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3.0. AFFECTED ENVIRONMENT

3.1. Introduction

This chapter describes the affected environment for the MMPO and land disposal alternatives.
The affected environment is the baseline (reference) condition against which the effects of the
MMPO and land disposal alternatives are compared. The description of the affected
environment is presented in 16" sections:

3.2.  Geologic Resources and Geotechnical Issues
3.3.  Soil Resources

3.4. Vegetation, Forest Resources, and Invasive and Non-native Plants
3.5. Range Resources

3.6.  Water Resources

3.7.  Wildlife Resources

3.8.  Fish and Aquatic Resources

3.9.  Wetlands, Floodplains, and Riparian Areas
3.10. Air Quality, Noise, and Climate Change
3.11. Visual (Aesthetic) Resources

3.12. Land Use and Recreation

3.13.  Socioeconomic Factors

3.14. Tribal Treaty Rights and Interests

3.15. Cultural Resources

3.16. Transportation, Access, and Public Safety
3.17. Hazardous Materials and Solid Waste

Given the size of the sections for most resources in this chapter and in Chapter 4, the reader may
wish to read the sections for each resource by alternating chapters, e.g., Section 3.2.,

Section 4.2., Section 3.3., Section 4.3., etc. Unless otherwise noted, the MMPO area refers to
the area of new surface disturbance proposed under each MMPO alternative. The geographic
scope of the affected environment (and of the effects analysis in Chapter 4) is the analysis area.
The analysis area is described for each resource in the introduction of each of the following
sections. The information in these sections is summarized from the technical reports for each of
the resources (JBR 2014a through JBR 2014p); the technical reports include extensive
background information and references. Metric units in their standard abbreviations are used in
a few cases in the FEIS, e.g., when the units are standard for a particular parameter such as pg/L.
for water quality (chemistry) measurements, or when the units are carried forward from original
data to facilitate comparisons with the original data.

3.2. Geologic Resources and Geotechnical Issues

The analysis area for geologic resources and geotechnical issues for the MMPO alternatives is
the locality of the mine (an area of ~ 14,000 acres between Thompson Creek to the west and

! resource refers to elements of the human environment including items not commonly viewed as “resources” such
as invasive, non-native plants and hazardous materials.
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S.% Creek to the east, Figure 1.2-1). The analysis area for the land disposal alternatives is the
selected and offered lands.

The analysis area for paleontological resources for the MMPO alternatives is the MMPO area.
The analysis area for paleontological resources for the land disposal alternatives is the selected
and offered lands. Paleontological resources are any fossilized remains, traces, or imprints of
organisms, preserved in or on the earth’s crust, that are of paleontological interest and that
provide information about the history of life on earth, except that the term does not include any
materials associated with an archaeological resource or cultural item. Information concerning
the nature and specific location of a paleontological resource may generally not be disclosed to
the public (16 USC 470aaa8).

3.2.1. MMPO Area and Selected Land

3.2.1.1. Geology

The surficial geology of the analysis area, mapped by Fisher et al. (1992) and Fisher and Johnson
(1995), comprises a basement of Paleozoic sedimentary, metasedimentary, and metamorphic
rocks (Figure 3.2-1). These rocks were intruded by the Cretaceous Idaho Batholith, and then
during the Eocene both of these rock packages were intruded and unconformably overlain by the
Challis Volcanic Group. Finally, these rocks were locally overlain by Tertiary and Quaternary
deposits of colluvium (gravity deposited, e.g., talus) and alluvium (water deposited, e.g., stream
gravel). The early to middle Cretaceous granitic rocks of the Idaho Batholith (Skipp 1987)
and/or other Cretaceous granitic plutons (Kiilsgaard and Lewis 1985) cut through most of the
thrust plates. These intrusions caused an uplift which resulted in further deformation

(VTN 1980b) and were the source of the Thompson Creek molybdenite (MoS.) deposit.

In general, the regional structure can be characterized by 1) a northeast-trending system of
grabens and numerous sub-parallel, high-angle faults, fracture system, and dike swarms; 2) a
system of high angle faults trending to the north and northwest; 3) caldera and collapse features
associated with the Challis Volcanic Group; and 4) numerous thrust faults in the Paleozoic
formations (Fisher 1985, Hobbs 1985, Mclntyre et al. 1982).

The thickness of the basement rocks exceeds 37,000 feet in the region (Ekren 1985,

Ruppel 1982, Tysdal 2002). The Lost River thrust plate is more than 16,000 feet thick

(Skipp 1985). The Precambrian and Paleozoic basement surface is unconformably overlain by
up to 5,000 feet of the Challis Volcanic Group, and has a relief of more than 2,000 feet due to
weathering and structural deformation (Siems et al. 1978, Ekren 1985, Hobbs et al. 1991,
Sanford 2005, Gardner 2008). The unconformity represents approximately 240 million years
ago during which time the Thompson Creek intrusive complex became exposed as an erosional
window (Hall et al. 1984).

2 Squaw Creek is an official place name in Custer County, and appears in numerous published documents including
US Geological Survey (USGS) topographic maps. The name was established by the US Board of Geographic
Names to maintain uniform geographic name usage throughout the Federal Government. However, the word
squaw is offensive to some people including the Shoshone-Bannock Tribes. Therefore, Squaw Creek is hereafter
referred to in the main text as S. Creek.
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Ore deposits in the region developed during the Paleozoic, Cretaceous (Idaho batholith,
Thompson Creek deposit), and Tertiary (Challis Volcanic Group). The Thompson Creek deposit
is part of a magmatic intrusive emplaced during late Mesozoic-Tertiary time in western North
American from California to Alaska, which hosts many substantial molybdenite stockwork

deposits (Theodore and Menzie 1984).

The Thompson Creek stock is elongate from northwest to southeast and is at least 1.5 miles long
and approximately 0.6 miles wide (Hall et al. 1984, Hall 1995). The ore body lies in both biotite
granodiorite and quartz monzonite, and is approximately concordant with their contact.
Molybdenite is strictly confined to a stockwork within the intrusive complex. The mineable ore
body (> 0.02 % molybdenum) is 4,500 feet long, 1,900 feet wide, and 2,200 feet thick

(Hall et al. 1984, Marek and Lechner 2011). The highest ore grades are at the crest of the quartz
monzonite, and the ore grade decreases outward (Figure 3.2-2., Figure 3.2-3). The molybdenite
generally occurs as stringers along the margins of narrow quartz veins and veinlets which cut the
skarn (i.e., calc-silicate altered argillite) (Schmidt et al. 1991) (“metasediments” in Figure 3.2-2).
Silicification and pyrite occur within both host rocks and the intrusive stock. Sulfide minerals

other than molybdenite and pyrite are scarce.
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Figure 3.2-2. Cross-section through open pit, view to northwest.
grid spacing = 1,000 feet horizontal, 500 feet vertical (Marek and Lechner 2011)
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Thompson Creek Mine Cross Section
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Figure 3.2-3. Schematic cross-section, Thompson Creek molybdenum ore body.

Note that “Current mine plan” is actually the pre-2010 plan (Phase 7) and “Projected mine plan” is the
MMPO (Phase 8) (Blue Pearl 2006).

3.2.1.2. Minerals

The Federal Government classifies all minerals as either salable, leasable, or locatable. Salable
minerals include common varieties of clay, sand, stone, gravel, cinders, pumice, pumicite, or
cinders, i.e., minerals that are generally abundant with low unit value (e.g., $/ton) and ordinary
uses. Leasable minerals include coal, phosphate, silicate, or nitrate minerals of potassium and
sodium; sulfur in Louisiana and New Mexico; sulfate, carbonate, borate, chloride, oil, oil shale,
native asphalt, solid and semi-solid bitumen, bituminous rock, gas, all minerals on the Outer
Continental Shelf, and geothermal resources and associated by-products. Locatable minerals are
those minerals that are not saleable or leasable, e.g., base and precious metals, gems and
semi-precious stones, and certain industrial minerals. Molybdenum is a locatable mineral and is
therefore mined on Federal land under Federal mining laws without purchase or lease from the
Federal Government. Any portions of the selected land disposed of by the US would comprise
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both the surface and mineral estate, i.e., the US would not reserve any mineral rights (and mining
claims could no longer be located) on such selected land.

The ore deposit originally contained 193 million tons with an average grade of 0.112 percent
molybdenum in 1980 (VTN 1980b), at a cutoff grade of 0.05 percent molybdenum

(Schmidt 1991). The reserves in 2006 were 71.1 million tons with an average grade of

0.119 percent molybdenum. The measured and indicated resources were 196.7 million tons with
an average grade of 0.094 percent molybdenum, and the inferred resources are 38.0 million tons
with an average grade of 0.066 percent molybdenum (Blue Pearl 2006). Subsequent geologic
and engineering work increased the proven and probable reserves in 2011 to 150.5 million tons
with an average grade of 0.080 percent molybdenum at a cutoff grade of 0.030 percent
molybdenum (Marek and Lechner 2011).

The mill can process as much as 31,000 tons per day of ore (Platts 2007) depending on the
hardness of the ore, but was designed to process an average of 25,000 tons per day for an annual
production of 15 to 20 million pounds of molybdenum in the form of a 90 percent molybdenite
concentrate (Neumann and Gibson 1984, VTN 1980b). The mine began production in 1983, and
continuously operated until 1992 when low molybdenum prices resulted in a shutdown during
1993. Operations resumed in March 1994 and production has continued uninterrupted since, but
with slowdowns during some years due to low molybdenum prices.® The mine has produced
388.3 million pounds of molybdenum through 2012, with a record annual production of

25.3 million pounds of molybdenum in 2010.

The majority of the molybdenum concentrates produced by the mill are shipped to a roasting
facility in Langeloth, Pennsylvania where approximately 75 percent of the molybdenite is
converted to “technical molybdenum” powder or briquettes of molybdenum trioxide (MoOs3) and
the remainder is converted to ferromolybdenum. These products are sold to various customers
primarily for high-end, metallurgical applications such as specialty (e.g., high temperature and
high corrosion resistance) steel production (Finch 2007, IMOA 2007). Since 1989 (Minarik and
Gillerman 1990) about 10 percent of the molybdenum concentrates are further purified and size
classified at the mill to produce high performance molybdenum solid lubricants. The
molybdenite in these lubricants can withstand high temperatures (> 212 °F) unlike petroleum-
based fluid lubricants. These molybdenum lubricants typically work well up to 750 °F, or as
high as 1,300 °F in dry, oxygen-free environments. The molybdenum lubricants also work well
at high pressures (e.g., 50,000 psi) and, unlike graphite, work well in high vacuum conditions
(Noria Corporation 2006).

The analysis area is in the southwest portion of the Bayhorse Mining District, which has been
explored extensively since 1864. The mineral potential of the selected land was evaluated in
detail by Gardner (2008). The mineral potential of the mine site would be the same apart from
the known mineral value of molybdenum, all of which is on private land owned by TCMC. The
following salable minerals occur on the selected land: fill, building stone, decorative rock, and
construction aggregate (sand-size through riprap). The land has high potential for a variety of

? The mine is expected to have one such slowdown at the end of 2014 when the last of the Phase 7 ore has been
processed but the Phase 8 ore will not be available (Challis Messenger 2014, Thompson Creek Metals
Company 2014).
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additional salable minerals. However, the salable mineral value of the land is nominal, with little
probability of any large-scale (e.g., 1,000,000 cubic yards) development for salable minerals in
the foreseeable future (Gardner 2008).

The analysis area also contains scattered occurrences of calcite, pyrite, and varieties of quartz
such as chalcedony, jasper, and opal. These minerals occur primarily in units of the Challis
Volcanic Group, but also may occur in most any of the other rock types at the mine and selected
land. These minerals are of general “rock hounding” interest, and some of the varieties of quartz
(e.g., banded chalcedony “agate”) in the region are of jewelry quality. However, these minerals
occur typically as individual fragments a few inches or less in diameter scattered in alluvium,
and no deposits of any size (e.g., hundreds of pounds) or of high-quality collection value are
known in the locality (Gardner 2008).

There are no known leasable minerals within the analysis area, but the land is prospectively
valuable for geothermal resources (high potential), and has low to no potential for all other
leasable minerals. However, the potential value of geothermal resources within the analysis area
is relatively small. In addition, most of the lands in the region are prospectively valuable for
geothermal resources. Therefore, the probability of exploration and development of geothermal
resources at the subject land in the foreseeable future is remote, and there is no known leasable
mineral value of the land (Gardner 2008).

There are no known locatable minerals at the selected land, but the land has moderate to high
potential for the following locatable minerals: antimony, copper, gold, lead, molybdenum,
silver, tin, tungsten, vanadium, and zinc (Fisher and Johnson 1995, Gardner 2008). The
exploration potential of the selected land for locatable minerals (e.g., 5,140 acres in the Bayhorse
mining district) is such that, if the land were privately owned, one or two companies could seek a
lease in the foreseeable future to explore, with an option to extract discovered minerals.
However, the value of such a lease would be approximately $10,000. Each year TCMC pays
approximately $60,000 to the BLM to maintain approximately 500 lode, placer, and millsite
mining claims on the selected land. The claims are maintained to provide support areas for the
mine (millsite claims) or to prevent nuisance activities from affecting the mine operations.
Therefore, the value of such claims is not derived from underlying geologic formations and the
claims have no known mineral value. Consequently, the locatable mineral value is considered
nominal. Despite the high potential of the land for some minerals, the land has no known
mineral values and the potential for mineral discovery would not warrant exploration by the
BLM as part of any land disposal action (Gardner 2008).

3.2.1.3. Physiography

The analysis area is in the southern portion of the Northern Rocky Mountains Physiographic
Province. The province comprises northeastern Washington, western Montana, northern and
central Idaho, and is composed of rugged mountains except for a region of basin-and-range
(fault-block), structural overprinting beginning approximately 20 miles east of the mine with the
Lost River Valley and the Lost River Mountains. Each physiographic province is a region in
which all parts are similar in geologic structure and climate, and whose pattern of relief features
or landforms differs substantially from that of adjacent regions.
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The analysis area is in the southeastern portion of the East Salmon River Mountains with the
White Cloud Peaks to the south of the Salmon River. The locality consists of rugged mountains
deeply dissected by numerous, steep-sided valleys and canyons. Tributaries to the Salmon River
have incised dendritic drainage patterns that generally trend north to south and east to west. The
topography is extremely rugged and steep (e.g., slopes up to 75 % in places) with all aspects
represented but no aspect dominant. There are abundant bedrock outcrops, narrow ridges, and
deep, V-shaped valleys, and the ridges are capped by resistant volcanic rocks. Cliffs and rock
towers are abundant on the drier and steeper hillsides.

Elevations in the MMPO area range from 5,780 feet at the confluence of Bruno and S. creeks to
9,282 feet at the top of the Buckskin drainage. Elevations at the selected land range from

5,750 feet on S. Creek at the southeast corner of the land to 8,460 feet along a northwest-trending
ridge east of Cherry Creek at the south edge of the land.

3.2.1.4. Geotechnical Issues

The geotechnical issues for this FEIS are limited to the stability of mine structures such as fuel
storage tanks, buildings, pit walls, the WRSFs, and TSF. Therefore, seismicity is discussed for
only the MMPO area and not the selected or offered lands. In addition, only earthquake
seismicity is discussed for the MMPO area because blasting has occurred regularly at the mine
since 1980 with no damage to any mine structures (and no other structures are near the blasting
areas, 1.¢e., the pit).

The MMPO area is in the Central Idaho Seismic Zone (aka Centennial Tectonic Belt). The zone
contains high levels of earthquake activity and at least six major faults, including the Lost River
and Sawtooth faults in the region of the mine (IBHS 2009). There are also many smaller faults
in the region, although most are no longer active. There have been 674 earthquakes (of

> moment magnitude [My] 3.0) in the region since 1973 (Table 3.2-1). The majority of the
earthquake epicenters were concentrated 20 miles east of the mine in and around Round Valley
(Challis) and associated with the Lost River fault. The earthquake with the greatest recorded My,
in the region was the Borah Peak earthquake in 1983 with My, 6.9 (Table 3.2-1). The epicenter
of the earthquake was 27 miles east-southeast of the mine, and the earthquake had a maximum
Merecalli intensity of IX (violent) assigned on the basis of surface faulting (NEIC 2012).
However, the maximum intensity at the mine was an intensity of VI; this intensity is
characterized by an earthquake that can be “felt by all” and causes slight damage (IBHS 2009).
Due to the distance of the mine from the epicenter, the mine experienced only limited ground
shaking and some rocks rolling off the pit walls, with no damage to the WRSFs, TSF, fuel tanks,
etc. (Doughty 2010Db).
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Table 3.2-1. Earthquakes of M,, > 3.0 within 100 mile radius of MMPO area.

M,, Number
3.0to<4.0 594
40t0<5.0 71
5.0t0<6.0 8
6.0to<7.0 1
>7.0 0

NEIC (2012); -114.528 longitude; 44.308 latitude; 1973 to 09 April 2012

The earliest site-specific analyses established a maximum credible earthquake of My, 5.5 at the
mine (VTN 1980b). More recently, highly detailed and site-specific geotechnical evaluations of
the TSF through the end of Phase 8 established a maximum credible earthquake of M, 6.5

(5,000 year return period) generating a peak ground acceleration of 30 percent of gravity near the
mine (Golder 2007, KP 2013). These recent evaluations considered both the USGS method of
determining earthquake probability and hazard and the site-specific methods by URS (2000), and
concluded 1) the hazard in both methods at all return periods greater than 500 years is dominated
by background seismicity and not earthquakes occurring on any proximal faults, and 2) the

URS (2000) site-specific estimate of the maximum background earthquake of My, 6.5 is more
reasonable than the USGS estimate of a single maximum background earthquake of My, 7.0 for
the entire Rocky Mountain region (Peterson et al. 2008). Similar rigorous geotechnical
evaluations of the WRSFs used the same seismic values (BGC 2011, KP 2011a). In addition,
geotechnical evaluations of the pit walls, including through Phase 8, were also recently
completed (CNI 2011, KP 2011b).

3.2.1.5. Paleontological Resources

The rocks in the analysis area with the potential to contain meaningful paleontological resources
are the Ella Dolomite, Saturday Mountain Formation, and Salmon River Assemblage. The only
meaningful paleontological resource known in the analysis area is the graptolite and trilobite
assemblage at the mouth of Bruno Creek (AGI 2012, VTN 1980b). The Bruno Creek access
road was re-routed to avoid the fossil outcrop during development of the mine in the early 1980s.
At that time the outcrop was considered to have potential paleontological value because 1) the
fossils were the best preserved in the region, 2) trilobite and graptolite fossils are not commonly
found together, and 3) the outcrop might yield additional information on graptolite and trilobite
evolutionary history and ecology as well as on the geologic history of the region (VTN 1980b).
However, because the site has been collected, studies of the collected fossils have been
published, the fossils deposited in the American Museum of Natural History in New York
(Churkin 1963), and the outcrop has not been studied in the 50 years since Churkin (1963), there
is no longer any need for special protection for the site (Foss 2011).

During the extensive evaluations in the 1970s of cultural resources at the proposed mine site
additional fossiliferous sites were located but due to poor preservation were deemed of “little
scientific value” (VTN 1980Db, p. 5). The entire locality of the mine, including the selected land,
was extensively explored by geologists during the 1960s to present times; these exploration
reports did not include descriptions of any obviously meaningful fossils (e.g., any vertebrate
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fossils or any well preserved invertebrate fossils) except for the graptolite and trilobite
assemblage described above. No fossils are known to have been exposed during any of the mine
operations. No thick ash (tuff) units occur which could host a petrified forest similar to that in
the Malm Gulch area located approximately 7 miles to the northeast of the analysis areas.
Therefore, the potential of discovering meaningful paleontological resources in the foreseeable
future in the Ella Dolomite, Saturday Mountain Formation, or Salmon River Assemblage in the
analysis areas is low.

3.2.2. Offered Lands - Broken Wing Ranch

3.2.2.1. Geology

The surficial geology of the Broken Wing Ranch is comprised primarily of Quaternary alluvial
deposits with smaller amounts of Quaternary colluvial deposits along the bases of slopes. A
large Quaternary landslide deposit occupies some of the eastern margins of the ranch. The
western portion of the ranch is underlain by volcaniclastic and sedimentary rocks and mafic lava
of the Eocene Challis Volcanic Group, the Ordovician Ramshorn Slate (mostly shale), and
Cambrian to Ordovician Quartzite. There are also a number of outcrops of Cambrian to
Ordovician Bayhorse Dolomite to the west of the ranch, as well as a variety of faults. A fault is
mapped extending south into BWR-1, and another fault is mapped at the southwest corner of the
ranch (Fisher and Johnson 1995). The rocks in the locality have ample exposure due to abundant
cliffs (i.e., differential erosion due to the varied rock types) and sparse vegetation.

3.2.2.2. Minerals

Any portions of the Broken Wing Ranch acquired by the US would comprise both the surface
and mineral estates. If acquired by exchange, the mineral estate would become open to mineral
entry 90 days following acceptance of title by the US pursuant to 43 CFR 2201.9(b). However,
due to the only nominal known mineral value of the ranch and the BLM management goals for
the ranch, the BLM might acquire the mineral estate by donation from TCMC. The mineral
estate in such case would become open to mineral entry only if the BLM were to publish an
order in the Federal Register opening the estate to mineral entry (43 CFR 2091.8), and the BLM
would not intend to publish such an order in the foreseeable future. The bed of the Salmon River
up to the ordinary high water mark is owned by the State of Idaho. The ranch is at the western
edge of the Bayhorse Mining District.

Salable minerals occur on the ranch including fill, building stone, decorative rock (including
river rock), and construction aggregate (sand-size through riprap). Quartzite talus has been sold
in the past from below a cliff in the southwest area of the ranch. The talus was sold for $10 per
ton and was used as building stone and decorative rock. There is approximately 50,000 tons of
quartzite talus remaining at the site but the market for this material is likely less than 50 tons per
year (Gardner 2012a). The larger (> 3 feet in diameter) quartzite blocks could be sold for
approximately $5 to $15 per ton for riprap, but blocks of this size are limited. The values of
other salable minerals at the ranch would be approximately $1 per cubic yard. In general, the
salable mineral value of the land is nominal, and there is little probability of any large-scale (e.g.,
1,000,000 cubic yards) development of the land for salable minerals in the foreseeable future.
The land also likely contains scattered occurrences of small quantities of calcite, pyrite, and
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varieties of quartz such as chalcedony, jasper, and opal of general “rock hounding” interest
(Gardner 2012a).

The ranch is prospectively valuable for geothermal resources (high potential), and has low to no
potential for all other leasable minerals. However, the potential value of geothermal resources is
relatively small. In addition, most of the lands in the region are prospectively valuable for
geothermal resources. Therefore, the probability of exploration and development of geothermal
resources at the ranch in the foreseeable future is remote, and there is no known leasable mineral
value (apart from nominal lease rates of $40/acre) (Gardner 2012a).

There is low to no potential for all plausible locatable mineral deposits on the Broken Wing
Ranch (Fisher and Johnson 1995). In addition, the locality has been extensively explored such
that any mineral deposit exposed at the surface has been prospected. There is no known
locatable mineral value at the ranch, and the probability of discovering a valuable locatable
mineral deposit is remote (Gardner 2012a).

3.2.2.3. Physiography

The Broken Wing Ranch is in the Northern Rocky Mountain Physiographic Province. However,
in contrast to the rugged land of the mine and selected land in the East Salmon River Mountains,
the ranch primarily occupies a narrow swath of land on the valley floor at the margin of the East
Salmon River Mountains to the east, and the Boulder Mountains to the west. The ranch is
approximately 3 miles in length, aligned generally north to south, and straddles the Salmon
River. Elevations at the ranch range from 5,260 feet along the Salmon River at the north end of
the ranch, to 6,200 feet at the southwest corner of BWR-1, with most of the ranch at an elevation
of approximately 5,300 feet. The majority of the ranch is relatively flat, river bottom land.
However, portions of the western area of the ranch are in foothills to the East Salmon River
Mountains. These portions of the ranch are steep (e.g., slopes up to 75 %) with dominantly
eastern aspects, and some northern and southern aspects along Lyon Creek.

3.2.2.4. Paleontological Resources

The only fossiliferous formation at the ranch is the Ordovician Ramshorn Slate. A small area of
the Ramshorn Slate (mostly shale) occurs at the westernmost portion of BWR-1. In other areas
the formation has produced crustaceans, graptolites, and sponge spicules (Digital Atlas of

Idaho 2012). The most probable paleontological resources to be discovered at the ranch would
be invertebrate plant fossils and petrified wood in the Eocene volcaniclastic and sedimentary
rocks. However, no paleontological resources are known at the ranch and the probability that
any meaningful paleontological resources would be discovered at the ranch in the foreseeable
future is low.

3.2.3. Offered Lands - Garden Creek Property

3.2.3.1. Geology

The northern two-thirds of the property are overlain by large angular blocks of Quaternary talus
at the base of cliffs and steep hillsides. The talus appears to overlie one or more members of the
Late Proterozoic Pocatello Formation. The southwest portion of the property comprises the
undifferentiated Miocene to Pliocene Salt Lake Formation. The southeast corner of the property
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comprises undifferentiated Middle Cambrian Blacksmith and Bancroft limestones (Platt 1998).
There are no major faults mapped within 3 miles of the property (Bond and Wood 1978).

3.2.3.2. Minerals

Any portion of the Garden Creek property acquired by the US would comprise both the surface
and mineral estates. The status of the mineral estate would be the same as that of the Broken
Wing Ranch, i.e., open to mineral entry 90 days following acceptance of title by the US in a land
exchange or closed to mineral entry if the mineral estate were acquired as a donation

(Section 3.2.2.2). The property is near the southwest margin of the district known historically
for copper and gold. The Fort Hall Mining District has been explored extensively and has
numerous prospects, two mines (Marsh Queen and Moonlight) with limited production, and
several rock quarries. The property is not in any known oil shale, tar sand, or coal field; is not in
any favorable exploration areas of the Western Phosphate Field; and is not in any known
geothermal resource area or mineral development interest area.

The property has not been evaluated in detail for mineral potential, but likely has salable
minerals suitable for fill or construction aggregate (Gardner 2012a). However, the isolated
location of the property and the probable nominal value of such minerals preclude their
development, i.e., the property probably has no known salable mineral value. The probability of
exploration and development of geothermal or oil and gas resources at the property in the
foreseeable future is low, and there is likely no known leasable mineral value at the land (apart
from nominal lease rates of $40/acre) (Gardner 2012a). The property might have greater than
low potential for some of the metals and industrial minerals (e.g., aluminum clay and silica)
known in the Fort Hall Mining District, but probably has no known locatable mineral value. The
probability of discovering a valuable locatable mineral deposit at the property is remote
(Gardner 2012a).

3.2.3.3. Physiography

The Garden Creek property is in the northeastern portion of the Basin and Range Physiographic
Province (Great Basin Section), bounded by the Columbia Plateau Physiographic Province
(Snake River Plain Section) to the north, and the Middle Rocky Mountains Physiographic
Province (Middle Rocky Mountains Section) to the east. The property is in the northern portion
of the Bannock Range in an area of rolling hills. Elevations at the property range from 6,765 feet
on the northwest boundary to 7,135 feet at the southeast corner, and the topography slopes
overall to the west at 15 to 35 degrees.

3.2.3.4. Paleontological Resources

The only fossiliferous formation at the property is the Miocene to Pliocene Salt Lake Formation,
of which some members have yielded rare vertebrate and invertebrate fossils which have been
extensively studied since at least the 1940s (Digital Atlas of Idaho 2012). No paleontological
resources are known at the property (AGI 2012), and there is a very low potential of discovering
meaningful paleontological resources at the property.

Thompson Creek Mine FEIS — Chapter 3
January 2015 3-12



3.3. Soil Resources

The analysis area for soil resources for the MMPO alternatives is the surface disturbance
associated with the MMPO alternatives. The analysis area for the land disposal alternatives is
the selected and offered lands.

