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3.10 Ground Water Hydrology

3.10 Ground Water Hydrology

Ground water occurs in fractures of the bedrock formations beneath the analysis area and in
unconsolidated glacial and alluvial sediments along and adjacent to drainages throughout the
analysis area. Although hydraulically connected in many areas, the two water-bearing materials
behave differently because of their respective hydraulic characteristics.

3.10.1 Regulatory Framework

3.10.1.1 Permits and Authorizations Held by MMC

Noranda submitted a “Petition for Change in Quality of Ambient Waters” in 1989 to the BHES
requesting an increase in the concentration of select constituents in surface and ground water
above ambient water quality, as required by Montana’s 1971 nondegradation statute.
Supplemental information to support the petition was submitted by Noranda in 1992. In response
to Noranda’s petition, the BHES issued an order in 1992, authorizing degradation and
establishing nondegradation limits in surface and ground water adjacent to the Montanore Project
for discharges from the project (BHES 1992). The Order established numeric nondegradation
limits for total dissolved solids, chromium, copper, iron, manganese, zinc in both surface and
ground water, nitrate (ground water only), and total inorganic nitrogen (surface water only) (Table
79; Appendix A). These nondegradation limits are discussed in section 3.10.1.2.2,
Nondegradation Regulations. The Order remains in effect for the operational life of the project
and for as long as necessary thereafter. The Order also indicates that treatment using land
application and disposal as then proposed, and currently proposed in Alternative 2, would satisfy
the requirement in ARM 16.20.631 (3) (now ARM 17.30.635 (3)) to treat industrial wastewaters
using technology that is the best practicable control technology available, or, if such technology
has not been determined by the EPA, then the equivalent of secondary treatment as determined by
the DEQ. In 1992, the DHES (now DEQ) determined that land application and disposal
treatment, with at least 80 percent removal of nitrogen, would satisfy the requirements of ARM
16.20.631(3). The Order requires the DEQ to review design criteria and final engineering plans to
determine that at least 80 percent removal of nitrogen would be achieved. The Order also adopted
the modifications developed in Alternative 3, Option C, of the Final EIS (1992), addressing
surface and ground water monitoring, fish tissue analysis, and in-stream biological monitoring.

3.10.1.2 Applicable Regulations and Standards

3.10.1.2.1 State Standards

Montana's water quality rules classify all ground waters in the analysis area as Class I, which are
suitable with little or no treatment for public and private drinking water supplies, culinary, and
food preparation purposes, irrigation, drinking water for livestock and wildlife, and commercial
and industrial purposes. Montana water quality standards for inorganic pollutants pertinent to the
project are shown in Table 79.

3.10.1.2.2 Nondegradation Regulations

The Montana Water Quality Act requires the DEQ to protect high quality state water from
degradation. The current nondegradation rules were adopted in 1994 and apply to any activity
resulting from a new or increased source that may degrade a high quality water. These rules do
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not apply to sources, such as the Montanore Project, that received an authorization to degrade
prior to the adoption of the 1993 amendments to Montana’s nondegradation statute.

Table 79. Nondegradation Limits Established by BHES Order for the Montanore Project
and Montana Surface Water Quality Standards.

BHES Order Maximum
Allowable Nondegradation Montan_a Ground Water
Parameter Limits Quality Standards

(mg/L) (mg/L)
pH — 6.5-8.5
Total dissolved solids 200 —
Nitrate + nitrite, as N 10 10
Dissolved Metals
Antimony — 0.006
Arsenic — 0.01
Cadmium — 0.005
Chromium 0.02 0.1
Copper 0.1 1.3
Iron 0.2 T
Lead — 0.015
Manganese 0.05 —T
Mercury — 0.002
Nickel — 0.1
Selenium — 0.05
Silver — 0.1
Zinc 0.1 2

“—" = No applicable concentration.

mg/L = milligrams per liter.

"The concentration of iron or manganese must not reach concentrations that interfere with the uses
specified in the surface and ground water standards (ARM 17.30.601 et seq. and 17.30.1001 et seq.). The
Secondary Maximum Contaminant Level of 0.3 mg/L for iron and 0.05 mg/L which is based on aesthetic
properties such as taste, odor, and staining, may be considered as guidance to determine the levels that will
interfere with the specified uses.

Source: BHES Order 1992 (Appendix A), Circular DEQ-7, Montana Numeric Water Quality Standards,
DEQ 2008.

3.10.2 Analysis Area and Methods

3.10.2.1 Analysis Area

The ground water analysis area includes all areas around the proposed mine facilities: mine, adits,
LAD Areas, and tailings impoundment sites. The transmission line would not affect ground water
and is not discussed further in this section. The analysis area (model domain) for a ground water
model developed by the lead agencies includes a large area around the facilities, bounded by U.S.
2 to the east, Bull River and Clark Fork River on the west and southwest, Big Cherry Creek to the
north, and Silver Butte Fisher River to the southeast. The model domain is depicted in Figure 69.
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3.10.2.2 Baseline Data Collection

Ground water data from monitoring wells in the Little Cherry Creek and Poorman Tailings
Impoundment Sites, and LAD Areas, and adit portal areas were collected annually between 1988
and 1995 (Geomatrix 2006¢). The sampling frequency varied from one to multiple times per year.

Limited bedrock ground water data were collected in the area overlying the ore body during an
exploration drilling program in the 1980s. Exploration data included notations of observations of
ground water in core holes and depth to water in those core holes that encountered ground water.
Additional bedrock ground water data were collected by Noranda between 1990 and 1998 prior to
sealing of the Libby Adit. The adit data included water discharge records, detailed descriptions of
fractures and faults encountered by the adit, and ground water quality (Geomatrix 2006c).

Considerable ground water data were collected in the Little Cherry Creek Tailings Impoundment
Site, including distribution of ground water heads, aquifer characteristics of the various
hydrostratigraphic units, and water quality (Geomatrix 2006c). Several monitoring wells and
boreholes were installed in the area of the Poorman Tailings Impoundment Site in 1988 (Chen-
Northern 1989). The wells and boreholes were used to define ground water flow direction and
subsurface geology and one well was tested to determine hydraulic conductivity. This information
was supplemented with a resistivity survey. Water samples were collected from wells in the
Poorman Tailings Impoundment Site between 1988 and 1993 and analyzed for most major cations
and anions and total dissolved solids.

Validation ground water quality data were collected by MMC from two monitoring wells installed
in 2005, one in the Little Cherry Creek Tailings Impoundment Site and one near the proposed
LAD Areas (Geomatrix 2006c).

With the exception of the validation sample results, all of the ground water hydrology data were
collected prior to 2003. The data are basic information and are representative of current
conditions. There may be slight changes in depth to ground water due to seasonality or longer
climate cycles, but the basic ground water flow directions have not changed. The aquifer
characteristics measured in the 1980s and 1990s would not change within the timeframe of the
project. Ground water quality may vary slightly, but validation samples collected from two
locations by MMC in 2005 confirmed that ground water quality has not changed appreciably.

3.10.2.3 Impact Analysis

3.10.2.3.1 Montanore Mine Area Hydrology

Because ground water hydrology data from the proposed mine area are limited, the agencies used
a numerical ground water model to evaluate various aspects of proposed conceptual models to
define a consistent conceptual model that could be used to evaluate potential impacts to the mine
area ground water hydrology. A complete description of the model, including assumptions,
results, and calibration is provided in the Hydrogeology Technical Report (ERO Resources Corp.
2008b).

A hydrogeology committee consisting of representatives from the KNF, DEQ, MMC, and ERO
was established to guide the development of the agencies’ numerical model. The agencies’
conceptual model was modified as the numerical analysis progressed, as described below. The
agencies’ numerical model was initially constructed using the following assumptions regarding a
conceptual model for the Montanore mine area:
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e Metasedimentary rocks in the mine area have very low primary permeability
(hydraulic conductivity).

e Fractures and other structures provide pathways for ground water movement.
e Fracture or secondary permeability is higher than primary permeability.
e Source of ground water is infiltration of precipitation.

e  Static water levels measured in exploratory boreholes (in those containing water)
were at an elevation of about 5,400 to 5,600 feet.

e Springs consistently start at an elevation of about 5,400 to 5,600 feet. Springs that
occur above this elevation are probably the result of isolated shallow flow cells
controlled by local fracturing, bedding planes, or drainage from surficial material
such as colluvium or talus.

e Base flow to streams and springs is maintained by ground water discharge. Perennial
flow in area streams begins at an elevation of about 5,400 to 5,600 feet. (Base flow is
the flow of a perennially flowing stream without any direct surface water runoff; such
flow is the result of ground water seepage into the stream channel. During the driest
portions of the year when there is no surface runoff either from snowmelt or rain, the
only flow in a perennial stream is base flow.)

e Aground water table exists at depths up to 500 feet below ground surface in the
higher topographic areas and is at or near land surface in areas below elevations of
5,400 to 5,600 feet.

For the mine area, the hydrologic data used to calibrate the model were:

e Empirical information concerning elevation of springs and the start of perennial
streamflow (at an elevation of 5,400 to 5,600 feet) (USGS 1983; Wegner, pers.
comm. 2006b)

e Measured flow from the Libby Adit (steady state flow of 150 gpm) (Geomatrix
2006a)

o Steady state flow from the Heidelberg Adit in the East Fork Rock Creek drainage
(Figure C-2 in Appendix C) (45 to 135 gpm) (it is assumed that 45 gpm represents
base flow to the adit and the higher flows represent periods of increased shallow
ground water flow) (Gurrieri 2001)

o Measured base flows in streams at the edges of the model domain

Because there were insufficient site data to support a three-dimensional model, the agencies used
a two-dimensional model to perform the analysis. Although the numerical precision of this two-
dimensional model is limited by the relatively small amount of field data available for calibration,
the model was configured to take advantage of the availability of a wide range of observation and
measurement types (including streamflow data, location of perennial springs, and limited ground
water information from exploration boreholes). In addition to calibrating the agencies’ numerical
model, the predicted base flow in East Fork Rock Creek was compared to observed streamflow in
September 2007. The field comparison indicated that the model-predicted values for base flow in
the upper reach of East Fork Rock Creek were similar to observed streamflow during a period of
base flow.
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The inherent uncertainties in the agencies’ numerical model are not sufficiently large to preclude
the model’s ability to predict reasonable values of base flow and changes to base flow under mine
dewatering conditions. The uncertainties prevent the agencies’ numerical model from predicting
exactly where ground water drawdown and the resulting decrease in base flow would occur. Most
of the uncertainties in the agencies’ numerical model are due to the model’s inability to simulate
the heterogeneous conditions of the fractured system. The likely location of reduced base flow
can be deduced where there is sufficient field information concerning the location of bedrock
springs and saturated fractures.

