) B (D) Cd (D)Fe (D)Fe (T)Pb (D)Mn (D)Mn (T)Hg (D) Se NO3 NO2 NO3+NO2 PO4 O&G
Site Date °C pH µS/cm gpm NTU mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L ug/L mg/L mg/L mg/L mg/L mg/L mg/L

MetalsMajor Ions Nutrients

32-279 11-Jul-00 5.1 7.65 316 1.56 231 55 15 1 <1 242 <5 9 <1 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 <0.03 0.76 <0.05
32-279 27-Oct-00 4.8 7.09 382 2.91

33-268 13-Oct-97 3.4 6.6 114 1 70 14 3 1 <1 46 <5 9 2 <0.01 0.1 <0.01 <0.1 0 <0.1 <0.1 <0.1 <0.2 <0.01 0.9 <0.03 0.12
33-268 13-Oct-98 3.9 8.1 60 0 73 13 1 2 <1 46 <5 5 2 <0.01 0.1 <0.01 <0.1 6.9 <0.1 <0.1 <0.1 <0.2 <0.01 0.9 <0.03 <0.05
33-268 23-Aug-06 5.1 6.89 90 3.11
33-268 18-Nov-06 2.8 7.05 94 0.96
33-268 27-Jun-07 5.5 8.24 91 5.87
33-268 27-Sep-07 5.2 7.08 87 0.88
33-268 20-Dec-07 2.1 7.16 80 0.96
33-268 24-Jun-08 3.7 7.72 79 6.42
33-268 22-Sep-08 4.6 7.25 93 0.96
33-268 27-Dec-08 0.1 7.59 95 1.06
33-268 30-Jun-09 4.1 6.94 82 3.03
33-268 28-Sep-09 5.7 7.1 95 0.95
33-268 04-Dec-09 2.8 7.97 98 0.92
33-268 12-Jun-10 4.4 6.83 70 6.20
33-268 25-Sep-10 6 6.73 79 0.92
33-268 25-Sep-11 5.5 7.2 97 0.96
33-268 17-Nov-11 4 7.29 108 2.08
33-268 24-Sep-12 6.4 6.98 82 0.87
33-268 04-Dec-12 3.6 7.33 107 0.79
33-268 30-Jun-13 7 7.21 84 0.91
33-268 20-Sep-13 6.6 6.68 96 0.82
33-268 01-Dec-13 3.6 7.4 112 0.73
33-268 24-Jun-14 4.2 7.42 63 0.77

MSS-1 11-Sep-97 6 7.7 370 240 59 8 2 <1 236 <5 10 2 <0.01 <0.1 <0.01 <0.1 0.9 <0.1 <0.1 <0.1 <0.2 <0.01 0.4 <0.01 0.03
MSS-1 12-Jul-00 3.8 7.71 378 1.05 216 65 9 <1 <1 243 <5 <1 <0.01 <0.1 <0.01 <0.1 0.2 <0.1 <0.1 <0.1 <0.2 <0.01 <0.03 0.31 <0.05

MST-1 11-Sep-97 9.6 7.8 369 200 62 8 1 <1 237 <5 0 1 <0.01 <0.1 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 0.3 <0.01 0.03

MST-2 11-Sep-97 8 8.2 195.2 140 30 2 2 <1 112 <5 0 2 <0.01 <0.1 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 0.3 <0.01 0.03

MST-3 11-Sep-97 7.9 7.8 423 250 57 16 2 <1 270 <5 6 2 <0.01 <0.1 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 0.2 <0.01 0.02
MST-3 21-Jul-98 20 8.2 230 15
MST-3 12-Jul-00 7.9 7.56 405 1.66 222 58 17 <1 <1 257 <5 5 <1 <0.01 <0.1 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 <0.03 1.15 <0.05

Creeks
C-1 20-Oct-97 3.2 7.7 239 0.88 4.2 140 <5 34 4 4 <1 119 0 17 4 <0.01 0.1 <0.01 0.2 0.7 <0.1 <0.1 <0.1 <0.2 <0.01 0.1 <0.03 0.02 <2
C-1 21-Jul-98 13.5 7.9 200 325 170 <5 38 3 2 <1 132 <5 10 2 <0.01 0.1 <0.01 <0.1 0.6 <0.1 <0.1 <0.1 <0.2 <0.01 0.2 <0.01 0.01 <2
C-1 12-Oct-98 6.7 8.5 180 292 151 7 39 6 3 1 134 <5 18 4 <0.01 0.2 <0.01 0.1 0.7 <0.1 <0.1 <0.1 <0.2 <0.01 0.2 <0.03 <0.05 <2
C-1 08-Jul-99 12.7 8.14 195 628 137 <5 37 4 <1 <1 126 <5 9 2 <0.01 0.2 <0.01 0.1 0.6 <0.1 <0.1 <0.1 <0.2 <0.01 0.34 <0.03 <0.05 <2
C-1 19-Oct-99 -0.3 7.95 252 140 5.2 154 8 44 5 3 <1 140 <5 22 3 <0.01 0.2 <0.01 <0.1 0.6 <0.1 <0.1 <0.1 <0.2 <0.01 0.71 <0.03 <0.05 <2
C-1 10-Jul-00 14.7 8.29 253 295 10.3 145 <5 34 5 3 <1 129 <5 15 4 <0.01 0.1 <0.01 <0.1 0.5 <0.1 <0.1 <0.1 <0.1 <0.01 <0.03 <0.03 <0.05 <2

C-2 21-Jul-98 13.2 8.2 220 211 183 15 46 5 2 <1 145 11 6 2 <0.01 <0.1 <0.01 <0.1 0.3 <0.1 <0.1 <0.1 <0.2 <0.01 0.4 <0.03 0.02 <2
C-2 12-Oct-98 3.4 8.5 180 16 176 <5 47 7 2 1 181 <5 9 3 <0.01 0.2 <0.01 <0.1 0.1 <0.1 <0.1 <0.1 <0.2 <0.01 0.4 <0.03 <0.05 <2
C-2 07-Jul-99 13.4 8.4 244 115 151 <5 44 5 <1 <1 158 <5 4 <1 <0.01 0.1 <0.01 <0.1 0.1 <0.1 <0.1 <0.1 <0.2 <0.01 1.09 <0.03 <0.05 <2
C-2 19-Oct-99 -0.6 7.97 324 21 4.6 214 6 60 8 3 <1 216 <5 11 2 <0.01 0.2 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 1 <0.03 <0.05 <2



Temp. Cond. Flow Turb D.O. TDS TSS Ca Mg Na K HCO3 CO3 SO4 Cl As (D) B (D) Cd (D)Fe (D)Fe (T)Pb (D)Mn (D)Mn (T)Hg (D) Se NO3 NO2 NO3+NO2 PO4 O&G
Site Date °C pH µS/cm gpm NTU mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L ug/L mg/L mg/L mg/L mg/L mg/L mg/L

MetalsMajor Ions Nutrients

C-2 10-Jul-00 11.4 7.96 287 90 8.28 176 <5 50 7 <1 <1 174 <5 7 2 <0.01 0.2 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 <0.03 <0.03 <0.05 2

C-3 20-Oct-97 2.8 8.3 322 1.54 5.4 180 <5 53 7 3 <1 210 <5 8 3 <0.01 0.1 <0.01 <0.1 0.3 <0.1 <0.1 <0.1 <0.2 <0.01 0.2 <0.03 0.01 <2
C-3 21-Jul-98 13.1 8.5 230 300 200 7 52 5 1 <1 172 12 4 <1 <0.01 <0.1 <0.01 <0.1 0.5 <0.1 <0.1 <0.1 <0.2 <0.01 0.1 0.14 0.02 3
C-3 12-Oct-98 6.7 8.3 220 32 178 <5 45 8 2 1 180 <5 7 2 <0.01 0.4 <0.01 <0.1 0.2 <0.1 <0.1 <0.1 <0.2 <0.01 0.2 <0.03 <0.05 <2
C-3 07-Jul-99 13.4 8.5 218 300 177 9 52 5 <1 <1 182 7 4 <1 <0.01 0.1 <0.01 <0.1 0.3 <0.1 <0.1 <0.1 <0.2 <0.01 0.4 <0.03 <0.05 <2
C-3 19-Oct-99 -0.5 8.2 306 200 4.4 213 5 59 7 2 <1 215 <5 8 <1 <0.01 0.2 <0.01 <0.1 0.2 <0.1 <0.1 <0.1 <0.2 <0.01 0.54 <0.03 <0.05 <2
C-3 10-Jul-00 11.3 8.39 304 329 9.28 163 <5 53 7 1 <1 190 <5 15 <1 <0.01 0.1 <0.01 <0.1 0.1 <0.1 <0.1 <0.1 <0.2 <0.01 <0.03 <0.03 <0.05 <2

C-4 20-Oct-97 5.7 8.3 279 4.5 5.1 140 <5 39 6 4 <1 161 0 7 6 <0.01 0.1 <0.01 <0.1 0.2 <0.1 <0.1 <0.1 <0.2 <0.01 0.9 <0.03 0.02 <2
C-4 21-Jul-98 14.8 8.1 250 1828 190 <5 46 7 2 <1 148 14 5 3 <0.01 <0.1 <0.01 <0.1 0.2 <0.1 <0.1 <0.1 <0.2 <0.01 0.1 <0.03 <0.01 <2
C-4 12-Oct-98 10.1 8.3 200 964 144 5 38 7 2 <1 158 <5 5 4 <0.01 0.2 <0.01 <0.1 0.2 <0.1 <0.1 <0.1 <0.2 <0.01 0.1 <0.03 <0.05 <2
C-4 08-Jul-99 14.4 8.51 270 3120 168 6 46 6 1 <1 171 <5 5 2 <0.01 0.1 <0.01 <0.1 0.2 <0.1 <0.1 <0.1 <0.2 <0.01 1.28 <0.03 <0.05 <2
C-4 19-Oct-99 5.2 8.25 255 450 4.2 161 <5 42 7 3 <1 160 <5 5 3 <0.01 0.1 <0.01 <0.1 0.1 <0.1 <0.1 <0.1 <0.2 <0.01 0.41 <0.03 <0.05 <2
C-4 10-Jul-00 17.9 8.48 254 1522 8.13 133 <5 33 7 3 <1 146 3 5 3 <0.01 <0.1 <0.01 <0.1 0.2 <0.1 <0.1 <0.1 <0.2 <0.01 <0.03 <0.03 <0.05 <2

C-5 20-Oct-97 4.6 7.5 244 0.36 4.8 140 16 36 5 3 <1 148 <5 6 2 <0.01 0.1 <0.01 <0.1 0.3 <0.1 <0.1 <0.1 <0.2 <0.01 0.3 <0.03 0.03 <2
C-5 23-Jul-98 8.8 8 170 44.6 153 <5 33 5 2 <1 138 <5 4 1 <0.01 <0.1 <0.01 <0.1 0.1 <0.1 <0.1 0.1 <0.2 <0.01 0.3 <0.03 <0.05 <2
C-5 13-Oct-98 5.6 7.6 190 20 165 <5 42 7 3 <1 170 <5 5 2 <0.01 <0.1 <0.01 <0.1 0.3 <0.1 <0.1 <0.1 <0.2 <0.01 0.2 <0.03 <0.05 <2
C-5 08-Jul-99 9 8.07 192 70 118 5 31 5 2 <1 123 <5 4 1 <0.01 0.1 <0.01 <0.1 0.1 <0.1 <0.1 <0.1 <0.2 <0.01 0.45 <0.03 <0.05 <2
C-5 19-Oct-99 1.6 7.76 266 23 4.2 155 7 42 7 2 <1 161 <5 4 1 <0.01 0.1 <0.01 <0.1 0.2 <0.1 <0.1 <0.1 <0.2 <0.01 0.61 <0.03 <0.05 <2
C-5 10-Jul-00 12.1 7.86 244 37.0 7.88 117 <5 33 6 2 <1 148 <5 3 <1 <0.01 <0.1 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 <0.03 <0.03 <0.05 <2
C-5 27-Oct-00 3.7 7.84 259 17.7
C-5 18-Aug-06 9.6 7.57 202 4.98 0.78 7.28
C-5 07-Nov-06 5.4 7.33 160 2.61 6.59
C-5 23-Jun-07 9.8 8.33 145 32.4 7.2
C-5 27-Sep-07 Dry
C-5 17-Nov-07 Dry
C-5 30-Jun-08 13.3 8.23 136 165 7.49
C-5 23-Sep-08 5.5 7.53 219 1.53
C-5 29-Oct-08 3.4 7.26 238 0.151
C-5 26-Jun-09 9.8 7.96 140 90.4
C-5 28-Sep-09 Dry
C-5 11-Nov-09 Dry
C-5 19-Jun-10 9.4 8.28 129 142 5.04 8.82
C-5 25-Sep-10 Dry
C-5 17-Nov-11 0.9 8.19 192 5.73 5.10 9.60
C-5 23-Sep-12 Dry
C-5 04-Dec-12 Dry
C-5 30-Jun-13 9 8.06 166 7.46
C-5 10-Sep-13 Dry
C-5 14-Nov-13 Dry
C-5 14-Nov-13 Dry
C-5 25-Jun-14 14 8.01 162 123

C-6 19-Oct-99 1.2 8.23 268 91 5.1 169 6 46 7 4 <1 169 <5 7 5 <0.01 0.2 <0.01 <0.1 0.2 <0.1 <0.1 <0.1 <0.2 <0.01 0.66 <0.03 <0.05 <2
C-6 10-Jul-00 9.9 8.69 201 215 11 105 7 28 5 2 <1 94 13 4 2 <0.01 <0.1 <0.01 <0.1 0.2 <0.1 <0.1 <0.1 <0.2 <0.01 <0.03 <0.03 <0.05 <2
C-6 23-Aug-06 14.2 8.33 240 146 3.19 7.41
C-6 14-Dec-06 0.5 8.34 273 144 11.2
C-6 27-Jun-07 21.0 8.59 188 171 4.6 9.72



Temp. Cond. Flow Turb D.O. TDS TSS Ca Mg Na K HCO3 CO3 SO4 Cl As (D) B (D) Cd (D)Fe (D)Fe (T)Pb (D)Mn (D)Mn (T)Hg (D) Se NO3 NO2 NO3+NO2 PO4 O&G
Site Date °C pH µS/cm gpm NTU mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L ug/L mg/L mg/L mg/L mg/L mg/L mg/L

MetalsMajor Ions Nutrients

C-6 27-Sep-07 10.9 8.6 229 109 9.95
C-6 20-Dec-07 0.1 8.15 238 98
C-6 23-Jun-08 16.2 8.16 135 1544 7.02
C-6 22-Sep-08 8.1 8.56 227 133
C-6 27-Dec-08 0.2 8.01 306 95
C-6 30-Jun-09 16.3 8.26 205 398
C-6 28-Sep-09 12.5 8.97 194 100
C-6 04-Dec-09 0.4 8.17 322 143
C-6 19-Jun-10 13.3 8.44 173 746 8.63 8.07
C-6 12-Sep-10 13.6 9.05 186 116
C-6 25-Sep-11 10.5 8.78 202 374
C-6 17-Nov-11 0.4 8.23 282 281 1.92 9.62
C-6 23-Sep-12 10.8 8.67 212 95
C-6 04-Dec-12 0.4 8.15 281 130
C-6 30-Jun-13 21.7 8.67 204 131
C-6 22-Sep-13 8.3 8.15 276 110
C-6 22-Sep-13 8.8 8.65 282 124
C-6 01-Dec-13 0.2 8.44 331 69.4 3.21 10.6
C-6 24-Jun-14 14.4 8.81 177 204

C-7 19-Oct-99 4.9 8.35 236 530 5.3 151 9 41 7 2 <1 172 <5 3 <1 <0.01 0.1 <0.01 <0.1 0.2 <0.1 <0.1 <0.1 <0.2 <0.01 0.34 <0.03 <0.05 <2
C-7 10-Jul-00 15.7 8.31 267 1021 9.06 126 <5 35 7 2 <1 150 5 5 2 <0.01 <0.1 <0.01 <0.1 0.1 <0.1 <0.1 <0.1 <0.2 <0.01 <0.03 <0.03 <0.05 <2
C-7 23-Aug-06 17 8.26 239 627 5.20 7.45
C-7 14-Dec-06 0.5 8.3 259 455 8.84
C-7 28-Jun-07 17.9 8.57 286 1042
C-7 27-Sep-07 10.5 8.71 214 357 7.95
C-7 20-Dec-07 0.7 8.41 212 487
C-7 24-Jun-08 12.4 8.27 262 6306
C-7 22-Sep-08 11 8.87 206 588
C-7 27-Dec-08 0.1 8.04 280 562
C-7 30-Jun-09 15.8 8.28 295 2169
C-7 28-Sep-09 13.6 8.6 222 356
C-7 04-Dec-09 0.9 7.98 287 278
C-7 12-Jun-10 8.6 8.64 244 7392 9.11 8.3
C-7 12-Sep-10 11.6 8.56 230 441
C-7 25-Sep-11 11.7 8.89 245 890
C-7 17-Nov-11 1 8.18 313 693 3.38 9.56
C-7 24-Sep-12 12.7 8.7 211 346
C-7 04-Dec-12 1.4 8.21 313 332
C-7 30-Jun-13 18.4 8.39 306 875
C-7 22-Sep-13 11.9 8.88 245 306
C-7 01-Dec-13 1.1 8.27 324 281 2.66 10.3
C-7 25-Jun-14 16.2 8.74 316 1269

C-8 19-Oct-99 4.2 8.4 252 390 5.5 156 <5 44 6 2 <1 164 <5 4 1 <0.01 0.1 <0.01 <0.1 0.1 <0.1 <0.1 <0.1 <0.2 <0.01 0.76 <0.03 <0.05 <2
C-8 10-Jul-00 13.6 8.38 284 1039 9.89 143 <5 40 7 2 <1 162 6 5 2 <0.01 0.1 <0.01 <0.1 <0.1 <0.1 <0.1 <0.1 <0.2 <0.01 <0.03 <0.03 <0.05 <2
C-8 23-Aug-06 15.4 8.03 274 557 1.97 8.57
C-8 14-Dec-06 0.5 8.55 259 725 11
C-8 27-Jun-07 13.3 8.41 284 910 14.5 7.57
C-8 27-Sep-07 10.5 8.72 231 428 8.15



Temp. Cond. Flow Turb D.O. TDS TSS Ca Mg Na K HCO3 CO3 SO4 Cl As (D) B (D) Cd (D)Fe (D)Fe (T)Pb (D)Mn (D)Mn (T)Hg (D) Se NO3 NO2 NO3+NO2 PO4 O&G
Site Date °C pH µS/cm gpm NTU mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L ug/L mg/L mg/L mg/L mg/L mg/L mg/L

MetalsMajor Ions Nutrients

C-8 17-Nov-07 3.1 8.31 217 470 1.64 9.92
C-8 24-Jun-08 13.5 8.62 257 6097 8.95
C-8 22-Sep-08 9 8.69 254 670
C-8 27-Dec-08 0.1 8.34 252 357
C-8 30-Jun-09 15 8.41 295 2255
C-8 28-Sep-09 10.2 8.51 255 593
C-8 11-Nov-09 3.7 8.51 250 784
C-8 12-Jun-10 8.8 8.58 245 6662 11.3 8.25
C-8 12-Sep-10 12.5 8.7 247 543
C-8 25-Sep-11 9.2 8.36 274 962
C-8 17-Nov-11 1.4 8.41 301 798 1.83 10.3
C-8 24-Sep-12 10.5 8.59 230 429
C-8 04-Dec-12 0.9 8.26 290 585
C-8 30-Jun-13 13.8 8.42 306 1208
C-8 22-Sep-13 7.3 8.67 274 657
C-8 01-Dec-13 1 8.65 305 467 1.67 10.9
C-8 24-Jun-14 9.3 8.33 299 1730

CS-10 30-Jul-81 12   184 8.8 145 1     132  24 3.29       0.03      
CS-10 22-Oct-81 1   305 11.5 155 6.5     154  18 3.6       0.06      
CS-10 10-Nov-81 2   269 13.2 135 1     112  25.8 3 < .001 0.01 < .001 0.14 < .001  0.06 < .001 0.1   0.4
CS-10 08-Dec-81 0     150 3     115  31 2.6       0.05      
CS-10 28-Jun-82 10 7.4 273                         
CS-10 21-Jul-82 9 7.7 392 987                        
CS-10 18-Aug-82 11 8.3 213 368 8.2 160 5     130  14 14.7       0.05  0.11   0.6
CS-10 15-Sep-82 6 8.6 210 494                        
CS-10 15-Oct-82 2 8 198 1661                        
CS-10 28-Jun-83 12 7.8 125 6135                        
CS-10 19-Jul-83 15 7.6 152 2356                        
CS-10 24-Aug-83 9 6.8 250 588 6.8 136 16     139  10 2       0.09  < .02   < .2 
CS-10 27-Sep-83 9 6.4 224 1091                        
CS-10 20-Oct-83 5 7.2 232 449                        
CS-10 24-May-84 7.1 7.1 111                         
CS-10 26-Jun-84 10 6.3 170 3896                        
CS-10 31-Jul-84 12 6.9 221 1131                        
CS-10 24-Aug-84 9 6.8 117 589 8.4 190 13 48 8.4 24 0.61 183  < 10. 20       0.11  0.06   < .1 
CS-10 27-Sep-84 9 7.2 245 557                        
CS-10 13-Nov-84 0.5 7.4 175                         
CS-10 21-May-85 5 7.4 108 12746                        
CS-10 19-Jun-85 15 7.2 282 1418                        
CS-10 17-Jul-85 13 7.4 360 404                        
CS-10 28-Aug-85 10 7.5 246 229 7.6 158 3 44.4 4.1 18 1.03 134  17 1.8       0.04  0.46   < .1 
CS-10 24-Sep-85 8 7.4 254 404                        
CS-10 15-Oct-85 6 7.1 232 346                        
CS-10 27-May-86 7 6.9 74                         
CS-10 19-Jun-86 13 7.6 147 4142                        
CS-10 22-Jul-86 10 7.2 252 539                        
CS-10 19-Aug-86 14 7.6 266 301 8 144 < 1.     129  22 5.5       0.04  0.15   0.6
CS-10 24-Sep-86 5 7.6 244 337                        
CS-10 16-Oct-86 3 7.6 209 269                        



Temp. Cond. Flow Turb D.O. TDS TSS Ca Mg Na K HCO3 CO3 SO4 Cl As (D) B (D) Cd (D)Fe (D)Fe (T)Pb (D)Mn (D)Mn (T)Hg (D) Se NO3 NO2 NO3+NO2 PO4 O&G
Site Date °C pH µS/cm gpm NTU mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L ug/L mg/L mg/L mg/L mg/L mg/L mg/L

MetalsMajor Ions Nutrients

CS-10 13-Nov-86 0.5 7.5 218                         
CS-10 11-Dec-86    0                        
CS-10 22-Jan-87    0                        
CS-10 18-May-87 9 7.2 126 3442                        
CS-10 16-Jun-87 12 7.6 193 938                        
CS-10 28-Jul-87 12 7.5 211 215                        
CS-10 19-Aug-87 14 8.1 241 144 9 146 < 1.     160  16 1.6       0.04  0.59   < .1 
CS-10 22-Sep-87 6 7.8 247 99                        
CS-10 19-Oct-87 4 8.1 250 144                        
CS-10 18-Aug-88 9.5 7 292 31 7.6 180 1     144  39 3       0.05  0.17   0.3
CS-10 21-Jun-89 13 7.4 262 745  114 1     124  10 1.6       0.05  0.16    
CS-10 06-Sep-89 12 6.8 660 126 8.9 135 < 1.     127  29 1.8  < .001  0.16 < .001 0.06 0.08  0.15    
CS-10 17-Oct-89 1 7.7 235 112  158 2 45.54 5.66 1.63 1.09 133  26 2.5       0.06  0.18    
CS-10 05-Jun-90 10 7.2 132 1894  80 8 24.18 2.24 3.6 < .5 84  7 1.3       < .01  0.08    
CS-10 11-Sep-90 14.7 7.5 291 151 9.5 152 2 42.18 6.11 1.7 1.07 144  20.2 2  < .005  0.02 < .001 0.02 0.04  0.24 < .02   
CS-10 24-Oct-90 7 7.4 281 242  162 4 43.28 5.19 1.79 1.46 143  23.8 2.8       0.06  0.11    
CS-10 12-Jun-91 8 7.48 123 5718  102 9 21.77 2.26 3.84 1.01 63  6.3 1.6       < .033  0.17    
CS-10 05-Sep-91 9.8 7.22 281 108 6.8 142 < 1. 51.51 5.83  0.88 142  19.3 1.8  < .05  0.11 < .003 < .018 0.02  0.19    
CS-10 16-Oct-91 6 7.84 284 126  156 < 1. 46.31 5.69 1.69 < .7 138  23.8 3       0.03  < .68    
CS-10 10-Jun-92 9 7.68 240 579  154 2     117 0.9 11.9 1.2       0.05  0.23    
CS-10 02-Sep-92 8.5 7.48 315 139 8.3 144 < .1     129 1.7 21.1 3.2  < .07  0.19 0.01 0.05 0.06  0.29    
CS-10 21-Oct-92 3.3 7.64 325   154 < 1.     143 2.1 25.3 2.9       0.05  0.34    
CS-10 28-Jun-93 15 7.83 201 1665  92 5     88.7 0.6 6.9 1.92       0.03  < .1    
CS-10 25-Aug-93 13 7.83 300  8 120 6     138 2.5 15.9 2.38  < .1  0.27 < .003 0.03 0.05  0.25    
CS-10 27-Oct-93 2 7.74 312   150 < 1.     125 1.3 24.8 2.94       0.06  0.12    
CS-10 19-Jun-95 13.35 8.3 161 10637 6.67 100 5     65 5 4 2       < .1    0.04 < 5. 
CS-10 05-Sep-95 13.6 7.89 291 224 7.4 140 < 5.     150  13 2  < .1  0.3 < .1 < .1 < .1    0.02  
CS-10 18-Oct-95 3.12 7.72 312 211  150 < 5.     130  18 3       < .1    0.02  
CS-10 24-Jun-96 10.51 7.3 227 2038  111 7 32 3 2 < 1. 112  6 2       < .1    < .01  
CS-10 11-Sep-96 10.6 8.36 308 115  162 22     146 < 5. 16 6  0.1  0.2 < .1 < .1 < .1    0.01  
CS-10 28-Oct-96 1.5 8.04 149 314  126 < 5. 41 6 2 1 338   4       < .1    0.02  
CS-10 19-Jun-97 11.1 7.88 206 4030  100 6 32 3 2 < 1. 93   2       < .1    0.03  
CS-10 12-Aug-97 13.19 7.62 265 597  130 20 38 4 3 < 1. 120 < 5. 15 2  < .1  0.3 < .1 < .1 < .1    0.01  
CS-10 09-Oct-97 7.19 6.12 265 292  140 7 39 5 2 < 1. 121   3       < .1    0.02  
CS-10 15-Jun-98 6.13 7.93 182 4075  93 7 23 2 1 < 1. 90   < 1.       < .1    < .01  
CS-10 11-Aug-98 13.57 7.04 282 170  146 7 42 4 2 < 1. 148 < 5. 13 < 1.  0.2  0.2 < .1 < .1 < .1      
CS-10 07-Oct-98 10.2 7.91 291 90  171 21 41 5 2 1 149   2       < .1    < .05  
CS-10 06-Jul-99 14.58 7.79 264 489  124 10 35 4 1 < 1. 125   < 1.       < .1    < .05  
CS-10 18-Aug-99 10.75 7.71 311 99  149 < 5. 39 5 < 1. < 1. 139 < 5. 14 < 1.  < .1  < .1 < .1 < .1 < .1    < .05  
CS-10 06-Oct-99 6.44 7.97 320 66 8.9                       
CS-10 06-Oct-99      139 < 5. 41 6 2 < .1 134   < 1.       < .1    < .05  
CS-10 27-Jun-00 11.02 7.79 283 102  138 < 5. 39 4 2 < 1. 126 < 5. 11 1       < .1    < .05  
CS-10 08-Aug-00 10 7.3 331 24 5.69 142 < 5. 44 6 1 < 1. 146 < 5. 26.3 1  < .1  < .1 < .1 < .1 < .1    < .05  
CS-10 09-Oct-00 -14.4 7.69 346 62  200 < 5. 43 6 2 1 135  24 1       < .1    < .05  
CS-10 18-Jun-01 16.3 7.8 284 439  126 5 35 4 2 < 1. 119  12 1       < .1    < .05  
CS-10 05-Sep-01 11.5 8.04 336 80.8 8.43 162 < 5. 44 6 2 < 1. 120 < 5. 21 1.2  < .06  < .1 < .1 < .05 < .05    < .05  
CS-10 25-Oct-01 2.1 7.53 255 137  167 < 5. 46 6 2 < 1. 154  25.1 1.8       < .05  0.18  < .05  
CS-10 13-Jun-02 12.3 7.7 284 491  133 12 38 5 4 < 1. 106 < 5. 11 < 1.       < .05    < .05  
CS-10 25-Sep-02 7.9 8.05 349 102 7.97 203 < 5. 44 6 3 < 1. 144  27 2  0.07  < .1 < .1 < .05 < .05  0.09  0.15  
CS-10 05-Nov-02 0.4 8.28 270 136  180 5 47 7 2 < 1. 135 < 5. 33 3       < .05   < .03 < .05  



Temp. Cond. Flow Turb D.O. TDS TSS Ca Mg Na K HCO3 CO3 SO4 Cl As (D) B (D) Cd (D)Fe (D)Fe (T)Pb (D)Mn (D)Mn (T)Hg (D) Se NO3 NO2 NO3+NO2 PO4 O&G
Site Date °C pH µS/cm gpm NTU mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L ug/L mg/L mg/L mg/L mg/L mg/L mg/L

MetalsMajor Ions Nutrients

CS-10 25-Jun-03 10.4 8.09 209 1073  105 6 35.8 4.37 1.02 < .5 109  11 5       0.04    < .05  
CS-10 29-Sep-03 8.1 7.26 269 225 6.73 160 10 47.5 6.19 1.7 1.07 145 < 5. 26 2  < .005  0.04 < .005 0.02 0.03    < .05  
CS-10 06-Nov-03 0.6 8.32 273 163  149 < 5. 44.7 6.37 1.59 1.41 114 < 5. 29 6       0.03  0.17  < .05  
CS-10 24-Jun-04 12.1 8.24 227 476  121 5 38 4.16 1.29 0.57 103 < 5. 13 2       0.03  0.15 < .05 < .05  
CS-10 08-Sep-04 7.2 8.36 284 66 5.77 158 < 5. 47 5.74 1.59 1.04   23 2  < .01  0.11 < .01 0.02 0.02  0.15  < .05  
CS-10 09-Nov-04 1 7.9 253 280  172 < 5. 39.4 5.71 1.57 0.95   23 17       0.09  0.11  < .05  
CS-10 16-Jun-05 11.2 8.21 134 2920 7.44 80 < 5. 26.3 2.7 1.22 0.55   5 < 1.    0.06  0.02 0.03  0.08  < .05  
CS-10 08-Sep-05 9.1 8.05 245 109 6.96                       
CS-10 17-Nov-05 0.6 8.17 200 215                        
CS-10 30-Jun-06 11.3 7.89 229 731                        
CS-10 20-Sep-06 5 8.28 232 235                        
CS-10 14-Dec-06 1.5 8.26 220 82.6                        
CS-10 28-Jun-07 14.2 8.32 231 366                        
CS-10 27-Sep-07 6.4 8.35 220 147                        
CS-10 22-Dec-07 0.4 8.18 167 170                        
CS-10 24-Jun-08 14 8.35 140 2850                        
CS-10 19-Sep-08 6.4 8.01 224 166                        
CS-10 21-Nov-08 1.1 8.11 225 252                        
CS-10 22-Jun-09 7.3 7.56 188 966                        
CS-10 21-Sep-09 7.6 8.04 269 188.3                        
CS-10 04-Dec-09 0.4 8.17 283 165                        
CS-10 22-Jun-10 12.9 8.05 175 1436                        
CS-10 23-Sep-10 7 8.12 265 200  172 < 4. 42.5 5.2 1.9 1.2   22 3  < .05  0.17 < .02 0.02 0.02      
CS-10 07-Dec-10 1.7 7.7 243 286.3                        
CS-10 28-Jun-11 8.7 8.14 125 6592                        
CS-10 15-Sep-11 6.7 7.37 234 282.5                        
CS-10 03-Nov-11 1.6 8.17 345 145.4                        
CS-10 18-Jun-12 11.7 8.2 264 516.8                        
CS-10 27-Aug-12 9.4 7.82 267 211                        
CS-10 02-Nov-12 2 7.8 259 170                        
CS-10 06-Jun-13 12 8.1 191 1558                        
CS-10 11-Jul-13 11.9 8.2 295 246                        
CS-10 18-Nov-13   244                         
CS-10 19-Nov-13 -0.3 8.03 244 247                        

CS-16 18-Jun-01 18.3 8.67 270 0.94  170 < 5. 47 6 2 < 1.   5 0.7     0.2   < .1    < .05  
CS-16 04-Sep-01 15.8 8.35 324 117.4 7.14 234 < 5. 42 7 2 < 1. 157 < 5. 7 0.8  < .06  < .1 0.1 < .1 < .05 < .05  < .03  < .05  
CS-16 08-Oct-01 7.4 8.2 378 131  159 < 5. 52 8 2 < 1. 195  8 1.4     0.1   < .05  0.12  < .05  
CS-16 12-Jun-02 17.7 8.19 341 467  172 10 49 6 3 < 1. 169 6 4 < 1.     0.2   < .05    < .05  
CS-16 24-Sep-02 12.1 8.41 365 127 7.28 163 < 5. 49 8 3 < 1. 180 < 5. 8 1  0.06  < .1 0.2 < .1 < .05 < .05   < .03 < .05  
CS-16 05-Nov-02 0 8.19 329 95.7  196 5 58 9 2 < 1. 216 < 5. 11 1     <0.1   < .05   < .03 < .05  
CS-16 19-Jun-03 10.5 8.46 267 510  253 < 5. 68 16.4 3.98 1.66 279 < 5. 11 2     0.12   0.01    < .05  
CS-16 29-Sep-03 9.6 8.81 296 107 9.48 161 < 5. 54 7.82 1.47 0.76 189 < 5. 8 1  < .005  0.08 0.22 < .005 0.01 0.01  0.05  < .05  
CS-16 06-Nov-03 0.4 8.43 341 122  181 < 5. 59.8 8.31 1.48 1.02 207 < 5. 14 2     0.13   0.01  0.45  < .05  
CS-16 23-Jun-04 15.7 8.55 286 328  176 6 52.1 5.85 1.31 0.61 155 < 5. 5 1     0.34   0.02  0.09 < .05 < .05  
CS-16 07-Sep-04 12.4 8.47 297 95.7 8.31 178 < 5. 54.4 7.48 1.48 0.81   7 2  < .01  0.1 0.27 0.01 0.01 0.01  0.06  < .05  
CS-16 09-Nov-04 0 8.25 287 170  174 < 5. 53.4 6.94 1.4 0.9   8 2     0.24   0.02  0.25  < .05  
CS-16 16-Jun-05 11.4 8.25 214 2700 7.52 133 < 5. 48.5 4.51 1.21 0.67   3 < 1.     0.29   0.02  0.17  < .05  
CS-16 08-Sep-05 9.8 8.41 278 66 6.78                       
CS-16 01-Nov-05 0 8.46 272 201                        



Temp. Cond. Flow Turb D.O. TDS TSS Ca Mg Na K HCO3 CO3 SO4 Cl As (D) B (D) Cd (D)Fe (D)Fe (T)Pb (D)Mn (D)Mn (T)Hg (D) Se NO3 NO2 NO3+NO2 PO4 O&G
Site Date °C pH µS/cm gpm NTU mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L ug/L mg/L mg/L mg/L mg/L mg/L mg/L

MetalsMajor Ions Nutrients

CS-16 29-Jun-06 15.7 8.58 301 543                        
CS-16 23-Aug-06 14 8.41 286 174                        
CS-16 14-Dec-06 0.4 8.47 298 125                        
CS-16 28-Jun-07 17.5 8.66 278 348                        
CS-16 27-Sep-07 8 8.65 264 142                        
CS-16 20-Dec-07 0.6 8.39 219 75                        
CS-16 28-Jun-08 15.2 8.66 241 1780                        
CS-16 19-Sep-08 4.6 8.26 290 241                        
CS-16 19-Nov-08 0.6 8.31 296 207                        
CS-16 11-Jun-09 9.3 8.3 253 1966                        
CS-16 21-Sep-09 8.2 8.3 327 172                        
CS-16 18-Nov-09 0.2 8.38 333 180                        
CS-16 22-Jun-10 15 8.26 275 1073                        
CS-16 21-Sep-10 7.5 8.53 323 162  192 < 4. 53.7 7 1.6 0.7   10 2  < .05  0.03 0.18 < .02 0.01 0.01      
CS-16 07-Dec-10 0.7 8.26 332 187                        
CS-16 28-Jun-11 6.5 7.91 205 6721                        
CS-16 15-Sep-11 7.2 8.02 304 354                        
CS-16 16-Nov-11 0.3 8.2 376 301                        
CS-16 18-Jun-12 11.2 8.7 342 380                        
CS-16 27-Aug-12 10.9 8.3 332 135                        
CS-16 02-Nov-12 1 8.25 335 152                        
CS-16 06-Jun-13 11 8.7 279 1086                        
CS-16 30-Aug-13 8.5 8.6 363 112                        
CS-16 19-Nov-13 -0.3 8.2 340 175                        

CS-17 18-Jun-01 17.6 8.65 226 175  147 < 5. 40 5 2 < 1.   5 0.8     <0.01   < .1    < .05  
CS-17 04-Sep-01 13.1 8.61 261 40.7 6.86 158 < 5. 43 7 1 < 1. 157 < 5. 9 1.7  < .06  < .1 0.1 < .1 < .05 < .05  < .03  < .05  
CS-17 23-Oct-01 2.7 8.26 381 47.7  185 5 51 9 2 < 1. 180  11.5 1.6     <0.1   < .05  0.13  < .05  
CS-17 12-Jun-02 17.9 8.27 282 267  128 6 39 5 3 < 1. 148 < 5. 4 < 1.     0.1   < .05    < .05  
CS-17 23-Sep-02 9.5 7.98 377 40.7 7.31 176 < 5. 49 9 3 < 1. 183 < 5. 11 2  < .06  < .1 0.1 < .1 < .05 < .05   < .03 < .05  
CS-17 23-Oct-02 0.6 8.71 296 40.7  195 < 5. 54 9 3 < 1. 196 < 5. 14 2     <0.1   < .05    < .05  
CS-17 18-Jun-03 15.1 8.79 214 200  156 9 40.6 4.54 1.26 0.67 129 5 4 1     0.06   0.01    < .05  
CS-17 22-Sep-03 8.8 8.66 286 23.1 6.32 211 < 5. 55.8 8.89 1.97 0.96 185 < 5. 9 1  < .005  0.04 0.08 < .005 0.01 0.01    < .05  
CS-17 06-Nov-03 0.1 8.4 342 26.2  184 < 5. 58.7 9.34 1.62 1.22 201 < 5. 14 2     0.03   < .005  0.42  < .05  
CS-17 23-Jun-04 10.3 8.47 264 176  169 < 5. 45.8 5.46 1.54 0.69 134 < 5. 6 2     0.21   0.02  0.61 < .05 < .05  
CS-17 07-Sep-04 9.4 8.43 309 29.5 8.62 184 < 5. 54.3 7.45 1.59 0.86   8 2  < .01  0.03 0.07 < .01 0.01 0.01  0.17  < .05  
CS-17 09-Nov-04 0 8.36 285 30  180 < 5. 50.5 7.33 1.81 0.94   10 2     0.05   0.01  0.28  < .05  
CS-17 16-Jun-05 12.2 8.12 179 713  109 < 5. 36.5 3.65 1.38 0.71   3 < 1.     0.53   0.02  < .05  < .05  
CS-17 08-Sep-05 9.6 8.48 269 24.6 6.92                       
CS-17 01-Nov-05 0.4 8.49 261 19.9                        
CS-17 29-Jun-06 15.7 8.49 267 241                        
CS-17 23-Aug-06 12 8.66 284 41.5                        
CS-17 14-Dec-06 0.6 8.47 280 40.7                        
CS-17 28-Jun-07 16.9 8.66 261 60.8                        
CS-17 27-Sep-07 5.4 8.62 246 30.8                        
CS-17 20-Dec-07 1.1 8.39 244 25                        
CS-17 23-Jun-08 13.9 8.23 170 0.93                        
CS-17 19-Sep-08 5.4 8.35 266 40.7                        
CS-17 19-Nov-08 0.5 8.17 294 109                        
CS-17 22-Jun-09 8.9 8.31 252 406                        



Temp. Cond. Flow Turb D.O. TDS TSS Ca Mg Na K HCO3 CO3 SO4 Cl As (D) B (D) Cd (D)Fe (D)Fe (T)Pb (D)Mn (D)Mn (T)Hg (D) Se NO3 NO2 NO3+NO2 PO4 O&G
Site Date °C pH µS/cm gpm NTU mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L ug/L mg/L mg/L mg/L mg/L mg/L mg/L

MetalsMajor Ions Nutrients

CS-17 28-Aug-09 7.2 7.33 324 40.7                        
CS-17 11-Nov-09 0.2 7.89 333 40.7                        
CS-17 21-Jun-10 11.5 8.41 214 326                        
CS-17 21-Sep-10 5.5 8.56 318 40.7  182 < 4. 47.8 7 1.7 0.7   10 2  < .05  0.03 0.1 < .02 < .005 0.01      
CS-17 27-Oct-10 0.6 8.47 321 53.8  198 < 4. 45.6 6.9 1.8 0.8   10 2    0.03   0.01  0.7 < .1   
CS-17 28-Jun-11 9.8 7.96 180 3315                        
CS-17 15-Sep-11 9 7.98 270 309.5                        
CS-17 16-Nov-11 0.4 8.6 345 36.2                        
CS-17 18-Jun-12 14.8 8.8 293 91.6                        
CS-17 27-Aug-12 9.9 8.29 320 50.8                        
CS-17 02-Nov-12 1.1 8.24 337 14.1                        
CS-17 06-Jun-13 15.6 8.9 222 406.1                        
CS-17 30-Aug-13   381                         
CS-17 12-Nov-13 -0.3 8.26 344 8.21                        

CS-18 19-Jun-01 17.3 8.27 327 1910  143 < 5. 39 7 2 < .01   6 4     0.2   < .1    < .05  
CS-18 04-Sep-01 18.9 8.32 303 506 6.54 127 < 5. 37 7 2 < 1. 143 < 5. 5 4  0.07  < .1 0.1 < .1 < .05 < .05  < .03  < .05  
CS-18 08-Oct-01 10.2 8.64 239 396  136 < 5. 38 7 2 < 1. 152  4.7 3.4     0.1   < .05  0.03  < .05  
CS-18 12-Jun-02 15.2 8.13 332 383  154 7 44 8 4 < 1. 165 < 5. 5 3     0.1   < .05    < .05  
CS-18 25-Sep-02 10.5 8.27 310 557 7.09 161 < 5. 36 8 5 < 1. 142 < 5. 5 4  < .06  < .1 2.2 < .1 < .05 < .05   < .03 < .05  
CS-18 29-Oct-02 3.6 8.41 261 597  151 < 5. 44 8 4 < 1. 155 < 5. 9 6     0.1   < .05    < .05  
CS-18 19-Jun-03 11.1 8.61 280 2549  178 5 49 6.62 3.26 0.56 171 < 5. 42 5     0.15   0.03    < .05  
CS-18 29-Sep-03 11.5 8.13 242 637 8.37 129 < 5. 40 7.57 2.48 0.61 151 < 5. 5 4  < .005  0.06 0.12 < .005 0.01 0.01  < .03  < .05  
CS-18 06-Nov-03 0.2 8.41 309 705  152 < 5. 46.6 7.33 4.65 1.02 174 < 5. 7 9     0.12   0.02  0.24  < .05  
CS-18 24-Jun-04 11.1 8.63 282 1990  138 8 45.2 6.92 2.49 0.46 140 < 5. 5 4     0.2   0.04  0.1 < .05 < .05  
CS-18 07-Sep-04 15.1 8.52 226 489 7.38 132 < 5. 36.1 6.83 2.38 0.53   5 4  < .01  0.08 0.2 < .01 0.01 0.03  < .05  < .05  
CS-18 08-Nov-04 2.2 8.14 339 1165  206 < 5. 51.1 7.08 16 0.93   7 31     0.25   0.02  0.31  < .05  
CS-18 16-Jun-05 8.8 8.46 219 12835 8.05 101 < 5. 46 5.4 2.06 0.52   3 3     0.34   0.02  0.22  < .05  
CS-18 08-Sep-05 14.4 8.47 256 818 7.22                       
CS-18 20-Oct-05 8.9 8.58 210 8.9                        
CS-18 29-Jun-06 16.1 8.46 287 3110                        
CS-18 23-Aug-06 18 8.52 249 795                        
CS-18 14-Dec-06 0.4 8.56 278 613                        
CS-18 28-Jun-07 19.1 8.53 273 1440                        
CS-18 27-Sep-07 11.7 8.55 229 666                        
CS-18 20-Dec-07 1.3 8.37 226 585                        
CS-18 23-Jun-08 13.8 8.56 238 7530                        
CS-18 22-Sep-08 10.5 8.64 226 874                        
CS-18 21-Nov-08 4.2 8.59 259 1132                        
CS-18 22-Jun-09 12.4 8.43 263 2516                        
CS-18 28-Sep-09 13.8 8.56 263 951                        
CS-18 18-Nov-09 1.4 8.54 297 1001                        
CS-18 19-Jun-10 11.7 8.56 266 4274                        
CS-18 21-Sep-10 14 8.87 232 875  148 < 4. 35.3 6.5 2.8 0.4   5 5  < .05  0.04 0.13 < .02 0.01 0.01      
CS-18 07-Dec-10 1.2 8.39 325 1009                        
CS-18 28-Jun-11 5.4 7.87 208 18114                        
CS-18 16-Sep-11 8.4 8.62 254 1722                        
CS-18 16-Nov-11 0.3 8.9 357 1580                        
CS-18 18-Jun-12 13.7 8.8 303 1901                        
CS-18 27-Aug-12 14.9 8.32 269 807                        



Temp. Cond. Flow Turb D.O. TDS TSS Ca Mg Na K HCO3 CO3 SO4 Cl As (D) B (D) Cd (D)Fe (D)Fe (T)Pb (D)Mn (D)Mn (T)Hg (D) Se NO3 NO2 NO3+NO2 PO4 O&G
Site Date °C pH µS/cm gpm NTU mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L ug/L mg/L mg/L mg/L mg/L mg/L mg/L

MetalsMajor Ions Nutrients

CS-18 03-Nov-12 5.7 8.42 277 884                        
CS-18 06-Jun-13 12.2 8.8 291 5778                        
CS-18 30-Aug-13 12.7 8.7 292 787                        
CS-18 14-Nov-13 3.8 8.7 344 624                        

UPL-10 30-Jul-81 13     9.9 167 1     171  18 2.81     0.28   0.02        
UPL-10 22-Oct-81 0     10.2 195 3.1     221  6 3.8     0.55   0.05        
UPL-10 10-Nov-81 3   494  12.8 196 4     162  38 3 < .001 0.01 < .001 0.16 0.58 < .001  0.05  < .001 0.11    23.8
UPL-10 08-Dec-81 0      212 2     189  33 2.7     0.37   0.04        
UPL-10 28-Jun-82 13 8.2 332 5790                            
UPL-10 21-Jul-82 13 7.9 339 2715                            
UPL-10 17-Aug-82 14 8.2 246 1158  8.6 187 17     208  < 3. 11.2     0.63   0.04   0.23    0.4
UPL-10 15-Sep-82 8 8 320 1436                            
UPL-10 15-Oct-82 4 8.6 247 1616                            
UPL-10 28-Jun-83 13 8 126 28319                            
UPL-10 19-Jul-83 12 8 270 5094                            
UPL-10 24-Aug-83 9 7.6 315 2383  7.4 176 41     188  13 < .1     0.72   0.05   < .02    < .2 
UPL-10 27-Sep-83 10 6.6 263 3478                            
UPL-10 20-Oct-83 6 7.7 283 2289                            
UPL-10 24-May-84 8.4 7.3 142                             
UPL-10 26-Jun-84 11 6.8 227 14003                            
UPL-10 31-Jul-84 12 7.5 291 2401                            
UPL-10 24-Aug-84 10 7.7 353 1391  9.4 225 17 60 21.6 9.5 0.63 220  < 10. 20     0.16   0.07   0.13    < .1 
UPL-10 27-Sep-84 3.5 7.6 311 1293                            
UPL-10 13-Nov-84 0 7.5 243                             
UPL-10 30-Jan-85 0 8.1 545    442 1.2 96 37.4 3 2.24 334  107 7     0.09   < .01        
UPL-10 21-May-85 6 7.4 154 35455                            
UPL-10 19-Jun-85 17 7.8 317 3680                            
UPL-10 17-Jul-85 15 7.9 406 1279                            
UPL-10 28-Aug-85 14 7.9 291 803  6.6  2     181   1.9     0.15   0.02   0.33    1
UPL-10 24-Sep-85 10 7.9 301 776                            
UPL-10 15-Oct-85 6 7.7 290 965                            
UPL-10 27-May-86 7 7.3 120                             
UPL-10 19-Jun-86 14 7.8 191 14003                            
UPL-10 22-Jul-86 11 7.4 315 1521                            
UPL-10 19-Aug-86 15 7.7 311 830  8.4 155 < 1.     176  9 1.9     0.33   0.03   0.24    0.4
UPL-10 24-Sep-86 5 7.6 297 1055                            
UPL-10 16-Oct-86 0.5 7.8 267 925                            
UPL-10 19-May-87 8 7.9 170 7544                            
UPL-10 16-Jun-87 16 8 233 1310                            
UPL-10 28-Jul-87 14 8.1 265 898                            
UPL-10 20-Aug-87 17 8.4 265 269  8.4 162 < 1.     196  8 1.4     0.37   0.02   0.28    < .1 
UPL-10 22-Sep-87 7 8 294 489                            
UPL-10 19-Oct-87 6 8.4 289 615                            
UPL-10 17-Aug-88 10 7.2 341 750  7.4 185 3     198  10 1.9     0.33   0.04   0.18    0.2
UPL-10 21-Jun-89 16 7.6 287 1840   198 2     177  7 11.4     0.3   0.03   0.17     
UPL-10 07-Sep-89 7.5 6.8 383 426  8.7 188 < 1.     178  24 2.6  < .001  0.05 0.36 < .001 < .01 < .01   0.11     
UPL-10 17-Oct-89 6 8.15 280 606   179 < 1. 52.87 8.5 1.97 0.87 176  20 3.3     0.32   0.02   0.24     
UPL-10 05-Jun-90 8 7.3 183    104 10 33.78 3.61 4.57 < .5 124  6 2.9     0.56   0.05   0.13     
UPL-10 11-Sep-90 17.8 8.4 329 494  8.7 172 < 1. 46.92 9.03 2.65 0.9 194  10.5 3.9  < .005  0.06 0.31 < .001 < .01 0.02   0.07 < .02    



Temp. Cond. Flow Turb D.O. TDS TSS Ca Mg Na K HCO3 CO3 SO4 Cl As (D) B (D) Cd (D)Fe (D)Fe (T)Pb (D)Mn (D)Mn (T)Hg (D) Se NO3 NO2 NO3+NO2 PO4 O&G
Site Date °C pH µS/cm gpm NTU mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L ug/L mg/L mg/L mg/L mg/L mg/L mg/L