3.3.1. MMPO Area and Selected Land

The analysis area is characterized by moderate (20 to 40 %) to very steep (40 to 80 %) slopes,
dissected mountain slopes with vegetation ranging from forest, mixed forest, and grassland to
bare slopes and rock outcrops. Limited soil occurs on upland benches (5 to 20 % slopes).
Mountain and hillside soils are formed in weathered residuum and mixed colluvium, derived
mostly from rocks of the Challis Volcanic Group, and to a lesser extent, Paleozoic sedimentary
rocks. Soil along some minor and major drainages in the analysis area is formed in mixed
alluvium.

Soil on the moderate to steep slopes, as well as slopes with northern aspects, tends to be
somewhat deeper and support more coniferous vegetation, relative to soil on the steepest slopes
and those with other aspects. Overall, soil depths range from very shallow to very deep, with
shallow soil associated with bedrock outcrops and rock rubble. The fine fraction of surface soil
horizons has textures between silt loam to sandy loam. Subsoil textures range between sandy
clay loams and loamy sands. The content of coarse fragments, consisting of weathered bedrock,
colluvium and/or alluvium, ranges between approximately 10 to 80 percent, with many soils,
particularly those on steeper slopes, having greater than 40 percent coarse fragments throughout
the soil profile. Soil series textures are mostly loamy-skeletal with some minor clayey-skeletal
soils. These textures, in conjunction with moderately steep to very steep topography, result in
well drained soils with a moderate to severe potential for water erosion across the analysis area.

3.3.1.1. MMPO Area

A Cryoll-Rubble Land-Rock Outcrop complex is the predominant soil map unit associated with
the potential expansion areas of the Pat Hughes and No Name (Alternative M3 only) WRSFs
(Figure 3.3-1). A similar Forest Service mapped soil (VF21) comprises the majority of the
proposed expansion area of the Buckskin WRSF. These two map units typify the characteristics
of soils found on the steeper slopes. The soils are shallow to moderately deep, often adjacent to
bedrock and/or talus slopes, well drained, and have a high to severe erosion potential.

The Ezbin-Zeebar-Nielsen complex also occurs in the southeast portion of the potential
expansion area of the Pat Hughes WRSF. These soils have a loamy-skeletal texture and share a
similar physiographic position with the Lag Very Cobbly loam soils, but occur on somewhat
gentler slopes. Ezbin-Zeebar-Nielsen soils are very deep to shallow (Nielsen soil), well drained,
and have a moderate potential for water erosion.

The Klug, Low Precipitation-Povey complex occurs on steep, dry, bare- to grass-covered slopes
with a southerly aspect in the potential expansion areas of the Pat Hughes and No Name WRSFs.
These soils are very deep and well drained with loamy-skeletal texture and severe potential for
water erosion.
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Figure 3.3-1
Soil map, MMPO area and selected land
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The Lemco-Friedman complex is south of the TSF on moderate to steep slopes. These soils are
on slopes of varying aspect and forest cover. The soils have a clayey-skeletal texture, are very
deep, well drained, and have a moderate potential for water erosion.

Soils on the east side of the TSF (Map Units V26 and V28) are similar to the soils of the Cryoll-
Rubble Land-Rock Outcrop complex described above. Soils on the west side of the facility
(VF43) are moderately deep to deep with a loamy-skeletal texture. The majority of the area
along the western side of the facility comprises steep, easterly facing slopes similar to the
physiographic setting of soils of the Ketchum complex, mapped southwest of the facility by the
Natural Resources Conservation Service (NRCS). These soils are deep, have a loamy-skeletal
texture, and are well drained with moderate potential for water erosion.

Soils in the proposed power line corridor (VF43, VF31, and VF03) occur on steep slopes, have a
loamy-skeletal texture and range in depth from shallow to deep. The soils have a moderate to
severe potential for water erosion. There are no mapped prime farmland or soil units classified
as hydric soils in the MMPO area.

Soil for reclamation of the TSF would be excavated from a borrow pit just west of the TSF, and
from a borrow pit southwest of the TSF embankment. Both areas contain very deep, clayey-
skeletal soils of Lemco-Freidman complex. Soil and alluvial material (~ 8.5 acres) would also
be salvaged for reclamation from the Pat Hughes WRSF as part of the construction of the
underdrain for the facility.

3.3.1.2. Selected Land

A substantial portion of the selected land comprises the Cryoll-Rubble Land Outcrop complex
(1,978 acres), Lemco-Friedman complex (806 acres), Lag Very Cobbly loam (739 acres), and
Klug, Low Precipitation-Povey complex (546 acres). Smaller portions of the land are composed
of soils of the Ketchum complex and Ezbin-Zeebar-Nielsen complex (Section 3.3.1.1.).

Rock-Outcrop and Rubble Land and a Cryept-Rubble Land-Rock Outcrop complex comprise
207 acres of the selected land. These units are similar to the Cryoll-Rubble Land Outcrop
complex, occur on very steep slopes, are shallow to moderately deep, well drained, and have a
severe potential for water erosion.

The Gany gravelly loam occurs on moderately steep to steep forested slopes with a northerly
aspect in the eastern portion of the selected land. This soil is formed in colluvium derived from
limestone and consequently the pH of the subsoil is alkaline. The soil is very deep, well drained,
and has a moderate potential for water erosion. Together with the Lag Very Cobbly loams, these
soils comprise 379 acres of the selected land.

Parkay-Nurkey complex soils occur on dry, bare to grass-covered slopes with a western aspect
on the east side of S. Creek. These soils have a loamy-skeletal texture, are very deep, well
drained, and have a moderate potential for water erosion. They comprise 33 acres of the selected
land.
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Soil complexes consisting of members of the Biglost, Copperbasin, and Wiskisprings series
occur on the flat to gently sloping floodplain of S. Creek near the eastern border of the selected
land. These soils formed in mixed alluvium and have silt loam to gravelly sandy loam texture.
These soils are very deep, poorly to moderately well drained with low run-off, and a slight
potential for water erosion. These soils comprise 77 acres of the selected land. There is no
mapped prime farmland on the selected land. The Wiskisprings-Biglost and Wiskisprings-
Biglost-Copperbasin complexes are classified as hydric soils.

3.3.2. Offered Lands — Broken Wing Ranch

The Broken Wing Ranch is characterized by flat to gentle slopes associated with the Salmon
River floodplain and alluvial fan terraces that rise rapidly to steep, dissected hills to the east and
west. Floodplain and fan terrace soils are utilized for irrigated and non-irrigated production of
grass and alfalfa. The steeper slopes are dry and bare or a mixture of grass and sagebrush. Soil
on the floodplains is relatively organic-rich, productive mollisols, or seasonally wet, poorly-
drained aquepts and aquents. Soils at the ranch are mapped at a soil complex and soil association
level (Figure 3.3-2). Parent material consists of mixed alluvium, colluvium, and residuum
derived from the rocks of the Challis Volcanic Group and to a lesser extent Paleozoic
sedimentary rocks to the west.

Soil at the ranch is most readily discussed by landform and physiographic position, as these
factors, in conjunction with parent material, control soil development to a large extent.
Floodplain and stream terrace soils (floodplain soils) were developed in mixed alluvium and
colluvium, are very deep, and range in texture from silt loam to sandy loams, typically with a
high gravel content in the subsoil. These soils are classified as fine-loamy to sandy-skeletal, are
poorly to somewhat poorly drained, and have a slight potential for water erosion. Most of the
area along Lyon Creek (52 acres) consists of Cryaquepts (moderately developed, seasonally wet
soils). A large portion of the soil along the Salmon River (68 acres) is seasonally wet, carbonate-
rich Calcic Cryaquolls and Aquic Haplocalcids of the Bigrant-Thosand-Dickeypeak complex.
Minor soil types on floodplains (0 to 3 % slopes) generally have similar characteristics to those
described above.

Soils on the gently sloping fan terraces is formed in mixed alluvium and colluvium deposited by
tributary streams adjacent to the Salmon River floodplain, including Sink, Birch, Lyon, and
Unnamed creeks. These soils are very deep with a somewhat coarser texture than the floodplain
soils, ranging from sandy clay loams to loams with high coarse fragment subsoil horizons.
Texture classes range from fine-loamy to loamy-skeletal. Some subsoil horizons are alkaline.
These soils (385 acres of the ranch) are typically well drained and have a slight potential for
water erosion due to their gentle slopes. The dry, well drained, carbonate-rich nature of soils on
the fan terraces are typified by the three largest mapped soil units including Xeric Haplargids and
Xeric Calciargids of the Pedoli-Dawtonia association (198 acres), the Whiteknob gravelly loam
(71 acres), and the Sparmo-Zer complex (Xeric Haplocalcids). Minor soil types on fan terraces
(1 to 8 % slopes) generally have similar characteristics to those described above.
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Soils on the steeper hillsides and ridge tops on the ranch formed in mixed colluvium and
residuum derived primarily from the Challis Volcanic Group rocks and ash. These soils (on
288 acres of the ranch) are well drained and soil depths range from very shallow on the steepest
slopes to deep on somewhat gentler slopes. Soil textures range from clay loam to sandy loam
with a high coarse fragment content (loamy skeletal). Water erosion potential ranges from
moderate to severe. A complex of talus, rock outcrops, and dry carbonate-rich soils (calcids)
comprises approximately half (138 acres) of the soils on the ranch. The clayey-skeletal
Haplargids of the Penagul-Rosebriar complex (51 acres) and ashy-skeletal Haplocalcids of the
Gradco-Farvant complex (38 acres) are representative of soils on the ranch. Other soils in this
landscape position on the ranch share similar physical characteristics as those described above.
There is no mapped prime farmland on the ranch, but hydric soil series at the ranch include
Typic Cryaquents and series members of the Aquent-Riverwash, Cowbone-Tohobit, Fezip-
Lemroi-Redfish and Wiskisprings-Biglost complexes.

Erosion rates from conventionally plowed agricultural fields (= 5 tons/acre/year) average 1 to

2 orders of magnitude greater than rates of erosion under natural vegetation (Montgomery 2007).
However, erosion rates from the cultivated fields (dense, irrigated grass) at the ranch are
relatively low (~ 0.2 tons/acre/year)* and would be comparable to typical rates of erosion under
natural vegetation for moderate gradient hillslopes of soil-mantled terrain (= 0.2 tons/acre/year)
(Montgomery 2007). An erosion rate of 0.2 tons per acre per year is an order of magnitude
below the typical soil sustainability factors of 2 to 5 tons per acre per year for soils at the ranch
(NRCS 2002a).

3.3.3. Offered Lands — Garden Creek Property

Two soil complexes are mapped on the property: the Pavohroo-Sedgway-Toponce complex,
found on steeper mountainsides, and the Greys-Pavohroo-Sedgway association, found on
mountain footslopes and hillsides (Figure 3.3-3). All of the soils of the two soil complexes are
cryoborolls formed in loess, silty alluvium, and/or colluvium derived from loess and/or
sedimentary and metasedimentary rocks. Soil textures are gravelly silt loams and silt loams,
classified as fine montmorillonitic (clay) to loamy-skeletal. The soils are very deep and well
drained. Run-off is rapid and the potential for water erosion is high to very high. The former
comprises 75 acres (94 %) of the property. Dominant vegetation on the site consists of
evergreen and mixed evergreen/aspen forest with a small forested riparian corridor. No prime
farmland or hydric soil series are mapped on the property, although minor series inclusions of
hydric soils may occur along stream terraces (Enochville Silt Loam and Enochville variant
gravelly silt loam).

3.4. Vegetation, Forest Resources, and Invasive and Non-native Plants

The analysis area for vegetation, forest resources, and invasive and non-native plants (“weeds”)
for the MMPO alternatives is the surface disturbance associated with the alternatives. The
analysis area for the land disposal alternatives is the selected and offered lands. Special status
plant species are also summarized in this section. Special status plant species are those listed as
proposed, candidate, threatened, or endangered under the ESA by the US Fish and Wildlife

! e.g., average slope =~ 3 %, slope length = 1,000 feet, Pedoli gravelly silt loam 50 %, Custer County precipitation
Req 25-28, grass hay, two cuttings, aftermath grazing to 25 % stubble height (RUSLE2 2006)
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Service (USFWS), or those listed as sensitive by either the BLM or Forest Service. There are no
proposed, threatened, or endangered plant species in the analysis area. Whitebark pine (Pinus
albicaulis) is the only candidate plant species that occurs in the analysis area. There are seven
special status plant species that fall within the jurisdictions® associated with the analysis areas
(Table 3.4-1).

Table 3.4-1. Special status plant jurisdiction, all analysis areas.

MMPO Area Selected Broken Garden
Land Wing Ranch Creek
Property
SPECIES BLM Challis BLM Challis BLM BLM
Common name Forest Service Challis Pocatello
Scientific name
Challis grazywee;d Yes (BLM and
Oxytropis besseyi . Yes Yes No
. Forest Service)
var. salmonensis
Challis milkvetch
Astragalus Yes (BLM) Yes Yes No
amblytropis
Idaho sedge
Carex idahoa No No No Yes
Lemhi milkvetch Yes (BLM and
Astragalus . Yes Yes No
2 Forest Service)
aquilonius
Wavy-leaf
thelypody Yes (BLM and
Thelypodium Forest Service) Yes Yes No
repandum
White eatonella 1y gy ) Yes Yes No
Eatonella nivia
Whitebark pine Yes (BLM and
Pinus albicaulis Forest Service) Yes No No

3.4.1. MMPO Area and Selected Land

3.4.1.1. General Vegetation

The major vegetation cover types within the analysis area include upland forests of Douglas-fir
(Pseudotsuga menziesii), lodgepole pine (Pinus contorta), and subalpine fir (4bies lasiocarpa);
riparian forests of cottonwood (Populus spp.), aspen (Populus tremuloides), and tall shrubs;
semi-desert shrublands of sagebrush (Artemisia spp.); perennial grasslands; and subalpine

® Each land management agency (Forest Service and BLM) maintains its own sensitive species list. There is some
overlap between Forest Service and BLM (some species are designated as sensitive by both). Threatened,
endangered, proposed, or candidate ESA species (USFWS jurisdiction) would be evaluated in all areas.
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meadows. Evergreen forests occupy the majority of the area whereas semi-desert shrublands are
the predominant non-forest vegetation cover. Transitional areas, where evergreen forests and
semi-desert shrublands overlap, are most prevalent along the western quarter of the selected land
where sagebrush shrubs mix with Douglas-fir trees.

Topography (elevation and aspect), historic fire cycles, fire suppression, infestations from
mountain pine beetles (Dendroctonus ponderosae), western spruce budworm (Choristoneura
occidentalis), dwarf mistletoe (Arceuthobium douglasii), and logging are the factors that interact
with and influence successional vegetative processes in the analysis area. Human activities have
affected portions of the area including the construction and improvement of roads for mine-
related activities, mine facilities, reseeding old roads and disturbed areas with non-native grasses
and forbs, fire suppression, and through weed invasion related to these activities.

Fire suppression in the SCNF has occurred since 1910 (BLM 1999). Between 1924 and 2009,
four small wildfires (< 10 acres each) caused by lightning strikes have been documented on the
selected land. In 1927, a large fire of greater than 100 acres occurred on forested land between
the Lower Buckskin WRSF and the Pat Hughes WRSF (Pfeifer 2009, 2010). Post-fire
vegetation consists mostly of lodgepole pine, Douglas-fir, sagebrush, and scattered aspen.

Most of the forest in the analysis area has not experienced the thinning and fuel-reducing
benefits of non-lethal (i.e., not stand replacing) fires since settlement (pre-1900). Historically,
dry Douglas-fir habitat types (e.g., Douglas-fir/mountain snowberry [Symphoricarpos
oreophilus] and Douglas-fir/pinegrass [Calamagrostis rubescens]) typically burned with
low-severity, non-lethal fires at least once every 35 years (Crane and Fischer 1986). Lodgepole
pine communities were associated with surface fires that burned with low to medium severity
every 25 to 50 years (Arno 1980). Subalpine fir habitat types burned with mixed severity fires at
least once every 35 to 100 years. Mixed severity fires burn in a mosaic pattern with some areas
of fire being non-lethal and other areas being stand-replacement. The longer intervals between
fires allow fuel to build up to levels that create high-severity, stand-replacing fires (Crane and
Fischer 1986).

In older forests (averaging > 150 years in age), Douglas-fir trees are considered the climax
species (the species that will occupy a site in a steady state). In general, fire hazards due to
overstocking are generally lower in older Douglas-fir forests at low to mid elevations because the
sparser understory is limited by moisture. In contrast, near the confluence of Bruno and

S. creeks, there is an area that burned less than 150 years ago and has regenerated into an
overstocked, vigor-reducing condition that could fuel a stand-replacing fire or insect attack

(BLM 1999).

Insect and disease infestations to forest resources were evaluated from 1999 to 2009 within a

4 mile radius of the analysis area by the SCNF Aerial Insect and Disease Detection Survey
(USFS 2010). The Douglas-fir beetle was found to be fairly common on adjacent lands to the
southwest and northeast, and the largest detections occurred in 2009. Light areas of defoliation
(<50 %) of Douglas-fir and spruce trees by the western spruce budworm were detected in 2009
across the eastern half of the selected land and along the northern property boundary between the
TSF and the open pit (USFS 2010). Approximately 45 percent of lodgepole pine and 40 percent
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of Douglas-fir stands in the SCNF are infected with dwarf mistletoe (BLM 1999). Dwarf
mistletoe infestations also occur on trees throughout the analysis area.

Evidence of historic logging occurs on north- and east-facing slopes. On the steep and dry
south- and west-facing slopes, logging is not practical. Areas at the mine have historically been
logged (liquidation sales) prior to mine development. Between 2003 and 2004 a post and pole
harvest sale (8 acres) occurred on the selected land (Baer 2009). Historically logged areas have
regenerated mostly with lodgepole pine. Therefore, the reclamation tree seedlings will be
lodgepole pine and may include seedlings grown from seeds collected from relatively high
elevations and ecosystems similar to that of the pre-mine condition, i.e., preservation of genetic
diversity and trees best adapted for local conditions.

3.4.1.2. Vegetation Cover Types

The following subsections describe the cover types and associated vegetation for the analysis
area (Figure 3.4-1).

Grasslands

Grasslands cover 229.7 acres or 4 percent of the selected land and 5.3 acres of the MMPO area
(Alternative M2) on BLM land. Grasslands refer herein to native, perennial grasslands; areas
reclaimed and dominated by grasses with a minor component of woody plants and subalpine
meadows.

Semi-Desert Shrublands

There are four cover types of semi-desert shrublands in the analysis area: mountain big
sagebrush, Wyoming big sagebrush, low sagebrush, and mountain mahogany. Semi-desert
shrublands cover 1,229.7 acres (24 %) of the selected land and 62 acres (13 %) of the MMPO
area (Alternative M2) on BLM, Forest Service, and TCMC lands.

Riparian Shrubland

Riparian shrubland covers 48.8 acres (1 %) of the selected land and less than 0.1 acre of the
MMPO area (Alternative M2) on BLM land. This cover type occupies the riparian zone where
shrubs dominate the upper canopy. The larger stands of riparian shrubland occur in the S.,
Bruno, Thompson, and No Name drainages at the selected land. Commonly occurring shrub
species include alder (Alnus spp.), willow (Salix spp.), and dogwood (Cornus sericea). Other
associated species include chokecherry (Prunus virginiana), serviceberry (Amelanchier spp.),
Woods’ rose (Rosa woodsii), and currant (Ribes spp).

Evergreen Forests

There are six communities (all upland) in the evergreen forests cover type in the analysis area:
Douglas-fir, Douglas-fir/lodgepole pine, lodgepole pine, subalpine fir, subalpine fir/whitebark
pine, and mixed subalpine. Evergreen forests comprise 3,357.1 acres (65 %) of the vegetation at
the selected land and 390.7 acres (76 %) of the vegetation at the MMPO area (Alternative M2)
(BLM, Forest Service, and TCMC lands).

Thompson Creek Mine FEIS — Chapter 3
January 2015 3-22



w R16E | R17E
2001 =
2001 ::: 2009
4 2009
(@]
=
o1l 3011 @ 2009 5010 2009
2009 2009 5020 2002 1004 2003 o
2009 201D 2009
5011
2009
2009 5020 | go1p 1004 3010 3010 2009
1001 2001 ik 2003
2009
2003
2009 2003 {1001 2002 2009 1004 5019 201Y 2009
5019
5020 2003 3010 3010
3010 3010
2000 2003
3010 ~3010 2000 2001
5011 5009
so1t 3010 5020 2002 19 3010 5011 )
2009 2003 1001 3010 Q
5011 1001 2009 3010 2003 ®
2003 5012 [~ 2002 5019 @
3010 2003 =
5012 2009
3010
) 100z 2003 2001 5009 3010
2003 2003 s
Buckskin Whod 5010 5019 il Ta|||ngs soitg, ) 3010
5011 2003
2003 StWaste EOC_:(_t 2009 2003 Sto rage i 3010
10 Storage Facllity o0 5019 Facility jo19
2003 Redbir
2003 d Creek
3010 sdbe
DF 8010 2003 2009 2003 5009 2009 DF/Sb T12N
. SP301050113010 50095011 1001 Lo 12009 \
P S BIR DF/Pg MBS MBS
MPISM-_ |, SP |, BIR = R oFiSh T11IN
MBS s
Op en DF/Pg—_ oF oG RS /MM
. DF/Sb
DFILP Pit sp—TL {r P LPD’F; _RS DF/Pg MM,
T—BR MP/SM— Ms __DF
MP/SM DFisb MBS
BIR
DF/Pg/ Lp -
BR DF
MBS ‘Q,%\‘“ / \ [\ DFisb MSL'
DF/LP
/MS / B/R—L P
A MS B/R I wpism LP  DF/Sb LP
WBS sp P e
DF /
DF Ny p/
MP/SM LP
/WBS MP/SM/ /DDFF/LP
DFILP  J'BIR DF MBS B/R//
/MP/SM Pat Hughes DF DF/LP
DF\MS
Waste Rock MP/SM N/Lp Mill
Sto rage Ms P As L/ LP
T DF/Pg DF/Pg
LP < T~
EN%SI lity = e RBEZ frpg 7 /Ms wes OF
3 bF Lp s BIRY ST/P,
RBF ~Dr-P IN
/DF DF/Pg MS i MS
DF/P;
LP oF P 0 DF/Pg MS G'/
P wes\ Lp DFIPg \pFjpg Gl -
DF /¢ WBS MBS DF LP 'S
W%i B < or RSV oY DF/Sb »
LP LP wes Q
WBS MBS . DF/Pg -~ EE %ﬁ
DF/Pg — [=1]
w P DFISh WBS o
BS PGS WBS s s _DF/Sh
r BIR MBS DF DF/Sb
MBS/ \DF\ sp \ST/Pg
DF!
Selected land, existing mining disturbance, and Phase 8 expansion areas from Thompson Creek Mine data, polygons created by Ken Gardner.
Leg en d USFS Cover Types B LM Cover Types N Coordinate system UTM Zone 11 NAD 83
1001 | Barren 5009 | Mountain Big Sage As Aspen LP Lodgepole Pine RS Riparian Shrub
I:l Existing mining disturbance
1004 = Grass/Forb 5010 | Mountain Big Sage/Fescue B/R Barren/Rock LS Low Sagbrush SF Subalpine Fir
- MMPO areas/Alternative M2 . . o . - . S 1:32.000
2001 | Spruce/Fir 5011 | Conifer/Mountain Big Sage e Disturbed/Road MBS  Mountain Big Sagebrush SF/Pg Subalpine Fir/Pinegrass 0 ] 1
MMPO areas/Alternative M3 5007 | whitebark Pine 5012 | Fescue/Conifer DF  Douglas-Fir MM Mountain Mahogany SF/WP  Subalpine Fir/Whitebark Pine 0 Miles 1
2003 | Douglas-fir 5019 | Conifer/Mountain Big Sage DF/LP  Douglas-Fir/Lodgepole Pine MP/SM  Montane Parkland/Subalpine Meadow SP Subalpine Pine FI g ure 34-1
Kilometers H
2009 | Lodgepole Pine 5020 | Conifer/Fescue DF/Pg Douglas-Fir/Pinegrass MS Mixed Subalpine WBS  Wyoming Big Sagebrush Veg etatl on cover typeS y
3010 = Bunchgrass/Fescue DF/Sb  Douglas-Fir/Snowberrry PGS  Perennial Grass Slope No warranty is made by the Bureau of Land M M PO area an d S el eCted I an d
Management (BLM) for the use of this data
3011 | Fescue Gl Grassland RBF  Riparian Broadleaf Forest for purposes not intended by the BLM.

Thompson Creek Mine EIS




Deciduous Forest

Deciduous forest covers 22.5 acres (0.4 %) of the selected land. The cover type occurs in the
riparian zone where trees dominate the upper canopy. Perennial streams such as S., Thompson,
and Bruno creeks have a denser tree canopy and a wider riparian corridor. Intermittent streams
often support a discontinuous riparian community where there are sections of thick tree cover,
shrubs, and small trees, alternating with the absence of trees and shrubs. The most common
deciduous tree species are black cottonwood (Populus balsamifera), aspen, and Pacific willow
(Salix lucida spp. lasiandra). Small groves of aspen were also noted on the edges of talus slopes,
in a historic burned area, and in disturbed areas. Engelmann spruce (Picea engelmannii) and
subalpine fir also occur in the riparian zone.

Developed/Disturbed Land

Developed/disturbed® land comprises approximately 70 acres (1 %) of the selected land and less
than 0.1 acre of the MMPO area on BLM land.

Natural Barren Areas/Rock

Natural barren areas/rock covers 197.5 acres (4 %) of the selected land and 22.5 acres (5 %) of
the MMPO area (Alternative M2) on BLM and TCMC lands. This cover type includes areas
with less than 5 percent cover of vegetation with exposed soil, rock outcrops, talus or scree
slopes.

3.4.1.3. Forest Productivity

Five habitat types have been identified in the MMPO area for merchantable timber. The
predominant habitat type is Douglas-fir/elk sedge with low to moderate (30 to

85 cubic feet/acre/year) timber productivity. The second largest habitat type is Douglas-
fir/pinegrass with low (25 to 50 cubic feet/acre/year) to moderate (50 to 85 cubic feet/acre/year)
timber productivity in the pinegrass habitat type. The Douglas-fir/mountain snowberry habitat
type has very low to low (20 to 50 cubic feet/acre/year) timber productivity as these trees
regenerate very sporadically. The subalpine fir/pinegrass and subalpine fir/elk sedge habitat
types have low to moderate (30 to 75 cubic feet/acre/year) timber productivity

(Steele et al. 1981).

Three habitat types have been identified within the selected land for merchantable timber. The
predominant habitat type is Douglas-fir/mountain snowberry with very low to low timber
productivity (20 to 50 cubic feet/acre/year) as the trees regenerate very sporadically. The second
largest habitat type is Douglas-fir/pinegrass with low (25 to 50 cubic feet/acre/year) to moderate
(50 to 85 cubic feet/acre/year) timber productivity. The third habitat type is subalpine
fir/pinegrass with low to moderate (30 to 75 cubic feet/acre/year) timber productivity

(Steele et al. 1981). The forested area of the selected land is divided into shallow and steep
slopes, which would determine the harvest method (Table 3.4-2). The forested area of the
MMPO area (Alternative M2) and selected land is also classified by production capability
(Figure 3.4-2).

6 roads, structures, ditch margins, equipment and material storage areas, areas of concentrated livestock use, etc.
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Table 3.4-2. Forested area,1 selected land.