The two-dimensional model does not permit the inclusion of detailed geologic layers. As such,
ground water within surficial material along the streams, such as alluvium, colluvium, and glacial
deposits, cannot be directly simulated. The numerical model simulated the likely contribution of
the surficial deposits to base flow by using varying infiltration rates (as a function of slope).
During the agencies’ field review of upper East Fork Rock Creek in September 2007, very little
surficial material was observed at the higher, steeper elevations. The surficial material observed at
the higher elevations is relatively thin. As a result, it is unlikely that this material can store
significant volumes of ground water for discharge to streams during late summer/early fall when
base flow is the primary contributor to streamflow (Gurrieri, pers. comm. 2007; MMC 2006).
This specific condition was observed during the September 2007 field review. In the lower
elevation areas, surficial material can be hundreds of feet thick and likely contributes ground
water to streams late in the season.

Although the model does not simulate ground water in thick sequences of surficial material, the
selection of infiltration rates to match measured base flows indirectly accomplishes the
simulation. The higher infiltration rate used for lower elevations probably compensates for the
higher permeability material not directly included in the model. If the lower elevations were only
composed of bedrock, the infiltration rate would be lower and the base flow also would be lower.
To calibrate with measured base flows, the infiltration rate had to be increased in these areas.

The area of study (model domain) is based on the maximum area potentially affected by mine-
induced changes in the ground water hydrology, as determined by the agencies’ numerical ground
water model. The two tailings impoundment sites and LAD Areas are included within the model
domain, but were not specifically modeled with respect to their proposed operation in the mine-
area two-dimensional model. Three scenarios were modeled: pre-mining, mining, and post-
mining conditions.

3.10.2.3.2 Little Cherry Creek Tailings Impoundment Hydrology

MMC developed a ground water model of the Little Cherry Creek watershed using the two-
dimensional finite element program Seep/W (Klohn Crippen 2005). The Seep/W program models
mounding of the ground water beneath water retention structures such as tailings impoundments
and changes in pore-water conditions within earth slopes due to infiltration. The agencies
independently performed SEEP/W analyses, using the same geologic and hydrologic model
developed by MMC (USDA Forest Service 2008a). The ground water model assumed four
stratigraphic units:

e An upper glaciolacustrine layer with the lowest in-situ hydraulic conductivity (0.01
ft/day) that was not continuous in lateral extent
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o Alower glacial till layer that was also not continuous in lateral extent and had higher
hydraulic conductivity (0.1 ft/day) than the overlying glaciolacustrine layer but lower
than the underlying fractured bedrock

o Afractured bedrock layer with the highest relative hydraulic conductivity (0.3 ft/day)
that was assumed to be the primary aquifer in the Little Cherry Creek drainage

o Aless fractured, hard bedrock stratum with very low hydraulic conductivity (0.03
ft/day)

The agencies and MMC both used the same hydrologic and geologic boundary conditions, which
assumed a constant precipitation infiltration of 0.26 feet/year, basin elevations of 4,750 feet at the
head of the watershed, 3,110 feet at the confluence of Little Cherry Creek and Libby Creek, and
constant head at the surface of the tailings. Neither MMC’s nor the agencies’ modeling
incorporated a pumpback well system, which likely would be necessary to intercept seepage not
captured by the underdrain system.

Analyses were performed assuming a baseline or predevelopment condition, and then assuming
various tailings elevations within the tailings dam throughout the life of the project. Tailings
elevation ranged from 3,500 feet (top of the starter dam) to elevation 3,700 feet (maximum
tailings elevation). The agencies performed analyses at various elevations to determine if different
tailings elevations affected seepage rates. Analyses also were performed at the final tailings
elevation of 3,700 feet to estimate the effects of drain under the tailings dam on seepage, and then
the effects of drains under both the tailings and the tailings dam, as proposed by MMC.

3.10.2.3.3 Ground Water Quality

Potential changes in ground water quality were assessed by developing estimates of expected
wastewater quality that would be discharged to ground water, such as seepage from an
impoundment and water applied to the LAD Areas. Mass balance calculations were performed at
the impoundment sites and LAD Areas, mixing the applied water with the existing or ambient
conditions, including ground water flux and ground water quality to estimate the likely final
ground water quality. The agencies’ approach to the mass balance calculation, the expected
wastewater quality, and the uncertainties associated with the mass balance calculations are
discussed in section 3.11.2, Analysis Area and Methods in section 3.11, Surface Water Hydrology.
Ambient concentrations used in the analysis are representative of the concentrations found at each
assessed area: the Little Cherry Creek Impoundment Site, the Poorman Impoundment Site, and
the LAD Areas (Table 81 in section 3.10.3.5, Ground Water Quality). No data were available for
antimony in the Poorman Impoundment Site; antimony concentrations from the Little Cherry
Creek Impoundment Site were used in the Alternative 3 analysis. For the mine area water quality
analysis, hydrologic principles were used to evaluate likely changes to ground water quality as a
result of dewatering the mine void and adits.

3.10.3 Affected Environment

3.10.3.1 Bedrock Hydrogeology

3.10.3.1.1 Hydrogeologic Framework

Bedrock in the mine area consists of metamorphosed sediments known as the Belt Supergroup.
The sediments were originally deposited as a series of muds, silts, and sands, subsequently
metamorphosed to argillites, siltites, and quartzites, respectively. The primary porosity and
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permeability of the bedrock is very low, as a result of the metamorphic process. The primary
hydraulic conductivity may be as low as 10 cm/sec (2.8 x 10°® ft/day) with virtually zero
primary effective porosity. All bedrock units are fractured and faulted to various degrees,
depending on proximity to large fault structures and depth. Fractures and faults result in
secondary hydraulic conductivity and secondary porosity values that are much higher than
primary hydraulic conductivity values. Secondary hydraulic conductivity may range from 10 to
10°® cm/sec (0.0028 to 0.28 ft/day) (Gurrieri 2001). Various estimates of the bulk hydraulic
conductivity (which considers both the primary and secondary hydraulic conductivities) have
been made (Gurrieri 2001; Klohn Crippen 2005; Geomatrix 2006c). The agencies’ numerical
model of the site hydrogeology was calibrated using a bulk or average hydraulic conductivity of
the bedrock in the mine area of about 107 cm/sec (ERO Resources Corp. 2008b).

The Rock Lake Fault bounds the western side of the mine area and extends northwest and
southeast through the mine area. The fault is a major structure with as much as 1,500 to 2,000 feet
of vertical displacement (USGS 1981). The agencies’ numerical ground water model was used to
explore the fault’s role in the site area hydrogeology. Based on the model results, the average or
bulk hydraulic conductivity of the fault zone is estimated to be slightly higher than that of the
bedrock (2.5 x 10° cm/sec (7 x 107 ft/day)) (ERO Resources Corp. 2008b). The fault zone may
contain zones or fractures with higher hydraulic conductivities. The model results indicate that if
these zones exist, they are not horizontally extensive because the fault zone does not appear to
play a major role in the regional hydrogeology.

The hydraulic conductivity of fractures and joints tends to decrease with depth, due to confining
pressures of the rock reducing the fracture apertures (Snow 1968). In brittle crystalline rock (such
as the Belt Supergroup); however, fracture apertures can be maintained to considerable depths, as
evidenced by inflows during the construction of the Libby Adit and by reports of ground water
inflows from numerous deep hardrock mines around the world. This is particularly true when
fractures are associated with large structures, such as the Rock Lake Fault (Galloway 1977).

The geologic logs of exploration boreholes drilled into the mine area indicate that a thin layer of
highly weathered bedrock or overburden (such as colluvium) exists over much of the higher
topographic areas. This layer ranges in thickness from 0 to 50 feet and averages 36 feet thick.

As is typical for mountainous areas, the ground water table generally follows topography. A water
level contour map for the mine area cannot be constructed because water level data were limited.
Available data and observations suggest a water table exists within much of the mine area. For
example, the depth to water was measured in a few of the exploration boreholes (HR-19 and HR-
26) with a consistent water surface elevation of about 5,400 to 5,600 feet (Chen-Northern 1989).
The depth to water in exploration boreholes adjacent to Rock Lake (HR-7, 8, 9, and 10) and St.
Paul Lake (HR-29) was the same elevation as the lake (Chen-Northern 1989). Several borehole
logs did not report a depth to ground water or report encountering ground water. Based on
observation, springs and perennial portions of streams generally start at elevations of 5,400 to
5,600 feet (USGS 1983; Wegner, pers. comm. 2006b). The depth to water measurements and site
observations indicate that a water table exists at a depth of about 500 feet below land surface in
the higher areas, and near or at the surface in areas below an elevation of about 5,400 to 5,600
feet. A September 2007 site review by the agencies located a perennial bedrock spring in the East
Fork Rock Creek drainage at an elevation of 5,625 feet, slightly above the estimated range of
5,400 to 5,600 feet. This spring likely derives its flow from the fractured bedrock, based on the
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geology and spring characteristics, and its elevation is considered to be within the estimated range
for intersection of the water table with the ground surface.

3.10.3.1.2 Conceptual Model of the Mine-Area Bedrock Hydrogeology

A hydrogeologic conceptual model is a commonly used tool for extending knowledge beyond
what is specifically known and allowing the predictions or estimates of what the hydrogeologic
system’s response might be if conditions change in the future. For a hydrogeologic conceptual
model to be useful, it must be internally consistent and explain most, if not all, observations or
known facts. A model that is not internally consistent cannot be confidently used to predict
responses to changes in conditions. The following sections discuss two conceptual models of the
site hydrogeology. The two models use the same basic geologic framework, but arrive at different
conclusions regarding the hydraulic connection between deeper ground water, shallow ground
water, and surface water.