MetalsMajor Ions Nutrients

UPL-10 24-Oct-90 9 7.3 342 570   186 < 1. 51.29 7.79 2.18 0.68 184  13.7 4.8     0.31   0.03   0.15     
UPL-10 19-Jun-91 13.5 8.33 210 3379   116 8     108  8.2 4.6     0.42   < .033   0.11     
UPL-10 05-Sep-91 14 8.26 325 678  6.9 174 < 1. 58.26 8.82 1.04 0.79 180  10.4 4.8  < .05  0.03 0.13 < .003 < .018 0.02   0.12     
UPL-10 15-Oct-91 11.8 8.03 322 467   204 < 1. 53.01 8.69 2.48 < .7 177  12.8 5.4     0.29   < .02   < .68     
UPL-10 09-Jun-92 17.1 8.32 288 1230   194 < 1.     143 1.3 8.1 6.5     0.31   0.03   0.18     
UPL-10 02-Sep-92 12.3 7.83 311 364  7.6 172 < .1     167 2.7 12 7.2  < .07  0.05 0.34 0 0.02 0.03   < .1     
UPL-10 21-Oct-92 2.5 7.93 389    186 < 1.     198 2.2 15.1 6.3     0.28   < .01   0.32     
UPL-10 28-Jun-93 16.7 8.8 206 2343   112 2     118 3.2 5.9 4.6     0.25   0.02   < .1     
UPL-10 26-Aug-93 11 8.23 387   8.6 182 8     183 4.2 10 6.85  < .1  0.07   < .02 0.04   0.26     
UPL-10 27-Oct-93 2.9 8.16 382 619   188 < 1.     181 2 14.8 8.27     0.27   0.02   0.15     
UPL-10 19-Jun-95 13.5 8.12 216 13958  6.4 80 5     95 10 1 4     0.4   < .1     0.1 0.06  
UPL-10 04-Sep-95 16 8.57 343 1355  7.1 130 5     175  9 9  < .1  < .1 0.3 < .1 < .1 < .1     < .1 0.02  
UPL-10 18-Oct-95 9.67 8.26 384 718   190 < 5.     170  11 9     0.2   < .1     0.1 0.02  
UPL-10 24-Jun-96 13.21 8.54 307 8222   140 7 44 5 3 < 1. 129  5 1     0.3   < .1     < .01 0.01  
UPL-10 11-Sep-96 10.8 8.43 375 1176  7.2 210 < 5.     191 < 5. 11 10  0.1  < .1 0.3 < .1 < .1 < .1     < .1 < .01  
UPL-10 28-Oct-96 1.5 8.06 232 1257   216 8 54 9 6 1 395   11     0.6   < .1     0.3 0.02  
UPL-10 23-Jun-97 9.25 7.63 315 12876   150 6 49 6 3 < 1. 153   7     0.3   < .1     0.2 0.03  
UPL-10 12-Aug-97 15.66 8.27 368 1957 11.8  190 11 53 8 5 < 1. 183 < 5. 10 9  < .1  0.1 0.6 < .1 < .1 < .1     0.2 0.01  
UPL-10 09-Oct-97 9.01 8.56 336 1391 8.28  180 < 5. 53 8 5 1 177   13     0.5   < .1     0.1 0.02  
UPL-10 15-Jun-98 8.58 8.26 249 19173 9.03  142 12 36 4 3 < 1. 115   6     0.4   < .1     < .1 0.01  
UPL-10 13-Aug-98 10.38 7.49 382 911 6.85  198 7 56 7 4 < 1. 208 < 5. 9 10  0.2  < .1 0.4 < .1 < .1 < .1     0.3   
UPL-10 08-Oct-98 10.22 8.18 392 386 5.81  222 < 5. 54 8 4 1 214   12     0.3   < .1     0.2 < .05  
UPL-10 24-Mar-99 o Access 
UPL-10 05-Jul-99 20.02 8.27 342 1337 5.21  166 5 45 6 4 < 1. 164   8     0.3   < .1     0.18 < .05  
UPL-10 18-Aug-99 18.15 8.28 391 283 5  181 9 50 8 2 < 1. 178 < 5. 9 10  < .1  < .1 0.3 < .1 < .1 < .1     0.16 < .05  
UPL-10 06-Oct-99 8.59 8.24 416 217 8 9.48                          
UPL-10 06-Oct-99       210 6 56 8 < 1. < 1. 193   10     0.3   < .1     0.25 < .05  
UPL-10 20-Jun-00 18.64 8.32 349 270 17  197 < 5. 45 7 5 < 1. 142 6 8 13     0.3   < .1    < .03 0.11 < .05  
UPL-10 07-Aug-00 12 8.29 392 197 3 6.21 233 6 49 9 4 < 1. 177 < 5. 11 13  0.1  < .1 0.3 < .1 < .1 < .1    < .03 0.04 < .05  
UPL-10 09-Oct-00 9 8.17 432 196 6  259 < 5. 54 9 5 < 1. 184 < 5. 14 12     0.3   < .1     0.11 < .05  
UPL-10 19-Jun-01 18.7 8.84 274 1641 5  165 < 5. 41 7 5 < 1. 149  10 16     0.2   < .1     0.07 < .05  
UPL-10 03-Sep-01 16.1 8.11 411   6.83 215 < 5. 50 9 6 < 1. 132 9 12 16.4  < .06  < .1 0.2 < .1 < .05 < .05     < .03 < .05  
UPL-10 25-Oct-01 0.2 7.61 443 711 5  216 < 5. 58 10 6 1 196  15.9 14.6     0.2   < .05   0.2  0.2 < .05  
UPL-10 19-Jun-02 18.9 8.12 365 1213 7  159 < 5. 46 8 7 < 1. 149 < 5. 9 15     0.2   < .05     < .03 < .05  
UPL-10 15-Aug-02 22.2 8.5 325 144 4 5.96 173 < 5. 48 10 8 < 1. 159 < 5. 14 19  0.1  < .1 0.2 < .1 < .05 < .05     < .03 < .05  
UPL-10 14-Nov-02 0.5 7.97 384 494 11.7  236 < 5. 62 11 12 2 184 < 5. 19 23    < .1 0.2  < .05 < .05    < .03 0.23 < .05  
UPL-10 17-Jun-03 11.2 8.61 278 2935 5.1  159 < 5. 46.6 6.34 5.8 0.7 137 < 5. 8 16     0.24   0.02     0.24 < .05  
UPL-10 18-Sep-03 9.9 8.52 304 415 5.6 7.7 194 < 5. 49.7 8.72 4.1 0.7 172 < 5. 9 13  0.01  0.11 0.29 < .005 0.01 0.01     < .03 < .05  
UPL-10 06-Nov-03 0.1 8.36 422 615 2  214 < 5. 59.9 10.3 9.2 1.36 198 < 5. 19 28     0.2   0.01   0.21  0.21 < .05  
UPL-10 24-Jun-04 15.4 8.6 343 1665 5  177 < 5. 49.9 7.52 5.9 0.7 137 < 5. 10 17     0.27   0.02   0.15 < .05 0.15 < .05  
UPL-10 02-Sep-04 14.5 8.61 361 282 4 7.67 200 < 5. 54.1 9.84 6.3 1.07 172 3.6 13 18  0.01  0.14 0.27 < .01 < .002 0.01   < .05   < .05  
UPL-10 08-Nov-04 0.01 7.79 354 1510 12  217 < 5. 50.2 7.86 14.5 1.17 151  15 37     0.41   0.02   0.16   < .05  
UPL-10 16-Jun-05 10.2 8.51 214 11085 11 7.58 119 < 5. 40.7 4.68 3.6 0.62 112 3.6 5 7     0.25   0.02   0.09   < .05  
UPL-10 08-Sep-05 13.5 8.49 322 744 7.6 7.9 224 < 5. 55.5 9.23 7.3 0.9 173 6.6 12 20  0.02  < .03 0.26 < .01 0.01 0.01   0.09   < .05  
UPL-10 20-Oct-05 7.9 8.72 303 587 5.18  224 < 5. 55.1 8.65 6.0 1.01 173 3.6 16 20     0.31   0.01   0.07   < .05  
UPL-10 28-Jun-06 13.6 8.48 315 2390   206 < 5. 51.4 7.1 5.4 0.68 162 < 5. 10 13     0.23   0.02     0.19   
UPL-10 20-Sep-06 5 8.07 344 920   218 5 61.39 8.95 7.5 1.03 191 < 5. 13 18     0.9   0.05     0.2   
UPL-10 14-Dec-06 0.2 8.42 383 776   219 < 5. 60.16 8.94 10.0 0.87 180 < 5. 16 24     0.19   0.01     0.39   
UPL-10 28-Jun-07 17.7 8.43 342 1155   170 6 54.7 8.09 5.7 0.52 169 < 5. 10 15     0.32   0.03     0.34   
UPL-10 27-Sep-07 10.8 8.52 339 518   240 < 5. 57.8 9.94 7.8 1.12 180 3 17 20     0.34   0.01     2.29   



Temp. Cond. Flow Turb D.O. TDS TSS Ca Mg Na K HCO3 CO3 SO4 Cl As (D) B (D) Cd (D)Fe (D)Fe (T)Pb (D)Mn (D)Mn (T)Hg (D) Se NO3 NO2 NO3+NO2 PO4 O&G
Site Date °C pH µS/cm gpm NTU mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L ug/L mg/L mg/L mg/L mg/L mg/L mg/L

MetalsMajor Ions Nutrients

UPL-10 20-Dec-07 0.2 8.31 272 260   260 < 5. 59.41 9.91 8.4 1.17 190 < 5. 18 21     0.16   0.02     0.82   
UPL-10 24-Jun-08 14.4 8.84 225 10310   143 < 5. 40.34 4.89 3.9 0.57 109 6.6 6 8     0.19   0.02     0.94   
UPL-10 28-Sep-08 9.6 8.41 364 817   228 < 5. 61.43 10.56 6.8 0.89 189 < 5. 14 18     0.24   0.01     0.36   
UPL-10 27-Dec-08 0.4 8.31 3.06 1055   219 6 60.32 9.28 6.3 1.4 176 < 5. 18 16     12.2   0.12     3.53   
UPL-10 22-Jun-09 14.4 6.19 286 5149   189 < 5. 48.06 6.04 5.4 0.72 143 < 5. 8 12     0.36   0.02     1.15   
UPL-10 28-Sep-09 12.5 8.49 363 729   196 7 54.38 9.62 6.9 1.07 166 7.2 14 18     0.24   0.01     0.23   
UPL-10 18-Nov-09 0.5 8.56 366 1862   211 < 5. 57.93 9.78 6.8 1.14 187 < 5. 18 17     0.15   0.01     0.5   
UPL-10 21-Jun-10 10.1 8.42 291 4110   180 5 46.39 5.77 5.4 0.61 144 < 5. 7 11     0.28   0.02     0.87   
UPL-10 23-Sep-10 9.2 8.62 387 734   242 5 55.2 8.8 7.8 0.9 233 1.8 15 19  < .05  0.06 0.28 < .02 0.01 0.01     0.3   
UPL-10 17-Nov-10 0.8 8.3 400 780   244 < 4. 54 8.1 9.1 1 218 < 1. 18 25    0.2 0.02   0.02     0.5   
UPL-10 28-Jun-11 5.7 8.03 203 21576   560 14 35.8 4 3.1 0.7 143 0.6 6 5     0.24   0.03     0.7   
UPL-10 28-Sep-11 11.5 8.59 364 1315   204 < 4. 53 8.4 6.7 0.9 190 1.8 12 16     0.25   0.01     0.5   
UPL-10 16-Nov-11 0.3 8.4 429 978   200 < 4. 56.9 8.6 7.0 1.1 194 < 1. 16 17     0.16   0.02     0.8   
UPL-10 18-Jun-12 11.3 8.6 391 1474   188 4 52.3 7.4 6.3 0.6 188 3 11 15     0.27   0.03     0.7   
UPL-10 24-Sep-12 10.6 8.7 404 770   304 < 4. 52.2 8.9 6.5 1 230 1.2 15 17     0.3   0.01     0.2   
UPL-10 02-Nov-12 4.4 8.31 367 673   232 < 4. 54.7 8.9 6.7 1.1 191 1.8 17 16     0.27   0.01     0.5   
UPL-10 14-Jun-13 9.7 8.6 344 2902   148 6 48.2 6.3 5.7 0.6 177 7.8 9 13     0.31   0.03     1.7   
UPL-10 28-Sep-13 -0.3 8.04 372 799   204 < 4. 60.4 9.5 10.9 1.1 199 1.8 15 25     0.38   0.02     0.4   



Table 3  Average discharge rates and solute geochemical compositions 
for springs and streams.

Temp. Cond. Flow TDS Ca Mg Na K HCO3 CO3 SO4 Cl
Site °C pH µS/cm gpm mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

Springs

Price River springs
29-138 5.6 7.26 439 24.1 272 83 8.0 2.2 0.0 300 0.0 4.0 3.0
32-277 6.1 7.33 257 1.8 170 41 6.8 1.2 0.2 163 0.0 7.8 0.8
MSS-1 4.9 7.71 374 1.05 228 62 8.5 1.0 0.0 240 0.0 10.0 1.0
Average 5.5 7.4 357 9.0 223 61.8 7.8 1.5 0.1 234 0.0 7.3 1.6

Price River/Castlegate contact springs
29-133 4.0 7.33 324 35.5 193 60 4.8 1.7 0.0 211 0.0 5.3 1.2
Average 4.0 7.3 324 35.5 193 60 5 1.7 0.0 211 0.0 5.3 1.2

Castlegate Sandstone springs
33-268 4.4 7.25 89 1.8 72 14 2.0 1.5 0.0 46 0.0 7.0 2.0
4-429 6.8 7.39 139 1.7 87 22 4.0 1.0 0.0 85 0.0 2.0 0.7
8-253 3.6 7.13 136 16.0 86 23 2.5 1.2 0.0 91 0.0 5.0 0.3
Average 4.9 7.3 122 6.5 81 19.7 2.8 1.2 0.0 73.9 0.0 4.7 1.0

Castlegate/Blackhawk contact springs
21-222 4.8 7.37 322 7.7 190 49 11.2 1.3 0.0 202 0.0 6.5 0.7
32-183 3.3 7.23 169 7.7 122 28 5.2 1.5 0.0 117 0.0 5.2 0.7
32-279 5.5 7.35 321 2.7 225 54 15.0 1.7 0.0 240 0.0 8.5 0.8
Average 4.5 7.3 271 6.0 179 43.7 10.4 1.5 0.0 186 0.0 6.7 0.7

Blackhawk Formation springs
28-110 6.0 7.51 340 2.0 208 56 9.8 2.0 0.0 225 0.0 7.0 1.5
3-290 7.0 8.00 219 14.9 158 39 6.3 2.6 0.43 155 0.07 5.3 2.0
4-173 4.7 7.45 233 1.1 185 48 9.2 1.8 0.0 195 0.0 5.2 1.5
5-231 2.9 7.15 206 3.2 138 37 4.3 1.8 0.0 141 0.0 7.3 0.8
Average 5.1 7.5 249 5.3 172 45.1 7.4 2.1 0.1 179 0.0 6.2 1.5

Groundwater storate tanks
MST-1 9.6 7.80 369 --- 200 62 8.0 1.0 0.0 237 0.0 0.0 1.0
MST-2 8.0 8.20 195 --- 140 30 2.0 2.0 0.0 112 0.0 0.0 2.0
MST-3 11.9 7.85 353 8.3 236 58 16.5 1.0 0.0 264 0.0 5.5 1.0

Creeks

C-5 7.5 7.85 192 28 141 36 5.8 2.3 0.0 148 0.0 4.3 1.2
C-6 8.9 8.46 235 240 137 37 6.0 3.0 0.0 132 6.5 5.5 3.5
C-7 9.4 8.45 261 1,200 139 38 7.0 2.0 0.0 161 2.5 4.0 1.0
C-8 8.1 8.47 267 1,275 150 42 6.5 2.0 0.0 163 3.0 4.5 1.5
CS-10 7.9 7.72 241 984 143 39 4.9 2.9 0.4 131 0.6 17.9 3.0
CS-16 8.0 8.39 296 515 183 53 7.4 1.8 0.4 193 1.8 7.8 1.1
CS-17 7.8 8.37 278 187 173 48 6.8 1.8 0.4 171 1.2 8.3 1.6
CS-18 10.1 8.47 270 2,067 150 42 7.0 3.5 0.3 156 1.2 7.3 5.5
UPL-10 9.7 8.07 313 3,120 198 53 8.7 5.7 0.7 177 1.9 13.4 11.7

Major Ions



Table 4   Groundwater mean residence times in the Flat Canyon area.

Site Date 13C (‰) 14C (pmC) Tritium (TU) Mean residence time

7-242 10/9/1997 -13.1 73.52 10.5 modern

29-138 10/8/1997 -12.3 88.58 12.9 modern
7/21/1998 -13.5 90.96 14 modern

8-253 10/9/1997 -16.0 84.39 29.7 modern
7/21/1998 -16.1 79.06 30 modern

32-279 10/9/1997 -12.3 68.62 14 modern
7/21/1998 -12.5 71.67 15 modern

MST-3 9/11/1997 13.1 modern



Tables 5, 6, 7, and 8 

 

 

Are included in Section 9.0 of this report. 

(pages 43-46) 
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February 3, 2003 
 
 
Erik Petersen 
Petersen Hydrologic 
2695 North 600 East 
Lehi, UT  84043 
 
 
Dear Erik: 
 
Enclosed please find the results of the Microscopic Particulate Analysis (MPA) performed on the sample 
received in our laboratory on January 16, 2003. 
 
Thank you for using Analytical Services Inc. for your testing needs.  If you have any questions or if we 
may be of service in the future, please do not hesitate to contact us at (800) 723-4432. 
 
Sincerely, 
 
ANALYTICAL SERVICES, INC. 
 
 
 
 
Jessica Howlett 
Staff Microbiologist 
 
JH/lll 
 



ANALYTICAL SERVICES, INC. 

Project No.: 2003-0116-009 

Microscopic Particulate Analysis 
 
Section I. 
 
One sample from Petersen Hydrologic was analyzed using the Environmental Protection Agency’s 
Consensus Method for Determining Ground Waters Under the Direct Influence (GWUDI) of Surface 
Water Using Microscopic Particulate Analysis (MPA).  MPA is one parameter used to determine if a 
ground water source is under the direct influence of surface water.  As indicated in the Guidance Manual 
for compliance with the Surface Water Treatment Rule, other factors, including a sanitary survey, well 
construction logs, hydrological criteria, distance from nearest surface water source and water quality are 
considered when making a GWUDI determination.  Recent data indicate that factors effecting particulate 
movement in soil need to be taken into account in GWUDI determinations.  These include the degree of 
hydraulic communication (timing and amount of surface water mixed with ground water), time of travel in 
the ground, and natural filtration. 
 
An MPA filter is processed by first cutting the fibers from the filter core then washing them repeatedly with 
a stomacher.  The resulting sediment is centrifuged into a pellet.  Then, depending on the volume of the 
pellet recovered from a filter, the sediment is either purified by a gradient flotation procedure using Percoll 
sucrose as the levitant, or is analyzed directly.  A portion of the pellet is examined for surface water 
“bioindicators”, such as plant debris, algae, diatoms, insects, protozoa, rotifers, and other particulates that 
are characteristic of surface waters.  The number and type of bioindicators are tabulated and used to 
calculate a risk rating score, which indicates the risk of surface water contamination.  The MPA risk-rating 
table can be found in Section III of this report. 
 
Results from the MPA indicate this sample is characteristic of ground water.  There was a minimal 
amount of sediment recovered from the filter (0.05 mL in 458 gallons), and only a minimal amount 
remained after the flotation process.  Low numbers of particulates and biological organisms were 
detected in this sample.  Data from the MPA are included in Section II of the Analytical Results. 
 



ANALYTICAL SERVICES, INC. 

Project No.: 2003-0116-009 

Client: Petersen Hydrologic 
2695 North 600 East 
Lehi, UT  84043 

Sampling Date: January 14, 2003 
Address: Date Received: January 16, 2003 

 Analyst: jh 
 
Section II. 

Analytical Results 
Sample No.: 2003-0116-009 
 

I. SAMPLE DATA 
Sample ID: JC-1 

Sample Site: JC-1 
Water Type: raw/well 

Turbidity, NTU’s: S: 3.4 E: 1.1 
pH: S: 7.72 E: 7.79 

Treatment: none 
Distance From 
Surface Water: 100 feet 

Volume Filtered: 458 gallons 
Filter: Commercial 

Honeycomb 1 m 
Filter Color: off-white 

Sediment Volume: 0.05 mL 
Volume Floated: 0.05 mL 

Pellet Volume 
After Float: trace 

Levitant –   
type: Percoll sucrose 

specific gravity: 1.15 
S = Start of Sampling; E = End of Sampling

 

II. MPA 
Numbers reported are per 100 gallons 
Detection Limit = 6.67 
 

Amorphous Debris: Confluent Crustaceans: BDL 
    Vegetative Debris -  Crustacean Parts: BDL 

with chlorophyll: BDL Crustacean Eggs: BDL 
without chlorophyll: BDL Water Mites: BDL 

Diatoms -    Gastrotrichs: BDL 
with chlorophyll: BDL Tardigrades: BDL 

without chlorophyll: BDL Nematodes: BDL 
Other Algae*: BDL Nematode Eggs: BDL 

Rotifers: BDL Invertebrate Eggs: BDL 
Rotifer Eggs: BDL Annelids: BDL 

Fungal Spores: BDL Amoebae: BDL 
Pollen: BDL Protozoa: BDL 

Iron Bacteria**: BDL Insects/Larvae: BDL 
  

BDL = Below Detection Limit   
 

*Algae Identifications: NA 
**Iron Bacteria: NA 

Comments:  
NA = Not Applicable 
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Client: Petersen Hydrologic 
2695 North 600 East 
Lehi, UT  84043 

Sampling Date: January 14, 2003 
Address: Date Received: January 16, 2003 

   
 
Section III. 

 
MPA Risk Rating Table 

 
The risk rating for surface water influence as calculated according to the EPA Consensus Method for 
Microscopic Particulate Analysis is as follows: 
 

 
Lab ID 

 
Sample ID Table 1 Table 2 Total Risk Rating 

2003-0116-009 JC-1 None Detected NA 0 Low* 

NA = Not Applicable 
 
The tables of relative risk factors used to calculate surface water influence in the EPA Consensus Method for Microscopic 
Particulate Analysis are based on a limited set of data.  These data are not representative of all aquifer types or well designs.  
Therefore, the relative risk values calculated from these tables are of limited value in determining health risks associated with 
surface water indicators. 
 
*This EPA Risk Rating table classifies each sample according to the number of surface water indicating organisms per 100 gallons; 
however, only 15 gallons of this sample could be analyzed for MPA.  The relatively small volume analyzed does not affect the 
validity of the results; however, the risk rating should be interpreted with caution. 
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1.0 Introduction 

 

The Canyon Fuel Company, LLC, Skyline Mine is located in the northern Wasatch Plateau coal 

mining district, approximately 3.5 miles southwest of the town of Scofield, Utah (Figure 1).  

Operations at the Skyline Mine commenced in 1981 and continue at the present time. 

 

Prior to 1999, modest quantities of groundwater were intercepted during underground mining 

operations at the Skyline Mine.  Typically, the total discharge from the mine was on the order of 

a few hundred gallons per minute or less (UDOGM, 2014).  Beginning in 1999, as coal mining 

operations progressed in the southwestern portion of the mine permit area, appreciably more 

groundwater began to be intercepted.  The great majority of the intercepted groundwater 

upwelled from the Star Point Sandstone through the mine floor through fault and fracture 

systems.  The intercepted Star Point Sandstone groundwater (which pooled in down-dip areas) 

was pumped from the southwest portion of the Skyline Mine to surface discharge points in 

Eccles Canyon (CS-14).  Mining in the southwest area was mostly completed by 2003.  The 

inflow of Star Point Sandstone groundwater into the mined out areas has continued and, 

consequently, the pumping of groundwater from this area has been essentially continuous from 

1999 to the present time. 

 



  Petersen Hydrologic  
 
 

Groundwater Conditions in the  2 18 August 2014 
Star Point Sandstone in the Vicinity                             
Of the Skyline Mine, 2014  

Canyon Fuel Company plans to conduct mining operations in the Flat Canyon Tract, which is 

located to the west of the existing Skyline Mine permit area (Figure 1).  The purpose of this 

investigation is to evaluate the current potentiometric conditions in Star Point Sandstone 

groundwater systems subsequent to the more than 14 years that have elapsed since these systems 

were first intercepted in the Skyline Mine. 

 

 

2.0 Methods of Study 

 

Existing hydrogeologic maps and reports were obtained and reviewed. These included previous 

hydrogeologic investigations of the Skyline Mine area (Mayo and Associates, 1996), the Flat 

Canyon Tract Final Environmental Impact Statement conducted by the United States Forest 

Service and Bureau of Land Management (USFS, 2002), and reports of Star Point Sandstone 

groundwater systems that were intercepted previously by the Skyline Mine (Petersen Hydrologic, 

2002; HCI, 2001, 2002, 2003, 2004). 

 

Potentiometric information from monitoring wells in the Skyline Mine area was obtained from 

the Utah Division of Oil, Gas and Mining on-line Utah Coal Mining Water Quality Database 

(UDOGM, 2014) and compiled for analysis. 

 

Mine-water discharge rate data from the southwest portion of the Skyline Mine (at monitoring 

site CS-14) as well as pumping rate data from Skyline well JC-1 were also obtained from the 

Utah Coal Mining Water Quality Database (UDOGM, 2014) and compiled for analysis. 
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Regional Palmer Hydrologic Drought Index (PHDI) data for the Skyline Mine area (Utah Region 

5) were obtained from the National Climatic Data Center (NCDC, 2014) for analysis.  The PHDI 

is a monthly value generated by the National Climatic Data Center using a variety of hydrologic 

parameters that indicates wet and dry spells.  The PHDI is calculated from several hydrologic 

parameters including precipitation, temperature, evapotranspiration, soil water recharge, soil 

water loss, and runoff.  Consequently, it is a useful tool for evaluating the relationship between 

climate and groundwater and surface-water discharge data. 

 

Potentiometric data from each of the Star Point Sandstone wells were plotted together with plots 

of CS-14 discharge, JC-1 pumping rates, and the PHDI for analysis.  These data were plotted 

using SigmaPlot version 12 software. 

 

 

3.0 Presentation of Data 

 

The locations of water wells utilized in this analysis are shown on Figure 1.  Groundwater 

potentiometric data from wells are presented as groundwater elevations (above sea level) and 

also as depths below the surface in Table 1.  A generalized geologic map of the Skyline Mine 

and adjacent area is presented in Figure 2.  A plot of the PHDI for Utah Region 5 is presented in 

Figure 3.  Water level hydrographs for each of the wells utilized in this investigation are 

presented in Figure 4.   
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4.0 Overview of Mine Operations at the Skyline Mine 

  

The Skyline Mine began operations in 1981.  Prior to 1999, generally only modest quantities of 

groundwater were intercepted during underground mining operations in the Skyline Mine.  Most 

commonly, groundwater was intercepted in Blackhawk Formation sandstone paleochannels in 

the mine roof in newly opened mining areas.  These groundwater inflows were commonly short 

lived.  During this time, the total discharge from the Skyline Mine was usually on the order of a 

few hundred gallons per minute or less.  Beginning in 1999, larger inflows began to be 

encountered as mining operations progressed into the southwest portion of the Skyline Mine.  

These larger inflows originated from the mine floor as warm water upwelled through faults and 

fractures in the underling Star Point Sandstone.  Unlike discharges from the overlying sandstone 

paleochannels, discharges from the underlying Star Point Sandstone encountered from 1999 have 

been more persistent.  In response to the groundwater intercepted in the Star Point Sandstone, 

discharge rates at CS-14 peaked during early 2003 at rates exceeding 8,000 gpm (UDOGM, 

2014).  Much of the peak discharge was in response to a large groundwater inflow that occurred 

while mining in the 10-left development entries (Figure 1).  It has been necessary to pump the 

accumulating Star Point Sandstone groundwater from the southwest portion of the Skyline Mine 

underground workings to surface discharge points in Eccles Canyon.  The mine water pumped 

from the southwest portion of the mine is monitored at Skyline Mine monitoring point CS-14.  

Mine water from CS-14 is discharged to the surface into Eccles Creek in Eccles Canyon near the 

mine surface facilities (Figure 1).  Mining in the various mining districts in the southwest portion 

of the Skyline Mine were completed during 2002 and 2003.  After mining in these regions was 

completed, water levels in the underground mine pool were allowed to rise as pumping was 
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stopped and the mined-out southwest area mine workings filled with groundwater.  Groundwater 

inflows from Star Point Sandstone have continued, and the pumping of groundwater from the 

now flooded southwest portion of the mine has been essentially continuous from 1999 to the 

present time.  By September of 2004 the water levels in the southwest mine pool had risen to the 

8,300 foot level.  Currently, the pool is maintained at an elevation of approximately 8,300 feet by 

pumping from the pool to CS-14. 

 

In the summer of 2001, a groundwater pumping well (JC-1) was drilled and completed, 

apparently in a fracture system related to the fracture system from which the 10-Left 

groundwater inflow into the mine workings originated.  Over the period of its existence, 

pumping rates at JC-1 have varied from about 2,000 gpm to more than 4,000 gpm.  

Intermittently, pumping from JC-1 has stopped (typically to allow for well repairs).  

Groundwater pumped from JC-1 is discharged to Electric Lake. 

 

 

5.0 Previous Investigations 

 

Previous investigations of Star Point Sandstone groundwater systems in the vicinity of the 

Skyline Mine have been performed by Mayo and Associates, (1996), Petersen Hydrologic, LLC 

(2002), and Hydrologic  Colorado Consultants, Inc. (HCI 2001, 2002, 2003, 2004).  Mayo and 

Associates (1996) performed a comprehensive investigation of groundwater and surface-water 

systems in the vicinity of the Skyline Mine.  Petersen Hydrologic (2002) investigated fault-

related groundwater systems in the Star Point Sandstone, including the likely origins of the 
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groundwater inflows and the likely impacts to the hydrologic balance resulting from these Star 

Point Sandstone inflows.  HCI has performed a series of hydrologic investigations in the Skyline 

Mine and surrounding areas that have focused on numeric modeling of the groundwater and 

surface-water systems.  Initially, in 2001 HCI created a numerical flow model for the purpose of 

predicting dewatering requirements for proposed coal mining in the Flat Canyon Tract.  An 

updated and more comprehensive version of the model was later created that incorporated data 

on surface-water hydrology, additional groundwater level data, and more information on 

stratigraphy and structures from a sub-regional geologic mapping program (HCI, 2004). 

 

 

6.0 Geologic Setting 

 

A map showing the general geology of the Skyline Mine and adjacent areas is presented in 

Figure 2.   

 

The Star Point Sandstone consists of massive, fine- to medium-grained sandstone that is 

moderately well consolidated.  Individual massive sandstone units are separated by partings of 

low-permeability siltstone or mudstone.  The Storrs Tongue of the Star Point Sandstone 

interfingers with the basal portion of the overlying Blackhawk Formation in the Skyline Mine 

area.  The Storrs Tongue of the Star Point Sandstone, which exists beneath the current Skyline 

Mine permit area, pinches out to the west in the Flat Canyon area.  The Panther Tongue of the 

Star Point Sandstone underlies the Storrs Tongue in the existing permit area and the adjacent Flat 

Canyon area.  The Panther Tongue is in most locations separated from the overlying Storrs 



  Petersen Hydrologic  
 
 

Groundwater Conditions in the  7 18 August 2014 
Star Point Sandstone in the Vicinity                             
Of the Skyline Mine, 2014  

Tongue by several tens of feet of relatively impermeable shaley deposits.  Regional studies 

indicate that the individual sandstone bodies of the Star Point Sandstone are elongate in a north-

south direction, parallel to the ancient shoreline.  These units interfinger seaward (to the east) 

with the Mancos Shale and landward (to the west) with the Blackhawk Sediments (HCI, 2003).  

Together, the stacked sequence of sandstones and siltstones of the Star Point are approximately 

1,500 feet in thickness (HCI, 2003). 

 

Numerous faults have been mapped in the current Skyline Mine permit area and the adjacent Flat 

Canyon area (Figure 2).  The Skyline Mine area lies between two major north-south trending 

faults.  The Pleasant Valley Fault is located in the Mud Creek area to the east and the Gooseberry 

Fault is located in the Gooseberry Creek area to the west.  The Pleasant Valley Fault system 

juxtaposes rocks of the Star Point Sandstone against the shale, mudstone, and sandstone rocks of 

the Blackhawk Formation.  The Gooseberry Creek Fault system juxtaposes rocks of the Star 

Point Sandstone against the predominantly shale bedrock of the North Horn Formation. 

 

Several north- to northeast-trending faults with displacements up to a few tens of feet have been 

mapped in the existing Skyline Mine permit area and in the Flat Canyon area.  The fault-related 

Star Point Sandstone groundwater inflows at the Skyline Mine have been associated with these 

structures. 

 

It is noteworthy that the rock strata in the southern portion of the Skyline Mine area are in a 

tensional stress regime (Personal communication, Mark Bunnell, 2002).  Consequently, rock 

fractures in the region (particularly the brittle sandstones of the Star Point Sandstone beneath the 
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coal seams) can remain open (i.e. have a measurable aperture).  Groundwater can be readily 

conveyed through such fractures.  The rock strata in the northern portion of the mine area do not 

appear to be in a tensional stress regime (Personal communication, Mark Bunnell, 2002).  

Regions north of the 6 Left through 12 Left longwall panels are separated from the southern 

portion of the mine by an east-west trending fault system that structurally isolate these two 

regions.  A significant igneous dike in the same region likely also partitions groundwater systems 

in these two regions. 

 

The Blackhawk Formation overlies the Star Point Sandstone in the Skyline Mine area.  The 

Blackhawk Formation consists of lenticular, discontinuous beds of sandstone, claystone, 

mudstone, shale, and coal.  Sandstone paleochannels, which are sinusoidal fluvial sandstones 

encased in the surrounding low permeability, fine-grained rocks are present throughout the 

formation. 

 

 

7.0 Potentiometric Conditions in the Star Point Sandstone 

 

For detailed information regarding the hydrogeology and groundwater and surface-water systems 

in the region, the reader is referred to previous reports from the Skyline Mine area (Mayo and 

Associates, 1996; Petersen Hydrologic, 2002; HCI,2001, 2002, 2003, 2004). 

 

Water level hydrographs for each of the 10 Star Point Sandstone monitoring wells evaluated in 

this investigation are presented in Figure 4.  Also plotted in Figure 4 are plots of historic CS-14 
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discharge rates and also plots of historic pumping rates from well JC-1 (plotted on the same x-

axis time scale as the well water level hydrographs).    The CS-14 and JC-1 information is 

plotted together with the well water level information to facilitate an analysis of potential 

relationships between these parameters.  PHDI information is also plotted in Figure 4 to assist in 

determining whether climatic variability influences potentiometric levels in the Star Point 

Sandstone. 

 

It is apparent in Figure 4 that water levels in all of the wells screened in the Star Point Sandstone 

in the southwest portion of the Skyline Mine area responded to the underground interception of 

fracture-related Star Point Sandstone groundwater at the Skyline Mine that began in 1999.  

Relative to pre-1999 levels, water levels in monitoring well W79-35-1A had declined by more 

than 350 feet by mid-2003.  Water levels located in areas more distant from the largest in-mine 

groundwater inflow areas responded with lesser water level declines.  Water levels in monitoring 

wells W98-2-1, W20-4-2, 20-4-1, and 99-28-1 declined by 100 feet or more in response to the 

in-mine Star Point Sandstone inflows.  Water levels in monitoring wells 20-28-1 and W99-21-1 

declined by about 30 feet or more (Figure 4).   

 

As anticipated, water levels in monitoring wells W91-26-1 and W91-35-1 (located in the 

northern Skyline Mine area) did not respond appreciably to the Star Point Sandstone 

groundwater inflows in the southwest portions of the Skyline Mine.  This is likely because 1) as 

discussed in Section 6 above, the northern portions of the Skyline Mine are likely not in good 

hydraulic communication with mining areas to the southwest due to the different 

geologic/structural conditions and possibly also to the presence of a low-permeability igneous 
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dike between the two areas, and 2) because the two areas are separated by a considerable 

distance of several miles (Figure 1).  It is noted that marked water level declines in both W91-26-

1 and W91-35-1 were observed beginning in about 2011 and 2012 (Figure 4).  However, these 

water level declines correspond with the occurrence of mining in the nearby vicinity of the two 

wells in the northern area and are likely not associated with dewatering/depressurization of the 

Star Point Sandstone in the southwest portion of the Skyline Mine. 

 

As apparent in Figure 4, beginning in about mid-2003, water levels in the Star Point Sandstone in 

the southwest portion of the mine area began to recover from their maximum drawdown levels.  

During 2003, mining in most of the southwest portion of the mine was completed.  Subsequently, 

pumping of mine water from these areas ceased and water levels were allowed to rise and 

eventually fill the mined-out areas.  After the southwest mining region had filled with 

groundwater to an elevation of approximately 8,300 feet, pumping was resumed (to the CS-14 

discharge location) so as to maintain the mine-water pool at approximately that elevation.  The 

beginning of the water-level recovery noted in the monitoring wells in mid-2003 is likely a 

response to this occurrence.  During the 10 years that have elapsed since that time, water levels 

have generally been recovering gradually (Figure 4). 

 

Water level responses that are likely related to the pumping conditions at well JC-1 are apparent 

in most of the Star Point Sandstone monitoring wells (Figure 4).  During times when JC-1 

pumping rates decreased, or when the well was not operating, water levels generally increased in 

the surrounding Star Point Sandstone monitoring wells in response to these conditions.  Notably, 

after a several-year period during which JC-1 pumped at an average rate exceeding 4,000 gpm, 
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during the period from late 2010 through mid-1012, JC-1 pumped only intermittently at a rate 

nearer 2,000 gpm with prolonged periods of no discharge from the well.  Water levels in most of 

the monitoring wells in the southwest portion of the mine area reflect this trend with more rapid 

water level recovery during this period.  Increases in mine-water discharge rates at CS-14 were 

also noted during the period of lowered groundwater production from JC-1. When the 4,000 gpm 

pumping regime was resumed in mid-2012, water levels in the surrounding monitoring wells 

decreased in response to the increased groundwater withdrawal rates from the Star Pont 

Sandstone (Figure 4). 

 

Water level responses that might suggest the influence of climatic variability on water levels in 

the Star Point Sandstone groundwater system are not apparent (Figure 4). 

 

In Figure 5, water levels at monitoring wells W79-35-1A and W79-35-1B (a nested well pair) are 

plotted together.  W79-35-1A is screened in the Star Point Sandstone, while W79-35-1B is 

screened in the more shallow overlying Blackhawk Formation groundwater system.  As depicted 

in Figure 5, water levels in the Blackhawk Formation groundwater system at the W79-35-1B 

well location have not decreased significantly as a result of the interception of the deep Star 

Point Sandstone groundwater systems at the Skyline Mine.  It is noteworthy that there is such an 

obvious lack of hydraulic communication between the Blackhawk Formation groundwater 

system and the deep Star Point Sandstone system at this location, even though the borehole of 

the deep well (W79-35-1A) physically intersected a significant fault (Vaughn Hansen 

Associates, 1979) that is likely in good hydraulic communication with the “Diagonal Fault” 

(Figure 2) and groundwater discharge from the Star Point Sandstone in this vicinity has been 
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ongoing for  more than 10 years.  The “Diagonal Fault” system is likely the conduit through 

which the large 10-L inflow entered the mine workings.  (The modest drop in the water level at 

W79-35-1B that occurred in early 2003 took place as the longwall mining face passed within a 

few hundred feet of W79-35-1B also in early 2003.  The one-time water level drop at W79-35-

1B likely reflects the effects of subsidence near the well and is not believed to be related to 

drainage of water from the Star Point Sandstone). 

 

 

8.0 Observations and Conclusions 

 

 Substantial drawdowns of potentiometric levels in Star Point Sandstone monitoring wells 

in the Skyline Mine area (up to several hundred feet) occurred in response to the 

interception of large in-mine groundwater inflows that began in 1999 (and to 

groundwater pumping at well JC-1).  The large drawdowns are consistent with the 

removal of substantial quantities of groundwater from storage in the Star Point 

Sandstone. 

 

 There are no indications that climatic variability has significantly influenced water levels 

in the Star Point Sandstone groundwater system.   

 

 Water levels in the northern portions of the Skyline Mine area have not responded to the 

Star Point Sandstone groundwater inflows or to ongoing pumping of water from the 

southwest portion of the Skyline Mine.  This is likely attributable to the different 
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geologic/structural conditions in these two areas and possibly to the presence of a low-

permeability igneous dike.  The considerable distance between the northern mining area 

and southwest area (several miles) may also be in part responsible for the lack of a 

response in water levels in the Star Point Sandstone groundwaters in the northern area. 

 

 Potentiometric levels in the Star Point Sandstone groundwater system began to recover 

appreciably in mid-2003 after mining was completed in the southwest portion of the mine 

and mined-out areas were allowed to fill with groundwater.  The current mine pool 

elevation is maintained at about 8,300 feet by pumping to CS-14. 

 
 Water levels in the Star Point Sandstone groundwater system in the southwest portion of 

the mine area have generally not recovered to their maximum pre-2003 levels.  (Pre-1999 

water level data are not available for most wells). 

 

 Water levels in wells in the Star Point Sandstone respond to pumping-rate variability at 

JC-1, demonstrating the hydraulic interconnectedness of the Star Point Sandstone 

groundwater systems in which the monitoring wells are screened. 

 
 Observations of CS-14 and JC-1 pumping rate data suggest that pumping at JC-1 has an 

influence on the CS-14 pumping rate required to maintain the pool level in the southwest 

portion of the mine.  (When JC-1 is not operating, pumping rates from the mine pool to 

CS-14 need to increase).   However, the increase in the rate at which groundwater needs 

to be pumped to CS-14 to maintain the pool elevation does not increase in an amount 

equal to the previous JC-1 pumping rate before the well was turned off. 
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 Over the past 11 years, mine-water discharge rates from the southwest portion of the 

existing Skyline Mine workings (CS-14) have declined substantially, from more than 

8,000 gpm in early 2003 to less than 2,000 gpm in early 2014 (while pumping at JC-1 has 

continued more or less continuously).  The apparent long-term declines in the CS-14 

discharge rate likely reflect a local lowering of the hydraulic head in the Star Point 

Sandstone groundwater system in response to the long term outflow of groundwater from 

the formation.   

 

 The fact that the water levels have recovered substantially in most monitoring wells (even 

as groundwater continues to flow from the Star Point Sandstone into the southwestern 

mine area and JC-1 continues to pump at substantial rates) suggests that there is still a 

large quantity of groundwater in the system (i.e. the groundwater system is likely large 

and it has not been drained or greatly depressurized).  

 

 It is anticipated that where mining in the proposed Flat Canyon Tract intercepts water-

bearing faults or fractures, considerable inflows into the mine workings would be 

anticipated. 

 

 It is anticipated that Star Point Sandstone inflows encountered during mining in the Flat 

Canyon Tract could be of similar duration to those encountered previously at the Skyline 

Mine (i.e. the Star Point system has probably not been dewatered or depressurized 
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sufficiently to expect appreciably reduced inflow rates or inflow durations relative to 

those that occurred during previous mining operations in the southwest portion of the 

Skyline Mine). 
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Figure 1  Locations of monitoring wells at the Skyline Mine area.
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Figure 2
General geologic map of the Skyline Mine area.
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Figure 4  Water level hydrographs for monitoring wells: 
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Figure 5  Comparison of water level declines at the nested piezometers at W79-35-1.



Table 1  Potentiometric data from Star Point Sandstone monitoring wells.  

Water depth Water elevation
Date (feet) (feet above sea level)