. > 45 % Slope <45 % Slope Total

Location
(acre) (acre) (acre)

Township 11N, Range 17E
Parcel 1 (Section 5) 300 0 300
Parcel 2 (Section 6) 100 200 300
Parcel 12 (Section 7) 570 60 630
Parcel 13 (Section 8) 448 0 448
Township 11N, Range 16E
Parcel 3 (Section 1) 0 300 300
Parcel 4 (Section 2) 124 0 124
Parcel 5 (Section 3) 50 0 50
Parcel 7 (Section 4) 257 0 257
Parcel 8 (Section 9) 74 0 74
Parcel 9 (Section 10) 200 0 200
Parcel 10 (Section 11) 200 0 200
Parcel 11 (Section 12) 120 100 220
TOTAL 2,443 660 3,103

! areas from Baer (2009) rounded to whole acres

Currently the commercial demand is low for wood products such as posts and poles (Baer 2009),
but the Forest Service frequently receives requests from private individuals seeking post and pole
material for noncommercial use (Chilton 2009). There also does not appear to be a market for
any appreciable amount of timber (e.g., 500 mbf/year) as the nearest sawmills that would accept
raw timber are more than 200 miles from the analysis area.” The selected land also lacks a road
network sufficient for transporting harvested timber.

e. g., Clearwater Forest Industries, Inc., Tamarack mill, New Meadows, Idaho (220 miles); Sun Mountain Lumber,

Inc. (low value stud mill), Deer Lodge, Montana (240 miles); Pyramid Mountain Lumber, Inc., Seeley Lake,
Montana (292 miles) (Gardner 2012b).
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3.4.1.4. Old-Growth Forest

Although the definition of old-growth forest is complex and can vary according to the source, in
general, old-growth forest is a stand of old, large diameter trees relatively undisturbed by
humans. There is no old-growth forest in the analysis area. The subalpine fir/pinegrass habitat
type (selected land) does contain a few scattered individuals of mature Douglas-fir that are
approximately 24 inches in diameter. However, such habitat does not constitute old-growth
habitat as defined by Green et al. (1992) and both the BLM and Forest Service believe that
old-growth forest is unlikely in the analysis area (Baer 2009, Chilton 2009).

3.4.1.5. Invasive and Non-native Plants

Eight noxious weeds occur in the analysis area: Canada thistle (Cirsium arvense), sulphur
cinquefoil (Potentilla recta), spotted knapweed (Centaurea maculosa), yellow toadflax (Linaria
vulgaris), dalmation toadflax (Linaria genistifolia ssp. dalmatica), rush skeletonweed
(Chondrilla juncea), houndstongue or gypsyflower (Cynoglossum officinale), and musk thistle
(Carduus nutans) (Figure 3.4-3). The most prevalent species are spotted knapweed (80 acres)
and yellow toadflax (52 acres) infestations (Gionet 2009). The remaining noxious weed
infestations are minor (cumulatively < 1 acre). Noxious weeds are generally intermixed with
native species and occur primarily along roads and in disturbed areas.

The Forest Service and BLM use a combination of Federal work force and contractors to
perform noxious weed control and typically monitor their treatments for a year (Gionet 2009).
The TCMC uses a contractor to implement weed control on the mine property, with follow-up
site inspections.

3.4.1.6. Special Status Plant Species

Surveys to document the presence or absence of special status plant species in the analysis area
have been limited. Therefore, the potential presence and distributions of most special status
plant species in the analysis area is inferred from their presence in nearby areas and the presence
in the analysis area of habitats where special status plant species are normally found. Incidental
observations have verified the presence of some plant species (IDFG 2011a). Six special status
plant species occur or may occur in the analysis area: Challis crazyweed, Challis milkvetch,
Lemhi milkvetch, wavy-leafed thelypody, white eatonella, and whitebark pine. Suitable soils
(Challis Volcanic Group) occur in much of the analysis area. However, the habitat around the
mine is unoccupied by these species and there is no historical record of occurrence

(IDFG 2011a). Most of the known locations for these species are clustered along the Salmon
River or East Fork Salmon River (Section 3.4.2.4.). The elevation range of whitebark pine in
Idaho is 7,300 feet to 10,500 feet (USFS 2013a). Whitebark pine could occur in the MMPO area
and selected land as scattered individual trees (no stands) at the higher elevations on exposed
ridges and in windswept areas. All of these special status plant species are sensitive species, and
whitebark pine is also a candidate species under the ESA.
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3.4.2. Offered Lands — Broken Wing Ranch

3.4.2.1. General Vegetation

The vegetation of the ranch is discussed by subparcel (Section 2.2.4., Figure 3.4-4). In the
westernmost subparcel (BWR-1) vegetation communities transition from fingers of coniferous
forests to grasslands and riparian forest surrounded by sagebrush hills. The eastern subparcels
(BWR-2 through BWR-7) are adjacent to the Salmon River and contain areas of irrigated
agricultural land, surrounded by xeric foothills dominated primarily by sagebrush and other low
growing shrubs with small areas of grasslands. Species composition (apart from agricultural
species) is dependent primarily on elevation, aspect, and substrate, all of which influence the
temperature and moisture regimes under which plant communities have developed.
Superimposed upon this pattern are the effects of land use, primarily grazing by domestic
livestock and invasion by noxious weeds. Use of native rangeland by cattle tends to change
community composition and dominance as a result of preferential consumption of some plant
species, avoidance of other plant species, and direct and indirect effects from trampling and
changes in moisture infiltration or run-off related to the lower and sparser cover.

3.4.2.2. Vegetation Cover Types

There are six general classifications of land cover and plant community types at the ranch:
agriculture, semi-desert grassland, semi-desert shrubland, deciduous forest, mesic shrubland, and
developed/disturbed areas.

Agriculture

Agricultural land covers 444.5 acres (53 %) of the ranch. Subparcels BWR-4 and BWR-6 have
the largest agricultural areas of 150.6 and 144.7 acres, respectively. Agriculture land consists
primarily of pasture and hay production including grasses, alfalfa, and mixtures planted for
livestock grazing. Most of the agricultural land is irrigated and is on the valley floors adjacent to
the Salmon River. These areas are characterized by gentle terrain, relatively deep loamy or
gravelly loam soils (NRCS 2007), and availability of water for irrigation. Irrigation methods
include the use of furrow or flood systems, wheel lines, and center pivot systems. Portions of the
irrigated pastures contain herbaceous wetlands or areas dominated by hydrophytic vegetation
(plants that thrive in wet conditions) (Section 3.9.).

Semi-Desert Grassland

Semi-desert grassland (perennial grass slopes) occurs on only BWR-1 and covers 9.5 acres (1 %)
of the ranch. Grassland refers to areas dominated (> 50 % cover) by grasses and widely scattered
shrubs. Grassland in the region comprise primarily native, drought resistant species such as
bluebunch wheatgrass (Pseudoroegneria spicata), Idaho fescue (Festuca idahoensis), and
Sandberg bluegrass (Poa secunda).

Semi-Desert Shrubland

Semi-desert shrubland covers 335.1 acres (40 %) of the ranch. All of the subparcels have at least

one or more semi-desert shrubland vegetation communities with the largest areas of semi-desert
shrubland on BWR-1 (107.6 acres), BWR-5 (76.8 acres), and BWR-6 (56.8 acres).
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Deciduous Forest

Deciduous forest covers 25.5 acres (3 %) of the ranch. All the subparcels have deciduous forest
except BWR-5. Deciduous forest at the ranch consists primarily of black cottonwood, aspen,
and various willow species. Canopy cover and tree density range from sparse to fairly dense.
The composition of the understory is variable and most often controlled by the underlying soils.
Deep loam soils tend to support a well-developed shrub layer whereas stony, coarser textured or
shallow soils tend to support an herbaceous understory. Forested riparian corridors occur along
Lyon Creek, large irrigation ditches, low banks, old oxbows, or on the outside bends of the
Salmon River.

Riparian Shrubland

Riparian shrubland covers 6.8 acres (0.8 %) of the ranch and occurs on BWR-3, BWR-4, and
BWR-7. Riparian shrubland corridors are generally found along irrigation ditches or drainages
that are subject to seasonal overbank flows and along low banks or terraces of the Salmon River.
The density of shrubs and width of the shrub corridor are greatest on the outside meanders of the
Salmon River. Ditches and drainages often support a narrow and sometimes discontinuous
riparian community, where there are alternating sections of thick tree cover, shrubs, small trees,
and the absence of trees and shrubs. The most common shrub species is willow. Other species
include alder, chokecherry, dogwood, serviceberry, Woods’ rose, and currant.

Developed/Disturbed Land

Developed/disturbed land comprises approximately 20 acres (2 %) of the ranch and is found on
BWR-3, BWR-4, BWR-5, and BWR-6. The largest areas are on BWR-4 (7.3 acres) and BWR-5
(8.2 acres). These areas typically contain several weed species (Section 3.4.2.3).

3.4.2.3. Invasive and Non-native Plants

In general, noxious weeds do not grow well in shaded environments (NDDA 2009). Four Idaho-
listed noxious weeds occur at the ranch, particularly adjacent to roads, near water, and in
agricultural fields on the ranch:

e (Canada thistle: primarily occurs in the western parcel of the ranch as small isolated
patches near or along Lyon Creek, along the upper road, and in transition areas between
the Lyon Creek corridor and sagebrush slopes;

e Russian knapweed (Acroptilon repens): occurs as a small dense patch along the edge of
the irrigated pasture in the far northern quarter of the ranch and is likely scattered in other
locations across the ranch;

e Musk thistle: occurs in mesic (moderately moist) sites adjacent to Lyon Creek and
associated wetlands in the western parcel of the ranch; and

e Oxeye daisy (Leucanthemum vulgare): occurs sparsely in mesic sites adjacent to Lyon
Creek and associated wetlands in the western parcel of the ranch.
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Eight other invasive weeds occur on disturbed/developed land at the ranch: clasping pepperweed
(Lepidium perfoliatum), Russian thistle (Salsolia iberica), saltlover (Halogeton glomeratus),
cheatgrass (Bromus tectorum), tumble mustard (Sisymbrium altissimum), tamble pigweed
(Amaranthus albaus), kochia (Kochia scoparia), and common tansy (7Tanacetum vulgare).

3.4.2.4. Special Status Plant Species

Six special status plant species may occur at the ranch (Table 3.4-3).

Table 3.4-3. Special status plant species, Broken Wing Ranch.

Species
(Status) Occurrence
i Likely
(Csféélllllliiisrea;zyweed Suitable habitat occurs and there are historical records of the
species near the ranch along the Salmon River (IDFG 2011a).
S mi Likely
Challl's'mllkvetCh Suitable habitat occurs and there are historical records of the
(Sensitive)

species near the ranch along the Salmon River (IDFG 2011a).

Likely (Historically observed)
Suitable habitat occurs and there are historical records of the
species on the ranch (IDFG 2011a).

Lembhi milkvetch
(Sensitive)

Likely

Wavy-leafed thelypody Suitable habitat occurs and there are historical records of the

(Sensitive) species near the ranch along the Salmon River (IDFG 2011a).

White eatonella Likely (Historically observed)

(Sensitive) Suitable habitat occurs and there are historical records of the
species on and northeast of the ranch (IDFG 2011a).

Whitebark pine Not Present

(Sensitive) Suitable habitat is not present on the ranch.

3.4.3. Offered Lands — Garden Creek Property

3.4.3.1. General Vegetation

The Garden Creek property is primarily forested land with a narrow riparian wetland bordering
Garden Creek. Small, scattered patches of sagebrush and grassland also occur on and adjacent to
the property. The tree canopy is composed of a mix of deciduous and coniferous species, co-
dominated by aspen and Douglas-fir. The forest is uneven in age with various sizes of timber
growth. A shrubby understory occurs underneath the forest layer.

3.4.3.2. Vegetation Cover Types

Four general vegetation types are found on the property: aspen, Douglas-fir, mixed conifer
(evergreen), and deciduous (broadleaf) forest. A riparian/wetland corridor occurs along Garden
Creek (Table 3.4-4).
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Table 3.4-4. Vegetation cover types, Garden Creek property.

Cover Type' Vegetation Community Area’ (%)
(acre)

FOREST

Mixed evergreen deciduous | aspen/conifer mixed forest 15.1 18
Mixed evergreen deciduous | forested riparian corridor® 0.8 <1
Evergreen Douglas-fir 63.6 80
Deciduous aspen 0.6 <1
TOTAL 80.1 100

' BLM (2012b), Idaho Land Cover Classification System (2009)
2 from Section 3.9.
3 areas derived from GAP data

Broadleaf species such as Rocky Mountain maple (Acer glabrum) and willows are more
abundant in moist forests, riparian areas, or along drainages. Common shrubs include
snowberry, common juniper (Juniperus communis), Woods’ rose, white spirea (Spiraea
betulifolia), and creeping Oregon grape (Mahonia repens). Common grasses include pinegrass,
Kentucky bluegrass (Poa pratensis), common timothy (Phleum pratense), blue wildrye (Elymus
glaucus), bearded wildrye (Elymus caninus), and brome (Bromus spp.). Common forbs for this
area include heartleaf arnica (Arnica cordifolia), western yarrow (Achillea millefolium),
mountain sweet-cicely (Osmorhiza chilensis), Richardson’s geranium (Geranium richardsonii),
sticky geranium (Geranium viscosissimum), and elk sedge (Carex garberi) (Mueggler 1988).

3.4.3.3. Forest Health

In the previous 20 years, the Caribou-Targhee National Forest (CTNF) has no records of any
major fires in the vicinity of the Garden Creek property and there is no evidence of historic fires.
No insect or disease infestations or their related effects have been recorded in or near the
property (Burts 2010).

3.4.3.4. Forest Productivity

The Pavohroo and Sedgeway soils on the property are well suited to the production of Douglas-
fir. On the basis of a 50 year site curve, the average site index for Douglas-fir is 65 feet with a
maximum average growth or potential yield of 85 cubic feet per acre per year at 40 years of age.
Greys and Toponce soils are well suited to the production of aspen. On the basis of an 80 year
site curve, the average site index for aspen is 65 feet with a maximum average growth or
potential yield of 36 cubic feet per acre per year at 80 years of age. Most harvested aspen are
used for firewood. No information was located on historic logging at the property, but tree
stumps from selective tree removal range in size from “Christmas tree” to saw timber.

3.4.3.5. Invasive and Non-native Plants

Field inspections have not identified noxious weeds on the property. In addition, noxious weed
infestations in the vicinity of the property are not known by the CTNF or the BLM Pocatello
Field Office personnel (Burts 2010, Chipman 2010).
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3.4.3.6. Special Status Plant Species

No surveys for special status plant species were made for the Garden Creek property. However,
suitable habitat (riparian) for the Idaho sedge occurs on the property and thus, Idaho sedge could
occur on the property.

3.5. Range Resources

The analysis area for range resources for the MMPO alternatives is the portion of the BLM
grazing allotments (S. Creek and Thompson Creek) containing the MMPO area. The analysis
area for the land disposal alternatives is the selected and offered lands, and the area of the
relevant land disposal provisions, i.e., the roads on private property for which the BLM would
gain administrative access to the Saturday Mountain Pasture.

3.5.1. MMPO Area and Selected Land

The analysis area has historically been used for livestock grazing in an allotment system.
Generally, cattle move through one or more allotments over a year, with part of the year spent on
private land. The selected land includes portions of three pastures in the S. Creek Allotment and
two pastures in the Thompson Creek Allotment (Figure 3.5-1).

South- and west-facing slopes above Thompson Creek are made up of rock outcrops and rubble
lands, forest cover, and sagebrush-grasslands. Common species found on these slopes include
Idaho fescue, bluebunch wheatgrass, blue wildrye (Elymus glaucus), mountain big sagebrush
(Artemisia tridentata ssp. vaseyana), other shrubs such as mountain snowberry (Symphoricarpos
oreophilus), curl-leaf mountain mahogany (Cercocarpus ledifolius), and forbs such as heartleaf
arnica, and arrowleaf balsamroot (Balsamorhiza sagittata). Patches of forest occur on north-
facing slopes of side drainages; forested areas are mixed Douglas-fir, lodgepole pine, and
subalpine fir. Forage production in an average year for this area ranges from near 0 pounds per
acre at rock outcrops to about 490 pounds per acre on productive sagebrush-grass areas

(NRCS 2007).

North- and east-facing slopes are mostly forested, with Douglas-fir and sub-alpine fir (4bies
lasiocarpa) interspersed with mountain meadows. Forested areas provide much less forage than
the grassy mountain meadows. These meadows support similar species to those noted above
with the addition of mountain brome (Bromus montanus). Slopes are also steep in this area.
Forage production in an average year for these forest-meadow mosaic areas ranges from near

0 pounds per acre in thick forest to approximately 490 pounds per acre in meadows

(NRCS 2007).
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3.5.1.1. S. Creek Allotment

The S. Creek Allotment is 9,487 acres, of which 1,401 acres are privately owned, 440 acres are
State land, and 7,646 acres are BLM land. Grazing vegetation species in the allotment include
bluebunch wheatgrass and Idaho fescue. In 2002, when frequency studies were conducted,
“there was none or very little range considered in poor condition” (BLM 2005b, p. 22).

The allotment has three pastures: Redbird, South Butte, and Saturday Mountain, all of which
contain some of the MMPO area or selected land. These pastures are utilized in a deferred rest-
rotation system (BLM 2002). There is a fence separating the South Butte and Redbird pastures
from one another. Each pasture has at least one spring and several troughs and pipelines
installed for livestock use (Figure 3.5-2). None of these springs or troughs are on the selected
land. The allotment permittee is authorized to graze 142 cows from May 1 to July 4 and

160 cows from October 1 to October 30 for a maximum of 199 AUMs.

Livestock trailing occurs along S. Creek Road to access the allotment. BLM resource
management objectives include not allowing livestock to linger along the road or the adjacent

S. Creek. The riparian corridor along the creek is more than 100 feet wide in some locations and
is dominated by pasture grasses, several willow species, cottonwood, red-osier dogwood (Cornus
sericea), and Woods’ rose. Several parcels along the S. Creek riparian corridor and adjacent
wetland meadows are grazed during the authorized season of use. Except for one BLM parcel
that is within private land, BLM land along S. Creek is unfenced; private parcels along S. Creek
are fenced. Livestock are trailed to the uplands to alternative water sources in an effort to keep
the cattle away from the creek. Cattle must trail through TCMC land to use the Saturday
Mountain Pasture. Informal permission (no written agreement) from TCMC is currently granted
on a case-by-case basis to the permittee for this trailing.

There is one designated monitoring area in a riparian area in the Redbird pasture along S. Creek,
but cattle seldom use this riparian zone (BLM 2005b). Vegetation in the S. Creek Allotment is
“adequate to provide for reproduction and recruitment...as well as provide adequate litter for
decomposition to replenish soil nutrients and maintain ecological processes necessary for healthy
plant communities” (BLM 2005b, p. 14). The current grazing management of the allotment is
meeting the standards for rangeland health and is in conformance with the livestock grazing
management guidelines in the Idaho Standards for Rangeland Health and Guidelines for
Livestock Grazing Management published by the BLM in 1997 (BLM 1997, 2005b).

3.5.1.2. Thompson Creek Allotment

The Thompson Creek Allotment contains 3,329 acres of BLM land and 709 acres of private land.
Grazing in the allotment was most recently managed in a two-pasture (Lower Pasture and Unit 2
Pasture) deferred rotation system for 23 days with 67 cows between July 1 and September 30 for
a maximum of 51 AUMs. The season of use was greater than 23 days to provide flexibility in
timing of grazing in the two pastures. Furthermore, a condition of the permit was that all
livestock shall be moved into the upper unit (Unit 2 Pasture) after August 1 each year. This
condition was included as specific mitigation to effects on fish species protected under the ESA.
However, the grazing permit for the allotment was relinquished in January 2012, and the BLM
could only re-issue the permit to provide short term flexibility to other permittees for vegetation
treatments or other management actions affecting base permits (BLM 1999).

Thompson Creek Mine FEIS — Chapter 3
January 2015 3-36



The physiographic setting of the allotment is steep canyon walls with dry Douglas-fir, and
sagebrush-bluebunch plant associations on lower slopes and mixed stands of lodgepole pine and
Douglas-fir on high slopes. Two-thirds of the allotment is on areas disturbed by mining or
covered by steep limestone mountain mahogany communities, Douglas-fir communities, and
subalpine fir communities. Only the remaining one-third of the allotment is suitable for grazing,
which is covered by sagebrush/bunchgrass communities (key forage species are bluebunch
wheatgrass and Idaho fescue) with a stocking rate of approximately 1 AUM per 20 acres. Cattle
reach the allotment via the Thompson Creek Road, and distribute to upland sites to graze through
the use of riders and salting practices. However, the topography and the availability of forage
along Thompson Creek and the adjacent riparian/bench area are where most grazing occurs. The
short duration of use (23 days) and grazing use criteria to trigger movement of livestock limit the
current effect to the stream/aquatic habitat/fisheries resources. There are no developed springs or
water features on the allotment, but water is available for grazing from Thompson Creek and
other drainages.

3.5.2. Offered Lands — Broken Wing Ranch

The ranch contains irrigated areas and unimproved range land, as well as several buildings and
houses. Most of the ranch is leased to a rancher who irrigates the fields to grow hay, and winter
pastures his livestock on the ranch as a cow-calf operation (BLM 2010a). The ranch is no longer
a base property for any BLM grazing permits. On average, each acre of irrigated hay land
produces 2 tons of alfalfa/grass hay per acre. Yields could likely be improved if the fields were
improved (replanted, re-leveled, etc.) (Baker 2011).

The rancher feeds 300 cows on the ranch and other nearby private land during mid-September
through mid-May. Once surrounding rangeland is ready for grazing (usually in May), up to

236 cows move on to the adjacent BLM Bald Mountain Allotment to the west and/or BLM Split
Hoof Allotment to the east until approximately June 16 each year (Figure 3.5-2). Most of the
cows are then trailed onto the adjacent Forest Service S. Creek Allotment (different from the
BLM S. Creek Allotment) until mid-August or October, depending on resource conditions. The
cattle then pass back through the BLM allotments for up to 2 weeks, before moving back onto
the Broken Wing Ranch. The base property for the BLM grazing permits for these allotments is
private land (i.e., not the Broken Wing Ranch) owned by the rancher.

Subparcel BWR-1 straddles Lyon Creek and has 52 acres of sub-irrigated land. Typical forage
species are wheatgrasses and fescues, and the meadow (“Graham Field”) is composed of
Nebraska sedge, Baltic rush, quackgrass, and Kentucky bluegrass. The meadow is flood
irrigated between May and September (WSLM 2012) and will produce approximately

3 tons per acre of alfalfa hay, or will support 5 AUMs per acre if used for pasture (NRCS 2007).
The meadow in BWR-1 historically has been grazed by 150 to 200 cow/calf pairs between the
last week in April and mid-May. However, in 2012 TCMC installed 6,200 feet of riparian post
and wire fence with jack post bracing around 42.9 acres of the subparcel to exclude cattle from
the meadow, leaving 124.3 acres of unfenced rangeland in the subparcel. Under a conservation
plan, the meadow will now be grazed either 1) during 3 to 5 days during the first week in May by
200 cow/calf pairs, or 2) during 3 to 5 days during mid- to late-October or the first week in
November (cows only, no calves) (WSLM 2012).

Thompson Creek Mine FEIS — Chapter 3
January 2015 3-37



Buckskin
Waste Rock
Storage Facility

Open
Pit

Service Layer Credits: Copyright:© 2013
National Geographic Society, i-cubed

Shops/
Crusher/
Office

Pat Hughes
Waste Rock
Storage
Facility

R16E RI17E

S. CREEK
Trealor Creek

S. CREEK
Lower S. Creek

Tailings
Storage
Facility

Mill

o

Q
(4%
Q.

S. CREEK
Riparian
Pasture

S. CREEK
Saturday Mountain

S. CREEK
Redbird

South Butte

S. CREEK
Kinnikinic Creek

S. CREEK
Juliette

S. CREEK

Happy
Hollow

T12N

T11N

Legend

D Selected land
l:l Existing mining disturbance

- MMPO areas/Alternative M2
MMPO areas/Alternative M3

BLM Pastures and Range Improvements

D BLM S. Creek Allotment pasture
O Spring
/\  Trough
= == == Pipeline
Forest Service Pastures and Range Improvements

D Forest Service S. Creek Allotment pasture

& Pond
. Spring
A Trough

Unidentified improvement

Land Ownership

N
0 1:60,000 8,000
0 Feet 2
Kilometers

Selected land, existing mining disturbance from Thompson Creek Mine data, polygons created by Ken Gardner.
Ownership data is at 1:24,000 and created and maintaned by the Bureau of Land Management, Idaho State Office, Geographic Sciences.
Topographic background from USGS 7.5' Quadrangles 1:24,00 scale.
Allotments, Pastures, and Range Improvements data supplied by BLM and USFS.
Coordinate system UTM Zone 11 NAD 83

No warranty is made by the Bureau of Land
Management (BLM) for the use of this data
for purposes not intended by the BLM.

Figure 3.5-2
Range improvements, S. Creek allotment
Thompson Creek Mine EIS




—— Stream

Z Z
—
—
|_
(1]
N~
—
nd
(1]
(o]
—
nd
Split Hoof
Allotment
|
BWR-2 NN
— ——
A ¢
L - =}
Ll L e
WR-3
Bald Mountain
Allotment
. (o}
Shk creek RO¥
Poverty Flat Road
&
v ¢ %
s ©
~
Q\‘D'
§
QOA
NEPA parcels for the Broken Wing Ranch from Thompson Creek Mine data, polygons created by Ken Gardner.
Ownership data is at 1:24,000 and created and maintaned by the Bureau of Land Management, Idaho State Office, Geographic Sciences.
Leg en d Topographic background from USGS 7.5' Quadrangles 1:24,000 scale.
Coordinate system UTM Zone 11 NAD 83
D Broken Wing Ranch NEPA parcels A Trough Irrigation
D BLM allotment Fences |:| Flood N ( )
Main Broken Wing Ranch access Fair [ Hand lines F|g ure 3.5-3
—— 2WD road (Highway 75) Good [ Pivot 0 1:24,000 4,000 Fences and irrigation,
— — Primitive road == Poor [ wheel lines 0 Feet 1 Maragement (LMY for the uss of s detn Broken Wing Ranch
for purposes not intended by the BLM. .
Thompson Creek Mine EIS

Kilometers




Approximately one-third of BWR-2 is flood-irrigated (~ 35 acres), one-third is irrigated with a
pressurized circular irrigation system, and one-third is non-irrigated rangeland. Common grasses
are wheatgrasses and fescues. When irrigated, these soils produce 3 to 4 tons per acre of alfalfa
or grass hay, and can support approximately 8 AUMs per acre of forage if irrigated (NRCS
2007). In 2011 and 2012, TCMC installed 5,500 feet of riparian jack post and pole fence along
the Salmon River, which combined with existing fencing excludes cattle on the north half of the
ranch from most of the river (BWR-2, BWR-3, and portions of BWR-4) (WSLM 2012). Under
the Lyon Creek conceptual restoration plan, the lower 1,850 feet of Lyon Creek would be fenced
to exclude livestock and the four stream crossings would be consolidated.

Subparcel BWR-3 is almost all native rangeland straddling Lyon Creek. This land produces
approximately 400 pounds per acre of dry forage in a typical year if not irrigated. If this
subparcel were irrigated, the land would produce approximately 8 AUMs per acre of forage
(NRCS 2007). TCMC installed a fish screen in 2012 on a diversion from Lyon Creek on BLM
land (under an authorized ROW) approximately 500 feet northwest of the Lyon Creek ranch
house. Instead of a leaky diversion ditch, the water is now piped to the irrigation equipment on
BWR-2 and BWR-3. In addition, a pipeline was run from a spring near the diversion to a new
watering trough on BWR-3 (with the ditch preserved as a cultural resource). The system is
passive and designed to be frost free. Cattle now water from the trough instead of Lyon Creek
and the Salmon River. Furthermore, the upper portion of the diversion ditch from BWR-1 has
been abandoned (WSLM 2012).

Subparcel BWR-4 is in the ancestral floodplain of the Salmon River and includes three old
oxbows that are sub-irrigated. Most of the parcel is flood-irrigated and is used for hay
production, but native, non-irrigated pasture land is also present. This subparcel, when used as
irrigated pasture, produces 5 to 8 AUMs per acre of forage (NRCS 2007). TCMC also installed
a second off-stream cattle watering system on BWR-4 in 2012. Cattle now water from a trough
supplied by a new well instead of watering in the Salmon River; the system is frost free. The
company also installed jack pole and post fence around the historic Maraffio homestead to
exclude cattle from the site (WSLM 2012).