MMC’s Conceptual Model

MMC’s conceptual model has ground water flow in the mine area divided into three general flow
paths: (1) regional deep flow in bedrock; (2) local shallow flow in upper weathered and fractured
bedrock; and (3) local shallow flow in surficial unconsolidated deposits (Geomatrix 2007c,
2007d). Ground water in these flow paths moves from higher to lower elevations. The deeper
regional flow path is characterized by low hydraulic conductivity fractures, faults, and bedding
planes that convey ground water from recharge areas at high elevations to areas of low elevation
along the flanks of the Cabinet Range. Very little, if any, ground water moves through the
unfractured rock matrix.

The shallow flow paths are characterized by localized recharge and discharge through near-
surface fractured and weathered bedrock, fine-grained glacial lake beds (glaciolacustrine) of silt
and clay, and poorly sorted glacial outwash deposits (glaciofluvial) of gravel, sand, silt, and clay.
Shallow ground water also flows in alluvial deposits of sand and gravel that occur in many of the
valleys of the Cabinet Range (Geomatrix 2006d).

The Cabinet Mountains are composed of hard, brittle metasedimentary rocks with complex
fracture systems that can store and transport ground water (Geomatrix 2006¢). Glacial deposits
mantling the flanks of the mountains support shallow ground water systems. Valleys with streams
draining the mountains contain unconsolidated colluvial and alluvial deposits that also support
local ground water systems. In general, most ground water is recharged at higher elevations and
moves downhill in both shallow and deep bedrock systems. The deep regional ground water
moves down to the valleys where some of the water discharges to the glacial and valley fill
deposits. Some of this water also discharges to streams and springs in the analysis area. MMC
reports that most ground water in the deeper fractures discharges to surface flow systems below
an elevation of about 4,000 feet and is not well connected hydraulically to lakes, streams, and
springs above 4,000 feet near the proposed mine (Geomatrix 2007d, 2008e).

During mine development and the mining period, ground water would flow into the adits and
mine void. The inflow rate of 1,200 gpm used by MMC for assessing storage and discharge
requirements likely would be a maximum inflow rate that may occur during relatively short-term
dewatering of fractures. Except for short-term elevated inflow rates from initial dewatering of
fractures, the steady-state long-term inflow rates for the mine and adits are estimated to be 600 to
800 gpm (Geomatrix 2007c). For the post-operational period, ground water intercepted by the
mine workings would fill the mine workings. MMC anticipates no long-term discharge would be
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expected from the adits because the Libby Adit has had no discharge since 1998 and the adit
would be plugged at closure. When the Libby Adit was reopened in 2006, ground water within
the adit was observed to be discharging to colluvium exposed within the adit near the portal. The
adit seepage probably flowed through the colluvium to the Libby Creek alluvium. MMC
anticipates that there would be immeasurable impacts to base flow during mining or after because
much of the water flowing into the mine void would be from storage, and the deeper ground
water system is not well connected to surface water bodies near the proposed mine (Geomatrix
2007d, 2008e).

Agencies’ Conceptual Model

The agencies’ conceptual model is based on the following key components of the hydrogeologic
framework:

e Metasedimentary rocks in the mine area have very low primary permeability
(hydraulic conductivity)

o Fractures and other structures provide pathways for ground water movement
o Fractures or secondary permeability is higher than primary permeability

The source of all surface and ground water in the Cabinet Mountains is precipitation that falls
within the mountain range. No regional aquifers beneath the range derive their source of water
from outside the range. Ground water (shallow and deep) results from infiltration of precipitation
at various rates, depending on the topography and geologic material exposed at the surface. Due
to the topographic relief, occurrence of more permeable surficial geologic deposits and low
overall hydraulic conductivity of the bedrock, different ground water flow paths have developed
in shallow unconsolidated deposits and the deeper fractures of the bedrock. At the higher
elevations (greater than about 5,600 feet), the surficial deposits are non-existent or relatively thin
and discontinuous, but they store and discharge infiltrated precipitation over the course of a year.
In typical or dry precipitation years, it is likely that all ground water drains from these deposits by
the end of the season. In wetter years, ground water may not fully drain by the end of the season.
The net infiltration rate to deeper fractures in the steeper bedrock terrain is probably very low, as
most precipitation would leave the area as runoff. The shallower, more fractured or weathered
portions of the bedrock probably receive and transmit water at higher rates than the deeper
fractures.

The contrast between the very low hydraulic conductivity of the deeper fractured bedrock and the
higher hydraulic conductivity of the shallow weathered bedrock/surficial deposits and infiltration
rates between the shallow and deeper fractured bedrock (and surficial material) appears to result
in two saturated zones with distinctly different flow characteristics. The shallow and deeper flow
paths do not appear to be hydraulically connected above an elevation of about 5,600 feet. There is
probably ground water leakage from the shallow weathered bedrock/surficial deposits at low rates
into unsaturated bedrock or randomly saturated vertical fractures that eventually reaches the
deeper fractured bedrock flow path. Site observations during the exploration program, elevation
of where streams become perennial, and field observations concerning the location of springs
indicate that a water table has developed in interconnected fractures at a depth of about 500 feet
below the areas of highest elevation. The water table slopes toward the valleys and intersects the
low areas at an elevation of about 5,400 to 5,600 feet, about the same elevation that streams
become perennial (Figure 70). Springs exist above and below 5,400 to 5,600 feet elevation range;
springs above this elevation are part of the shallow flow path and springs below this elevation are
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connected to both flow systems. Below an elevation of between 5,400 and 5,600 feet, there are
two distinct flow paths due to very different hydraulic conductivities, but the two flow paths are
hydraulically connected.

Base flow, defined as the volume of flow in a stream channel that is not derived from surface
runoff but rather from ground water seepage into the channel, is maintained in the upper reaches
of each drainage by deeper bedrock fractures during the driest part of each year. In the middle and
lower reaches of the drainages, it is difficult to separate that portion of the “apparent” base flow
resulting from the deeper system versus from shallow ground water. In the lower, flatter areas,
ground water from thicker surficial deposits accounts for a much higher contribution to base flow
than in the higher areas. During the year, there is probably an ever-changing ratio between
shallow ground water and deeper bedrock ground water contributions to any one stream, as the
season progresses. Depending on when precipitation starts in the fall, it may not be possible to
know if or when a stream reaches true base flow, particularly with the limited available flow data
for streams in the analysis area.

The agencies’ field review of the East Fork Rock Creek drainage during the driest season
(September 2007) indicated that the only surface water flow in East Fork Rock Creek above Rock
Lake was from discharge of ground water from bedrock springs. During the review, there was no
surface water runoff or evidence that shallow springs maintained by snowmelt and/or recent
rainfall contributed any water to the drainage. At least one small spring was flowing down a
bedrock wall near St. Paul Pass; the source of the spring’s water was probably a small snowfield
high on Rock Peak. It appeared that the spring water was consumed by evapotranspiration and
never reached the Rock Creek drainage. Precipitation records from the SNOTEL site near Bear
Mountain, Idaho, indicate that the summer of 2007 had the second longest period (51 days)
without precipitation since continuous precipitation data collection began in 1983. Bedrock
springs from the Rock Lake fault zone along the East Fork Rock Creek drainage above Rock
Lake accounted for 100 percent of the flow in the stream, which was estimated at 30 to 40 gpm.
Ground water discharge to the stream started at an elevation of about 5,625 feet. At the time of
the field review, bedrock ground water appeared to be the sole source of water to Rock Lake.
Streamflow gradually increased downstream from an estimated 40 to 50 gpm below Rock Lake to
an estimated 1 cfs (480 gpm) within 0.5 mile and 2 cfs before the stream enters Rock Creek
Meadows. These observations are consistent with the agencies’ conceptual model that deeper
bedrock ground water is connected to shallow ground water and surface water at elevations below
about 5,600 feet.

Of the two conceptual models (MMC’s and agencies’), the agencies’ conceptual model is the
more conservative with respect to predicting potential impact to ground and surface water
resources in the mine area. In addition, the agencies’ conceptual model is better supported by site
data and observations. Therefore, the remainder of this section uses only the agencies’ conceptual
model as the basis for discussion and analyses of the affected environment.

3.10.3.2 Valley-fill Hydrogeology

Ground water occurs in the valley-fill deposits in narrow mountain valleys. These deposits
contain colluvial, alluvial, and glacial materials in a heterogeneous mixture of clay, silt, sand, and
larger-sized particles. Valley-fill deposits follow the valley bottoms, are not extensive, and are
discontinuous because bedrock crops out along the stream channel bottoms. Geophysical surveys
indicate the valley-fill deposits are 30 to 70 feet thick at the Libby Adit Site, and 24 to 70 feet
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thick at the Ramsey Plant Site. Ground water was encountered during drilling at depths of 12 to
16 feet at the Libby Adit Site and at 22 feet at the Ramsey Plant Site.

The valley-fill systems are recharged by precipitation, streamflow, and subsurface discharge from
bedrock ground water systems. Ground water flow follows the topography down the valley
bottoms. The valley-fill discharges to surface water or to more extensive glaciofluvial and
glaciolacustrine deposits along the mountain front.

3.10.3.3 Glaciofluvial-glaciolacustrine Hydrogeology

In both tailings impoundment sites, the Libby Plant Site, and the LAD Areas, ground water occurs
either as perched water, water table, or artesian conditions in unconsolidated glaciofluvial and
glaciolacustrine deposits. The glacial deposits form a wedge along the eastern flank of the
Cabinet Mountains, beginning at an elevation of about 4,000 feet and increasing in depth away
from the mountains. The deposits range in thickness from zero at bedrock outcrops near the Little
Cherry Creek Impoundment Site to over 200 feet thick in the Poorman Tailings Impoundment
Site, based on apparent resistivity (Chen-Northern 1989).

The glaciofluvial and glaciolacustrine deposits are interfingered (a boundary that forms
distinctive wedges, fingers or tongues between two different rock types) and, at many locations,
glaciolacustrine deposits overlie glaciofluvial deposits. The glaciolacustrine deposits are finer-
grained and act as a barrier to ground water flow. In the Little Cherry Creek Tailings
Impoundment Site, a buried preglacial valley underlies the glaciolacustrine deposits. This valley
is filled with over 275 feet of fluvial sediments similar to the glaciofluvial deposits.