W79‐35‐1A  7/15/1982 177.5 8551.4

W79‐35‐1A  8/15/1982 179 8549.9

W79‐35‐1A  7/15/1983 171.5 8557.4

W79‐35‐1A  8/15/1983 171.7 8557.2

W79‐35‐1A  9/15/1983 171.2 8557.7

W79‐35‐1A  10/15/1983 172.4 8556.5

W79‐35‐1A  6/15/1984 182.2 8546.7

W79‐35‐1A  8/15/1984 183.7 8545.2

W79‐35‐1A  6/15/1985 188.3 8540.6

W79‐35‐1A  7/15/1985 187.2 8541.7

W79‐35‐1A  8/15/1985 186.2 8542.7

W79‐35‐1A  9/15/1985 186.7 8542.2

W79‐35‐1A  6/15/1986 193.7 8535.2

W79‐35‐1A  8/15/1986 190.7 8538.2

W79‐35‐1A  10/15/1986 192.2 8536.7

W79‐35‐1A  6/15/1987 204.8 8524.1

W79‐35‐1A  8/15/1987 203.6 8525.3

W79‐35‐1A  10/15/1987 205.4 8523.5

W79‐35‐1A  7/15/1988 206.2 8522.7

W79‐35‐1A  10/15/1988 205.3 8523.6

W79‐35‐1A  8/15/1989 207.6 8521.3

W79‐35‐1A  10/15/1989 214.6 8514.3

W79‐35‐1A  6/15/1990 222.9 8506.0

W79‐35‐1A  8/15/1990 214.7 8514.2

W79‐35‐1A  10/15/1990 221.2 8507.7

W79‐35‐1A  6/15/1991 223.4 8505.5

W79‐35‐1A  9/15/1991 228 8500.9

W79‐35‐1A  10/15/1991 229.4 8499.5

W79‐35‐1A  6/15/1992 236.5 8492.4

W79‐35‐1A  9/15/1992 238.2 8490.7

W79‐35‐1A  10/15/1992 243.3 8485.6

W79‐35‐1A  6/15/1993 246.7 8482.2

W79‐35‐1A  9/15/1993 239.9 8489.0

W79‐35‐1A  10/15/1993 237.2 8491.7

W79‐35‐1A  6/15/1994 239.7 8489.2

W79‐35‐1A  9/15/1994 241.5 8487.4

W79‐35‐1A  10/15/1994 244.7 8484.2

W79‐35‐1A  7/15/1995 230.2 8498.7

W79‐35‐1A  9/5/1995 232.4 8496.5

W79‐35‐1A  11/15/1995 235.2 8493.7

W79‐35‐1A  6/19/1997 244.2 8484.7



Date (feet) (feet above sea level)
W79‐35‐1A  8/15/1997 238.5 8490.4

W79‐35‐1A  10/9/1997 237.7 8491.2

W79‐35‐1A  6/15/1998 245.4 8483.5

W79‐35‐1A  8/13/1998 240.7 8488.2

W79‐35‐1A  10/17/1998 239 8489.9

W79‐35‐1A  7/5/1999 312.2 8416.7

W79‐35‐1A  8/19/1999 317.3 8411.6

W79‐35‐1A  10/6/1999 322.3 8406.6

W79‐35‐1A  6/20/2000 317.3 8411.6

W79‐35‐1A  8/7/2000 363 8365.9

W79‐35‐1A  10/9/2000 374 8354.9

W79‐35‐1A  6/19/2001 484.9 8244

W79‐35‐1A  9/3/2001 495.2 8233.7

W79‐35‐1A  10/25/2001 505.5 8223.4

W79‐35‐1A  6/19/2002 533.71 8195.19

W79‐35‐1A  8/2/2002 535.9 8193

W79‐35‐1A  11/14/2002 538.97 8189.93

W79‐35‐1A  6/11/2003 557.26 8171.64

W79‐35‐1A  8/15/2003 553.02 8175.88

W79‐35‐1A  10/15/2003 541.92 8186.98

W79‐35‐1A  6/24/2004 500.9 8228

W79‐35‐1A  8/25/2004 452.08 8276.82

W79‐35‐1A  11/9/2004 442.64 8286.26

W79‐35‐1A  6/30/2005 439.33 8289.57

W79‐35‐1A  8/31/2005 438.41 8290.49

W79‐35‐1A  10/20/2005 437.5 8291.4

W79‐35‐1A  6/29/2006 429.11 8299.79

W79‐35‐1A  9/22/2006 433.59 8295.31

W79‐35‐1A  11/7/2006 434.35 8294.55

W79‐35‐1A  6/15/2007 434.78 8294.12

W79‐35‐1A  9/21/2007 436.23 8292.67

W79‐35‐1A  11/15/2007 436.16 8292.74

W79‐35‐1A  6/18/2008 434.4 8294.5

W79‐35‐1A  9/26/2008 434.87 8294.03

W79‐35‐1A  10/24/2008 434.98 8293.92

W79‐35‐1A  6/18/2009 434.26 8294.64

W79‐35‐1A  9/22/2009 434.7 8294.2

W79‐35‐1A  11/4/2009 434.71 8294.19

W79‐35‐1A  6/21/2010 433.03 8295.87

W79‐35‐1A  9/19/2010 435 8293.9

W79‐35‐1A  11/4/2010 443.62 8285.28

W79‐35‐1A  6/29/2011 428.95 8299.95

W79‐35‐1A  9/23/2011 421.68 8307.22



Date (feet) (feet above sea level)
W79‐35‐1A  11/1/2011 421.22 8307.68

W79‐35‐1A  5/31/2012 421.68 8307.22

W79‐35‐1A  8/27/2012 432.77 8296.13

W91‐26‐1  6/13/2002 1296.35 7954.65

W91‐26‐1  9/9/2002 1310.1 7940.9

W91‐26‐1  11/4/2002 1303.16 7947.84

W91‐26‐1  6/16/2003 1302.3 7948.7

W91‐26‐1  9/17/2003 1302.79 7948.21

W91‐26‐1  10/28/2003 1301 7950

W91‐26‐1  6/22/2004 1304.05 7946.95

W91‐26‐1  9/6/2004 1301.51 7949.49

W91‐26‐1  6/25/2005 1302.79 7948.21

W91‐26‐1  9/6/2005 1300.4 7950.6

W91‐26‐1  10/13/2005 1299.66 7951.34

W91‐26‐1  6/28/2006 1298.41 7952.59

W91‐26‐1  9/26/2006 1296.81 7954.19

W91‐26‐1  11/2/2006 1297.81 7953.19

W91‐26‐1  6/16/2007 1295.48 7955.52

W91‐26‐1  9/21/2007 1296.56 7954.44

W91‐26‐1  11/2/2007 1295.85 7955.15

W91‐26‐1  6/26/2008 1296.9 7954.1

W91‐26‐1  9/12/2008 1296.25 7954.75

W91‐26‐1  11/14/2008 1295.04 7955.96

W91‐26‐1  6/26/2009 1301.06 7949.94

W91‐26‐1  9/9/2009 1295.7 7955.3

W91‐26‐1  10/27/2009 1295.52 7955.48

W91‐26‐1  6/20/2010 1298.14 7952.86

W91‐26‐1  9/14/2010 1297.1 7953.9

W91‐26‐1  11/8/2010 1300 7951

W91‐26‐1  7/8/2011 1302.42 7948.58

W91‐26‐1  9/15/2011 1309.55 7941.45

W91‐26‐1  11/11/2011 1312.6 7938.4

W91‐26‐1  6/16/2012 1332.22 7918.78

W91‐26‐1  8/27/2012 1337.1 7913.9

W91‐26‐1  10/25/2012 1339.1 7911.9

W91‐26‐1  6/11/2013 1398.28 7852.72

W91‐26‐1  9/27/2013 1414.7 7836.3

W91‐26‐1  10/21/2013 1339.1 7911.9

W91‐26‐1  11/1/2013 1423.5 7827.5

W91‐35‐1  6/13/2002 1213.7 8021.3

W91‐35‐1  9/5/2002 1224.5 8010.5

W91‐35‐1  11/4/2002 1223.65 8011.35



Date (feet) (feet above sea level)
W91‐35‐1  6/17/2003 1223.94 8011.06

W91‐35‐1  9/17/2003 1223.94 8011.06

W91‐35‐1  10/30/2003 1223.62 8011.38

W91‐35‐1  6/22/2004 1223.71 8011.29

W91‐35‐1  9/2/2004 1223.53 8011.47

W91‐35‐1  6/22/2005 1222.85 8012.15

W91‐35‐1  9/6/2005 1223.51 8011.49

W91‐35‐1  10/13/2005 1223.38 8011.62

W91‐35‐1  6/29/2006 1223.67 8011.33

W91‐35‐1  9/26/2006 1224.08 8010.92

W91‐35‐1  11/2/2006 1222.43 8012.57

W91‐35‐1  6/29/2007 1224.38 8010.62

W91‐35‐1  9/21/2007 1222.64 8012.36

W91‐35‐1  11/2/2007 1221.19 8013.81

W91‐35‐1  6/26/2008 1225.6 8009.4

W91‐35‐1  9/24/2008 1225.95 8009.05

W91‐35‐1  11/14/2008 1223.95 8011.05

W91‐35‐1  6/26/2009 1233.55 8001.45

W91‐35‐1  9/9/2009 1229.07 8005.93

W91‐35‐1  11/4/2009 1230.55 8004.45

W91‐35‐1  6/20/2010 1235.79 7999.21

W91‐35‐1  9/14/2010 1250 7985

W91‐35‐1  11/8/2010 1230 8005

W91‐35‐1  7/12/2011 1264.59 7970.41

W91‐35‐1  9/20/2011 1273.5 7961.5

W91‐35‐1  11/11/2011 1275.85 7959.15

W91‐35‐1  6/16/2012 1295.18 7939.82

W91‐35‐1  8/28/2012 1323.8 7911.2

W91‐35‐1  11/8/2012 1280 7955

W98‐2‐1  12/3/1999 719.6 8551.4

W98‐2‐1  6/26/2000 721.8 8549.2

W98‐2‐1  11/8/2000 755.8 8515.2

W98‐2‐1  6/18/2001 768.9 8502.1

W98‐2‐1  9/5/2001 800.1 8470.9

W98‐2‐1  9/5/2001 800.1 8470.9

W98‐2‐1  10/23/2001 837.5 8433.5

W98‐2‐1  6/19/2002 893.55 8377.45

W98‐2‐1  8/2/2002 907.02 8363.98

W98‐2‐1  11/5/2002 910.83 8360.17

W98‐2‐1  6/11/2003 945.71 8325.29

W98‐2‐1  8/14/2003 931.06 8339.94

W98‐2‐1  11/14/2003 923.24 8347.76



Date (feet) (feet above sea level)
W98‐2‐1  6/28/2004 910.66 8360.34

W98‐2‐1  8/25/2004 893.44 8377.56

W98‐2‐1  11/23/2004 887.13 8383.87

W98‐2‐1  6/26/2005 866.15 8404.85

W98‐2‐1  8/31/2005 863.77 8407.23

W98‐2‐1  10/30/2005 859.69 8411.31

W98‐2‐1  6/29/2006 827.85 8443.15

W98‐2‐1  9/25/2006 853.5 8417.5

W98‐2‐1  11/18/2006 843.91 8427.09

W98‐2‐1  6/16/2007 846.6 8424.4

W98‐2‐1  9/21/2007 849.01 8421.99

W98‐2‐1  11/15/2007 854.83 8416.17

W98‐2‐1  6/28/2008 850.68 8420.32

W98‐2‐1  9/25/2008 842.75 8428.25

W98‐2‐1  10/29/2008 847.73 8423.27

W98‐2‐1  6/28/2009 843.87 8427.13

W98‐2‐1  9/22/2009 843.2 8427.8

W98‐2‐1  11/7/2009 845.24 8425.76

W98‐2‐1  6/20/2010 846.57 8424.43

W98‐2‐1  9/27/2010 846.5 8424.5

W98‐2‐1  11/19/2010 827.54 8443.46

W98‐2‐1  7/7/2011 821.63 8449.37

W98‐2‐1  8/24/2011 796.1 8474.9

W98‐2‐1  11/11/2011 794.24 8476.76

W98‐2‐1  6/21/2012 813.95 8457.05

W98‐2‐1  8/28/2012 839.18 8431.82

W98‐2‐1  11/7/2012 827.11 8443.89

W98‐2‐1  6/19/2013 861.45 8409.55

W98‐2‐1  9/28/2013 865.3 8405.7

W98‐2‐1  10/21/2013 868 8403

W99‐4‐1  9/10/2002 321.53 8520.47

W99‐4‐1  11/5/2002 328.2 8513.8

W99‐4‐1  6/11/2003 358.45 8483.55

W99‐4‐1  9/29/2003 354.18 8487.82

W99‐4‐1  11/12/2003 352.86 8489.14

W99‐4‐1  6/24/2004 353.43 8488.57

W99‐4‐1  8/24/2004 346.72 8495.28

W99‐4‐1  11/8/2004 341.12 8500.88

W99‐4‐1  6/16/2005 335.53 8506.47

W99‐4‐1  9/7/2005 326.7 8515.3

W99‐4‐1  10/14/2005 323.1 8518.9

W99‐4‐1  6/26/2006 315.98 8526.02



Date (feet) (feet above sea level)
W99‐4‐1  8/23/2006 312.14 8529.86

W99‐4‐1  11/7/2006 308.26 8533.74

W99‐4‐1  6/27/2007 305.82 8536.18

W99‐4‐1  9/12/2007 306.3 8535.7

W99‐4‐1  11/9/2007 307.19 8534.81

W99‐4‐1  7/22/2008 308.86 8533.14

W99‐4‐1  9/22/2008 304.33 8537.67

W99‐4‐1  10/28/2008 304.62 8537.38

W99‐4‐1  6/26/2009 302.73 8539.27

W99‐4‐1  9/28/2009 301.26 8540.74

W99‐4‐1  11/2/2009 302.83 8539.17

W99‐4‐1  6/12/2010 303.26 8538.74

W99‐4‐1  9/21/2010 302.09 8539.91

W99‐4‐1  11/12/2010 302 8540

W99‐4‐1  7/7/2011 294.4 8547.6

W99‐4‐1  9/6/2011 286.72 8555.28

W99‐4‐1  11/3/2011 284.72 8557.28

W99‐4‐1  6/16/2012 279.95 8562.05

W99‐4‐1  9/11/2012 289.17 8552.83

W99‐4‐1  10/25/2012 293.21 8548.79

W99‐4‐1  6/6/2013 300.58 8541.42

W99‐4‐1  9/13/2013 303.5 8538.5

W99‐4‐1  10/23/2013 305.3 8536.7

W99‐21‐1  8/21/2001 1052.6 8294.4

W99‐21‐1  9/24/2002 1026.74 8320.26

W99‐21‐1  11/14/2002 1029.04 8317.96

W99‐21‐1  6/12/2003 1050.4 8296.6

W99‐21‐1  9/29/2003 1060.29 8286.71

W99‐21‐1  11/14/2003 1062.55 8284.45

W99‐21‐1  6/23/2004 1069.73 8277.27

W99‐21‐1  9/8/2004 1069.22 8277.78

W99‐21‐1  6/29/2005 1063.73 8283.27

W99‐21‐1  9/7/2005 1063.67 8283.33

W99‐21‐1  10/14/2005 1062.71 8284.29

W99‐21‐1  6/29/2006 1059.65 8287.35

W99‐21‐1  8/21/2006 1059.9 8287.1

W99‐21‐1  11/7/2006 1059.34 8287.66

W99‐21‐1  6/28/2007 1059.27 8287.73

W99‐21‐1  9/25/2007 1056.71 8290.29

W99‐21‐1  11/14/2007 1059.18 8287.82

W99‐21‐1  7/28/2008 1056.22 8290.78

W99‐21‐1  9/30/2008 1059.12 8287.88



Date (feet) (feet above sea level)
W99‐21‐1  10/28/2008 1059.07 8287.93

W99‐21‐1  6/29/2009 1055 8292

W99‐21‐1  9/21/2009 1052.65 8294.35

W99‐21‐1  11/11/2009 1055.04 8291.96

W99‐21‐1  6/22/2010 1052.1 8294.9

W99‐21‐1  9/21/2010 1052.15 8294.85

W99‐21‐1  11/12/2010 1052.4 8294.6

W99‐21‐1  7/12/2011 1052.05 8294.95

W99‐21‐1  11/11/2011 1044.83 8302.17

W99‐21‐1  6/22/2012 1050 8297

W99‐28‐1  9/24/2002 973.7 8377.3

W99‐28‐1  11/5/2002 978.73 8372.27

W99‐28‐1  6/12/2003 1007.71 8343.29

W99‐28‐1  9/29/2003 1004.64 8346.36

W99‐28‐1  11/14/2003 1001.31 8349.69

W99‐28‐1  6/23/2004 1000.08 8350.92

W99‐28‐1  9/8/2004 989.61 8361.39

W99‐28‐1  6/29/2005 975.36 8375.64

W99‐28‐1  9/7/2005 968.92 8382.08

W99‐28‐1  10/14/2005 964.57 8386.43

W99‐28‐1  6/29/2006 955.41 8395.59

W99‐28‐1  8/22/2006 952.42 8398.58

W99‐28‐1  11/1/2006 949.75 8401.25

W99‐28‐1  6/28/2007 945.82 8405.18

W99‐28‐1  9/12/2007 944.96 8406.04

W99‐28‐1  11/9/2007 944.93 8406.07

W99‐28‐1  7/29/2008 946.83 8404.17

W99‐28‐1  9/25/2008 942.7 8408.3

W99‐28‐1  11/21/2008 930.25 8420.75

W20‐4‐1  9/10/2002 387.27 8483.73

W20‐4‐1  11/5/2002 389.75 8481.25

W20‐4‐1  6/11/2003 422.95 8448.05

W20‐4‐1  9/29/2003 420.14 8450.86

W20‐4‐1  11/12/2003 417.74 8453.26

W20‐4‐1  6/24/2004 417.98 8453.02

W20‐4‐1  8/25/2004 411.63 8459.37

W20‐4‐1  11/8/2004 405.27 8465.73

W20‐4‐1  6/16/2005 399.71 8471.29

W20‐4‐1  9/7/2005 389.83 8481.17

W20‐4‐1  10/14/2005 386.3 8484.7

W20‐4‐1  6/29/2006 377.9 8493.1

W20‐4‐1  8/23/2006 374.81 8496.19



Date (feet) (feet above sea level)
W20‐4‐1  11/7/2006 370.28 8500.72

W20‐4‐1  6/27/2007 366.5 8504.5

W20‐4‐1  9/12/2007 366.75 8504.25

W20‐4‐1  11/9/2007 367.39 8503.61

W20‐4‐1  7/22/2008 369.86 8501.14

W20‐4‐1  9/22/2008 365.92 8505.08

W20‐4‐1  10/28/2008 365.88 8505.12

W20‐4‐1  6/26/2009 363.63 8507.37

W20‐4‐1  9/28/2009 362.49 8508.51

W20‐4‐1  11/2/2009 360.95 8510.05

W20‐4‐1  6/12/2010 361.14 8509.86

W20‐4‐1  9/20/2010 362.5 8508.5

W20‐4‐1  11/12/2010 361.71 8509.29

W20‐4‐1  7/7/2011 354.96 8516.04

W20‐4‐1  9/16/2011 349.65 8521.35

W20‐4‐1  11/3/2011 346.45 8524.55

W20‐4‐1  6/16/2012 339.45 8531.55

W20‐4‐1  9/11/2012 348.18 8522.82

W20‐4‐1  10/25/2012 352.08 8518.92

W20‐4‐1  6/6/2013 361.25 8509.75

W20‐4‐1  9/13/2013 364.5 8506.5

W20‐4‐1  10/23/2013 366.4 8504.6

W20‐4‐2  9/27/2002 1133.47 8420.53

W20‐4‐2  11/16/2002 1134 8420

W20‐4‐2  6/12/2003 1170.79 8383.21

W20‐4‐2  9/29/2003 1152.28 8401.72

W20‐4‐2  11/12/2003 1151.38 8402.62

W20‐4‐2  6/24/2004 1146.82 8407.18

W20‐4‐2  9/7/2004 1131.72 8422.28

W20‐4‐2  6/26/2005 1116.6 8437.4

W20‐4‐2  9/7/2005 1104.74 8449.26

W20‐4‐2  10/14/2005 1099.18 8454.82

W20‐4‐2  6/29/2006 1088.96 8465.04

W20‐4‐2  7/20/2006 1088.56 8465.44

W20‐4‐2  10/24/2006 1085.81 8468.19

W20‐4‐2  6/23/2007 1083.39 8470.61

W20‐4‐2  9/12/2007 1084.65 8469.35

W20‐4‐2  11/9/2007 1085.85 8468.15

W20‐4‐2  7/30/2008 1087.31 8466.69

W20‐4‐2  9/25/2008 1079.36 8474.64

W20‐4‐2  10/28/2008 1159.27 8394.73

W20‐4‐2  6/26/2009 1079.92 8474.08



Date (feet) (feet above sea level)
W20‐4‐2  9/28/2009 1080.25 8473.75

W20‐4‐2  11/2/2009 1075.27 8478.73

W20‐4‐2  6/19/2010 1081.47 8472.53

W20‐28‐1  9/24/2002 477.3 8393.7

W20‐28‐1  11/5/2002 480.55 8390.45

W20‐28‐1  6/3/2003 500.29 8370.71

W20‐28‐1  9/29/2003 507.57 8363.43

W20‐28‐1  11/14/2003 509.07 8361.93

W20‐28‐1  6/23/2004 515.56 8355.44

W20‐28‐1  8/25/2004 514.52 8356.48

W20‐28‐1  11/23/2004 511.93 8359.07

W20‐28‐1  6/29/2005 507.99 8363.01

W20‐28‐1  9/7/2005 506.72 8364.28

W20‐28‐1  10/14/2005 505.34 8365.66

W20‐28‐1  6/29/2006 499.44 8371.56

W20‐28‐1  8/22/2006 498.46 8372.54

W20‐28‐1  11/7/2006 498.02 8372.98

W20‐28‐1  6/28/2007 495.17 8375.83

W20‐28‐1  9/25/2007 494.3 8376.7

W20‐28‐1  11/14/2007 494.49 8376.51

W20‐28‐1  6/30/2008 494.8 8376.2

W20‐28‐1  9/26/2008 493.13 8377.87

W20‐28‐1  10/28/2008 494.99 8376.01

W20‐28‐1  6/29/2009 493.34 8377.66

W20‐28‐1  9/21/2009 491.6 8379.4

W20‐28‐1  11/2/2009 491.75 8379.25

W20‐28‐1  6/22/2010 490.73 8380.27

W20‐28‐1  9/27/2010 498.5 8372.5

W20‐28‐1  11/12/2010 491.81 8379.19

W20‐28‐1  7/7/2011 491.07 8379.93

W20‐28‐1  8/21/2011 489.75 8381.25

W20‐28‐1  11/11/2011 488.69 8382.31

W20‐28‐1  6/16/2012 484 8387

W20‐28‐1  9/11/2012 484.79 8386.21

W20‐28‐1  11/8/2012 486.5 8384.5

W20‐28‐1  6/6/2013 491.32 8379.68

W20‐28‐1  7/11/2013 492.35 8378.65

W20‐28‐1  10/23/2013 486.5 8384.5
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1.0 Introduction 

 

Petersen Hydrologic, LLC previously prepared a report entitled Investigation of Fault-Related 

Groundwater Inflows at the Skyline Mine, dated 27 October 2002.  The purpose of that 

investigation was to 1) characterize the nature and likely origins of the fault-related groundwater 

systems, and 2) determine the likely impacts of the fault inflows on the hydrologic balance.  That 

report was submitted by Skyline Mine to the Utah Division of Oil, Gas and Mining in 2002. 

 

In March 2016, the Utah Division of Oil, Gas and Mining requested that this report be updated to 

include an analysis of hydrologic data collected in the region over the more than 13 years that 

have transpired subsequent to the production of the 2002 report.  The results of the requested 

analysis are presented in this addendum to our October 2002 report.   

 

The reader is referred to our original 2002 report for supporting information regarding the fault-

related groundwater inflows at the Skyline Mine.  Additional information relevant to this 

investigation is available in our 13 August 2014 report entitled Investigation of Groundwater and 

Surface-Water Systems in the Flat Canyon Tract and Adjacent Area; Probable Hydrologic 

Consequences of Coal Mining in the Flat Canyon Tract, Sanpete County, Utah (Petersen 
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Hydrologic 2014a) and our 18 August 2014 report entitled Groundwater Conditions in the Star 

Point Sandstone in the Vicinity of the Skyline Mine, 2014 (Petersen Hydrologic, 2014b). 

 

 

2.0 Overview of Groundwater Interception at the Skyline Mine 

 

The Canyon Fuel Company, LLC Skyline Mine is located in the northern Wasatch Plateau coal 

mining district, approximately 3.5 miles southwest of the town of Scofield, Utah (Figure 1).  

Operations at the Skyline Mine commenced in 1981 and continue at present.  Prior to 1999, 

generally only modest quantities of groundwater were intercepted during underground mining 

operations in the Skyline Mine.  Most commonly, groundwater was intercepted in perched 

Blackhawk Formation sandstone paleochannels in the mine roof in newly opened mining areas.  

These groundwater inflows were commonly short lived.  Groundwater inflows into the mine 

workings through floor seeps and faults also occurred.  During this time, the total discharge from 

the Skyline Mine was usually on the order of a few hundred gallons per minute or less 

(UDOGM, 2016).  Beginning in 1999, larger inflows began to be encountered as mining 

operations progressed into the southwest portion of Mine 2 at the Skyline Mine.  These larger 

inflows originated from the mine floor as warm water upwelled through faults and fractures in 

the underling Star Point Sandstone bedrock.  Unlike discharges from the overlying Blackhawk 

Formation sandstone paleochannels, discharges from the underlying Star Point Sandstone 

encountered since 1999 have generally been more persistent.  In response to the groundwater 

intercepted in the Star Point Sandstone, mine water discharge rates at monitoring station CS-14 
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(which includes the combined drainage from the southwest portion of Mine 2) peaked in early 

2003 at rates exceeding 8,000 gpm (UDOGM, 2016).  Much of the peak discharge was in 

response to a particularly large inflow (>4,000 gpm) that occurred while mining in the 10-left 

development entries in August 2001.  It should be noted that the 10-Left inflow was encountered 

at a location that is about 0.5 miles east of Electric Lake and about 540 feet below the lake 

elevation. 

 

Mining in the various mining districts in the southwest portion of Mine 2 at the Skyline Mine 

were completed during 2002 and 2003.  After mining in these regions was completed, water 

levels in the underground mine pool were allowed to rise as pumping was stopped and the 

mined-out southwest Mine 2 area workings gradually filled with groundwater.  By September of 

2004 the water levels in the Mine 2 pool had risen to the 8,300 foot level.  It is evident that 

groundwater inflows from the Star Point Sandstone into the Skyline Mine underground workings 

have continued after the region became flooded (as evidenced by the continuing outflow of 

groundwater from the area).  Currently, the pool is maintained at an elevation of approximately 

8,300 feet by pumping from the pool at the rate necessary to maintain the current pool elevation. 

This is done in order to keep mine workings accessible.  Pumping the water from the pool is 

required because, while the groundwater gravity flows into the flooded mine workings, the 

elevation of the Skyline Mine surface portals is approximately 300 feet higher than the current 

8,300 foot pool elevation.  The mine water is pumped to CS-14 at the Skyline Mine surface 

facilities where it is discharged to Eccles Creek. 
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It is noted that after the region became flooded in 2002-2004, the individual Star Point Sandstone 

inflow locations in the southwest portion of Mine 2 became inaccessible.  However, groundwater 

from the region can still be sampled at locations where the water is collected in the 

piping/pumping system in route to the surface discharge location.  These locations include CS-14 

at the mine surface facilities, and the West Mains 16 Left and West Mains 6 Left pumping 

stations in the underground mine workings.  Groundwater sampled underground at the West 

Mains 16 Left and 6 Left pumping locations are essentially the same as water sampled at CS-14, 

although the underground sampling locations are physically closer to the underground pool 

location (Figure 1). 

 

In September of 2001, a groundwater pumping well (JC-1) was drilled and completed at the land 

surface in James Canyon in a location overlying the 10-Left inflow area.  The purpose of the well 

was to intercept groundwater in the fault/fracture zone associated with the then recently 

intercepted 10-Left inflow prior to its flowing into the Skyline Mine underground workings.  

Accordingly, the well was designed to intersect the fracture zone just up-gradient of the 10-Left 

area within the Storrs Sandstone member of the Star Point Sandstone (HCI, 2003).  JC-1 was 

drilled as a 19-inch borehole that was inclined about 13 degrees from vertical.  The well is cased 

with 14-inch steel casing to 880 feet and screened with continuous wire-wrap screen (0.100-inch) 

from 880 feet to 940 feet.  The well was initially equipped with a 600-horsepower pump which 

produced a discharge of about 2,150 gpm.  In mid-October 2002 the well was equipped with a 

larger 1,000-horsepower pump which produced an output of about 4,200 gpm (HCI, 2003).  Over 

the period of its existence, pumping rates at JC-1 have varied from about 2,000 gpm to more than 
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4,000 gpm.  During the period of its operation, pumping from JC-1 has stopped periodically for 

varying amounts of time, typically to allow for well maintenance or repairs.  Groundwater 

pumped from JC-1 is discharged to Electric Lake near the mouth of James Canyon through a 

steel discharge pipe (the discharge end of the pipe is submerged in Electric Lake). 

 

Additionally, in an attempt to prevent Star Point Sandstone groundwater from entering the 

Skyline Mine workings in the 10-Left area, a large-diameter well (JC-2) was constructed 

approximately 30 feet east of the JC-1 wellhead.  The well was drilled vertically to intercept the 

Storrs and Panther members of the Star Point Sandstone, but no identified fracture zone was 

targeted.  JC-2 was constructed by advancing a 24-inch boring to a total depth of 1,010 feet.  The 

well was cased with 20-inch steel casing from the surface to 850 feet and from 910 to 995 feet.  

Continuous wire-wrap screen with 0.100-inch slots was installed from 850 to 910 feet (HCI, 

2003).  The yield from JC-2 was much less than anticipated (about 300 gpm) with a drawdown 

of about 900 feet.  Because of the disappointingly low yield from JC-2, the well was not pumped 

for any significant length of time (HCI, 2003). 

 

 

3.0 Data Collection 

 

Since the production of our 2002 report, Skyline Mine has continued to collect and analyze 

hydrologic data from the Skyline Mine permit and surrounding areas.  The updated data utilized 

in this investigation have been obtained through the continuing performance of Skyline Mine’s 
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groundwater and surface-water monitoring program as specified in Skyline Mine’s approved 

Mining and Reclamation Plan, and through supplemental data collection and investigative 

activities conducted by Petersen Hydrologic, LLC and SRK Consulting (U.S.), Inc. (SRK).  

Specifically, the updated hydrologic information from the Skyline Mine area that has been 

incorporated into this investigation is as follows: 

 

 Updated climate data from the National Climatic Data Center (NCDC) has been obtained 

for use in this investigation. 

 Additional discharge data from selected stream and spring monitoring stations and 

potentiometric data from wells at the Skyline Mine and surrounding areas have been 

collected.   

 Additional groundwater and surface-water solute chemical and temperature data 

(laboratory and field water quality data) from streams, springs, and in-mine waters have 

been collected. 

 Additional stable isotopic 2H and 18O data and unstable 3H (tritium) and 14C data from 

springs, surface waters, JC-1, CS-14, and in-mine locations have been collected. 

 Microscopic particulate analysis (MPA) has been performed on groundwater pumped 

from JC-1. 

 Additionally, SRK has recently updated the numerical groundwater flow model of the 

Skyline Mine area to incorporate the most current hydrologic data available from the 

region (SRK, 2016). 
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4.0 Climate 

 

Updated plots of the Palmer Hydrologic Drought Index for Utah Regions 4 and 5 are provided in 

Figure 2.  The Skyline Mine area is situated near the border between Utah Region 4 (south 

central), and Utah Region 5 (northern mountains).  Information from both regions is provided 

here for evaluation.  The PHDI is a monthly value generated by the National Climatic Data 

Center using a variety of hydrologic parameters that indicates wet and dry spells.  The PHDI is 

calculated from several hydrologic parameters including precipitation, temperature, 

evapotranspiration, soil water recharge, soil water loss, and runoff.  Consequently, it is a useful 

tool for evaluating the relationship between climate and groundwater and surface-water 

discharge data. 

  

As indicated on the PHDI plots on Figure 2, the drought the region was experiencing during 

2002 continued until mid-2004 when the region began to transition to a notable period of 

wetness that peaked in 2005.  In 2006 the region transitioned from the wet spell to dryer climatic 

conditions.  The period from 2007 to 2010 was characterized by alternating wet and dry cycles of 

relatively short duration.  In late 2010 and continuing into 2011 the region transitioned into 

another notable period of extreme wetness.  Beginning in 2012 and continuing through the first 

half of 2015 the region experienced a prolonged period of nearly continuous drought.  

Conditions have been near normal for the last half of 2015 and the first several months of 2016. 
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5.0 Mine Water Discharge Rates 

 

Discharge from the southwest portion of Mine 2 at the Skyline Mine (including groundwater 

from the now inaccessible 10-Left inflow area) reports to the surface and is monitored at CS-14.  

A plot of the discharge rate from CS-14 is presented in Figure 3.  It is apparent from Figure 3 

that, prior to the interception of appreciable Star Point Groundwater inflows in 1999, mine-water 

discharge rates were modest.  During the period from 1989 through 1998 the mine water 

discharge rate at CS-14 ranged from 5 gpm to 475 gpm, averaging 167 gpm (UDOGM, 2016).  

Beginning in March 1999, larger sustained fault-related inflows began to be encountered, which 

resulted in substantially increased discharge rates from the Skyline Mine.  Discharge rates at CS-

14 peaked in February 2003 at 8,125 gpm (UDOGM, 2016).  Since peaking in February 2003, 

discharge rates at CS-14 have declined gradually over the following 13 years (Figure 3).  As of 

June 2016 (the most recent date for which data are available), the discharge rate from CS-14 was 

only 1,321 gpm. 

 

Over many years, as deep groundwater from the Star Point Sandstone has been intercepted and 

pumped from the Skyline Mine workings, and as groundwater has been pumped from well JC-1, 

a large quantity of groundwater has been extracted from the area and subsequently discharged to 

Eccles Creek (CS-14) and Electric Lake (JC-1).  The observed gradually declining discharge 

rates measured at CS-14 are likely a result of the local depressurization (declining potentiometric 
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head) of the Star Point Sandstone groundwater system that has occurred as groundwater has 

drained from the formation to the mine workings and to JC-1 over time.  As discussed below, 

groundwaters from the Star Point Sandstone are predominantly thousands of years old and are 

not in good hydraulic communication with shallow recharge sources.  As discussed below, a 

component of modern recharge is also present in the discharge from JC-1 and also to a 

significantly lesser extent in the discharge at CS-14.   

 

 

6.0 Monitoring Well Water Levels 

 

Water level information is regularly collected from monitoring wells in the Skyline Mine area in 

accordance with the mine’s water monitoring plan.  Water level and water elevation data for 

selected monitoring wells in the Skyline Mine area are provided in Table 1.  Water elevation 

hydrographs for selected wells in the Skyline Mine area are presented together with plots of the 

PHDI for Utah Region 5 in Figure 4.  It is noted that over the last several years some of the 

Skyline Mine monitoring wells have failed and are no longer available for monitoring (usually in 

response to ground movement in the well area and resulting well casing failure). 

 

It is apparent in the water level hydrographs in Figure 4 that, as anticipated, potentiometric levels 

in monitoring wells screened in the deep Star Point Sandstone groundwater systems in the 

southwest portion of Mine 2 responded to the extractions of groundwater at the Skyline Mine 

with marked declines in water levels.  These wells have also responded to mine flooding events 
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with recovering water levels.  Water levels in wells screened in the shallow system have not 

responded to the interception of deep Star Point Sandstone groundwaters in the mine workings.  

The deep Star Point Sandstone wells evaluated here include W20-4-1, W20-4-2, W2-1, W79-35-

1a, W99-21-1, and W99-28-1 (It should be noted that this is not an exhaustive list of all wells in 

the Skyline Mine area that have shown a response to the Star Point Sandstone fault-related 

inflows).  The shallow monitoring wells evaluated here include W79-10-1b, W79-14-2a, W79-

26-1, and W79-35-1b.  The monitoring wells selected for evaluation in this addendum are the 

wells evaluated in our previous 2002 report. 

 

As mining in the various southwest Mine 2 mining area districts was completed during 2002 and 

2003, the deepest mined-out areas were gradually allowed to become flooded.  In January 2004, 

pumping of mine water from the southwest portion of Mine 2 was entirely halted and the 

inflowing groundwaters were allowed to accumulate in the mined-out portions of the mine 

resulting in the formation of an underground mine pool.  By September 2004 the elevation of the 

underground pool had reached an elevation of about 8,300 feet and the pool was allowed to 

stabilize at that level by resuming pumping to CS-14.  It is noteworthy that the elevations of the 

various Star Point Sandstone fault-related groundwater inflows in the Skyline Mine were at 

elevations ranging from about 8,000 to 8,140 feet.  This indicates that the hydraulic head from 

the mine pool overlying the inflow locations is about 160 to 300 feet at the now submerged 

groundwater inflow locations.  This hydraulic head has also likely resulted in somewhat 

diminished discharge rates from the various groundwater inflow sources in the now flooded mine 

workings. 
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The effects of the pumping of Star Point Sandstone groundwater from the Skyline Mine 

workings and subsequent pumping to Eccles Creek (period of declining hydraulic head), and the 

flooding of the mine workings and subsequent establishment of the underground mine pool that 

began in 2003 and 2004 (period of recovering groundwater hydraulic head) are apparent in the 

deep monitoring wells for which water level hydrographs are presented in Figure 4.  Relative to 

pre-1999 levels, water levels in monitoring well W79-35-1A had declined by more than 350 feet 

by mid-2003.  Water levels located in areas more distant from the largest in-mine groundwater 

inflow areas responded with lesser water level declines. Water levels in monitoring wells W2-1, 

W20-4-2, 20-4-1, and 99-28-1 declined by 100 feet or more in response to the in-mine Star Point 

Sandstone inflows. Water levels in monitoring wells 20-28-1 and W99-21-1 declined by about 

30 feet or more. 

 

It is noteworthy that the water levels in wells screened in the upper shallow groundwater systems 

did not respond to the interception of the deep Star Point Sandstone groundwater systems in the 

Skyline Mine, although responses to other factors associated with mining in the vicinity of some 

wells are apparent.  This condition is readily apparent in the plot of water levels at the nested 

monitoring well pair W79-35-1a and W79-35-1b (Figure 5).  While water levels in the deep well 

(W79-35-1a) declined by more than 300 feet by the end of 2002, there was no appreciable 

corresponding drawdown in the shallow monitoring well at that location (W97-35-1b), 

illustrating the hydraulic disconnect between the deep and shallow groundwater systems at that 

location. 
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Since the construction of well JC-1, it has been apparent that during periods when JC-1 is not 

pumping, there is a measurable increase in the rates of groundwater inflow into the Skyline Mine 

underground workings.  However, the increase in the mine inflow rate is likely much less than 

the long-term pumping rate from JC-1.  The magnitude of the JC-1 influence is not easily 

quantified.  It is reported that pumping at 4,000 gpm from JC-1 had only minor effects on the 

groundwater inflow rates into the Skyline Mine (SRK, 2016).  It is also noted that water levels in 

deep monitoring wells surrounding the JC-1 location respond in varying degrees when pumping 

at JC-1 is stopped.  The water level responses observed in the deep monitoring wells are a likely 

in response to the withdrawal of old groundwater from the Star Point Sandstone groundwater 

system (which would include the old components from both the CS-14 and JC-1 discharges). 

 

 

7.0 Spring and Seep Discharge Rates 

 

Spring and seep discharge rates have been monitored during the 2nd, 3rd, and 4th quarters of the 

each year as specified in the water monitoring plan in the approved Mining and Reclamation 

Plan for the Skyline Mine.  The discharge data obtained from the springs and seeps have been 

entered into the Division of Oil, Gas and Mining on-line database.   Discharge hydrographs for 

selected springs in the Skyline Mine area (located near the fault-related Star Point Sandstone in-

mine groundwater inflow locations) are presented in Figure 6.  The effects of seasonal and 

climatic variability are apparent in these plots.  Perceptible or quantifiable impacts to discharge 
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rates at springs and seeps that could be attributed to the interception of the deep Star Point 

Sandstone groundwater systems in the Skyline Mine are not observed.  As described previously 

by Petersen Hydrologic (2014a), impacts to shallow groundwater systems in response to the 

interception of the deep Star Point Sandstone groundwater systems are not anticipated. 

 

 

8.0 Tritium Isotopic Compositions 

 

Tritium (3H) is a radioactive isotope of hydrogen with a half-life of about 12.3 years.  In 

groundwater investigations, tritium is commonly used as a qualitative tool, indicating whether a 

groundwater has a component of water that recharged since about 1954.  The tritium contents of 

groundwaters and surface waters collected subsequent to the issuance of our 2002 report are 

presented in Table 2.  It is apparent from Table 2 that tritium concentrations in surface-water 

(Electric Lake) and shallow groundwater in the Skyline Mine area have decreased appreciably 

since the time of our 2002 report.  It is noted that tritium, with a half-life of 12.3 years, is 

removed by radioactive decay at a rate of about 5.5% per year.  Another factor influencing global 

atmospheric tritium concentrations is attenuation by the oceans and groundwaters, which have 

become reservoirs of thermonuclear 3H (Clark and Fritz, 1997).  In other words, the declining 

tritium concentrations in the atmosphere worldwide are a result of both radioactive decay over 

time and also the removal of tritium from the atmosphere to storage in the oceans and 

groundwater. 
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Plots of the tritium concentrations of groundwater pumped from JC-1 (plotted in red) and 

groundwater sampled from the southwest portion of Mine 2 (plotted in blue) are presented in 

Figure 7.  It is apparent from Figure 7 that the tritium concentration of Star Point Sandstone 

groundwater first sampled from JC-1 in 2001 was low (0.20 TU).  As pumping of JC-1 

continued, tritium concentrations gradually increased until stabilizing around 2004 at levels of 

about 2.9 TU.  For the seven-year period from 2004 through 2010, the tritium concentration in 

JC-1 groundwater was essentially unchanged, with an average concentration of 2.92 TU – 

ranging from a low of 2.74 TU to a high of 3.14 TU.  Tritium levels measured in JC-1 water 

during 2012-2015 were considerably lower, ranging from 1.7 to 2.5 TU, averaging 2.1 TU.  The 

average yearly concentrations of tritium measured in JC-1 during 2014 and 2015 were 1.9 TU 

and 2.3 TU, respectively. 

 

The data plotted from the southwest portion of the Mine 2 on Figure 7 are from three different 

locations.  The data points plotted from 2002 represent tritium data collected directly from the 

10-Left inflow location which averaged 1.26 TU.  The data points from 2005 and 2006 represent 

tritium data from samples collected at CS-14, which averaged about 1 TU.  The data points from 

2015 and 2016 represent tritium values from samples collected from the West Mains 16 Left 

pumping location, which averaged about 1 TU. 

 

To assist in determining whether the groundwater pumped from JC-1 is representative of the 

groundwater that flows into the Skyline Mine, samples of groundwater from JC-3, CS-14, and 
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the West Mains 16 Left area were collected for tritium analysis.  The results of these analyses are 

presented below. 

 

Sample date(s)   JC-3  CS-14  16 Left    JC-1 

11 Mar 2004   1.78 TU    ---      ---  2.74 TU 

15, 28 Jun 2004  1.41 TU    ---      ---  2.74 TU 

3, 25 May 2005     ---  0.92 TU     ---  2.76 TU 

18 Jul, 28 Jun 2005     ---  0.95 TU     ---  2.79 TU 

14, 20 Oct. 2005     ---  1.00 TU     ---  3.07 TU 

27 Jan, 27 Feb 2006        ---  1.07 TU     ---  2.91 TU 

5 Mar 2015      ---     ---     1.1 TU     --- 

20 Jan 2016      ---     ---     0.97 TU     --- 

 

It is apparent from these data that the tritium concentrations measured at JC-1 were always 

significantly higher than those measured contemporaneously at JC-3 (JC-3 is a water production 

well that is completed within the flooded underground mining voids very near the 10-Left inflow 

area), at CS-14, or at the West Mains 16 Left pumping station.   

 

It is noteworthy that the tritium concentrations measured in the groundwater from the southwest 

portion of Mine 2 have consistently been lower than the tritium concentrations measured in JC-1 

(Figure 7; Table 2).  Additionally, while the tritium concentrations in JC-1 groundwater 

increased gradually over the first several years of pumping (2001-2004), the tritium 
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concentrations in the Star Point Sandstone groundwater from southwest portion of Mine 2 did 

not show a corresponding increase.   Rather, tritium concentrations in groundwaters from the 

southwest portion of Mine 2 have been similar to (or slightly lower than) those initially measured 

in 2002 at the 10-Left inflow.  The reasons for the lower in-mine tritium concentrations relative 

to those measured at JC-1 are not completely understood.  However, it seems likely that the 

higher tritium concentrations in water pumped from JC-1 may be a consequence of the long-term 

heavy pumping of groundwater from JC-1.  It would be anticipated that in response to the heavy, 

prolonged pumping at JC-1, groundwater flow would be induced to flow through the fracture 

system in which the well is screened from more distant locations toward the well.  Shallow 

groundwaters or surface waters containing tritium that may be in communication with the 

fracture system in more distant regions could be a source of the increased tritium contents at JC-

1. 

 

It is also noteworthy that, as evidenced by the experience of constructing and pumping from well 

JC-2 (a large-diameter well screened in apparently un-fractured sandstone only a few feet away 

from the JC-1 fracture location from which only meager amounts of groundwater could be 

produced), groundwater flow to JC-1 (which is completed in a known fault system) likely occurs 

along preferential pathways corresponding with the orientations of faults and fractures rather 

than locally from diffuse flow through the intergranular spaces in the sandstone.  This suggests 

the probability that pumping-induced groundwater flowing toward JC-1 could originate from 

considerable distances from the surface location of JC-1, particularly after several years of 
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essentially continuous pumping of the well screened in the fault/fracture zone at rates of several 

thousand gallons per minute. 

 

It is an interesting possibility that pumping at JC-1 during 2001 and 2002 could possibly have 

influenced tritium concentrations measured at the 10-Left inflow area in 2002.  The location of 

pumping well JC-1 is only a few tens of feet horizontally from the location of the 10-Left inflow.  

It is noted that the first tritium monitoring event at the 10-Left inflow did not occur until July of 

2002, which was 10 months after the initial inflow from 10-Left, and 9 months after the startup 

of JC-1.   While tritium was generally not encountered in appreciable quantities in any of the 

numerous other deep Star Point Sandstone groundwater inflow locations sampled in the mine 

from 1999 through 2002 (other than in long boreholes which are subject to contamination and 

mixing), tritium was measured at the 10-Left inflow area during each of the five sampling events 

at the 10-Left location at concentrations ranging from 1.16 to 1.31 TU (all five sampling events 

were during the months of July and August of 2002).  The tritium concentrations of water 

pumped from JC-1 during July and August of 2002 ranged from 1.00 to 1.31 TU.  Assuming 

some degree of interconnection between the faults and fractures from which the deep Star Point 

Sandstone groundwaters entered the Skyline Mine, it seems counterintuitive to assume that only 

the 10-Left fracture would contain any tritium while nearby fractures in the likely interconnected 

fracture flow system contained none.  Previously, samples of groundwater collected from fault 

inflows in the Skyline Mine from 1999 through mid-2002 generally had little or no tritium with 

groundwater mean residence times of many thousands of years (Table 2).  Although there is no 

concrete evidence to substantiate this possibility, it does not seem unreasonable to conclude that 
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the presence of a well pumping at more than 4,000 gpm only a few tens of feet from the 10-Left 

inflow locations could potentially have caused tritium-rich water to migrate from more distant 

locations toward the 10-Left area in 2002.  Being located at greater distances from the influence 

of the pumping at JC-1, other Star Point Sandstone groundwater inflows (such as the East 

Submains E1 XC5 Fault location) continued to have 3H concentrations much lower than those 

measured at 10-Left during contemporaneous 2002 monitoring events (Table 2). 

 

In our 2002 investigation, tritium was also utilized as a quantitative tool to assist in estimating 

the magnitude of a potential modern recharge component in JC-1 water.  This was accomplished 

by using assumptions for the tritium content of modern recharge water based on recent tritium 

sampling of shallow groundwaters and surface waters, and assuming a 0.0 tritium content for the 

old component of groundwater.  It should be noted that a groundwater that is thousands of years 

old and isolated from the surface (absent the presence of geogenic 3H) should in theory have 

absolutely no tritium.  However, it is not uncommon in our experience for old mine waters that 

have been exposed to the underground mine atmosphere/environment and underground mining 

activities to contain a small component of tritium.  Nevertheless, a 0.0 tritium assumption is used 

here for the old groundwater component.  The modern water component calculations for JC-1 

have been updated in this investigation using recently collected tritium data from springs and 

Electric Lake waters.  These calculations are shown on Table 3.  As anticipated, the results of 

these calculations show an increased modern water component in JC-1 discharge water based on 

increased tritium concentrations in JC-1 since 2001 and 2002 and also to decreased tritium 

concentrations in shallow groundwaters and Electric Lake surface water. 
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When the modern water component calculations were performed in 2002, it was assumed that 

the water pumped from JC-1 was essentially the same water as that from the southwest portion of 

Mine 2 at the Skyline Mine.  As discussed above, the low tritium contents of groundwaters that 

have historically discharged and currently discharge from the southwest portion of Mine 2 

indicate that there is apparently a much smaller component of modern recharge in the mine water 

discharge than that pumped from JC-1.  Accordingly, modern water calculations for the 

combined discharge from the southwest portion of Mine 2 are presented in Table 3.  The 

calculated modern component for the drainage from the southwest portion of Mine 2 is much 

smaller than that calculated for recent JC-1 discharge water. 

 

 

9.0 Carbon-14 (14C) Isotopic Compositions 

 

Carbon-14 information is collected from JC-1 during the 2nd, 3rd, and 4th quarters of each year 

from well JC-1.  This information is entered into the Utah Division of Oil, Gas and Mining on-

line hydrology database.  Carbon-14 data from JC-1 and selected underground locations 

collected at the Skyline Mine since 2002 is presented in Table 2.   

 

Radiocarbon (14C) and tritium (3H) isotopic information have been used together in this 

investigation to determine groundwater mean residence times.  In considering the “age” of 

groundwater it is important to consider that groundwater arriving at groundwater discharge 
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points (i.e. springs or wells) rarely travels via pure piston flow (i.e. pipe like flow conditions 

where all flowpaths are the same length with equal travel times along flowpaths).  Rather, it is 

not uncommon for the water molecules discharging at springs or wells to have migrated to the 

discharge point from several different recharge locations, each having recharged at different 

times.  Consequently, the term “mean groundwater residence time”, which is the average age of 

all of the water molecules sampled, is commonly used when evaluating the age of groundwater.   

 

The radiocarbon (14C) content of a groundwater is used to calculate the number of years that 

have elapsed since the groundwater became isolated from soil-zone gasses and near-surface 

groundwaters.  Groundwaters with radiocarbon activities greater than about 50 pmC in 

carbonate-rich terrains are usually indicative of modern groundwater.  Groundwaters with 

radiocarbon activities significantly greater than about 50 pmC can indicate the presence of 

anthropogenic carbon that is typically associated with atmospheric thermonuclear weapons 

testing, which also suggests a modern origin. 

 

Carbon-14 dating of recent (2014-2015) samples of groundwater from JC-1 indicates average 

groundwater mean residence times of about 2,000 years.  The recent tritium information for JC-1 

indicates that there is a component of modern recharge present in JC-1 groundwater.  This 

indicates that, while the mean residence time of the water is about 2,000 years, the mean 

residence time of the old component is likely considerably older. 
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The carbon-14 of the West Mains 16 Left sample collected in March 2015 had a carbon-14 

activity of 17.1 pmC, which is indicative of a radiocarbon mean residence time of about 8,000 

years.  The very old age of this groundwater is consistent with the primary source of the 

groundwater being from storage in the deep Star Point Sandstone aquifer below the mined coal 

seam. 

 

As shown on Table 2, the carbon-14 compositions of springs discharging from shallow, active-

zone groundwater systems and surface waters in the Skyline Mine area are clearly modern in 

origin as evidenced by carbon-14 compositions appreciably exceeding 50 pmC and the likely 

presence of anthropogenic carbon-14. 

 

 

10.0 Deuterium (2H) and Oxygen-18 (18O) 

 

Since the production of our 2002 report, a substantial amount of additional stable isotopic 

deuterium and oxygen-18 data has been collected from JC-1 as part of Skyline Mine’s approved 

water monitoring plan.  Samples are collected for stable isotopic analysis during the 2nd, 3rd, and 

4th quarters of each year from JC-1.  These data are submitted to the Utah Division of Oil, Gas 

and Mining on-line hydrology database.  A plot of deuterium and oxygen-18 compositions of in-

mine groundwaters, JC-1 discharge waters, Electric Lake waters, and spring and stream waters 

from the Skyline Mine area are plotted together with the meteoric water line (MWL) in Figure 8.   
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The 2H and 18O composition of a water molecule falling as precipitation is determined 

primarily by the temperature at which nucleation of the water droplet occurs.  In most non-

thermal hydrogeologic environments, the stable isotopic 2H and 18O compositions of 

groundwaters are set at the time of recharge and are not affected appreciably by interactions with 

the aquifer skeleton (i.e., mineral dissolution and precipitation reactions and groundwater 

residence times).  Thus, the stable isotopic chemistry of a groundwater can be evaluated 

independent of the chemical composition of the water.  Stable isotopic 2H and 18O 

compositions are commonly used to differentiate groundwaters from different sources (i.e., 

isotopic “fingerprinting” of waters). 

 

It is useful to analyze stable isotopic 2H and 18O compositions relative to the meteoric water 

line (MWL).  The MWL is derived empirically from worldwide 2H and 18O compositions of 

coastal precipitation waters.  Water falling as precipitation in coastal areas will plot along the 

meteoric water line.  Precipitation that forms in colder conditions will plot lower on the MWL 

relative to precipitation forming under warmer conditions.  This relationship is also commonly 

evident in the plotting locations of waters recharging at different elevations.  Commonly in the 

Wasatch Plateau coal mining district, the plotting of stable isotopic compositions near the 

meteoric water line in the lower left region of the plot is related to paleorecharge of 

groundwaters that occurred under cooler climatic conditions.  Waters recharging in high-

elevation areas will typically plot lower on the MWL than will waters recharging at lower 

elevations.  A local meteoric water line may be determined by analyzing and plotting the 2H 

and 18O compositions of local precipitation waters.  In the central Utah coal fields, precipitation 
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waters often plot slightly to the right of the global meteoric water line.  The plotting locations of 

waters which have undergone evaporation will commonly plot along an evaporation trajectory, 

migrating progressively to the right and upward relative to the non-evaporated source water. 

 

It is apparent from the stable isotopic data plotted in Figure 8 that the in-mine groundwaters and 

groundwater pumped from JC-1 continue to plot in plotting locations that are distinct from the 

plotting locations of samples of Electric Lake water.  The stable isotopic information clearly 

indicates that the water pumped from JC-1 is not simply Electric Lake water.  However, a mixed 

source of water for JC-1 is not precluded by the stable isotopic data from JC-1. 

 

  

11.0 Solute Chemical Compositions 

 

In our previous 2002 report, we demonstrated that the groundwater sampled from the Star Point 

Sandstone fault-related inflows during 2002 was chemically distinct from water sampled in 

Electric Lake during 2001 and 2002.  Since the production of our 2002 report, the in-mine 

groundwater inflow locations have become inaccessible.  In accordance with Skyline Mine’s 

approved water monitoring plan, major ion solute chemical compositions are not routinely 

monitored at JC-1 or Electric Lake waters.  Consequently, there has not been an appreciable 

amount of new laboratory chemical data collected subsequent to the production of our 2002 

report.  Accordingly, no additional modeling of recent solute chemical compositions has been 

performed as part of this addendum. 
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12.0 Aquifer Temperature 

 

Petersen Hydrologic (2002) described the implications of groundwater discharge temperatures to 

groundwater circulation patterns.  The average discharge temperatures of the upwelling fault 

groundwaters sampled within the mine from 1999 to 2003 range from approximately 13.2 to 15.6 

ºC, while groundwaters discharging from sandstone paleochannels in the mine roof near the fault 

inflows, such as 11 Left HG E1 XC62 (longwall set-up room) roof drip, which discharges at 8.9 

ºC, is more than 4 ºC cooler.  The water in the sandstone channel, with a radiocarbon age of 

5,900 years and essentially no tritium and, prior to being intercepted by the mine workings, was 

not actively flowing, has equilibrated with the temperature of the surrounding rocks in the mine 

roof.  Thus, based on an average geothermal gradient of approximately 23ºC per kilometer depth 

(Written Communication, Dr. David S. Chapman, University of Utah, 2002), upwelling fault 

groundwater has a circulation depth on the general order of 187 to 291 meters (614 to 955 feet) 

below the mine workings.  These circulation depths are consistent with groundwater residing in 

the Star Point Sandstone beneath the coal seams.  It is difficult to envision a mechanism whereby 

warm groundwater could migrate downward vertically through horizons of colder rock and 

colder groundwater above the coal seams and subsequently emerge as warm groundwater in the 

mine floor.    
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It is noted that the discharge temperature for groundwater discharging from JC-1 has generally 

trended downward from the time the well was first monitored in 2001.  The average discharge 

temperature measured at JC-1 during 2015 was 12.6°C.  While the discharge locations for the 

fault-related Star Point Sandstone groundwater inflows in the Skyline Mine are no longer 

accessible, monitoring of the discharge from that district of the mine has been monitored at West 

Mains 16 Left pumping location.  The discharge temperature of the collected water at that 

location during monitoring events in 2015 and 2016 was 13.8°C.  This temperature is similar to 

the average discharge temperature of the 10 Left inflow groundwater measured 14 years 

previously during 2002 (average 13.2°C).  The water temperature measured at CS-14 (at the 

mine surface facilities) during 2015 averaged 13.5°C. 

 

 

13.0 Microscopic Particulate Analysis (MPA) 

 

Since the date of our 2002 report, Microscopic Particulate Analysis (MPA) has been performed 

on groundwater pumped from well JC-1.  Microscopic Particulate Analysis testing is included in 

the EPA Consensus Method for Determining Groundwaters Under the Direct Influence 

(GWUDI) of Surface Water Using Microscopic Particulate Analysis.  MPA is one parameter 

used to determine if a groundwater source is under the direct influence of surface water.  The 

testing procedure is performed using a flow-through filter unit with an in-line totalizing flow 

meter.  To collect the sample for the test, a large volume of water (several hundred gallons) is 

allowed to pass through the filter at a low flow rate.  After a sufficient amount of water has 
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passed through the filter, the filter is removed from the unit, placed in a sealed plastic bag and 

sent to the laboratory (Analytical Services, Inc. of Williston, Vermont) for analysis.  At the 

laboratory, the filter is processed chemically and/or mechanically to separate any material 

trapped by the filter during the flow-through test.  The recovered material is then examined under 

the microscope to ascertain whether particulates are present in the sample that would indicate the 

water was from a surface-water source.  The sample is examined for the presence of 

“bioindicators” such as plant debris, algae, diatoms, insects, protozoa, rotifers, and other 

particulates that are characteristic of surface waters.  The number and type of bioindicators are 

tabulated and used to calculate a risk rating score, which indicates the risk of surface water 

contamination (Analytical Services, Inc., 2006). 

 

MPA testing was performed on groundwater from JC-1 on two occasions.  The initial test was 

performed during January of 2003.  The second MPA test was performed during July of 2006.  

The results of these tests are presented in Appendix A.  The MPA risk rating for both samples 

was “Low”, as no appreciable biological particulates that contribute to the EPA Risk Raging 

score were not detected in either the 2003 or 2006 test.   This information suggests that the water 

pumped from JC-1 is not under the direct influence of surface water based on the laboratory 

results.  The lack of bioindicators in the MPA samples is not consistent with a conceptual model 

that includes rapid downward flow of surface water into the fracture in which JC-1 is completed. 

 

 

 



   
  Petersen Hydrologic, LLC 
  

 

Addendum to: 27 19 August 2016 
Investigation of Fault-Related Groundwater                             
Inflows at the Skyline Mine 
Petersen Hydrologic, LLC, 27 October 2002  

14.0 Numerical Model of the Skyline Mine Area 

 

SRK has recently updated the numerical model of groundwater systems in the Skyline Mine area 

to reflect recent conditions.  In considering the updated groundwater model, it should be noted 

that the hydrogeology of the proposed Flat Canyon Mine area is structurally and stratigraphically 

complex.  Groundwater flow in the Star Point Sandstone is controlled largely by the presence of 

fractures and faults in the formation, with groundwater migration through the intergranular 

spaces in the sandstone occurring at a much lower rate.  The fault and fracture densities, 

orientations, and water transmitting properties are not uniform within the formation.  In the 

experience of mining at the Skyline Mine, it has been observed that while some faults and 

fractures intercepted by the mine workings convey appreciable amounts of groundwater, other 

similar faults and fractures intercepted underground do not.  Additionally, individual geologic 

strata (in the Star Point Sandstone and overlying Blackhawk Formation) are often laterally and 

vertically discontinuous and lenticular permeable strata are commonly encased in surrounding 

lower permeability zones which creates complex groundwater flow patterns (Figure 9).  The 

presence of the generally low-permeability Blackhawk Formation bedrock overlying the Star 

Point Sandstone generally isolates the deep groundwater system from the overlying shallow 

groundwater and surface-water systems.  (It should be noted that, historically, in locations where 

sustained Star Point Sandstone groundwater inflows have been encountered in the Skyline Mine, 

these inflow locations have almost always been associated with upwelling from the mine floor 

rather than leakage from the mine roof).  For these reasons, the construction of a numerical 

model of the groundwater flow regime in such an environment is complicated.  Additionally, as 
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is the case with any numerical flow model, the model output is dependent on the many 

assumptions employed in the model construction.  The data necessary to fully validate these 

assumptions in the Skyline Mine area are limited.  It is important to consider these limitations 

when evaluating the results of any numerical model from the Skyline Mine area.   

 
When the Skyline Mine numerical model was initially constructed in 2003, the model 

demonstrated that it was possible to account for the quantity of groundwater extracted from the 

Skyline Mine in full (including JC-1 discharge) and also to account for the observed 

potentiometric response of the Star Point Sandstone and shallow Blackhawk Formation 

groundwater systems exclusively by the extraction of old groundwater from storage in the deep 

Star Point Sandstone members below the mine.  When the model was updated in 2016 to include 

recently collected data (including water level “recovery” data subsequent to the mine flooding 

events and decreased mine water discharge rates), it was found that acceptable calibration 

(during both drawdown and recovery) was achieved when an additional shallow recharge source 

was added to the model simulation.  The postulated shallow nature of the additional recharge 

source was consistent with the presence of a modern water component identified in JC-1 (and 

possibly to a lesser extent in the 10-Left inflow area – which was found to contain some tritium 

in 2002 when the area was accessible).  To evaluate possible source(s) of the additional shallow 

recharge component, two different model simulation runs were performed using the existing 

model framework.  (It should be noted that the two scenarios modeled here represent only two 

possible sources, and are not the only potential recharge sources for the shallow recharge 

component).  To model the shallow recharge component the modeling simulations evaluated two 

scenarios.  These include: 
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Scenario 1 – The shallow recharge component recharging through the South Gooseberry 

Fault zone from a shallow groundwater system, and  

 

Scenario 2 – The shallow recharge component recharging from Electric Lake through a 

splay of the Diagonal Fault.  

 

Note that both of the above scenarios also incorporate recharge from storage in the deep Star 

Point Sandstone groundwater system. 

 

The results of the modeling simulations indicated that the model can be calibrated to Scenario 1 

or Scenario 2 equally well (SRK, 2016).   SRK noted that the source of the shallow recharge 

component and its mechanism are not clear.  It should be emphasized that the modeled solutions 

for these two scenarios are not unique.  Rather, these modeled scenarios reflect two possible 

sources of the modern recharge component that generally satisfy the mathematical constraints of 

the numerical groundwater model. 

  

It is important to note that in constructing the groundwater flow model for the Skyline Mine, the 

modeled total discharge from the mine is the sum of that pumped from the Skyline Mine to 

Eccles Creek and also that pumped from JC-1 to Electric Lake.  While these two discharge 

sources are lumped together in the groundwater model, based on isotopic compositions, we have 

determined that these two discharges likely represent two largely different sources.  While the 
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outflow from the southwest portion of Mine 2 has declined appreciably over the years and 

contains predominantly ancient groundwater, the discharge from JC-1 has been held constant at 

about 4,000 gpm in recent years and now contains an increased component of modern water.  We 

suspect that much of the groundwater discharging from JC-1 is groundwater that is induced to 

flow toward the well from potentially distant sources as a result of long-term pumping of JC-1. 

 

15.0 Potential Impacts to the Hydrologic Balance 

 

It is anticipated that groundwater will be encountered in the Star Point Sandstone during the 

proposed mining in Mine 4 in the Flat Canyon Tract.  However, impacts to water quantity and 

water quality in streams and groundwaters discharging from springs and seeps from shallow 

active-zone groundwater systems are not anticipated as a result of the interception of deep Star 

Point Sandstone groundwater in the mine.  This conclusion is based largely on the observation 

that over the previous 17 years since the deep Star Point Sandstone groundwater systems were 

first intercepted in significant quantities in the Skyline Mine underground workings, no 

perceptible or quantifiable impacts to water quantity and water quality in overlying springs and 

streams in the vicinity have been observed in the hydrologic data collected during the 

performance of the Skyline Mine’s rigorous DOGM approved water monitoring plan that could 

be attributable to the depressurization of the deep Star Point Sandstone groundwater system 

(UDOGM, 2016).  As described in Section 6 above, the shallow groundwater regime is isolated 

from the Star Point Sandstone groundwater system by significant thicknesses of low-

permeability Blackhawk Formation bedrock.  As a result, the depressurization of the deep Star 
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Point Sandstone groundwater system has not resulted in appreciable impacts on potentiometric 

levels in the shallow system (i.e. the shallow and deep systems are hydraulically isolated).  