Subparcel BWR-5 has both irrigated land (flood irrigation) and rangeland located on outwash
plains. This subparcel produces 350 to 700 pounds per acre of forage as rangeland and

3 to 4 tons per acre of grass hay if irrigated. As irrigated pasture, the subparcel produces

5 to 8 AUMs per acre of forage (NRCS 2007).

Subparcel BWR-6 (120 acres irrigated) has two pressurized circular irrigation fields, one pipe-
irrigated field, and non-irrigated rangeland (120 acres irrigated, 89 acres non-irrigated). If
irrigated, the subparcel would support approximately 8 AUMs per acre (NRCS 2007).

Subparcel BWR-7 includes native sub-irrigated hay land and range land in the Salmon River
floodplain next to an un-named, intermittent creek. When irrigated, the subparcel supports
7 AUMs per acre (NRCS 2007).

An irrigation ditch traverses BWR-4 whereas BWR-3, BWR-7, and portions of BWR-4 are
naturally sub-irrigated (Baker 2010). Most of the pastures and fields at the ranch are fenced
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(7.7 miles), with 42 percent of the fence in good condition, 23 percent in fair condition, and
35 percent in poor condition (Figure 3.5-3.).

3.5.3. Offered Lands — Garden Creek Property

The property is partially fenced with the BLM Old Tom Mountain Allotment adjacent to the east
and NFS allotments 1156 and 1165 adjacent to the west and north. Therefore, grazing occurs on
the property when the adjacent Federal allotments are grazed, and the property is managed
integrally with the adjacent BLM and Forest Service allotments. Common range plants include
mountain big sagebrush, Idaho fescue, bluebunch wheatgrass, alpine timothy (Phleum alpinum),
and wood bluegrass (Poa nemoralis). Other shrub species include western snowberry antelope
bitterbrush (Purshia tridentata) and Saskatoon serviceberry (Amelanchier alnifolia). Forage
production on an average year ranges from approximately 675 pounds per acre to 700 pounds per
acre (NRCS 1987) or 0.9 AUM per acre (72 AUMs) (1 AUM = 790 pounds of air dry forage,
NRCS 2002b).

The Old Tom Mountain Allotment is currently used for fall sheep grazing. Generally,

1,200 sheep use the allotment during September and October, using approximately 473 AUMs
(BLM 2010b). Sheep move freely between the BLM land, NFS land, and Garden Creek
property. There are no fences between the BLM land and the property. There is a fence in good
condition between the property and NFS land to the north, and a fence in poor condition between
the property and NFS land to the east.

3.6. Water Resources

The analysis area for water resources for the MMPO alternatives and for the selected land
component of the land disposal alternatives is the water in the potentially affected watersheds
and channels:

e The Buckskin and Pat Hughes watersheds, the small watershed in between (“No Name”),
the small unnamed watersheds east of the Pat Hughes watershed, the Cherry Creek
watershed, and the underlying aquifers (underground layers of rock, sediment or soil that
yield water);

e The Thompson Creek channel from the northern boundary of the selected land
downstream to the confluence of Thompson Creek with the Salmon River;

e The Bruno Creek watershed, the Redbird Creek watershed (both tributaries to S. Creek),
and the underlying aquifers;

e The S. Creek channel from the northern boundary of the selected land downstream to the
confluence of S. Creek with the Salmon River; and

e The Salmon River between the mouths of Thompson and S. creeks.

The analysis area for the offered lands component of the land disposal alternatives is 1) the
surface water related to the Broken Wing Ranch (Lyon Creek watershed, the ranch, and the
portion of the Salmon River channel on the ranch); 2) the groundwater related to the ranch (the
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ranch and adjacent lands with wells in the IDWR (2012) database); 3) the surface water related
to the Garden Creek property (the property and the Garden Creek channel between 1,800 and
1,950 feet elevation); and 4) the groundwater related to the property (the property and adjacent
lands with wells in the IDWR (2012) database).

3.6.1. MMPO Area and Selected Land

3.6.1.1. Surface Water

The MMPO area and the selected land are in the Thompson Creek (19,271 acres) and Lower
S. Creek (12,159 acres) 6" level watersheds, with hydrologic unit codes (HUC) 170602010903
and 170602010803, respectively. These watersheds drain to the Salmon River basin (170602),
which drains to the Lower Snake River subregion (1706). The existing and proposed mine
disturbance is/would be in the Buckskin, Pat Hughes, Bruno, and No Name watersheds.
Buckskin Creek, No Name Creek, and Pat Hughes Creek all drain to Thompson Creek. Bruno
Creek drains to S. Creek, which drains into the upper Salmon River 4 miles downstream of the
confluence of Thompson Creek with the Salmon River (Figure 3.6-1). Redbird Creek, a
tributary to S. Creek, is northeast of the Bruno Creek watershed.

Stream Characteristics

Thompson Creek

Thompson Creek drains 29.1 square miles and is a second order stream 12.2 miles in length from
its headwaters near the mine to the confluence of Thompson Creek with the Salmon River.
Thompson Creek is in a narrow canyon with steep, moderately dissected side slopes. This
topography constrains the active channel and limits floodplain development. In addition, the
public and private sections of Thompson Creek Road constrain the active channel in some
locations along Thompson Creek. The average stream gradient is 2.5 percent and average width
is approximately 13 feet (GEI 2011). The larger tributaries (by flow) to Thompson Creek
include Basin Creek (north of the analysis area), Buckskin Creek, Alder Creek (west of the
analysis area), and Pat Hughes Creek (IDFG 2005a). Portions of Thompson Creek upstream of
the mouth of Buckskin Creek are more heavily shaded by Douglas-fir than downstream of the
mouth where Thompson Creek tends to be more dominated by cottonwood (VTN 1980c¢).

Buckskin Creek

Buckskin Creek drains 2.5 square miles and is a first order tributary to Thompson Creek.
Buckskin Creek has been distinctly affected by the mine, with a large cross-valley-fill WRSF in
much of the drainage. As a result, less than % mile of Buckskin Creek remains unburied.
Furthermore, the section of stream that remains is not a free-flowing stream, but functions as part
of the mine water management system. That is, the only water in the stream is that collected
from the toe of the Buckskin WRSF or small amounts of groundwater intercepted due to natural
gain. The collected water is either released along a small channel that has been distinctly
modified over the years to Thompson Creek via a NPDES discharge point (Outfall 001) at the
base of a sedimentation pond, or transmitted via the Thompson Creek pipeline to the Cherry
Creek pump station (discussed further under Streamflow Characteristics below).
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Pat Hughes Creek

Pat Hughes Creek drains 2.4 square miles and is a first order tributary to Thompson Creek that
has also been distinctly affected by a large cross-valley-fill WRSF in much of the drainage.
Similar to Buckskin Creek, the portion of Pat Hughes Creek that remains (< % mile) is not a
free-flowing stream, but part of the mine water management system. Water from the toe of the
Pat Hughes WRSF, the Pat Hughes diversion pipeline, or intercepted groundwater is either
released through a NPDES discharge point (Outfall 002) to Thompson Creek, or transmitted by
the Thompson Creek pipeline to the Cherry Creek pump station (Figure 2.1-2). Pat Hughes
Creek does not provide fish habitat (discussed further under Streamflow Characteristics below).

S. Creek

S. Creek drains 79.2 square miles and is a second order stream 15.5 miles in length from its
headwaters north and east of the mine to the confluence of S. Creek with the Salmon River.

S. Creek is in a narrow valley with steep, moderately dissected side slopes along much of its
length. As a result, floodplain development is also limited along much of its length.
Furthermore, S. Creek Road is next to approximately 12 miles of S. Creek from the trailhead at
the confluence of Martin Creek with S. Creek to the confluence of S. Creek with the Salmon
River, and the road constrains the active channel of S. Creek in some places. However,
approximately 1 mile above the confluence of Bruno Creek with S. Creek, the terrain begins to
open into a broader valley bottom, with better developed floodplains (IDFG 2004). The average
gradient of S. Creek (1.3 %) is lower than that of Thompson Creek (2.5 %), and the average
width of S. Creek (~ 20 feet) is wider than that of Thompson Creek (13 feet) (GEI 2011).

S. Creek is fed by more than a dozen smaller tributaries on NFS land upstream of the confluence
of Bruno Creek with S. Creek; Bruno Creek is the principle S. Creek tributary on the selected
land. Portions of S. Creek upstream of the mouth of Bruno Creek have moderate canopy cover
of willow, cottonwood, and aspen. Below the mouth of Bruno Creek, riparian vegetation is more
open, with some large patches of cottonwood (VTN 1980c).

Bruno Creek

Bruno Creek drains 6.3 square miles and is a second order tributary to S. Creek. Bruno Creek is
approximately 6 miles in length from its headwaters near the mine to the confluence of Bruno
Creek with S. Creek. Typical of other tributaries in the analysis area, Bruno Creek has a
relatively steep gradient within a narrow canyon that limits floodplain development. The
construction of the TSF in 2 miles of the Bruno Creek drainage has divided Bruno Creek into
two separate reaches. Upstream of the TSF, the headwaters of Bruno Creek have not been
directly affected by mine activity (i.e., filled by tailings or dewatered by flow diversions).
However, the headwaters are fragmented from downstream portions of the creek by the TSF.
Also as a result of the TSF and flow diversion, downstream reaches have been distinctly affected
by mine activity, primarily through the loss of streamflow (discussed further under Streamflow
Characteristics below).
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Salmon River

The Salmon River is a seventh order stream that is a major tributary to the Snake River.
However, unlike the Snake River, there are no dams on the Salmon River. The Salmon River
upstream of the analysis area drains an area of approximately 800 square miles (512,000 acres).
The Salmon River is approximately 80 feet wide in the analysis area with very little shading
from riparian vegetation or topography (GEI 2011). Riparian vegetation is limited to a narrow
strip of dogwood, willow, alder, and sparse cottonwood bounded by steep talus slopes,

US Highway 93, and developed private land. As a result, water temperatures are elevated during
summer months. Multiple irrigation diversions exacerbate this condition by reducing flows
relative to historic levels. Flows in the Salmon River (as measured ~ 11 miles upstream of the
analysis area) vary seasonally typical of snowmelt driven systems.

Streamflow Characteristics

The Salmon River, Thompson Creek, and S. Creek are perennial mountain streams whose flows
vary greatly both seasonally and annually (USGS 2012c, stream gage data) (Figure 3.6-1). In
general, flows in these channels and their tributaries are dominated by seasonal snowmelt run-
off. Consequently, the highest flows occur in the late spring and early summer with peak flows
typically occurring in June for the Salmon River as the winter snowpack melts in addition to
spring rainfall. Flows then decrease in these streams until a regular base flow is established
during the fall and winter months.

USGS Station No. 13296500 (Salmon River below Yankee Fork) is approximately 11 miles
upstream of the mouth of Thompson Creek. Average monthly flows at this point on the Salmon

River vary seasonally by an order of magnitude, with the winter months averaging approximately
400 cfs and the June flow average approaching 3,000 cfs (USGS 2012c).

The USGS (in cooperation with the IDWR) began gaging Thompson Creek near Clayton (USGS
Station No. 13297330) in 1972. The gaging station is 1.2 miles upstream of the mouth of
Thompson Creek, and downstream of the current open pit, WRSFs, and permitted NPDES
Outfall 001 and Outfall 002. As with the Salmon River, Thompson Creek is at its highest in the
spring, with flows dropping in late summer into fall (Figure 3.6-2). Thompson Creek generally
contributes less than 1 percent of the flow in the Salmon River.
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Figure 3.6-2. Distribution of mean monthly flow rates, Thompson Creek.

The USGS-IDWR cooperative stream gaging station on S. Creek (USGS Station No. 13297355)
also began operating in 1972. The gaging station is approximately 3 miles upstream from the
mouth of S. Creek, and is downstream of the TSF and NPDES Outfalls 003 and 004. With a
similar flow distribution as Thompson Creek, the average monthly flows of S. Creek are
approximately twice those of Thompson Creek (Figure 3.6-3.) (USGS 2012c).
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Figure 3.6-3. Distribution of mean monthly flow rates, S. Creek.

As part of the process to determine effluent limitations for NPDES discharges, the EPA derives
flow characteristics for receiving streams. Among these characteristics is the 7 day/10 year low
flow (lowest 7 day flow that can be expected to occur on average once every 10 years) (7Q10
flow), which is used as a basis for protection of aquatic life from chronic effects. Therefore, the
7Q10 flow represents a much lower flow than average base flow, which is a more regular
seasonal low-flow condition. The current effect of the mine is already reflected in the current
7Q10 flow for the Salmon River, Thompson Creek, and S. Creek (Table 3.6-1).

Table 3.6-1. Estimated 7Q10 flows.

Stream 7Q10 Estimate
(cfs)
Salmon River 103
Thompson Creek 5
S. Creek 5

As discussed below, some of the streamflow characteristics of smaller watersheds to Thompson
and S. creeks have been altered by the mine. In addition, the streamflow characteristics of
Buckskin and Pat Hughes creeks upstream of their confluences with Thompson Creek have been
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altered by the mine.® TCMC holds water rights that allow diversion of 20.86 cfs collectively
from the Salmon River, Buckskin Creek, and Pat Hughes Creek; the water rights on Buckskin
and Pat Hughes creeks effectively allow for dewatering these creeks. In addition, there are one
or more sedimentation ponds in the Buckskin and Pat Hughes Creek drainages below the
WRSFs. The ponds are designed to collect all flow in the upstream portions of the watersheds.
Therefore, the stream channels upstream of these ponds are part of the water management system
for mine-affected water and are not naturally flowing streams. Downstream of the WRSFs, these
stream channels convey only stormwater run-off from disturbed surfaces at the mine and seepage
collected from the base of the WRSFs.

Flow into the lower reaches of these drainages is primarily controlled by the sedimentation
ponds. Water from the ponds is discharged to the downstream portions of the drainages only
when in compliance with the NPDES permit. Under the NPDES permit, the receiving stream is
Thompson Creek and water quality in Thompson Creek must meet [daho Water Quality
Standards (WQS) at the downstream NPDES monitoring locations. However, when discharge
occurs under the NPDES permit, water quality in lower Buckskin and Pat Hughes creeks would
meet the effluent limits required by the permit. The NPDES permit ensures compliance with the
WQS. The probable effects of the mine on the natural flow of Buckskin and Pat Hughes creeks
were described in the 1980 EIS for the mine (USFS 1980, p. 5-7).

Most of the Buckskin Creek watershed and channel are a WRSF (i.e., covered by waste rock) or
are part of the open pit (i.e., was excavated as part of pit development). The Buckskin Creek
flows are thus affected by the mine facilities that intercept run-off, retain run-off, and/or release
flows at a regulated rate. Lower Buckskin Creek flows are dominated by regulated discharges
from the Buckskin Creek sedimentation pond. In addition to run-off from the mine and from the
adjacent undisturbed portions of the watershed, the pond also collects WRSF seepage.
Discharge from the pond (via Outfall 001) occurs only when flows in Thompson Creek
(measured at a USGS gaging station) are greater than 7 cfs. When not discharged from the
outfall, the flows are either retained in the pond or pumped to the mill for reuse. This water is
conveyed by the Thompson Creek pipeline and the Cherry Creek pumping station where flows
are pumped back to the existing PWTP at the mill and the treated water is used in the mill
process. Groundwater and seepage from the Buckskin WRSF contribute flow to Thompson
Creek via Buckskin Creek (Section 3.6.1.2.).

Currently, much of the Pat Hughes watershed and channel are occupied by the WRSF and the
open pit. Unlike the flow in Buckskin Creek, some of the Pat Hughes flow is intercepted above
the mine and routed around the Pat Hughes WRSF to the Pat Hughes sedimentation pond. In
addition, the pond also collects run-off from the mine shop and vehicle hot start area. Seepage
from the Pat Hughes WRSF formerly discharged to the pond. However, in 1999 TCMC stopped
allowing this seepage into the pond, and instead began collecting and piping the seepage to the
mill via the Thompson Creek pipeline and the Cherry Creek pumping station. As with the
Buckskin Creek sedimentation pond, discharges from the Pat Hughes pond occur only when
effluent limits at NPDES Outfall 002 can be met. The Pat Hughes watershed also contributes

8 The probable effects of the mine on the natural flow of Buckskin and Pat Hughes Creeks was described in the 1980
EIS for the mine development (USFS 1980, p. 5-7).
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regional (unaffected) groundwater as well as potentially seepage-affected local groundwater to
Thompson Creek (Section 3.6.1.2).

Another small watershed with altered hydrology is Bruno Creek, a perennial stream that is a
tributary to lower S. Creek (Figure 3.6-1). The TSF captures run-off from a substantial portion
of the Bruno Creek watershed. The headwaters of Bruno Creek can either flow into the TSF and
become part of the mine makeup water system, or be diverted around the TSF in a pipeline and
re-released to the stream downstream of the TSF. This upstream water source reflects a natural
flow regime. Over the 1987 to 2009 period of record, the highest streamflow occurred in June
(~ 2 cfs) and the lowest flows occurred in December (~ 0.4 cfs).

Flows in the middle and lower reaches of Bruno Creek are influenced by natural geologic
conditions and hydrologic alterations due to the mine (e.g., water management, sediment ponds,
tailings water, TSF seepage, run-off, etc.). The Twin Apex abandoned mine (on private land not
owned by TCMC) contributes flow to lower Bruno Creek. This portion of Bruno Creek has
perennial flow due to the portal discharge, flow from the alluvium and colluvium, and springs
issuing from bedrock fractures. The average annual flow in Lower Bruno Creek during the
period of record (1971 to 2010) is approximately 1 cfs (UGSG 2012c¢). According to these same
gaging station records (USGS gaging station No. 13297350), the peak flow of record is 42 cfs,
recorded in May 1972 prior to the tailings embankment construction. The highest peak flow
since the early 1980s was approximately half that amount, when 22 cfs was recorded in June
1986. The lowest daily flows typically occur in the winter months and are only about 7 cfs
(USGS 2012c¢).

Redbird Creek flows into S. Creek just upstream of the confluence of Bruno Creek with S. Creek
(Figure 3.6-1). The Redbird Creek watershed does not have surface disturbance from the mine,
but flows in Redbird Creek are inferred to be affected by the TSF (Section 3.6.1.2). While
Redbird Creek streamflows are not often measured, two flow measurements were made at the
mouth of the stream: approximately 0.33 cfs and 0.40 cfs in October 2010 and January 2011,
respectively.

Other small watersheds, tributary to either Thompson or S. creeks, are on the selected land e.g. a
portion of the Cherry Creek watershed. Flows (ephemeral or intermittent) are not monitored in
the Cherry Creek drainage, and there is minor, mine disturbance in this watershed. In addition,
No Name Creek (perennial flow) drains a small area between Buckskin and Pat Hughes creeks
(Figure 3.6-1). A few small, but unnamed, watersheds on the selected land do not have perennial
flow and do not have any appreciable mine disturbance.

Flood events chosen for structure sizing in this area typically come from intense rainfall, rather
than snowmelt run-off. During the years in which TCMC was designing and operating the mine,
flood flows have been estimated by various methods and entities for the smaller watersheds with
planned or implemented mine disturbance. The estimates have varied accordingly, but the
current and future precipitation depths that serve as design storms for the mine are 3.46 inches
for the 100 year/24 hour storm and 4.05 inches for the 500 year/24 hour storm. Both values are
based on the National Ocean and Atmospheric Administration (NOAA) Hydrometeorological
Design Studies Center information (NOAA 2013a). The design storms are applicable to the
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majority of the water management facilities (Section 4.6). The frequency of the design storms
(i.e., 100 years, 500 years) and duration (24 hours) is based on BLM, Forest Service, and/or IDL
requirements. However, where the consequence of failure is exceedingly high and structures are
intended to function perpetually (i.e., the TSF), a recurrence interval approach is not typically
used. Instead a probable maximum precipitation depth is used to calculate a probable maximum
flood event. The probable maximum precipitation depth at the mine is 15.32 inches for a

24 hour storm using NOAA information and methods.

Regardless of methods, recurrence interval estimates are probability-based. For example, just
because a 100 year event is expected, on average, to occur once every 100 years, it does not
mean that it will not occur more — or less — often in any given time period. This is also true for
flows on the opposite end of the spectrum, such as the 7Q10 flow. Furthermore, inherent to
these methods is the expectation that past conditions are indicative of the future conditions, so
the issue of climate change adds uncertainty. For example, the NOAA has not yet identified any
statistically significant trends in the annual maximum series of observations used in its
precipitation frequency analysis, and the effect of potential changes in climate on precipitation
frequency estimates is uncertain (NOAA 2013b). Other parameters related to surface water
resources that similarly would be affected by climate change include changes in evaporation
and/or evapotranspiration, changes in precipitation variability, changes in timing and type (rain
versus snow) of precipitation, and increased occurrence of extreme weather events. However, as
for precipitation frequency, the results of computer simulations from climate models for these
parameters are still far too uncertain for site-specific analysis in small watersheds, particularly in
mountainous terrain (JBR 2014j, Section 4.10.3.4).

These aspects of climate change are not quantifiable either singularly or in combination, but
these aspects have the potential to affect surface water resources by increasing the level of
uncertainty associated with hydrologic and water quality predictions. Low-frequency events
could happen more often, or, alternatively, quantities associated with a low-frequency flood
increase, or quantities associated with a low-frequency low flow such as the 7Q10 could become
even lower.

Surface Water Quality

Acid Rock Drainage

ARD, also commonly referred to as acid mine drainage, is the outflow of acidic water with
elevated concentrations of metals derived from geologic materials, commonly waste rock or
tailings from metal and coal mines. The acidity causes relatively high concentrations of metals
to dissolve in the water.” The acidity may be neutralized within a few hundred feet of the acidic
water entering streams due to dilution and reactions with the atmosphere and substrate, but the
metals commonly remain dissolved for many miles downstream. That is, the primary effect of
ARD is elevated concentrations of metals.

? Acidity is the concentration of hydrogen ions (charged atoms) in water. The hydrogen ions preferentially displace
metal ions at the surfaces of rock particles. Alkalinity is the capacity of water to neutralize acidity (consume
hydrogen ions). A common neutralizing substance is bicarbonate (HCO5") typically derived from the dissolution
of carbonate minerals such as (CaCOs).
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ARD occurs when sulfide minerals are exposed to air (oxygen) and water, and there is
insufficient capacity (alkalinity) in the water to neutralize the acidity (i.e., hydrogen ions)
generated by the oxidation of the sulfide minerals. In undisturbed natural systems the oxidation
process occurs at slow rates over geologic time periods. However, when large amounts of rock
are fractured (e.g., removed from an open pit and placed in WRSFs, or further crushed in a mill
and placed in a TSF), the surface area of the waste material is much greater than when in-situ,
and thus a greater amount of sulfide minerals are prone to exposure to oxygen and water. If the
material contains a sufficient amount of sulfide (acid-generating) minerals and an insufficient
amount of carbonate (acid-neutralizing) minerals, water in contact with the material will become
acidic. If relatively large amounts of metal ions are available in the material, the concentrations
of metals in the water will distinctly increase, particularly for the more soluble metals such as
copper and zinc as opposed to lead.

Surface Water in the Analysis Area

Water quality varies throughout the analysis area due to geology, mine influences, and other
considerations, but there are several commonalities. First, because streamflows are distinctly
influenced by snowmelt run-off, certain aspects of their quality vary with flow rate and season.
During the spring snowmelt run-off, the base flow is diluted resulting in lower conductivity,
hardness, concentrations of dissolved solids, and concentrations of various dissolved trace metals
(i.e., metals naturally present in very small concentrations).

The Buckskin and Pat Hughes stream channels are used as conveyances for run-off from the
mine and seepage from the WRSFs. Therefore, these streams have become part of the mine
water management system and their surface water chemistry has been altered. Note that for
Buckskin and Pat Hughes creeks, the water quality described below is not always typical of the
water released from these watersheds to Thompson Creek because much of the Buckskin and

Pat Hughes flows are collected and used in the mill. The same situation applies to the
description of the water quality in upper Bruno Creek (containing the TSF). This water is not
released to lower Bruno Creek/S. Creek. In addition, the water quality of lower Bruno Creek is
also affected by the addition of metals from Twin Apex Creek, which is not affected by the mine.

The IDEQ has developed WQSs for surface water based on its defined beneficial uses

(IDAPA 58.01.02). Most streams, including those in the analysis area, are designated for
beneficial uses of cold water aquatic life, salmonid spawning, and primary or secondary contact
recreation. In addition, the Salmon River in the analysis area is designated as a domestic water
supply. The defined beneficial uses are part of the WQSs, which also prescribe certain criteria
that must be met to ensure the beneficial uses of the water are supported. The criteria may be
numeric (parameter-specific) or narrative. Numeric criteria are use-specific, whereas narrative
criteria are general applying to all surface water regardless of use. Narrative criteria are
statements that describe the desired water quality goal, e.g., free from toxic substances in
concentrations that impair beneficial uses.

The WQSs for aquatic life are divided into acute or criteria maximum concentration (CMC)
standards and chronic or criterion continuous concentration (CCC) standards. The standards are
protective of the environment and include safety factors, i.e., exceeding a standard does not mean
that an adverse effect would occur, only that an adverse effect could occur. The standards are
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protective of the environment if not exceeded more than once every 3 years. The CMC standard
is for the 1 hour average concentration and the CCC standard is for the 4 day average
concentration. Therefore, only constituents for which a concentration could exceed a WQS are
discussed in detail in the FEIS.

Seven of these WQSs apply to elements that are known to be elevated in water that has contacted
earth materials at the mine (Table 3.6-2). These are discussed in detail in the FEIS. Other
constituents are also known to be elevated in the various mine waters, but are not subject to
WQS for aquatic life. These are also discussed in the FEIS. The standard chemical symbols are
used for the names of chemicals in all of the tables in the FEIS.

Table 3.6-2. Water quality standards.

all concentrations in micrograms per liter (u/L)

Aquatic Life®

CMC | CCC|CMC | ccc | cMc | ccce

Chemical Thompson S. Creek Salmon

Creek with with River with

hardness of | hardness of | hardness of

47 mg/L" 157 mg/L 62 mg/L
As 340 | 150 340 | 150 340 | 150
Cd* 0.71 | 037 196 0.74 09| 043
Cu® 8.4 6 26| 16.7| 108 7.5
Pb* 28 1.1 105 4.1 38 1.5
Ni* 247 27 686 76 312 35
Se® 20 5 20 5 20 5
Zn* 62 62 172 | 173 78 79

* The criteria for these metals are hardness dependent. The hardness is the median hardness for the 10 year data set
from only measurements during low flow measurements.

P The selenium criteria apply to the concentration of total (unfiltered) selenium. The criteria for all other chemicals
apply to the concentration of the dissolved (filtered) chemicals.

“In 1993, EPA determined that metals criteria for aquatic life are most appropriately based upon dissolved (filtered)
concentrations because “dissolved metal more closely approximates the bioavailable fraction of metal in the
water column than does total recoverable metal” (EPA 1993). However, the selenium (not really a metal)
aquatic life criteria is more appropriately based upon total (filtered; specifically, total recoverable) because of
variations in how it speciates and how aquatic life uptakes it (EPA 1987).

‘mg/L = milligrams per liter

The IDEQ documents the status of the quality of the waters in Idaho in an integrated report (IR)
released every other year under the requirements of Section 303(d) and Section 305(b) of the
CWA. The most recent IR is for 2010 (IDEQ 2011a); the 2012 IR has not yet been released.
The IR lists the current conditions of all waters, and those waters that are impaired and need a
total maximum daily load (TMDL). The latter waters are commonly referred to as 303(d)-listed.
In listing the current conditions of the waters, the IR assesses whether or not waters support their
defined beneficial uses. Streams are categorized as fully supporting all of their assigned
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beneficial uses; not supporting all or some of their beneficial uses; or not assessed during the
2 year cycle for some or all of their beneficial uses. Streams with a support status of not
supporting make up the Section 303(d) list of impaired waters. Some beneficial uses for some
streams are not assessed in every 2 year cycle, most commonly when no applicable data is
available to determine support status.