The glaciofluvial/glaciolacustrine ground water system is recharged by precipitation, discharge
from fractured bedrock, and streamflow along the flank of the mountains. Ground water flow in
both potential impoundment sites is generally easterly following the surface topography (Figure
72). The potentiometric surface gradient (hydraulic gradient) is low in both the Little Cherry
Creek and Poorman Tailings Impoundment Sites (0.05 and 0.07, respectively). Ground water flow
in the Little Cherry Creek Tailings Impoundment Site is generally easterly following the surface
topography, discharging to Little Cherry Creek and eventually to the alluvium of Libby Creek.
Some flow may discharge to Libby Creek via the deep buried alluvial channel. Ground water
beneath the Poorman Tailings Impoundment Site also flows easterly following topography and
discharges to the alluvium of Libby Creek. A map showing ground water elevations is presented
in Chen-Northern (1989), and includes areas of potential artesian flow beneath the right
embankment of the proposed Little Cherry Creek Tailings Impoundment Main Dam. Some of the
water flowing beneath the Little Cherry Creek Impoundment Site discharges as springs in the
proposed dam site area and downstream along Little Cherry Creek. Springs also were found in the
Poorman Tailings Impoundment Site (see section 3.10.3.4, Springs and Adits).

Ground water in the LAD Areas discharges to Ramsey, Poorman, or Libby creeks. Based on
depth to ground water data and general hydrologic principles, ground water beneath the LAD
Areas flows toward the three creeks (Ramsey, Poorman, and Libby) that border the LAD Areas.
Of the wells established in the LAD Areas, one exhibited artesian heads above the ground
surface. Based on the available ground water data, the hydraulic gradient in the LAD Areas is
about 0.06.

Aquifer tests were conducted in the glaciofluvial deposits and in the filled channel in the tailings
impoundment sites. The hydraulic conductivity of the glaciofluvial deposits in the Little Cherry
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Creek watershed ranges from 1 x 10°° to 1.9 x 10”* cm/sec (0.0028 to 5.3 ft/day) (Geomatrix
2006¢). Estimates of the hydraulic conductivity of channel fill (alluvium along Libby Creek)
ranges from 0.053 to 0.18 cm/sec (150 to 500 ft/day) (Geomatrix 2006c). In the Poorman Tailings
Impoundment Site, the hydraulic conductivity of the glaciofluvial deposits range from 1.3 x10™ to
6.8 x 10 cm/sec (0.37 to 19.4 ft/day) and average 2.6 x 10" cm/sec (7.35 ft/day), based on six
aquifer tests (Chen-Northern 1989).

The glaciofluvial deposits are capped by relatively impermeable glaciolacustrine units. These
deposits allow hydraulic pressures to build and create the confined or artesian flow conditions
observed in the Poorman and Little Cherry Creek Tailings Impoundment Sites. The water levels
observed in monitoring wells at the tailings impoundment sites are quite variable, ranging from
beneath the bedrock-soil contact to above the ground surface, indicating artesian conditions along
the lower portions of the valleys. It is not known whether the low permeability fine-grained
material in the Poorman Tailings Impoundment Site are the same glaciolacustrine type deposits
found in the Little Cherry Creek drainage, but they appear to function in the same manner.

Hydraulic conductivities of the glaciolacustrine deposits in the Little Cherry Creek Tailings
Impoundment Site range from 1 x 10 to 2.6 x 10 cm/sec (0.003 to 0.075 ft/day) (Geomatrix
2006¢). Although saturated, the fine-grained glaciolacustrine deposits did not yield measurable
water in the boreholes. No aquifer tests were performed on the fine-grained deposits in the
Poorman Tailings Impoundment Site. The range of hydraulic conductivity values in this area is
probably similar to those measured in the Little Cherry Creek drainage.

3.10.3.4 Springs and Adits

3.10.3.4.1 Mine Area Springs

Springs in the analysis area are located in the unconsolidated surface deposits left by glaciers or
occur at surface expressions of fractures and faults. Numerous springs were identified in the
analysis area by MMC (Geomatrix 2006a, 2006d, 2007f). Other nearby springs and seeps outside
of the analysis area, but within the upper Ramsey and Libby creek watersheds, have not been
surveyed (Wegner, pers. comm. 2006b). Five springs in the CMW were identified by MMC, two
south of Rock Lake, two near the north end of Rock Lake, and one near St. Paul Pass (Figure 71,
Table 80). These springs are relatively small, discharging less than 4 gpm. Other springs in the
analysis area (Table 80) originating from colluvium or bedrock discharge at higher rates (4 to 50

gpm).

Itis likely that there are unidentified springs that have not been inventoried due partly to the steep
terrain, forest cover, and size of the area. Also, the agencies’ September 2007 field review
identified springs overlying the mine area not previously mapped (SP-31, Figure 71). The DEQ
reported spring discharge in a drainage above St. Paul Lake (SP-32, Figure 71) along the trace of
the Rock Lake fault at an elevation of about 5,400 feet, slightly lower than the spring observed in
the East Fork Rock Creek drainage (McKay, pers. comm. 2007). During normal to dry years
when winter snows have completely melted, deeper ground water discharge may be the only
source of water to St. Paul Lake during late summer to early fall. Spring SP-32 has not been
observed during the late summer so it is uncertain whether this spring contributes water to St.
Paul Lake during the late summer season. Because St. Paul Lake is located on a relatively
permeable glacial moraine, the lake is reported to be completely dry during extended periods of
low or no precipitation. This indicates that either the lake drains at a faster rate than input from
ground water or the lake does not receive ground water input during the late season.
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Table 80. Spring Flow Measurements and Elevations.

Spring Name Elevation (feet amsl) Flow Rate (gpm)
Springs in Libby Creek Watershed
SP-01 3,500 2-3
SP-02 3,320 1-2
SP-10 3,350 1
SP-11 3,370 0.5
SP-12 3,390 seep
SP-13 3,410 unknown
SP-14 3,350 0.2
SP-15 3,420 15-2
SP-17 3,560 0.5
SP-18 3,550 2
SP-19 3,950 9
SP-20 3,850 <1-4
SP-21 3,800 <3
Sp-22 4,240 <3
SP-23 3,680 <5
SP-24 3,450 <3
SP-25 3,840 5
SP-26 3,320 0.5
SP-27 3,840 2
SP-28 3,500 4
SP-30 3,420 5
Springs in CMW
SP-1R 4,900 1 (Oct) - 10 (July)
SP-2R 4,850 1 (Oct) - 10 (July)
SP-4R 6,490 5-20
SP-05/3R 4,200 5-30 (100 in summer 1999)

SP-16 4,600 40-50
SP-31 5,625 30-50 (Sept 2007)
SP-32 5,400 Unknown

amsl = above mean sea level.

gpm = gallons per minute.

Source: Geomatrix 2006a, 2006d, 2007f; McKay, pers. comm. 2007; September 2007 agencies’ field
review of Rock Lake area.

The source of water to springs in the analysis area is ground water from either fractured bedrock
or from unconsolidated deposits. Based on the agencies’ conceptual model and the results of the
agencies’ numerical model, springs at elevations greater than about 5,600 feet (or greater than
5,625 feet) overlying the ore body are most likely associated with a shallow ground water flow
path in weathered bedrock, glacial or alluvial deposits, or shallow fractures or bedding planes.
Spring flow from bedrock fractures connected to the deeper ground water flow path cannot be
ruled out, but no direct data supports this possibility. Springs located below an elevation of about
5,600 feet are also the result of discharge from shallow weathered bedrock or glacial/alluvial
deposits, but because the shallow and deeper flow paths are most likely hydraulically connected,
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some component of the total spring flow may be from the deeper flow path. The ratio between
deep and shallow ground water probably varies from spring to spring and may vary seasonally.

The existing spring inventory overlying the ore body did not identify the source of ground water
associated with each particular spring. A field review during September 2007 indicated that spring
SP-05/3R, uphill from the Heidleberg Adit in the East Fork Rock Creek drainage, most likely has
a bedrock ground water source. There was insufficient thickness of surficial material above the
spring to support an estimated discharge rate of 30 to 40 gpm during a period of little to no
precipitation. A previously unidentified spring or a series of springs along East Fork Rock Creek
above Rock Lake at an elevation of up to 5,625 feet produced a total flow of about 40 to 50 gpm
from the fracture zone associated with the Rock Lake fault. There is insufficient thickness or
extent of surficial material above the springs to account for this flow rate during a dry period.
Also, the stream bed above the spring consisted of exposed bedrock (no alluvium) indicating that
there was no surface water or shallow ground water contribution to the springs from higher
elevations.

3.10.3.4.2 Impoundment/LAD Area Springs

Most identified springs in the Libby Creek watershed occur in the Little Cherry Creek and Bear
Creek drainages, or the Poorman Tailings Impoundment Site between Little Cherry Creek and
Poorman Creek. All of the identified springs have measured flows of less than 5 gpm, except for
the spring near the Libby Adit that was measured at 9 gpm. Some of these springs cease flowing
in mid- to late-summer. The following descriptions (from 1988 to 2007) correlate to springs
shown on Figure 71 and Figure 72 (Table 80).