 

 

16.0 Conclusions and Implications to Groundwater Flow Patterns at the Skyline Mine 

 

It is apparent from the information provided in this report that the groundwater systems in the 

Skyline Mine area, which reside in interbedded sequences of heterogeneous, anisotropic bedrock 

which have been appreciably faulted and fractured locally, are complex.  However, while the 

precise groundwater flow paths and recharge mechanisms of these groundwater systems in the 

region are not completely understood, the updated information presented in this report has 

important implications to the determination of general groundwater flow patterns at the Skyline 

Mine and adjacent area.  Some of these are summarized below. 

 

 Recent carbon-14 compositions of groundwaters sampled from CS-14 and the West 

Mains 16 Left pumping location indicate the continued presence of a principal 

component of very old water.  The presence of low 3H concentrations (~1 TU) in these 

waters indicates the presence of a smaller component of modern recharge.  The mean 

groundwater residence time (~8,000 years) reflects the average age of all of the water 

molecules included in the water sample. Thus, the “age” of the old component of 

groundwater would be greater than 8,000 years.  Historically, groundwaters from other 



   
  Petersen Hydrologic, LLC 
  

 

Addendum to: 32 19 August 2016 
Investigation of Fault-Related Groundwater                             
Inflows at the Skyline Mine 
Petersen Hydrologic, LLC, 27 October 2002  

portions of the underground Skyline Mine workings have also typically had very old 

radiocarbon mean groundwater residence times. 

 

 Recent carbon-14 compositions of groundwaters sampled from JC-1 indicate the 

continuing presence of a substantial component of very old groundwater.  The mean 

groundwater residence time of recent JC-1 groundwater is about 2,000 years.  The 

younger mean residence time calculated for JC-1 groundwater reflects the presence of a 

component of modern recharge.    

 

 The measured tritium concentrations in recent groundwater from JC-1 demonstrate the 

continuing presence of a modern recharge component at JC-1.  It is noted that the tritium 

concentrations in JC-1 groundwater have declined appreciably in recent years.  The 

presence of tritium in the groundwater sampled at JC-1 does not of itself provide any 

information regarding the source of the modern water component. 

 
 Groundwater flow to JC-1 is likely induced to flow through the fracture system in which 

the well is screened from more distant locations toward the well.  Shallow groundwaters 

or surface waters containing tritium that may be in communication with the fracture 

system in more distant regions could be a source of the increased tritium contents at JC-1.  

Groundwater flow to JC-1 likely occurs along preferential pathways corresponding with 

the orientations of faults and fractures rather than locally from diffuse flow through the 

intergranular spaces in the sandstone.   
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 Using recent tritium information from JC-1, active-zone groundwater discharge to 

springs, and water in Electric Lake, updated calculations of the potential modern recharge 

component in JC-1 water have been performed.  The calculated magnitude of the modern 

recharge component in pumping well JC-1 has increased from that calculated in 2002.   

 

 The markedly decreased flow from the southwest portion of Mine 2 at the Skyline Mine 

relative to the 2003 peak discharge rates demonstrates that the system is not in good 

hydraulic communication with active recharge sources.  This observation is consistent 

with the radiocarbon mean residence times of the deep Star Point Sandstone inflow 

waters (many thousands of years).  The lesser quantity of modern recharge potentially 

present in the southwest portion of Mine 2 does not provide sufficient recharge to sustain 

groundwater potentiometric levels.  Rather, a large cone of depression is formed in the 

Star Point Sandstone groundwater system in response to the withdrawal of groundwater 

from Mine 2 and JC-1, which is reflective of the groundwater extraction from the Star 

Point Sandstone. 

 

 We suggest the possibility that the long-term heavy pumping of JC-1 may induce the 

flow of groundwater from more distant locations along the fault/fracture zones toward the 

10-Left/JC-1 location.  The modern component of the groundwater sampled in JC-1 may 

possibly in large part originate from shallow groundwater or surface water induced to 

flow to the well from unidentified more distant locations.  In the absence of the JC-1 

pumping, it is possible that the modern water component would not arrive at the 
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underground mine workings at the rate it does under the JC-1 pumping regime, although 

this conclusion is only speculative at this point.  

 
 

 The stable isotopic deuterium and oxygen-18 information provides clear evidence that the 

groundwater sampled at JC-1 is not simply surface water/Electric Lake water.  The stable 

isotopic information does not, however, preclude the possibility that there is a component 

of surface-water recharge to the fracture system that supports the discharge at JC-1. 

 

 The discharge temperatures of groundwater sampled at the West Mains 16 Left pumping 

location and JC-1 are elevated relative to the temperatures of groundwaters entering the 

Skyline Mine workings from overlying strata.  The observed discharge temperatures are 

consistent with groundwater being sourced primarily from the Star Point Sandstone 

beneath the mine workings.  It is noted that, while the discharge temperatures of waters in 

the southwest portion of Mine 2 have apparently not changed substantially (although this 

cannot be confirmed directly because direct access to the Star Point Sandstone 

groundwater inflow locations is no longer possible), the discharge temperature of JC-1 

groundwater has gradually become somewhat cooler since the date of our previous 2002 

investigation.   

 

 The water level responses observed in deep monitoring wells in the vicinity of the 

southwest portion of Mine 2 at the Skyline Mine in response to the long term 

groundwater extraction from storage in the deep Star Point Sandstone groundwater 
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systems demonstrates that drainage from the deep groundwater system is a primary 

source of the groundwater flowing to the Skyline Mine.  The hydraulic responses 

measured in deep Star Point Sandstone monitoring wells in the region are consistent with 

what would be anticipated as groundwater was removed from storage (depressurization) 

in the deep Star Point Sandstone groundwater system and rebounding water levels in 

response to mine flooding events and decreased mine water discharge rates. 

 

 The hydraulic disconnect between the deep Star Point Sandstone groundwater systems 

encountered in the southwest portion of Mine 2 and the shallow groundwater systems that 

feed springs and seeps and provide baseflow discharge to streams is apparent in the water 

level hydrographs for shallow monitoring wells.  This disconnect is also apparent in the 

plots of spring and seep discharge rates in the vicinity of the southwest portion of Mine 2, 

which have not been impacted by the interception of the deep Star Point Sandstone 

groundwater systems.  The observed discharge variability at springs and seeps is likely in 

response to seasonal and climatic variability, while no such responses to climate or 

season are noted in potentiometric levels in monitoring wells from the deep Star Point 

Sandstone groundwater systems. 

 

 The Microscopic Particulate Analysis performed during 2003 and 2006 strongly suggests 

that the groundwater pumped from JC-1 is not under the direct influence of surface water 

(i.e. streams or lakes).  If the groundwater flowing into the mine in the 10-Left/JC-1 area 

was flowing from Electric Lake primarily or in part along an open fault/fracture system, 
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it is considered likely that diagnostic particulate matter (observed to be present in recent 

samples of the lake water) would have been transported to the well location and readily 

identified in the JC-1 MPA tests. 

It is noted that while the results of the JC-1 MPA tests contradict the possibility of a 

direct fracture flow communication between the well and Electric Lake, the results do not 

preclude the possibility that a component of shallow groundwater and/or surface water 

recharge (from whatever source) could arrive at the JC-1 pumping location through a 

much slower, diffuse groundwater flow pathway. 

 The updated numerical groundwater model for the Skyline Mine area continues to 

indicate that groundwater from the deep Star Point Sandstone is a primary source of the 

mine discharge water from Mine 2 and also water pumped from JC-1.  The results of the 

recent model update suggest an additional source of shallow recharge to the system.  In 

an attempt to evaluate possible sources of the shallow recharge component (primarily in 

JC-1 groundwater and possibly to a lesser extent in the Mine 2 discharge), modeling 

simulations were performed to evaluate two potential recharge resources.  The modeled 

potential recharge sources selected for evaluation included Scenario 1) groundwater from 

the South Gooseberry Fault zone, and Scenario 2) surface water from Electric Lake.  The 

results of the modeling simulations indicated that the model can be calibrated to Scenario 

1 or Scenario 2 equally well.  It is noted that the while the numerical groundwater model 

can be used to evaluate the feasibility of potential recharge sources, the modeling of itself 

does not indicate the source or mechanism of the shallow recharge.  It is also noted that 

the solution to such a numerical groundwater model is not unique, but rather represents 
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one of likely many possible mathematical solutions to the constraints of the model.  It 

should also be emphasized that, while numerical modeling can be one of many useful 

tools that can be employed to evaluate the characteristics of a groundwater flow regime, 

the correctness and reliability of any numerical model is directly related to the adequacy 

and correctness of the data upon which it is based.  While the output of the model may be 

informative, the above mentioned limitations should be considered when evaluating the 

results of the numerical model of the Skyline Mine.  

 

 It is anticipated that groundwater will be encountered from the deep Star Point Sandstone 

groundwater system during mining in the Flat Canyon area.  Based on 17 years of 

groundwater and surface-water monitoring data from regions overlying and adjacent to 

previously mined areas where inflows of deep Star Point Sandstone groundwater were 

encountered in the Skyline Mine workings, impacts to water quantity and water quality in 

nearby streams and springs that could be attributable to the depressurization of the 

underlying Star Point Sandstone groundwater systems are not anticipated.  
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Figure 6  Discharge hydrographs for springs.
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Figure 6 continued  Discharge hydrographs for springs.
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Figure 9  Skyline Mine cross-section structure profile, Flat Canyon LBA.



Table 1  Potentiometric data from monitoring wells.

W79-26-1 W79-35-1A W79-35-1B W79-10-1 W79-14-2A 99-21-1 99-28-1 20-4-1 20-4-2 W2-1
Date Depth Elevation Date Depth Elevation Date Depth Elevation Date Depth Elevation Date Depth Elevation Date Depth Elevation Date Depth Elevation Date Depth Elevation Date Depth Elevation Date Depth Elevation

8/15/1982 58.30 8963.50 7/15/1982 177.50 8551.40 7/15/1982 154.70 8572.20 6/15/1996 480.30 8902.50 9/5/1995 78.70 8973.00 12/9/1999 926.50 8419.50 12/9/1999 841.00 8510.00 1/29/2001 315.00 8559.00 1/29/2001 1022.00 8532.00 12/3/1999 720.00 8551.40
7/15/1983 52.20 8969.60 8/15/1982 179.00 8549.90 8/15/1982 150.40 8576.50 9/11/1996 482.19 8900.61 6/15/1996 76.90 8974.80 6/26/2000 927.00 8419.00 6/26/2000 843.70 8507.30 6/18/2001 317.4 8556.6 6/18/2001 1026.5 8527.5 6/26/2000 722.20 8549.20
8/15/1983 52.50 8969.30 7/15/1983 171.50 8557.40 7/15/1983 141.70 8585.20 6/23/1997 477.20 8905.60 9/12/1996 75.66 8976.04 1/29/2001 990.00 8356.00 11/8/2000 860.10 8490.90 9/3/2001 326.33 8547.67 9/3/2001 1040 8514 11/8/2000 756.20 8515.20
9/15/1983 52.80 8969.00 8/15/1983 171.70 8557.20 8/15/1983 139.60 8587.30 8/15/1997 480.70 8902.10 6/27/1997 59.06 8992.64 6/18/2001 990.7 8355.3 1/29/2001 899 8452 10/8/2001 332.1 8541.9 10/8/2001 1056.9 8497.1 6/18/2001 768.90 8502.50
10/15/1983 52.20 8969.60 9/15/1983 171.20 8557.70 9/15/1983 136.80 8590.10 10/9/1997 491.10 8891.70 8/15/1997 71.90 8979.80 9/3/2001 996.8 8349.2 6/18/2001 902.3 8448.7 1/3/2002 346.5 8527.5 4/16/2002 1101.5 8452.54 9/5/2001 800.1 8471.3
6/15/1984 51.60 8970.20 10/15/1983 172.40 8556.50 10/15/1983 135.90 8591.00 6/22/1998 476.30 8906.50 10/12/1997 77.30 8974.40 10/8/2001 996.1 8349.9 9/3/2001 908.7 8442.3 6/12/2002 370.5 8503.5 6/13/2002 1111 8443.05 9/10/2001 808.4 8463
8/15/1984 51.20 8970.60 6/15/1984 182.20 8546.70 6/15/1984 147.40 8579.50 8/22/1998 476.20 8906.60 6/22/1998 58.20 8993.50 4/15/2002 1005.8 8340.21 10/8/2001 911.7 8439.3 9/10/2002 383.27 8490.73 9/27/2002 1133.5 8420.53 9/14/2001 807.7 8463.7
6/15/1985 51.20 8970.60 8/15/1984 183.70 8545.20 8/15/1984 143.80 8583.10 10/17/1998 476.00 8906.80 8/22/1998 86.40 8965.30 6/12/2002 1010.3 8335.7 6/12/2002 926.3 8424.75 11/5/2002 389.75 8484.25 10/16/2002 1134 8420 9/20/2001 819.4 8452
7/15/1985 51.00 8970.80 6/15/1985 188.30 8540.60 6/15/1985 140.10 8586.80 6/29/1999 475.30 8907.50 10/17/1998 85.90 8965.80 9/24/2002 1026.7 8319.26 9/24/2002 973.7 8377.3 10/23/2001 837.5 8433.9
8/15/1985 50.90 8970.90 7/15/1985 187.20 8541.70 7/15/1985 139.10 8587.80 8/17/1999 475.10 8907.70 7/6/1999 84.70 8967.00 11/14/2002 1029 8316.96 11/5/2002 978.7 8372.27 6/19/2002 893.6 8377.85
9/15/1985 50.70 8971.10 8/15/1985 186.20 8542.70 8/15/1985 137.10 8589.80 8/7/2000 473.70 8909.10 8/19/1999 84.30 8967.40 9/2/2002 907 8364.38
6/15/1986 50.70 8971.10 9/15/1985 186.70 8542.20 9/15/1985 137.30 8589.60 10/2/2000 472.80 8910.00 10/12/1999 88.60 8963.10 11/5/2002 910.8 8360.57
8/15/1986 50.80 8971.00 6/15/1986 193.70 8535.20 6/15/1986 142.30 8584.60 6/18/2001 470.7 8912.1 6/27/2000 86.20 8965.50
10/15/1986 50.90 8970.90 8/15/1986 190.70 8538.20 8/15/1986 142.40 8584.50 9/3/2001 359.7 9023.1 8/8/2000 86.90 8964.80
6/15/1987 51.90 8969.90 10/15/1986 192.20 8536.70 10/15/1986 139.70 8587.20 10/23/2001 357.1 9025.7 10/2/2000 87 8964.7
8/15/1987 52.30 8969.50 6/15/1987 204.80 8524.10 6/15/1987 145.60 8581.30 6/17/2002 348.2 9034.6 6/18/2001 85.3 8966.4
10/15/1987 52.80 8969.00 8/15/1987 203.60 8525.30 8/15/1987 144.30 8582.60 9/2/2002 366.7 9016.1 9/5/2001 85.9 8965.8
7/15/1988 52.10 8969.70 10/15/1987 205.40 8523.50 10/15/1987 143.80 8583.10 10/16/2002 371 9011.85 10/8/2001 87.5 8964.2
10/15/1988 50.40 8971.40 7/15/1988 206.20 8522.70 7/15/1988 139.80 8587.10 6/18/2002 86.5 8965.2
8/15/1989 47.00 8974.80 10/15/1988 205.30 8523.60 10/15/1988 135.40 8591.50 9/9/2002 86.5 8965.2
10/15/1989 45.30 8976.50 8/15/1989 207.60 8521.30 8/15/1989 141.80 8585.10 11/5/2002 87.6 8964.1
6/15/1990 50.80 8971.00 10/15/1989 214.60 8514.30 10/15/1989 142.60 8584.30
8/15/1990 51.20 8970.60 6/15/1990 222.90 8506.00 6/15/1990 141.80 8585.10
10/15/1990 51.00 8970.80 8/15/1990 214.70 8514.20 8/15/1990 157.50 8569.40
6/15/1991 52.80 8969.00 10/15/1990 221.20 8507.70 10/15/1990 163.00 8563.90
9/15/1991 52.10 8969.70 6/15/1991 223.40 8505.50 6/15/1991 158.80 8568.10
10/15/1991 52.80 8969.00 9/15/1991 228.00 8500.90 9/15/1991 151.60 8575.30
6/15/1992 52.80 8969.00 10/15/1991 229.40 8499.50 10/15/1991 151.00 8575.90
9/15/1992 54.40 8967.40 6/15/1992 236.50 8492.40 6/15/1992 155.30 8571.60
10/15/1992 57.50 8964.30 9/15/1992 238.20 8490.70 9/15/1992 159.00 8567.90
6/15/1993 58.20 8963.60 10/15/1992 243.30 8485.60 10/15/1992 161.90 8565.00
9/15/1993 59.80 8962.00 6/15/1993 246.70 8482.20 6/15/1993 169.60 8557.30
10/15/1993 61.60 8960.20 9/15/1993 239.90 8489.00 9/15/1993 168.50 8558.40
6/15/1994 67.80 8954.00 10/15/1993 237.20 8491.70 10/15/1993 166.40 8560.50
9/15/1994 68.60 8953.20 6/15/1994 239.70 8489.20 6/15/1994 176.10 8550.80
10/15/1994 68.50 8953.30 9/15/1994 241.50 8487.40 9/15/1994 177.80 8549.10
7/15/1995 67.90 8953.90 10/15/1994 244.70 8484.20 10/15/1994 178.20 8548.70
9/5/1995 68.50 8953.30 7/15/1995 230.20 8498.70 7/15/1995 170.60 8556.30
11/15/1995 68.70 8953.10 9/5/1995 232.40 8496.50 9/5/1995 171.10 8555.80
6/15/1996 69.00 8952.80 11/15/1995 235.20 8493.70 11/15/1995 179.00 8547.90
6/19/1997 118.50 8903.30 6/19/1997 244.20 8484.70 6/15/1996 173.00 8553.90
8/13/1997 118.44 8903.36 8/15/1997 238.50 8490.40 6/19/1997 170.10 8556.80
10/12/1997 118.44 8903.36 10/9/1997 237.70 8491.20 8/15/1997 169.80 8557.10
6/15/1998 70.30 8951.50 6/15/1998 245.40 8483.50 10/9/1997 169.40 8557.50
8/13/1998 71.00 8950.80 8/13/1998 240.70 8488.20 6/15/1998 169.60 8557.30
10/17/1998 118.90 8902.90 10/17/1998 239.00 8489.90 8/13/1998 169.60 8557.30
7/5/1999 71.90 8949.90 7/5/1999 312.20 8416.70 10/17/1998 169.00 8557.90
9/19/1999 81.20 8940.60 8/19/1999 317.30 8411.60 7/5/1999 169.40 8557.50
10/6/1999 91.80 8930.00 10/6/1999 322.30 8406.60 8/19/1999 169.10 8557.80
6/20/2000 131.70 8890.10 6/20/2000 317.30 8411.60 10/6/1999 169.90 8557.00
8/7/2000 129.00 8892.80 8/7/2000 363.00 8365.90 6/20/2000 169.10 8557.80
10/9/2000 136.70 8885.10 10/9/2000 374.00 8354.90 8/7/2000 170.00 8556.90
6/19/2001 89.00 8932.80 6/19/2001 484.90 8244.00 10/9/2000 169.50 8557.40
9/3/2001 93.10 8928.70 9/3/2001 493.30 8235.60 6/19/2001 171.80 8555.10
10/25/2001 95.50 8926.30 10/25/2001 505.5 8223.4 9/3/2001 170.90 8556.00
6/19/2002 97.60 8924.20 4/15/2002 528.8 8200.15 10/25/2001 170.70 8556.20
9/15/2002 99.78 8922.02 6/19/2002 533.7 8195.19 4/15/2002 169.75 8557.15
11/14/2002 100.02 8921.78 9/2/2002 535.9 8193 6/19/2002 171.25 8555.65

11/14/2002 539 8189.93 9/2/2002 171.73 8555.17
3/10/2003 554.5 8174.45 11/14/2002 171.05 8555.85

1/16/2003 172.11 8554.79
2/1/2003 173.81 8553.09
3/9/2002 176.91 8549.99



Table 2  Selected isotopic compositions of groundwaters and surface waters.

Site Date 2H (‰) 18O (‰) 34S (‰) 13C (‰) 14C (pmC) Tritium (TU) Mean residence time

Creeks
CS-9 10/17/1995 21.8
CS-10 5/22/1996 15.8
C-1 Oct-97 -124.37 -16.28
C-1 Jul-98 -124.94 -16.31
C-2 Oct-97 -16.06 -123.8
C-2 Jul-98 -119.38 -15.76
C-3 Oct-97 -16.73 -127.22
C-3 Jul-98 -124.99 -16.52
C-4 Oct-97 -16.17 -124.05
C-4 Jul-98 -124.32 -16.19
C-5 Oct-97 -16.47 -124.13
C-5 Jul-98 -122.77 -16.12

Springs, Flat Canyon Tract
7-242 10/9/1997 -120.81 -16.28 -13.1 73.52 10.5 modern
7-242 7/1/1998 -122.86 -16.46
29-138 10/8/1997 -127.06 -16.85 -12.3 88.58 12.9 modern
29-138 7/21/1998 -125.02 -16.25 -13.5 90.96 14 modern
32-279 10/9/1997 -127.42 -17.23 -12.3 68.62 14 modern
32-279 7/21/1998 -125.03 -16.86 -12.5 71.67 15 modern
MST-3 9/11/1997 -127.6 -17.03 13.1 modern
MST-3 7/21/1998 -125.61 -16.25 -12.1 71.35 10.3 modern
MSS-1 10/1/1997 -128.7 -17.08
MST-1 10/1/1997 -125.87 -16.71
MST-1 7/1/1998 -124.13 -16.24
MST-2 10/1/1997 -128.82 -17.18
MST-2 7/1/1998 -125.33 -16.36
19-175 10/1/1997 -131.33 -17.55
19-175 7/1/1998 -130.21 -17.11
21-222 10/1/1997 -126.24 -16.91
21-222 7/1/1998 -128.24 -16.82
28-110 10/1/1997 -127.17 -16.92
28-110 7/1/1998 -128.78 -17.13
29-133 10/1/1997 -128.04 -17.07
29-133 7/1/1998 -124.32 -16.53
3-290 10/1/1997 -130.31 -17.25
3-290 7/1/1998 -128.56 -16.82
31-181 10/1/1997 -126.66 -16.99
32-183 10/1/1997 -127.65 -16.88
32-183 7/1/1998 -125.25 -16.46
32-276 10/1/1997 -125.8 -16.99
32-277 10/1/1997 -124.03 -16.84
32-277 7/1/1998 -127.41 -16.61
33-268 10/1/1997 -129.24 -17.31
33-271 10/1/1997 -128.49 -17.18
33-271 7/1/1998 -125.19 -16.53
33-273 10/1/1997 -129.28 -17.49
33-273 7/1/1998 -126.51 -17.16
4-173 10/1/1997 -131.37 -17.53
4-173 7/1/1998 -125.84 -16.99
4-429 10/1/1997 -126.13 -16.99
5-231 10/1/1997 -124.35 -17.01
5-231 7/1/1998 -126.69 -16.71
5-238 10/1/1997 -123.75 -16.75

2-413 10/8/1997 -128.79 -17.31 -13.8 95.71 14.9 modern
2-413 7/22/1998 -129.94 -16.98 -12.4 91.68 15 modern
2-413 10/31/2005 9.5
2-413 6/29/2006 8.62
2-413 11/7/2006 8.52
2-413 6/16/2007 7.69
2-413 9/21/2007 7
2-413 11/15/2007 7.97



Table 2  Selected isotopic compositions of groundwaters and surface waters.

Site Date 2H (‰) 18O (‰) 34S (‰) 13C (‰) 14C (pmC) Tritium (TU) Mean residence time
2-413 7/9/2008 7.57
2-413 9/28/2008 8.18
2-413 10/29/2008 8.1
2-413 6/17/2009 7.88
2-413 9/22/2009 7.2
2-413 9/22/2009 7.2
2-413 6/12/2010 6.7
2-413 9/11/2010 6.0
2-413 11/18/2010 6.4
2-413 7/7/2011 7.1
2-413 9/24/2011 6.1
2-413 11/11/2011 5.6
2-413 11/11/2011 5.5
2-413 6/15/2012 6.4
2-413 9/23/2012 5.1
2-413 11/5/2012 5.4
2-413 6/19/2013 5.4
2-413 9/20/2013 5.0
2-413 11/10/2013 5.2
2-413 6/24/2014 5.3
2-413 9/22/2014 4.5
2-413 11/4/2014 4.8
2-413 8/9/2015 4.1
2-413 10/23/2015 4.7

8-253 10/9/1997 -129.7 -17.31 -16.0 84.39 29.7 modern
8-253 7/21/1998 -133.51 -17.32 -16.1 79.06 30.0 modern
8-253 9/23/2004 16.1
8-253 6/26/2005 11.1
8-253 10/14/2005 16.5
8-253 8/18/2006 14.7
8-253 11/7/2006 15
8-253 6/27/2007 13.9
8-253 9/20/2007 13.4
8-253 11/17/2007 13.4
8-253 6/30/2008 10.2
8-253 9/22/2008 12.6
8-253 10/29/2008 12.5
8-253 6/17/2009 10.6
8-253 9/21/2009 9.5
8-253 11/7/2009 8.9
8-253 6/12/2010 8.1
8-253 9/12/2010 9.5
8-253 11/17/2010 9.3
8-253 7/7/2011 7.6
8-253 9/24/2011 8.2
8-253 11/11/2011 7.0
8-253 11/11/2011 7.0
8-253 6/15/2012 7.5
8-253 9/23/2012 6.9
8-253 11/5/2012 6.9
8-253 6/19/2013 7.2
8-253 9/20/2013 6.4
8-253 11/10/2013 6.9
8-253 6/23/2014 5.5
8-253 9/22/2014 6.4
8-253 11/7/2014 5.9
8-253 6/9/2015 5.9
8-253 9/14/2015 6.9
8-253 10/23/2015 6.5

S24-1 9/23/2009 0.5
S24-1 11/3/2009 0.8
S24-1 6/12/2010 0.9
S24-1 9/9/2010 0.9
S21-1 11/17/2010 0.5



Table 2  Selected isotopic compositions of groundwaters and surface waters.

Site Date 2H (‰) 18O (‰) 34S (‰) 13C (‰) 14C (pmC) Tritium (TU) Mean residence time
S24-1 6/22/2011 1.9
S24-1 9/17/2011 0.7
S24-1 9/17/2011 0.7
S24-1 6/15/2012 0.7
S24-1 12/4/2012 0.5
S24-1 6/21/2013 0.7
S24-1 9/10/2013 0.8
S24-1 12/11/2013 1.5
S24-1 6/26/2014 0.9
S24-1 9/10/2014 0.6
S24-1 12/10/2014 0.8
S24-1 6/8/2015 1.3
S24-1 9/18/2015 1.8

Springs, Winter Quarters Area
WQ1-39 6/6/1996 +12.1 -15.0 12
WQ2-15 6/5/1996 +8.5 -12.45
WQ3-6 6/5/1996 +5.7 -12.4 87.36 13.9 modern
WQ3-26 6/5/1996 +8.1 -14.6 107.14 11.1 modern
WQ3-41 6/6/1996 +13.5 -12.0 100.40 18.4 modern
WQ3-43 6/6/1996 +10.4 -12.7 15.1
WQ4-12 6/5/1996 +11.3 -13.7 82.78 10.6 modern

Springs, Existing Permit Area
S13-2 10/17/1995 +10.4 -12.0 80.12 18.8 modern
S14-4 10/17/1995 +14.75 -13.1
S22-11 10/18/1995 +5.1 -13.3 75.49 21.6 modern
S22-5 10/18/1995 +10.6 -12.1
S26-13 10/17/1995 +8.9
S34-12 10/18/1995 +9.1 -13.0 78.26 20.4 modern
S35-8 10/18/1995 +12.9 -10.8
S36-12 10/17/1995 +10.6 -13.3 85.16 18.1 modern

S15-3 10/18/1995 +16.5 -13.2 62.40 17.1 modern
S15-3 6/26/2005    8.78
S15-3 11/17/2005    8.84
S15-3 9/20/2006    8.05
S15-3 12/14/2006    8.00
S15-3 6/28/2007    8.32
S15-3 9/27/2007    7.71
S15-3 12/22/2007    7.24
S15-3 6/24/2008    7.86
S15-3 9/22/2008    7.08
S15-3 12/27/2008    7.24
S15-3 6/17/2009    8.61
S15-3 9/21/2009 6.8
S15-3 11/7/2009 6.8
S15-3 6/22/2010 7.3
S15-3 9/11/2010 5.6
S12-3 12/1/2010 6.5
S15-3 7/7/2011 6.9
S15-3 9/24/2011 5.0
S15-3 11/11/2011 4.9
S15-3 11/11/2011 4.9
S15-3 6/15/2012 6.6
S15-3 9/23/2012 4.6
S15-3 12/4/2012 4.7
S15-3 6/19/2013 5.7
S15-3 9/20/2013 3.0
S15-3 12/1/2013 4.7
S15-3 6/25/2014 5.7
S15-3 9/22/2014 4.5
S15-3 12/9/2014 4.1
S15-3 6/9/2015 4.9
S15-3 9/14/2015 4.8
S15-3 10/23/2015 4.7



Table 2  Selected isotopic compositions of groundwaters and surface waters.

Site Date 2H (‰) 18O (‰) 34S (‰) 13C (‰) 14C (pmC) Tritium (TU) Mean residence time

Fault Related Systems
S17-2 10/17/1995 -1.5 -10.5 39.56 1.61 3,000 mixed w/modern
S17-2 5/22/1996 1.73
Green Canyon Spring 7/23/1996 -0.7 -12.5 18.29 0.21 9,500
Alpine Well 7/23/1996 +12.7 -14.7 7.06 -0.02 17,000
G-37 7/23/1996 +19.45 -12.3 20.99 0.05 8,500

Skyline Mine Blackhawk Formation perched Groundwater Systems
1-01D 10/6/1993 6.7 -8.4
1-02D 10/6/1993 6.2 -2.1
1-05D 5/8/1996 0.3
1-11D 10/6/1993 17.2 -10.3
1-12D 10/6/1993 16.6 -9.4
1-14D 5/8/1996 13.9 -8.7 21.4 0
1-01S 10/6/1993 -13.8 5.6 0
1-02S 10/6/1993 19.3 -11.1
3-01D 10/6/1993 8.9 -8.6
3-04D 10/6/1993 -9.5
3-05D 10/6/1993 -1.5
3-06D 10/6/1993 -7.3
3-07D 10/6/1993 19.4 -10.8 14.1 6.7
3-07D 5/8/1996 0.1
3-08D 5/8/1996 14.8 -10.9 41.5 0.3
3-02S 10/6/1993 16.8 -10
Roof Drip 1-03D 10/6/1993 +16.35 -10.7 15.4 5.6* 10,500
Roof Drip 1-05D 5/8/1996 0.28
M1-9L-E1-XC31.5 (Roof Drip 1-14D) 5/8/1996 +13.9 -8.7 21.36 0.16 7,500
M1-9L-E2-XC23.5 (Roof Drip 1-15D) 5/8/1996 +15.5 -10.3 28.65 0.16 5,500
Floor Water 1-01S 10/6/1993 -13.8 5.6 0 18,500
Roof Drip 3-07D 10/6/1993 +19.4 -10.8 14.1 6.7* 10,500
M3-WM-E1-XC85.5 (Roof Drip 3-07D) 5/8/1996 0.12
M3-1L-TG_XC27 (Roof Drip 3-08D) 5/8/1996 +14.8 -10.9 41.5 0.26 2,500
M1-WM-E2-XC44 5/8/1996 0.28

Skyline Mine Fault Inflows
14LHGE1C35 Roof 3/22/1999 -133.77 -17.91 +20.25 -10.3 10.85 -0.01 13,300
14LHGE1C35 Floor 3/22/1999 -130.88 -17.87 +18.9 -9.7 9.63 0.11 14,400
14LHGE1C37 Rib Water 4/12/1999 -132.28 -17.75 +18.6 -9.9 6.91 0.02 16,700
5LTGE1C39 12/17/1998 +20.6 -9.8 19.05 -0.06 8,000
M1SSM E1 C102 12/17/1998 +14.3 -10.6 13.26 0.06 11,000
16LE2XC11.5 12/15/1999 -125.52 -18.09 -10.7 17.25 0.12 9,500
14LE1XC36 12/15/1999 -122.87 -18.03 -10.1 17.66 0.02 9,200
14LHGE1C23 RD 3/22/1999 -130.95 -17.45
WME2C73 RD 3/22/1999 -136.7 -18.02
14LHGE1C35 9/22/2000 -10.2 12.98 -0.02 11,500
E6XC22 West Submains 9/22/2000 -10.3 21.15 0.00 7,400
16LXC12 4/18/2001 -9.9 16.02 -0.02 9,250
14LE1XC36 4/18/2001 -10.3 18.65 0.12 8,500
9LE3XC40 Borehole 4/19/2001 -11.2 23.53 0.06 7,250
Diagonal Submains E3XC12 4/19/2001 -10.3 23.98 0.05 6,250
8LE3XC62 Borehole 4/18/2001 -11.9 29.11 0.78 6,000
8L Bleeder XC51 Borehole 4/18/2001 -12.3 13.66 0.51 12,500
8LE2XC62 Borehole (uncased) 4/18/2001 -11.9 8.15 0.06 16,500
Diagonal Fault 4/10/2002 -10.3 11.91 0.01 12,100
11L Headgate E1 XC62 4/10/2002 -10.5 25.57 0.31 5,900
East Submains E3 XC14 Fault 4/10/2002 -10.3 17.36 0.88 9,000
11L Headgate E1 XC39 Fault 4/10/2002 -10.9 2.29 0.01 25,800
11L Headgate XC54 4/25/2002 -10.1 7.26 0.06 16,300
9L Borehole XC59 4/10/2002 -10.4 16.91 0.16 9,300
9L Horizontal Borehole 7/2/2002 -10.1 15.60 0.17 9,700
9L Horizontal Borehole 8/15/2002 0.86
9L Horizontal Borehole 8/28/2002 0.83
East Submains E1 XC5 Fault 4/10/2002 -10.7 15.17 0.01 10,200
East Submains E1 XC5 Fault 8/1/2002 0.09
East Submains E1 XC5 Fault 8/15/2002 0.08



Table 2  Selected isotopic compositions of groundwaters and surface waters.

Site Date 2H (‰) 18O (‰) 34S (‰) 13C (‰) 14C (pmC) Tritium (TU) Mean residence time
East Submains E1 XC5 Fault 8/28/2002 0.07
10L Sump 7/2/2002 -10.4 24.2 1.31 6,300
10L Sump 7/16/2002 1.19
10L Sump (alternate) 8/1/2002 1.16
10L Sump 8/15/2002 1.18
10L Sump 8/28/2002 1.17
West Mains 16 Left 3/5/2015 -8.6 14.54 1.1 8,000
West Mains 16 Left 1/20/2016 0.97
West Mains 6 Left 3/5/2015 -8.9 17.71 1.1
Boreholes West Mains XC99 3/5/2015 -10.5 14.25 <0.3

Mine Dewatering Wells
JC-1 9/25/2001 -128.4 -17.4 -11.80 30.4 0.20
JC-1 9/26/2001 -128.41 -17.5 -11.8 30.42 0.24 4,600
JC-1 10/3/2001 -129 -17.8 0.2
JC-1 5/24/2002 1.04
JC-1 5/24/2002 1.00
JC-1 5/24/2002 1.04
JC-1 5/24/2002 1
JC-1 6/4/2002 0.96
JC-1 6/4/2002 0.96
JC-1 6/19/2002 1.11
JC-1 6/19/2002 1.11
JC-1 6/28/2002 1.18
JC-1 6/28/2002 1.18
JC-1 7/2/2002 1.31
JC-1 7/16/2002 1.09
JC-1 7/16/2002 1
JC-1 8/1/2002 1.22
JC-1 8/1/2002 1.05
JC-1 9/13/2002 1.25
JC-1 9/24/2002 1.5
JC-1 9/28/2002 23.19 1.43
JC-1 10/14/2002 1.82
JC-1 10/14/2002 2.22
JC-1 10/14/2002 1.55
JC-1 10/15/2002 1.71
JC-1 10/17/2002 1.76
JC-1 10/21/2002 1.44
JC-1 10/29/2002 2.06
JC-1 12/6/2002 1.87
JC-1 12/20/2002 1.94
JC-1 1/7/2003 27.58 1.83
JC-1 1/14/2003 1.77
JC-1 1/31/2003 1.8
JC-1 2/15/2003 2.12
JC-1 2/28/2003 1.71
JC-1 3/22/2003 2.06
JC-1 4/7/2003 2.07
JC-1 4/22/2003 2.08
JC-1 5/15/2003 2.09
JC-1 6/3/2003 2.18
JC-1 6/25/2003 2.02
JC-1 7/11/2003 2.23
JC-1 7/30/2003 2.36
JC-1 8/20/2003 -16.9 -126 32.56 2.54
JC-1 9/4/2003 2.46
JC-1 11/14/2003 -17.2 -128 31.85 2.64
JC-1 12/12/2003 2.34
JC-1 1/12/2004 17.2 -128 32.64 2.53
JC-1 1/19/2004 2.87
JC-1 3/11/2004 2.79
JC-1 5/20/2004 2.95
JC-1 6/28/2004 -17.5 -129.5 36.75 2.74
JC-1 7/17/2004 2.84



Table 2  Selected isotopic compositions of groundwaters and surface waters.

Site Date 2H (‰) 18O (‰) 34S (‰) 13C (‰) 14C (pmC) Tritium (TU) Mean residence time
JC-1 9/8/2004 -17 -126.3 37.15 2.89
JC-1 11/8/2004 17.12 125.8 33.74 2.74
JC-1 1/26/2005 3.1
JC-1 2/3/2005 35.21
JC-1 2/18/2005 -17.32 -128.5 2.9
JC-1 4/16/2005 2.99
JC-1 5/25/2005 2.76
JC-1 6/28/2005 -16.83 -126.4 34.32 2.79
JC-1 8/10/2005 -17.05 -126 35 2.96
JC-1 9/13/2005 36.29 3.1
JC-1 2/27/2006 -17.23 -125.5 35.75 2.91
JC-1 6/1/2006 -16.84 -125.8 37.95 2.77
JC-1 6/26/2006 2.94
JC-1 9/25/2006 -16.52 -126.5
JC-1 11/7/2006 -16.08 -125.5 2.85
JC-1 6/16/2007 -16.53 -124.8 34.34 2.94
JC-1 6/16/2007   
JC-1 9/21/2007 -16.33 -124.2 36.08 3.00
JC-1 11/15/2007 -16.51 -125.1 38.37 3.08
JC-1 6/28/2008 -17 -125 36.8 3.14
JC-1 9/28/2008 -16.56 -126 37.67 2.96
JC-1 10/29/2008 -16.79 -124.7 39.7 2.86
JC-1 6/28/2009 -16.57 -124.3 38.31 3.11
JC-1 9/22/2009 -16.84 -125.6 48.1 3.1
JC-1 11/7/2009 -16.81 -124.7 38.31 2.9
JC-1 6/21/2010 -16.71 -122.6 38.6 2.8
JC-1 6/21/2010 -16.71 -122.6 38.6 2.8
JC-1 9/23/2012 2.2
JC-1 10/22/2012 1.8
JC-1 6/19/2013 2.4
JC-1 9/20/2013 2.5
JC-1 11/10/2013 2.1
JC-1 6/24/2014 -11.03 44.98 2.0 1,200
JC-1 9/22/2014 -122.8 -16.79 -10.89 40.62 1.7 2,100
JC-1 11/7/2014 -123.3 -16.8 -11.10 39.62 2.0 2,350
JC-1 6/9/2015 -11.32 41.51 2.2 2,000
JC-1 9/14/2015 2.4
JC-1 10/23/2015 -10.82 40.49 2.3 2,200

Electric Lake
EL-1 9/25/2001 -119.2 -16.1 -8.3 72.4 13
Upper Electric Lake 9/26/2001 -119.19 -16.07 -8.3 72.44 12.6 modern
Upper Electric Lake (with coal) 9/26/2001 -120.36 -15.92 -8.7 82.44 modern
Electric Lake at outlet 9/26/2001 -110 -14.43
EL-B-5 10/2/2001 -109 -14.8
EL-C-55 10/2/2001 -109 -14.8 -9.2 82.2 12
E. Lake-1 Mid Lake 5/24/2002 7.67
E.Lake-2 North End 5/24/2002 8.52
North End Shallow Elect. 7/11/2002 8.66
North End Deep Elect. 7/11/2002 8.66
South End Shallow Elect. 7/11/2002 8.69
South End Deep Elect. 7/11/2002 8.89
North End Shallow Elect. 7/26/2002
South End Shallow Elect. 7/26/2002
EL-1 9/21/2009 5.9
EL-1 12/4/2009     6.5  
EL-1 12/4/2009 6.5
EL-1 6/12/2010     6.4  
EL-1 6/12/2010 6.4
EL-1 9/11/2010     6.2  
EL-1 9/11/2010 6.2
EL-1 11/17/2010     5.8  
EL-1 11/17/2010 5.8
EL-1 7/7/2011     6.5  
EL-1 7/7/2011 6.5
EL-1 9/24/2011     6.2  



Table 2  Selected isotopic compositions of groundwaters and surface waters.

Site Date 2H (‰) 18O (‰) 34S (‰) 13C (‰) 14C (pmC) Tritium (TU) Mean residence time
EL-1 9/24/2011 6.2
EL-1 11/11/2011     6.0  
EL-1 11/11/2011 6.0
EL-1 11/11/2011 6.0
EL-1 6/15/2012     5.7  
EL-1 6/15/2012 6.0
EL-1 9/23/2012     4.9  
EL-1 9/23/2012 5.3
EL-1 12/4/2012 4.4
EL-1 6/19/2013 6.2
EL-1 9/10/2013     4.6  
EL-1 9/10/2013 4.6
EL-1 11/14/2013     4.2  
EL-1 11/14/2013 4.2
EL-1 6/25/2014     4.7  
EL-1 6/25/2014 4.7
EL-1 9/22/2014 4.4
EL-1 12/9/2014 4.1
EL-1 6/9/2015 4.3
EL-1 9/14/2015 4.8
EL-1 10/23/2015 5.0
EL-2 9/23/2004   5.71
EL-2 11/7/2004   6.00
EL-2 6/21/2005   6.49
EL-2 9/23/2005   5.72
EL-2 11/17/2005   6.42
EL-2 9/22/2006   6.42
EL-2 12/13/2006   6.29
EL-2 6/19/2007   7.26
EL-2 9/18/2007   6.28
EL-2 12/5/2007   6.48
EL-2 6/3/2008   6.12
EL-2 9/19/2008   6.68
EL-2 12/23/2008   6.46
EL-2 5/21/2009   6.4
EL-2 9/23/2009   6.4
EL-2 6/12/2010 5.5
EL-2 9/9/2010 5.1
EL-2 11/17/2010 5.5
EL-2 6/22/2011 6.6
EL-2 9/14/2011 5.8
EL-2 11/16/2011 5.5
EL-2 11/16/2011 5.4
EL-2 6/15/2012 5.8
EL-2 9/18/2012 5.3
EL-2 12/4/2012 4.7
EL-2 6/21/2013 4.9
EL-2 9/10/2013 4.6
EL-2 12/11/2013 4.4
EL-2 6/26/2014 4.4
EL-2 9/11/2014 4.1
EL-2 12/10/2014 3.8
EL-2 6/8/2015 4.4
EL-2 9/18/2015 4.3

* Likely analytical error, samples analyzed using less accurate direct counting technique, verified on subsequent resampling at 3-07D



Table 3  Modern water componente calculations.

                 ASSUMPTIONS

  Modern water at 9.81 TU   Modern water at 17.58 TU Modern water at 13.70 TU
(average Electric Lake) (average springs and streams) (avg. springs, streams, E. Lake)

JC-1 tritium content
Date (TU) Modern water fraction Modern water fraction Modern water fraction

26-Sep-2001 0.24 0.024 0.014 0.018
24-May-2002 1.02 0.104 0.058 0.074
4-Jun-2002 0.96 0.098 0.055 0.070
19-Jun-2002 1.11 0.113 0.063 0.081
28-Jun-2002 1.18 0.120 0.067 0.086
16-Jul-2002 1.09 0.111 0.062 0.080
1-Aug-2002 1.22 0.124 0.069 0.089

                 ASSUMPTIONS

  Modern water at 4.70 TU   Modern water at 5.17 TU Modern water at 4.94 TU
(average Electric Lake 2015) (average springs 2015) (avg. springs, E. Lake 2015)

JC-1 tritium content
Date (TU) Modern water fraction Modern water fraction Modern water fraction

2014 average 1.9 0.404 0.368 0.385
2015 Average 2.3 0.489 0.445 0.466

                 ASSUMPTIONS

  Modern water at 4.70 TU   Modern water at 5.17 TU Modern water at 4.94 TU
(average Electric Lake 2015) (average springs 2015) (avg. springs, E. Lake 2015)

West Mains 16 Left
Date (TU) Modern water fraction Modern water fraction Modern water fraction

1/20/2016 0.97 0.206 0.188 0.196



Table 3a  Average tritium contents.

2002 Information
Tritium (TU)

Electric Lake

Electric Lake 26 Sep 01 12.60

Electric Lake 24 May 02 average 8.10

Average 8.73

Springs and Creeks

S13‐2 (1995) 18.80

S15‐3 (1995) 17.10

S22‐11 (1995) 21.60

S34‐12 20.40

S36‐12 18.10

2‐413 average (1997‐1998) 14.95

7‐242 (1997) 10.50

29‐138 (1997) 13.45

8‐253 average (1997‐1998) 29.85

32‐279 average (1997‐1998) 14.50

MST‐3 average (1997‐1998) 11.70

CS‐9, Eccles Creek (1995) 21.80

CS‐10, upper Huntington Creek (1995) 15.80

Average 17.58

Springs, Creeks, and Electric Lake

Average 13.70

Mine Dewatering Well JC‐1

JC‐1 (26 Sep 2001) 0.17

JC‐1 (24 May 2002) 1.02

JC‐1 (4 Jun 2002) 0.96

JC‐1 (19 Jun 2002) 1.11

JC‐1 (28 Jun 2002) 1.18

JC‐1 (16 Jul 2002) 1.00

JC‐1 (1 Aug 2002) 1.22

2016 Update Data

Electric Lake

EL‐1 (9 Jun 2015)  4.3

EL‐1 (14 Sep 2015) 4.8

EL‐1 (23 Oct 2015) 5.0

Electric Lake 2015 Average 4.70

Springs

2‐413 average (2015) 4.4

8‐253 average (2015) 6.4

S15‐3 average (2015) 4.7

Springs 2015 Average 5.17

Springs and Electric Lake 2015 Average 4.94

Mine Dewatering Well JC‐1

JC‐1 (24 Jun 2014) 2.0

JC‐1 (22 Sep 2014) 1.7

JC‐1 (7 Nov 2014) 2.0

JC‐1 2014 Average 1.9

JC‐1 (9 Jun 2015) 2.2

JC‐1 (14 Sep 2015) 2.2

JC‐1 (23 Oct 2015) 2.4

JC‐1 2015 Average 2.3

West Mains 16 Left (1/20/2016) 0.97
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ANALYTICAL SERVICES, INC. 
Microbiological Testing, Research and Consulting 

 
130 Allen Brook Ln., PO Box 515, Williston, VT 05495 USA 

1.800.723.4432 / 802.878.5138  Fax: 802.878.6765 
www.analyticalservices.com 

 
 
 
 
 
February 3, 2003 
 
 
Erik Petersen 
Petersen Hydrologic 
2695 North 600 East 
Lehi, UT  84043 
 
 
Dear Erik: 
 
Enclosed please find the results of the Microscopic Particulate Analysis (MPA) performed on the sample 
received in our laboratory on January 16, 2003. 
 
Thank you for using Analytical Services Inc. for your testing needs.  If you have any questions or if we 
may be of service in the future, please do not hesitate to contact us at (800) 723-4432. 
 
Sincerely, 
 
ANALYTICAL SERVICES, INC. 
 
 
 
 
Jessica Howlett 
Staff Microbiologist 
 
JH/lll 
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Microscopic Particulate Analysis 
 
Section I. 
 
One sample from Petersen Hydrologic was analyzed using the Environmental Protection Agency’s 
Consensus Method for Determining Ground Waters Under the Direct Influence (GWUDI) of Surface 
Water Using Microscopic Particulate Analysis (MPA).  MPA is one parameter used to determine if a 
ground water source is under the direct influence of surface water.  As indicated in the Guidance Manual 
for compliance with the Surface Water Treatment Rule, other factors, including a sanitary survey, well 
construction logs, hydrological criteria, distance from nearest surface water source and water quality are 
considered when making a GWUDI determination.  Recent data indicate that factors effecting particulate 
movement in soil need to be taken into account in GWUDI determinations.  These include the degree of 
hydraulic communication (timing and amount of surface water mixed with ground water), time of travel in 
the ground, and natural filtration. 
 
An MPA filter is processed by first cutting the fibers from the filter core then washing them repeatedly with 
a stomacher.  The resulting sediment is centrifuged into a pellet.  Then, depending on the volume of the 
pellet recovered from a filter, the sediment is either purified by a gradient flotation procedure using Percoll 
sucrose as the levitant, or is analyzed directly.  A portion of the pellet is examined for surface water 
“bioindicators”, such as plant debris, algae, diatoms, insects, protozoa, rotifers, and other particulates that 
are characteristic of surface waters.  The number and type of bioindicators are tabulated and used to 
calculate a risk rating score, which indicates the risk of surface water contamination.  The MPA risk-rating 
table can be found in Section III of this report. 
 
Results from the MPA indicate this sample is characteristic of ground water.  There was a minimal 
amount of sediment recovered from the filter (0.05 mL in 458 gallons), and only a minimal amount 
remained after the flotation process.  Low numbers of particulates and biological organisms were 
detected in this sample.  Data from the MPA are included in Section II of the Analytical Results. 
 



ANALYTICAL SERVICES, INC. 

Project No.: 2003-0116-009 

Client: Petersen Hydrologic 
2695 North 600 East 
Lehi, UT  84043 

Sampling Date: January 14, 2003 
Address: Date Received: January 16, 2003 

 Analyst: jh 
 
Section II. 

Analytical Results 
Sample No.: 2003-0116-009 
 

I. SAMPLE DATA 
Sample ID: JC-1 

Sample Site: JC-1 
Water Type: raw/well 

Turbidity, NTU’s: S: 3.4 E: 1.1 
pH: S: 7.72 E: 7.79 

Treatment: none 
Distance From 
Surface Water: 100 feet 

Volume Filtered: 458 gallons 
Filter: Commercial 

Honeycomb 1 m 
Filter Color: off-white 

Sediment Volume: 0.05 mL 
Volume Floated: 0.05 mL 

Pellet Volume 
After Float: trace 

Levitant –   
type: Percoll sucrose 

specific gravity: 1.15 
S = Start of Sampling; E = End of Sampling

 

II. MPA 
Numbers reported are per 100 gallons 
Detection Limit = 6.67 
 

Amorphous Debris: Confluent Crustaceans: BDL 
    Vegetative Debris -  Crustacean Parts: BDL 

with chlorophyll: BDL Crustacean Eggs: BDL 
without chlorophyll: BDL Water Mites: BDL 

Diatoms -    Gastrotrichs: BDL 
with chlorophyll: BDL Tardigrades: BDL 

without chlorophyll: BDL Nematodes: BDL 
Other Algae*: BDL Nematode Eggs: BDL 

Rotifers: BDL Invertebrate Eggs: BDL 
Rotifer Eggs: BDL Annelids: BDL 

Fungal Spores: BDL Amoebae: BDL 
Pollen: BDL Protozoa: BDL 

Iron Bacteria**: BDL Insects/Larvae: BDL 
  

BDL = Below Detection Limit   
 

*Algae Identifications: NA 
**Iron Bacteria: NA 

Comments:  
NA = Not Applicable 
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2695 North 600 East 
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Sampling Date: January 14, 2003 
Address: Date Received: January 16, 2003 

   
 
Section III. 

 
MPA Risk Rating Table 

 
The risk rating for surface water influence as calculated according to the EPA Consensus Method for 
Microscopic Particulate Analysis is as follows: 
 

 
Lab ID 

 
Sample ID Table 1 Table 2 Total Risk Rating 

2003-0116-009 JC-1 None Detected NA 0 Low* 

NA = Not Applicable 
 
The tables of relative risk factors used to calculate surface water influence in the EPA Consensus Method for Microscopic 
Particulate Analysis are based on a limited set of data.  These data are not representative of all aquifer types or well designs.  
Therefore, the relative risk values calculated from these tables are of limited value in determining health risks associated with 
surface water indicators. 
 
*This EPA Risk Rating table classifies each sample according to the number of surface water indicating organisms per 100 gallons; 
however, only 15 gallons of this sample could be analyzed for MPA.  The relatively small volume analyzed does not affect the 
validity of the results; however, the risk rating should be interpreted with caution. 
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Date:  January 6, 2017     
 

To:   M&RP PHC Addendum Vol. 2 – Appendix Q  
 

From:  Gregg Galecki  

 

Subject: Numeric Groundwater Flow Model Update Overview 
 
The following is provided as a preface to Appendix R – Update of Groundwater Flow Model, Skyline Mine 
Project, July 1, 2016; prepared by SRK Consulting Inc., Denver, Colorado. 
 