The IR provides the following information for the receiving streams in the analysis area.
Thompson Creek (source to mouth) is fully supporting its beneficial uses. No Name Creek was
not specifically assessed, but was considered as within the Thompson Creek unit, and thus is
fully supporting. The status of Buckskin and Pat Hughes creeks is somewhat more complicated
and 1s discussed below in more detail. Bruno Creek (source to mouth) does not support its cold
water aquatic life or salmonid spawning beneficial uses due to combined biota/habitat
bioassessments, but fully supports its secondary contact recreation beneficial use. S. Creek
(downstream of Cash Creek) fully supports its aquatic life beneficial uses; salmonid spawning
and secondary contact recreation beneficial uses were not assessed. Redbird Creek was not
specifically assessed, but was considered as within the S. Creek unit, and thus is fully supporting.
Upstream of Thompson Creek, the Salmon River fully supports all of its beneficial uses (i.e.,
cold water aquatic life, primary contact recreation, salmonid spawning, and domestic water
supply). Between the mouths of S. and Thompson creeks, the Salmon River is 303(d)-listed for
not supporting its cold water aquatic life beneficial uses due to sedimentation/siltation and water
temperature. Domestic water supply, primary contact recreation, and salmonid spawning
beneficial uses were not assessed for the Salmon River. The Salmon River downstream of

S. Creek fully supports the cold water aquatic life and primary contact recreation beneficial uses;
support for salmonid spawning uses was not assessed (IDEQ 2011a).

The water in Buckskin Creek is well buffered. Throughout the analysis period, the water has
been alkaline (~ pH 8.0) with a typical total alkalinity (as calcium carbonate, CaCO3) of
approximately 145 mg/L. The hardness (the concentration of dissolved calcium and magnesium)
has been steadily increasing since 1999, and is now approximately 800 mg/L. The increase is
due to increasing concentrations of calcium in seepage water from the Buckskin WRSF. The
concentrations of sulfate (SO4>) in the seepage water have also increased from approximately
600 mg/L in early 2000 to approximately 1,050 mg/L in late 2010.

Buckskin Creek upstream of the sedimentation pond in the drainage has been used to convey all
run-off and seepage collected from the Buckskin WRSF since the beginning of mine
construction in 1981. Water from the pond can be discharged to lower Buckskin Creek per the
NPDES discharge permit or routed to the Thompson Creek pipeline. Seepage from the unlined
pond has historically escaped downstream of the pond in the drainage, where the seepage could
affect the water quality in lower Buckskin Creek. A pipeline was installed in 2011 that conveys
seepage water collected from the Buckskin WRSF directly to the Thompson Creek pipeline.
This has improved the water quality in the pond and in Buckskin Creek downstream of the pond.
Lower Buckskin Creek downstream of the pond will continue to be the conveyance for water
discharged from the pond downstream to the confluence of Buckskin Creek with Thompson
Creek, the receiving stream for this outfall (Outfall 001).
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Table 3.6-3

. Buckskin Creek water quality, monitoring site Buck.

Sample Count <

Parameter Units count Median Mean 95™ %% detect.

Standard

Units
pH (s.u.) 19 8.16 8.03 8.31 N/A
Alkalinity mg/L 18 138 141 159 0
Hardness mg/L 19 690 685 765 0
TSS mg/L 18 1 4 10 13
NO;/NOy mg/L 18 12 12 15 0
NH; mg/L 15 0.050 0.050 0.050 15
SO~ mg/L 18 887.5 894 994 0
cr mg/L 18 3 2.9 34 0
TOTAL METALS
Al ug/L 18 5 14 55 1
As pg/L 18 1.50 1.4 2.1 1
Cd pg/L 18 0.55 0.49 0.7 0
Cu pg/L 18 0.6 1.0 2.5 1
Cr (III/1V) ug/L 17 0.50 0.51 0.54 16
Fe ug/L 18 30 145 364.25 16
Pb ug/L 18 0.050 0.056 0.10 16
Mn ug/L 18 1 1 2 1
Hg pg/L 18 0.050 0.050 0.050 18
Mo pg/L 18 47 47 59 0
Ni ug/L 17 1.3 1.9 53 0
Se ug/L 18 34.5 35 44 0
Zn pg/L 18 7 7 13 1
DISSOLVED METALS
Al pg/L 19 1 2 4 14
As pg/L 19 1.50 1.4 2.1 1
Cd pg/L 19 0.51 0.43 0.58 1
Cu ug/L 19 0.4 0.7 0.58 0
Cr (III/1V) ug/L 18 0.50 0.50 0.50 18
Fe ug/L 19 30 39 47.3 18
Pb pg/L 19 0.050 0.051 0.052 17
Mn ug/L 19 1 1 2 4
Hg pg/L 19 0.050 0.050 0.050 19
Mo ug/L 16 47 46 58 0
Ni ug/L 18 1.3 2.1 4.9 0
Se ug/L 16 33 34 41 0
Zn ug/L 19 8 8 19 1
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The concentrations of metals in lower Buckskin Creek (Buck) are for the most part low. The
only metals with elevated concentrations are selenium (35 pg/L), molybdenum (47 pg/L) and
sulfate (894 mg/L) (Table 3.6-3). The concentrations of selenium are believed to be at a steady-
state concentration after having increased since the early 1990s.

As a general point of comparison, the WQS for aquatic life for the concentration of total
selenium is 20 pg/L for the acute (CMC) and 5 pg/L for the chronic (CCC) condition

(Table 3.6-2). However, these WQSs do not apply to Buckskin Creek (see below for further
discussion of this issue), which serves only to convey discharge from the sedimentation pond via
Outfall 001 to Thompson Creek (receiving stream). The median, mean, and 95 percentiles for
the concentrations of total selenium at the lowermost site, Buck (Figure 3.6-1., Table 3.6-3.), are
all greater than the aquatic life standards. However, as noted previously, this water is actively
managed as part of the mine water management system and WQSs do not apply to this stream
above its confluence with Thompson Creek. The concentration of molybdenum appears to be
increasing as with the concentrations of calcium and sulfate. There is no Idaho WQS for
molybdenum.

Some amount of mine-affected groundwater (intercepted from the toe of the Buckskin WRSF) is
discharged either to lower Buckskin Creek below Outfall 001 or to Thompson Creek directly.
The water from Outfall 001 is subject to effluent limits for various constituents. The NPDES
permit conditions contains different effluent limitations for each constituent for this outfall,
depending upon whether Thompson Creek flows are greater or less than 7 cfs. The 7 cfs dilution
trigger is to ensure there is adequate dilution of Outfall 001 releases, so that stream WQS are met
in Thompson Creek.

Effluent limits may be greater than the in-stream standard because the effluent will be diluted by
the receiving water. The 7 cfs trigger is a function of the establishment of a mixing zone within
a specific distance downstream of the outfall, based upon modeling, to ensure aquatic life is
protected even just below the outfall prior to complete mixing. As part of the permitting process,
the IDEQ analyzes the mixing zone considering the chemistry of the receiving water, the
biological condition of the zone, bioaccumulation factors, fish passage requirements, channel
characteristics, and resultant effluent plume dispersion/dilution modeling. The NPDES permit
limits are in part based on a 2000 mixing model (IDEQ 2000). Although the NPDES permit
allows discharge from Outfall 001 when Thompson Creek flows are less than 7 cfs, not doing so
provides additional insurance against in-stream exceedances of the selenium criterion.

Between January 2008 through December 2012, there were controlled discharges from

Outfall 001 during 12 separate months. The effluent limits for regulated parameters were met
during all discharges except for limits for selenium at Outfall 001 and total suspended solids
(TSS) at Outfall 002 (ECHO database, EPA 2012a). Outfall 001 discharges are discussed below.
Outfall 002 discharges are discussed in the Pat Hughes Creek section that follows.

In two of those months the concentrations of total selenium exceeded the applicable effluent
limits (Table 3.6-4). As previously discussed, TCMC installed a pipeline in late 2011 to collect
seepage water, thereby improving the water quality and eliminating exceedances of the selenium
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WQS. There was no discharge from Outfall 001 between the time the pipeline was installed and
the end of 2012.

Table 3.6-4. All exceedances, Outfalls 001 and 002.

Average Monthly Maximum Daily
Month . .
Outfall and Parameter Concentration Concentration
Year Reported Effluent Reported Effluent
Result Limit Result Limit
001 June 2009 | Se (u/L) 53.5 41 53.5 56
001 June 2011 | Se (W/L) 60.25 41 63 46
002 May 2008 | TSS (mg/L) 9 20 31 30
002 Apr 2009 | TSS (mg/L) 43 20 111 30
002 Apr 2012 | TSS (mg/L) 46 20 46 30
002 May 2012 | TSS (mg/L) 44 20 44 30

Values in bold indicate an exceedance of the effluent limit.

The WQSs do not list specific beneficial use designations for Buckskin Creek. However, as
undesignated waters, cold water aquatic life and secondary contact recreation designated
beneficial uses typically apply by default (Section 101, IDAPA 58.01.02). Accordingly,
Buckskin Creek is identified as fully supporting its designated cold water aquatic life beneficial
use (IDEQ 2011a) based on analyses of samples taken in 1998 under the IDEQ Beneficial Use
Reconnaissance Program (BURP). The analyses were assessed in 2002, and are reflected in the
most recent approved IR (IDEQ 2011a). However, the BURP protocols are for perennial streams
and are not appropriate for streams with low or intermittent flow. Therefore, the IDEQ intends
to administratively correct the status of Buckskin Creek in the 2014 IR by placing the stream
assessment units in Category 4c: streams impaired by pollution, not pollutants (Saffle 2013).
Such assessment precludes further assessment (beneficial use support) of the assessment unit,
and does not require development of TMDLs. A TMDL is only established for pollutants such
as sediment or temperature and not for pollution such as flow or habitat alteration. In summary,
Buckskin Creek is considered by TCMC and the IDEQ to be a permanently highly perturbed,
flow-altered stream whose flow and water quality is a result of mine operations in compliance

with the NPDES permit (Saffle 2013).

The water quality in lower Pat Hughes Creek improves below the toe of the WRSF where
seepage surfaces (site PH TOE, Section 3.6.1.2.). Water quality data for the watershed is from

two surface water monitoring locations: PAT which represents water flowing into the

sedimentation pond, and PATP which represents water in the pond. Comparing the medians of
parameters analyzed from PATP with those from BUCK shows that hardness, alkalinity, and the
concentration of sulfate are lower at PATP than at BUCK. The concentrations of selenium and
molybdenum are also lower at PATP, as are the concentrations of several other trace metals (or
metalloids), which at least in part indicates that water management strategies in the Pat Hughes
watershed are generally meeting design objectives. The concentration of total selenium is often
higher than the CCC at PAT and PATP, but such concentrations are in water actively managed

by TCMC (Figure 3.6-1., Table 3.6-5).
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Table 3.6-5. Pat Hughes Creek water quality, monitoring sites PAT and PATP.

PAT PATP
Sample Sample
Parameter Unit Mean | Median | 5" % | 95" % S(()):)l(l)l_t <%Oel::z ¢ | Mean | Median 5Moq | 95™M 0y g((;(l)l(l)l_t <%Oel::z "
2010 2010

pH s.u. 7.68 7.8 6.8 8.11 522 0 7.95 8.04 6.9 8.95 207 0
Alkalinity mg/L 98.1 100 62.6 127 52 0 71.3 71 34.2 133 25 0
Hardness mg/L 312 332 96.7 479 75 0 344 356 218 447 27 0
Turbidity NTU 10.5 1 0 28.4 474 1 15.9 1.53 0 43.6 178 1
TSS mg/L 27.8 10 1 19.2 59 45 11.3 10 10 19.6 27 19
TDS mg/L 569 587 200 873 53 0 622 612 368 833 26 0
CI-T mg/L 14 9.9 3.22 33.9 52 0 15.5 10 6 42.4 26 0
F-T mg/L 0.18 0.19 0.1 0.29 43 1| 0.242 0.21 0.16 0.41 18 0
SO, mg/L 326 334 102 505 538 0 347 328 185 548 209 0
NO,/NOy mg/L 1.89 1.64 0.44 4.24 52 0 1.95 1.84 | 0.19 4.76 26 1
CONCENTRATIONS OF TOTAL METALS

Al pg/L 872 64 7 1000 53 0 209 62.5 10.3 670 26 0
As pg/L 1.39 0.5 0.1 1.34 53 8 | 0.808 0.75 0.1 1.65 26 5
Ba pg/L 58.4 54 | 20.6 85 53 0 52.2 49.2 24.4 75 26 0
Ca mg/L 101 106 34.4 149 53 0 105 110 66.2 134 25 0
Cd pg/L 0.31 0.07 0.02 1.52 53 15 ] 0.312 0.16 | 0.05 1.56 26 5
Co pg/L 1.21 0.4 0.1 6.1 44 1| 0.883 0.45 0.2 3.13 18 0
Cr pg/L 1.55 0.5 0.5 7.08 44 28 1.02 0.5 0.5 2.87 18 11
Cu pg/L 2.7 0.9 0.1 5.72 53 41 2.13 1.95 0.67 4.4 26 1
Fe pg/L 969 77 30 905 53 14 208 107 30 743 26 8
Hg pg/L 0.05 0.05 0.05 0.1 53 52 | 0.057 0.05 0.05 0.1 26 25
K mg/L 1.45 1 1 2.67 12 1 2.75 3 1.3 3.85 4 0
Mg mg/L 18.7 20 7.2 29.8 53 0 21.1 22 11 26.8 25 0
Mn pg/L 110 17.7 | 2.73 558 53 0 111 45 16.8 488 26 0
Mo pg/L 12.3 8.05 4.47 18.1 53 0 13.8 12.4 5.84 35.5 26 0
Na mg/L 43.1 45 18.4 68.1 53 0 514 51 31 68.8 25 0
Ni pg/L 2.35 1.45 0.2 7.56 44 3 2.1 1.6 | 0.58 4.19 18 0
Pb pg/L 3.08 0.15 0.05 2.27 53 15 0.59 0.27 0.05 1.76 26 3
Sb pg/L 0.24 0.2 0.09 0.48 44 41 0.265 0.23 0.11 0.46 18 1
Se pg/L 5.32 5 1 11.4 53 1 6.62 6.5 2.25 12 26 1

Thompson Creek Mine FEIS — Chapter 3
January 2015 3-57



PAT PATP
Sample Sample
Parameter Unit Mean | Median | 5" % | 95" % gg(l;(l;_t <(I:)(:::ct ¢ | Mean | Median 5" | 95™ % (21(())(1)1(1)1_t <(I:)(:::ct "
2010 2010

Zn pg/L 24 5 2 93 53 1 17.2 11.3 2.85 63.2 26 0
CONCENTRATIONS OF DISSOLVED METALS

Al pg/L 8.87 4 1 30.5 54 14 12.5 6 1 48.2 28 4
As pg/L 0.45 0.45 0.1 0.73 54 5 0.66 0.55 0.14 1.4 28 3
Ba pg/L 48.4 51.2 15 74.7 54 0| 484 48.5 17.9 66.6 28 0
Ca mg/L 79.2 74 27 112 21 0| 976 110 | 534 120 13 0
Cd pg/L 0.42 0.05 0.05 1.64 54 31 0.31 0.06 | 0.01 1.29 28 12
Co pg/L 0.74 0.2 0.1 1.7 45 10 | 0.565 0.3 0.1 2.09 20 0
Cr pg/L 0.50 0.5 0.5 0.5 45 44 1.8 0.5 0.5 1.81 20 19
Cu pg/L 0.76 0.60 | 0.10 2 54 7 1.6 1 0.2 4 28 1
Fe pg/L 30.4 30 30 30 54 52 30 30 30 30 28 28
Hg pg/L 0.05 0.05 0.05 0.05 51 51 0.05 0.05 0.05 0.05 26 26
K mg/L 1.25 1 1 2 12 2 3 3 1.4 4.6 5 0
Mg mg/L 14.7 13 5 23 21 0| 213 22 9 38 13 0
Mn pg/L 76.4 437 | 0.21 318 54 3 58 16 0.4 328 28 0
Mo pg/L 8.48 842 | 443 11.9 21 0 18.4 13 9.18 45 13 0
Na mg/L 34.9 37 17 58 21 0| 484 49 | 232 64.2 13 0
Ni pg/L 1.32 0.9 0.1 3.84 45 4 1.54 1.05 0.58 4.11 20 1
Pb pg/L 0.05 0.05 0.05 0.107 54 48 | 0.062 0.05 0.05 0.07 28 24
Sb pg/L 0.17 0.14 | 0.05 0.288 45 4|1 0.18 0.15 0.05 0.30 20 2
Se pg/L 5.87 5 1 13.8 23 2 7.38 7 3.4 12.4 13 1
Zn pg/L 15.4 4 2 63.2 54 7 12.1 4 1.3 46.6 28 3
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During the most recent regulatory period (January 2008 through December 2012), there were
controlled discharges from Outfall 002 (lower Pat Hughes Creek) during 11 separate months.
The effluent limits for regulated parameters were met during all discharges except for TSS
during four of the months (ECHO database, EPA 2012a) (Table 3.6-4). Pat Hughes Creek is
listed as not having been assessed in the latest IR (IDEQ 2011a). Like Buckskin Creek, Pat
Hughes Creek is considered to be a permanently highly perturbed, flow-altered stream whose
flow and water quality is the result of mine operations in compliance with the NPDES permit
(Saffle 2013). Accordingly, the IDEQ intends to administratively correct the status of Pat
Hughes Creek in the 2014 listing by placing the stream assessment units in Category 4c: streams
impaired by pollution, not pollutants (Saffle 2013).

Thompson Creek is the receiving stream for both Buckskin and Pat Hughes creeks. TCMC has
monitored the water quality of Thompson Creek upstream of Buckskin Creek (i.e., upstream of
all of the mine operations), as well as at several downgradient sites (Figure 3.6-1). Site TC4 is
the upgradient site. Water at this site has good quality, except that unlike most trace metals, the
background concentrations of molybdenum are above the laboratory detection limit. The
concentration varies seasonally, averaging 0.7 ug/L during snowmelt run-off, and 2.3 pg/L
during base flow. The concentrations of selenium are almost always 1 pg/L or less, but on
occasion have reached 2 pg/L. Total dissolved solids (TDS), conductivity, hardness, and the
concentrations of sulfate, nitrate, barium, molybdenum, and selenium are all higher at TC3 than
at TC4 (Table 3.6-6). The higher values for these parameters are attributed primarily to
contributions previously noted in the mine-affected tributary (Buckskin Creek).

Of these parameters, only the concentration of selenium at TC3 has exceeded the water quality
criteria for aquatic life (the concentration of selenium at TC4 is consistently at or below the
detection limit of 1 pg/L). The concentration of selenium at TC3 has increased to a mean of
4.4 ng/L during the baseflow season since 2000, and at TC1 (the lowermost site on Thompson
Creek) the concentration decreases to between 2 pg/L and 4 pg/L. At TC3 the concentration of
selenium equaled or exceeded the CCC of 5 png/L during low flow periods during 2000 to 2004.
However, since 2005, when TCMC implemented the previously mentioned water management
strategy of discharging from Outfall 001 only when flow in Thompson Creek is at least 7 cfs, the
concentration of selenium at TC3 has not exceeded the CCC of 5 pg/L. Concentrations of
selenium equal to 5 pg/L were measured in samples from TC3 during three sampling events
(August 2006, October 2006, and October 2009) during 2005 to 2010. All other measured
concentrations of selenium were between 2 pg/L and 4 pg/L at TC3. The median concentration
of selenium at TC3 is 3 ug/L (Table 3.6-6).

As previously noted, the water quality of Thompson Creek is not impaired upstream or
downstream of the mine. The WQSs list cold water aquatic life, salmonid spawning, and
secondary contact recreation beneficial uses for Thompson Creek. The most recent approved IR
considers Thompson Creek as fully supporting its cold water aquatic life, salmonid spawning,
and secondary contact recreation beneficial uses (IDEQ 2011a).
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Table 3.6-6. Thompson Creek water quality, TC3.

Parameter Unit | DL' | N* | N<DL® | Median* | 95™ %*
Physical
pH’ s.u. 0.1 128 0 7.8 8.2
Alkalinity mg/L 1 54 0 51 61
Hardness mg/L 1 54 0 88 141
TDS mg/L 5|1 54 0 165 255
Conductivity’ uS/cm 1| 119 0 234 381
Nutrients
NH; mgL | 0.05| 14 13 0.05 0.06
NO; mgL | 0.05| 54 0 0.63 1.24
Anions
CI mg/L 1| 54 43 1.0 1.3
F mg/L 0.1| 46 23 0.1 0.1
SO4* mg/L 1| 54 0 61 121
Metals
Al-total (T) ng/L 1| 54 0 40 552
Al-dissolved (D) ng/L 1 53 5 5 111
As-T ng/L 0.1| 54 6 0.5 1.0
As-D ng/L 0.1| 54 4 0.5 0.7
Cd-T ng/L 0.05| 53 26 0.05 0.14
Cd-D ng/L 0.05| 53 38 0.05 0.07
Cr-T ng/L 05| 46 33 0.5 1.3
Cr-D ng/L 05| 46 45 0.5 0.5
Cu-T ng/L 0.1| 54 7 0.4 2.0
Cu-D ng/L 0.1| 54 11 0.3 0.6
Fe-T ng/L 30| 54 25 37 500
Fe-D ng/L 30| 54 42 30 73
Pb-T ng/L 0.05| 54 38 0.05 0.32
Pb-D ng/L 0.05| 53 51 0.05 0.05
Mn-T ng/L 0.05| 53 1 1.10 12.60
Mn-D ng/L 0.05| 54 9 0.20 0.89
Mo-T ng/L 01| 54 0 3.97 6.48
Mo-D ng/L 01| 21 0 3.82 5.24
Ni-T ng/L 0.1| 46 3 0.5 1.1
Ni-D ng/L 0.1| 46 5 0.4 0.8
Se-T ng/L 1| 58 2 3.0 6.0
Se-D ng/L 1| 21 2 3.0 6.0
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Parameter Unit | DL' | N?> | N<DL? | Median* | 95" 2,*
Zn-T ng/L 21 54 12 3.0 7.3
Zn-D ng/L 2| 54 20 2.0 4.0

' Most common detection limit. Some detection limits changed between sample events.

2 number of data points

* number of results below their detection limit

4Median and 95™ percentile were calculated after results that were less than their detection limits were set equal to
the detection limit.

* field measurements

Water in the TSF (tailings pond and tailings solids) has elevated hardness and elevated
concentrations of sulfate, chloride, molybdenum, iron, manganese, and arsenic. It is important to
note that water managed in the TSF has no surface discharge to middle or lower Bruno Creek. In
addition, the water quality in lower Bruno Creek is believed to be influenced by non-TCMC
mining activity, i.e., water discharged from the Twin Apex mine has elevated concentrations of
antimony, cadmium, lead, and zinc (based upon a single sample).

Although the tailings water is not discharged via the surface to Bruno Creek, some seepage from
the TSF may be entering Bruno Creek. Seepage is inferred to be migrating underground from
the TSF eastward into Redbird Creek (Section 3.6.1.2.). Water quality data for Redbird Creek
and Bruno Creek (Outfall 003) show no exceedances of WQSs at either of these sites at the

95™h percentile (Table 3.6-7., Table 3.6-8). However, molybdenum concentrations in Redbird
Creek have increased roughly by a factor of two since 2000 (data collection began at the end of
1998), current concentrations in Redbird Creek are typically between 2 to 3 pug/L. Sulfate
concentrations in Redbird Creek have increased by a factor of approximately three, to values
approaching 200 mg/L over the previous 10 + years. These and other data support the inference
that seepage began influencing Redbird Creek in 1999 or 2000. Water quality data for the SQ3
and SQ?2 sites complies with all applicable WQSs (Table 3.6-9., Table 3.6-10).

The WQSs do not list specific beneficial use standards for Bruno or Redbird creeks. However,
as undesignated waters, cold water aquatic life and recreation designated beneficial uses apply by
default. Bruno Creek is 303(d)-listed for not supporting cold water aquatic life or salmonid
spawning due to combined biota/habitat bioassessments (IDEQ 2011a). The 1980 EIS described
a number of probable significant effects to Bruno Creek and its aquatic resources (USFS 1980,
pp. 5-13, 5-14). For example, the EIS described how the TSF would cause substantial reductions
in flow in Bruno Creek downstream with a corresponding increase in water temperature. Such
changes would result in the loss of the aquatic resources in Bruno Creek downstream of the TSF.
TCMC mitigated these losses by supporting development of anadromous fish habitat in S. Creek.
Note that these losses were not due to any of the pollutants (e.g., elevated metals) discussed
above.

As with Thompson Creek, the water quality of S. Creek has been monitored for a number of
years, both upstream (SQ3) and downstream (SQ?2) of the mine operations (Figure 3.6-1). Water
quality data indicate slightly alkaline water (~ pH 8.0). Concentrations of constituents vary with
flow and are higher during base flow and lower during spring snowmelt (Table 3.6-9., Table
3.6-10). The water quality is not impaired upstream or downstream of the mine.
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Table 3.6-7. Redbird Creek water quality, RB1.

Parameter Unit | DL' | N> | N<DL? | Median* | 95" %*
Physical
pH’ s.u. 0.1] 30 0 8.2 8.5
Alkalinity mg/L 1] 28 0 161 183
Hardness mg/L 1| 28 0 331 365
TDS mg/L 50 28 0 456 505
Conductivity’ | pS/cm 1] 25 0 358 828
Nutrients
NH; mg/L | 0.05] 11 11 0.05 0.05
NO3 mg/L | 0.05| 28 25.0 0.05 0.05
Anions
CI mg/L 1| 27 0 32.0 39.2
F mg/L 0.1 21 0 0.2 0.2
S04~ mg/L 1] 27 0 133 194
Metals
Al-T ug/L 1] 28 1 74 231
Al-D ng/L 1] 28 10 1 32
As-T ng/L 0.1] 28 9 0.4 0.5
As-D ug/L 0.1 28 3 0.4 0.6
Cd-T ug/L | 0.05]| 28 23 0.05 0.11
Cd-D ug/L | 0.05]| 28 28 0.05 0.05
Cr-T ng/L 05| 21 17 0.5 3.0
Cr-D ug/L 05| 21 21 0.5 0.5
Cu-T ng/L 0.1 28 6 0.7 3.0
Cu-D ng/L 0.1] 27 9 0.2 0.9
Fe-T ug/L 30| 28 9 45 143
Fe-D ug/L 30| 28 28 30 30
Pb-T ug/L | 0.05] 28 9 0.07 0.64
Pb-D ug/L | 0.05]| 28 25 0.05 0.06
Mn-T ug/L | 0.05] 28 0 2.83 6.06
Mn-D ug/L | 0.05] 28 14 0.20 0.68
Mo-T ng/L 0.1] 27 0 1.91 2.56
Mo-D ug/L 0.1] 19 0 2.04 2.26
Ni-T ug/L 0.1 21 4 0.2 53
Ni-D ng/L 0.1 21 10 0.1 2.1
Se-T ug/L 1| 27 27 1.0 1.0
Se-D ug/L 1] 19 19 1.0 1.0
Zn-T ng/L 2] 28 9 2.0 10.9
Zn-D ug/L 2| 28 14 2.0 4.0

Footnotes — see Table 3.6-6.
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Table 3.6-8. Bruno Creek water quality, Outfall 003.