3.10.3.4.3 Adits

The 700-foot long Heidelberg Adit, located in the East Fork Rock Creek drainage below Rock
Lake, discharges water to East Fork Rock Creek. During a geotechnical evaluation of the
Heidelberg Adit (Morrison-Knudsen 1989b), ground water flow in the adit was estimated to be 80
gpm. Gurrieri (2001) reports adit flows ranging from 49 to 128 gpm. Discharge from the adit
appears to vary seasonally, suggesting the flow may be a combination of shallow and deep ground
water. The shallow ground water contribution to the adit is more responsive to seasonal changes
in precipitation. During September 2007, the estimated flow from the adit was between 40 and 50

gpm.
3.10.3.5 Ground Water Quality

Ground water samples from monitoring wells in the tailings impoundment sites and LAD Areas
show that existing ground water quality is a calcium bicarbonate or calcium-magnesium
bicarbonate type with low total dissolved solids concentrations (averaging 125 mg/L in the LAD
Area, 92.4 mg/L in the Little Cherry Creek Tailings Impoundment area, and 118 mg/L in the
Poorman Tailings Impoundment area) and frequently non-detectable dissolved metals.
Manganese, cadmium, chromium, and copper were the only metals consistently detected in
ground water samples. The pH of the water is near neutral or slightly acidic in the various project
areas (Table 81).
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3.10 Ground Water Hydrology

LAD Area Wells Impﬂﬂij%@irtrigfsl\/(ells Libby Adit Area Wells Poorm'i?egnvp\zﬁgdment
Parameter
Median No. No. Median No. No. Median No. No. Median No. No.
Conc. Samples | BDL Conc. Samples | BDL Conc. Samples | BDL Conc. Samples | BDL
Field Measurements and Physical Parameters
Field Temperature (C) 8 45 0 8 51 0 8 114 0 8 18 0
Field pH (s.u.) 6.5 47 0 7.2 51 0 6.0 100 0 7.4 18 0
Lab SC (umhos/cm) 81 51 0 179 51 0 58 99 0 185 18 0
Total dissolved solids 85 51 0 99 51 0 <44 105 3 102 18 0
Cations and Anions
Alkalinity, Total as CaCOs; 40 51 0 87 51 0 5 109 0 94 18 0
Alkalinity, Bicarbonate as HCO; 49 51 0 106 51 0 6 109 0 115 18 0
Chloride <2 51 16 <1 51 29 <1 109 53 <1 18 10
Sulfate <5 51 18 <4 51 21 <5 109 16 <2 18 9
Calcium 7 51 0 <19 51 1 <5 109 5 24 18 0
Magnesium <3 51 3 7 51 0 <1 109 41 8 18 0
Potassium <1 51 18 <1 51 18 <1 109 53 <1 18 7
Sodium <6 51 4 5 51 0 <4 109 14 <2 18 3
Nutrients
Nitrate + Nitrite, as N <0.49 56 | 6 | 010 51 0 | <220 135 2 | o007 18 0
Dissolved Metals

Antimony <0.003 6 6 <0.003 6 6 NM 0 0 NM 0 0
Arsenic <0.005 51 51 <0.005 51 50 <0.005 100 99 <0.005 18 17
Cadmium <0.0002 51 30 <0.001 51 36 <0.001 103 81 <0.001 18 13
Chromium <0.004 51 48 <0.02 51 45 <0.02 103 103 <0.02 18 18
Copper <0.001 51 32 <0.01 51 44 <0.01 103 97 <0.01 18 18
Iron <0.05 51 36 <0.05 51 39 <0.05 103 100 <0.05 18 15
Lead <0.001 51 42 <0.01 51 50 <0.01 103 102 <0.01 18 17
Manganese <0.04 51 21 <0.03 51 20 <0.02 103 86 <0.02 18 16
Mercury <0.0002 51 49 <0.0002 51 48 <0.0002 103 80 <0.0002 18 14
Silver <0.0002 51 51 <0.001 51 50 <0.001 103 102 <0.001 18 18
Zinc <0.02 51 29 <0.02 51 38 <0.02 102 71 <0.02 18 14

Conc. = concentration; No. Samples = number of samples analyzed for particular parameter; No. BDL = number of analyzed samples with concentrations below the detection

limit; detection limit varied between sample events and parameter; detection limit used in calculating median when reported concentration was below the detection limit

All values are in milligrams per liter (mg/L) unless noted in first column.

s.u. = standard units; pmhos/cm = micromhos/centimeter; C = Celsius; < = less than concentration shown; NM = analyte not measured.

"Nitrate concentrations at Libby Adit area wells affected by Noranda’s discharges.

Source: Geomatrix 2007f.
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Limited information is available on bedrock ground water quality. Noranda collected samples of
inflow water from the Libby Adit and MMC collected an additional sample in 2006 (Geomatrix
2006¢). Noranda sampled a bedrock spring (SP-16) near the Heidelberg Adit in 1989 and
concentrations of all analytical parameters were very low, with all metals except molybdenum
below the detection limit (Chen-Northern 1990).

3.10.3.6 Ground Water Use

No ground water users have been identified in the analysis area. Private land immediately
downgradient of the Little Cherry Creek Tailings Impoundment Site in Alternatives 2 and 4 is
owned by MMC. Private land immediately downgradient of LAD Area 2 in all alternatives and
downgradient of the Poorman Impoundment Site in Alternative 3 is not owned by MMC.

3.10.4 Environmental Consequences

3.10.4.1 Alternative 1 — No Mine

The No Mine alternative would not change ground water levels or quality. Monitoring wells
installed as part of the baseline monitoring would be removed and the area reclaimed. The DEQ’s
approval of the mine, as permitted by DEQ Operating Permit #00150, would remain in effect.
The DEQ’s approval of revisions to DEQ Operating Permit #00150 (Minor Revisions 06-001 and
06-002) also would remain in effect. MMC could continue with the permitted activities on private
land associated with the Libby Adit evaluation program that do not affect National Forest System
lands. Disturbances at the Libby Adit Site would remain until reclaimed in accordance with
existing permits and approvals.

3.10.4.2 Alternative 2 — MMC’s Proposed Mine
3.10.4.2.1 Mine Area

Ground Water Levels and Flow

In all action alternatives, the mine plan would include an underground mine and three adit
declines. The mine void would be the same in all action alternatives. In Alternative 2, two adits
would originate in the Ramsey Creek drainage, and the existing Libby Adit would be used for
ventilation. The mine and adits would intersect saturated fractures and faults in the bedrock and,
therefore, would produce ground water at various rates. The water, called mine and adit inflows,
would be pumped from underground structures and used for processing the ore. Another
ventilation adit that would reach the surface near Rock Lake was not specifically considered in
the numerical model because any ground water drawdown resulting from the ventilation adit
would be superseded by drawdown created by inflow to the mine void.

Possible environmental consequences to the hydrogeology due to Alternative 2 would be
expressed in two ways: lowering of ground water levels and changes in base flow. The agencies’
numerical model was used to approximate where and to what degree ground water drawdown
could occur, and to estimate changes in base flow for drainages flowing from the area to be
mined.

Drawdown — Mining Period

In the agencies’ numerical model to simulate dewatering of the mine void, the water table
overlying the mine void was lowered (1,000 meters or about 3,300 feet) to the elevation of the
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mine void at full build out of the mine. This simplifying assumption is necessary because of the
use of a two-dimensional numerical model. Using this assumption, drawdown due to mine
dewatering is predicted to extend about 2 miles from the mine void in all directions, but along the
trend of the proposed adits, drawdown created by the mine void would merge with drawdown
created by the adits (Figure 73). Given uncertainties described in the technical report (ERO
Resources Corp. 2008b), the model cannot precisely predict the final configuration of the
drawdown cone around the mine, but the model does provide an indication of the catchment area
required to supply the predicted 450 gpm to the mine and adits on a steady state basis. If steady
state inflow to the mine were higher, a larger catchment would be required to supply that water at
the calibrated infiltration rates and hydraulic conductivity. For example, if the steady state inflow
were in the range of 800 gpm estimated by MMC (Geomatrix 2007c), the catchment area would
be about two times larger than predicted by the agencies’ numerical ground water model, using
the assumptions inherent in the model.

An example of the uncertainty in the agencies’ numerical model is the final shape of the
drawdown cone, due to the assumption in the agencies’ numerical model that homogeneous
conditions exist in the mine area. As a result of this assumption, the numerical model essentially
distributes potential impacts from mine dewatering evenly in all directions. The site conditions
may vary and ground water drawdown may be subject to some degree of heterogeneity, causing
more drawdown along structural trends and less drawdown in other directions. Data are
insufficient for the model to predict heterogeneous drawdown. Another example of uncertainty is
the location of the 3-foot (1-meter) drawdown contour (assumed to represent zero drawdown)
presented in the various figures in this document. The specific shape of the 3-foot (1-meter)
contour is subject to influence by the size and location of the various elements used in the
agencies’ numerical model. To some extent, model elements control the geometric shape of the
contours. Given the approximate nature of the agencies’ numerical model, the location of all
contours, including the 3-foot (1-meter) contour, should be considered approximate.

For those areas where the fractured bedrock water table is currently some depth below ground
surface (for all areas above 5,600 feet elevation), ground water drawdown, as predicted by the
agencies’ numerical model, would not have a direct effect on surface water occurring above this
elevation. Because surface and ground water above 5,600 feet elevation appear not to be
hydraulically connected, ground water drawdown would not result in decreases to surface water
(streams, springs and lakes) in those areas. Infiltration of precipitation is controlled by the nature
of the surface material and overall hydraulic conductivity and, therefore, the infiltration rate
would not change in these areas as a result of a lower water table. It is possible that random
fractures exist above elevations of 5,600 feet that are saturated between the fractured bedrock
water table and the shallow ground water flow path, hydraulically connecting the two ground
water flow paths. If this condition existed, drawdown of the fractured bedrock water table by
mine dewatering could reduce flow to unidentified springs or affect lake levels associated with
this type of fracture, such as the Libby Lakes. However, there are no observations, data or
numerical model results to indicate this condition exists.

For those areas where ground water is either at the surface or connected hydraulically to shallow
ground water flow systems (below an elevation of about 5,600 feet), drawdown due to mine
dewatering would decrease the volume of water available to the surface water system, such as
springs, lakes and streams. In the agencies’ conceptual model, ground water and surface water are
hydraulically connected below elevations of about 5,600 feet and, therefore, surface water would
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be affected if ground water levels decreased due to mine dewatering (see sections 3.10.4.2.1 and
3.10.4.3.1, Mine Area for a discussion of potential impacts to surface water).

Drawdown — Post-mining Period

The agencies’ numerical model was used to perform a transient analysis to estimate the time
required for the ground water drawdown created by mine dewatering to fully recover to pre-
mining levels or to steady state water levels below pre-mining water levels. Using a reasonable
value for effective porosity, the results of the analysis indicated that the area would require
slightly more than 20 years to recover to steady state water level conditions after the mine void
was filled with water (ERO Resources Corp. 2008b). Based on an estimated inflow rate of about
450 gpm and estimated volume of the final mine void, the mine void would require about 50
years to refill. Ground water levels above the mine void are predicted to return to steady-state
conditions about 70 years following mine closure and plugging of the portals. While water levels
were recovering, the ground water flow direction in the region would be predominantly toward
the mine void and adits and any change in base flow to streams would occur for much of this
recovery period. Any change in ground water contribution to streams would decrease through the
recovery period as the ground water head in the mine void increased and flow toward the mine
void decreased (see Changes in Base Flow section below).