The purpose of the 2002-2004 groundwater modeling exercise was to determine whether all of the 
groundwater being encountered in the mine during that time could be sourced from the Star Point Sandstone.   
Although drawdown/inflow was actively occurring during the conceptual phase, the modeling exercise 
determined it was possible for all the inflow being encountered to be sourced from the underlying Star Point 
Sandstone.  The results were considered non-unique based on limited ‘pre-flow’ water information for the 
steady-state calibration, and relatively short-term inflow and drawdown data for the transient calibration.  
 
In 2015-16, SKR Consulting, the same personnel who created the 2002-2004 model (working for a different 
company, SRK), were given the direction to update the model with data collected through 2015.  The update 
of the model was a request from UDOGM personnel for incorporating Mine #4 – Flat Canyon lease area into 
the Skyline mine plan.  The impacts to the Flat Canyon lease area were addressed in both the original and 
updated model as the lease area is in the center of the modeled area.  The continuity of the personnel was 
critical in updating the model. The update included re-calibrating to the new data to include the flooding of the 
mine and the current water levels in the Star Point Sandstone formation.  The modeling conclusion suggest 
two (2) calibrations and a combination of the two sources may be the most likely scenario.  The model also 
indicates, ‘the source of the recharge and its mechanism is not clear.’ 
 
It is important to note that an ideal numeric groundwater model initially creates a ‘pre-inflow’ steady-state 
conceptual model based on a well-defined aquifer, then models the transient model based on drawdown (or 
inflow data).  The geology of the Blackhawk Formation and the Star Point Sandstone do not conform to this 
scenario.  A significant challenge includes the groundwater flow from the Star Point Sandstone which is 
significantly influenced by faults and fractures, while the overlying Blackhawk Formation is known to be 
laterally and vertically discontinuous with interbedded sandstone and low-permeability shales.  Empirical data 
suggests the Star Point Sandstone transmits water that may originate a considerable distance from the 
vicinity of the mine, while the Blackhawk Formation has historically not produced sustained inflows into the 
mine from the roof. In the absence of a well-defined aquifer, both the initial and 2015-16 work needed to make 
assumptions on the permeability and flow patterns of these formations.  Numerically, the hydrologic 
assumptions made in the initial work were also reasonably applicable in the 2015-16 model, however the 
conclusions for both models are not unique.  This is evident in the SRK 2016 model as numerous scenarios 
were considered during the exercise, while only two were eventually considered as plausible scenarios that 
calibrated to the original assumptions.  
 
The information provided in the theoretical numeric groundwater models are a valuable tool in trying to 
understand the complex hydrology in the Flat Canyon area, however they are not absolute in their 
conclusions.  Appendix P - PHC Addendum Volume 2 (Petersen Hydrologic, 2016) also discusses portions of 
the model in detail when addressing groundwater in-flows at the Skyline Mine when considering the impacts 
of mining on the hydrologic system due to mining in the Mine #4 – Flat Canyon lease area. 
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1 Introduction 
Skyline Mine, operated by Canyon Fuel Company LLC (Canyon), is a longwall coal mine located in 
the northern Wasatch Plateau of central Utah. The mine began operations in the early 1980s. Large, 
persistent groundwater inflows were encountered in the Skyline Mine beginning in 
March 1999 (Figure 1). The total inflow rate to the mine from 8 major inflows reached a maximum of 
more than 10,000 gallons per minute (gpm) in April 2002, declined to less than 8,000 gpm by April 
2003, when a comprehensive hydrogeological study was completed (HCI, 2003). Together with water 
chemistry, temperature, and inflow-decay data, the results of the 2003 Model suggested that the 
majority of water flowing into Skyline Mine workings was coming from a deep groundwater source 
(Starpoint Sandstones), rather than from Electric Lake, a reservoir lying above the mine workings. 

1.1 Purpose of Current Study 
The 2003 groundwater-flow model was based on relatively sparse water level information for a 
“pre-inflow” steady-state calibration, and on relatively short-term inflow and drawdown data for a 
transient calibration. The model results showed that it was possible for all inflows into the Skyline Mine 
to come from storage in the Starpoint sandstones. However, without water-level monitoring in the 
Starpoint, or recovery data post inflow, the model results were non-unique.  

Beginning in 2004, total mine discharges were reduced, and pool elevations were allowed to rise in 
the underground workings. This partial recovery was reflected in the monitoring records of piezometers 
in the coal seams and underlying Storrs and Panther sandstones.  

The current study was commissioned to update the groundwater model developed during 
2001 through 2003 and recalibrate to new data, especially to recovery data related to mine flooding, 
and to new mining plans, as follows:  

• The 2003 HCI model was converted from an older version of MINEDW to a new version of 
(MINEDW v. 2.11), which is commercially available; 

• The time period for transient calibration was extended through the end of 2015; 
• The input database of groundwater flows and water levels was updated through 2015; 
• 2004 to 2015 mine plans were incorporated into the model; and 
• Multi-variant model calibrations were completed for both pre-mining steady-state and mining 

(during 33 years) transient conditions. 
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2 Hydrology of Skyline Mine and Vicinity  
2.1 Surface Water and Meteorology 

The hydrologic study area (HSA) is drained by three major streams: 

• Fish Creek (including Gooseberry Creek), which drains the west side of the domain, flowing 
northward and then eastward into Scofield Reservoir. 

• Mud Creek, which drains the eastern side of the domain, also flowing northward into Scofield 
Reservoir. 

• Huntington Creek, including the Left Fork, which drains the center of the domain. The main 
fork of Huntington Creek flows southward through Electric Lake Reservoir. 

Streamflows peak in May through June with spring runoff, and lowest flows occur in December and 
January. October mean flows, generally considered to represent baseflow in the western interior U.S., 
span wide ranges for all three major streams as a consequence of relatively wet autumns in the HSA.  

Several reservoirs occur in the HSA, including Electric Lake, Huntington, Cleveland, and Lower 
Gooseberry Reservoirs, and Fairview Lakes (Figure 1). Miller Flats reservoir lies within the HSA, just 
southwest of Cleveland reservoir, but is not shown in Figure 1. At high water, Electric Lake covers 
about 430 acres. The remaining four reservoirs range in surface area (at high water) from about 40 to 
about 140 acres. Scofield Reservoir lies just outside the northeast boundary of the HSA.  

Precipitation and evapotranspiration are treated more thoroughly in HCI (2003). Estimates of average 
annual precipitation range from 41 inch/year at an elevation of 10,000 feet (ft) to 18 inch/year at 7,800 ft 
near the town of Scofield. Precipitation is highest in November through March, and lowest in June 
through July. 

2.2 Hydrogeology 
The hydrostratigraphy of the study area is described in detail in HCI (2003). The general geologic units 
differentiated in the HSA, from shallowest to deepest, are:  

• Overburden—the Blackhawk Formation shales and mudstones; 
• Upper O’Connor and Lower O’Connor B (LOB) coal seams; 
• Interburden between the coals and between the underlying sandstones; 
• Storrs Sandstone, and Panther Sandstone;  
• Starpoint Sandstone; and 
• Mancos Shale. 

HCI (2003) describes each of the rock types, and provides estimates of hydraulic properties for each. 
Rock units are dominated by approximately 1,500 ft of Starpoint Formation sandstones and siltstones 
overlain by an equivalent thickness of shales and siltstones of the Blackhawk Formation. The Skyline 
Mine extracts coals at the boundary between these two major units. The Mancos shale is discretely 
represented only where it crops out in lower Huntington and Left Fork Canyons; elsewhere, it is implied 
as the basement to the groundwater flow system with a very low hydraulic conductivity. 
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Numerous faults of varying magnitude cut the rock units in the HSA, and are also described in detail 
in HCI (2003). The Gooseberry, Fish Creek, and Pleasant Valley Faults show displacements on the 
order of many hundreds to several thousand feet, and tend to influence the movement of groundwater 
by offsetting hydrogeologic units of significantly different hydraulic characteristics. Consequently, 
these model-bounding faults are assumed to prevent lateral groundwater flow, and are assumed to be 
no-flow boundaries. However, because of presumed brecciated zones associated with the faults, water 
can move vertically within the fault zones.  

Small-displacement faults within the model domain include the West Mains, Gooseberry South, 
Diagonal, 16-Left, 14-Left, and 11-Left-a, 11-Left-b, and 11-Left-c Faults. All large, persistent 
groundwater inflows in the Skyline Mine to date (Figure 2) have been associated with these faults. The 
small-displacement faults are assigned low Kh values in their upper portions (within the Blackhawk 
overburden) and high Kh values (initially 1.0 ft/day) within the sandstone units below the LOB. The 
Diagonal Fault is assigned the highest Kh value.  

2.3 Groundwater 
Figure 1 shows the locations, and Table 1 lists coordinates, elevations, and screened intervals of all 
groundwater monitoring wells used in pre-mining simulations. Current shallow (Blackhawk 
overburden) groundwater level data are available from four monitoring wells (shaded in Table 1). In 
addition, records from shallow monitoring well 79-22-2-1 are available from 1982 through 1991. 

Table 1. Monitoring Well Locations and Screen Intervals 

 

X Y Date ft (NGVD)

79-35-1b 2076685 480501.7 8722 180? Blackhawk Jul-82 8576 Burnout Canyon

79-10-1b 2073288 499031.6 9383 Blackhawk Jul-82 8955 Upper Huntington

79-22-2-1 2074106 488723.5 9042 Blackhawk Aug-83 8727 Kitchen

79-26-1 2080363 483653.9 9019 Blackhawk Jul-83 8964 Upper James Canyon

79-14-2a 2080697 492230.3 9051.7 Blackhawk Jul-83 8980 Upper Eccles Creek

79-35-1a 2076685 480501.7 8722 624 LOB Jul-82 8572 Burnout Canyon

98-2-1m 2078184 472145.3 9271 1251 LOB Dec-99 8551 James Canyon

79-14-2b 2080697 492230.3 9052 8356 LOA Jun-86 8460 Upper Eccles Creek

99-28-1 2069301 483077.8 9351 1890 Panther Dec-99 8510 Swens Canyon

99-21-1 2069643 487042.8 9348 1800 Panther Dec-99 8421 Swens Canyon

20-28-1 2067113 484342.8 8871 1463 LOB Nov-00 8432 Swens Canyon

79-22-2-2 2074106 488723.5 9042 7889 LOA/Panther Oct-83 8596 Cascading water

99-4-1 2066922 474560.8 8842 1302 LOB Dec-99 8613 Boulger Canyon

20-4-1 2066151 473228.6 8874 1560 Panther Jan-01 8559 Boulger Canyon

20-4-2 2066151 473228.6 9554 2080 Storrs Jan-01 8532 Boulger Canyon

91-26-1 2076925 513113.4 9217 1540-1600 Flat Canyon/Panther Nov-91 7937 Woods Canyon

91-35-1 2077062 507615.3 9224 1600-1660 Flat Canyon Nov-91 8034 Woods/Winter Quarters

80-13-1 2086154 491805.2 8480 314-1005 Starpoint Sep-80 8360 Eccles Creek

WQ-6 2083838 505568.3 8167 316-336 LOA/Aberdeen SS Oct-80 8053 Winter Quarters

WQ-8 2084810 505195 8121 106-126 LOA/Aberdeen SS Nov-80 8058 Winter Quarters

UtahFuel-7 2094137 492774.8 8080  Starpoint recent 8045 Lower Eccles Creek

JC-2 2077917 476521.7 8802 910-850 Storrs Sep-01 8418 James Canyon

Note: All wells in table were used in steady-state calibration. Shaded wells used in transient calibration 

Sh
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w
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Wells

Coordinates Collar 
Elevation
(ft NGVD)

Screen 
Depth

(ft TOC)
Formation

Earliest Water Elev.

Notes

VIU/TMP UpdateSkylineGWReport_480500-010_Rev04_TMP.docx July 1, 2016 



CONFIDENTIAL PRIVILEGED ATTORNEY-CLIENT COMMUNICATIONS/ATTORNEY WORK PRODUCT 
 
SRK Consulting (U.S.), Inc. 
Update of Groundwater Flow Model - Skyline Mine Project Page 4 
 
 

Historical deep groundwater level data are available from 17 monitoring wells (Table 1). At least half 
of the deep wells, however, were constructed after significant groundwater inflows had been 
encountered by mining, so that they are of limited use in determining a pre-mining potentiomentric 
surface. Eight of the seventeen provide recent water levels for the study.  

Groundwater levels in monitoring wells indicate two continuous, but poorly connected groundwater 
systems in the vicinity of the Skyline Mine: a relatively shallow groundwater system in the Blackhawk 
Formation, and a deep aquifer system comprised of the Starpoint Sandstones and coals at the 
boundary between the Starpoint and Blackhawk Formations. Inflows to the mine and groundwater 
pumping since 1999 have resulted in drawdown of as much as 400 ft over a broad area in the deep 
aquifer, but they have not affected groundwater levels in the shallow groundwater system. 

Pre-mining water-level data indicate that the potentiometric surface of the deep aquifer in the area of 
the mine had a regional gradient from south-southwest to north-northeast in the range of 0.03 to 
0.009 ft/ft (Figure 5 in HCI, 2003). Most of the recharge to the deep aquifer probably occurs in the high 
country to the south of Huntington and Cleveland Reservoirs. Groundwater discharge is believed to 
occur in the vicinity of Scofield Reservoir, although direct evidence of the discharge has not been 
observed. 

2.4 Mine Inflows 
Beginning in 1999, mining on Level 2 (See Figure 2) encountered a number of large, persistent 
groundwater inflows related to a set of north- to northeast-trending normal faults of relatively small 
displacement. Initial discharges at individual locations might have been as large as 6,500 gpm, 
although discharges of about 1,000 gpm were more typical. The total mine inflow, which reached a 
peak of about 10,500 gpm in March 2002, decreased to about 7,500 gpm by March 2003, and to about 
6,600 gpm by April 2004. Figure 2 shows the locations of the major inflows within the Level 2 mine 
workings, and Table 2 shows initial inflow rates and elevations of the individual occurrences. Inflow 
elevations ranged from about 8,000 ft to about 8,140 ft.  

As described in HCI (2002), Pumping well JC-1 was completed into the Storrs sandstone beneath the 
10-Left inflow in October 2001, in an attempt to reduce the rate of mine inflow. However, pumping at 
4,000 gpm from JC-1 had only minor effects on the inflow rates in the mine.  

Drawdown, coincident with the large mine inflows, has been observed in deep monitoring wells. 
Between 60 and 400 ft of drawdown was seen in coal piezometers, and between 110 and 165 ft of 
drawdown was seen in Panther and Storrs sandstone piezometers. No measurable drawdown was 
seen in overburden (Blackhawk) monitoring wells attributable to mining or to JC-1 pumping.  

Mining has since been completed in most of Level 2, and beginning in January 2004, pumps were shut 
off and the water level in the mine workings allowed to rise. The pool level reached an elevation of 
approximately 8,290 ft by about August, 2004, when pumps again were used to maintain the level. 
The increase in head of about 150 ft to 300 ft resulted in a reduced inflow rate (as measured by the 
total discharge rate from the mine. By 2005, the mine-inflow rate had declined from over 6,000 gpm 
before the flooding to about 4,000 gpm. That rate by the end of 2015 had further declined to less than 
2,000 gpm.  
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Pumping well JC-1, through most of that period, has continued to pump at a fairly steady rate of 
4,000 gpm. JC-1 was turned off for a short period in early in 2011, and again for an extended period 
in late 2011 and early 2012. During the shut-down periods, inflow rates in the mine increased 
measureably (Figure 3). 

Groundwater levels within deep groundwater monitoring wells started to recover immediately after 
flooding of the mine. Recoveries have been only partial, and range from about 15 ft to over 135 ft. 
Water levels within shallow groundwater monitoring wells have been unchanged during both mining 
and mine flooding (Figure 4). 
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3 Conceptual Model 
HCI (2003) describes in detail the essential components of the conceptual model on which the original 
2003 numerical groundwater flow model was based. The conceptual model includes eleven geologic 
units, all of which are included in the 2016 update. The hydrostratigraphic column is shown in Figure 5. 
No additional test work was done in 2016 to define hydraulic properties. Hydraulic conductivities of the 
hydrostratigraphic units and interior faults, shown in Tables 3 and 4 (Section 4), are based on the work 
described and results tabulated in HCI (2003), and on model calibration. 

The conceptual model incorporates recharge to the groundwater system, including shallow-circulating 
groundwater that re-emerges in the surface-water system, and a much smaller component of deeply 
circulating groundwater. Recharge values are unchanged from the 2003 model. Because of the thick, 
low-permeability Blackhawk unit lying between surface recharge and the coal seams, meteoric 
recharge plays a very minor role in the deep groundwater flow. Perennial streams and reservoirs are 
represented explicitly, however, except where intersected by discrete faults, these too are of minor 
importance to the model.  

Groundwater pumping (including mine inflows) is represented as abstractions of groundwater, based 
on pumping and discharge records. Historic mine workings and current mining plans are incorporated 
as bodies of high K and unit storage.  

3.1 Model Boundaries 
As in the 2003 Skyline numerical model, boundaries coincide with natural hydrologic features. On the 
east and west (Figure 6) the Pleasant Valley and Gooseberry Faults, respectively, bound the system. 
The northern boundary corresponds to the south fault of the Fish Creek graben, which lies in Fish 
Creek Canyon. The north, east, and west boundaries are assumed to be no-flow boundaries (i.e., there 
is no lateral inflow or outflow across them). 

As described in HCI (2003), the southwestern model boundary is defined by a surface-water divide 
along the high ridge west of Joe’s Valley and the divide below Paradise Creek Valley. It is assumed 
that the surface-water divide corresponds to a groundwater divide that also creates a no-flow 
groundwater condition. The southeastern model boundary follows the channel of Left Fork and is also 
assumed to be a no-flow boundary as a result of the Mancos shale (with very low hydraulic 
conductivity) being exposed in the creek bed along this reach.  

The Mancos shale constitutes a no-flow boundary at the bottom of the model. 

3.2 Sources of Mine Inflows 
There are two potential sources for inflowing mine water: aquifer storage, and surface recharge. In 
2003, HCI showed that the mine inflows (plus JC-1 pumping), could be fully accounted for, while 
balancing drawdowns in monitoring wells, by drawing on water from storage in the Storrs and 
underlying Starpoint Sandstones. The 2003 model could also be calibrated by drawing all inflows and 
pumping from Electric Lake. However, neither the lake scenario nor the sandstone scenario fully 
accounted for geochemical signatures in the inflowing water and in JC-1. HCI (2003) judged that about 
ten percent of the inflowing water originated from a modern (surface) source (Electric Lake for 
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convenience in their report – but possibly from a different surface source), while the remainder came 
from storage in the thick sandstone units.  

The 2003 groundwater model was calibrated to inflow and water level data through the end of April, 
2003. During that time, mine inflows were discharged to Eccles Canyon, and inflow rates remained 
high. Beginning in January, 2004, discharge from the mine was reduced, and the Mine #2 workings 
were allowed to flood. As the inflow rate decreased from about 6,000 gpm to about 4,000 gpm through 
the course of the year, the head in the mine workings rose as much as 300 ft, locally. Coal and 
sandstone piezometers showed a corresponding (in time) recovery of water levels.  

In this study, a preliminary attempt to extend the calibration of the 2003 HCI model to the lower 
discharge rates and the rising heads, making no other changes, failed to simulate the water-level 
recovery in the sandstone and coal piezometers. An evaluation of model inputs determined that high 
storage values had been assigned to the Starpoint and Storrs Sandstones in the 2003 model (up to 
10 times higher than literature values), and these resulted in the good matches obtained between 
simulated and measured inflows and drawdowns. Further analysis showed that the same high storage 
values, when used in the 2016 extended calibration, prevented the simulation of recovery in the coal 
and sandstone piezometers. The calibration effort showed that recovery of groundwater levels, as 
seen in coal and sandstone monitoring wells, can be reproduced by the model only if a significantly 
larger portion of the total inflows (including JC-1 pumping) comes from a source other than storage.  

Other constraints on a source of the water in the mine inflows and JC-1 pumping include:  

• Elevation constraints. Original mine inflow elevations range from 7,985 to 8,140 ft amsl, and 
at least some inflow continues at heads of about 8,290 ft. Sources of inflow, therefore, would 
have to be at higher potential than 8,290 ft amsl. Electric Lake average stage is at an elevation 
of about 8,560 ft. Conversely, the lower portions of Fish Creek lie below 7,700 ft amsl. Most 
of the country southwest from the mine lies at elevations higher than Electric Lake.  

• Geochemical constraints. The groundwater flowing into the mine workings contains a limited 
concentration of tritium – consistent with about 20 to 25 percent of the water being of a recent 
(surface) source. Groundwater flowing into the JC-1 pumping well contains about fifty percent 
modern water, by tritium concentration. JC-1 appears to be somewhat more connected to a 
nearby surface source than are the fracture-localized inflows in the mine. Carbon-14 data 
suggest similar mixtures of modern water versus older water in the inflows and pumping 
discharge. The data together show that only a portion of the mine inflows can originate from a 
nearby surface source. However, a larger distal surface-water source could recharge the 
sandstone aquifer, without direct flow into the mine workings.  

• Drawdown constraints: Not all of the water can come from a surface source; a major 
component still must come from storage, or piezometer water-levels would quickly level out, 
and inflow rates would not decline in time (e.g., from 2004 to 2015 in Figure 3).  

3.3 Conceptual Model Scenarios 
For the 2016 update, SRK has evaluated two possible scenarios to account for inflowing groundwater: 
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• Scenario 1: A source of water originating from the South Gooseberry Fault at its connection 
with the North Gooseberry Fault (see Figure 6), and a source from Electric Lake connected 
via the Diagonal Fault primarily to JC-1, plus storage in the sandstones. 

• Scenario 2: A source of surface water originating from two points along the South Gooseberry 
Fault plus groundwater from storage in the sandstones; no direct connection to Electric Lake. 

Two scenarios that are not included among numerous possible conceptual models include 3) all water 
coming from storage, and 4) storage plus all surface water originating from Electric lake. As described 
above, the storage-only scenario fails to reproduce the observed recovery of water levels when the 
mine floods, and the Electric Lake-only scenario would introduce maximum concentrations of modern 
water (tritium concentrations) which are not seen in the sampling results.  

In Scenario 1, above, the South Gooseberry fault provides simulated recharge to the sandstones, 
which in turn provide water to the mine-inflows. The diagonal fault supplies some mine inflow, but 
mostly contributes to JC-1 pumping. The diagonal fault originally (2003 model) connected the lake 
through the Blackhawk and down into the Panther and Storrs sandstones only, and thereby simulated 
water flow to the fracture zones in the mine and into JC-1 pumping well, but provided little recharge to 
the Starpoint. For the 2016 model, the connection was extended down into the Starpoint Sandstone, 
so that inflowing water could recharge that aquifer as well.  

In Scenario 2, sources of water are simulated at both the northwest and southeast ends of the south 
Gooseberry fault, where elevations are significantly higher than the mine inflow points. At both actual 
locations, the fault projects under stream valleys, but no standing water (i.e., no lakes) occur. The 
water entering the Gooseberry Fault in the simulations is not connected directly to the mine workings, 
but rather, recharges the sandstone units, and thereby flows to the connecting fracture zones.  
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4 Description of Numerical Model 
4.1 Numerical Code Used in Study 

In this report the term "code" or "numerical code" is used to refer to a computer program that solves a 
system of equations that describe a groundwater flow problem. The term "model" or "numerical model" 
refers to a specific combination of a code, a finite-element mesh, hydrologic data, and boundary 
conditions that describe a specific set of site conditions. The term "numerical model" should not be 
confused with the previously described "conceptual hydrogeologic model" which is a qualitative 
description of the physical groundwater flow system simulated by the numerical model.  

The numerical modeling described in this report utilizes the numerical code MINEDW, which solves 
three-dimensional groundwater flow problems with an unconfined, or phreatic, surface using the finite 
element method (HCI, 1993). This code has been commercially available since 2012; SRK used 
version 2.10 for this study (Itasca Denver, 2012). 

4.2 Model Grid and Discretization 
The current Skyline model domain encompasses approximately 140 mi2, and the finite-element mesh 
contains 33,642 nodes and 60,931 elements within 13 layers (Figures 6 through 10). The grid is most 
finely discretized in the area of the existing mine and Electrical Lake, in order to: 

• Refine numerical solutions of hydraulic heads and flows near the area of flow convergence; 
and 

• More reasonably represent the geometry of the mine, location of the major groundwater 
inflows, and the location of pumping well JC-1. 

The finite-element grid has also been discretized to incorporate the key hydrogeologic features of the 
HSA, including the sandstone outcrops near the eastern boundary of the model, the location and 
orientation of faults (Figure 6), and various surface-water bodies. In the detailed mine area, the 
minimum horizontal dimension of an element is in the range of 600 to 800 ft (Figures 6 through 8), and 
the thickness of layers ranges between approximately 10 and 900 ft (Figures 9 and 10).  

4.3 Model Boundaries 
All of the model boundaries are assumed to be no-flow boundaries (Figure 6) as defined by: 

• The trace of the Gooseberry fault to the west. This fault zone is not explicitly incorporated into 
the model because of the offset in the Starpoint sandstone in that area. The sandstone is the 
only unit that presumably would impart any significant hydraulic conductivity to the fault zone. 

• The Pleasant Valley fault to the east. 
• The southernmost Fish Creek fault to the north. 
• A topographic divide to the southwest. 
• The Left Fork of Huntington Creek to the southeast. 

Although all of the above are no-flow boundaries in terms of lateral flow, both the Pleasant Valley and 
Fish Creek faults are incorporated into the model as specific zones of enhanced vertical hydraulic 
conductivity that enable discharge from the deep aquifer system to the streams. Even though Fish 
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Creek and the Left Fork of Huntington Creek coincide with no-flow boundaries, the streams themselves 
were simulated as drain nodes within the first layer of the model, which enables groundwater discharge 
(described below). 

The model is constructed such that all groundwater within the model domain is generated by recharge 
from precipitation. Most of the recharge discharges back into the streams through the uppermost 
(assumed to be 150-ft thick) permeable portion of the Blackhawk Formation or sandstone layers where 
they crop out at the ground surface. A small portion of the recharge reaches the deep aquifer system, 
especially at the southwestern part of the model, where: 

• The upper Starpoint sandstone is relatively close to the ground surface; and 
• Recharge from precipitation is relatively large due to high surface elevations. 

Groundwater within the deep system flows from south to north between the Gooseberry and 
Connelville faults (where it is tight) and between the Gooseberry and O’Conner faults where the 
Connelville fault is more open. The deep groundwater system then discharges at the north-
northeastern boundary where the Starpoint Sandstone is relatively close to the ground surface and 
there is a zone of enhanced vertical hydraulic conductivity associated with the Fish Creek and Pleasant 
Valley faults.  

The bottom of the model is defined as the contact between the Starpoint Sandstone and the Mancos 
Shale with the exception of the bottom of Huntington and Left Fork Canyons, where the Mancos Shale 
is exposed at ground surface. This bottom boundary is defined as a no-flow boundary throughout the 
entire model domain. 

4.4 Simulation of Hydrogeological Features 

4.4.1 Simulation of Hydrogeology 
In the finite-element method, hydraulic properties are assigned to elements; and hydraulic heads and 
fluxes are associated with nodes. Therefore, every element in the model is assigned to a model "zone" 
with specified values for horizontal (Kh) and vertical (Kz) hydraulic conductivity, specific storage, and 
specific yield (which is only utilized if the element contains the water table).  

Eleven major geologic units are differentiated in the HSA, based on the original work by HCI (2003). 
From shallowest to deepest, they are: 

• Overburden; 
• Upper O’Connor seam (UO); 
• Interburden 1; 
• Lower O’Connor B seam (LOB); 
• Interburden 2; 
• Storrs Sandstone; 
• Interburden 3; 
• Panther Sandstone; 
• Interburden 4; 
• Starpoint Sandstone; and 
• Mancos Shale. 
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The Mancos shale is discretely represented only where it crops out in lower Huntington and Left Fork 
Canyons; elsewhere, it is implied as the basement to the groundwater flow system with a very low 
hydraulic conductivity. Furthermore, the overburden and Starpoint units are divided into multiple layers 
in the model. Two units from the list above were further subdivided (overburden – upper and lower 
parts and Starpoint Sandstone – within N-S and E-W fractures). Consequently, the model incorporates 
a total of 13 layers. Finally, an additional unit—Gob (above UO and LOB)—was added for predictive 
simulations.  

There are 38 zones with different hydraulic parameters -- 14 for hydrogeologic units and 24 for faults -- 
incorporated into the model. The various hydrogeologic zones are shown in map view (for the uppermost 
layer) and in Layer 12 (Figure 8) and in east-west and north-south cross-sections (Figures 9 through 10), 
respectively. 

The hydraulic properties of the various hydrogeologic units in the model are summarized in Table 3.  

Table 3: Hydraulic Properties of Hydrostratigraphic Units Simulated in Groundwater Model 
Hydrogeologic Unit Hydraulic Conductivity 

(ft/day) 
Specific Storage 

(ft-1) 
Specific Yield 

( ) 
Kh Kz 

Overburden(1) upper part(2) 1 1 

0.000003 

0.05 
lower part 0.001 0.0004 0.05 

Upper O'Connor (UO) coal (3) 1 1 0.05 
Interburden #1(4) 0.001 0.0004 0.05 
Lower O'Connor B (LOB) coal 1 1 0.05 
Interburden #2  0.001 0.0001 0.05 
Storrs 1 1 0.1 
Interburden #3 0.001 0.0001 0.05 
Panther 1 1 0.1 
Interburden #4 0.001 0.0001 0.05 

Starpoint 
 within N-S Fractures 2 0.2 0.01 
 within E-W Fractures 0.75 0.075 0.01 

Mancos Shale (5) 0.001 0.0001 0.05 
Gob (above UO and LOB)(6) 0.01 0.004 0.00003 0.1 
Notes: 
(1) Includes all stratigraphic units above UO coal or LOB coal in area where UO does not exist  
(2) Includes first 100 ft of weathered rock below the ground surface. 
(3) Has limited distribution in the model between Diagonal and Connelville faults. 
(4) Located in the model below UO only. 
(5) Located in the model in area where it is exposed at the ground surface. 
(6) Zone of subsidence-induced increase in hydraulic conductivity is assumed to extend 100 ft (about 8 times thickness of 

LOB) above coal, to have a hydraulic conductivity 10 times greater than lower part of overburden. 

 

Some of the hydrogeologic units (e.g., the coals and the Storrs and Panther sandstones) are 
considered to be isotropic (i.e., Kh = Kz), but most of the sedimentary units have been made anisotropic 
with the general relationship Kh > Kz. This horizontal-to-vertical anisotropy is used to represent the 
effects of the interlayering of materials of higher and lower hydraulic conductivity.  

4.4.2 Simulation of Faults 
Twelve faults are incorporated into the model (Figure 6) as discrete zones ranging from 100 to 400 ft 
wide: 
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• Diagonal; 
• 14-Left; 
• 16-Left; 
• Flat Canyon #1; 
• Flat Canyon #2; 
• Connelville (northern and southern portions); 
• O’Connor (northern and southern portions); 
• Valentine; 
• Gooseberry South; 
• Fish Creek; 
• Pleasant Valley; and 
• West Mains. 

The fault elements adjacent to the overburden and any other materials above the LOB seam—referred 
to as the “upper part”—are simulated with a very low hydraulic conductivity, with the general isotropic 
relationship of: 10 Kh = Kz. The Fish Creek and Pleasant Valley faults, however, are open within the 
overburden, thus allowing groundwater at the northern boundary to discharge to Fish Creek and 
tributaries of Mud Creek. The fault elements adjacent to all units below the top of the LOB seam (the 
coal, the interburden, and the sandstones—referred to as the “lower part” —are simulated differently 
depending on the magnitude of displacement on the fault. The intermediate-displacement faults within 
the model domain are simulated with very low hydraulic conductivities in both the upper and lower 
parts. However, the small-displacement faults within the model domain are assumed to be highly 
conductive where they cut relatively brittle sandstone and coal (lower part), but essentially 
non-conductive where they cut more plastic, fine-grained sedimentary units. The hydraulic properties 
of the various faults simulated in the model are summarized in Table 4.  
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Table 4: Hydraulic Properties of Faults Simulated in Groundwater Model 

Simulated Faults How Simulated in 
Model 

Hydraulic 
Conductivity (ft/d) 

Specific 
Storage 

(1/ft) 

Specific 
Yield 

() Kh Kz 

La
rg

e-
 

D
is

pl
ac

em
en

t Gooseberry (main) not explicitly included in model: trace defines no-flow boundary 

Fish Creek upper 

ELM 

1 1 

3.E-06 0.005 lower 10 10 

Pleasant Valley upper 0.001 1 
lower 1 1 

In
te

rm
ed

ia
te

-D
is

pl
ac

em
en

t Connelville (North) upper 

ELM 

0.001 0.01 

3.E-06 0.005 

lower 1 1 

Connelville (South) upper 0.001 0.01 
lower 0.001 0.01 

O'Connor (North) upper 0.001 0.01 
lower 0.001 0.01 

O'Connor (South) upper 0.001 0.01 
lower 1 1 

Valentine upper 0.001 0.01 
lower 0.001 0.01 

S
m

al
l- 

D
is

pl
ac

em
en

t 

Diagonal upper 

ELM 

0.001 0.01 

3.E-06 0.005 

lower 10 10 
Diagonal between Lake and 
JC1 only (Scenario 1) 100 100 

Gooseberry South upper 100 100 
lower 2 100 

14-Left upper 0.001 0.01 
lower 1 1 

16-Left upper 0.001 0.01 
lower 1 1 

West Mains upper 0.001 0.01 
lower 1 1 

Flat Canyon #1 upper 0.001 0.01 
lower 1 1 

Flat Canyon #2 upper 0.001 0.01 
lower 1 1 

11-Left-24 upper 0.001 0.01 
lower 1 1 

11-Left-40 upper 0.001 0.01 
lower 1 1 

11-Left-SU upper 0.001 0.01 
lower 1 1 

10-Left lower Fault LINK (horizontal 
and vertical) 

  

11-Left-24 lower 

Fault LINK (vertical) 

11-Left-40 lower 
11-Left-SU lower 
14-Left lower 
16-Left lower 
East Mains lower 
Diagonal lower 
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The 10-Left fault, which produces the largest inflow where it is intersected in the LOB, is possibly a 
splay of the Diagonal fault; but in any case, it is not well-defined hydrogeologically. This fault appears 
to be relatively well connected to the Diagonal Fault further to the south along the fault plane (based 
on the response of piezometer 9-Left corehole), but not so to the Diagonal Fault immediately to the 
west, laterally through the Storrs and Panther Formations. This complex stratigraphic/structural 
relationship is further demonstrated by the fact that pumping from well JC-1, which is completed into 
the Storrs Sandstone within or immediately adjacent to the Diagonal Fault, has not had a major effect 
on reducing the inflow at 10-Left. These conditions were simulated in the model using the FAULT 
subroutine of MINEDW that links individual nodes with a high transmissivity. In this case, the five nodes 
simulating the LOB along the 10-Left fault were “fault-linked” vertically to the underlying Starpoint 
sandstones, and then five vertical columns were linked horizontally between each other and to the 
Diagonal fault to the south. 

Fault linking was also used to simulate the seven inflows at 11-Left-x24, 11-Left-x40, 11-Left-SU, East 
Mains, Diagonal, 14-Left, and 16-Left by a single node column.  

4.4.3 Simulation of Recharge 
Recharge to the groundwater system from precipitation was applied to each element on the top layer 
of the model by using the empirical relationship between recharge and surface elevation shown below: 

 ( ) 66.300045.0 −⋅= zR  (1) 

where: 

R = long-term average annual recharge to groundwater (ft/year), and  

z = average elevation of land surface (ft, NGVD). 

In both the steady-state and transient modes, long-term average precipitation was simulated (i.e., 
precipitation was not varied with time to reflect either seasonal or longer-term variations).  

4.4.4 Simulation of Surface-Water Bodies 
Streams and springs in the HSA are simulated using drain nodes along the courses of the streams 
with discharge calculated from the relationships: 

 ( ) sccsL HHifHHCQ >−=  (2a) 

or 

 sc HHif0Q ≤=   (2b) 

where: 

 Q  = groundwater discharge to the stream or spring (cubic feet per second (cfs)), 

 HS  = specified elevation of stream (ft), 
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 HC  = model-calculated elevation of water table (ft), and 

 CL  = leakance factor for the stream/spring node (ft2/s). 

The model incorporated 488 drain nodes to simulate Fish Creek, Mud Creek and Huntington Creek, 
and their numerous tributaries. Another 31 drain nodes were incorporated into the model to simulate 
springs along the Starpoint Sandstone/Mancos Shale contact along Huntington and Left Fork Creeks 
in the areas where the Mancos Shale crops out at the ground surface. 

The drain nodes for both the streams and springs were assigned elevations based on the USGS 
topographic maps of the area. The fluxes from these drain nodes (calculated by either Equation 2a or 
2b) are then summed to obtain a value for groundwater discharges to the various streams that can be 
compared to the measured baseflow data. As indicated in Equation 2b, the drain nodes representing 
streams and springs, which can only discharge from the groundwater system, are "turned off" when the 
calculated water table falls below their specified elevation. 

Electric Lake is simulated in the model with constant-head nodes. The use of constant-head nodes 
instead of drain nodes allows the lake to gain groundwater if the calculated water table in the adjacent 
formations exceeds the lake elevation and to lose water if the water table is below the lake elevation. 
Electric Lake was simulated with 57 such constant-head nodes with a long-term average lake stage of 
8,560 ft amsl. 

4.5 Simulation of Mining 
Groundwater inflow induced by mining is simulated by assigning drain nodes characteristics to the 
nodes representing the bottom of the coal seam (either the UO or LOB) in the area being mined and 
simulating groundwater discharge by using Equations 2a and 2b. Each drain node has a leakance 
factor calculated by: 

b
wLK

C m
L

⋅⋅
=  (3) 

where: 

Km  = hydraulic conductivity of material (ft/day); 

L = dimension of element (ft); 

w = width of area (ft); and 

b = thickness of "membrane" (ft). 

The value of Km is an input value, L is a function of the grid discretization, and w/b (the so-called 
"connectivity factor") is a value obtained through transient calibration. Development of the three mining 
areas since 1982 was incorporated into the model with 652 such drain nodes. The calibrated 
connectivity factor for the mining nodes was 0.003.  

In the numerical simulations longwall operations were simulated in addition to turning on drain nodes. 
Open voids and fracturing due to mining were simulated by increasing of the hydraulic conductivity 
values as follows: 
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• From 1 ft/day to 3,000ft/day within 15-ft coal seam; and 
• By factor of 10 within the approximately 100-ft thick subsidence zone above a mined panel. 

The longwall operations are represented by 1,096 elements in the model (half for excavated coal seam 
and half for subsidence zone above) and are simulated on a yearly basis according to the provided 
mine plans. The simulated Mine Plan through end of 2015 is shown in Figure 13. 

4.6 Simulation of Pumping and Major Groundwater Inflows 
Pumping from well JC-1 is simulated explicitly in the model by a pumping node located on the Diagonal 
Fault in the Panther Sandstone layer. It should be noted that JC-1 was actually completed into the 
Storrs Sandstone within or immediately adjacent to the Diagonal Fault. In the model, the very large 
hydraulic conductivity (10 ft/day) in the fault zone puts the Storrs and Panther sandstones in direct 
hydraulic connection. Therefore, the pumping node has been assigned to the lower Panther Sandstone 
interval). During the predictive runs, the pumping node is converted to a constant head node when the 
calculated water level reaches the elevation of the top of the Panther sandstone. This numerical 
approach enables the reduction in the pumping rate of JC-1 due to dewatering of the deep groundwater 
system to be replicated. 

Well JC-2 was not incorporated into the model due to its insignificant pumping rate and short period of 
operation. Pumping from JC-3, which is simply removing water that has already flowed into the flooded 
underground workings in the 10-Left areas, has no significant effect on the calculations of groundwater 
inflow. Consequently JC-3 is also not simulated in the model.  

The major groundwater inflows are all explicitly simulated by specific drain nodes along the appropriate 
faults incorporated into the model (Figure 13). The East Mains, 11-Left-x24, 11-Left-x40, and 11-Left-
SU inflows were simulated as discharges from four localized and separate faults that were 
incorporated into the model by single columns of “fault-linked” nodes with high transmissivity 
hydraulically connecting the LOB coal with Starpoint Sandstones. The calibrated connectivity factors 
(described by Equation 4) for each of these drain nodes are summarized in the Table 5, below: 

Table 5. Mine Inflow Connectivity Factors 

Inflow Connectivity Factor 
14-Left incrementally decreased from 0.9 to 0.5 

16-Left incrementally decreased from 0.4 to 0.3 
Diagonal incrementally decreased from 0.4 to 0.3 
10-Left 100 
East Mains 0.5 
11-Left-x24 0.6 
11-Left-x40 0.9 
11-Left-SU 0.7 

 

It should be noted that to replicate the 14-Left and 16-Left inflows, their connectivity factors were 
slightly decreased in time. The East Mains, 11-Left-x24, 11-Left-x40, and 11-Left-SU inflows were 
replicated reasonably well using constant connectivity factors. 
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To replicate the largest groundwater inflow, the 10-L inflow, the leakance factor defined by Equation 4 
was slightly modified to: 

 

 h

C
'C L

L ∆
=

 (4) 

 

Where: 

 

 LC  = leakance factor from Equation 3, and 

 ∆h  = magnitude of change in hydraulic head dynamically calculated by model. 

Equation 4 is valid for large groundwater flows that are “throttled” by either non-Darcian flow or by 
convergence of flow to a small diameter drainhole or fracture that intersects this flow (Azrag et al., 
1998). The model-calculated discharge at 10-Left was calibrated to the measured inflow by using 
Equation 4 with a connectivity factor of 100. 

4.7 Simulation of Mine Flooding 
Flooding in Level 2 Mine (starting at the end of 2002) was simulated by modifying drain nodes 
representing the flooded portion of the mine with groundwater discharges: 

 

 ( )scL HHCQ −=  (5) 

where: 

 

 Q = groundwater discharge to the node (cfs); 

 HS  = specified elevation of node equal to pool level for the flooded portion of the mine (ft); 

 HC  = model-calculated elevation of water leve (ft); and 

 CL  = leakance factor for node (ft2/s). 

The specified head (Hs) for each drain node within the flooded portion of the mine was changed from 
the original underground elevation to the elevations of different pool levels, at the respective times 
described below: 

Date Pool Level, ft 

January 2003 8,100 

April 2004 8,130 
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August 2004 8,230 

September 2004 8,250 

January 2005 8,290 

 

Leakance factors, which had been derived from calibration to measured inflow before the flooding 
were left unchanged. The total number of drain nodes used to simulate the flooded portion of 
Level 2 Mine is 94. 
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5 Model Calibration 
The model was calibrated first to steady-state (pre-mining) conditions and then to transient (i.e., time 
dependent) conditions observed during mining. The steady-state calibration consisted of adjusting the 
model input data, primarily the recharge and hydraulic conductivity values, until the calculated 
groundwater elevations and groundwater discharges to streams reasonably replicated the known or 
assumed conditions prior to any major mining or pumping stresses. The water levels or hydraulic 
heads calculated in the steady-state calibration were then used as the initial heads for the subsequent 
transient calibration. During the transient calibration, the values of the model input data (especially the 
storage and hydraulic conductivity values) were then further refined until predicted water-level changes 
reasonably replicated measured water level changes resulting from the hydraulic stresses (e.g., 
pumping, mine inflows).  

5.1 Steady-State Calibration 
For the steady-state calibration of the model, the elevation-dependent long-term average recharge 
(described in Section 3.0) was applied to all nodes at the top of the uppermost layer in the model. The 
primary criterion for steady-state calibration was the matching of modeled pre-mining water levels to 
measured values, and matching stream baseflows to measured or estimated values. Since there were 
no pre-mining measurements of water levels in much of the HSA, the more general criterion for steady-
state calibration in much of the HSA was that the calculated water table should be below ground 
surface. The hydraulic properties of the thin uppermost layer were adjusted until these criteria were 
met. Figure 11 shows a comparison of modeled to limited measured pre-mining water levels in shallow 
and deep monitoring wells for Scenarios 1 and 2. Figure 12 shows simulated pre-mining water levels 
in Upper Starpoint Formation (Layer 12) and the direction of groundwater flow for both simulated 
scenarios.  

It should be noted that the hydraulic conductivity of the thin surface layer and the recharge comprise 
a non-unique combination to replicate the water table elevations and the baseflows of the various 
streams and springs. In the conceptual model, the thin uppermost layer represents a near-surface 
zone of weathered and broken rock whose thickness and hydraulic properties have not been measured 
and, even if they were, would be highly variable. The assumed hydraulic conductivity is then “coupled” 
with the assumed recharge to produce reasonable water levels and baseflows. SRK believes that the 
combination of hydraulic conductivity of the near-surface zone and recharge used in this investigation 
is reasonable. 

An estimate of the recharge factor to the deep aquifer system was obtained during calibration of the 
model by varying the vertical hydraulic conductivity of the Blackhawk Formation layers in the model. 
Model simulations were run until measured average streamflows in each sub-basin were matched. 
The resulting vertical hydraulic conductivity of the upper model layers were used in all further modeling 
to ensure reasonable recharge to the deep groundwater system. The steady-state calibration also 
included adjusting the hydraulic properties of the sandstone units and the faults until a reasonable 
representation of deep groundwater levels and hydraulic gradients was obtained. The 
model-calculated pre-mining water levels in the upper Starpoint Formation derived by the steady-state 
calibration are shown in Figure 12. 
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The water budget, alternatively referred to as the water balance or hydrologic budget, for the entire 
model domain at any instant in time can be described by the relationship: 

 I + R - Et ± SW – O ± ∆S ≈ 0 (6) 

where: 

 

 I = groundwater inflow, 

 R = recharge to groundwater system, 

 SW = net surface-water flow to/from groundwater system,  

  O = groundwater outflow, and  

  ∆S = change in groundwater storage. 

The recharge (R) is assumed to be the remainder of precipitation less evapotranspiration and runoff. 
In the case of steady-state flow, ∆S is equal to zero. The values for the various components of the 
water budget obtained during the average, long-term, pre-mining ("steady-state") calibration of the 
Skyline model are shown in Table 6 for both evaluated scenarios. 

Table 6: Simulated Groundwater Budget for Pre-Mining Conditions 
Inflow (cfs) Scenario 

1 
Scenario 

2 
Outfow (cfs) Scenario 

1 
Scenario 

2 
Recharge from 
Precipitation 54.63 54.63 GW Boundary Outflow 0 0 

GW Boundary Inflow  0 0 GW Discharge to SW      
Recharge to GW from 
Electric Lake  0.05 0.05 a) Mud Creek 13.70 13.68 

SW Recharge through 
S Gooseberry Fault 2.05 0.81 b) Fish Creek 7.98 8.00 

GW Storage 0 0 c) Huntington Creek/Electric 
Lake 19.89 18.76 

  
d) Left Fork of Huntington 

Creek 15.16 15.05 

Sub Total  56.73 55.49 
Total 56.73 55.49 Total 56.73 55.49 

 

Table 7 is a comparison of modeled vs. measured and estimated stream baseflows.  
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Table 7: Gaged and Estimated Baseflows vs. Modeled Discharge to Streams 
Stream Gage Location Mean 

Elevation1 

Total 
Drainage 

Approximate 
Area 

Modeled 
(acres) 

Gaged 
BaseFlow 

Total 
Drainage 

(cfs) 

Estimated 
Shallow 

Recharge2 
Modeled 
Drainage 

(cfs) 

Simulated 
Discharge to 

Drainage - 
Including Springs 

(cfs) 
Scenario 

1 
Scenario 

2 
Fish Creek above Reservoir 8,500 27,712 11.49 6.6 7.98 8.00 
Boardinghouse Creek at mouth 9,200 1,300 1.18   1.61 1.65 
Eccles Canyon near Scofield, UT 9,000 3,520 1.80   3.73 3.76 
Winter Quarters Canyon 8,900 4,000   1.9 5.55 5.57 
Woods Canyon 8,800 3,100   1.3 1.88 1.88 
Green Canyon 8,800 1,300   0.6 0.74 0.74 
Mud Creek below Winter Quarters 8,400 18,624 7.33   13.70 13.68 
Mud Creek excluding Eccles, Green, 
Woods, and Winter Quarters 9,000 3,900   2.1 2.54 3.61 

Huntington above Dam     13.03   10.24 9.04 
Huntington below Dam, above Left Fork 9,100 10,240   6.3 9.65 9.65 
Total Huntington Drainage       19.3 19.89 18.76 
Left Fork 9,200 26,000   17.5 15.16 15.05 
Notes: 
(1) Average elevation of drainages estimated from USGS topographic maps. 
(2) Baseflow estimated from recharge (ft/year) based on: R = 0.00045 - 3.66 
(3) Average October-January discharge from dam, 1971 to 2002 

 

The volume of simulated groundwater discharge to surface streams cannot easily be calibrated to 
gaged baseflow of the streams. For example, the model-calculated value for Fish Creek of 8 cfs does 
not compare well with the long-term average measured value of 11.5 cfs until it is recognized that only 
about half of the Fish Creek drainage is represented in the model. Furthermore, the value for all of 
Huntington Creek as far as the Left Fork confluence (19 to 20 cfs) and the value for Left Fork (15 cfs) 
cannot be directly calibrated because reservoir operations make it impossible to gage baseflow in 
those streams. Based on the size and elevations of the two large basins and on long-term average 
October discharge from Electric Lake, the values in Table 7 appear to be reasonable.  

The discharge to Mud Creek (13.7 cfs) calculated during steady-state calibration of the model also 
initially appears to be a poor replication. The baseflow of Mud Creek below Winter Quarters is only 
7.3 cfs, but only about 80 percent of the drainage is represented in the model. The source of the large 
simulated discharge to Mud Creek is the deep aquifer system, discharging at outcrops of the Starpoint 
Sandstone and faults in lower Eccles Creek (3.7 cfs vs. a gaged 1.8 cfs), Winter Quarters Canyon 
(5.6 cfs vs. an estimated 1.9 cfs), and Woods and Green Canyons (2.6 cfs, combined, vs. an estimated 
1.9 cfs). The model simulates discharge of deep groundwater into these drainages as a result of 
fault-defined no-flow boundaries and the very simplified near-surface occurrences of the Starpoint 
Sandstone units. In reality, the structure and stratigraphy are much more complicated around Scofield 
Reservoir; and deep groundwater discharge is probably much more diffuse than can be simulated in 
a model. When the anomalous flows to Woods, Green, Eccles and Winter Quarters Creeks are 
factored out (Table 7), the remaining modeled discharges to Mud Creek calibrates well to the estimated 
and gaged baseflows. 
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Results of the steady state calibration (Figure 11) indicate that the model can be calibrated to both 
scenarios equally.  

5.2 Transient Calibration 
The goal of the transient calibration was to replicate the existing data on historic water level changes 
and mine inflows. For this step of the calibration, the average recharge was again applied to all 
elements at the nodes at the top of the uppermost layer in the model. During the calibration process, 
the hydraulic properties of the various hydrogeologic units, the transmissivity of the various faults, and 
the connectivity factors for the drain nodes were adjusted until a reasonable representation of 
groundwater inflows and water levels was obtained. 

A comparison of the results of the transient calibration of the model to the measured inflows to the 
Skyline Mine is shown in Figures 14 through 17. Figures 14 and 15 show that both scenarios 
reasonably replicate the mine inflow rates, with scenario 2 slightly lower than measured. The source 
of the inflow and pumping discharge is different in the two scenarios, as shown in Figures 16 and 17. 
Scenario 1, which simulates a surface source at Electric Lake, also draws much more groundwater 
from storage than does Scenario 2, which simulates surface recharge from Gooseberry fault.  

Figures 18 through 19 provide a comparison of calibrated to measured water level changes in the 
various monitoring wells and piezometers. The results show that the two scenarios result in simulated 
water levels about equally-well matched to measured water levels.  

SRK believes this transient calibration reasonably matches the measured and computed groundwater 
flows and water level changes in the model area. Table 8 includes the values of the simulated 
groundwater budget for mining conditions as of December 31, 2015 for both Scenarios 1 and 2. 

Table 8: Simulated Groundwater Budget for Current Mining Conditions (December 31, 2015) 
Inflow (cfs) Scenario 

1 
Scenario 

2 
Outfow (cfs) Scenario 

1 
Scenario 

2 
Recharge from 
Precipitation 

54.63 54.63 GW Boundary Outflow 0 0 

GW Boundary Inflow  0 0 GW Discharge to SW      
Recharge to GW from 
Electric Lake  

3.95 0.15 a) Mud Creek 11.65 11.72 

SW Recharge through 
S Gooseberry Fault 

5.67 8.94 b) Fish Creek 7.42 7.42 

GW Storage 3.39 3.47 c) Huntington Creek/Electric 
Lake 

17.00 17.88 

  d) Left Fork of Huntington 
Creek 

15.72 14.77 

Sub Total  51.78 51.79 
Pumping from JC-1 9.25 9.25 
Mine Inflow 6.61 6.15 

Total 67.64 67.19 Total 67.64 67.19 

 

The comparison of groundwater discharges to streams calculated during the transient calibration to 
gaged stream baseflows were similar and have the same limitations as described above for the steady-
state calibration.  