Parameter Unit | DL' [ N> | N<DL? | Median® | 95" %*
Physical
pH’ s.u. 0.1] 127 0 7.9 8.1
Alkalinity mg/L 1 28 0 228 271
Hardness mg/L 1| 108 0 353 395
TDS mg/L 50 28 0 420 452
Conductivity’ | pS/cm 1] 123 0 528 792
Nutrients
NH; mg/L | 0.05| 10 10 0.05 0.05
NO3 mg/L | 0.05| 28 5.0 0.07 0.16
Anions
CI mg/L 1] 28 0 27.0 39.2
F mg/L 0.1 19 0 0.3 0.3
S04~ mg/L 1| 28 0 99 128
Metals
Al-T ng/L 1] 28 2 3 12
Al-D ng/L 1] 27 18 1 3
As-T ng/L 01| 27 0 1.2 1.6
As-D ng/L 0.1] 28 0 1.2 1.5
Cd-T ug/L | 0.05] 22 3 0.10 0.38
Cd-D ug/L | 0.05| 28 17 0.05 0.11
Cr-T ng/L 05] 19 12 0.5 4.4
Cr-D ng/L 05| 19 17 0.5 1.0
Cu-T ng/L 01| 22 9 0.1 0.5
Cu-D ng/L 0.1 26 9 0.3 0.5
Fe-T ng/L 30| 28 23 30 43
Fe-D ng/L 30| 28 28 30 30
Pb-T ug/L | 0.05| 23 0 0.30 0.93
Pb-D ug/L | 0.05| 27 19 0.05 0.18
Mn-T ug/L | 0.05] 28 0 8.65 15.28
Mn-D ug/L | 0.05] 28 2 5.33 9.79
Mo-T ng/L 01| 23 0 10.70 11.58
Mo-D ng/L 01| 19 0 10.50 12.13
Ni-T ng/L 0.1] 19 0 2.0 3.1
Ni-D ng/L 01 19 0 1.8 2.6
Se-T ng/L 1| 23 14 1.0 2.0
Se-D ng/L 1| 20 15 1.0 2.0
Zn-T ng/L 20 22 0 16.0 19.0
Zn-D ng/L 20 28 0 12.0 18.1

Footnotes — see Table 3.6-6.
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Table 3.6-9. S. Creek water quality, SQ3.

Parameter Unit | DL' | N*> | N<DL® | Median* | 95" %*
Physical
pH’ s.u. 01| 117 0 8.0 8.2
Alkalinity mg/L 1] 49 0 83 108
Hardness mg/L 1 49 0 108 169
TDS mg/L 5] 49 0 175 246
Conductivity’ | pS/cm 1| 111 0 210 405
Nutrients
NH; mg/L | 005] 11 11 0.05 0.05
NO; mg/L | 0.05] 49 38 0.05 0.09
Anions
CI mg/L 49 2 7.9 13.0
F mg/L 01| 42 7 0.1 0.2
S04~ mg/L 49 0 31 64
Metals
Al-T ng/L 1| 49 0 161 1530
Al-D ng/L 1] 48 8 7 202
As-T ng/L 0.1 49 2 0.6 1.5
As-D ng/L 0.1| 49 2 0.6 0.8
Cd-T ug/L | 0.05] 49 43 0.05 0.07
Cd-D ug/L | 0.05] 49 48 0.05 0.05
Cr-T ng/L 05| 42 28 0.7 2.0
Cr-D ng/L 05| 42 36 0.5 0.6
Cu-T ng/L 01| 49 5 0.4 3.2
Cu-D ng/L 0.1 47 13 0.2 0.7
Fe-T ng/L 30| 49 11 143 1102
Fe-D ng/L 30| 49 27 30 139
Pb-T ug/L | 0.05] 49 0 0.39 1.53
Pb-D ug/L | 0.05] 49 32 0.05 0.13
Mn-T ug/L | 0.05] 49 0 7.65 29.76
Mn-D ug/L | 0.05] 49 1 1.36 3.88
Mo-T ng/L 0.1 49 0 1.29 1.87
Mo-D ng/L 01| 19 0 1.29 2.13
Ni-T ng/L 01| 42 0 0.7 1.8
Ni-D ng/L 01| 42 2 0.5 1.1
Se-T ng/L 1| 49 49 1.0 1.0
Se-D ng/L 1| 19 19 1.0 1.0
Zn-T pg/L 2|1 49 14 2.0 6.2
Zn-D ng/L 2| 46 24 2.0 3.0

Footnotes — see Table 3.6-6.
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Table 3.6-10. S. Creek water quality data, SQ2.

Parameter Unit | DL' | N* | N<DL® | Median* | 95" %*
Physical
pH’ s.u. 0.1 123 0 8.0 8.3
Alkalinity mg/L 1 47 0 94 122
Hardness mg/L 1 47 0 128 186
TDS mg/L 50 47 0 191 258
Conductivity’ | pS/cm 1| 117 0 235 439
Nutrients
NH; mg/L | 0.05| 11 11 0.05 0.05
NO3 mg/L | 0.05| 47 35 0.05 0.08
Anions
CI mg/L 1| 47 0 9.0 14.3
F mg/L 0.1 40 5 0.1 0.2
S04~ mg/L 1| 47 0 36 69
Metals
Al-T ng/L 1| 47 0 126 1287
Al-D ng/L 1] 47 10 7 187
As-T ng/L 0.1 47 5 0.6 1.3
As-D ng/L 0.1 47 0 0.6 0.9
Cd-T ug/L | 0.05| 47 39 0.05 0.08
Cd-D ug/L | 0.05| 47 45 0.05 0.05
Cr-T ng/L 05| 40 14 0.7 4.0
Cr-D ng/L 05| 40 35 0.5 0.9
Cu-T ng/L 01| 47 4 0.6 3.2
Cu-D ng/L 0.1 46 6 0.3 0.6
Fe-T ng/L 30| 47 12 121 844
Fe-D ng/L 30| 47 31 30 105
Pb-T ug/L | 0.05| 47 0 0.43 2.01
Pb-D ug/L | 0.05| 47 30 0.05 0.13
Mn-T ug/L | 0.05| 47 0 6.40 25.03
Mn-D ug/L | 0.05| 47 1 1.02 2.44
Mo-T ng/L 0.1 47 0 1.78 2.79
Mo-D ng/L 01| 19 0 1.98 2.68
Ni-T ng/L 0.1 40 0 0.8 1.7
Ni-D ng/L 0.1 40 2 0.4 1.2
Se-T ng/L 1| 47 48 1.0 1.0
Se-D ng/L 1] 19 19 1.0 1.0
Zn-T pg/L 2| 47 5 3.0 6.7
Zn-D ng/L 2| 45 20 2.0 3.8

Footnotes — see Table 3.6-6.
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The WQSs list cold water aquatic life, salmonid spawning, and secondary contact recreation
beneficial uses for S. Creek. The stream, as it flows past Redbird Creek and Bruno Creek to its
(S. Creek) mouth, fully supports its designated cold water aquatic life beneficial uses

(IDEQ 2012a). Salmonid spawning and secondary contact recreation were not assessed in the
2010 IR (IDEQ 2011a).

The Salmon River is also monitored upstream (SR3) and downstream (SR1) of the mine, i.e.,
upstream of the mouth of Thompson Creek and downstream of the mouth of S. Creek

(Figure 3.6-1). Only the concentrations of sulfate and barium are slightly higher in the Salmon
River at SR1 compared to their concentrations at SR3. For example, upstream of the mouth of
Thompson Creek, the concentrations of sulfate at SR3 typically fluctuate between 4 pg/L and
6 pg/L; downstream of the mine, the concentrations of sulfate at SR1 fluctuate between 5 pg/L
and 9 pg/L. Based upon these data, the water quality at both of the Salmon River monitoring
sites meets all WQSs (Table 3.6-11., Table 3.6-12).

The WQSs list cold water aquatic life, salmonid spawning, primary contact recreation, and
domestic water supply as designated beneficial uses for the Salmon River downstream of
Thompson Creek. The most recent approved IR considers the Salmon River downstream of

S. Creek to fully support the cold water aquatic life and primary contact recreation beneficial
uses of the Salmon River; support for salmonid spawning uses was not assessed (IDEQ 2011a).
Between the mouths of Thompson and S. creeks, the Salmon River is 303(d)-listed for not
supporting its cold water aquatic life beneficial uses due to sedimentation/siltation and water
temperature (IDEQ 2011a). The ability of this section of the Salmon River to support the
beneficial uses of domestic water supply, primary contact recreation, and salmonid spawning has
not been assessed to date. Upstream of Thompson Creek, the Salmon River fully supports all of
its beneficial uses (i.e., cold water aquatic life, primary contact recreation, salmonid spawning,
and domestic water supply) (IDEQ 2011a). The TSS and turbidity monitoring data collected
from samples of Thompson Creek downstream of Pat Hughes Creek indicate that the mine is not
contributing sediment to the Salmon River downstream of Thompson Creek.
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Table 3.6-11. Salmon River water quality, SR3.

Parameter Unit | DL' | N* | N<DL® | Median® | 95" %*
Physical
pH’ s.u. 0.1] 14 0 7.9 8.4
Alkalinity mg/L 1] 14 0 52 60
Hardness mg/L 1| 14 0 52 62
TDS mg/L 50 14 0 74 92
Conductivity’ uS/cm 1] 14 0 131 152
Nutrients
NH; mg/L | 0.05| 2 2 0.05 0.05
NO3 mg/L | 0.05| 14 12 0.05 0.07
Anions
CI mg/L 1] 14 8 1.0 2.4
F mg/L 0.1 14 0 0.6 0.8
S04~ mg/L 1] 14 0 5 7
Metals
Al-T ng/L 1] 14 0 170 1263
Al-D ng/L 1] 14 0 11 80
As-T ng/L 0.1 14 0 1.9 2.1
As-D ng/L 0.1 14 0 1.4 1.6
Cd-T ug/L | 005 14 11 0.05 0.31
Cd-D ug/L | 0.05| 14 14 0.05 0.05
Cr-T ng/L 05| 14 3 0.7 2.2
Cr-D ng/L 05| 14 13 0.5 0.7
Cu-T ng/L 0.1 14 2 0.6 1.8
Cu-D ng/L 0.1 14 6 0.2 0.4
Fe-T ng/L 30| 14 2 137 894
Fe-D ng/L 30| 14 11 30 73
Pb-T ug/L | 0.05| 14 1 0.17 0.90
Pb-D ug/L | 0.05| 14 3 0.05 0.09
Mn-T ug/L | 0.05| 14 0 8.35 38.40
Mn-D ug/L | 005 14 3 0.55 1.75
Mo-T ng/L 0.1 14 0 2.62 3.03
Mo-D ng/L 01| 2 0 2.46 2.77
Ni-T ng/L 0.1] 14 2 0.4 0.9
Ni-D ng/L 0.1] 14 8 0.1 0.6
Se-T ng/L 1] 14 14 1.0 1.0
Se-D ng/L 1] 2 2 1.0 1.0
Zn-T pg/L 2| 14 3 4.0 6.4
Zn-D pg/L 2| 14 9 2.0 4.0

Footnotes — see Table 3.6-6.
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Table 3.6-12. Salmon River water quality, SR1.

Parameter Unit | DL' | N> [ N<DL?® | Median® | 95" %°*
Physical
pH’ s.u. 0.1 14 0 8.0 8.4
Alkalinity mg/L 1] 14 0 53 62
Hardness mg/L 1| 14 0 57 64
TDS mg/L 5| 14 0 78 101
Conductivity’ | pS/cm 1] 13 0 139 158
Nutrients
NH; mg/L | 0.05] 2 2 0.05 0.05
NO3 mg/L | 0.05] 14 13 0.05 0.05
Anions
CI mg/L 1| 14 8 1.0 2.4
F mg/L 0.1 14 0 0.6 0.7
S04~ mg/L 1] 14 0 7 9
Metals
Al-T ug/L 1| 14 0 171 1638
Al-D ng/L 1] 14 1 8 83
As-T ng/L 0.1 14 0 1.9 2.1
As-D ug/L 0.1 14 0 1.4 1.6
Cd-T ug/L | 0.05| 14 12 0.05 0.20
Cd-D ug/L | 0.05| 14 14 0.05 0.05
Cr-T ng/L 05| 14 4 0.6 1.5
Cr-D ug/L 05| 14 14 0.5 0.5
Cu-T ug/L 0.1 14 3 0.5 2.6
Cu-D ng/L 0.1 14 3 0.2 0.6
Fe-T ng/L 30| 14 2 125 1095
Fe-D ug/L 30| 13 10 30 71
Pb-T ug/L | 0.05]| 14 2 0.22 1.60
Pb-D ug/L | 0.05| 14 9 0.05 0.09
Mn-T ug/L | 0.05| 14 0 8.32 45.10
Mn-D ug/L | 0.05]| 14 2 0.46 1.40
Mo-T ng/L 0.1 14 0 2.57 2.94
Mo-D ug/L 01| 2 0 2.58 2.87
Nil-T ug/L 0.1 14 1 0.5 1.2
Ni-D ng/L 0.1 14 8 0.1 0.7
Se-T ng/L 1| 14 14 1.0 1.0
Se-D ug/L 1] 2 2 1.0 1.0
Zn-T ug/L 2| 14 3 4.0 8.1
Zn-D ug/L 2| 14 8 2.5 4.7

Footnotes — see Table 3.6-6.
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The aforementioned 10 year data set for the receiving streams was used to establish a
conservative baseline water chemistry (95th percentile of the data collected in the low flow
season of September through March, Table 3.6-13.) against which to compare predicted water
quality. Three monitoring sites were used to best represent receiving stream conditions. TC4 (in
Thompson Creek) and SR3 (in the Salmon River) are upstream of and presumably unaffected by
the mine. SQ2 (in S. Creek) is downstream of Redbird and Bruno creeks and could be
influenced by the mine. Although SQ3 is further upstream than SQ2 (also in S. Creek), it is still
downstream of Redbird Creek, thus there are no true background sites for the S. Creek analysis.
Use of SQ?2 is likely more conservative because it is further downstream.

Table 3.6-13. Baseline water quality in Thompson Crk., S. Crk., and Salmon R.

Thompson S. Creek Sal.mon
Creek (SQ2) River
(TC4) (SR3)
Parameter Unit |[DL' | N? | 95™9%° | N | 95™¢% | N| 95"
Field
measurements
mol/L 0.1 72 8.2 |71 83| 3 8.0
Conductivity uS/cm 1] 63 148 | 65 454 | 3 155
Turbidity NTU 0.05| 64 48.5 | 65 238 | 3 0.8
Physical
Alkalinity-T mg/L 1] 19 50 | 17 123 | 4 64
Hardness-T mg/L 1| 19 52|17 190 | 4 62
TDS mg/L 50 19 92 |17 262 | 4 89
TSS mg/L 10| 19 10.0 | 17 100 | 4 10.0
Nutrients
NH; mg/L 005| 8 0.05| 6 0.05| 1 0.05
NO, mg/L 001| 6 001 6 0.01| 1 0.01
NO3 mg/L 0.05| 19 0.081 17| 0.148| 4 0.076
P-T mg/L 0.01| 19 0.030 | 17| 0.047| 4 0.016
Major ions
Ca”" mg/L 1| 19 162 | 17 46.4 | 4 21.9
Mg mg/L 05| 19 3.0 |17 182 | 4 2.0
K" mg/L 1| 8 17| 6 20| 1 1.0
Na' mg/L 1| 19 6.0 |17 122 4 5.9
Br mg/L 05| 8 0.50| 6 0.50 | 1 0.50
CI mg/L 1| 19 1.00 [ 17| 1504 | 4 1.00
F mg/L 0.1] 15 0.11 | 14 020 4 0.70
S04~ mg/L 1] 19 1410 17| 7540 4 8.55
Metals
Al-T ng/L 1| 19 86.5|17| 1754 4 179.0
Al-D ng/L 1] 19 8.8 |17 258 | 4 10.6
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Thompson S. Creeck Sal.mon
Creek (SQ2) River
(TC4) (SR3)
Parameter Unit |[DL' | N? | 95™9%° | N |95™¢% | N| 95"
Sb-T ng/L 0.05] 15 0.10] 13 0.13| 4 0.16
Sb-D ug/L 0.05] 15 0.06 | 13 0.11] 4 0.12
As-T ug/L 01] 19 0.85] 17 144 | 4 1.77
As-D ng/L 0.1 19 0.51]17 096 | 4 1.57
Ba-T ug/L 05] 19 6.79 | 17 3242 | 4 6.53
Ba-D ng/L 05| 19 6.51 |17 31.08 | 4 5.91
Be-T ug/L 8 1.00| 6 1.00] 1 1.00
Be-D ng/L 8 1.00| 6 1.00| 1 1.00
Cd-T ug/L 0.05]| 19 0.050 | 17 0.080| 4 0.050
Cd-D ng/L 0.05| 19 0.050 | 17 0.050 | 4 0.050
Cr-T ug/L 05] 15 1.76 | 14 203| 4 1.85
Cr-D ng/L 05| 15 0.50 | 14 1.01| 4 0.50
Co-T ug/L 01] 15 0.10 ] 13 020 4 0.10
Co-D ug/L 01] 15 0.10 ] 13 014 | 4 0.10
Cu-T ng/L 0.1 19 0.85]17 204 | 4 1.07
Cu-D ug/L 01] 19 0.81 |16 053] 4 0.40
Fe-T ng/L 30| 19 64.7 | 17 123.6 | 4 138.3
Fe-D ug/L 30| 19 30.0 | 17 300 4 30.0
Pb-T ng/L 0.05] 19 0.118 | 17 0.778 | 4 0.190
Pb-D ug/L 0.05]| 19 0.075 | 17 0.102| 4 0.050
Mn-T ng/L 0.05] 19 212 | 17 648 | 4 8.98
Mn-D ng/L 0.05] 19 048 |17 251 4 1.87
Hg-T ug/L | 0.0001 7 0.00064 | 710.00077 | 2| 0.00070
Hg-D ng/L 005 0 0 0
Mo-T ug/L 01] 19 2.18 | 17 283 | 4 2.87
Mo-D ng/L 0.1 10 2.07 |10 280 1 2.80
Ni-T ug/L 01] 15 0.66 | 14 1.28 | 4 0.60
Ni-D ng/L 0.1 15 0.46 | 14 1.34| 4 0.60
Se-T ug/L 1] 22 19517 1.00| 4 1.00
Se-D ng/L 1| 11 2.00 | 10 1.00| 1 1.00
Ag-T ug/L 0.03]| 15 0.072 | 14 0.074| 4 0.056
Ag-D ug/L 0.03]| 15 0.051 | 14 0.055| 4 0.030
TI-T ng/L 0.5 8 050 6 050 1 0.50
TI-D ug/L 0.5 8 050 6 050 1 0.50
U-T ng/L 1 8 1.00| 6 1.00| 1 2.00
U-D ng/L 1 8 1.00| 6 1.00| 1 2.00
V-T ug/L 1 8 200 6 200 1 1.00
V-D ng/L 1 8 200 6 200 1 1.00
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Thompson Salmon

Creek S(SC (;;k River

(TC4) (SR3)
Parameter Unit |[DL' | N? | 95™9%° | N |95™¢% | N| 95"
Zn-T ng/L 2] 19 601[17] 4.02] 4 5.70
Zn-D ng/L 2] 19 3.00|16] 250 4 3.70

! detection limit
2 number of samples
? 95" percentile

In addition to the numeric WQSs, an antidegradation policy is also relevant to TCMC receiving
streams. As part of the WQSs (IDAPA 58.01.02.051) three categories (Tiers I, II, and III) of
waters are recognized. Tier II is the category relevant to Thompson Creek, S. Creek, and the
Salmon River. Tier II waters are streams where the current water quality is better than the
quality necessary to support beneficial uses. Under the existing antidegradation policy,
point-source discharges may only lower water quality in Tier II waters after a public review of
the social and economic tradeoffs of doing so. In other words, even if there is enough
assimilation capacity to allow water quality degradation and still meet the beneficial use
standards of the stream, it is not necessarily allowable to do so. Where possible, the intent is to
maintain the highest water quality and conserve assimilation capacity. The antidegradation
policy is addressed under the NPDES permit program (as well as other CWA requirements
including Section 401c and Section 404). Point-source discharges must undergo antidegradation
review whenever there is an application for a new or renewed NPDES permit. The
antidegradation policy would also apply to any applications for 404 permits for the mine.

The above discussions have generally focused upon base flow conditions during which there is
less dilution capacity and thus the potential for highest concentrations of trace elements.
However, the concentration of TSS tends to increase during the run-off season and is also subject
to NPDES effluent limitations (10 mg/L). Weekly TSS monitoring at Outfalls 001, 002, and 003
indicates that concentrations of TSS are almost always reported as less than 10 mg/L.
Concentrations greater than 10 mg/L are reported even more rarely at these sites (see previous
discussion in this section). Turbidity is also generally low at these outfalls. Together, this
information indicates that TCMC has been successful at controlling sediment generated by the
mine, typically minimizing TSS contributions to, and turbidity in, Buckskin, Pat Hughes, and
Bruno creeks. The few exceedances that have occurred were during spring run-off when all
streams in the region were carrying relatively high amounts of sediment.

Monthly TSS and turbidity records for the upstream Thompson Creek site (TC4) show
concentrations of TSS at less than 10 mg/L and turbidity averaging 6.5 nephelometric turbidity
units (NTUs). The records for sites in lower Thompson Creek show similar results and indicate
excellent control of sediment at the mine. The records for the site for S. Creek also show that
TSS is most often less than 10 mg/L and turbidity averages 7.4 NTUs. Monthly records of the
concentration of TSS and the turbidity in the Salmon River show values similar to those for the
tributary streams (Thompson Creek and S. Creek).
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Surface Water Rights

There are numerous water rights for streams in the analysis area, many of which are owned by
TCMC or the BLM. TCMC has water rights for a portion of the flow in Buckskin Creek
(72-07552, combined with 72-07553 into 72-7193 in 2006), Pat Hughes Creek (72-07553),
Thompson Creek, Bruno Creek, S. Creek, and the Salmon River (72-7193, 1981), and two
springs in the Buckskin watershed. These three water rights allow for the effective de-watering
of Buckskin Creek and Pat Hughes Creek. The three water rights total 20.86 cfs with the
allowable beneficial uses as industrial and irrigation (IDWR 2012).

The BLM water rights are for a portion of the flow in Buckskin Creek, Pat Hughes Creek, the
unnamed drainage channel east of Pat Hughes Creek, Thompson Creek, and the Salmon River.
The water is used for stock watering. The Forest Service has water rights for stock watering
along upper Thompson Creek and S. Creek. Idaho has water rights for a portion of S. Creek for
fish propagation. There are numerous privately owned water rights for water from near the
mouths of Thompson Creek and S. Creek as well as from the Salmon River for irrigation.

Most BLM land, including the selected land, is subject to Executive Order Public Water
Reserves [PWRs] No. 107. Under the Executive Order, the BLM reserves a limited quantity of
water from natural springs and water holes found on such lands for public uses for domestic
human consumption and stock watering. A PWR cannot be transferred, even if the land on
which it occurs will leave Federal ownership; instead, a PWR must be revoked. The BLM has
inventoried the selected land for public water reserves, and all of the reserves were revoked

(76 FR 382006).

3.6.1.2. Groundwater

In general, the higher elevation portions in the north of the analysis area are groundwater
recharge areas, and the lower elevations in the south are groundwater discharge areas.
Consequently, groundwater movement is generally from north to south. Bedrock geology
controls groundwater movement in the analysis area. The porosity of a geologic unit is the
amount of void space available. The permeability of a geologic unit is the ability of the unit to
allow fluids to pass through it. The hydraulic conductivity of a geologic unit is a measure of
how easily water moves through it, a function of the permeability of the unit and the properties
of the fluid.

The bedrock in the analysis area has primary porosity from the space between the particles that
make up the rock, and considerable secondary porosity from space due to fractures. However, in
general, groundwater is limited to depths of less than 2,500 feet from the ground surface due to
the weight of the overlying rock which does not allow fractures to open (e.g., Nelson 2011).
Most groundwater movement in the analysis area is through fractured bedrock, particularly along
the contacts between rock units. However, there is also substantial groundwater movement
through the relatively thin (but highly permeable) colluvium and alluvium found at the surface
or, in some cases, between bedrock formations.

The Copper Basin Formation (metasedimentary rock underlying the entire analysis area except
where intruded by the Thompson Creek intrusive complex and the Challis Volcanic Group) has
an estimated mean hydraulic conductivity of 2.7 feet per day. The Thompson Creek intrusive
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complex has an estimated mean hydraulic conductivity of 1.5 feet per day. The Challis Volcanic
Group, the youngest rocks in the area, is locally continuous, and follows the topography where
present. These rocks have an estimated mean hydraulic conductivity of 0.56 feet per day. The
hydraulic conductivity has not been estimated for the Saturday Mountain Formation
(metasedimentary rock, same depositional setting as that of the Copper Basin Formation). A thin
veneer of alluvial and colluvial deposits overlies these bedrock units in places. The thickness of
the alluvial and colluvial deposits is greatest in the valley bottoms where the deposits are the
primary aquifers. These deposits have an estimated mean hydraulic conductivity of

20.3 feet per day.

Buckskin Creek Basin

The Buckskin WRSEF is the primary storage site for non-acid-generating waste rock (Type 1), but
some potentially acid-generating waste rock (Type 2) is also in the WRSF. A perforated
underdrain was constructed under the WRSF to promote rapid lateral drainage of seepage from
along the base of the facility to minimize infiltration of the seepage into groundwater. A
relatively thin layer of unconsolidated colluvium and alluvium covers the surface of the middle
and lower Buckskin watershed. Below the downgradient face of the WRSF and downgradient of
the sedimentation pond there are places where volcanic rocks (Challis Volcanic Group) are just
below the unconsolidated deposits. Both of these units are underlain by metasedimentary rocks
(Copper Basin Formation), except for a small area below the upper section of the WRSF
underlain by a thin lens of Thompson Creek intrusive rock (Figure 3.6-4). Seepage from the
WRSF enters the sedimentation pond via the colluvium, which is hydraulically connected to the
underdrain system. The pond is unlined, so some water in the pond infiltrates to groundwater
(Figure 3.6-4). However, the pond will be lined in the future to prevent such infiltration

(Section 2.4.1.6).

There are seven wells in the Buckskin Creek watershed to monitor groundwater associated with
the Buckskin WRSF (Figure 3.6-4., Figure 3.6-5). Artesian flow in BW1 and BW3 demonstrates
upward groundwater flow from deep bedrock. In wells with final depths in the colluvium, the
groundwater flow is approximately horizontal, mimicking the gradient of the topography. There
is a slight downward groundwater flow between the colluvium and intermediate-depth bedrock
aquifers between BW2 and BW4. Downstream of the sedimentation pond, observations from
BWS5, BW6, and BW7 indicate equalization between the units, with a very slight upward
groundwater flow above the confluence of Buckskin and Thompson creeks. These groundwater
flow patterns function as a hydraulic trap that limits downgradient groundwater flow, i.e.,
seepage through the waste rock stays in the local, shallow aquifer that discharges to Thompson
Creek and does not enter the deeper, regional aquifer. Both surface and groundwater flows
through the colluvium and metasedimentary rock in the Buckskin watershed vary seasonally, as
expected in a snowmelt driven system (Table 3.6-14).
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Table 3.6-14. Buckskin watershed mean annual groundwater flow rates.

Hydraulic
Conductivity Flow Rate
Geologic Unit (feet/second) (gpm)
Colluvium 2.2x10™ 12.7
Metasedimentary rocks 1.1x10° 1.6

A surface water gaging station is downgradient of the point where groundwater and waste rock
seepage exit the Buckskin WRSF underdrain. Flow at the gaging station was divided by source
into total flow and water derived from infiltration (seepage) through the facility, which is

considered mine water. Spring snowmelt produces the maximum flows at this station
(Table 3.6-15).

Table 3.6-15. Flow and infiltration, toe of Buckskin WRSF.