Mine/Adit Inflow

The agencies’ numerical ground water model predicted that the total steady state inflow to the
mine and adits at full build out would be about 450 gpm (for the fault scenario). The extent of the
agencies’ numerical model-predicted drawdown is based on inflows to the mine and adits within
this range of steady state inflows. The calculated reduction in base flow to streams is also based
on this range of steady state inflows. The 1992 Montanore Project Final EIS used steady state
inflow of 1,200 gpm, based on estimates developed by Noranda Minerals Corp. (USDA Forest
Service et al. 1992). MMC used a steady state inflow of 1,200 gpm in developing a project water
balance (MMI 2005a, MMC 2008), but reduced steady state inflow to 800 gpm after additional
analysis (Geomatrix 2007c).

Blasting during development of the adits and mine void and the presence of a mine void may
result in stress redistribution that could affect local ground water flow in fractures around the
mine and adits. The stress redistribution may open some fractures and close others, depending on
the actual stress regime. It is unlikely this would result in a net change in the steady state inflows
to the mine and adits. It is possible that changes to the fracture network resulting from the stress
redistribution could affect (increase or decrease) drawdown beneath local areas and alter inflow to
specific portions of the mine void and adits, but it is not possible to predict if or where this may
occur.

Changes in Base Flow

The effects of ground water drawdown due to dewatering of the mine can be best expressed by
estimating changes to base flow in streams. As part of the agencies’ numerical model calibration
process, the model results were compared to measured flows considered to be base flow in
various streams that drain the area. In general, streamflow measurements were from gaging
stations located on the periphery of the agencies’ numerical model domain (Figure 69). Flow data
from the upper reaches of the various streams are insufficient to quantify base flow at these
locations. Because the model was calibrated to flow data at the periphery of the model domain
and to several other direct observations, including the elevation at which streams tend to become
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perennial, the model’s base flow predictions at various locations along the streams are considered
reasonable estimates. The model results are also based on the assumption that the predicted base
flow is representative of a typical precipitation year. The agencies’ numerical model predicted
base flow values for the various model nodes that are comparable to the 7Qy, values calculated
for several locations along various streams (see section 3.12.2, Analysis Area and Methods). A
subsequent field review in September 2007 confirmed that base flows in the upper reaches of East
Fork Rock Creek (above and just below Rock Lake) were similar to those predicted by the
agencies’ numerical model (see section 3.10.3.1.2, Conceptual Model of the Mine-Area Bedrock
Hydrogeology).

Base flow for the three periods (pre-mining, mining, and post-mining) were modeled for nodes
along four streams (Libby, Ramsey, and Rock creeks, and East Fork Bull River) using the
agencies’ numerical model (ERO Resources Corp. 2008b). Using these base flows as existing
condition, the changes in flow were calculated for each model node along the streams for the
mining and post-mining periods (ERO Resources Corp. 2008b). The same process was used for
the cumulative analysis that included both the Rock Creek and Montanore mines (ERO Resources
Corp. 2008b).

Several factors should be considered in evaluating the significance of this analysis. In many
cases, the predicted changes at any given location may appear to be small compared to typical
streamflows and measurement precision. For example, the model predicts changes in the upper
reaches of Libby Creek of between 0.02 and 0.04 cfs for the mining period. The predicted
changes in base flow at this location are about 10 percent of the model-predicted base flow. It is
unlikely that such changes could be measured or detected for two reasons. First, it is difficult to
measure streamflow to an accuracy greater than plus or minus 10 percent, within the range of
typical flows of streams in the mine area using a streamflow meter (Wegner, pers. comm. 2007).
Flow measurement error could be reduced to less than plus or minus 5 percent with the use of a
flume or weir in low flow situations. Second, uncertainty in year-to-year base flow at the gaging
station locations would result in a significantly higher range of values than the predicted changes.
Professional judgment was used to evaluate the changes predicted by the agencies’ numerical
model (ERO Resources Corp. 2008b).

To estimate the duration of the predicted base flow reduction, the agencies examined the relative
contribution of ground water base flow and surface water runoff to a given stream. There are very
few streamflow data from the upper reaches of most streams draining the CMW. It is likely that
during non-base flow periods, streamflows are probably much greater than the base flow period,
but the actual flows are unknown. The agencies reviewed the hydrograph from three stream
locations (Granite Creek and Flower Creek, located near Libby, Montana, and Boulder Creek,
near Leonia, Idaho) where between 22 and 50 years of continuously recorded annual flow data
exist. Based on these three streams, it appears that streams in the area flow at base flow for about
1 to 2 months between mid-July to early October. The stream hydrographs indicate that periods of
base flow also may occur during November through March, but these base flow periods were not
included in the base flow estimate of 1 to 2 months.

Libby and Ramsey Creeks

The agencies’ numerical model-predicted changes in base flow in Libby and Ramsey creeks are
small compared to the likely variability in determining base flow at any one location. Model-
predicted changes in base flow of fractions of a cubic foot per second may occur due to mining,
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but the predicted changes in base flow for the four upstream-most nodes in Libby Creek are low

enough that it is unlikely changes of this magnitude would be measurable. Any reduction in base
flow due to mine dewatering would persist for about 70 years after mine closure as the mine void
refilled to steady-state conditions.

If total mine/adit inflow were not adequate to supply water for process purposes, MMC would
likely install ground water wells for make-up water. MMC has not identified specific well
locations; the most likely location would be along a major drainage, such as Libby Creek. The
amount of make-up water required would depend primarily on mine inflows and precipitation at
the impoundment site. MMC estimated 133 gpm would be needed on a steady-state basis if mine
inflows were 800 gpm. If the numerical modeled inflows of 450 gpm were representative of
actual inflows, 483 gpm of make-up water would be needed. Ground water withdrawals from
Libby Creek alluvium would result in ground water level decreases near the pumping wells while
the wells are in operation. Because of the relatively high hydraulic conductivity of the alluvium
and the hydraulic connection with the active stream, ground water levels in the alluvium would be
expected to fully recover soon after pumping ends. Potential impact on streamflow is discussed in
section 3.11, Surface Water Hydrology.

Rock Creek

The agencies’ numerical model-predicted base flow for the upper reaches of East Fork Rock
Creek (above and below Rock Lake) is consistent with streamflow observed during a September
2007 site visit. In September 2007, no surface runoff or shallow ground water was contributing to
the stream. All of the observed flow was from deep bedrock ground water discharge to the
drainage. The flow rate out of Rock Lake was similar to the flow from East Fork Rock Creek
above the lake. The agencies’ numerical model predicted that changes in base flow due to mine
inflow would reduce the deeper ground water contribution to East Fork Rock Creek above the
lake to near zero (ERO Resources Corp. 2008b). The predicted changes would result in no flow
into Rock Lake if base flow were the sole contribution of surface flow into Rock Lake, such as
during late summer to early fall.

There may be some annual variability in base flow along the upper reaches of East Fork Rock
Creek, but the variability is probably small compared to the predicted flow reductions (ERO
Resources Corp. 2008b). About 0.75 mile below Rock Lake, East Fork Rock Creek enters a flat
area with a considerable thickness of alluvium (Rock Creek Meadows). There is likely sufficient
water storage in the alluvium to mask any potential reductions in base flow at this location and
downstream. In other words, changes in base flow above Rock Creek Meadows predicted by the
model would likely be measurable, but changes at or downstream of Rock Creek Meadows would
not likely be measurable.

East Fork Bull River

The same effects predicted in the upper reaches of East Fork Rock Creek are predicted by the
agencies’ numerical model for the upper reaches of the East Fork Bull River drainage. The DEQ
reported spring (SP-32) discharge in a drainage above St. Paul Lake near the trace of the Rock
Lake fault at about 200 feet lower in elevation than the spring observed in the East Fork Rock
Creek drainage (McKay, pers. comm. 2007). During normal to dry years when winters snows
have completely melted, deeper ground water discharge may be the only source of water to St.
Paul Lake during late summer to early fall. Spring SP-32 has not been confirmed to flow during
late summer base flow period, so it is uncertain whether this spring contributes water to St. Paul
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Lake during the late summer season. Because St. Paul Lake is located on a relatively permeable
glacial moraine, the lake is reported to completely dry during extended periods of low or no
precipitation. This indicates that either the lake drains at a faster rate than input from ground
water or the lake does not receive deep ground water input during the late season.

Model-predicted reductions in base flow in the upper reaches of East Fork Bull River (above St.
Paul Lake) may be a large portion of the total base flow (ERO Resources Corp. 2008b). Impacts
may not be measurable when precipitation and/or remaining snow pack continue to be a source to
spring and streamflow above the lake, but in drier years, impacts from mining may aggravate
natural low-flow conditions. Because of the fluctuating nature of St. Paul Lake, any reduction in
base flow above St. Paul Lake may not be measurable. Like Rock Creek, if the thickness of the
alluvium along East Fork Bull River increased downstream of St. Paul Lake, there may be
sufficient water storage in the alluvium to mask any potential reductions in base flow.

Based on the agencies’ numerical model results, reduced base flow would persist during the post-
mining period for a portion of the drainage until the mine void was refilled with water and the
regional water table recovered. After the regional water table recovered, the agencies’ numerical
model predicts there would be a slight increase in ground water contribution to portions of the
East Fork Bull River compared to pre-mining conditions (ERO Resources Corp. 2008b).

Base Flow Changes With 800-gpm Inflows

The previous discussion of changes in base flow is based on the agencies’ numerical model,
which predicted total steady state mine and adit inflows of 450 gpm. MMC estimates a steady-
state inflow of 800 gpm in a revised water balance for the mine operation (Geomatrix 2008a). If
the steady state inflows were 800 gpm, then the reduction in streamflow would be about two
times higher than predicted by the agencies’ numerical model. Using a total inflow rate of 800
gpm would not affect the changes in base flow predicted by the agencies’ numerical model during
the post-mining period (ERO Resources Corp. 2008Db).

Summary

The agencies’ numerical model predicted base flow at various locations along streams draining
the mine area. The model did not consider what is possible to detect or measure. Other factors
should be considered when reviewing and interpreting predicted base flow. For example, base
flow at any one location along a stream may not be easily defined within the range of the model-
predicted changes, but impacts from dewatering of the mine and adits may be expressed in other
ways, such as changing the elevation at which streams begin to flow. Mine dewatering (and
resultant ground water drawdown) may cause this elevation to move down the drainage.