VIU/TMP UpdateSkylineGWReport_480500-010_Rev04_TMP.docx July 1, 2016 



CONFIDENTIAL PRIVILEGED ATTORNEY-CLIENT COMMUNICATIONS/ATTORNEY WORK PRODUCT 
 
SRK Consulting (U.S.), Inc. 
Update of Groundwater Flow Model - Skyline Mine Project Page 23 
 
 

Figures 20 and 21 show the model-calculated groundwater levels and drawdowns, respectively, in the 
upper Starpoint Formation (model layer 12, Figure 8) as of end of December 2015 for both simulated 
scenarios.  
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6 Conclusions 
• Groundwater inflows to the Skyline mine, beginning in 1999, reached a peak of about 10,500 

gpm in March 2002. The inflows decreased to about 7,500 gpm by March 2003, and to about 
6,600 gpm by April 2004. Pumping well JC-1 was completed into the Storrs Sandstone 
beneath the mine in October 2001, in an attempt to reduce the rate of mine inflow. However, 
pumping at 4,000 gpm from JC-1 had only minor effects on the inflow rates in the mine.  

• Beginning in 2004, portions of the Skyline Mine were allowed to flood, thus raising the 
hydraulic heads and decreasing inflow rates; discharge from the JC-1 pumping well was held 
constant for most of the time since 2004. The total groundwater withdrawal (inflows plus 
pumping) has decreased from about 8,000 gpm in 2004 to about 6,000 gpm in 2015. The total 
includes 4,000 gpm pumped from JC-1, and just 2,000 gpm from mine inflows  

• Water levels in deep (coal and Storrs/Panther Sandstone) monitoring wells partially recovered 
in response to the lower discharge rates; water levels in shallow (Blackhawk Formation) 
monitoring wells showed no response, either to mining-related drawdowns or to the ensuing 
partial recovery. 

• In 2003, HCI conducted groundwater-flow modeling of the Skyline coal mine, and showed that 
mine inflows and pumping at JC-1, and the associated drawdowns in deep groundwater levels, 
could be attributed in full to release of groundwater from storage in the thick sequence of 
Starpoint Sandstones below the mine.  

• The numerical groundwater-flow model created in 2003 by HCI has been updated with 
additional mining plans, and with mine-inflow, pumping, and water level records over 12 years. 

• This study shows that the numerical groundwater flow model, as constructed in 2003, cannot 
be calibrated to the new “recovery” data drawing only from groundwater storage. Recharge to 
the groundwater system from a surface source is needed in order to match both drawdown 
and recovery data. Surface water is also required to approximate geochemical data that 
suggests a combination of old (deep) and modern (shallow) water entering the mine and 
pumped from JC-1. 

• A recharge to the deep groundwater at a rate of up to 4,000 to 4,500 gpm, in addition to 
groundwater storage, allows a calibration of the model to measured inflows and to recovery 
during mine flooding. (Geochemical data suggest that only a portion of the recharge comes 
directly from a surface-water source.) 

• The source of the recharge and its mechanism is not clear. The updated groundwater-flow 
model demonstrates that possible sources of the recharge could include: 
o Vertical recharge through South Gooseberry fault from the shallow groundwater system; 
o Electric Lake, via a splay of the Diagonal Fault 

• Results of the transient calibration indicate that the model can be calibrated to Scenario 1 or 
2 equally well. A combination of the two sources may be the most likely scenario. 
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Appendix S 

In Mine Water Volume Calculation 

In the four tables below you will find the available water storage capacity in gallons for mine 3, old mine 

3, mine 2, and mine 4 respectively. I calculated the storage capacity for mine 3 (based on 45% void space 

for the gob and 85% void space for entries) then computed a gallons/ft2 factor I then applied that factor 

to the remaining sumps. 

 

Mine 3 (8100) 

             111,019,400  ft2  

         2,995,431,697  Gallons  

                                27  Gallons/ft2 

  

Old Mine 3. (8040) 

               51,247,831  ft2 

         1,382,725,697  Gallons 

  

Mine 2. (8500) 

               74,823,124  ft2  

         2,018,814,354  Gallons  

  

Mine 4. (8500) 

             143,524,846  ft2  

         3,872,466,196  Gallons  

 

Mine #3 = 9192.6 ac-ft 

Old Mine #3 = 4243.4 ac-ft 

Mine #2 = 6195.5 ac-ft 

Mine #4 = 11884.2 ac-ft 
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RESULTS OF THE 2015 
GEOMORPHIC EVALUATION OF 

ECCLES CREEK 
 
 
 

CHAPTER 1 

INTRODUCTION 

 

 In early August 2001, the advancing face of the Skyline Mine encountered fractured 

sandstone, resulting in a significant inflow of water to the mine.  From early September 2001 

through July 2003, this water was discharged from the mine to Eccles Creek at rates ranging 

from about 7,000 and 10,000 gallons per minute (“gpm”), compared with an average discharge 

for the 30 months prior to August 2001 of about 1,500 gpm.  Except for a period of lower 

discharge (less than about 1,000 gpm) in the first two-thirds of 2004, the discharge from the 

mine since July 2003 has typically ranged from about 3,000 to 5,000 gpm. 

 

From 2001 through 2006, EarthFax Engineering conducted detailed evaluations of the 

impact of the mine-water discharge on geomorphic conditions in three reference reaches in 

Eccles Creek.  The purpose of this document is to present the results of data collection from the 

same reference reaches in September 2015 and to compare the current results with prior data. 
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CHAPTER 2 

FIELD DATA COLLECTION METHODS 

 

 The locations of reference sites previously established on Eccles Creek are shown on 

Figure 2-1.  Monitoring of the reference sites was conducted on September 23 and 30, 2015 in 

general conformance with the recommendations of Harrelson et al. (1994) and included the 

following: 

 

 Attempting to locate previously established benchmarks at each site.  It having been 
9 years since the last survey, soil and vegetation had accumulated over the 
benchmarks at each location,  In spite of lengthy attempts, including the use of a 
metal detector, only one benchmark could be located (at cross section EC-1).  
However, end stakes were found at each cross section, and the bases of these end 
stakes were used for comparing prior elevation data collected from each reference 
reach. 

 Photographing each site, as recommended by Harrelson et al. (1994), looking 
upstream, downstream, and across the channel at each cross section location (see 
Appendix A). 

 Locating previously established cross sections.  The endpoints of each cross 
section were previously marked with 4-foot long, 1/2-inch diameter steel reinforcing 
bars that were driven approximately 3.5 feet into the ground. 

 Surveying the channel cross section at each site.  A measuring tape was stretched 
between the cross section monuments and surveying was performed using a Sokkia 
survey level and rod.  Elevations were shot at each change in elevation (e.g., slope 
breaks, channel banks, etc.).  The readings were recorded in the field log book (see 
Appendix B). 

 Surveying the longitudinal profile at each site.  The profiles extended a distance of 
approximately 20 times the channel width (half upstream and half downstream from 
the cross section location).  Data were collected to indicate the elevation of the 
channel bottom at the thalweg, the water surface, and indications of bankfull stage.  
Measurements were collected on intervals approximately equal to the channel 
width.  Data were collected using a Leica Rugby 82 laser level with receiver and rod, 
with the location of the starting and endpoints being measured as noted above.  
Data readings were recorded in the field log book (see Appendix B). 
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CHAPTER 3 

RESULTS SUMMARY 

 

 Cross section and selected profile spreadsheets and drawings are provided in Appendix 

C.  These data were plotted for 2006 and 2015 to visually assess the effect of the mine 

discharge on geomorphic conditions within Eccles and Mud Creeks.  These plots are presented 

in Figures 3-1 through 3-9. 

 

In steep, cobble-bedded streams such as Eccles Creek, several of the survey 

measurements are subjective and difficult to replicate from year to year.  If the survey rod is set 

on top of a cobble one year and to the side of that cobble the next year, the apparent channel 

bottom may vary by several inches, even though no appreciable change has occurred.  

Furthermore, although cross section locations are fixed, the profile points are re-established 

each year as recommended by Harrelson et al. (1994), resulting in some variation in location 

from year to year.  Finally, some measurements (e.g., the location of bankfull stage) are highly 

subjective.  In Eccles Creek, which is cut into a steep canyon, it is frequently difficult to discern 

between the bankfull stage and the adjacent hillside.  All of these factors may contribute to 

reduced data quality within the survey area. 

 

Notwithstanding the survey difficulties noted above, Figures 3-1 through 3-3 indicate that 

the following conclusions can be drawn with respect to changes in the reference site profiles 

and cross-sections between 2006 and 2015: 

 

 All reaches were flowing at bankfull stage at the time of the September 2015 
survey.  Rosgen (1996) indicates that bankfull discharge is that discharge which 
is most effective in channel maintenance.  Hence, the rate at which mine water 
was discharging should not adversely affect channel stability and maintenance. 

 The channel has aggraded slightly since 2006 in portions of reaches EC-1 and 
EC-2, while aggradation was less evident in reach EC-3.  Much of this 
aggradation appeared to be the result of the natural accumulation of sediment 
upstream from deadfall.  Sediment has also naturally accumulated upstream 
from moss and other macrophytes that are growing on the deadfall, cobbles, and 
similar obstructions. 

 No areas of substantial stream-channel degradation or bank instability were 
noted in any of the reaches. 
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Thus, the 2015 survey data and visual observations of the reference reaches indicate that mine-

water discharges have not substantially impacted geomorphic conditions in Eccles Creek. 
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FIGURE 3-1.  EC-1 CROSS-SECTION AND PROFILES
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FIGURE 3-2.  EC-2 CROSS-SECTION AND PROFILES
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FIGURE 3-3.  EC-3 CROSS-SECTION AND PROFILES
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APPENDIX A 
 

Reference Site Photographs 
  



 
EC-1 cross section 

 

 

 
EC-1 upstream view 



 
EC-1 downstream view 

 

 
EC-2 cross section 



 
EC-2 lower upstream view 

 

 

 
EC-2 upper upstream view 



 
EC-2 upper downstream view 

 

 

 
EC-2 lower downstream view 



 
EC-3 cross section 

 

 

 
EC-3 lower upstream view 



 
EC-3 upper upstream view 

 

 

 
EC-3 downstream view 
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Copy of Field Log Book 
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APPENDIX C 
 

Survey Tabulations with 
Individual Cross Section and Profile Drawings 



Profile: EC-1

Benchmark elevation (ft): 8499.13 Survey date: 9/23/2015
Rod reading at benchmark (ft): 3.85

Station Rod Reading Elevation Rod Reading Elevation Elev change Distance Slope (fraction) Rod Reading Elevation
0 1.00 8501.98 2.72 8500.26 1.00 8501.98

10 1.71 8501.27 2.46 8500.52 0.71 10.00 0.071 1.71 8501.27
20 3.09 8499.89 3.55 8499.43 1.38 10.00 0.138 3.09 8499.89
30 3.50 8499.48 4.12 8498.86 0.41 10.00 0.041 3.50 8499.48
40 4.73 8498.25 5.18 8497.80 1.23 10.00 0.123 4.73 8498.25
50 4.67 8498.31 5.69 8497.29 -0.06 10.00 -0.006 4.67 8498.31
60 4.69 8498.29 5.88 8497.10 0.02 10.00 0.002 4.69 8498.29
70 4.78 8498.20 5.41 8497.57 0.09 10.00 0.009 4.78 8498.20
80 4.75 8498.23 5.36 8497.62 -0.03 10.00 -0.003 4.75 8498.23
90 6.11 8496.87 6.63 8496.35 1.36 10.00 0.136 6.11 8496.87
100 6.35 8496.63 6.99 8495.99 0.24 10.00 0.024 6.35 8496.63
110 6.20 8496.78 6.94 8496.04 -0.15 10.00 -0.015 6.20 8496.78
120 7.12 8495.86 7.74 8495.24 0.92 10.00 0.092 7.12 8495.86
130 9.08 8493.90 9.78 8493.20 1.96 10.00 0.196 9.08 8493.90
140 9.15 8493.83 9.75 8493.23 0.07 10.00 0.007 9.15 8493.83
150 9.72 8493.26 10.10 8492.88 0.57 10.00 0.057 9.72 8493.26
160 10.38 8492.60 10.63 8492.35 0.66 10.00 0.066 10.38 8492.60
170 10.65 8492.33 11.60 8491.38 0.27 10.00 0.027 10.65 8492.33
180 11.01 8491.97 11.99 8490.99 0.36 10.00 0.036 11.01 8491.97
190 13.08 8489.90 13.61 8489.37 2.07 10.00 0.207 13.08 8489.90
200 14.00 8488.98 14.70 8488.28 0.92 10.00 0.092 14.00 8488.98

Max. Water Surface Slope (fraction):  0.207
Min. Water Surface Slope (fraction):  -0.015
Avg. Water Surface Slope (fraction):  0.065

Water Surface (ft) Channel Bottom (ft) Water Surface Calculations Bankfull (ft)
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Cross Section: EC-1

      Benchmark elevation: 8499.13 Survey Date: 9/23/2015
     BenchMark Rod Reading: 2.47

Station Rod Reading Elevation

0 1.51 8500.09
1 3.50 8498.10
2 5.31 8496.29
5 5.83 8495.77
8 5.60 8496.00
9 5.42 8496.18

10 4.55 8497.05
12 3.25 8498.35
17 2.47 8499.13
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Profile: EC-2

Benchmark elevation (ft): 8257.72 Survey date: 9/23/2015
Rod reading at benchmark (ft): 5.22 (Note: Benchmark not found. 2015 Rod reading at

benchmark based on 2006 elevation difference between
benchmark and cross section station 0+00)

Station Rod Reading Elevation Rod Reading Elevation Elev change Distance Slope (fraction) Rod Reading Elevation
0 2.34 8260.60 3.48 8259.46 2.34 8260.60
10 2.76 8260.18 4.06 8258.88 0.42 10.00 0.042 2.76 8260.18
20 2.86 8260.08 4.16 8258.78 0.10 10.00 0.010 2.86 8260.08
30 3.10 8259.84 4.33 8258.61 0.24 10.00 0.024 3.10 8259.84
40 3.42 8259.52 4.15 8258.79 0.32 10.00 0.032 3.42 8259.52
50 4.28 8258.66 6.07 8256.87 0.86 10.00 0.086 4.28 8258.66
60 4.92 8258.02 6.22 8256.72 0.64 10.00 0.064 4.92 8258.02
70 5.05 8257.89 6.90 8256.04 0.13 10.00 0.013 5.05 8257.89
80 5.18 8257.76 6.18 8256.76 0.13 10.00 0.013 5.18 8257.76
90 5.49 8257.45 6.50 8256.44 0.31 10.00 0.031 5.48 8257.46
100 5.86 8257.08 6.83 8256.11 0.37 10.00 0.037 5.86 8257.08
110 6.74 8256.20 8.05 8254.89 0.88 10.00 0.088 6.74 8256.20
120 7.01 8255.93 8.68 8254.26 0.27 10.00 0.027 7.01 8255.93
130 7.75 8255.19 8.99 8253.95 0.74 10.00 0.074 7.75 8255.19
140 8.02 8254.92 8.62 8254.32 0.27 10.00 0.027 8.02 8254.92
150 8.15 8254.79 8.95 8253.99 0.13 10.00 0.013 8.15 8254.79
160 8.80 8254.14 10.85 8252.09 0.65 10.00 0.065 8.80 8254.14
170 8.87 8254.07 10.27 8252.67 0.07 10.00 0.007 8.87 8254.07
180 8.94 8254.00 10.58 8252.36 0.07 10.00 0.007 8.94 8254.00
190 9.53 8253.41 10.30 8252.64 0.59 10.00 0.059 9.53 8253.41
200 10.08 8252.86 12.48 8250.46 0.55 10.00 0.055 10.08 8252.86

Max. Water Surface Slope (fraction):  0.088
Min. Water Surface Slope (fraction):  0.007
Avg. Water Surface Slope (fraction):  0.039

Water Surface (ft) Channel Bottom (ft) Water Surface Calculations Bankfull (ft)
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Cross Section: EC-2

      Benchmark elevation: 8257.72 Survey Date: 9/23/2015
     BenchMark Rod Reading: 5.22 (Note: Benchmark not found. 2015 Rod reading at

benchmark based on 2006 elevation difference between
benchmark and cross section station 0+00)

Station Rod Reading Elevation

0 4.36 8258.58
5 6.06 8256.88

15 5.85 8257.09
22 6.09 8256.85
24 6.09 8256.85
25 6.71 8256.23
29 7.06 8255.88
34 6.25 8256.69
50 5.23 8257.71
63 3.94 8259.00
67 1.81 8261.13
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Profile: EC-3

Benchmark elevation (ft): 7971.59 Survey date: 9/30/2015
Rod reading at benchmark (ft): 4.29 (Note: Benchmark not found. 2015 Rod reading at

benchmark based on 2006 elevation difference between
benchmark and cross section station 0+00)

Station Rod Reading Elevation Rod Reading Elevation Elev change Distance Slope (fraction) Rod Reading Elevation
0 6.55 7969.33 7.90 7967.98 6.55 7969.33

10 6.56 7969.32 7.39 7968.49 0.01 10.00 0.001 6.56 7969.32
20 6.82 7969.06 8.17 7967.71 0.26 10.00 0.026 6.82 7969.06
30 7.10 7968.78 8.24 7967.64 0.28 10.00 0.028 7.10 7968.78
40 7.17 7968.71 8.50 7967.38 0.07 10.00 0.007 7.17 7968.71
50 7.86 7968.02 9.71 7966.17 0.69 10.00 0.069 7.86 7968.02
60 7.93 7967.95 9.47 7966.41 0.07 10.00 0.007 7.93 7967.95
70 8.04 7967.84 8.97 7966.91 0.11 10.00 0.011 8.04 7967.84
80 8.73 7967.15 9.53 7966.35 0.69 10.00 0.069 8.73 7967.15
90 9.18 7966.70 10.11 7965.77 0.45 10.00 0.045 9.18 7966.70
100 9.42 7966.46 10.17 7965.71 0.24 10.00 0.024 9.42 7966.46
110 9.45 7966.43 10.60 7965.28 0.03 10.00 0.003 9.45 7966.43
120 9.66 7966.22 10.88 7965.00 0.21 10.00 0.021 9.66 7966.22
130 9.70 7966.18 11.30 7964.58 0.04 10.00 0.004 9.70 7966.18
140 10.48 7965.40 11.07 7964.81 0.78 10.00 0.078 10.48 7965.40
150 10.67 7965.21 12.02 7963.86 0.19 10.00 0.019 10.67 7965.21
160 10.80 7965.08 11.50 7964.38 0.13 10.00 0.013 10.80 7965.08
170 11.62 7964.26 13.27 7962.61 0.82 10.00 0.082 11.62 7964.26
180 No measurements taken at this station. Large deadfall tree is blocking sight across channel.
190 11.80 7964.08 12.60 7963.28 0.18 20.00 0.009 11.80 7964.08
200 11.92 7963.96 13.33 7962.55 0.12 10.00 0.012 11.92 7963.96

Max. Water Surface Slope (fraction):  0.082
Min. Water Surface Slope (fraction):  0.001
Avg. Water Surface Slope (fraction):  0.028

Water Surface (ft) Channel Bottom (ft) Water Surface Calculations Bankfull (ft)
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Cross Section: EC-3

      Benchmark elevation: 7971.59 Survey Date: 9/30/2015
     BenchMark Rod Reading: 4.29 (Note: Benchmark not found. 2015 Rod reading at

benchmark based on 2006 elevation difference between
benchmark and cross section station 0+00)

Station Rod Reading Elevation

0 4.61 7971.27
8 5.73 7970.15
17 6.94 7968.94
20 9.64 7966.24
22 10.17 7965.71
25 9.90 7965.98
27 7.40 7968.48
30 5.72 7970.16
31 4.93 7970.95
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Technical Memorandum 

To:  Gregg Galecki 
         Environmental Engineer  
       Bowie Resources Partners LLC 

Canyon Fuel Company, LLC 
HC 35 Box 380 

 
From: Alpine Ecological 
 HC80 Box 570 
 Greenwich, UT 84732 

Date: 8/29/2014 

Re: Western (Boreal) Toad (Bufo boreas) Surveys 

Background  
According to the UNHP 2003 progress report there are records of occurrence of western toad in the area 
of Skyline Mine prior to 1983. The mapping scale within the report makes it difficult to determine exact 
locations. The Utah Conservation Database Center (UCDC) cites the last observations within the Scofield 
and Fairview Lakes map quadrants of documented records as 6/18/1950. Holland (2002) summarized 
some of the ecological requirements for this species in the southern Rocky Mountains which is applicable 
to the survey area: 
 

“Ideal boreal toad breeding sites presumably contain still water, very shallow margins, 
and persistent water levels. Egg masses are typically deposited in the shallowest 
available areas of the breeding site. . . . For a wetland to be considered suitable it should 
contain at least 1 gradually sloping bank with water ≤10-cm deep during the breeding 
season. Potential sites should also be examined in August to ensure that breeding site 
persistence is sufficient to allow completion of the larval period. In addition, a deeper 
area of water may be necessary to provide tadpoles with a night refuge of warmer water . 
. . . An old, but active, American beaver pond complex seems an ideal model for a 
breeding locality because shallow, eutrophicated ponds exist in concert with water level 
maintenance by beaver.” Holland (2002) found that both increased variation in daily 
water temperature and increased variation in water levels during summer had negative 
effects on tadpole development in this species. Terrestrial habitats of this species, even 
within Utah, are varied and include sagebrush steppe, piñon–juniper woodland, and 
mixed and coniferous forests of various species compositions. Adult males typically 
remain within a few hundred meters of breeding sites throughout the year, while adult 
females usually do not, often moving several kilometers from breeding sites after 
breeding in spring or early summer. 

 
 
Methodology 
Inventories for the presence of western toads were completed during June, July, and August of 2014, in 
riparian areas and streams in Little Swens, Swens, Flat Canyon, and Boulger Creeks; between Huntington 
Creek and the end points displayed on Figure 1. Inventories were conducted by walking meandering 
transects in the riparian areas, which extended out to 20 feet on either side of the stream centerline. After 
the completion of the initial walking transects an additional night time spotlight survey was also 
conducted along the upper sections of the streams in Flat Canyon and Boulger Canyon. These areas 



contain the highest number of ecological attributes within the indicator parameters, as defined by Oliver 
and Tuhy (2010), necessary for western toad occupancy.       
 
Results 
Little Swens 
There were no western toads observed in the stream in Little Swens Canyon.  
 
Swens  
There were no western toads observed in Swens Canyon. Although there was little or no surface water in 
the upper portions of the southern fork of the survey area, the inventory was conducted to the end point 
identified. 
. 
Flat Canyon 
There were no western toads observed during the course of either inventory of the stream in Flat Canyon.  
The stream in Flat Canyon provided the best potential habitat for western toad according to ecological 
indicators identified by Oliver and Tuhy (2010) and the description by Holland (2002). The lower 
portions of the stream, next to the paved road, provides lower quality habitat, due to higher stream flow 
rates and steeply incised or rip-rapped constructed banks, in comparison to the upper reaches of the 
stream, which has slower flow rates and silted banks with small relatively deeper pools. As a result, it was 
determined that an additional spotlight survey should be conducted in the upper sections of the stream on 
private lands. There were no western toads observed during the spotlight survey of the stream in Flat 
Canyon.  
 
Boulger Canyon 
There were no western toads observed during the course of either inventory of the stream in Boulger 
Canyon. However, there was one individual western chorus frog (Pseudacris triseriata) observed within 
200 feet of the Boulger Reservoir inlet. The stream has relatively higher flow rates when compared to 
those observed in Flat Canyon. There are however, micro-sites of slower flows distributed irregularly 
along the stream. As a result, it was determined that an additional spotlight survey should be conducted 
along the stream.  There were no western toads observed during the spotlight survey of the stream in 
Boulger Canyon. 



Skyline Mine 2014
Western Toad Survey

FIGURE 1
Western Toad Survey Area

DATE
DRAWN

SCALE

-

Copyright:© 2013 National Geographic Society, i-cubed

$
0.2 0 0.20.1

Miles

_̂̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_̂_Spotlight Survey Area
Transect Survey Area

7/24/14









 

 

U.S. FISH AND WILDLIFE SERVICE’S 

SPECIES BY COUNTY REVIEW, 

SKYLINE MINE 

CARBON COUNTY, UTAH 
 

 

 

 

 

 

 

 

 

 

 

Prepared for: 

 

Skyline Mine 

Canyon Fuel Company, LLC 

 

Gregg Galecki 

Environmental Engineer, 

 

And 

 

Jeremiah Armstrong 

Environmental Engineer 

 

 

Prepared by: 

 

Prepared By: 

Alpine Ecological  

HC 80 Box 570 

Greenwich, UT 84732 

 
 

 

 

 

 

 

 

Date: October 2, 2015 



 

 

Environmental Baseline 

The Assessment Area (Figure 1) is located in Carbon, Sanpete, and Emery Counties, Utah on the 

Manti-La sal National Forest.  The elevation ranges from 8,092 to 9,622 feet. Precipitation ranges 

from 17 .2 to 29.4 and averages 23.9 inches. Monthly average temperatures at the mine range 

from 8.0 to 74.4°F. 

Grassland communities in the area are dominated by slender wheatgrass (Elymus trachycaulus), 

mountain brome (Bromus marginatus), and Letterman's needlegrass (Achnatherum lettermanii). 

Several forb species also occur in the grassland community type. Primary species found in the 

dry meadow communities include Kentucky bluegrass (Poa pratensis), bentgrass (redtop) 

(Agrostis gigantean), and Ross sedge (Carex rossii). Wet meadow communities are composed 

primarily of species such as water sedge (Carex aquatilis), Nebraska sedge (Carex 

nebrascensis), beaked sedge (Carex utriculata), and tufted hairgrass (Deschampsia cespitosa).  

The sagebrush/grass communities are dominated by mountain big sage (Artemisia tridentate 

spp.) and silver sage (Artemisia cana). Grass species associated with the sagebrush type include 

slender wheatgrass, Letterman's needlegrass, and sandberg bluegrass (Poa secunda). 

  

Conifer cover types in the area occur primarily on the upper sloping hillsides, typically on 

northern or eastern exposures. These sites are dominated by Englemann spruce (Picea 

engelmannii) and subalpine fir (Abes lasiocarpa). Understory vegetation within these conifer 

stands varies in density and distribution, depending on canopy cover of the overstory. 

Representative understory species include gooseberry (Ribes spp.), arnica (Arnica L.), 

butterweed (Packera glabella), and lupine (Lupinus spp).  

 

The aspen community is the most common forested type within the tract and is dominated by 

mature aspen (Populus tremuloides) in the overstory with snowberry (Symphoricarpos albus), 

elderberry (Sambucus nigra), Oregon grape (Mahonia aquifolium), and butterweed making up 

the primary species in the understory. 

 

Riparian communities occur within all vegetative types and are associated with stream and 

spring influence areas. The extent of these riparian communities varies from those areas 

adjacent to the stream channel to expanses of sub-irrigated acreage covering an entire 

drainage bottom (Flat Canyon - Final Environmental Impact Statement 2002).  

 

 

Species by County Lists 

 
Alpine reviewed the U.S Fish and Wildlife Service (USFWS) species by county lists for Sanpete, 

Carbon, and Emery Counties on the USFWS website (i.e., accessed on September 22, 2015) and 

the Information for Planning and Conservation (IPaC) System (i.e., accessed September 21, 

2015).  Alpine assessed the habitat requirements of each species listed in comparison to habitat 

within the Assessment Area, suitable habitat values were then ranked; ranking categorizes were 

unsuitable, marginal, and suitable (Table 1). Habitat requirements were identified for each 



 

 

species using U.S. Fish and Wildlife Service’s Federal Register publications and species profile 

reports, and the Utah Conservation Database Center (UCDC).  

 

Table 1. Species by County Listed Species, Habitat Requirements, and Probability of Occurrence. 

Species  County List Status  Habitat Requirements Habitat Suitability  

Fish 

Humpback 

Chub 

(Gila cypha) 

Sanpete, 

Carbon, 

Emery 

Endangered Species spawns in the 

spring and summer in 

shallow, backwater 

areas with cobble 

substrate. Species is 

confined to few white-

water areas in the 

Colorado, Green, and 

White Rivers; suitable 

habitat in Carbon and 

Emery is limited to the 

Green River. 

Unsuitable- 

No suitable habitat 

present; Assessment 

Area is outside of 

known species 

distribution. 

Colorado 

Pikeminnow 

(Ptychocheilus 

Lucius) 

Sanpete, 

Carbon, 

Emery 

Endangered Prefers medium to 

large rivers where they 

can be found in 

habitats ranging from 

deep turbid rapids to 

flooded lowlands. 

Spawning occurs 

during the spring over 

riffle areas with gravel 

or cobble substrates. 

Species only exists in 

the upper Colorado 

River System; suitable 

habitat in Carbon and 

Emery is limited to the 

Green River.  

Unsuitable - 

No suitable habitat 

present; Assessment 

Area is outside of 

known species 

distribution. 



 

 

Species  County List Status  Habitat Requirements Habitat Suitability  

Bonytail Chub 

(Gila elegans) 

Sanpete, 

Carbon, 

Emery 

Endangered Prefers eddies, pools, 

and backwaters near 

swift currents in large 

rivers. Species spawns 

in the spring over 

gravelly substrates. 

Suitable habitat in 

Carbon and Emery 

Counties is limited to 

the Green River.   

Unsuitable - 

No suitable habitat 

present; Assessment 

Area is outside of 

known species 

distribution. 

Razorback 

Sucker 

(Xyrauchen 

texanus) 

Sanpete, 

Carbon, 

Emery 

Endangered Species prefers slow 

backwater habitats 

and impoundments. 

Suitable habitat in 

Carbon and Emery 

Counties is limited to 

the Green River.   

Unsuitable - 

No suitable habitat 

present; Assessment 

Area is outside of 

known species 

distribution. 

Birds 

Greater sage-

grouse 

(Centrocercus 

urophasianus) 

Sanpete, 

Carbon, 

Emery 

Candidate- 

USFWS 

determined 

the species 

was not 

warranted 

for listing 

September 

2015. 

Inhabit sagebrush 

plains, foothills, and 

mountain valleys. 

Sagebrush is the 

predominant plant of 

quality habitat. A 

good understory of 

grasses and forbs, and 

associated wet 

meadow areas, are 

essential for optimum 

habitat.  

Marginal- 

The Assessment Area is 

located within the 

SGMA, near the 

southern boundary. 

Suitable habitat does 

occur within micro-

sites on the southern 

portion of the 

Assessment Area.  

However, some of 

these areas have 

been mapped as non-

habitat by the UDWR.   



 

 

Species  County List Status  Habitat Requirements Habitat Suitability  

Western yellow-

billed Cuckoo 

(Coccyzus 

americanus 

occidentalis) 

Sanpete, 

Carbon, 

Emery 

Threatened Riparian obligate 

species which requires 

dense cottonwood-

willow forested tracts. 

In some areas, birds 

required 17+ ha (42 

acres), including a 

minimum of 3+ ha (7.5) 

of closed-canopy, 

broad-leaved forest. 

Nests are placed in 

willows, but 

cottonwoods are used 

extensively for 

foraging. 

Unsuitable -  

Only a small portion of 

the Assessment Area is 

within the species’ 

elevation range. Multi-

layered riparian 

habitats are not 

present in the 

Assessment Area.  

Mexican Spotted 

Owl 

(Strix occidentalis 

lucida) 

Carbon, 

Emery 

Threatened Primary habitat in Utah 

includes narrow steep 

rocky canyons. The 

species is located in 

the southern and 

eastern parts of the 

state of Utah. In 

Carbon County, they 

occur along eastern 

county line. Although 

individuals are not 

documented in Emery, 

suitable habitat occurs 

throughout the 

southern and eastern 

portions of the county.  

Unsuitable - 

Suitable habitat is not 

present within the 

Assessment Area.  

Assessment Area is 

outside of the known 

species distributions in 

Carbon or Emery 

County. 

California 

Condor 

(Gymnogyps 

californianus) 

Emery Endangered Preferred habitat is 

mountainous country 

at low to moderate 

elevations, especially 

near rocky brushy 

areas with cliffs 

available for nesting. 

Primary nesting habitat 

are cavities located on 

step rock formations 

Colonies roost in snags, 

tall open- branched 

trees, or cliffs, often 

near important 

foraging areas.  

Unsuitable - 

Suitable habitat is not 

present in the 

Assessment Area. 

Assessment Area is 

outside of the known 

species distributions 

Emery County. 



 

 

Species  County List Status  Habitat Requirements Habitat Suitability  

Southwest Willow 

Flycatcher 

(Empidonax 

traillii extimus) 

Emery Endangered Habitat includes dense 

willows along riparian 

habitats. This species is 

rare in extreme 

southern Utah. 

Distribution maps in the 

UCDC show 

occurrence in 

Washington, Kane, 

and San Juan Counties 

along the Utah-Arizona 

border.  

Unsuitable - 

Assessment Area is 

outside of the known 

species distributions in 

Emery County. Known 

species distribution 

map in the UCDC 

show species 

occurrence in 

Washington, Kane and 

San Juan Counties. 

Generally, suitable 

habitat is not present 

in the Assessment 

Area. There are small 

patches of willow 

habitat along some 

riparian areas 

however; they are 

typically small and  

isolated.    

 

Mammals 

Canada Lynx 

(Lynx 

canadensis) 

Carbon Threatened Preferred habitat is 

montane coniferous 

and boreal forests. The 

distribution of lynx in 

North America is 

closely associated with 

the distribution of North 

American boreal 

forests. 

Marginal- 

Coniferous forest do 

occur within the 

Assessment area; 

primarily on the 

northern aspects 

however they are 

inter-mixed with aspen 

stands and sagebrush 

openings on the 

southern aspects. 

Large contiguous 

acreages of montane 

coniferous stands are 

not present in the 

Assessment Area.    
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Introduction 
 
The purpose of the 2015 drilling program is to further investigate the coal reserves in the 
Southwest Reserves Lease. Information gathered from the drilling program will assist 
Skyline Mine in developing mine plans to more efficiently utilize the resource.  
  
Total estimated disturbance for the 2015 drilling program is 7 acres. Disturbance from 
drilling activity is expected to be less than 1 acre per site for a total of 7 acres. 
Disturbance from access road improvements is estimated to be 3 acres. Currently four of 
the seven drilling locations will not require any additional surface disturbance to improve 
the access road or drill sites. The three remaining sites will be drilled using heliportable 
drill rigs and will not require the construction of access roads. Reclamation of all disturb 
areas will occur during the late fall of 2015. 
 
Skyline Mine is a coal mine with its surface facilities located about 4 miles southwest of 
the town of Scofield in Carbon County, Utah.  The drill sites are located west to 
southwest of the surface facilities of the mine.  Most of the drill sites are located upper 
Huntington Creek and Electric Lake in Sanpete and Emery Counties.  The 7 drill sites are 
generally located in openings in conifer and quaking aspen forests.  One of the sites is 
located in a mountain big sagebrush community.  The elevations of the drill sites ranges 
from 8,600 to 8,900 feet above sea level. 
 

Methods 
 
Sampling Standards 
 
Methodologies used for this analysis were performed in accordance with vegetation 
guidelines supplied by the State of Utah, Division of Oil, Gas and Mining (DOGM).  In 
July of 2015, quantitative and qualitative data were collected in the plant communities 
proposed for drilling activities as well as reference areas that were chosen for future 
revegetation success standards. 
 
Sampling Methodology for Cover, Frequency and Composition 
 
The areas that are proposed to be disturbed are centered on proposed drill sites.  
Therefore, the vegetation around each drill site needed to be analyzed.  It was determined 
that the best method to determine vegetative cover frequency and composition on these 
areas would be nested frequency belt lines as described in the U.S. Forest Service 
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Rangeland Ecosystem Analysis and Monitoring Handbook (FSH 2209.21).  Five 100 ft. 
beltlines were established in five different compass directions radiating from the 
proposed drill site and reference site point.  With this methodology the vegetation 
composition around each proposed drill site and reference site would be determined. The 
five compass directions used were the following from magnetic North: Belt 1 at 23 
degrees, Belt 2 at 121 degrees, Belt 3 at 173 degrees, Belt 4 at 269 degrees and Belt 5 at 
296 degrees. Every 5 ft. along each transect line a ½ m2 nested frequency frame was 
placed on alternating sides of the transect line.  Species composition and frequency were 
recorded using the frame.  Ground cover was also determined using the frame.  The 
percent cover of each species was then estimated within each frame.  A total of 100 
nested frequency data points were therefore taken at each proposed drill site and each 
reference site. Plant nomenclature follows the USDA-ARS Plant Database 
(plants.usda.gov). 
 
Placement of Reference Sites 
 
The reference sites were chosen to represent future revegetation success standards.  A 
reference site was chosen in each area where there was a proposed drill site.  The 
reference sites were chosen by walking far enough away from the proposed drill site so 
they would not be disturbed during the drilling activity.  Locations for the reference sites 
were chosen by visually looking at the site and trying to choose a site that looked similar 
in vegetative composition to the proposed drill site. 
 
Sampling Methodology for Forage Production 
 
Clip and weigh methods described in Utilization Studies and Residual Measurements 
interagency technical reference were used to estimate forage production.  Twenty random 
samples were taken around each proposed drill site location and reference area site.  A 
0.96 ft2 plot was placed at each random site and vegetation was clipped and weighed.  
Percent dry mater was determined by using standard drying table estimates and dry 
forage production was estimated and converted to pounds per acre by taking the average 
grams collected x 100. 
 
Sampling Methodology for Density 
 
Density estimates for the woody plant species on the proposed drill site and reference 
areas were made using a distance method called the point-quarter technique.  In this 
method, random points were placed on the sample sites and measured into four quarters.  
The distance to the nearest woody plant species were then recorded in each quarter.  The 
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average point to individual distance was equal to the square root of the mean area per 
individual. 
 
Photographs and Maps 
 
A map was created with each proposed drill site and reference site (Appendix 29).  In 
addition photographs were taken of each belt line from the center point (Appendix 15-28).   
 
Threatened, Endangered, Candidate and Sensitive Species 
 
The inventory of federally listed threatened, endangered and candidate plant species for 
Emery and Sanpete counties was consulted prior to field work.  In addition the State of 
Utah, Department of Natural Resource’s biodiversity database and the USDA Forest 
Service Intermountain Region’s list of proposed, endangered, threatened and sensitive 
species for the Manti portion f the Manti-La Sal National Forest was consulted for 
possible impacts by the proposed project.  If applicable, this information would be used 
to drive species of concern field surveys if any of the species or habitats were found on or 
near the proposed project. 
 

Results 
 

Drill Site 1 
 
Drill Site 1 is located within a girl’s camp (Appendix 29).  The proposed drill site is 
surrounded by vegetation but some of the area around the proposed site is severely 
disturbed (i.e. roads and trails).  Most of the vegetation in this area has been disturbed, 
probably by frequent foot traffic around the area.  The site is located in the bottom of a 
valley.  Most of the vegetation around this site is composed of grasses and forbs with 
some woody shrubs and trees.   
 
The only overstory species was subalpine fir (Abies lasiocarpa).  The most common 
understory species were Rydberg’s penstemon (Penstemon rydbergii), Kentucky 
bluegrass (Poa pratensis), variegated scouringrush (Equisetum variegatum), slender 
wheatgrass, and orange sneezeweed.  A list of all species encountered in the sample 
quadrats is listed in appendix 1. 
 
Total living cover for this area was estimated at 64.46%, of which 56.46% was from 
understory cover and 8% was from overstory cover (Appendix 1).  The composition of 
the understory cover was 36.5% grasses, 52.8% forbs and 10.7% shrubs. 
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The total woody species density was 51.9 individuals per acre (Appendix 1), with the 
dominant species being subalpine fir. 
 
The estimates made for total available dry forage for this site 650 lbs/acre. 
 
Drill Site 1 Reference Site 
 
Drill site 1 reference site is located with a girl’s camp (Appendix 29).  Most of the 
vegetation in this area has been disturbed by frequent foot traffic which is indicated by 
pathways and trails in the area.  The site is located in the bottom of the same valley as the 
proposed drill site.  Most of the vegetation around this site is composed of grasses and 
forbs with some woody shrubs and trees. 
 
The only overstory species was subalpine fir.  The most common understory species were 
Carex (Carex), mountain bluebell (Mertensia ciliate), slender cinquefoil (Potentilla 
gracilis) Virginia strawberry (Fragaria virginiana) and slender wheatgrass (Elymus 
trachycaulus).  A list of all species encountered in the sample quadrats is listed in 
Appendix 2. 
 
Total living cover for this area was estimated at 60%, of which 57% was from understory 
cover and 3% was from overstory cover (Appendix 2).  The composition of the 
understory cover was 50.7% grasses, 46.1% forbs and 3.2% shrubs. 
 
The total woody species density was 46 individuals per acre (Appendix 2), with the 
dominant species being subalpine fir. 
 
The estimates made for total available dry forage for this site 950 lbs/acre. 
 
Drill Site 2 
 
Drill site 2 is located within a girl’s camp (Appendix 29).  The site however is far enough 
away from the main area of the girl’s camp that the vegetation does not appear to be 
disturbed significantly by foot traffic.  The site is located on a terrace of a North-facing 
slope.  The vegetative community around this site is dominated by grasses and forbs, with 
a mixed conifer/aspen forest scattered throughout. 
 
The overstory species were subalpine fir and quaking aspen (Populus tremuloides).  The 
most common understory species were Great Basin lupine (Lupinus alpestris), mountain 
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brome (Bromus marginatus), fewflower pea (Lathyrus pauciflorus), nodding brome 
(Bromus anomalus) and Fendler’s medow-rue (Thalictrum fendleri).  A list of all species 
encountered in the sample quadrats is listed in Appendix 3. 
 
Total living cover for this area was estimated at 58.7%, of which 41.3% was from 
understory cover and 17.4% was from overstory cover (Appendix 3).  The composition of 
the understory cover was 49.1% grasses, 38.4% forbs and 12.5% shrubs. 
 
The total woody species density was 69.6 individuals per acre (Appendix 3), with the 
dominant species being subalpine fir. 
 
The estimates made for total available dry forage for this site 1100 lbs/acre. 
 
Drill Site 2 Reference Site 
 
Drill site 2 reference site is located within a girl’s camp (Appendix 29).  The site however 
is far enough away from the main area of the girl’s camp that the vegetation does not 
appear to be disturbed significantly by foot traffic.  The site is located on a terrace of a 
North-facing slope.  The vegetative community around this site is dominated by grasses 
and forbs, with a mixed conifer/aspen forest scattered throughout. 
 
The overstory species recorded were subalpine fir and quaking aspen.  The most common 
understory species were Canada wildlrye (Elymus canadensis), fewflower pea, carex, 
mountain bluebell and nodding brome.  A list of all species encountered in the sample 
quadrats is listed in Appendix 4. 
 
Total living cover for this area was estimated at 59.83%, of which 46.43% was from 
understory cover and 13.4% was from overstory cover (Appendix 4).  The composition of 
the understory cover was 52.4% grasses, 38.3% forbs and 9.3% shrubs. 
 
The total woody species density was 95.7 individuals per acre (Appendix 4), with the 
dominant species being subalpine fir. 
 
The estimates made for total available dry forage for this site 1100 lbs/acre. 
 
Drill Site 3 
 
Drill site 3 is located within a girl’s camp (Appendix 29).  The site however is far enough 
away from the main area of the girl’s camp that the vegetation does not appear to be 
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disturbed significantly by foot traffic.  This site has evidence of being logged in the past.  
There are only a few young trees scatted sparsely throughout the area.  In addition cut 
stumps are encountered and there is an old slash pile next to the proposed drill site.  The 
site was located on an East-facing slope.  The vegetative community around this site is 
dominated by grasses and forbs. 
 
There were no overstory species recorded.  The most common understory species were 
Canada wildrye, carex, mountain brome, common yarrow (Achillea millefolium), and 
fewflower pea.  A list of all species encountered in the sample quadrats is listed in 
Appendix 5. 
 
Total living cover for this area was estimated at 46.6%, of which 46.6% was from 
understory cover and 0% was from overstory cover (Appendix 5).  The composition of 
the understory cover was 68.3% grasses, 30.7% forbs and 0.8% shrubs. 
 
The total woody species density was 5.8 individuals per acre (Appendix 5), with the 
dominant species being Gooseberry currant (Ribes montigenum). 
 
The estimates made for total available dry forage for this site 870 lbs/acre. 
 
Drill Site 3 Reference Site 
 
Drill site 3 reference site is located within a girl’s camp (Appendix 29).  The site however 
is far enough away from the main area of the girl’s camp that the vegetation does not 
appear to be disturbed significantly by foot traffic.  This site is locates on an East-facing 
slope.  The vegetative community around this site is dominated by grasses and forbs, with 
a sparsely scattered quaking aspen stand. 
 
The overstory species were subalpine fir and quaking aspen.  The most common 
understory species were mountain brome, fewflower pea, carex, Canada wildrye and 
mayflower stickseed (Hackelia floribunda).  A list of all species encountered in the 
sample quadrats is listed in Appendix 6. 
 
Total living cover for this area was estimated at 79%, of which 61% was from understory 
cover and 18% was from overstory cover (Appendix 6).  The composition of the 
understory cover was 58% grasses, 41.8% forbs and 0.2% shrubs. 
 
The total woody species density was 81.2 individuals per acre (Appendix 6), with the 
dominant species being quaking aspen. 
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The estimates made for total available dry forage for this site 1150 lbs/acre. 
 
Drill Site 4 
 
Drill site 4 is located on a slightly North facing slope.  This site was logged at some point 
in the past as indicated by numerous stumps.  The vegetative community is dominated by 
grasses and forbs with a few scattered conifers. 
 
The only overstory species was subalpine fir.  The most common understory species were 
Canada wildrye, mountain brome, carex, fewflower pea and slender wheatgrass.   A list 
of all species encountered in the sample quadrats is listed in Appendix 7. 
 
Total living cover for this area was estimated at 53.65%, of which 44.65% was from 
understory cover and 9% was from overstory cover (Appendix 7).  The composition of 
the understory cover was 62.2% grasses, 27.5% forbs and 10.3% shrubs. 
 
The total woody species density was 72.5 individuals per acre (Appendix 7), with the 
dominant species being red elderberry (Sambucus racemosa). 
 
The estimates made for total available dry forage for this site 1080 lbs/acre. 
 
Drill Site 4 Reference Site 
 
Drill site 4 reference site is located on a slightly North facing slope (Appendix 29).  This 
site was logged at some point in the past as indicated by numerous stumps.  The 
vegetative community is dominated by grasses and forbs with a few scattered conifers. 
 
The only overstory species was subalpine fir.  The most common understory species were 
mountain brome, Canada wildrye, Fendler’s medow-rue,  slender wheatgrass and 
fewflower pea.   A list of all species encountered in the sample quadrats is listed in 
Appendix 8. 
 
Total living cover for this area was estimated at 59%, of which 50% was from understory 
cover and 9% was from overstory cover (Appendix 8).  The composition of the 
understory cover was 53.4% grasses, 33.2% forbs and 13.4% shrubs. 
 
The total woody species density was 106.3 individuals per acre (Appendix 8), with the 
dominant species being red elderberry. 
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The estimates made for total available dry forage for this site 1060 lbs/acre. 
 
Drill Site 5 
 
Drill site 5 is located on a flat area in the bottom of a valley (Appendix 29).  The 
vegetative community is a mountain big sagebrush/grass community.  It is located near a 
well-traveled highway and dirt road. 
 
There were no overstory species at this site.  The most common understory species were 
Kentucky bluegrass, mountain big sagebrush (Artemisia tridentata vaseyana), carex, 
muttongrass (Poa fendleriana), and Letterman’s needlegrass (Achnatherum lettermanii).  
A list of all species encountered in the sample quadrats is listed in Appendix 9. 
 
Total living cover for this area was estimated at 54%, of which 54% was from understory 
cover and 0% was from overstory cover (Appendix 9).  The composition of the 
understory cover was 25.8% grasses, 4.4% forbs and 69.8% shrubs. 
 
The total woody species density was 494.4 individuals per acre (Appendix 9), with the 
dominant species being mountain big sagebrush. 
 
The estimates made for total available dry forage for this site 770 lbs/acre. 
 
Drill Site 5 Reference Site 
 
Drill site 5 reference site is located on a flat area in the bottom of a valley (Appendix 29).  
The vegetative community is a mountain big sagebrush/grass community. It is located 
near a well-traveled highway and dirt road. 
 
 
There were no overstory species at this site.  The most common understory species were 
Kentucky bluegrass, carex, mountain big sagebrush, Rydberg’s penstemon and 
Letterman’s needlegrass.  A list of all species encountered in the sample quadrats is listed 
in Appendix 10. 
 
Total living cover for this area was estimated at 56%, of which 56% was from understory 
cover and 0% was from overstory cover (Appendix 10).  The composition of the 
understory cover was 37.4% grasses, 9.4% forbs and 53.2% shrubs. 
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The total woody species density was 512.8 individuals per acre (Appendix 10), with the 
dominant species being mountain big sagebrush. 
 
The estimates made for total available dry forage for this site 790 lbs/acre. 
 
Drill Site 6 
 
Drill site 6 is located on an East facing slope (Appendix 29). The vegetative community 
is dominated by grasses and forbs with a few scattered conifers and quaking aspen. 
 
The overstory species were subalpine fir and quaking aspen.  The most common 
understory species were fewflower pea, mountain brome, orange sneezeweed, Canada 
wildrye and common yarrow.   A list of all species encountered in the sample quadrats is 
listed in Appendix 11. 
 
Total living cover for this area was estimated at 67.4%, of which 52% was from 
understory cover and 15.4% was from overstory cover (Appendix 11).  The composition 
of the understory cover was 59.3% grasses, 37.5% forbs and 3.2% shrubs. 
 
The total woody species density was 43.5 individuals per acre (Appendix 11), with the 
dominant species being quaking aspen. 
 
The estimates made for total available dry forage for this site 930 lbs/acre. 
 
Drill Site 6 Reference Site 
 
Drill site 6 reference site is located on an East facing slope (Appendix 29). The vegetative 
community is dominated by grasses and forbs with a few scattered conifers and quaking 
aspen. 
 
The overstory species were subalpine fir and quaking aspen.  The most common 
understory species were fewflower pea, mountain brome, Kentucky bluegrass, orange 
sneezeweed, and common yarrow.   A list of all species encountered in the sample 
quadrats is listed in Appendix 12. 
 
Total living cover for this area was estimated at 69.6%, of which 54% was from 
understory cover and 15.6% was from overstory cover (Appendix 12).  The composition 
of the understory cover was 55.3% grasses, 35.9% forbs and 8.8% shrubs. 
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The total woody species density was 29 individuals per acre (Appendix 12), with the 
dominant species being quaking aspen. 
 
The estimates made for total available dry forage for this site 890 lbs/acre. 
 
Drill Site 7 
 
Drill site 7 is located on a northeast facing slope (Appendix 29).  This area has been 
logged in the past as indicated by remaining stumps.  The vegetative community is 
dominated by grasses and forbs with a few scattered conifers. 
 
The only overstory species was subalpine fir.  The most common understory species were 
Canada wildrye, fewflower pea, carex, common yarrow and Kentucky bluegrass.  A list 
of all species encountered in the sample quadrats is listed in Appendix 13. 
 
Total living cover for this area was estimated at 73.2%, of which 56% was from 
understory cover and 17.2% was from overstory cover (Appendix 13).  The composition 
of the understory cover was 64.7% grasses, 33.3% forbs and 2% shrubs. 
 
The total woody species density was 70.1 individuals per acre (Appendix 13), with the 
dominant species being subalpine fir. 
 
The estimates made for total available dry forage for this site 1120 lbs/acre. 
 
Drill Site 7 Reference Site 
 
Drill site 7 reference site is located on a northeast facing slope (Appendix 29).  This area 
has been logged in the past as indicated by remaining stumps.  The vegetative community 
is dominated by grasses and forbs with a few scattered conifers. 
 
The only overstory species was subalpine fir.  The most common understory species were 
Canada wildrye, fewflower pea, carex, common yarrow and Fendler’s medow-rue.  A list 
of all species encountered in the sample quadrats is listed in Appendix 14. 
 
Total living cover for this area was estimated at 77%, of which 58% was from understory 
cover and 19% was from overstory cover (Appendix 14).  The composition of the 
understory cover was 58.5% grasses, 38.1% forbs and 3.4% shrubs. 
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The total woody species density was 70.1 individuals per acre (Appendix 14), with the 
dominant species being subalpine fir (Abies lasiocarpa). 
 
The estimates made for total available dry forage for this site 1090 lbs/acre. 
 
Analysis of Similarities Between Drill Sites and Reference Sites 

 
Specific parameters for those plant communities that would be disturbed by the proposed 
drilling activities were compared statistically using an unpaired t test with the correlating 
reference area that could be used for revegetation success standard following final 
reclamation of the site.  When total living cover values of the proposed drill sites were 
compared to the corresponding reference sites there were no significant differences found 
at any paired site.  
 
When total woody species density values of the same communities were compared to the 
corresponding reference areas there were no significant differences in drill sites 1, 2, 4, 5, 
6, and 7.  A significant difference was found between proposed drill site 3 and the 
reference area.  This however may be unimportant because neither area had high density 
values.  The reason for the significant difference is probably not due to original 
vegetative cover but to previous logging activity that has occurred on the proposed drill 
site. 
 
Threatened, Endangered, Candidate and Sensitive Species 
 
The following is a table of potential endangered, threatened, candidate and sensitive plant 
species know to occur in Sanpete and Emery counties.  Next to each species name 
information is provided about the likelihood of occurrence for each species in the 
proposed drill site areas. 
 
Federally listed endangered, threatened, candidate and sensitive species for Emery and 
Sanpete County. 

Endangered 
Pediocactus despainii (San Rafael cactus) This species is found in open pinyon-

juniper communities at 6,000-6,200 ft. 
elevation. 
 
The study areas are above the elevation 
range for this species.  The vegetative types 
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are very different. 
 
The proposed project will not impact this 
plant species. 

Schoenocrambe barnebyi (Barnaby reed-
mustard) 

This species is found in mixed shadscale, 
eriogonum and ephedra communities at 
5,600-5,700 ft. elevation. 
 
The study areas are above the elevation 
range for this species.  The vegetative types 
are very different. 
 