Percent of Flow
Flow Infiltration from
Flow Event (acre-feet/year) (acre-feet/year) Infiltration (%)
Maximum 1200 910 76
Mean 520 410 79
Minimum 140 105 74

Sulfate was used as a conservative'® tracer to determine the influence of the Buckskin WRSF on
water chemistry in the analysis area based on the assumption that the only sources of sulfate in
the hydrologic system within the WRSF are oxidized sulfide minerals from the waste rock. The
concentration of sulfate increased from approximately 600 mg/L in early 2000 to approximately
1,050 mg/L in late 2010 at the toe of the Buckskin WRSF. The increasing concentrations
indicate that sulfide oxidation occurs in the facility, but due to the excess alkalinity, there has not
been ARD, and the uniform concentrations of alkalinity indicate the system is well-buffered.

The dominant volcanic and metasedimentary rocks in the facility are non-acid generating.
However, the rocks contain enough sulfide minerals, notably pyrite and molybdenite, to be a
source of sulfate under the oxidizing conditions of the facility. The concentrations of sulfate in
groundwater in the colluvium and metasedimentary rock form a sulfate plume extending 100 feet
below the ground surface, with the majority of the plume in the colluvium. The plume in the
bedrock metasedimentary and volcanic rocks extends from the toe of the facility to Thompson
Creek. The discharge of this groundwater contributes sulfate to Thompson Creek. In addition to
sulfate, the concentration of calcium in groundwater has increased from approximately 190 mg/L
in 2000 to 240 mg/L in 2010, primarily via the dissolution of pH buffering minerals, principally
calcium carbonate (CaCO3).

19 a conservative tracer does not react with other compounds along the flow path
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The Idaho groundwater standard (IDAPA 58.01.11) for sulfate is 250 mg/L, which is a
secondary standard (based on aesthetic qualities whereas primary standards are based on
protection of human health).

Concentrations of measured parameters at the Buckskin WRSF (BuckC) are generally at their
lowest in spring or early summer, following snowmelt when maximum flow through the waste
rock increases dilution. BuckC is the surface water monitoring station that collects seepage and
groundwater from the WRSF underdrain. The highest concentrations of most constituents occur
in the fall and winter when the flow volumes are at their seasonal lows, except the concentration
of selenium is highest during spring melt. The two parameters of interest being leached are
selenium and molybdenum, with peak total concentrations of 0.056 mg/L and 0.080 mg/L,
respectively (Table 3.6-16).

Table 3.6-16. Groundwater quality, BW1, BW2, BW4, and BuckC (2009 to 2010).
all units are mg/L except s.u. for pH

Measured
BW1 BW2
Metw | Metn | BWd Jaaho
sediments | sediments | Colluvium BuckC water

Parameter | (Mean) (Mean) (Mean) (Mean) (Max) | Standard
pH 8.1 7.6 7.3 8.1 82| 6.5-8.5"
SO~ 51.5 143 942 976 1120 250"
Al 0.002 0.003 0.002 0.0027 0.008 0.2!
As .0082 0.00084 | 0.0016 0.05°
Cd 0.00002 0.00005 0.0004 | 0.00021 | 0.00041 0.005
Co 0.00005 0.0001 0.0005 | 0.00053 0.001
Cu 0.00005 0.0006 0.0003 0.0012 0.003 1.3%
Fe <0.03 0.3'
Mn 0.017 0.007 0.0002 0.0019 0.010 0.05"
Mo 0.020 0.047 0.048 0.063 0.078
Ni 0.0002 0.0004 0.0019 0.0016 0.008
Pb 0.00005 0.00005 0.00005 | 0.00015 | 0.00023 0.015
Se 0.00005 0.003 0.033 0.037 0.056 0.05%
U 0.001 0.016 0.0098 0.010 0.012
Zn 0.001 0.002 0.0083 0.0063 0.010 5!

secondary standard, IDAPA 58.01.11
? primary standard, IDAPA 58.01.11
bold typeface indicates exceeds Idaho groundwater standard
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The loading of constituents into Thompson Creek from groundwater exiting the Buckskin Creek
watershed was estimated by multiplying groundwater flow rates in the colluvium and
metasedimentary rocks (Table 3.6-14.) by the mean concentrations of constituents measured in
samples of groundwater from BW4 for the colluvium and BW2 for the metasedimentary rocks
(Table 3.6-16.), and converting to pounds per day and pounds per year (Table 3.6-17).

Table 3.6-17. Groundwater loading to Thompson Creek from Buckskin Creek watershed.
Thompson Buckskin Basin Buckskin Basin
Creek Buckskin® Basin Load Load
Background Load (colluvium + (colluvium +
Concentration (metased. rock) metased. rock) metased. rock)
Parameter (mg/L)1 (pounds/day) (pounds/day) (pounds/year)
pH 8.1 s.u.
SO, 14.1 2.72 146.49 53,444
Al 0.0088 0.00006 0.00036 0.132
As 0.00051 0.00015 0.00016 0.0576
Cd 0.00005 1.91x10° 0.00006 0.0226
Co 0.0001 1.91x10° 0.00008 0.0285
Cu 0.00081 0.00002 0.00006 0.0209
Fe 0.03 0.00057 0.00057 0.209
Mn 0.00048 0.00013 0.00017 0.0603
Mo 0.002 0.00090 0.01636 5.97
Ni 0.0005 7.62x10°° 0.00030 0.109
Pb 0.000075 1.91x10° 9.53x10° 0.0031
Se-T 0.002 0.00006 0.00509 1.86
U 0.001 0.00030 0.00180 0.658
Zn 0.003 0.00038 0.00130 0.476

! except as noted for pH
2 at BW2 in shallow metasedimentary rock

Pat Hughes Creek Watershed

Unlike the Buckskin WRSF, the Pat Hughes WRSEF is used primarily for the storage of Type 2
rock, as well as a smaller percentage of Type 1 rock and low grade ore. The upper Pat Hughes
Creek watershed is primarily underlain by volcanic rock, which extends down the valley and
pinches out below the current toe of the Pat Hughes WRSF. The volcanic rocks are underlain by
the Copper Basin Formation (metasedimentary rock, hardened mudstone). The valley floor is
covered with alluvium and colluvium that increases in thickness downgradient. An underdrain
was constructed to promote the collection of seepage after development of the facility, and is
thus not underneath the uppermost portion of the facility. Monitoring location PH Toe is the
surface water quality and flow monitoring station for the WRSF. Seepage emanating from the
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WRSEF reports to PH Toe and includes 1) groundwater discharging to the base of the WRSF;

2) surface runoff that infiltrates the lateral margins of the WRSF; and 3) precipitation that falls
onto and infiltrates into the WRSF. The seepage at PH Toe is collected and conveyed directly to
the Thompson Creek pipeline. Some seepage from the Pat Hughes WRSF passes under the
collection system and eventually reaches Thompson Creek, but apparently with no discernible
effect on the water quality of Thompson Creek (Section 3.6.1.1.). Surface water run-off from the
upper Pat Hughes drainage basin is collected and routed around the WRSF. This includes run-
off from the forested watershed upgradient of the WRSF, as well as run-off from the facilities
area (e.g., mine shop and crusher). This water is routed around the WRSF by a pipeline and
conveyed to Pat Hughes Creek at monitoring station PAT upstream of the sedimentation pond.
Water from the sedimentation pond may then be discharged to Thompson Creek via Outfall 002
if the water meets NPDES permit limits, or it may be routed to the Thompson Creek pipeline for
reuse in the mill.

There are 13 wells in the Pat Hughes watershed to monitor groundwater associated with the

Pat Hughes WRSF (Figure 3.6-6., Figure 3.6-7). Nested wells were installed in 1999 to monitor
groundwater at three depths just downgradient of the facility (PW1, PW2, and PW3). The base
of PW1 is in the deep metasedimentary bedrock aquifer, the base of PW?2 is in the shallow to
intermediate depth volcanic bedrock aquifer, and the base of PW3 is in the colluvium aquifer
(Figure 3.6-6). The wells were decommissioned in October 2009 prior to being buried by the
planned expansion of the Pat Hughes WRSF; at the time of decommissioning, only the shallow,
colluvium well (PW3) showed water quality effects from the WRSF. Well PW4 was installed
with its base at the waste rock/colluvium interface in 2005 to monitor water within the WRSF.
Water levels in PW4 vary with spring run-off, indicating unsaturated and free-draining flow
within the facility.

Similar to the Buckskin watershed, most of the Pat Hughes watershed is covered by a thin layer
of colluvium. The colluvium is underlain by a zone of fractured bedrock that transitions into
more competent rock with depth. The groundwater flow in the upper areas of the watershed,
where water flows through the colluvium and intermediate and shallow bedrock, is
approximately horizontal and mimics the gradient (~ 10 %) of the topography. The Pat Hughes
sedimentation pond (Figure 3.6-7.) may be a source of groundwater recharge. Near the toe of the
Pat Hughes WRSF, seepage from the waste rock travels in the shallow colluvium aquifer, which
is indicated by concentrations of sulfate of approximately 1,000 mg/L measured in samples from
PW3 in the colluvium. The concentrations of sulfate samples from PW1 and PW2 indicate the
colluvium groundwater is not hydraulically connected with the underlying intermediate and deep
bedrock aquifers. Historic water levels indicate there is an upward hydraulic gradient (~ 5 %)
between the deeper (PW 1) and intermediate (PW2) bedrock aquifers (Figure 3.6-6).

Farther downgradient towards Thompson Creek, the volcanic bedrock pinches out leaving the
metasedimentary bedrock closer to the surface (Figure 3.6-6). Groundwater in the intermediate
bedrock is mixing with shallower groundwater in the colluvium, as inferred from the relatively
high concentrations of sulfate in samples from PW7, PWS, and from surface water in Pat
Hughes Creek (PAT). Mixing of the shallow and intermediate groundwater appears to be
enabled by high permeability zones in the bedrock. The concentrations of sulfate become
increasingly lower (diluted) downgradient of PH Toe, due in part to the collection of seepage
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from the toe for use in the mill, and also presumably due to dilution by lateral inflow of
groundwater from the steep valley walls at the sides of the Pat Hughes watershed which has not
contacted waste rock. There is also a distinct downward flow of groundwater (10 % gradient)
between the colluvium and the intermediate bedrock aquifer (PW15 and PW14) and a distinct
upward flow of groundwater (13 % gradient) between the deep and intermediate bedrock
aquifers (PW13 and PW14). The shallow colluvium aquifer does not appear to be as
hydraulically connected to the deep bedrock aquifer as is the intermediate aquifer.

The deep aquifer is less permeable and has lower concentrations of sulfate suggesting that it has

not been influenced by seepage from the WRSF (PW13 and PW10). Groundwater flow rates
have been estimated for the colluvium, metasedimentary rock, and volcanic rock (Table 3.6-18).

Table 3.6-18. Pat Hughes Creek watershed mean annual groundwater flow rates.

Hydraulic
Conductivity Flow Rate
Geologic Unit (feet/second) (gpm)
Colluvium 2.2x10™ 20.6
Metasedimentary rock 3.9x 10° 11.1
Volcanic rock 8.24x107 nc

Measured through the cross-section at PW10, PW11, and PW12.
nc = value has not been calculated

Annual and monthly flow volumes were monitored at the PH Toe monitoring station
(Figure 3.6-7., Table 3.6-19). The percentage of flow from infiltration from the Pat Hughes
WRSF is only about half that from infiltration in the Buckskin WRSF because the overall area of
the Pat Hughes watershed is larger and the Pat Hughes facility occupies a much smaller
percentage of its watershed than the Buckskin facility occupies of its watershed.

Table 3.6-19. Flow and infiltration, toe of Pat Hughes WRSF.

Flow Infiltration Percent of
Flow Event | (acre-feet/year) | (acre-feet/year) | Flow from Infiltration
Maximum 1100 462 42
Mean 390 183 47
Minimum 130 56 43
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Prior to spring snowmelt in 2003, the water quality of seepage from waste rock in the Pat Hughes
facility was good, i.e., low concentrations of metals and near neutral pH. However, during
spring snowmelt the chemistry of the water changed abruptly. The seasonal increase in flow
from the facility had a distinct decrease in pH to approximately pH 4.5 with a corresponding
increase in the concentrations of dissolved metals. For example, the concentration of zinc
increased from approximately 200 pg/L to more than 5,000 ug/L. As peak flows subsided, the
pH returned to near neutral (i.e., ~ pH 7), and the concentrations of metals decreased to the
concentrations prior to spring melt.

Another change in geochemical pattern occurred in 2004. Following peak run-off, the pH of
seepage water from the Pat Hughes WRSF did not immediately return to near neutral (remained
<pH 6.0). The pH began to increase in 2005 following a relatively dry year reaching near
neutral values (pH 6.5) immediately before spring snowmelt in 2006, which had the highest flow
(1,300 gpm) measured during the study period (late 1999 to 2010). Since spring snowmelt in
2006, the pH has remained low and relatively stable (pH 4.2 to pH 4.9) with a median value of
pH 4.6. The year 2003 is considered to be the onset of perennial ARD conditions from the

Pat Hughes WRSEF, i.e., the buffering capacity of waste rock in the Pat Hughes WRSF was
exceeded by the acid-generating capacity of the Type 2 waste rock.

Metal loadings from the facility increased seasonally from 2002 to 2004 and increased
perennially beginning in 2006, during which the highest monthly loads of sulfate were measured
to date (2010). (A load is the concentration of a contaminant multiplied by the flow rate. The
load of a given contaminant therefore provides more comparative information for assessing or
comparing effects than a concentration does.) As flow conditions returned to normal later in
2006, the increased loads of metals persisted and the pH remained relatively low (< pH 5.0). The
increased loads of metals in 2006 were probably due to compounding factors, including a
lower-than-average spring run-off the year prior (less flushing within the Pat Hughes WRSF) and
the build-up of oxidation products. During subsequent years there have been gradual increases
in peak concentrations of metals during spring snowmelt with no obvious correlation to changes
in peak flow volumes or pH (Table 3.6-20., Table 3.6-21).

Mine-affected water entering Thompson Creek from the Pat Hughes watershed predominantly
occurs via groundwater, the exception being when controlled releases occur out NPDES

Outfall 001. These releases are infrequent and occur only when the NPDES permit water quality
standards are met. The loading of metals and other constituents to Thompson Creek via the
groundwater flowpath was estimated by multiplying groundwater flow rates by groundwater
concentrations. Groundwater flow rates were estimated from measured gradients, hydraulic
conductivity, and cross-sectional areas for flowpaths within the colluvium and metasedimentary
bedrock (Table 3.6-18). Groundwater concentrations were based on mean values measured in
wells screened within colluvium (PW11) and metasedimentary bedrock (PW12) downgradient of
the sedimentation pond (Table 3.6-22). Current (2010) loadings to Thompson Creek are
summarized in pounds per day and pounds per year and are compared to background water
quality in Thompson Creek in Table 3.6-23.
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Table 3.6-20. Groundwater quality, Pat Hughes Crk. watershed, spring melt (March

2010).
Elev./Depth | pH NN(())SZ / SO, Al As Cd Cu | Fe | Pb | Mn | Mo | Ni Se Zn

Station Feet s.u. | mg/L |mg/L | mg/L |pg/L | pg/L | pg/L ng/L | pg/L | pg/L | pg/L | ng/L | png/L | ng/L
NwW2 Shallow 7.3 0.54 13| 0.002| 0.3] 0.06 04| 15[ O0.11| 0.07| 0.81]| 0.05 0.5 1

PH Toe 6430 4.88 9.8] 956 145 1.1 187 104 15| 0.79| 9660 4.34| 31.8 19| 1370
PAT 6268 ND ND ND ND| ND ND ND| ND| ND| ND| ND| ND| ND ND
PATP 6240 ND ND ND ND| ND ND ND| ND| ND| ND| ND| ND| ND ND
PW1 Deep ND ND ND ND| ND ND ND| ND| ND| ND| ND| ND| ND ND
Pw2 Medium ND ND ND ND| ND ND ND| ND| ND| ND| ND| ND| ND ND
PW3 Shallow ND ND ND ND| ND ND ND| ND| ND| ND| ND| ND| ND ND
PwW4 Shallow ND ND ND ND| ND ND ND| ND| ND| ND| ND| ND| ND ND
PW7 Medium 7.4 1.04| 307| 0.003| 0.5 0.01 2.71 15(0.025| 7.01| 5.15 3.1 4 28
PW8 Shallow | 6.84 0.66 189 0.002| 0.2] 0.04] 0.05( 15]0.025( 20.1 13.9 0.2 2 2
PW9 Shallow 7.07 0.89( 277| 0.002( 0.7( 0.03] 0.05( 15]0.025| 1.33| 17.8 1.1 4 3
PWI10 Deep 7.27 0.02 138 0.002] 1.2| 0.05| 0.25| 142{0.025( 162 5.05 4 2 179
PWI11 Medium |7.37( 0.005| 248 0.0025] 9.1| 0.01| 0.05 15]0.025| 248 6.19 3.1 0.5 26
PW12 Shallow 7.4 0.7] 248( 0.002| 0.4 0.04] 0.05( 15(0.025 1.7 14| 0.05 3 1
PW13 Deep 7.45( 0.005 182 0.003| 0.4| 0.01 0.2] 137(0.025( 278 1.88 1 0.5 160
PW14 Medium | 7.57( 0.005 293| 0.002( 23| 0.01 23| 62]0.025] 312| 8.51 3.9 2 8
PW15 Shallow | 7.02 0.49] 235 0.003| 0.2 0.05 0.2 15[0.025| 18.3] 8.55 2.5 2 2

Idaho Standard = g:;; 102 250" 200'| 50? 52(1,300%|300"| 152 50 502 5,000

ND = no data

! secondary standard, IDAPA 58.01.11

2 primary standard, IDAPA 58.01.11

bold typeface indicates exceeds Idaho groundwater standard
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Table 3.6-21. Groundwater quality, Pat Hughes Crk. watershed, base flow (August 2010).

Elev./Depth | pH i(();z / SO, | Al As | Cd | Cu | Fe | Pb Mn Mo | Ni | Se | Zn

Station Feet S.u. mg/L. |mg/L | mg/L |pg/L |pg/L | pg/L |ng/L |pg/L | pg/L | ng/L (pg/L |pg/L | pg/L

PH Toe 6430 4.7 5.14| 958 11.6] 0.7 13.7( 764| 15| 1.65| 7480| 3.11|284| 11| 1150
PAT 6268 8.21 0.52| 132] 0.005( 0.5]0.01 0.4 15(0.025{ 0.025( 8.42| 0.2 1 1
PATP 6240 ND ND| ND ND| ND| ND|( ND| ND| ND ND| ND| ND| ND| ND
PW1 Deep ND ND| ND ND| ND| ND|( ND| ND| ND ND| ND| ND| ND| ND
PWwW2 Medium ND ND| ND ND| ND| ND| ND| ND| ND ND| ND| ND| ND| ND
PW3 Shallow ND ND| ND ND| ND| ND| ND| ND| ND ND| ND| ND| ND| ND
PW4 Shallow 591 1.971 159] 0.013| 0.05] 0.78 0.2 150.025 110| 43.6( 0.8] 0.5 51
PW7 Medium 7.07 0.8| 285( 0.001| 0.5(0.01| 0.05 150.025 2.33] 5.05| 0.05 3 8
PW8 Shallow 6.55 0.26| 121]0.0005( 0.4] 0.01| 0.05 1510.025 0.97| 10.5] 0.05 1 1
PW9 Shallow 6.97 0.98| 185] 0.001( 0.4] 0.03 0.1 1510.025 0.21| 18.2] 0.05 3 1
PWI0 Deep 7.06 0.16| 147]0.0005| 2.7]0.02( 0.25]10400.025 693 1.78] 0.4 0.5 8
PWI11 Medium 7.06 0.01| 249 0.1] 84/ 0.03 0.3] 203 0.33 206| 3.66( 2.1| 0.5 18
PWI12 | Shallow 6.84 0.78| 214]0.0005( 0.4]0.03| 0.05 1510.025 0.18| 14.7] 0.05 3 1
PW13 Deep 7.241 0.005| 172 0.001| 0.2 0.01| 0.05]| 422(0.025 206| 1.55( 03] 0.5 1
PW14 | Medium 7.41 0.005( 301| 0.002| 3.3(0.01 0.8 450(0.025 276 7.19(0.05| 0.5 1
PWI5 Shallow 6.85 0.65| 204| 0.001| 0.4]0.03 0.2 150.025 0.42] 17.6| 0.5 3 1

Idaho standard | 6.5-8.5' 10°| 250'| 0.2'[0.05*| 5°|1,300%|300'| 15*| 50 50%{5,000'

ND =no data

! secondary standard, IDAPA 58.01.11

? primary standard, IDAPA 58.01.11

bold typeface indicates exceeds Idaho groundwater standard
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Table 3.6-22. Mean water quality, PW11 and PW12 (2010).
all units are mg/L except s.u. for pH

PWI11 PW12 Idaho Groundwater

Parameter (colluvium) |(metasedimentary rock) Standard

pH 7.63 7.32 6.5-8.5'
Al 0.027 0.001 0.2'
As 0.008 0.0004 0.05°
Cd 0.000035 0.00004 0.005”
ICo 0.00115 0.0002

Cu 0.00015 0.0001 1.37
Fe 0.106 0.030 0.3'
Mn 0.166 0.002 0.05'
Mo 0.006 0.015

Ni 0.002 0.0002

Pb 0.00012 0.00005 0.015”
Se 0.001 0.003 0.05
SO, 245 221 250"
U 0.0085 0.003

Zn 0.022 0.002 5
Acidity - -

! secondary standard, IDAPA 58.01.11
? primary standard, IDAPA 58.01.11
bold typeface indicates exceeds Idaho groundwater standard
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Table 3.6-23. Groundwater loading to Thompson Creek from Pat Hughes Creek

watershed (2010).
Pat Hughes Pat Hughes
Thompson (colluvium + (colluvium +
Creek Pat Hughes metasediment metasediment
Background (metasediment rock) rock rock
Parameter (mg/L)1 (pounds/day) (pounds/day) (pounds/year)
pH 8.1 s.u.
SO~ 14.1 29.47 87.63 32,887
Al 0.0088 0.00013 <0.00095 2.51
As 0.00051 0.00005 0.00133 0.74
Cd 0.00005 0.00001 <0.00001 0.005
Co 0.0001 0.00003 0.00019 0.114
Cu 0.00081 0.00001 <0.00019 0.018
Fe 0.03 0.00400 <0.01143 11.1
Mn 0.00048 0.00027 0.03810 15.1
Mo 0.002 0.02000 0.00381 1.27
Ni 0.0005 0.00003 0.00038 0.19
Pb 0.000075 6.67x10° <0.00008 0.013
Se-Total 0.002 0.00040 <0.00076 0.24
U 0.001 0.00040 0.00191 0.913
Zn 0.003 0.00027 0.00381 2.11
except as noted for pH
No Name Creek Watershed

The No Name Creek watershed (intermittent flow) does not contain any mine facilities. The
valley floor is composed of colluvium and alluvium up to 35 feet thick. Exposed bedrock
consists of the volcanic rock throughout the watershed, which was measured as 600 feet thick
adjacent to the pit and 900 feet thick near the confluence of No Name and Thompson creeks
(Figure 3.6-8). There are two monitoring wells in the watershed: NW1 in colluvium to a depth
of 35 feet below the ground surface, and NW?2 in shallow volcanic bedrock to a depth of

60 feet below the ground surface (Figure 3.6-8., Figure 3.6-9). The wells indicate downward
groundwater flow at the well sites. The lower reaches of the watershed are a groundwater
discharge zone, indicated by natural springs that infiltrate back into the colluvium a short
distance away. Two water samples from NW2 were analyzed in 2010. Both samples had neutral
pH and low concentrations of most constituents, including sulfate and TDS (Table 3.6-24).
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Table 3.6-24. Groundwater quality, No Name Creek watershed.

NW2 Idaho
Groundwater

Parameter Unit 3/28/2010 8/20/2010 Mean Standard
pH s.u. 7.12 6.9 7.0 6.5-8.5'
Alkalinity mg/L 106 108 107
Hardness mg/L 96 102 99
TSS mg/L 169 29 99
TDS mg/L 142 140 141 500"
NO, /NO5 mg/L 0.54 0.29 0.42 10
SO~ mg/L 13 10 12 250"
Cr mg/L 0.8 0.8 0.8 250"
DOC mg/L 0.5 0.7 0.6
S mg/L <0.04 <0.04 <0.04
DISSOLVED METALS
Ca mg/L 32 35 33.5
Mg mg/L 4 4 4
K mg/L <1 <1 <1
Na mg/L 12 13 12.5
Al ng/L 2 <1 1.5 200’
Sb ng/L <0.05 <0.05 <0.05 6
As ng/L 0.3 0.4 0.4 50°
Be ug/L <1 <1 <1 42
Cd ng/L 0.06 0.03 0.05 5
Cu ng/L 0.4 <0.1 0.25 1,300
Cr (Total) ng/L <0.5 <0.5 <0.5 100°
Fe ng/L <30 <30 <30 300
Pb ng/L 0.11 <0.05 0.08 15°
Mn ng/L 0.07 0.59 0.33 50"
Hg ng/L <0.05 <0.05 <0.05 2
Mo ng/L 0.81 0.42 0.62
Ni ng/L <0.1 <0.1 <0.1
Se ng/L <1 <1 <1 507
Ag ng/L <0.03 <0.03 <0.03
Ti ng/L <0.5 <0.5 <0.5
Zn ng/L <2 <2 <2 5,000
T secondary standard, IDAPA 58.01.11
? primary standard, IDAPA 58.01.11
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Open Pit

The Thompson Creek intrusive complex contains the ore body for the mine and forms the
surface of the lower portion of the pit (491.2 acres, Figure 3.2-2., Figure 3.6-10.,

Section 3.2.1.1). The middle portion of the pit is in the Copper Basin Formation, and the upper
portion of the pit is in volcanic rock. The pit intercepts groundwater at depth, precipitation into
the pit, and surface run-off from small areas around the pit where there are no diversion ditches.
The water is removed from the pit using a combination of collection sumps and wells in the
bottom of the pit, from which the water is recycled for use in the mill. Current (2009 and 2010)
dewatering rates from the pit are approximately 300 gpm (approximately 165 gpm from
groundwater).

The major source of groundwater to the pit is from the topographic high point to the north. From
the topography, it is inferred that the regional groundwater gradient is from north to south.

Based on measured gradients, groundwater preferentially flows within the fractured
metasedimentary rock near the colluvium contact. Pit dewatering activities have lowered the
water table around the pit and induced upward groundwater flow under the pit (i.e., there is a
cone of depression around the pit).

Data from samples of water from the pit sumps and monitoring wells at the pit provides
information about the quality of the groundwater near the pit (Figure 3.6-11). In general, the
quality of the (mixed) water in the pit is neutral to alkaline with elevated concentrations of
sulfate and molybdenum. The concentrations of trace metals are relatively low with variability
noted in aluminum, antimony, arsenic, cadmium, copper, manganese, and zinc.

Bruno Creek Watershed

The Upper Bruno Creek watershed is composed of primarily volcanic rock, which extends down
the valley and pinches out below the toe of the TSF embankment. In the lower portion of Bruno
Creek, normal faults (north-to-south and east-west strike) transect the area near the confluence of
Bruno and S. creeks. The valley floor of lower Bruno Creek is overlain by alluvium and
colluvium that increase in depth downgradient.

The TSF fills the middle section of the Bruno Creek watershed. The base of BC3 is in deep
metasedimentary rock. The base of MW1 1is in the shallow metasedimentary aquifer as a
back-up dewatering well in support of the TSF embankment seepage pumpback system. Two
monitoring wells were installed in 1999 to further refine groundwater characteristics in the
Bruno Creek watershed: with a base in the colluvium aquifer and BC3A with a base in the
shallow metasedimentary aquifer (Figure 3.6-12., Figure 3.6-13).

Downstream of the TSF embankment, the Bruno Creek watershed follows a steep, V-shaped
valley that drains into S. Creek (Figure 3.6-10). Shallow wells installed downstream of the
embankment (MW 1 and MW2) have water levels within 12 feet of the ground surface. The
groundwater flow between the wells is approximately horizontal (~ 7 % gradient), which mimics
the topography. These wells show minor effects from seepage from the TSF, inferred from the
concentrations of sulfate in samples from the wells (median concentration of 146 mg/L at MW 1
and 89 mg/L at MW2) that are higher than those from samples of water from BC3 and BC3A
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(discussed below). Despite substantial scatter in the data, it appears the concentrations of sulfate
have increased at MW 1 since June 1993 and at MW?2 since October 2007.