Another consideration in the ability to measure or detect changes in base flow due to mine
dewatering is the annual variability in precipitation. In wet years, there may be sufficient
precipitation and/or remaining snowpack to mask any changes in base flow that would otherwise
be observable in late summer to early fall. Also, in the middle to lower reaches of the various
drainages, sufficient thicknesses of alluvium or other surficial deposits have the ability to store
sufficient ground water. Ground water discharge from these deposits through the dry period
would probably be sufficiently high to mask any changes in base flow resulting from mine
dewatering. An example of this condition is at Rock Creek Meadows, located about 0.75 mile
downstream from Rock Lake.
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In contrast to the middle and lower reaches of the various streams, the upper reaches in the higher
elevation portions of these drainages have either no alluvium or much thinner alluvium or other
surficial deposits with limited ground water storage capacity. Late season base flow, which
typically begins at elevations of 5,400 to 5,600 feet, is derived mostly from deeper ground water
and may be subject to measurable changes from mine dewatering.

Another consideration in determining whether surface water would be affected by mine
dewatering is to what degree the hydrogeology of the area is heterogeneous versus homogeneous.
The agencies’ numerical model assumed homogeneous conditions because of the lack of specific
data on this issue. If the ground water flow system were controlled by structural trends, reduction
in base flow may be focused in one or more of the drainages along structural trends, rather than
being distributed as predicted by the model. It is not possible to predict how this condition might
affect base flow with the currently available data. Ground water monitoring in piezometers drilled
from within the mine adits and/or mine void would provide information on the degree of
heterogeneity of the fractured bedrock system that could be used to refine model observations.

Springs and Seeps
Based on the results of the agencies’ numerical model, ground water drawdown would occur
around the mine as a result of dewatering of the mine void and adits. Flow from springs
hydraulically connected to the deeper ground water flow path (below an elevation of about 5,600
feet (or 5,625 feet in the case of East Fork Rock Creek) would be reduced. Because springs
located below an elevation of about 5,600 feet may derive their water from both shallow and deep
ground water flow paths at various ratios, it is not possible to predict the amount (if any) of flow
reduction. Also, there are little spring flow data for use in determining whether spring flow would
be reduced by ground water production from the mine. Because data were not available, specific
spring flow data were not used in the agencies’ numerical model. Some springs and seeps in the
mine area have been inventoried, but the inventory did not identify the specific ground water
source for each spring or seep, nor did it identify critical springs in the East Fork Rock Creek and
East Fork Bull River drainages.

Ground Water Quality

During the mining period, the risk posed by the underground workings of measurable changes to
ground water quality would be low because ground water would be moving toward the mine void
and adits and then pumped to the surface for use in the ore processing. Any water affected by the
mining process, such as an increase in the concentration of nitrogen compounds due to the use of
explosives or water contact with oxidizing minerals in the ore body, would be removed from the
mine void, used in mill processing, and eventually stored, discharged to LAD Areas, or treated.
Mine dewatering and the resulting drawdown of bedrock ground water could result in subtle
changes in water quality of various water bodies, such as Rock Lake, and unidentified springs and
seeps. Assuming these water bodies receive water from both shallow and deep ground water
sources, reducing the source of deeper ground water could reduce the introduction of certain
minerals considered to be necessary for potential populations of organisms (Gurrieri 2001, 2004).
If this water quality change occurred, it may be difficult to detect or measure.

During the post-mining period after the mine void filled and the surrounding area resaturated (an
estimated 70 years), the agencies’ numerical model predicts that ground water in the mine void
has the potential to flow toward the East Fork Bull River drainage. The predicted concentrations
of metals in the mine void ground water would be relatively low. If ground water flowed from the
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filled mine void to the East Fork Bull River, attenuation and dilution of the dissolved metals as
the ground water moved about 3,000 feet vertically through fractures would likely reduce
concentrations. The actual flow path may be longer than 3,000 feet. The fate and transport of
dissolved metals within the flooded mine void cannot be predicted without significant
uncertainty, particularly considering the relatively low surface water quality standards. MMC
intends to construct a three dimensional ground water model during the mine development period
when additional hydraulic data would be collected. A calibrated model could be used to evaluate
the potential for the migration of dissolved metals from the mine void to surface water drainages
such as the East Fork Bull River. If modeling were to indicate potential exceedances of surface
water standards in nearby streams, various mitigation measures would have to be adopted prior to
active mining. The agencies’ numerical model indicates that during the post-mining period, there
would be the potential for ground water to flow toward the mine void from the East Fork Rock
Creek drainage (including Rock Lake). If this occurred, there may be subtle changes in the water
quality of Rock Lake, as described in the previous paragraph.

3.10.4.2.2 Tailings Impoundment

Ground Water Levels and Flow

The Little Cherry Creek Tailings Impoundment is designed with an underdrain system to collect
seepage from the tailings and divert intercepted water to a Seepage Collection Pond downgradient
of the impoundment. After being discharged into the impoundment, the tailings would
consolidate, and water would pool in a reclaim water pond within the tailings impoundment.
Water from the reclaim water pond would be pumped back to the mill, but some would percolate
downward and be captured by the underdrain system. Some of the percolating water would seep
into the underlying fractured bedrock aquifer. Geotechnical investigations near the Seepage
Collection Pond indicate that the fractured bedrock is at the surface in the Little Cherry Creek
channel beneath the proposed Seepage Collection Dam and farther downstream (Morrison-
Knudsen 1990). The Seepage Collection Pond may intercept some of the tailings seepage in the
fractured bedrock aquifer. Because bedrock crops out downstream of the proposed dam location,
tailings seepage in the fractured bedrock aquifer not intercepted by the Seepage Collection Pond
or extracted by a pumpback well system would likely flow into the former Little Cherry Creek
channel (USDA Forest Service 2008a). Some of the seepage may flow to Libby Creek via a
buried channel beneath the impoundment site. Klohn Crippen (2005) estimated 80 percent of the
existing ground water flows toward Little Cherry Creek and 20 percent flows toward Libby Creek
via the buried channel. Any tailings seepage is likely to follow existing ground water flow paths if
not intercepted.

Tailings seepage not collected by the underdrain is expected to flow to ground water at a rate of
about 25 gpm and, after the impoundment is reclaimed, slowly decrease to 5 gpm (Klohn Crippen
2005). The operational seepage estimate was verified by the lead agencies in their independent
analysis (USDA Forest Service 2008a). The estimated ground water flux (volume per unit time)
beneath the impoundment was estimated to be about 35 gpm (Geomatrix 2007a) using a DEQ
standard mixing zone thickness of 15 feet (ARM 17.30.517) and a hydraulic conductivity for the
impoundment area of 0.4 ft/day. A conductivity value of 0.4 ft/day is higher than the mean values
reported by Klohn Crippen (2005) to estimate tailings seepage for glacial till beneath the Little
Cherry Creek Impoundment Site (0.1 ft/day) and for fractured bedrock (0.3 ft/day). The saturated
zone beneath the impoundment would be able to accommaodate the addition of about 25 gpm from
seepage and would respond with a rising water table (slightly increasing the hydraulic gradient) to
convey the additional water from beneath the impoundment. Little Cherry Creek appears to be a
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gaining stream downgradient of the proposed impoundment based on limited flow measurements
and the occurrence of numerous springs.

Springs and Seeps
Numerous springs and seeps were identified in the Little Cherry Creek drainage (Figure 72)
(Geomatrix 2006c¢). Springs SP-15, 23, and 24 would be covered during initial impoundment
construction, and a fourth spring (SP-10) would be covered by the Seepage Collection Pond.
Seeps in Little Cherry Creek also would be covered during initial impoundment construction. The
pumpback well system needed to extract seepage not collected by the underdrain system would
likely lower ground water levels and reduce ground water discharge to springs, seeps, and
wetlands downgradient the impoundment.

Ground Water Quality

The existing ground water quality would be altered because tailings seepage water quality would
have higher concentrations of nutrients, some metals, and total dissolved solids than existing
water quality. The agencies completed mass balance calculations (Appendix G) of expected
seepage rates and water quality from the tailings impoundment for the construction, mining, and
post-mining periods. The uncertainties associated with the mass balance calculations are
discussed in section 3.11.2.3, Impact Analysis in section 3.11, Surface Water Hydrology. Using
the DEQ’s approach for determining a standard mixing zone (ARM 17.30.517), MMC calculated
a ground water flux of 10 gpm. An additional 25 gpm was added to the calculated flux to account
for flow in the buried alluvial channel (Geomatrix 2007b). The hydrologic and geologic
conditions of the Little Cherry Creek Tailings Impoundment Site are complex. As noted by
Morrison-Knudsen Engineers, Inc. (1990), “Complete definition of the hydrogeologic system at
the [Little Cherry Creek Tailings Impoundment] site probably would not be possible. Costs
associated with substantial definition of the hydrogeologic system would be prohibitive because
of the size of the system and its complexity.” The agencies used a ground water flux of 35 gpm in
the agencies’ mass balance calculations as a reasonable estimate of flux beneath the impoundment
site. Results of the mass balance analysis are provided in Table 82.

The predicted elevated manganese concentrations would occur in ground water beneath and
downgradient of the tailings impoundment. During the MPDES permitting process, the DEQ
would determine if a mixing zone beneath and downgradient of the tailings impoundment would
be allowed and, if so, would determine the mixing zone’s size, configuration, and location. MMC
requested a source-specific mixing zone for the tailings impoundment. The DEQ would
determine if a source-specific mixing zone should be granted in accordance with ARM 17.30.518.
If DEQ granted a mixing zone, water quality changes may occur and certain water quality
standards may be exceeded within the mixing zone. The DEQ also would determine where
compliance with applicable standards would be measured.

MMC has committed to implementing seepage control measures, such as pumpback wells, if
required to comply with applicable standards. Seepage collection wells could be installed along
the downstream toe of the tailings dam. Given the heterogeneity of the foundation soils,
additional wells could be required to ensure that all of the flow paths were intercepted. The wells
may require active pumping, depending on the artesian pressures within the wells (Klohn Crippen
2005).
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Table 82. Predicted Concentrations in Ground Water beneath the Tailings Impoundment.