The proposed project will not impact this 
plant species 

Sclerocatus wrightiae (Wright fishhook 
cactus) 

This plat is found on the Mancos Shale 
Formation in salt desert shrub to juniper 
communities at 4,790-6,120 ft. elevation. 
 
The study area is above the elevation range 
for this species.  The vegetative types are 
very different and there is no Mancos Shale 
in the study area. 
 
The proposed project will not impact this 
plant species. 

Threatened 
Astragalus montii (Heliotrope milk-vetch) This species is found in alpine on 

windblown ridges and snowdrift sites at 
10,500-11,000 ft. elevation. 
 
The study areas are below the elevation 
range for this species.  The habitat is 
different.  The know locations of this 
species are well South of the study area. 
 
The proposed project will not impact this 
plant species 

Cycladenia humilis var jonesii (Jones This species is found in cool desert shrub 
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Cyladenia) and juniper communities at 4,400-6,000 ft. 
elevation. 
 
The study areas are above the elevation 
range for this species.  The vegetative types 
are very different. 
 
The proposed project will not impact this 
plant species. 

Pediocactus despainii (Despain 
Footcactus) 

This species is found in open piyon-juniper 
communities at 6,000-6,200 ft. elevation. 
 
The study areas are above the elevation 
range for this species.  The vegetative types 
are very different. 
 
The proposed project will not impact this 
plant species. 

Townsendia aprica (Last Chance 
townsendia) 

This species is found in salt desert shrub 
and pinyon-juniper communities in the 
Arapien and Mancos Shale formations at 
6,100-8,000 ft. elevation. 
 
The study areas are not found in the 
Arapien or Mancos Shale formation.  The 
vegetative types are very different. 
 
The proposed project will not impact this 
plant species. 

Candidate/Sensitive 
Aster kingie var barnebyana (Barneby 
woody aster) 

This species is found in mountain 
mahogany-oak communities in rock 
outcrops composed of Precambrian 
quartzite at 7,345-7,610 ft. elevation. 
 
There are not outcrops of Precambrian 
quartzite in the study areas.  The vegetative 
types are very different. 
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The proposed project will not impact this 
plant species. 

Astragalus consobrinus (Bicknell 
milkvetch) 

This species is found in sagebrush-
grassland and pinyon-juniper communities 
on the Mancos Shale formation at 5,200-
9,000 ft. elevation. 
 
The study areas are not found in the 
Mancos Shale formation.  The vegetative 
types are very different. 
 
The proposed project will not impact this 
plant species. 

Astragalus subcinereus var. basalticus 
(Basalt milkvetch or Silver milkvetch) 

This species is found in pinyon-juniper and 
ponderosa communities at 4,520-7,970 ft. 
elevtation. 
 
The vegetative types of the study areas are 
very different and the know population of 
this plant are found in southern Emery 
County. 
 
The proposed project will not impact this 
plant species. 

Cryptantha compacta (Mound cryptanth) This species is found in salt desert shrub 
and mixed desert shrub communities at 
4,950-9,250 ft. elevation. 
 
The vegetative types of the study areas are 
very different. 
 
The proposed project will not impact this 
plant species. 

Cryptantha creutzfeldtii (Creutzfeldt-
flower) 

This species is found in mat atriplex 
communities on the Mancos Shale 
formation at 5,250-6,495 ft. elevation. 
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The study areas are above the elevation 
range for this species.  The vegetative types 
are very different. 
 
The proposed project will not impact this 
plant species. 

Cymopterus coulteri (Coulter biscuitroot) This species is found in black sagebrush, 
shadscale, desert shrub and juniper 
communites at 4,955-6,000 ft. elevation. 
 
The study areas are above the elevation 
range for this species.  The vegetative types 
are very different. 
 
The proposed project will not impact this 
plant species. 

Erigeron carringtonae (Carrington daisy) This species is found in medows and 
escarpment margins at 10,000-11,000 ft. 
elevation. 
 
The study areas are below the elevation 
range. 
 
The proposed project will not impact this 
plant species. 

Erigonoum corymbosum var. smithii (Big 
Flattop buckwheat or Smith wild 
buckwheat) 

This species is found in purple-sage 
matchweed, ephedra-Indian ricegrass and 
rabbitbrush communities at 5,200-5,610 ft. 
elevation. 
 
The study areas are above the elevation 
range for this species.  The vegetative types 
are very different. 
 
The proposed project will not impact this 
plant species. 

Festuca dasyclada (Sedge fescue) This species is found on open slopes and 
ridges in sagebrush, mountain brush, and 
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juniper communities on the Green River 
Shale Formation and limestone gravels at 
6,990-10,000 ft. elevation. 
 
The study areas are in a different 
formation. 
 
The proposed project will not impact this 
plant species. 

Gilia tenuis (Mussentuchit Gilia) This species is found in pinyon-juniper 
woodlands. 
 
The study sites have a very different 
vegetative type. 
 
The proposed project will not impact this 
plant species. 

Hedysarum occidentale var. canone 
(Canyon sweetvetch or Coal sweetvetch) 

This species is found in pinyon-juniper, 
sagebrush and wash communities at 5,000-
8,000 ft. elevation. 
 
The study sited have a very different 
vegetative type. 
 
The proposed project will not impact this 
plant species. 

Hymenoxys depressa (Low hymenoxys or 
Depressed bitterweed) 

This species is found in ephedra, 
sagebrush, shadscale and pinyon-juniper 
communities at 4,400-7,100 ft. elevation. 
 
The study sites have a very different 
vegetative type. 
 
The proposed project will not impact this 
plant species. 

Hymenoxys helenioides (Helenium 
hymenoxys or Intermountain bitterweed) 

This species is found in mountain brush, 
sagebrush, aspen and meadow communities 
at 8,800-10,700 ft. elevation. 
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Know populations of this species are found 
at quite a distance south and north of the 
study site. 
 
The proposed project will not impact this 
plant species. 

Lygodesmia entrada (Entrada rushpink) This species is found in mixed desert shrub 
and juniper communities at 4,400-4,800 ft. 
elevation. 
 
The study areas are above the elevation 
range for this species.  The vegetative types 
are very different. 
 
The proposed project will not impact this 
plant species. 

Mentzelia argillosa (Arapien stickleaf) This species is found in salt desert shrub 
and pinyon-juniper communities on the 
Arapien Shale formation at 5,000-6,200 ft. 
elevation. 
 
The study areas are above the elevation 
range for this species.  The vegetative types 
are very different. The Arapien Shale 
formation is not found in the study areas. 
 
The proposed project will not impact this 
plant species. 

Mentzelia multicaulis var. librina (Book 
Cliffs blazing star) 

This species is found in sagebrush, 
rabbitbrush, and pinyon-juniper 
communities at 6,200 ft. elevation. 
 
The study areas are above the elevation 
range for this species.  The vegetative types 
are very different. 
 
The proposed project will not impact this 
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plant species. 
Penstemon tidestromii (Tidestrom 
beardtongue) 

This species is found in desert shrub, 
sagebrush, and pinyon-juniper 
communities at 5,300-8,200 ft elevation. 
 
The study sites have a very different 
vegetative type. 
 
The proposed project will not impact this 
plant species. 

Penstemon wardii (Ward beardtongue) This species is found in desert shub, 
pinyon-juniper, sagebrush, shadescale and 
greasewood communities on the Arapien 
Shale formation at 5,495-6,810 ft. 
elevation. 
 
The study areas are above the elevation 
range for this species.  The vegetative types 
are very different. 
 
The proposed project will not impact this 
plant species. 

Phacelia utahensis (Utah phacelia) This species is found in salt desert shrub 
communites on the Arapien Shale 
Formation at 5,500-5,700 ft. elevation. 
 
The study areas are above the elevation 
range for this species.  The vegetative types 
are very different. 
 
The proposed project will not impact this 
plant species. 

Psorothamnus polydenius var. jonesii 
(Jones indigo-bush or glandular indigo-
bush) 

This species is found in salt desert shrub 
communities on Mancos Shale formations 
at 4,820 ft. elevation. 
 
The study areas are above the elevation 
range for this species.  The vegetative types 
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are very different. 
 
The proposed project will not impact this 
plant species. 

Silene petersonii (Maguire campion, 
Wasatch limestone catchfly or Peterson 
catchfly) 

This species is found in ponderosa pine, 
rocky mountain juniper, bristlecone pine, 
spruce-fier, and aspen-sagebrush 
communities on open calcareous and 
igneous gravels at 6,955-11,200 ft. 
elevation. 
 
The study sites have no open calcareous 
and igneous gravels. 
 
The proposed project will not impact this 
plant species. 

Sphaeralcea psoraloides (Psoralea 
globemallow) 

This species is found in zuckia ephedra 
communities at 4,000-6,000 ft. elevation. 
 
The study areas are above the elevation 
range for this species.  The vegetative types 
are very different. 
 
The proposed project will not impact this 
plant species. 

Talinum thompsonii (Thompson talinum) This species is found on silicious 
conglomeratic gravels in pinyon-juniper 
and ponderosa pine communities at 7,500 
ft. elevation. 
 
The study sites do not contain any silicious 
conglomeratic gravels. 
 
The proposed project will not impact this 
plant species. 
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Summary 
 

Total estimated disturbance for the 2015 drilling program is 7 acres. Disturbance from 
drilling activity is expected to be less than 1 acre per site for a total of 7 acres. 
Disturbance from access road improvements is estimated to be 3 acres. Currently four of 
the seven drilling locations will not require any additional surface disturbance to improve 
the access road or drill sites. The three remaining sites will be drilled using heliportable 
drill rigs and will not require the construction of access roads. Reclamation of all disturb 
areas will occur during the late fall of 2015. 
 
Drilling activities will necessitate disturbance to the vegetation in the areas.  The amount 
of disturbance will vary with drilling technique.  Some of the plant communities that will 
be impacted have been disturbed before, or are being disturbed at the current time 
whereas others were present in their native condition.  The plant communities where 
drilling is proposed were quantitatively sampled along with reference areas chosen to be 
used for final revegetation success standards.  Additionally, endangered, threatened, 
candidate and sensitive plant species know to occur in Sanpete and Emery counties will 
not be impacted by the proposed drilling action. 
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Appendix 1- Data Summary Tables for Drill Site 1 
	  

Drill Site 1                               2015 
Percent Cover and Percent Frequency by Species 

Species Name (Common Name) Mean 
Percent 
Cover 

Percent 
Frequency 

OVERSTORY   
Abies lasiocarpa (Subalpine Fir) 8 0.75 

   
UNDERSTORY   

GRASSES   
Achnatherum nelsonii (Columbia 

Needlegras) 
1.49 11 

Bromus marginatus (Mountain Brome) 1.72 10.25 
Carex (Carex spp.) 7.63 31 

Elymus canadensis (Canada Wildrye) 0.45 4.75 
Elymus trachycaulus (Slender Wheatgrass) 3.08 16.25 

Poa fendleriana (Muttongrass) 0.47 3 
Poa pratensis (Kentucky Bluegrass) 5.77 19.75 

   
FORBS   

Cirsium arvense (Canada Thistle) 3.77 13.25 
Equisetum variegatum (Variegated 

scouringrush) 
4.19 17.25 

Erigeron eatonii (Eaton’s Fleabane) 0.51 1.75 
Fragaria virginiana (Virginia Strawberry) 1.46 13.25 

Geranium richardsonii (Richardson’s 
Geranium) 

0.17 1.75 

Hackelia floribunda (Mayflower Stickseed) 2.12 10.25 
Hymenoxys hoopesii (Orange Sneezeweed) 2.98 15.75 

Lathyrus pauciflorus (Fewflower pea) 0.4 1.25 
Mertensia ciliate (Mountain Bluebell) 5.02 14.75 

Penstemon rydbergii (Rydberg’s 
Penstemon) 

3.8 20.25 

Phacelia sericea (Silky Phacelia) 0.8 5.5 
Potentilla gracilis (Slender Cinquefoil) 2.22 14.75 

Rudbeckia occidentalis (Western 
Coneflower) 

0.09 0.75 

Veratrum califonicum (California False 
Hellebore) 

0.28 0.25 

Vicia americana (American Vetch) 1.98 12.25 
   

TREES/SHRUBS   
Ribes montigenum (Gooseberry Currant) 5.73 14 

Sambucus racemosa (Red Elderberry) 0.14 0.75 
Symphoricarpos oreophilus (Mountain 

Snowberry) 
0.19 0.5 
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Drill Site 1                                2015 

Total Cover and Composition 
 Mean 

Percent 
cover 

TOTAL COVER  
Overstory Cover 8 

Understory Cover 56.46 
Litter 15 

Bareground 26.77 
Rock 1.77 

  
Total Living Cover 64.46 

  
% Composition  

Grasses 36.5 
Forbs 52.8 

Shrubs 10.7 
 
 

Drill Site 1                                2015 
Woody Species Density 

 Number/Acre 
SPECIES (COMMON NAME)  
Abies lasiocarpa (Subalpine Fir) 20.3 

Ribes montigenum (Gooseberry Currant) 11.6 
Sambucus racemosa (Red Elderberry) 5.8 
Symphoricarpos oreophilus (Mountain 

Snowberry) 
14.5 

  
TOTAL 51.9 
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Appendix 2- Data Summary Tables for Drill Site 1 Reference Site 
 

Drill Site 1 Reference Site                            2015 
Percent Cover and Percent Frequency by Species 

Species Name (Common Name) Mean 
Percent 
Cover 

Percent 
Frequency 

OVERSTORY   
Abies lasiocarpa (Subalpine Fir) 3 0.75 

   
UNDERSTORY   

GRASSES   
Achnatherum nelsonii (Columbia 

Needlegras) 
0.3 1.75 

Bromus marginatus (Mountain Brome) 7.54 37 
Carex (Carex spp.) 12.86 42.75 

Elymus canadensis (Canada Wildrye) 1.14 4.25 
Elymus trachycaulus (Slender Wheatgrass) 2.06 15.25 

Melica spectabilis (Purple Oniongrass) 0.13 0.75 
Muhlenbergia richardsoni (Mat Muhly) 0.82 6.75 

Poa fendleriana (Muttongrass) 1.94 8 
Poa pratensis (Kentucky Bluegrass) 2.11 9.75 

   
FORBS   

Achillea millefolium (Common Yarrow) 0.03 0.75 
Fragaria virginiana (Virginia Strawberry) 1.86 15.5 

Geranium richardsonii (Richardson’s 
Geranium) 

0.18 1.75 

Hackelia floribunda (Mayflower Stickseed) 4.34 18 
Hymenoxys hoopesii (Orange Sneezeweed) 0.95 4.75 

Mertensia ciliate (Mountain Bluebell) 11.42 35.75 
Penstemon rydbergii (Rydberg’s 

Penstemon) 
2.76 17 

Phacelia sericea (Silky Phacelia) 0.3 2.25 
Potentilla gracilis (Slender Cinquefoil) 3.41 24.75 

Rudbeckia occidentalis (Western 
Coneflower) 

0.52 1.75 

Vicia americana (American Vetch) 0.52 5.75 
   

TREES/SHRUBS   
Ribes montigenum (Gooseberry Currant) 1.77 9 

Sambucus racemosa (Red Elderberry) 0.04 1 
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Drill Site 1 Reference Site                               2015 
Total Cover and Composition 

 Mean 
Percent 
cover 

TOTAL COVER  
Overstory Cover 3 

Understory Cover 57 
Litter 29 

Bareground 14 
Rock 0 

  
Total Living Cover 60 

  
% Composition  

Grasses 50.7 
Forbs 46.1 

Shrubs 3.2 
 
 

Drill Site 1 Reference Site                              2015 
Woody Species Density 

 Number/Acre 
SPECIES (COMMON NAME)  
Abies lasiocarpa (Subalpine Fir) 8.7 

Ribes montigenum (Gooseberry Currant) 17.4 
Sambucus racemosa (Red Elderberry) 14.5 

  
TOTAL 40.6 
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Appendix 3- Data Summary Tables for Drill Site 2 
	  

Drill Site 2                               2015 
Percent Cover and Percent Frequency by Species 

Species Name (Common Name) Mean 
Percent 
Cover 

Percent 
Frequency 

OVERSTORY   
Abies lasiocarpa (Subalpine Fir) 16.2 1.5 

Populus tremuloides (Quaking Aspen) 1.2 1.75 
   

UNDERSTORY   
GRASSES   

Bromus anomalus (Nodding Brome) 2.5 16.5 
Bromus marginatus (Mountain Brome) 3.8 22.5 

Carex (Carex spp.) 2.18 13 
Dactylis glomerata (Orchardgrass) 0.3 0.75 

Elymus canadensis (Canada Wildrye) 8.86 37 
Elymus trachycaulus (Slender Wheatgrass) 0.84 8.25 

Melica spectabilis (Purple Oniongrass) 0.86 0.5 
Phleum pratensis (Timothy) 0.69 37 

Poa pratensis (Kentucky Bluegrass) 0.26 1.5 
   

FORBS   
Achillea millefolium (Common Yarrow) 0.32 4.75 

Delphinium occidentale (Western Larkspur) 0.22 2.25 
Fragaria virginiana (Virginia Strawberry) 0.39 4.75 

Hackelia floribunda (Mayflower Stickseed) 0.34 1.75 
Hymenoxys hoopesii (Orange Sneezeweed) 1.26 10.5 

Lathyrus pauciflorus (Fewflower pea) 2.37 20.25 
Lupinus alpestris (Great Basin Lupine) 3.85 23.5 
Mertensia ciliate (Mountain Bluebell) 4.97 20 

Penstemon cyananthus (Wasatch 
Beardtongue) 

0.5 0.5 

Phacelia sericea (Silky Phacelia) 0.31 1.75 
Rudbeckia occidentalis (Western 

Coneflower) 
0.26 1.25 

Solidago canadensis (Canada Goldenrod) 0.07 0.75 
Taraxacum officinale (Common Dandelion) 0.04 0.75 
Thalictrum fendleri (Fendler’s Medow-rue) 0.97 14.25 

   
TREES/SHRUBS   

Ribes montigenum (Gooseberry Currant) 4.84 19.75 
Sambucus racemosa (Red Elderberry) 0.3 1.5 
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Drill Site 2                               2015 
Total Cover and Composition 

 Mean 
Percent 
cover 

TOTAL COVER  
Overstory Cover 17.4 

Understory Cover 41.3 
Litter 37.4 

Bareground 21.3 
Rock 0 

  
Total Living Cover 58.7 

  
% Composition  

Grasses 49.1 
Forbs 38.4 

Shrubs 12.5 
 
 

Drill Site 2                                2015 
Woody Species Density 

 Number/Acre 
SPECIES (COMMON NAME)  
Abies lasiocarpa (Subalpine Fir) 29 

Populus tremuloides (Quaking Aspen) 8.7 
Ribes montigenum (Gooseberry Currant) 11.6 

Sambucus racemosa (Red Elderberry) 20.3 
  

TOTAL 69.6 
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Appendix 4- Data Summary Tables for Drill Site 2 Reference Site 
 

Drill Site 2 Reference Site                               2015 
Percent Cover and Percent Frequency by Species 

Species Name (Common Name) Mean 
Percent 
Cover 

Percent 
Frequency 

OVERSTORY   
Abies lasiocarpa (Subalpine Fir) 11 1 

Populus tremuloides (Quaking Aspen) 2.4 5.5 
   

UNDERSTORY   
GRASSES   

Bromus anomalus (Nodding Brome) 2 17.25 
Bromus marginatus (Mountain Brome) 2.39 15.5 

Carex (Carex spp.) 5.94 29.75 
Dactylis glomerata (Orchardgrass) 0.86 0.25 

Elymus canadensis (Canada Wildrye) 11.95 46.5 
Elymus trachycaulus (Slender Wheatgrass) 1.2 6.75 

   
FORBS   

Achillea millefolium (Common Yarrow) 0.26 3.75 
Delphinium occidentale (Western Larkspur) 0.04 0.25 
Fragaria virginiana (Virginia Strawberry) 0.56 5 

Hackelia floribunda (Mayflower Stickseed) 0.22 1.75 
Heliomeris multiflora (Showy Goldeneye) 0.3 1.75 
Hymenoxys hoopesii (Orange Sneezeweed) 0.34 1.5 

Lathyrus pauciflorus (Fewflower pea) 6.79 34.75 
Lupinus alpestris (Great Basin Lupine) 2.6 15.25 
Mertensia ciliate (Mountain Bluebell) 4.4 27.5 

Penstemon cyananthus (Wasatch 
Beardtongue) 

0.17 1.5 

Phacelia sericea (Silky Phacelia) 0.27 1.25 
Rudbeckia occidentalis (Western 

Coneflower) 
0.26 1 

Solidago canadensis (Canada Goldenrod) 0.13 0.75 
Taraxacum officinale (Common Dandelion) 0.05 1.5 
Thalictrum fendleri (Fendler’s Medow-rue) 1.39 14.25 

   
TREES/SHRUBS   

Ribes montigenum (Gooseberry Currant) 3.42 14 
Sambucus racemosa (Red Elderberry) 0.89 2.25 
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Drill Site 2 Reference Site                                            2015 
Total Cover and Composition 

 Mean 
Percent 
cover 

TOTAL COVER  
Overstory Cover 13.4 

Understory Cover 46.43 
Litter 32.78 

Bareground 20.79 
Rock 0 

  
Total Living Cover 59.83 

  
% Composition  

Grasses 52.4 
Forbs 38.3 

Shrubs 9.3 
 
 

Drill Site 2 Reference Site                               2015 
Woody Species Density 

 Number/Acre 
SPECIES (COMMON NAME)  
Abies lasiocarpa (Subalpine Fir) 34.8 

Populus tremuloides (Quaking Aspen) 17.4 
Ribes montigenum (Gooseberry Currant) 20.3 

Sambucus racemosa (Red Elderberry) 23.2 
  

TOTAL 95.7 
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Appendix 5- Data Summary Tables for Drill Site 3 
	  

Drill Site 3                               2015 
Percent Cover and Percent Frequency by Species 

Species Name (Common Name) Mean 
Percent 
Cover 

Percent 
Frequency 

UNDERSTORY   
GRASSES   

Achnatherum nelsonii (Columbia 
Needlegras) 

0.23 2.5 

Bromus anomalus (Nodding Brome) 0.77 5.75 
Bromus marginatus (Mountain Brome) 4.72 27.25 

Carex (Carex spp.) 7.69 34.5 
Dactylis glomerata (Orchardgrass) 2.07 10.5 

Elymus canadensis (Canada Wildrye) 14.78 57.75 
Elymus trachycaulus (Slender Wheatgrass) 0.49 2 

Muhlenbergia richardsoni (Mat Muhly) 1.05 6.75 
Phleum alpinum (Alpine Timothy) 0.04 0.5 

   
FORBS   

Achillea millefolium (Common Yarrow) 1.10 16 
Cirsium arvense (Canada Thistle) 0.15 1.5 

Erigeron eatonii (Eaton’s Fleabane) 0.35 3.5 
Fragaria virginiana (Virginia Strawberry) 0.16 2.75 

Geranium richardsonii (Richardson’s 
Geranium) 

0.9 6.75 

Hackelia floribunda (Mayflower Stickseed) 2.09 7.75 
Hymenoxys hoopesii (Orange Sneezeweed) 0.57 6.25 

Lathyrus pauciflorus (Fewflower pea) 1.39 14.25 
Lupinus alpestris (Great Basin Lupine) 1.53 11 
Mertensia ciliate (Mountain Bluebell) 2.17 10 

Phacelia sericea (Silky Phacelia) 2.12 14 
Potentilla gracilis (Slender Cinquefoil) 0.39 4 

Rudbeckia occidentalis (Western 
Coneflower) 

1.22 9.5 

Thalictrum fendleri (Fendler’s Medow-rue) 0.23 2.75 
   

TREES/SHRUBS   
Ribes montigenum (Gooseberry Currant) 0.39 1.75 
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Drill Site 3                                2015 
Total Cover and Composition 

 Mean 
Percent 
cover 

TOTAL COVER  
Overstory Cover 0 

Understory Cover 46.6 
Litter 24.1 

Bareground 28 
Rock 1.3 

  
Total Living Cover 46.6 

  
% Composition  

Grasses 68.3 
Forbs 30.7 

Shrubs 0.8 
 
 

Drill Site 3                                2015 
Woody Species Density 

 Number/Acre 
SPECIES (COMMON NAME)  

Ribes montigenum (Gooseberry Currant) 5.8 
  

TOTAL 5.8 
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Appendix 6- Data Summary Tables for Drill Site 3 Reference Site 
 

Drill Site 3 Reference                               2015 
Percent Cover and Percent Frequency by Species 

Species Name (Common Name) Mean 
Percent 
Cover 

Percent 
Frequency 

OVERSTORY   
Abies lasiocarpa (Subalpine Fir) 1 0.25 

Populus tremuloides (Quaking Aspen) 17 1.25 
   

UNDERSTORY   
GRASSES   

Achnatherum nelsonii (Columbia 
Needlegras) 

0.71 5.75 

Bromus marginatus (Mountain Brome) 13.54 65.5 
Carex (Carex spp.) 11.57 37.75 

Elymus canadensis (Canada Wildrye) 7.53 32.5 
Elymus trachycaulus (Slender Wheatgrass) 0.56 6.5 

Melica spectabilis (Purple Oniongrass) 0.15 1.75 
Poa pratensis (Kentucky Bluegrass) 1.3 10 

   
FORBS   

Achillea millefolium (Common Yarrow) 0.07 1 
Carduus nutans (Musk Thistle) 0.07 0.5 
Descurainia incana (Mountain 

Tansymstard) 
0.16 3.25 

Erigeron eatonii (Eaton’s Fleabane) 0.28 3 
Fragaria virginiana (Virginia Strawberry) 0.04 0.25 

Hackelia floribunda (Mayflower Stickseed) 3.1 19.25 
Hymenoxys hoopesii (Orange Sneezeweed) 0.35 2.75 

Lathyrus pauciflorus (Fewflower pea) 10.35 66.5 
Mertensia ciliate (Mountain Bluebell) 0.39 1.25 

Phacelia sericea (Silky Phacelia) 0.04 1 
Rudbeckia occidentalis (Western 

Coneflower) 
2.2 13.25 

Thalictrum fendleri (Fendler’s Medow-rue) 0.14 0.75 
   

TREES/SHRUBS   
Ribes montigenum (Gooseberry Currant) 0.11 0.25 

Sambucus racemosa (Red Elderberry) 0.51 3.25 
Symphoricarpos oreophilus (Mountain 

Snowberry) 
0.07 0.25 
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Drill Site 3 Reference Site                               2015 
Total Cover and Composition 

 Mean Percent 
cover 

TOTAL COVER  
Overstory Cover 18 

Understory Cover 61 
Litter 11 

Bareground 28 
Rock 0 

  
Total Living Cover 79 

  
% Composition  

Grasses 58 
Forbs 41.8 

Shrubs 0.2 
 
 

Drill Site 3 Reference Site                              2015 
Woody Species Density 

 Number/Acre 
SPECIES (COMMON NAME)  
Abies lasiocarpa (Subalpine Fir) 5.8 

Populus tremuloides (Quaking Aspen) 34.8 
Ribes montigenum (Gooseberry Currant) 5.8 

Sambucus racemosa (Red Elderberry) 31.9 
Symphoricarpos oreophilus (Mountain 

Snowberry) 
2.9 

  
TOTAL 81.2 
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Appendix 7- Data Summary Tables for Drill Site 4 
	  

Drill Site 4                               2015 
Percent Cover and Percent Frequency by Species 

Species Name (Common Name) Mean 
Percent 
Cover 

Percent 
Frequency 

OVERSTORY   
Abies lasiocarpa (Subalpine Fir) 9 0.25 

   
UNDERSTORY   

GRASSES   
Bromus marginatus (Mountain Brome) 4.57 28.5 

Carex (Carex spp.) 7.3 22.25 
Elymus canadensis (Canada Wildrye) 12.93 56.75 

Elymus trachycaulus (Slender Wheatgrass) 1.68 13.25 
Melica spectabilis (Purple Oniongrass) 0.03 1 
Muhlenbergia richardsoni (Mat Muhly) 0.05 1.25 

Phleum pratensis (Timothy) 0.61 6.25 
   

FORBS   
Achillea millefolium (Common Yarrow) 0.48 8 
Agastache urticifolia (Nettleleaf Giant 

Hyssop) 
0.03 0.75 

Carduus nutans (Musk Thistle) 0.16 1.25 
Delphinium occidentale (Western Larkspur) 0.35 2.5 
Fragaria virginiana (Virginia Strawberry) 0.41 6 

Hackelia floribunda (Mayflower Stickseed) 0.64 8.25 
Hymenoxys hoopesii (Orange Sneezeweed) 1.61 12.75 

Lathyrus pauciflorus (Fewflower pea) 2.54 20.25 
Lupinus alpestris (Great Basin Lupine) 0.67 5.25 
Mertensia ciliate (Mountain Bluebell) 0.01 0.5 

Penstemon cyananthus (Wasatch 
Beardtongue) 

0.04 0.75 

Phacelia sericea (Silky Phacelia) 0.13 2.5 
Rudbeckia occidentalis (Western 

Coneflower) 
2.23 9.5 

Solidago canadensis (Canada Goldenrod) 0.36 2 
Taraxacum officinale (Common Dandelion) 0.47 6.25 
Thalictrum fendleri (Fendler’s Medow-rue) 2.09 26 

Utica dioica (Stinging Nettle) 0.07 1.25 
   

TREES/SHRUBS   
Ribes montigenum (Gooseberry Currant) 1.69 5.5 

Sambucus racemosa (Red Elderberry) 2.9 8.5 
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Drill Site 4                               2015 
Total Cover and Composition 

 Mean 
Percent 
cover 

TOTAL COVER  
Overstory Cover 9 

Understory Cover 44.65 
Litter 33.35 

Bareground 22 
Rock  

  
Total Living Cover 53.65 

  
% Composition  

Grasses 62.2 
Forbs 27.5 

Shrubs 10.3 
 
 

Drill Site 4                                2015 
Woody Species Density 

 Number/Acre 
SPECIES (COMMON NAME)  
Abies lasiocarpa (Subalpine Fir) 17.4 

Ribes montigenum (Gooseberry Currant) 23.6 
Sambucus racemosa (Red Elderberry) 31.5 

  
TOTAL 72.5 
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Appendix 8- Data Summary Tables for Drill Site 4 Reference Site 
 

Drill Site 4 Reference Site                               2015 
Percent Cover and Percent Frequency by Species 

Species Name (Common Name) Mean 
Percent 
Cover 

Percent 
Frequency 

OVERSTORY   
Abies lasiocarpa (Subalpine Fir) 3 0.25 

Populus tremuloides (Quaking Aspen) 6 0.5 
   

UNDERSTORY   
GRASSES   

Achnatherum nelsonii (Columbia 
Needlegras) 

0.04 1 

Bromus marginatus (Mountain Brome) 8.72 50.25 
Carex (Carex spp.) 3.3 13.75 

Elymus canadensis (Canada Wildrye) 9.56 46.25 
Elymus trachycaulus (Slender Wheatgrass) 4.12 30.5 

Melica spectabilis (Purple Oniongrass) 0.27 2.5 
Phleum pratensis (Timothy) 0.23 2 

Poa pratensis (Kentucky Bluegrass) 0.47 3.75 
   

FORBS   
Achillea millefolium (Common Yarrow) 2.27 12.25 
Agastache urticifolia (Nettleleaf Giant 

Hyssop) 
0.11 1.75 

Delphinium occidentale (Western Larkspur) 0.34 2.5 
Erigeron eatonii (Eaton’s Fleabane) 0.02 0.75 

Fragaria virginiana (Virginia Strawberry) 0.21 2.75 
Hackelia floribunda (Mayflower Stickseed) 2.41 13.25 
Hymenoxys hoopesii (Orange Sneezeweed) 2.01 17.25 

Lathyrus pauciflorus (Fewflower pea) 2.58 18.5 
Lupinus alpestris (Great Basin Lupine) 2.21 12 
Mertensia ciliate (Mountain Bluebell) 0.06 1.25 

Penstemon cyananthus (Wasatch 
Beardtongue) 

0.06 0.5 

Phacelia sericea (Silky Phacelia) 0.51 3.75 
Rudbeckia occidentalis (Western 

Coneflower) 
1.54 8.25 

Solidago canadensis (Canada Goldenrod) 0.39 1.25 
Taraxacum officinale (Common Dandelion) 0.07 1.5 
Thalictrum fendleri (Fendler’s Medow-rue) 1.89 23.25 

   
TREES/SHRUBS   

Ribes montigenum (Gooseberry Currant) 2.15 12.25 
Sambucus racemosa (Red Elderberry) 4.37 13.25 
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Drill Site 4 Reference Site                               2015 
Total Cover and Composition 

 Mean Percent 
cover 

TOTAL COVER  
Overstory Cover 9 

Understory Cover 50 
Litter 29 

Bareground 21 
Rock  

  
Total Living Cover 59 

  
% Composition  

Grasses 53.4 
Forbs 33.2 

Shrubs 13.4 
 
 

Drill Site 4 Reference Site                              2015 
Woody Species Density 

 Number/Acre 
SPECIES (COMMON NAME)  
Abies lasiocarpa (Subalpine Fir) 14.5 

Populus tremuloides (Quaking Aspen) 2.9 
Ribes montigenum (Gooseberry Currant) 36.4 

Sambucus racemosa (Red Elderberry) 52.5 
  

TOTAL 106.3 
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Appendix 9- Data Summary Tables for Drill Site 5 
	  

Drill Site 5                               2015 
Percent Cover and Percent Frequency by Species 

Species Name (Common Name) Mean 
Percent 
Cover 

Percent 
Frequency 

UNDERSTORY   
GRASSES   

Achnatherum lettermanii (Letterman’s 
Needlegrass) 

1.10 22.25 

Bromus marginatus (Mountain Brome) 0.1 3.5 
Carex (Carex spp.) 2.26 31.25 

Elymus lanceolatus (Thickspike 
Wheatgrass) 

0.33 8.25 

Poa fendleriana (Muttongrass) 1.1 22.25 
Poa pratensis (Kentucky Bluegrass) 9.58 78 

   
FORBS   

Achillea millefolium (Common Yarrow) 0.18 7 
Antennaria (Pussytoes) 0.05 1 

Carduus nutans (Musk Thistle) 0.03 0.75 
Equisetum arvense (Field Horsetail) 0.03 1 
Erigeron eatonii (Eaton’s Fleabane) 0.03 1 

Hymenoxys hoopesii (Orange Sneezeweed) 0.51 13.25 
Melilotus officinalis (Sweetclover) 0.06 5.75 

Orthocarus tolmiei (Tolmie’s Owl’s-clover) 0.55 14.75 
Penstemon rydbergii (Rydberg’s 

Penstemon) 
0.68 10 

Phlox austromontana (Mountain Phlox) 0.61 9 
Potentilla gracilis (Slender Cinquefoil) 0.21 4.25 

   
TREES/SHRUBS   

Artemisia cana (Silver Sagebrush) 0.1 0.75 
Artemisia tridentata vaseyana (Mountain 

Big Sagebrush) 
32.9 38 

Chrysothamnus viscidiflorus (Yellow 
Rabbitbrush) 

4 1.5 

Dasiphora fruticosa (Shrubby Cinquefoil) 0.7 1.75 
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Drill Site 5                               2015 
Total Cover and Composition 

 Mean 
Percent 
cover 

TOTAL COVER  
Overstory Cover 0 

Understory Cover 54 
Litter 3 

Bareground 37 
Rock 6 

  
Total Living Cover 54 

  
% Composition  

Grasses 25.8 
Forbs 4.4 

Shrubs 69.8 
 
 

Drill Site 5                                2015 
Woody Species Density 

 Number/Acre 
SPECIES (COMMON NAME)  

Artemisia cana (Silver Sagebrush) 3.6 
Artemisia tridentata vaseyana (Mountain 

Big Sagebrush) 
473.7 

Chrysothamnus viscidiflorus (Yellow 
Rabbitbrush) 

7.9 

Dasiphora fruticosa (Shrubby Cinquefoil) 9.2 
  

TOTAL 494.4 
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Appendix 10- Data Summary Tables for Drill Site 5 Reference Site 
 

Drill Site 5 Reference Site                               2015 
Percent Cover and Percent Frequency by Species 

Species Name (Common Name) Mean 
Percent 
Cover 

Percent 
Frequency 

UNDERSTORY   
GRASSES   

Achnatherum lettermanii (Letterman’s 
Needlegrass) 

1.61 15.25 

Carex (Carex spp.) 8.32 78.25 
Elymus lanceolatus (Thickspike 

Wheatgrass) 
0.34 4.5 

Poa fendleriana (Muttongrass) 0.12 0.75 
Poa pratensis (Kentucky Bluegrass) 10.58 79.5 

   
FORBS   

Achillea millefolium (Common Yarrow) 0.56 13.25 
Antennaria (Pussytoes) 0.2 3.25 

Carduus nutans (Musk Thistle) 0.08 1.75 
Crepis acuminate (TapertipHawksbeard) 0.04 0.75 

Erigeron eatonii (Eaton’s Fleabane) 0.1 1.75 
Fragaria virginiana (Virginia Strawberry) 0.42 8 
Hymenoxys hoopesii (Orange Sneezeweed) 0.12 1.75 

Melilotus officinalis (Sweetclover) 0.01 0.75 
Orthocarus tolmiei (Tolmie’s Owl’s-clover) 0.33 8 

Penstemon rydbergii (Rydberg’s 
Penstemon) 

2.22 22.75 

Phlox austromontana (Mountain Phlox) 0.57 9.25 
Potentilla gracilis (Slender Cinquefoil) 0.56 11.25 

Taraxacum officinale (Common Dandelion) 0.02 1 
   

TREES/SHRUBS   
Artemisia tridentata vaseyana (Mountain 

Big Sagebrush) 
28.6 29.25 

Dasiphora fruticosa (Shrubby Cinquefoil) 1.2 0.75 
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Drill Site 5 Reference Site                               2015 
Total Cover and Composition 

 Mean 
Percent 
cover 

TOTAL COVER  
Overstory Cover 0 

Understory Cover 56 
Litter 5 

Bareground 36 
Rock 3 

  
Total Living Cover 56 

  
% Composition  

Grasses 37.4 
Forbs 9.4 

Shrubs 53.2 
 
 

Drill Site 5 Reference Site                               2015 
Woody Species Density 

 Number/Acre 
SPECIES (COMMON NAME)  

Artemisia tridentata vaseyana (Mountain 
Big Sagebrush) 

467.5 

Dasiphora fruticosa (Shrubby Cinquefoil) 26.3 
  

TOTAL 512.8 
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Appendix 11- Data Summary Tables for Drill Site 6 
	  

Drill Site 6                               2015 
Percent Cover and Percent Frequency by Species 

Species Name (Common Name) Mean 
Percent 
Cover 

Percent 
Frequency 

OVERSTORY   
Abies lasiocarpa (Subalpine Fir) 3.4 4.25 

Populus tremuloides (Quaking Aspen) 12 2.25 
   

UNDERSTORY   
GRASSES   

Achnatherum nelsonii (Columbia 
Needlegras) 

0.04 0.75 

Achnatherum thurberianum (Thurber’s 
Needlegrss) 

0.08 0.5 

Bromus marginatus (Mountain Brome) 13.35 52.25 
Carex (Carex spp.) 3.47 17.25 

Elymus canadensis (Canada Wildrye) 6.48 33.5 
Elymus trachycaulus (Slender Wheatgrass) 1.57 14.5 

Melica spectabilis (Purple Oniongrass) 0.61 5.5 
Muhlenbergia richardsoni (Mat Muhly) 0.04 0.75 

Poa fendleriana (Muttongrass) 0.04 0.5 
Poa pratensis (Kentucky Bluegrass) 5.13 27 

   
FORBS   

Achillea millefolium (Common Yarrow) 2.57 32 
Carduus nutans (Musk Thistle) 0.14 2.5 

Crepis acuminate (Tapertip Hawksbeard) 0.1 1.5 
Hymenoxys hoopesii (Orange Sneezeweed) 4.89 34.75 

Lathyrus pauciflorus (Fewflower pea) 11.25 52.75 
Potentilla gracilis (Slender Cinquefoil) 0.02 0.75 

Rudbeckia occidentalis (Western 
Coneflower) 

1.68 7.5 

Taraxacum officinale (Common Dandelion) 0.37 7 
Thalictrum fendleri (Fendler’s Medow-rue) 0.17 3.5 

   
TREES/SHRUBS   
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Drill Site 6                               2015 
Total Cover and Composition 

 Mean 
Percent 
cover 

TOTAL COVER  
Overstory Cover 15.4 

Understory Cover 52 
Litter 27 

Bareground 21 
Rock  

  
Total Living Cover 67.4 

  
% Composition  

Grasses 59.3 
Forbs 37.5 

Shrubs 3.2 
 
 

Drill Site 6                                2015 
Woody Species Density 

 Number/Acre 
SPECIES (COMMON NAME)  
Abies lasiocarpa (Subalpine Fir) 14.5 

Populus tremuloides (Quaking Aspen) 29 
  

TOTAL 43.5 
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Appendix 12- Data Summary Tables for Drill Site 6 Reference Site 
 

Drill Site 6 Reference Site                              2015 
Percent Cover and Percent Frequency by Species 

Species Name (Common Name) Mean 
Percent 
Cover 

Percent 
Frequency 

OVERSTORY   
Abies lasiocarpa (Subalpine Fir) 0.2 0.75 

Populus tremuloides (Quaking Aspen) 15.4 1 
   

UNDERSTORY   
GRASSES   

Achnatherum nelsonii (Columbia 
Needlegras) 

.1 1.5 

Bromus marginatus (Mountain Brome) 9.12 53.5 
Carex (Carex spp.) 6.91 29.5 

Elymus canadensis (Canada Wildrye) 4.97 28.25 
Elymus trachycaulus (Slender Wheatgrass) 0.8 10.5 

Melica spectabilis (Purple Oniongrass) 0.07 1 
Muhlenbergia richardsoni (Mat Muhly) 0.04 0.25 

Poa pratensis (Kentucky Bluegrass) 7.83 48.5 
   

FORBS   
Achillea millefolium (Common Yarrow) 2.12 29.75 

Carduus nutans (Musk Thistle) 0.04 0.75 
Crepis acuminate (Tapertip Hawksbeard) 0.04 1 

Hymenoxys hoopesii (Orange Sneezeweed) 4.25 32.25 
Lathyrus pauciflorus (Fewflower pea) 12.48 64.5 

Penstemon cyananthus (Wasatch 
Beardtongue) 

0.01 0.5 

Potentilla gracilis (Slender Cinquefoil) 0.04 0.5 
Taraxacum officinale (Common Dandelion) 0.17 5.25 
Thalictrum fendleri (Fendler’s Medow-rue) 0.24 5 

   
TREES/SHRUBS   

Abies lasiocarpa (Subalpine Fir)  0.75 
Artemisia tridentata vaseyana (Mountain 

Big Sagebrush) 
4.73 7 

Populus tremuloides (Quaking Aspen)  1 
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Drill Site 6 Reference Site                               2015 
Total Cover and Composition 

 Mean 
Percent 
cover 

TOTAL COVER  
Overstory Cover 15.6 

Understory Cover 54 
Litter 26 

Bareground 20 
Rock  

  
Total Living Cover 69.6 

  
% Composition  

Grasses 55.3 
Forbs 35.9 

Shrubs 8.8 
 
 

Drill Site 6 Reference Site                               2015 
Woody Species Density 

 Number/Acre 
SPECIES (COMMON NAME)  
Abies lasiocarpa (Subalpine Fir) 2.9 

Artemisia tridentata vaseyana (Mountain 
Big Sagebrush) 

8.7 

Populus tremuloides (Quaking Aspen) 17.4 
  

TOTAL 17.4 
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Appendix 13- Data Summary Tables for Drill Site 7 
	  

Drill Site 7                               2015 
Percent Cover and Percent Frequency by Species 

Species Name (Common Name) Mean 
Percent 
Cover 

Percent 
Frequency 

OVERSTORY   
Abies lasiocarpa (Subalpine Fir) 17.2 3.25 

   
UNDERSTORY   

GRASSES   
Bromus anomalus (Nodding Brome) 1 1.75 

Bromus marginatus (Mountain Brome) 1.1 5 
Carex (Carex spp.) 7.23 29.5 

Elymus canadensis (Canada Wildrye) 20.87 64 
Muhlenbergia richardsoni (Mat Muhly) 0.33 3 

Phleum alpinum (Alpine Timothy) 0.05 0.5 
Phleum pratensis (Timothy) 1.1 5.25 

Poa pratensis (Kentucky Bluegrass) 4.55 15.5 
   

FORBS   
Achillea millefolium (Common Yarrow) 2.62 19.75 

Carduus nutans (Musk Thistle) 0.05 0.75 
Fragaria virginiana (Virginia Strawberry) 0.89 7.25 

Geranium richardsonii (Richardson’s 
Geranium) 

0.25 1.75 

Hackelia floribunda (Mayflower Stickseed) 0.1 1 
Hymenoxys hoopesii (Orange Sneezeweed) 0.52 4.5 

Lathyrus pauciflorus (Fewflower pea) 7.87 36.5 
Lupinus alpestris (Great Basin Lupine) 2.63 9.75 

Penstemon cyananthus (Wasatch 
Beardtongue) 

0.03 0.75 

Phacelia sericea (Silky Phacelia) 0.2 0.25 
Rudbeckia occidentalis (Western 

Coneflower) 
1.05 4.5 

Solidago canadensis (Canada Goldenrod) 0.2 0.75 
Taraxacum officinale (Common Dandelion) 0.98 10.5 
Thalictrum fendleri (Fendler’s Medow-rue) 1.23 10.25 

   
TREES/SHRUBS   

Ribes montigenum (Gooseberry Currant) 0.45 2.5 
Sambucus racemosa (Red Elderberry) 0.7 2 
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Drill Site 7                               2015 
Total Cover and Composition 

 Mean 
Percent 
cover 

TOTAL COVER  
Overstory Cover 17.2 

Understory Cover 56 
Litter 28 

Bareground 16 
Rock  

  
Total Living Cover 73.2 

  
% Composition  

Grasses 64.7 
Forbs 33.3 

Shrubs 2 
 
 

Drill Site 7                                2015 
Woody Species Density 

 Number/Acre 
SPECIES (COMMON NAME)  
Abies lasiocarpa (Subalpine Fir) 40.6 

Ribes montigenum (Gooseberry Currant) 20.3 
Sambucus racemosa (Red Elderberry) 9.2 

  
TOTAL 70.1 
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Appendix 14- Data Summary Tables for Drill Site 7 Reference Site 
 

Drill Site 7 Reference Site                               2015 
Percent Cover and Percent Frequency by Species 

Species Name (Common Name) Mean 
Percent 
Cover 

Percent 
Frequency 

OVERSTORY   
Abies lasiocarpa (Subalpine Fir) 19 3.5 

   
UNDERSTORY   

GRASSES   
Achnatherum nelsonii (Columbia 

Needlegras) 
0.04 0.75 

Bromus anomalus (Nodding Brome) 1.92 10.25 
Bromus marginatus (Mountain Brome) 1 4.5 

Carex (Carex spp.) 6.8 33.25 
Elymus canadensis (Canada Wildrye) 22.4 75 

Melica spectabilis (Purple Oniongrass) 0.12 1.25 
Phleum pratensis (Timothy) 0.16 1.5 

   
FORBS   

Achillea millefolium (Common Yarrow) 2.11 26 
Fragaria virginiana (Virginia Strawberry) 1.53 14 

Geranium richardsonii (Richardson’s 
Geranium) 

0.29 3 

Hackelia floribunda (Mayflower Stickseed) 0.12 2 
Heliomeris multiflora (Showy Goldeneye) 0.2 1.25 
Hymenoxys hoopesii (Orange Sneezeweed) 0.56 4 

Lathyrus pauciflorus (Fewflower pea) 11.13 53.75 
Lupinus alpestris (Great Basin Lupine) 3.69 17.5 

Phacelia sericea (Silky Phacelia) 0.04 0.25 
Rudbeckia occidentalis (Western 

Coneflower) 
0.36 1.25 

Taraxacum officinale (Common Dandelion) 0.25 4.5 
Thalictrum fendleri (Fendler’s Medow-rue) 1.8 21.25 

   
TREES/SHRUBS   

Abies lasiocarpa (Subalpine Fir)  3.5 
Ribes montigenum (Gooseberry Currant) 1.56 4.75 

Sambucus racemosa (Red Elderberry) 0.44 3.25 
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Drill Site 7 Reference Site                               2015 
Total Cover and Composition 

 Mean Percent 
cover 

TOTAL COVER  
Overstory Cover 19 

Understory Cover 58 
Litter 24 

Bareground 17 
Rock 1 

  
Total Living Cover 77 

  
% Composition  

Grasses 58.5 
Forbs 38.1 

Shrubs 3.4 
 
 

Drill Site 7 Reference Site                               2015 
Woody Species Density 

 Number/Acre 
SPECIES (COMMON NAME)  
Abies lasiocarpa (Subalpine Fir) 43.5 

Ribes montigenum (Gooseberry Currant) 20.3 
Sambucus racemosa (Red Elderberry) 6.3 

  
TOTAL 70.1 
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Appendix	  15-‐	  Photos	  of	  Drill	  Site	  1	  
	  

	  
Drill	  Site	  1	  Belt	  1	  

	  

	  
Drill	  Site	  1	  Belt	  2	  
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Drill	  Site	  1	  Belt	  3	  

	  

	  
Drill	  Site	  1	  Belt	  4	  
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Drill	  Site	  1	  Belt	  5	  
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Appendix	  16-‐	  Photos	  of	  Drill	  Site	  1	  Reference	  Site	  
	  

	  
Drill	  Site	  1	  Reference	  Belt	  1	  

	  

	  
Drill	  Site	  1	  Reference	  Belt	  2	  
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Drill	  Site	  1	  Reference	  Belt	  3	  

	  

	  
Drill	  Site	  1	  Reference	  Belt	  4	  
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Drill	  Site	  1	  Reference	  Belt	  5	  
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Appendix	  17-‐	  Photos	  of	  Drill	  Site	  2	  
	  

	  
Drill	  Site	  2	  Belt	  1	  

	  

	  
Drill	  Site	  2	  Belt	  2	  
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Drill	  Site	  2	  Belt	  3	  

	  

	  
Drill	  Site	  2	  Belt	  4	  
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Drill	  Site	  2	  Belt	  5	  
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Appendix	  18-‐	  Photos	  of	  Drill	  Site	  2	  Reference	  Site	  
	  

	  
Drill	  Site	  2	  Reference	  Belt	  1	  

	  
	  

	  
Drill	  Site	  2	  Reference	  Belt	  2	  
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Drill	  Site	  2	  Reference	  Belt	  3	  

	  

	  
Drill	  Site	  2	  Reference	  Belt	  4	  
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Drill	  Site	  2	  Reference	  Belt	  5	  
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Appendix	  19-‐	  Photos	  of	  Drill	  Site	  3	  

	  

	  
Drill	  Site	  3	  Belt	  1	  

	  

	  
Drill	  Site	  3	  Belt	  2	  
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Drill	  Site	  3	  Belt	  3	  

	  

	  
Drill	  Site	  3	  Belt	  4	  
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Drill	  Site	  3	  Belt	  5	  
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Appendix	  20-‐	  Photos	  of	  Drill	  Site	  3	  Reference	  Site	  
	  

	  
Drill	  Site	  3	  Reference	  Belt	  1	  

	  

	  
Drill	  Site	  3	  Reference	  Belt	  2	  
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Drill	  Site	  3	  Reference	  Belt	  3	  

	  

	  
Drill	  Site	  3	  Reference	  Belt	  4	  
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Drill	  Site	  3	  Reference	  Belt	  5	  
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Appendix	  21-‐	  Photos	  of	  Drill	  Site	  4	  
	  

	  
Drill	  Site	  4	  Belt	  1	  

	  

	  
Drill	  Site	  4	  Belt	  2	  
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Drill	  Site	  4	  Belt	  3	  

	  

	  
Drill	  Site	  4	  Belt	  4	  

	  
	  
	  
	  



	   73	  

	  

	  
Drill	  Site	  4	  Belt	  5	  
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Appendix	  22-‐	  Photos	  of	  Drill	  Site	  4	  Reference	  Site	  
	  

	  
Drill	  Site	  4	  Reference	  Belt	  1	  

	  

	  
Drill	  Site	  4	  Reference	  Belt	  2	  
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Drill	  Site	  4	  Reference	  Belt	  3	  

	  

	  
Drill	  Site	  4	  Reference	  Belt	  4	  
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Drill	  Site	  4	  Reference	  Belt	  5	  
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Appendix	  23-‐	  Photos	  of	  Drill	  Site	  5	  
	  

	  
Drill	  Site	  5	  Belt	  1	  

	  

	  
Drill	  Site	  5	  Belt	  2	  
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Drill	  Site	  5	  Belt	  3	  

	  

	  
Drill	  Site	  5	  Belt	  4	  
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Drill	  Site	  5	  Belt	  5	  
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Appendix	  24-‐	  Photos	  of	  Drill	  Site	  5	  Reference	  Site	  
	  

	  
Drill	  Site	  5	  Reference	  Belt	  1	  

	  

	  
Drill	  Site	  5	  Reference	  Belt	  2	  
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Drill	  Site	  5	  Reference	  Belt	  3	  

	  

	  
Drill	  Site	  5	  Reference	  Belt	  4	  
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Drill	  Site	  5	  Reference	  Belt	  5	  
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Appendix	  25-‐	  Photos	  of	  Drill	  Site	  6	  
	  

	  
Drill	  Site	  6	  Belt	  1	  

	  

	  
Drill	  Site	  6	  Belt	  2	  
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Drill	  Site	  6	  Belt	  3	  

	  

	  
Drill	  Site	  6	  Belt	  4	  
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Drill	  Site	  6	  Belt	  5	  
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Appendix	  26-‐	  Photos	  of	  Drill	  Site	  6	  Reference	  Site	  
	  

	  
Drill	  Site	  6	  Reference	  Belt	  1	  

	  

	  
Drill	  Site	  6	  Reference	  Belt	  2	  
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Drill	  Site	  6	  Reference	  Belt	  3	  

	  

	  
Drill	  Site	  6	  Reference	  Belt	  4	  
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Drill	  Site	  6	  Reference	  Belt	  5	  
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Appendix	  27-‐	  Photos	  of	  Drill	  Site	  7	  
	  

	  
Drill	  Site	  7	  Belt	  1	  

	  
	  

	  
Drill	  Site	  7	  Belt	  2	  

	  
	  



	   90	  

	  

	  
Drill	  Site	  7	  Belt	  3	  

	  

	  
Drill	  Site	  7	  Belt	  4	  
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Drill	  Site	  7	  Belt	  5	  
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Appendix	  28-‐	  Photos	  of	  Drill	  Site	  7	  Reference	  Site	  
	  

	  
Drill	  Site	  7	  Reference	  Belt	  1	  

	  

	  
Drill	  Site	  7	  Reference	  Belt	  2	  
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Drill	  Site	  7	  Reference	  Belt	  3	  

	  

	  
Drill	  Site	  7	  Reference	  Belt	  4	  
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Drill	  Site	  7	  Reference	  Belt	  5	  
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Appendix	  29-‐	  Study	  Area	  Maps	  

	  
Drill	  Site	  1	  and	  Drill	  Site	  1	  Reference	  Site	  

	  

	  
Drill	  Site	  2	  and	  Drill	  Site	  2	  Reference	  Site	  
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Drill	  Site	  3	  and	  Drill	  Site	  3	  Reference	  Site	  

	  

	  
Drill	  Site	  4	  and	  Drill	  Site	  4	  Reference	  Site	  
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Drill	  Site	  5	  and	  Drill	  Site	  5	  Reference	  Site	  

	  

	  
Drill	  Site	  6	  and	  Drill	  Site	  6	  Reference	  Site	  
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Drill	  Site	  7	  and	  Drill	  Site	  7	  Reference	  Site	  
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Appendix 30- UTM Coordinates of Reference Areas 
	  
	  
Drill	  1	  Reference	   0477575	  E	   4391748	  N	  
	  
Drill	  2	  Reference	   0477865	  E	   4391526	  N	  
	  
Drill	  3	  Reference	   0477529	  E	   4391215	  N	  
	  
Drill	  4	  Reference	   0477010	  E	   4389991	  N	  
	  
Drill	  5	  Reference	   0478707	  E	   4388177	  N	  
	  
Drill	  6	  Reference	  	   0479848	  E	   4386360	  N	  
	  
Drill	  7	  Reference	   0479055	  E	   4385515	  N	  
	  
	  



Technical Memorandum 

To:  Gregg Galecki 

         Environmental Engineer  

       Skyline Mine 

 

 Jeremiah Armstrong 

 Environmental Engineer 

 Skyline Mine 

 

From: Alpine Ecological 

 HC80 Box 570 

 Greenwich, UT 84732 

Date: 10/12/2015 

Re: Subsidence Area Vegetative Monitoring Protocol   

             

 

Background 

The techniques presented herein are a brief summary of the riparian vegetation monitoring protocol 

to be implemented prior to subsurface mining. The baseline data collected will be used to identify 

capability groups for greenline successional status, riparian successional status, and greenline bank 

stability. The full sampling methodology can be found in the Forest Service, Rocky Mountain 

Research Station’s General Technical Report RMRS-GTR-47 titled Monitoring the Vegetation 

Resources in Riparian Areas by Alma Winward (2000).   
 