The deep bedrock well BC3 encountered extensive fractures from approximately 250 feet below
the ground surface to the bottom of the well. Interpretation of the pump test results suggest that
these fractures provide moderate to high secondary permeability. Artesian conditions have been
observed at BC3 and BC3A since their installation. The concentrations of sulfate in samples of
water from BC3 (median value of 61 mg/L) and BC3A (median value of 51 mg/L) are similar to
such concentrations in samples of water from background sites, indicating that the TSF has not
affected the quality of groundwater at this location. The lower Bruno Creek drainage is
characterized as a groundwater discharge zone.

The TSF was designed to have no releases to surface waters. However, there are small amounts
of seepage from TSF into the underlying groundwater, and the 1980 EIS indicated this would
cause the water quality of Bruno Creek to exceed EPA criteria at times (USFS 1980, p. 5-10).
The seepage reaches Redbird Creek via the paleo (ancient)-alluvial deposits underlying the
volcanic rock that forms the divide between the Bruno Creek and Redbird Creek watersheds
(Figure 3.6-14). The seepage rate (estimated to be approximately 35 gpm) is inferred from
concentrations of chloride and sulfate in the TSF and at surface water site RB1. The
concentrations of sulfate in Redbird Creek have increased by a factor of approximately three to
near 200 mg/L over the previous 10 years or more. The data are sporadic prior to 2000, but
elevated concentrations of chloride and sulfate appear to have begun in 1999 to 2000.

Water in the TSF is collected in the underdrain system and passes through the base of the
embankment via the main drain, which captures flow from several components. Flow in the
drain fluctuates seasonally in response to cyclone operations, snowmelt, and precipitation. Peak
flows generally correspond to spring run-off and summer operation of the cyclones. Low flows
generally occur during winter, and average annual flow into the main drain is of the order of
1,100 gpm. The water from the main drain is collected in the SRD and pumped back to the mill
for reuse. Seepage from the SRD is collected in a constructed sump and is pumped back to the
SRD pond. This pumpback system functions as secondary containment of discharge from the
TSF.

The TSF leaks small amounts of water into the underlying shallow groundwater with minor
effects on water quality. The 1980 EIS predicted that this seepage could result in increased
concentrations of iron, manganese, and zinc in the groundwater (USFS 1980, p. 5-11). The
quality of groundwater downstream of the TSF has remained similar over time. However,
samples from the shallow wells (MW 1, MW?2) have higher concentrations of sulfate and lower
concentrations of dissolved iron and manganese than samples from the deeper wells (BC3,
BC3A). Despite substantial scatter in the data over time (beginning in 1993), concentrations of
sulfate have been increasing at MW 1 since 1993 and at MW?2 since 2007, suggesting that some
TSF water is getting past the SRD and pump-back sump.
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There are no discernible trends in water quality parameters in the deeper wells (BC3 and BC3A)
since the wells were installed (BC3 in 1980, BC3A in 1999).

Water discharged from the TSF has been represented and analyzed using samples from the main
drain, tailings impoundment water, and a piezometer (MW 10) at the interface of the tailings
sands (embankment) and slimes (impoundment) (Figure 3.6-15., Table 3.6-25). Currently, the
dominant source of water reaching the main drain is drainage from the impoundment, resulting
from consolidation of tailings solids deposited in the impoundment (slimes) and process water
(60 % from tailings slimes, 35 % from embankment sands, and 5 % from groundwater)
(ANDEK 2011). Water from the main drain and the TSF pond water are both pH neutral
environments in which there is abundant oxygen available, and dissolved iron was below the
analytical detection limit (Table 3.6-25).

Table 3.6-25. TSF, water quality (2009 to 2010).

all units are mg/L except as noted

Parameter Tailings Pond MW10 Main Drain Grofl(:::ihv(v)ater
Standard

Year 2009-2010 2010 2009-2010

Depth Surface 39 feet Surface

pH, field (s.u.) 7.4 7.6 7 6.5-8.5'

éjlz*jimétgcggal 345 45 122

NO,/NO5 1.02 <0.01 0.03 10

SO 1,073 913 1,190 250"

As-D 0.0014 0.0023 0.0019 0.05°

Cd-D 0.0004 0.0 0.0004 0.005>

Cu-D 0.0002 <0.0001 0.0033 1.3°

Mo-D 1.321 0.144 0.657

Ni-D 0.0055 0.0019 0.0124

Zn-D 0.003 0.008 0.014 5'

H,S-D NA 0.0 NA

Fe-D <0.03 0.166 <0.03

Fe-T 0.266 NA 12.6 0.3'
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Idaho
Parameter Tailings Pond MW10 Main Drain | Groundwater
Standard
Mn-D 0.549 0.442 4.490
Mn-T 0.542 NA 4.880 0.05'

The parameters for the TSF and main drain are median values for samples collected in 2009 and 2010.
Only one sample was collected from MW10 in 2010.

NA = Not Analyzed

! secondary standard, IDAPA 58.01.11

? primary standard, IDAPA 58.01.11

bold typeface indicates exceeds Idaho groundwater standard

During mining and milling operations acidity released from the embankment sands, if any, is
insufficient to overcome the alkalinity from impoundment slimes drainage. Furthermore,
although the concentration of dissolved iron is relatively low (< 0.03 mg/L) in the oxidizing
environments of tailings pond water and the main drain (Table 3.6-25.), the concentration of total
iron is relatively high (~ 12.6 mg/L in the main drain) and the concentrations of dissolved arsenic
and cadmium are relatively low (< 0.0019 mg/L and < 0.0004 mg/L, respectively, in the main
drain), presumably due to sorption (where one substance becomes attached to another) of arsenic
and cadmium onto precipitated iron oxides. The opposite conditions are generally found in
anoxic, reducing environments (e.g., MW10), where the concentrations of total arsenic and
cadmium increase with depth below sediment-water interface. The concentration of sulfate is
higher in the oxidizing environments and lower at MW 10.

There has been an increase in the concentrations of sulfate in the colluvial aquifer below the
TSF, as indicated by samples from MW2, described above. Increased concentrations of sulfate
(10 mg/L background to 182 mg/L) and chloride (5 mg/L background to 38 mg/L) to S. Creek
are inferred to be from Redbird Creek, but no increased concentrations of other constituents of
potential concern have been found to date in S. Creek. The source of these effects is seepage
from the TSF as well as seepage from the abandoned Twin Apex mine in Bruno Creek, which is
not affected by the mine. Seepage from the TSF affects S. Creek via two groundwater flowpaths
that report to Redbird Creek and Bruno Creek. Seepage reporting to Redbird Creek is from the
impoundment, while seepage reporting to Bruno Creek is due to small amounts of main drain
seepage that bypasses the pumpback system.

Groundwater Rights

TCMC owns several water rights for groundwater with allowable beneficial uses of domestic
(for employee uses) and industrial. Several of the water rights are for wells that were developed
within the TCMC facility area. Two of the water rights (72-7414 and 72-7573) are for
groundwater that seeps into the open pit. TCMC has also applied to the IDWR for a new water
right (72-16728, pending) for the increased interception of groundwater during the pit expansion
that would occur under the MMPO alternatives. The majority of the monitoring wells discussed
above are not associated with a consumptive use, and consequently TCMC does not have or need
water rights for these types of wells. TCMC has water rights (72-7219 and 72-7220) for two
potable wells at the mine for employee use.
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There are also water rights owned by others for groundwater from wells (domestic and irrigation
beneficial uses) near the mouths of Thompson and S. creeks as well as along the Salmon River.

3.6.1.3. Springs

Naturally occurring springs (seeps)'! are surface expressions of groundwater, i.e., points where
the water table intercepts the ground surface. There are a number of springs in the analysis area.
For example, according to water right records (IDWR 2012) the BLM has water rights for
stockwatering for a number of springs along Thompson Creek. The source of some of these
springs may be local alluvial deposits through which the base of Thompson Creek flows. Other
potential sources might be re-emergence of water from Thompson Creek that has infiltrated into
either alluvial deposits or fractured bedrock along the channel, or water from bedrock to the
north. The springs along Thompson Creek are typically small (e.g., <2 gpm, based upon
discharge measurements made in 2008 by the BLM).

Several other springs discharge in the various watersheds that are tributaries to Thompson and
Bruno creeks. The source of some of these springs might be small aquifers that are isolated from
each other spatially due to hydraulic barriers. Two springs near the mouth of Buckskin Creek
are used by TCMC under a water right that includes other nearby sources as well. An apparent
natural spring (ID #BS Hillside Seep) from a hillside further upstream and to the west of the
main channel supports several small wetlands (Figure 3.9-1).

No Name Creek gains in flow downgradient due to several springs along the creek (JBR 2014h).
Springs occur particularly in the lower drainage where bedrock outcrops in the valley floor
(SRK 1998). Water rights records include a BLM filing on a single spring near the mouth of the
creek (IDWR 2012). These records also include BLM water rights for stockwatering from two
springs in the Pat Hughes watershed, in or adjacent to the MMPO area. Two springs (PHSeep
and PH2) in upper Pat Hughes Creek have a groundwater source (JBR 2014h). The BLM also
owns water rights for stockwatering from two springs in the unnamed watersheds to the east,
downgradient of the mill.

The Bruno Creek watershed contains several springs, both upstream and downstream of the TSF.
There are two BLM water rights for two springs in the middle portion of the Bruno Creek
watershed, near the Twin Apex property. Springs also discharge from limestone fractures in
lower Bruno Creek. In addition to natural springs, there are a number of areas where seepage
from the colluvium and/or bedrock into stream channels occurs as a result of the mine. These
areas include Pat Hughes and Buckskin creeks, where infiltration of precipitation or run-off into
or underneath the WRSFs essentially forms gaining channel reaches. Similarly, seepage from
the TSF is inferred to have entered Bruno Creek below the TSF and to have also entered Redbird
Creek.

" Springs typically emerge from a single point, whereas seeps emerge over a larger area with no well-defined
origin, typically have lower flow than springs, and rarely have enough flow to form a stream. Spring herein
refers to both springs and seeps.
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3.6.2. Offered Lands - Broken Wing Ranch

3.6.2.1. Surface Water

The ranch is in the Salmon River-Bradshaw Creek 6™ level watershed (26,315 acres)

(HUC 170602011401). The ranch is primarily along the Salmon River bottom lands, which
include the lower reaches/mouths of several small tributary streams (Sink Creek and Lyon Creek,
as well as small unnamed tributaries). The ranch is approximately 12 miles downstream of the
confluence of S. Creek with the Salmon River. Flows at the nearest active Salmon River gaging
station to the ranch (No. 13296500) were previously discussed (Section 3.6.1.1.). There are no
known flow records for small tributary streams that drain through the ranch, except in

August 1996, as part of the BURP, a flow measurement of 0.7 cfs was made at the mouth of Sink
Creek (IDEQ 2010a). The lower portion of Lyon Creek has perennial flow, and there is a
diversion from the stream between BWR-1 and BWR-3 for irrigation on BWR-2 and BWR-3.

The Salmon River, where it flows through the ranch, has not been assessed in the most recent IR
(IDEQ 2011a). Therefore, it is unknown if this portion of the river fully supports its beneficial
uses of cold water aquatic life, primary contact recreation, and salmonid spawning. However,
this portion is still afforded Tier II protection under Idaho antidegradation policy. Similarly,
Lyon Creek has not been assessed to determine whether its beneficial uses are supported or
whether its water quality is impaired. The streambanks along the lower 1,850 feet of Lyon Creek
are eroding/sloughing in part due to livestock grazing, vegetation removal, and vehicle fords
with little pool habitat.

Sink Creek is considered to be supporting its beneficial uses based upon an assessment in 1996
(IDEQ 2011a). In general, cattle are a major source of fecal coliform, e.g., Tiedemann et al.
(1987) found the concentration of fecal coliform indicator bacteria in streamwater in pastures
with managed grazing was approximately twice the concentration in streamwater in ungrazed
pastures. Approximately 50 percent of the riparian areas at the ranch are fenced to exclude
livestock (Figure 3.5-3).

There are nine water rights for the ranch for surface water for irrigation totaling 15.89 cfs,

6.22 cfs from Lyon Creek, 6.56 cfs from the Salmon River, 2.21 cfs from Alkali Spring, and

0.9 cfs from Sink Creek. There is also a water right for the ranch for surface water for
stockwater from the Salmon River (0.02 cfs). The BLM, Idaho, and other private entities also
have water rights nearby for the Salmon River (IDWR 2012). There are three points of diversion
along Lyon Creek, one of which is screened. The screened diversion on lower Lyon Creek was
designed for a maximum diversion of 1.39 cfs, and thus the remaining water (2.33 cfs) of the
water right (3.72 cfs) for the diversion is currently instream flow. Approximately 300 feet
upstream of the confluence of the Lyon Creek and Salmon River a small earthen dam (~ 6 feet in
height and ~ 130 feet in width) creates the Lyon Creek pond (~ 0.5 acre).

3.6.2.2. Groundwater

There are seven water rights on the ranch for groundwater for domestic and stockwater use
totaling 0.34 cfs. The groundwater is from ten wells; three for irrigation, two for stock, four for
domestic use, and one test well (IDWR 2012). The Federal government and several other private
entities also have water rights for groundwater in the vicinity.
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3.6.2.3. Springs

There is one spring used for portable water on the ranch approximately 600 feet west of the Lyon
Creek ranch house (Doughty 2013). There is one spring in the Lyon Creek watershed,
approximately 2 mile upstream of the western edge of BWR-1. In addition, Alkali Spring is on
the east side of the Salmon River 1 mile east of the mouth of Sink Creek. There are water rights
for the ranch for surface water for irrigation (2.21 cfs) and for stockwater (0.03 cfs) from Alkali
Spring.

The water right for the latter is held in the name of the BLM because the stockwater use is on
BLM land. The BLM also holds a water right for stockwater from Alkali Spring.

3.6.3. Offered Lands - Garden Creek Property

3.6.3.1. Surface Water

The property contains the upper portion (headwaters) of the Garden Creek 6™ level watershed
(18,560 acres) (HUC 170402080402), which drains the central portion of the south slope of the
Bannock Range. Garden Creek is a tributary to Marsh Creek, which drains to the Portneuf River
subbasin (HUC 17040208), which ultimately drains to the Upper Snake River subregion

(HUC 1704). The Garden Creek property is primarily in uplands at the head of Garden Creek,
but also includes a reach of the stream that appears to be supported by a spring just outside of the
property. Garden Creek is a perennial stream (~ 2 feet wide with a very narrow riparian
corridor) with no known flow records, other than a single flow measurement (1.1 cfs) in July
2002 from a site approximately 5 miles downstream of the property (IDEQ 2010a).

Garden Creek, including the stream reach that flows through the Garden Creek property, is
303(d)-listed for pathogens (Escherichia coli) (IDEQ 2011a). Previous 303(d) listings for the
concentrations of total nitrogen, total phosphorus, and sedimentation/siltation for Garden Creek
were addressed in the Portneuf River TMDL. The current 303(d) listing indicates this portion of
Garden Creek does not support cold water aquatic or secondary recreation beneficial uses,
though it fully supports an assigned beneficial use for salmonid spawning. There is no known
water quality data or water rights for surface water for the portion of Garden Creek on the
property. However, the Forest Service and BLM have water rights for Garden Creek upstream
of the property for wildlife and downstream of the property for stockwater, respectively.

3.6.3.2. Groundwater
There are no wells or water rights for groundwater on the property (IDWR 2012).

3.6.3.3. Springs

No springs were identified on the property, but a spring is mapped next to Garden Creek 350 feet
north of the northeast corner of the property. The discharge from the spring probably flows
downstream through the property via Garden Creek. There are no water rights for springs on the
property (IDWR 2012).
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3.7. Wildlife Resources

The analysis area for wildlife resources for the MMPO alternatives is the S. Creek and
Thompson Creek 6™ level HUC watersheds (Figure 3.7-1). The analysis area for the land
disposal alternatives is the selected and offered lands. Special status wildlife species are also
summarized in this section. Special status wildlife species are those listed as proposed,
candidate, threatened, or endangered under the ESA by the USFWS, or those listed as sensitive
by either the BLM or Forest Service. There are 26 special status wildlife species that fall within
the jurisdictions associated with the analysis areas (Table 3.7-1).

Table 3.7-1. Special status wildlife jurisdiction, all analysis areas.

Broken Garden Crk.

MMPO Area Selected Land Wing Ranch S OnerD
SPECIES " Forest Servie BLM
Common name 5 BLM Challis | BLM Challis

. Challis-Yankee Pocatello
Scientific name
Fork

MAMMALS
Canada lynx . Yes (BLM) Yes Yes No
Lynx canadensis
Gray wolf Yes (BLM) Yes Yes Yes
Canis lupus
American plika Yes (Fprest No No No
Ochotona princeps Service)
Bighorn sheep Yes (Forest 1
Ovis Canadensis Service) Yes Yes No
Fisher Yes (BLM and
Martes pennanti Forest Service) Yes Yes No
Pygmy rabbit Yes (BLM and
Brachylagus . Yes Yes Yes
. 3 Forest Service)
idahoensis
Spotted bat
Euderma Yes (BLM gnd Yes Yes' No

Forest Service)
maculatum
Townsend’s big-
eared bat Yes (BLM and
Corynorhinus Forest Service) Yes Yes Yes
townsendii
Wolverine Yes (BLM and
Gulo gulo Forest Service) Yes Yes No
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Broken Garden Crk.
MMPO Area Selected Land Wing Ranch T
SPECIES " Forest Servie. BLM
Common name . BLM Challis | BLM Challis
. Challis-Yankee Pocatello
Scientific name
Fork
BIRDS
Western yellow-
billed cuckoo Yes (BLM) Yes Yes No
Coccyzus
americanus
Greater sage-
grouse Yes (BLM and
Centrocercus Forest Service) Yes Yes Yes
urophasianus
Bald eagle
Haliaeetus Yes (BLM gnd Yes Yes Yes
Forest Service)
leucocephalus
Borea‘l owl Yes (Fprest No No No
Aegolius funereus Service)
b
Brgwer > Sparrow Yes (BLM) Yes Yes Yes
Spizella breweri
Calliope
hummingbird Yes (BLM) Yes Yes Yes
Stellula calliope
Flammulated owl Yes (BLM and Yes Yes Yes
Otus flammeolus Forest Service)
Great gray owl Yes (Forest
Strix nebulosa Service) No No No
Hammond’s
flycatcher Yes (BLM) Yes Yes Yes
Empidonax
hammondii
Nor?hgrn gosl@wk Yes (BLM gnd Yes Yes Yes
Accipiter gentilis Forest Service)
Olive-sided
flycatcher Yes (BLM) Yes Yes Yes
Contopus borealis
Peregrine fa!con Yes (BLM and
Falco peregrinus . Yes Yes Yes
Forest Service)
anatum
Pileated
woodpecker Yes (Fprest No No No
. Service)
Dryocopus pileatus
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Broken Garden Crk.
MMPO Area Selected Land Wing Ranch T
SPECIES BEM Cthglhs -and B
Common name Orest SErvice BLM Challis | BLM Challis
. Challis-Yankee Pocatello
Scientific name
Fork
Three-toed
woodpecker Y§Z$:2§St No No Yes'
Picoides tridactylus
Willow flycatcher
Empidonax traillii Yes (BLM) Yes Yes Yes
Williamson’s
sapsuckgr Yes (BLM) Yes Yes Yes
Sphyrapicus
thyroideus
REPTILES
AMPHIBIANS
Columbia spotted Yes (Forest
frog Service) No No No
Rana luteiventris
Northern leppard No No No Yes
frog Rana pipiens
Western toad
(N Rocky No No No Yes
Mountain)
Bufo boreas

"Evaluated due to habitat suitability.

3.7.1. MMPO Area and Selected Land

3.7.1.1. Wildlife Habitat

The wildlife habitat in the analysis area is fragmented by historic logging, mining, and roads, and
is characterized by generally consistent background human disturbance and noise

(Section 3.10.3.3). Most areas are steeply sloped and comprised of either Douglas-fir forest or
big sagebrush communities with native grasses and interspersed with rock outcrops or scree
areas (Section 3.4.1.2).

Riparian habitats are some of the most important habitat areas for non-game wildlife in the
analysis area, as these habitats provide water and high structural diversity (BLM 1999, p. 323).
Aspen occurs mainly near streams, and provides important wildlife habitat for beaver (Castor
canadensis; BLM 1999, p. 284). Willows are an important component of bank stabilization and
shading for streams in the analysis area, and provide thermal and hiding cover for wildlife,
forage for ungulates and beaver, and non-game habitat (BLM 1999, p. 285). Conifer forests also
provide high structural diversity and are important habitats for wildlife, particularly cavity-
nesting birds (BLM 1999, p. 323). Forest habitat is very dense in some areas of the selected

Thompson Creek Mine FEIS — Chapter 3
January 2015 3-106



land, such as south of Bruno Creek. Sagebrush habitats in the analysis area provide suitable
nesting habitat for migratory birds, including sensitive species such as Brewer’s sparrow. Rocky
outcrops in the analysis area provide nesting habitat for raptors and roosting habitat for bats.
Winter range comprises important habitat for big game species. Winter range (typically lower
elevations) provides critical foraging and shelter opportunities when food and shelter is scarce
across other parts of a big game species range.

3.7.1.2. Special Status Wildlife Species

Surveys to document the presence or absence of special status wildlife species in the analysis
area have been limited. Therefore, the potential presence and distributions of most special status
wildlife species in the analysis area is inferred from their presence in nearby areas and the
presence in the analysis area of habitats where special status wildlife species are normally found.
Incidental observations have verified the presence of some species (Figure 3.7-1., Table 3.7-2.)
(IDFG 2011a).

Table 3.7-2. Special status wildlife species, MMPO analysis area.

Species

(Status) Occurrence
MAMMALS
Possible
Canada lynx Sightings of lynx have been confirmed in Custer County
(threatened) (IDFG 2011a) north and just south of the analysis area. Lynx may
pass through the analysis area.
Likely
The analysis area contains part of the Yankee Fork wolf activity
Gray wolf center (Nadeau et al. 2009) as well as several single wolf
(sensitive) observations. Other wolf activity centers are in the vicinity (see wolf

activity center map; Nadeau et al. 2009), thus individuals from
several packs are likely to pass through the analysis area.

Present

American pika Pikas were observed in rock piles and the WRSFs. Pikas may also

(sensitive) occur in other rocky habitats in the analysis area.
Possible
Bighorn sheep No winter range or crucial habitat for bighorn sheep is available in
(sensitive) the analysis area. However, some individuals may move through the
area while migrating between seasonal ranges.
Possible
Fisher Suitable forest habitat is present. The closest fisher observation was
(sensitive) at Rough Creek, ~ 15 miles west of the analysis area
(Purvine 2009).
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Species

(Status) Occurrence
Possible
Some suitable habitat probably occurs in the analysis area. No
Pygmy rabbit sagebrush or other shrub stands with friable soils were observed in
(sensitive) the MMPO area or selected land during general wildlife surveys, but
microhabitat patches of friable soils are likely to occur in some
locations. In general, however, soils in the area are too rocky.
Possible
Spotted bat Spotted bats are known to occur in Salmon River canyon in the
(sensitive) analysis area. Spotted bats may temporarily roost in rock outcrops in

the analysis area.

Townsend’s big-eared
bat

Possible
The analysis area may contain limited amounts of suitable maternity
or hibernacula habitat or caves. It is more likely that Townsend’s

(sensitive) big-eared bats would forage and roost temporarily in rock outcrops
in the analysis area.
Possible
Wolverines have been observed along the Salmon River in the
Wolverine southernmost portion of the analysis area. They have also been
(sensitive) observed northeast and southeast of the analysis area (IDFG 2011a)
and may use the habitats in the analysis area for temporary refuge,
hunting, or denning.
BIRDS

Western yellow-billed
cuckoo
(threatened)

Possible
No suitable nesting habitat or observations of individuals, but
transient individuals might temporarily use riparian habitats.

Greater sage-grouse

Unlikely
Suitable habitat is present but it is unlikely that the MMPO area or

(candidate) selected land is occupied by sage-grouse (Section 3.7.4).
Present
An active nest is on S. Creek on private land in the analysis area,
Bald eagle 2.5 miles south of the selected land (IDFG 2009a). The nest is
(sensitive) adjacent to S. Creek Road, which is used by TCMC employees and
haul vehicles. Nesting or migrating bald eagles may forage in the
analysis area.
Possible
Boreal owl Surveys by IDFG (2007) documented boreal owls in the Boundary
(sensitive) Creek watershed ~ 60 miles to the west of the analysis area. Some

suitable forest habitat for nesting is in the analysis area.

Brewer’s sparrow
(sensitive)

Possible
Suitable habitat for Brewer’s sparrow (sagebrush or other shrub
steppe) is present.
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Species

Flammulated owl

(Status) Occurrence

Calliope hummingbird | Possible

(sensitive) Suitable forest edge and riparian habitat is present.
Present

Surveys by IDFG (2007) documented two flammulated owls in the
S. Creek watershed in the analysis area (both detections within the

(sensitive) selected land), and there were 56 detections in the “south zone” of
the SCNF, which includes the northern portion of the analysis area.
Possible

Great gray owl Forest Service (2003) recct)hrds indicate observations from Marsh

(sensitive) Creek and Yankee Fork 5 level HUC watersheds, northeast of the

analysis area. Some suitable forest habitat for nesting is in the
analysis area.

Peregrine falcon
(sensitive)

Hammond’s flycatcher | Possible

(sensitive) Suitable high-elevation forest habitat is present.

Northern goshawk Possible

(sensitive) Some suitable forest habitat is present.

Olive-sided flycatcher | Possible

(sensitive) Suitable high-elevation forest habitat is present.
Possible

A peregrine aerie is present near the mouth of S. Creek. This aerie
was occupied in 2008 and 2009 but unoccupied in 2012

(IDFG 2009b, IDFG 2012a). Peregrine falcons may forage in the
analysis area.

Pileated woodpecker Possible

(sensitive) Suitable forest habitat is present.
Three-toed woodpecker | Possible

(sensitive) Suitable spruce forest habitat is present.
Willow flycatcher Possible

(sensitive) Suitable riparian habitat is present.
Williamson’s sapsucker | Possible

(sensitive) Suitable forest habitat is present.
REPTILES

AMPHIBIANS

Columbia spotted frog
(sensitive)

Possible
Suitable (riparian) habitat is present.
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3.7.1.3. Management Indicator Species

MIS are identified for Forest Service land in the analysis area, such as that associated with the
MMPO alternatives (Table 3.7-3.) (USFS 2006). MIS are key species representative of life
forms in general, and are species for which populations and habitat objectives can be established
and tracked as indicators of habitat capability (USFS 1987).

Table 3.7-3. MIS, NFS land in the analysis area.

MIS Habitat Occurrence
. riparian . o .
Columbia spotted frog habitat/community suitable wet (riparian) habitats
Greater sage-grouse brush
Centrocercus SageDIus . not expected to occur (Section 3.7.4.)
i habitat/community
urophasianus
. coniferous . .
Pileated woodpecker habitat/community observed in analysis area (USFS 2006)
Bull trout aquatic may occur in Thompson or S. creeks
Salvelinus confluentus | habitat/community (Section 3.8.1.1.)

3.7.1.4. General Wildlife

Elk (Cervus canadensis), mule deer (Odocoileus hemionus), blue grouse (Dendragapus
obscures), golden eagle (Aquila chrysaetos), and coyote (Canis latrans) are common in the
analysis area. A cluster of little brown bats (Myotis lucifugus) was detected in June 2010 at the
Lower Bruno Pond near the mouth of Bruno Creek (JBR 2014e). Game animals and migratory
birds are discussed in more detail below.

Big Game

Big game in Idaho is managed by the 