Monitoring the Vegetation Resources in Riparian Areas 

 

Sampling sites will be identified within the potential subsidence area by using publicly available 

aerial imagery to ensure that community types within the potential subsidence area are included in 

the sample. Permanent transects will be established and samples of areas of streams will be taken 

prior to the potential subsidence.  Baseline sampling will include vegetation above the area of 

potential subsidence.  Data will include the following: 

1. Greenline sampling of a 363-foot section on either side of the stream.   

2. 5 perpendicular samples in the riparian areas of the sample site. 

 

Data gathered from these samples will be used to determine the following: 

1. Greenline successional status based on capability groups (Appendix A) 

2. Riparian successional status based on capability groups (Appendix A) 

3. Greenline bank stability (Appendix B) 

 

 

In the event diminished stream flows warrant follow-up vegetation monitoring, vegetative data will 

then be resampled on the permanent transect in the area of potential subsidence to determine if the 

potential subsidence has affected the vegetation along the stream.  If the values of any two of the 



three indices goes to a lower successional state or stability class (Appendix A & B) then a re-

inventory of above and below stream permanent transects will be conducted to determine if the 

changes are due to subsidence or to some other environmental change.   

 

Appendix A – Greenline and Riparian Successional Status Based on Capability Groups 

 

0-15 = Very Early 

16-40 = Early 

41-60 = Mid 

61-85 = Late 

85+ = Potential Natural Community 

 

Appendix B – Greenline Bank Stability Classes Based on Capability Groups 

1-2 = Very Low 

3-4 = Low 

5-6 = Mid 

7-8 = High 

9-10 = Excellent 
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RESULTS OF THE 2015 
GEOMORPHIC EVALUATION OF 

ECCLES CREEK 
 
 
 

CHAPTER 1 

INTRODUCTION 

 

 In early August 2001, the advancing face of the Skyline Mine encountered fractured 

sandstone, resulting in a significant inflow of water to the mine.  From early September 2001 

through July 2003, this water was discharged from the mine to Eccles Creek at rates ranging 

from about 7,000 and 10,000 gallons per minute (“gpm”), compared with an average discharge 

for the 30 months prior to August 2001 of about 1,500 gpm.  Except for a period of lower 

discharge (less than about 1,000 gpm) in the first two-thirds of 2004, the discharge from the 

mine since July 2003 has typically ranged from about 3,000 to 5,000 gpm. 

 

From 2001 through 2006, EarthFax Engineering conducted detailed evaluations of the 

impact of the mine-water discharge on geomorphic conditions in three reference reaches in 

Eccles Creek.  The purpose of this document is to present the results of data collection from the 

same reference reaches in September 2015 and to compare the current results with prior data. 
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CHAPTER 2 

FIELD DATA COLLECTION METHODS 

 

 The locations of reference sites previously established on Eccles Creek are shown on 

Figure 2-1.  Monitoring of the reference sites was conducted on September 23 and 30, 2015 in 

general conformance with the recommendations of Harrelson et al. (1994) and included the 

following: 

 

 Attempting to locate previously established benchmarks at each site.  It having been 
9 years since the last survey, soil and vegetation had accumulated over the 
benchmarks at each location,  In spite of lengthy attempts, including the use of a 
metal detector, only one benchmark could be located (at cross section EC-1).  
However, end stakes were found at each cross section, and the bases of these end 
stakes were used for comparing prior elevation data collected from each reference 
reach. 

 Photographing each site, as recommended by Harrelson et al. (1994), looking 
upstream, downstream, and across the channel at each cross section location (see 
Appendix A). 

 Locating previously established cross sections.  The endpoints of each cross 
section were previously marked with 4-foot long, 1/2-inch diameter steel reinforcing 
bars that were driven approximately 3.5 feet into the ground. 

 Surveying the channel cross section at each site.  A measuring tape was stretched 
between the cross section monuments and surveying was performed using a Sokkia 
survey level and rod.  Elevations were shot at each change in elevation (e.g., slope 
breaks, channel banks, etc.).  The readings were recorded in the field log book (see 
Appendix B). 

 Surveying the longitudinal profile at each site.  The profiles extended a distance of 
approximately 20 times the channel width (half upstream and half downstream from 
the cross section location).  Data were collected to indicate the elevation of the 
channel bottom at the thalweg, the water surface, and indications of bankfull stage.  
Measurements were collected on intervals approximately equal to the channel 
width.  Data were collected using a Leica Rugby 82 laser level with receiver and rod, 
with the location of the starting and endpoints being measured as noted above.  
Data readings were recorded in the field log book (see Appendix B). 
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CHAPTER 3 

RESULTS SUMMARY 

 

 Cross section and selected profile spreadsheets and drawings are provided in Appendix 

C.  These data were plotted for 2006 and 2015 to visually assess the effect of the mine 

discharge on geomorphic conditions within Eccles and Mud Creeks.  These plots are presented 

in Figures 3-1 through 3-9. 

 

In steep, cobble-bedded streams such as Eccles Creek, several of the survey 

measurements are subjective and difficult to replicate from year to year.  If the survey rod is set 

on top of a cobble one year and to the side of that cobble the next year, the apparent channel 

bottom may vary by several inches, even though no appreciable change has occurred.  

Furthermore, although cross section locations are fixed, the profile points are re-established 

each year as recommended by Harrelson et al. (1994), resulting in some variation in location 

from year to year.  Finally, some measurements (e.g., the location of bankfull stage) are highly 

subjective.  In Eccles Creek, which is cut into a steep canyon, it is frequently difficult to discern 

between the bankfull stage and the adjacent hillside.  All of these factors may contribute to 

reduced data quality within the survey area. 

 

Notwithstanding the survey difficulties noted above, Figures 3-1 through 3-3 indicate that 

the following conclusions can be drawn with respect to changes in the reference site profiles 

and cross-sections between 2006 and 2015: 

 

 All reaches were flowing at bankfull stage at the time of the September 2015 
survey.  Rosgen (1996) indicates that bankfull discharge is that discharge which 
is most effective in channel maintenance.  Hence, the rate at which mine water 
was discharging should not adversely affect channel stability and maintenance. 

 The channel has aggraded slightly since 2006 in portions of reaches EC-1 and 
EC-2, while aggradation was less evident in reach EC-3.  Much of this 
aggradation appeared to be the result of the natural accumulation of sediment 
upstream from deadfall.  Sediment has also naturally accumulated upstream 
from moss and other macrophytes that are growing on the deadfall, cobbles, and 
similar obstructions. 

 No areas of substantial stream-channel degradation or bank instability were 
noted in any of the reaches. 
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Thus, the 2015 survey data and visual observations of the reference reaches indicate that mine-

water discharges have not substantially impacted geomorphic conditions in Eccles Creek. 
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CHAPTER 4 
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UC 794-23

FIGURE 3-1.  EC-1 CROSS-SECTION AND PROFILES
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UC794-23

FIGURE 3-2.  EC-2 CROSS-SECTION AND PROFILES
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UC794-23

FIGURE 3-3.  EC-3 CROSS-SECTION AND PROFILES
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APPENDIX A 
 

Reference Site Photographs 
  



 
EC-1 cross section 

 

 

 
EC-1 upstream view 



 
EC-1 downstream view 

 

 
EC-2 cross section 



 
EC-2 lower upstream view 

 

 

 
EC-2 upper upstream view 



 
EC-2 upper downstream view 

 

 

 
EC-2 lower downstream view 



 
EC-3 cross section 

 

 

 
EC-3 lower upstream view 



 
EC-3 upper upstream view 

 

 

 
EC-3 downstream view 
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APPENDIX B 
 

Copy of Field Log Book 
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APPENDIX C 
 

Survey Tabulations with 
Individual Cross Section and Profile Drawings 



Profile: EC-1

Benchmark elevation (ft): 8499.13 Survey date: 9/23/2015
Rod reading at benchmark (ft): 3.85

Station Rod Reading Elevation Rod Reading Elevation Elev change Distance Slope (fraction) Rod Reading Elevation
0 1.00 8501.98 2.72 8500.26 1.00 8501.98

10 1.71 8501.27 2.46 8500.52 0.71 10.00 0.071 1.71 8501.27
20 3.09 8499.89 3.55 8499.43 1.38 10.00 0.138 3.09 8499.89
30 3.50 8499.48 4.12 8498.86 0.41 10.00 0.041 3.50 8499.48
40 4.73 8498.25 5.18 8497.80 1.23 10.00 0.123 4.73 8498.25
50 4.67 8498.31 5.69 8497.29 -0.06 10.00 -0.006 4.67 8498.31
60 4.69 8498.29 5.88 8497.10 0.02 10.00 0.002 4.69 8498.29
70 4.78 8498.20 5.41 8497.57 0.09 10.00 0.009 4.78 8498.20
80 4.75 8498.23 5.36 8497.62 -0.03 10.00 -0.003 4.75 8498.23
90 6.11 8496.87 6.63 8496.35 1.36 10.00 0.136 6.11 8496.87
100 6.35 8496.63 6.99 8495.99 0.24 10.00 0.024 6.35 8496.63
110 6.20 8496.78 6.94 8496.04 -0.15 10.00 -0.015 6.20 8496.78
120 7.12 8495.86 7.74 8495.24 0.92 10.00 0.092 7.12 8495.86
130 9.08 8493.90 9.78 8493.20 1.96 10.00 0.196 9.08 8493.90
140 9.15 8493.83 9.75 8493.23 0.07 10.00 0.007 9.15 8493.83
150 9.72 8493.26 10.10 8492.88 0.57 10.00 0.057 9.72 8493.26
160 10.38 8492.60 10.63 8492.35 0.66 10.00 0.066 10.38 8492.60
170 10.65 8492.33 11.60 8491.38 0.27 10.00 0.027 10.65 8492.33
180 11.01 8491.97 11.99 8490.99 0.36 10.00 0.036 11.01 8491.97
190 13.08 8489.90 13.61 8489.37 2.07 10.00 0.207 13.08 8489.90
200 14.00 8488.98 14.70 8488.28 0.92 10.00 0.092 14.00 8488.98

Max. Water Surface Slope (fraction):  0.207
Min. Water Surface Slope (fraction):  -0.015
Avg. Water Surface Slope (fraction):  0.065

Water Surface (ft) Channel Bottom (ft) Water Surface Calculations Bankfull (ft)
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Cross Section: EC-1

      Benchmark elevation: 8499.13 Survey Date: 9/23/2015
     BenchMark Rod Reading: 2.47

Station Rod Reading Elevation

0 1.51 8500.09
1 3.50 8498.10
2 5.31 8496.29
5 5.83 8495.77
8 5.60 8496.00
9 5.42 8496.18

10 4.55 8497.05
12 3.25 8498.35
17 2.47 8499.13
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Profile: EC-2

Benchmark elevation (ft): 8257.72 Survey date: 9/23/2015
Rod reading at benchmark (ft): 5.22 (Note: Benchmark not found. 2015 Rod reading at

benchmark based on 2006 elevation difference between
benchmark and cross section station 0+00)

Station Rod Reading Elevation Rod Reading Elevation Elev change Distance Slope (fraction) Rod Reading Elevation
0 2.34 8260.60 3.48 8259.46 2.34 8260.60
10 2.76 8260.18 4.06 8258.88 0.42 10.00 0.042 2.76 8260.18
20 2.86 8260.08 4.16 8258.78 0.10 10.00 0.010 2.86 8260.08
30 3.10 8259.84 4.33 8258.61 0.24 10.00 0.024 3.10 8259.84
40 3.42 8259.52 4.15 8258.79 0.32 10.00 0.032 3.42 8259.52
50 4.28 8258.66 6.07 8256.87 0.86 10.00 0.086 4.28 8258.66
60 4.92 8258.02 6.22 8256.72 0.64 10.00 0.064 4.92 8258.02
70 5.05 8257.89 6.90 8256.04 0.13 10.00 0.013 5.05 8257.89
80 5.18 8257.76 6.18 8256.76 0.13 10.00 0.013 5.18 8257.76
90 5.49 8257.45 6.50 8256.44 0.31 10.00 0.031 5.48 8257.46
100 5.86 8257.08 6.83 8256.11 0.37 10.00 0.037 5.86 8257.08
110 6.74 8256.20 8.05 8254.89 0.88 10.00 0.088 6.74 8256.20
120 7.01 8255.93 8.68 8254.26 0.27 10.00 0.027 7.01 8255.93
130 7.75 8255.19 8.99 8253.95 0.74 10.00 0.074 7.75 8255.19
140 8.02 8254.92 8.62 8254.32 0.27 10.00 0.027 8.02 8254.92
150 8.15 8254.79 8.95 8253.99 0.13 10.00 0.013 8.15 8254.79
160 8.80 8254.14 10.85 8252.09 0.65 10.00 0.065 8.80 8254.14
170 8.87 8254.07 10.27 8252.67 0.07 10.00 0.007 8.87 8254.07
180 8.94 8254.00 10.58 8252.36 0.07 10.00 0.007 8.94 8254.00
190 9.53 8253.41 10.30 8252.64 0.59 10.00 0.059 9.53 8253.41
200 10.08 8252.86 12.48 8250.46 0.55 10.00 0.055 10.08 8252.86

Max. Water Surface Slope (fraction):  0.088
Min. Water Surface Slope (fraction):  0.007
Avg. Water Surface Slope (fraction):  0.039

Water Surface (ft) Channel Bottom (ft) Water Surface Calculations Bankfull (ft)
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Cross Section: EC-2

      Benchmark elevation: 8257.72 Survey Date: 9/23/2015
     BenchMark Rod Reading: 5.22 (Note: Benchmark not found. 2015 Rod reading at

benchmark based on 2006 elevation difference between
benchmark and cross section station 0+00)

Station Rod Reading Elevation

0 4.36 8258.58
5 6.06 8256.88

15 5.85 8257.09
22 6.09 8256.85
24 6.09 8256.85
25 6.71 8256.23
29 7.06 8255.88
34 6.25 8256.69
50 5.23 8257.71
63 3.94 8259.00
67 1.81 8261.13



8255.00

8256.00

8257.00

8258.00

8259.00

8260.00

8261.00

8262.00

0 10 20 30 40 50 60 70

E
le

v
a
ti

o
n

 (
ft

) 

Station (ft) 

2015 Cross Section EC-2 

Elevation



Profile: EC-3

Benchmark elevation (ft): 7971.59 Survey date: 9/30/2015
Rod reading at benchmark (ft): 4.29 (Note: Benchmark not found. 2015 Rod reading at

benchmark based on 2006 elevation difference between
benchmark and cross section station 0+00)

Station Rod Reading Elevation Rod Reading Elevation Elev change Distance Slope (fraction) Rod Reading Elevation
0 6.55 7969.33 7.90 7967.98 6.55 7969.33

10 6.56 7969.32 7.39 7968.49 0.01 10.00 0.001 6.56 7969.32
20 6.82 7969.06 8.17 7967.71 0.26 10.00 0.026 6.82 7969.06
30 7.10 7968.78 8.24 7967.64 0.28 10.00 0.028 7.10 7968.78
40 7.17 7968.71 8.50 7967.38 0.07 10.00 0.007 7.17 7968.71
50 7.86 7968.02 9.71 7966.17 0.69 10.00 0.069 7.86 7968.02
60 7.93 7967.95 9.47 7966.41 0.07 10.00 0.007 7.93 7967.95
70 8.04 7967.84 8.97 7966.91 0.11 10.00 0.011 8.04 7967.84
80 8.73 7967.15 9.53 7966.35 0.69 10.00 0.069 8.73 7967.15
90 9.18 7966.70 10.11 7965.77 0.45 10.00 0.045 9.18 7966.70
100 9.42 7966.46 10.17 7965.71 0.24 10.00 0.024 9.42 7966.46
110 9.45 7966.43 10.60 7965.28 0.03 10.00 0.003 9.45 7966.43
120 9.66 7966.22 10.88 7965.00 0.21 10.00 0.021 9.66 7966.22
130 9.70 7966.18 11.30 7964.58 0.04 10.00 0.004 9.70 7966.18
140 10.48 7965.40 11.07 7964.81 0.78 10.00 0.078 10.48 7965.40
150 10.67 7965.21 12.02 7963.86 0.19 10.00 0.019 10.67 7965.21
160 10.80 7965.08 11.50 7964.38 0.13 10.00 0.013 10.80 7965.08
170 11.62 7964.26 13.27 7962.61 0.82 10.00 0.082 11.62 7964.26
180 No measurements taken at this station. Large deadfall tree is blocking sight across channel.
190 11.80 7964.08 12.60 7963.28 0.18 20.00 0.009 11.80 7964.08
200 11.92 7963.96 13.33 7962.55 0.12 10.00 0.012 11.92 7963.96

Max. Water Surface Slope (fraction):  0.082
Min. Water Surface Slope (fraction):  0.001
Avg. Water Surface Slope (fraction):  0.028

Water Surface (ft) Channel Bottom (ft) Water Surface Calculations Bankfull (ft)
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Cross Section: EC-3

      Benchmark elevation: 7971.59 Survey Date: 9/30/2015
     BenchMark Rod Reading: 4.29 (Note: Benchmark not found. 2015 Rod reading at

benchmark based on 2006 elevation difference between
benchmark and cross section station 0+00)

Station Rod Reading Elevation

0 4.61 7971.27
8 5.73 7970.15
17 6.94 7968.94
20 9.64 7966.24
22 10.17 7965.71
25 9.90 7965.98
27 7.40 7968.48
30 5.72 7970.16
31 4.93 7970.95
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1.0 Introduction 
The following narrative is submitted pursuant to Federal requirements regulating 
potential impacts to threatened, endangered, candidate and sensitive species and their 
associated habitats.  
 
The Southwest Reserves NEPA Project Area (Project Area) is located near Electric Lake 
at the top of Hunington Canyon. While leasing authority for all Federal coal reserves is 
given to the BLM under the Mineral Leasing Act of 1920, the surface management 
agency for this project is the US Forest Service. The Project Area is located on lands 
administered by the Manti-La Sal National Forest and adjacent privately owned property. 
This survey was required to meet Special Coal Lease Stipulations #2, #3 and #14, as 
outlined in the Record of Decision (ROD) (ROD Attachment 1, pp 2-3) which was based 
on the Final Environmental Impact Statement for the Flat Canyon Coal Lease Tract 
(UTU-77114).  
 

Stipulation #2 states; “If there is reason to believe that Threatened or 
Endangered (T&E) species of plants or animals, or migratory bird species 
of high Federal interest occur in the area, the Lessee shall be required to 
conduct an intensive field inventory of the area to be disturbed and/or 
impacted…”.  
 
Stipulation #3 states; The Lessee shall be required to perform a study to 
secure adequate baseline data to quantify the existing surface resources 
on and adjacent to the lease area…The study shall be adequate to locate, 
quantify, and demonstrate the interrelationship of hydrology, vegetation, 
and wildlife. Baseline data will be established so that future programs of 
observation can be incorporated at regular intervals for comparison.” 
 
 Stipulation #14 states; “In order to protect big-game wintering areas, elk 
calving and deer fawning areas, sage grouse strutting areas, and other 
key wildlife habitat and/or activities, specific surface uses outside the mine 
development areas may be curtailed during specified periods of the year.” 
 

The National Environmental Policy Act (NEPA) requires that federal agencies consider 
the environmental impact of their proposed actions and reasonable alternatives. Under 
NEPA, through the development of an Environmental Impact Statement (EIS), the Forest 
Service has considered the environmental consequences of the proposed leasing of Tract 
(UTU-77114) and determined that the aforementioned stipulations were required to 
ensure environmental compliance with federal, state and forest laws, regulations, plans 
and conservation agreements. Coal exploration in the state of Utah requires consideration 
of wildlife species on the ground surface above associated mining activities. Thus, project 
implementation requires biological surveys to identify the presence or absence, and 
habitat suitability of protected status species prior to project activities. 
 
In an effort to achieve environmental compliance as outlined in the ROD, Skyline Mine 
contracted with Western Land Services (WLS), an environmental consulting firm, to 
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conduct raptor inventory surveys (i.e. northern goshawk protocol surveys) and general 
wildlife surveys in the area to assess species presence/absence and potential habitat.   
 
Pre-field research was completed by WLS wildlife biologists, who utilized GIS data from 
the Utah Division of Wildlife Resources (UDWR), coordinated with US Forest Service 
(USFS) Wildlife Biologists, a Utah Division of Oil, Gas, and Mining (UDOGM) Wildlife 
Biologist, the Utah Natural Heritage Program (UNHP), and researched species ecology, 
life history, known distribution, and habitat requirements.  
 

2.0 Project Description  
The Southwest Reserves Project Area is located in Township 13 South, Range 6 East, in 
Sections 15, 16, 17, 20, 21, 22, 27, 28, 29, 31, 32, 33, 34, and 35; and Township 14 
South, Range 6 East, in Sections 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 14, 15, and 16 (see attached 
Map).  The project lies in Sanpete and Emery Counties. The Project Area was delineated 
in a GIS by outlining the boundaries defined in the ROD. During the month of July 2012, 
protocol surveys for northern goshawk, other nesting raptors, and general wildlife 
inventories were completed. Surveys for other nesting raptor species were completed 
simultaneously with northern goshawk protocol surveys; a subsequent survey was also 
completed based on observations made during the 1st calling station survey.     
 
3.0 Habitat Overview 
The vegetation across the survey area is very diverse and is somewhat consistent 
throughout the survey area. Vegetation is dependent on elevation, slope, and available 
water resources.  Riparian areas are dominated by typical high elevation riparian species.  
The bottoms of some valleys are drier and dominated by mountain big sagebrush and 
silver sagebrush communities.  South and East facing slopes, at higher elevations are 
dominated by quaking aspen communities.  However, there are some areas that are open 
on South and East facing slopes.  These open areas are typically grass and tall forb 
communities.  However, a significant number of the open areas are dominated by false 
hellebore.  The North and West facing slopes are dominated by conifer communities.  
The tree species within the conifer community are mostly dead or dying, and most areas 
have an abundance of deadfall due to beetle infestations.  Because of the deadfall and 
dead trees the forbs and grasses within the conifer communities are very diverse and most 
areas have a solid understory.  The tops of the ridges in the survey area vary with some 
being dominated by shrub communities such as mountain big sagebrush, elderberry or 
chokecherry while others are dominated by grass and tall forb communities.  While some 
of the ridge tops are dominated by cluster tarweed.  For complete list of plant species 
noted to occur within the project area see attached Appendix A, Plant Species Table.  
 
4.0 Methodology 
Northern Goshawk broadcast acoustical surveys were conducted following U.S. 
Department of Agriculture (USDA) Forest Service, 2006, Northern Goshawk Inventory 
and Monitoring Technical Guide pp.3.13-15. Using GIS, survey transects were 
established 250 meters apart through the survey area; which encompassed the entire 
Project Area.  Broadcast calling stations were then established every 200 meters along 
each transect. All surveys were completed by qualified wildlife biologists and technicians 
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with a minimum of 2 years’ experience conducting broadcast acoustical surveys. Upon 
arrival at each broadcast calling station, the surveyor looked and listened before 
broadcasting the pre-recorded alarm calls. Utilizing FoxPro game calls, pre-recorded 
northern goshawk alarm calls were broadcast for approximately 10 seconds followed by 
30 seconds of looking and listening. After turning 120 degrees the sequence was then 
repeated. Once the sequence of 10 seconds of calling and 30 seconds of looking and 
listening was completed 3 times and no response was elicited the surveyor then repeated 
the sequence before moving to the next calling station.  Surveys were timed in 
accordance to the survey requirements outlined in the 2006 Goshawk Technical Guide 
and were based on local knowledge of nesting chronologies in the area. Additionally, 
surveyors searched for foraging raptors between calling stations when vantage points 
were available. In an effort not to duplicate inventories, calling stations east of Electric 
Lake and Upper Huntington Creek and other specific call stations in T13S R6E Sections 
28, 27, 33, and 34 were conducted by USFS Technicians as a part of a separate Forest 
Service Project. Therefore, call stations in these areas were not surveyed as a part of these 
inventories. Seasonal timing of the inventory surveys within the project area was later in 
the nesting season due to limited access to the area as a result of high elevation snow 
pack levels and then restricted access in the area due to the Seely wildfire. Consultation 
with the USFS and UDOGM was conducted concerning survey timing and was within 
the seasonal guidelines as defined in the 2006 technical guide. Prior to conducting the 
survey the nest documented during the 2011 survey were monitored to determine nesting 
status. Of the five nests documented four nest were removed from the database; 2 
misclassified (i.e., large mistletoe structures with dish shaped tops), 2 were suspected 
blown out, and one was occupied by an adult breeding pair of red-tailed hawks. The nest 
had one nestling perched on the nest. The call stations within 0.5 miles of the nest were 
not called in order to eliminate any potential for negative effects to the nestling.  
Call stations near the campground of Mia Shalom were eliminated after the 2011 survey 
due to habitat suitability limits, habitat alterations such as logging, and constant high 
activity levels on the privately owned land. Elimination was only conducted after 
consultation with the USFS biologists after the 2011survey.     
 
5.0 Survey Results 
On July 24, 2012 near call station 32 one unconfirmed observation of a possible northern 
goshawk was documented. The sighting was brief and the biologist was unable to 
positively identify species with certainty. The behavioral observation suggested a non-
vocal northern goshawk response may have occurred. Therefore, on July 26, 2012 a high 
intensity nest search was conducted around the call station and surrounding area where 
the unconfirmed sighting was documented. The nest search included a combination of 
visual nest searches utilizing ocular equipment and attempts to elicit vocal responses by 
playing a combination of northern goshawk alarm and wailing calls. During the course of 
the nest search, no audible or visual responses were documented of northern goshawks 
and no nest sites were detected.   
 
In summary, as previously stated one unconfirmed northern goshawk observations was 
documented but no vocal elicitations were documented during the course of this 
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inventory. Further investigation in the area resulted in no visual or audible observations 
of northern goshawk.   
 
Surveyors documented both visual and audible responses to the alarm calls from red-
tailed hawks (REHA), and common ravens (CORA). Other species encountered during 
the inventory include mule deer, rocky mountain elk, black bear, turkey vulture (TUVU), 
bald eagle (BAEA), dusky blue grouse, dark-eyed junco (slate-colored form), Clark’s 
nutcracker, American robin, black-capped chickadee, mountain chickadee, Lazuli 
bunting, and Townsend’s solitaire. 
 
5.1 Raptor Results 
While conducting northern goshawk calling surveys, red-tailed hawks were noted 
throughout the project area; behavioral observations included both foraging and territorial 
defense. Audible responses by red-tailed hawks varied, as some were elicited from the 
northern goshawk alarm calls while others were noted by surveyors as not in response to 
the call.  
 
Table 1 summarizes each raptor detection by call station, species, number of individuals, 
date, whether the detection was visual or audible, and surveyor notes if available.  
 

Table 1. Data Sheet Summary of Raptor Observations 
Station# Date Auditory Visual Species Notes 
307 7/16/2012 No yes GOEA 2  GOEA observed flying 

NE of calling station 
320 7/17/2012 No yes REHA 2 RTHA observed near nest 
273 7/17/2012 Yes yes REHA 2 REHA observed and 

heard west of calling 
station 

211 7/17/2012 Yes no REHA REHA heard near calling 
station 

96 7/18/2012 Yes no REHA REHA heard near calling 
station 

200 7/18/2012 No yes AMKE AMKE observed near 
calling station 

149 7/18/2012 No yes REHA REHA observed near 
calling station 

177 7/18/2012 Yes no REHA REHA heard west of 
calling station 

179 7/18/2012 Yes no REHA REHA heard east of calling 
station 

90 7/18/2012 Yes no REHA REHA heard near calling 
station 

119 7/18/2012 Yes no REHA REHA heard north of 
calling station 

77 7/18/2012 Yes yes REHA REHA observed and heard 
near calling station 
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54 7/19/2012 No yes REHA 2 REHA observed perched 
west of calling station 

53 7/19/2012 Yes yes REHA 2 REHA observed and 
heard north of calling 
station 

16 7/19/2012 No yes REHA fledgling REHA observed 
near calling station  

463 7/19/2012 No yes REHA Several REHA observed , 
both adult and juveniles 

469 7/19/2012 No yes REHA 2 REHA observed near 
calling station  

426 7/19/2012 Yes no REHA  
435 7/19/2012 No yes Unknown 2 Hawks observed to the 

east of calling station, 
unable to identify 

33 7/20/2012 Yes yes REHA 2 REHA observed and 
heard SW of calling station 

387 7/20/2012 Yes yes REHA 1 adult and 1 fledgling 
REHA observed and heard 
SW of calling station 

298 7/23/2012 Yes no REHA REHA heard east of calling 
station 

330 7/23/2012 Yes yes REHA REHA observed and heard 
near calling station 

273 7/23/2012 No yes REHA REHA Observed to the 
west of calling station 

319 7/23/2012 No yes REHA REHA Observed to the 
south of calling station 

432 7/24/2012 Yes no REHA REHA heard west of 
calling station 

434 7/24/2012 Yes no REHA REHA heard northeast of 
calling station 

479 7/24/2012 No yes REHA REHA Observed to the east 
of calling station 

54 7/24/2012 No yes REHA 2 REHA observed north of 
calling station 

53 7/24/2012 No yes REHA 2 REHA observed east of 
calling station 

48 7/24/2012 No yes NOGO 1 NOGO unconfirmed 
observation (further survey 
efforts to locate nest or 
confirm sighting yielded in 
no nests found and no 
sightings) 

468 7/24/2012 Yes no REHA REHA heard near calling 
station 
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493 7/24/2012 No yes REHA REHA observed near 
calling station 

32 7/24/2012 No yes NOGO 1 NOGO possibly observed 
(further survey efforts to 
locate nest or confirm 
sighting yielded in no nests 
found and no sightings) 

175 7/25/2012 Yes no REHA REHA heard north of 
calling station 

133 7/25/2012 Yes yes REHA REHA observed near 
calling station 

78 7/25/2012 No yes REHA&
GOEA 

REHA&GOEA observed 
near calling station 

135 7/26/2012 No yes REHA REHA observed near 
calling station 

26 7/26/2012 Yes yes REHA REHA observed and heard 
near calling station 

33 7/26/2012 Yes no REHA REHA heard southeast of 
calling station 

21 7/26/2012 No yes Unknown 
Owl 

Owl (unidentified species 
observed near calling 
station) 

4 7/26/2012 No yes REHA 2 REHA observed near 
calling station 

 
As a result of the number of observations of red tailed hawks within the survey area it 
was determined that subsequent surveys for red-tailed hawk nest sites would be 
conducted in areas where sightings and/or vocalization were heard. Initially, survey data 
sheets were reviewed and locations of adult pair or fledgling red-tailed hawk were noted 
on a map which included the location of calling stations. From that, areas were identified 
where likely nest sites may occur based on previously documented response data. The 
areas near the following groups of calling stations were then surveyed on foot and by 
glassing likely nesting habitat. The areas surveyed were located in and around calling 
stations; (33, 34) (53, 54) (469) (426) (389, 388,387,403) (307, 320, and 279,264) (177, 
179,149) (96, 90, and 77). Surveys were conducted on July 19-22, 2012 
 
In addition to the existing active nest that was first detected in 2011, two new active red-
tailed hawk territories were established during these survey efforts; near call stations 33 
and 53 (see attached map).  A UDOGM Raptor Survey Form was completed for each of 
the new active territories and is attached as Appendix C. Survey efforts in other identified 
areas resulted in observing red-tailed hawks on several occasions, but did not result in 
detecting any new nest sites.  
 

5.2 Big Game Results 
Observations of Big Game, mule deer and rocky mountain elk, were noted during 
northern goshawk calling surveys. On July 19th approximately 50 cow and calf elk were 
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observed near calling stations 434, 436 and 455. On July 24th, 12 cow and calf elk were 
observed near calling station 428. On July 25, 10 cow and calf elk were observed near 
calling station 179, with an additional 6 elk observed near station 88. On July 23rd 
approximately 16 mule deer were observed near calling stations 273 and 289.    
 

6.0 Conclusions and Recommendations 
During the inventory of the Project Area, biologists documented audible responses or 
visual detections of raptors on 42 occasions, none of which were from northern 
goshawks. Three actively occupied red-tailed hawk territories were documented during 
surveys.  
 
 The vegetative communities within the Project Area are classified by the Utah Division 
of Wildlife Resources as crucial summer mule deer fawning habitat and crucial summer 
elk calving habitat; during the course of the survey numerous cow-calf and doe-fawn 
observations were documented within the Project Area. This survey meets the wildlife 
components of the aforementioned stipulations (e.g. #2, #3, and #14) as documented in 
the ROD. No T&E species were encountered during the course of this inventory survey.  
 
We recommend in subsequent years coordination with the US Forest Service and Utah 
Division of Oil, Gas, and Mining continues to be conducted prior to inventory initiation 
in order to refine the survey area requirements, ensure nesting data is transferred, and up 
to date protocols are followed.     
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Tree Species 
Scientific Name Common Name 

Abies concolor White fir 
Abies lasiocarpa Subalpine Fir 
Picea engelmannii Engelmann Spruce 
Picea pungens Blue Spruce 
Populus tremuloides Quaking Aspen 
Pseudotsuga menziesii Douglas fir 
 

Shrub Species 
Scientific Name Common Name 

Artemisia cana Silver Sagebrush 
Artemisia tridentata vaseyana Mountain Big Sagebrush 
Potentilla fruticosa Bush Cinquefoil 
Prunus virginiana Chokecherry 
Ribes inerme Whitestem Gooseberry 
Ribes viscosissimum Sticky Currant 
Salix boothii Booth’s Willow 
Salix drumondiana Drummond Willow 
Salix exigua Coyote Willow 
Sambucus racemosa Red Elderberry 
Symphoricarpos oreophilus Mountain Snowberry 
 

Forb Species 
Scientific Name Common Name 

Achelia millefolium Western Yarrow 
Aconitum columbianum Monkshood 
Agoseris glauca Pale Agoseris 
Artemisia ludoviciana Louisiana Sagebrush 
Aquilegia spp.   Columbine 
Aster spp. Aster 
Balsamorhiza sagittata Arrowleaf Balsamroot 
Castilleja spp. Indian Paintbrush 
Crisium spp. Thistle 
Claytonia lanceolata Lanceleaf Springbeauty 
Collomia lincaris Slenderleaf Collomia 
Cynogglossum officinale Houndstongue 
Delphinium occidentale Western Larkspur 
Erigerion eatonii Eaton Fleeabane 
Fritillaria atropurpurea Purplespot Fritillary 
Geranium richardsonii Richardson Geranium 
Gilia spp. Gilia 
Helenium hoopesii Orange Sneezeweed 
Lathyrus pauciflorus Utah Sweetpea 
Ligusticum porteri   Porter Ligusticum 
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Lupinus alpestris Mountain Lupine 
Lupinus argenteus Silvery Lupine 
Madia glomerata Cluster Tarweed 
Mertensia ciliata Mountain Blubells 
Osmorhiza occidentalis Sweetanise 
Penstemon rydbergii Rydberg Penstemon 
Penstemon strictus Rocky Mountain Penstemon 
Phacilia spp. Phacilia 
Potentilla gracilis Beauty Cinquefoil 
Rudbeckia occidentalis Western Coneflower 
Senecio serra Butterweed Groundsel 
Taraxacum officinale Common Dandelion 
Tragopogon dubius Yellow Salsify 
Veratrum californicum False Hellebore 
Vicia americana American Vetch 
Viguiera multiflora Showy Goleneye 
Wyethia amplexicaulis Mulears Wyethia 
 

Grasses and Grasslike Plants 
Scientific Name Common Name 

Agropyron scibneri Scribner Wheatgrass 
Agropyron smithii Western Wheatgrass 
Agropyron trachycaulum Slender Wheatgrass 
Agrostis exarata Spike Bentgrass 
Bromus anomalus Nodding Brome 
Bromus carinatus Mountain Brome 
Calamagrostis canadensis Bluejoint Reedgrass 
Calamagrostis stricta Slimstem Reedgrass 
Carex spp. Sedge 
Dactylis glomerata Orchardgrass 
Deschampsia cespitosa Tufted Hairgrass 
Eleocharis spp. Spikerush 
Festuca idahoensis Idaho Fescue 
Festuca ovina Sheep Fescue 
Juncus spp. Rush 
Koelaria marcrantha Prairie Junegrass 
Melica bulbosa Oniongrass 
Muhlenbergia richardsonis Mat Muhly 
Phleum alpinum Alpine Timothy 
Phleum pretense Timothy 
Poa fendleriana Mutton Bluegrass 
Poa pratensis Kentucky Bluegrass 
Stipa columbiana Subalpine Needlegrass 
Stipa lettermani Letterman Needlegrass 
Stipa nelsonii Nelson’s Nedlegrass 
Trisetum spicatum Spike Trisetum 
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Southwest Reserves NEPA Project 
 

1.0 Introduction 
The following narrative is submitted pursuant to Federal requirements regulating 
potential impacts to threatened, endangered, candidate and sensitive species and their 
associated habitats.  
 
The Southwest Reserves NEPA Project Area (Project Area) is located near Electric Lake 
at the top of Fairview Canyon. While leasing authority for all Federal coal reserves is 
given to the BLM under the Mineral Leasing Act of 1920, the surface management 
agency for this project is the US Forest Service. The Project Area is located on lands 
administered by the Manti-La Sal National Forest and adjacent privately owned property. 
This survey was required to meet Special Coal Lease Stipulations #2, #3 and #14, as 
outlined in the Record of Decision (ROD) (ROD Attachment 1, pp 2-3) which was based 
on the Final Environmental Impact Statement for the Flat Canyon Coal Lease Tract 
(UTU-77114).  
 

Stipulation #2 states; “If there is reason to believe that Threatened or 
Endangered (T&E) species of plants or animals, or migratory bird species 
of high Federal interest occur in the area, the Lessee shall be required to 
conduct an intensive field inventory of the area to be disturbed and/or 
impacted…”.  
 
Stipulation #3 states; The Lessee shall be required to perform a study to 
secure adequate baseline data to quantify the existing surface resources 
on and adjacent to the lease area…The study shall be adequate to locate, 
quantify, and demonstrate the interrelationship of hydrology, vegetation, 
and wildlife. Baseline data will be established so that future programs of 
observation can be incorporated at regular intervals for comparison.” 
 
 Stipulation #14 states; “In order to protect big-game wintering areas, elk 
calving and deer fawning areas, sage grouse strutting areas, and other 
key wildlife habitat and/or activities, specific surface uses outside the mine 
development areas may be curtailed during specified periods of the year.” 
 

The National Environmental Policy Act (NEPA) requires that federal agencies consider 
the environmental impact of their proposed actions and reasonable alternatives. Under 
NEPA, through the development of an Environmental Impact Statement (EIS), the Forest 
Service has considered the environmental consequences of the proposed leasing of Tract 
(UTU-77114) and determined that the aforementioned stipulations were required to 
ensure environmental compliance with federal, state and forest laws, regulations, plans 
and conservation agreements. Coal exploration in the state of Utah requires consideration 
of wildlife species on the ground surface above associated mining activities. Thus, project 
implementation requires biological surveys to identify the presence or absence, and 
habitat suitability of protected status species prior to project activities. 
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In an effort to achieve environmental compliance as outlined in the ROD, Skyline Mine 
contracted with Western Land Services (WLS), an environmental consulting firm, to 



 

conduct raptor inventory surveys (i.e. northern goshawk protocol surveys) and general 
wildlife surveys in the area to assess species presence/absence and potential habitat.   
 
Pre-field research was completed by WLS wildlife biologists, who utilized GIS data from 
the Utah Division of Wildlife Resources (UDWR), coordinated with US Forest Service 
(USFS) Wildlife Biologists, and researched species ecology, life history, known 
distribution, and habitat requirements.  
 
2.0 Project Description  
The Southwest Reserves Project Area is located in Township 13 South, Range 6 East, in 
Sections 15, 16, 17, 20, 21, 22, 27, 28, 29, 31, 32, 33, 34, and 35; and Township 14 
South, Range 6 East, in Sections 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 14, 15, and 16 (see attached 
Map).  The project lies in Sanpete and Emery Counties. The Project Area was delineated 
in a GIS by outlining the boundaries defined in the ROD. During the month of July 2011, 
protocol surveys for northern goshawk, other nesting raptors, and general wildlife 
inventories were completed. Surveys for nesting raptors were completed simultaneously 
with the northern goshawk protocol surveys.   

 
3.0 Habitat Overview 
Habitat in the inventory analysis area is characterized by aspen, mixed conifer, conifer, 
and sagebrush communities. Primary plant species include quaking aspen (Populus 
tremuloides), Douglas-fir (Pseudotsuga menziesii var. glauca), sub-alpine fir (Abies 
lasiocarpa), snowberry (Symphoricarpos albus), antelope bitterbrush (Purshia 
tridentate), and sagebrush (Artemisia sp.) with intermixed native and non-native 
graminoid species.  

 
4.0 Methodology 
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Northern Goshawk broadcast acoustical surveys were conducted following U.S. 
Department of Agriculture (USDA) Forest Service, 2006, Northern Goshawk Inventory 
and Monitoring Technical Guide pp.3.13-15. Using GIS, survey transects were 
established 250 meters apart through the survey area; which encompassed the entire 
Project Area.  Broadcast calling stations were then established every 200 meters along 
each transect. All surveys were completed by qualified wildlife biologists and technicians 
with a minimum of 2 years experience conducting broadcast acoustical surveys. Upon 
arrival at each broadcast calling station, the surveyor looked and listened before 
broadcasting the pre-recorded alarm calls. Utilizing FoxPro game calls, pre-recorded 
northern goshawk alarm calls were broadcast for approximately 10 seconds followed by 
30 seconds of looking and listening. After turning 120 degrees the sequence was then 
repeated. Once the sequence of 10 seconds of calling and 30 seconds of looking and 
listening was completed 3 times and no response was elicited the surveyor then repeated 
the sequence before moving to the next calling station.  Surveys were timed in 
accordance to the survey requirements outlined in the 2006 Goshawk Technical Guide 
and were based on local knowledge of nesting chronologies in the area. Additionally, 
surveyors searched for foraging raptors between calling stations when vantage points 
were available. In an effort not to duplicate inventories, calling stations east of Electric 



 

Lake and Upper Huntington Creek and specific call stations in T13S R6E Sections 28, 
27, 33, and 34 were conducted by USFS Technicians as a part of a separate Forest 
Service Project.  
 
5.0 Survey Results 
In summary, no northern goshawk observations or vocal elicitations were documented 
during the course of this inventory. Surveyors documented both visual and audible 
responses to the alarm calls from red-tailed hawks (REHA), and common ravens 
(CORA). Other species encountered during the inventory include mule deer, rocky 
mountain elk, black bear, turkey vulture (TUVU), bald eagle (BAEA), blue grouse, dark-
eyed junco (slate-colored form), Clark’s nutcracker, American robin, black-capped 
chickadee, mountain chickadee, Lazuli bunting, and Townsend’s solitaire. 
 
5.1 Raptor Results 
Based on observations made during the course of the inventory four active red-tailed 
hawk territories were established; near call stations 96, 253, 321, and 383 (see attached 
map). Due to the aggressive behavior of the individuals only cursory nest searches were 
conducted in order to reduce potential impacts to the nest sites. In addition one inactive 
nest was documented near call station 425 and is classified as an historic territory. Table 
1 summarizes each raptor detection by call station, species, number of individuals, date, 
whether the detection was visual or audible, and surveyor notes if available.  
 

Table 1. Data Sheet Summary of Raptor Observations 

3 
 

Call 
Station 

Species Number Date A/V Notes 

3 REHA 1 7/28/2011 A  
6 REHA 1 7/28/2011 A  
13 UNIDENT 2 7/14/2011 V Looked like possible SWHA 

or Dark Morph REHA 
21 REHA 1 7/14/2011 V Not responding to Call 
22 REHA 1 7/14/2011 A Possible Nest close by 
37 REHA 1 7/14/2011 V Perched Across Canyon 
48 REHA 1 7/28/2011 V  
49 REHA 1 7/28/2011 A  
50 REHA 1 7/14/2011 V Perched Across Canyon 
62 REHA 1 7/27/2011 V  
81 REHA 1 7/27/2011 V  
93 REHA 1 7/27/2011 A  
*96 REHA 2 7/27/2011 AV Territory Defense 
104 REHA 2 7/27/2011 AV Territory Defense on BAEA 
119 REHA 1 7/26/2011 V  
120 REHA 1 7/13/2011 V Flew and Perched  
141 TUVU 2 7/27/11 V  
190 REHA 1 7/27/2011 AV  



 

192 REHA 1 7/27/2011 A  
247 REHA 1 7/9/2011 AV  
249 REHA 1 7/11/2011 A Not responding to Call 
253 SWHA 1 7/11/2011 AV Viewed from a distance. May 

be dark morph REHA 
*253 REHA 1 7/26/2011 AV Possible nest in area, alarm 

calls, circling and landing 
frequently 

298 REHA 4 7/26/2011 AV Nest Site [Could not called 
due to] REHA calling and 
circling 

299 REHA 3 7/26/2011 AV Nest Site [Could not called 
due to] REHA calling and 
circling 

307 REHA 1 7/27/2011 A  
320 REHA 2 7/26/2011 AV Nest Site REHA calling and 

circling 
*321 REHA 1 7/26/2011 AV Nest Site REHA calling and 

circling 
345 REHA 1 7/25/2011 V Not responding to Call 
358 REHA 1 7/25/2011 AV Possible Nest 
*383 REHA 1 7/25/2011 AV  
385 REHA 1 7/25/2011 A  
425 Nest 1 7/12/2011 V (Inactive) Nest Between 

waypoints 425 and 424 
430 REHA 1 7/25/2011 AV Soaring 
476 UNIDENT 1 7/21/2011 V Speckled roosting in Pine 
479 REHA 1 7/21/2011 A Not responding to Call 
490 REHA 1 7/8/2011 V  
494 REHA 1 7/21/2011 V  
500 REHA 1 7/21/2011 V Not responding to Call 
504 REHA 1 7/21/2011 V Not responding to Call 
513 REHA 1 7/21/2011 V Not responding to Call 
545 REHA 1 7/7/2011 V  
559 REHA 1 7/8/2011 AV  

*Call stations near the REHA territories that were established based on field 
observations. 
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Red-tailed hawks were noted throughout the project area; behavioral observations 
included both foraging and territorial defense. Audible responses by red-tailed hawks 
varied, as some were elicited from the northern goshawk alarm calls while others were 
noted by surveyors as not in response to the call. Other stations such as 298 and 299 
could not be called due to an adult REHA that followed the surveyors from call station 



 

321. In general activity levels were higher on the southern half of the project area in 
comparison to activity on the northern half.  
 
 
5.2 Big Game Results 
The Project Area contains both mule deer fawning and elk calving habitat. To achieve 
compliance with Stipulation #14 surveyors also documented mule deer and elk 
observations. Table 2 summarizes big game species encountered during the course of the 
inventory by call station, species, number of individuals, date, whether the detection was 
visual or audible, and the surveyor’s notes. 
 
   

Table 2 Data Sheet Summary of Big Game Observations.  
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Call Station  Species   Number  Date  A/V  Notes  
8 MD  1 7/25/2011 V Doe 
20 MD 2 7/28/2011 V 2 Doe 
31 MD 3 7/14/2011 V 2 Doe, 1 Fawn 
43 MD 2 7/28/2011 V Doe, 1 Buck-3pt 
45 MD 4 7/28/2011 V 3 Doe, 1 Buck-2pt 
56 MD 1 7/27/2011 V 
64 MD 2 7/27/2011 V Doe 
65 MD 1 7/27/2011 V 2 pt 
72 MD 1 7/27/2011 V Fawn 
79 MD 1 7/27/2011 V Good Luck 
115 MD 1 7/11/2011 V Doe and Fawn 
126 MD 2 7/13/2011 V 2 Doe 
135 MD 3 7/27/2011 V 2 Doe, 1 Fawn 
142 MD 1 7/26/2011 V Big Buck 28-30 inch 4 pt 
145 MD  1 7/9/2011 V Doe 
154 MD 1 7/9/2011 V Doe 
160 MD 1 7/27/2011 V Doe 
181 MD 1 7/11/2011 V Doe 
188 MD 2 7/26/2011 V 2 Bucks- (2 points) 
192 Elk 12 7/13/2011 V Cows and Calves 
210 MD 1 7/13/2011 V Doe 
213 MD 2 7/26/2011 V 2 Bucks 
214 MD 1 7/26/2011 V Doe 
238 MD 1 7/27/2011 V Doe 
252 MD 1 7/11/2011 V Doe 
296 MD 1 7/11/2011 V Doe 
319 MD 2 7/9/2011 V Doe 
325 Elk 25 7/12/2011 V 25 Cows and Calves 
332 MD 1 7/9/2011 V Doe 
352 MD 1 7/25/2011 V Doe 
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356 MD 1 7/12/2011 V Fawn 
356 MD 1 7/25/2011 V Doe 
384 MD 2 7/25/2011 V Doe 
388 MD 3 7/25/2011 V 3 Doe 
414 MD 2 7/25/2011 V 2 Doe 
449 MD 1 7/12/2011 V Doe 
452 MD 2 7/26/2011 V 
495 MD 1 7/21/2011 V 1 Buck 26 inch 4pt. 
497 MD 3 7/21/2011 V 3 Doe 
524 MD 2 7/21/2011 V 2 Doe 
526 MD 1 7/21/2011 V Doe 
527 MD 1 7/21/2011 V Doe 
533 MD 1 7/21/2011 V Doe 
538 MD 1 7/21/2011 V Doe 
544 MD 1 7/21/2011 V Doe 
545 MD 3 7/21/2011 V 3 Doe 
564 MD 1 7/21/2011 V Doe 
565 MD 2 7/20/2011 V 2 Doe 
605 MD 1 7/7/2011 V Doe 
614 MD 1 7/20/2011 V Doe 
616 MD 2 7/20/2011 V 2 Doe 
619 MD 1 7/20/2011 V Small Fawn 

MD=Mule Deer 

 
6.0 Conclusions and Recommendations 
During the inventory of the Project Area, biologists documented audible responses or 
visual detections of raptors on 43 occasions, none of which were from northern 
goshawks. The vegetative communities within the Project Area are classified by the Utah 
Division of Wildlife Resources as crucial summer mule deer fawning habitat and crucial 
summer elk calving habitat; during the course of the survey 52 big game observations 
were documented within the Project Area.  
 
We recommend in subsequent years coordination with the US Forest Service continues to 
be conducted prior to inventory initiation in order to refine the survey area requirements, 
ensure nesting data is transferred, and up to date protocols are followed.     
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