Alternatives 2 . Ground Water
Parameter Alternative 3 Standard or BHES
and 4 .
Order Limit
During Construction
Total dissolved solids 123 123 200
Nitrate 3.9 <3.5 10
Antimony <0.004 <0.004 0.006
Cadmium <0.001 <0.001 0.005
Copper <0.02 <0.02 0.1
Iron <0.05 <0.05 0.2
Lead <0.01 <0.01 0.015
Manganese <0.15 <0.13 0.05
Silver <0.002 <0.002 0.1
Zinc <0.02 <0.02 0.1
During Mining
Total dissolved solids 141 139 200
Nitrate 6.8 <6.1 10
Antimony <0.006 <0.005 0.006
Cadmium <0.001 <0.001 0.005
Copper <0.02 <0.02 0.1
Iron <0.05 <0.05 0.2
Lead <0.01 <0.01 0.015
Manganese <0.24 <0.22 0.05
Silver <0.002 <0.002 0.1
Zinc <0.02 <0.02 0.1
During Post-Mining

Total dissolved solids 112 113 200
Nitrate 2.1 <1.8 10
Antimony <0.004 <0.004 0.006
Cadmium <0.001 <0.005 0.005
Copper <0.01 <0.01 0.1
Iron <0.05 <0.05 0.2
Lead <0.01 <0.01 0.015
Manganese <0.09 <0.08 0.05
Silver <0.001 <0.001 0.1
Zinc <0.02 <0.02 0.1

All concentrations are in mg/L.
Predicted exceedances of BHES Order limits or ground water standards are shown in bold.

Seepage from the tailings impoundment reaching ground water is estimated to decrease from 25
gpm to 17 gpm 10 years after closure, stabilizing at 5 gpm over the long term (Klohn Crippen
2005). Water quality beneath the impoundment would improve slowly over time as seepage
decreased and infiltrated precipitation mixed with water retained in the impoundment. MMC
would maintain and operate necessary seepage collection facilities until water quality standards
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and MPDES permit limits were met, without treatment, in all receiving waters. MMC also would
continue water monitoring as long as the MPDES permit is in effect. As long as post-closure
water treatment is required, the agencies would require a bond for the operation and maintenance
of the water treatment plant. The level of human activity associated with facility operation,
maintenance and monitoring is unknown, but has the potential of being a daily requirement and
year-round in duration. The length of time these closure activities would occur is not known, but
may be decades or more.

3.10.4.2.3 LAD Areas

Ground Water Levels and Flow

MMC proposes to apply up to 558 gpm of water to the LAD Areas during the mining period
(Geomatrix 2007a). There are several considerations for disposal of water on the LAD Areas to
avoid runoff from the LAD Areas and minimize the risk of developing springs and seeps
downgradient of the LAD Areas. The two basic issues are:

e The maximum application rate that would not result in runoff from the site given site
characteristics

e The maximum application rate that could be conveyed away from the LAD Areas by
the existing ground water system

The EPA (2006b) and Corps (1982b) published guidelines for the design and operation of LAD
Areas that address the first issue. The guidelines provide recommended design percolation rates
that consider long-term issues such as wetting and drying cycles, clogging of the soil, etc. Using
the guidelines, the maximum application rate that would not result in surface runoff for the LAD
Avreas is 344 gpm (see section 3.12.2.3, Impact Analysis for further discussion).

The existing ground water flux beneath the LAD Areas was estimated to determine the capacity
of the underlying shallow aquifer to receive and transport additional water. The agencies initially
calculated a ground water flux of 141 gpm, based on the following assumptions:

o Maximum saturated thickness of 56 feet (as reported in well logs), which is greater
than the 15 feet using the dispersion assumptions in ARM 17.30.517 for standard
mixing zones, but represents actual conditions to the maximum drilled depth

e Mixing zone width beneath the LAD Areas of 6,860 feet, which is increased to 8,060
feet using the dispersion assumptions in ARM 17.30.517 for standard mixing zones,
where the mixing zone width is equal to the width plus the distance determined by
the tangent of 5 degrees times the length of the LAD Area on both sides

e Existing hydraulic gradient of 0.06 (Geomatrix 2007a)
e Ahydraulic conductivity value of 1 ft/day reported by Geomatrix (2007a)

The calculated ground water flux using the reported hydraulic conductivity value requires an
unrealistic net infiltration of precipitation rate of about 52 percent of annual precipitation to
maintain the ground water flux of 141 gpm through the defined cross sectional area. It is likely
that the average hydraulic conductivity value used in the calculation is too high and does not
reflect site conditions. The ground water flow direction is generally perpendicular to surface
topography contours or downslope and, therefore, ground water recharge is local and discharge is
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to the adjacent streams. A small fraction of the total net infiltration may travel along deeper flow
paths in the fractured bedrock.

The hydraulic conductivity of 1 ft/day is the only value in the flux calculation that was not
directly measured, but rather was selected by MMC (2005) as being more representative of the
LAD hydraulic conductivity than the value derived from pit tests. The agencies reduced the
hydraulic conductivity value slightly to achieve a ground water flux that is consistent with a
reasonable net infiltration rate. The agencies considered 10 percent to be a reasonable net
infiltration value to use in the flux calculation for three reasons. In the tailings impoundment
design report, Klohn Crippen (2005a) indicated “ground water recharge from infiltration [at the
Little Cherry Creek Impoundment Site] was estimated to be 10 percent of yearly precipitation.
Infiltration rates could be as low as 5 percent and are not expected to be greater than 12 percent.
The relatively low precipitation and forest cover suggest that 10 percent should be the maximum
infiltration.” MMC also used a 10 percent infiltration rate in the SEEP/W analysis (Klohn
Crippen 2005a) to model seepage from the Little Cherry Creek Tailings Impoundment; the
agencies’ used the same rate in their independent SEEP/W analysis (USDA Forest Service
2008a). The LAD Areas are 2 miles south of the Little Cherry Creek Tailings Impoundment and
have similar geology. A 10 percent infiltration rate in areas of less than 30 percent slope also was
used in the agencies’ numerical ground water model (ERO Resources Corp. 2008b).

An infiltration rate of 10 percent would support a ground water flux of 31 gpm for the LAD
Areas. This is similar in magnitude to what was calculated by MMC for the ground water flux
through a similar cross sectional area beneath the Little Cherry Creek Tailings Impoundment (35
gpm). Using a ground water flux of 31 gpm (rather than 141 gpm) requires the hydraulic
conductivity to be lower (0.22 ft/day) because the other variables in the equation are fixed
(gradient and cross sectional area). A conductivity value of 0.22 ft/day is slightly higher than the
mean value for glacial till beneath the Little Cherry Creek Impoundment Site (0.1 ft/day) reported
by Klohn Crippen (2005).

The agencies calculated the maximum amount of water that could be conveyed away from the
site using a hydraulic conductivity value of 0.22 ft/day, and assuming the water table could rise to
within about 10 feet of the surface beneath the LAD Areas. The agencies assumed the water table
should remain 10 feet below ground surface beneath the LAD Areas so there would be sufficient
unsaturated zone to receive the percolating applied water. Because the cross-sectional area and
aquifer characteristics would not change during LAD, the hydraulic gradient would steepen to
allow more water to move away (downgradient) from the LAD Areas. The increased gradient is
estimated to be 0.122. The calculated gradient value of 0.122 is assumed to be the maximum
possible gradient with a depth to ground water of 10 feet beneath the LAD Areas. The agencies
estimate the ground water flux (preexisting ground water flux plus infiltrated application water) is
about 63 gpm, or about 32 gpm of LAD applied water (the difference between maximum possible
flux (63 gpm) and the pre-application ground water flux (31 gpm)). Factoring in precipitation and
evapotranspiration, the total maximum application rate to the LAD Areas would be about 130
gpm for a LAD Area of 200 acres (Appendix G).

The estimated application rate of 130 gpm that could be conveyed from the LAD Areas is more
restrictive than 344 gpm, a rate the agencies calculated using the EPA and USACE guidelines to
avoid runoff (EPA 2006b; Corps 1982b). To reduce the likelihood that springs and seeps would
develop downgradient of the LAD Areas or that the water table would come to the surface in the
LAD Areas, the agencies estimate the maximum application rate would be 130 gpm (for the 200
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acres proposed by MMC for land application at LAD Areas 1 and 2). MMC'’s proposed
application rate of 558 gpm would likely result in surface water runoff and increased spring and
seep flow on the downhill flanks of the LAD Areas.

The agencies estimated a ground water velocity and travel time between the LAD Areas and the
nearest surface water body to aid in planning downgradient ground water monitoring. Using a
range of effective porosity values of 1 to 10 percent, ground velocity is calculated to range from
about 100 feet per year to 1,000 feet per year. Assuming the nearest stream is about 800 feet
downhill from the LAD Areas, the ground water travel time is estimated to be between less than 1
year and 8 years. This calculation does not consider the existence of preferential flow paths that
would allow for higher ground water velocities, and a possible shorter travel time.

MMC proposed an alternate set of values for hydraulic conductivity (0.3 ft/day) and cross-
sectional width (15,000 feet) in calculating the maximum application rate (Geomatrix 2008b).
Because of the limited subsurface data available for the LAD Areas, it is not possible to refine the
estimated application rate beyond what is presented in this EIS. Therefore, the analysis presented
in this EIS uses more conservative assumptions versus what was suggested by MMC. The
maximum application rate would depend on the site conditions, and would have to be determined
on a performance basis by monitoring both water quality and quantity changes to the existing
ground water system. It is possible that monitoring would determine that the maximum
application rate would be higher or lower than estimated by this analysis. The LAD application
rates would be selected to ensure that ground water did not discharge to the surface as springs
between the LAD Areas and downgradient streams.

Springs and Seeps
The discharge rate of the existing spring (SP-21) between the two LAD Areas (Figure 72) may
increase as a result of land application of excess water. Assuming the LAD Areas are operated at
the maximum application rate of 130 gpm and the evaporation and precipitation rates assumed in
the calculation are representative of site conditions, there should be no increase in the number of
springs and/or seeps downgradient of the LAD Areas. Springs or seeps could develop because of
unidentified geologic heterogeneities that would result in preferential flow paths to the surface.
An increase in the overall water table elevation beneath the LAD Areas as a result of applying a
maximum of 130 gpm, based on the assumptions described previously, would have no adverse
impacts, with the exception of possible preferential flow paths that could result in increased
spring activity.

Ground Water Quality

Percolation from the LAD Areas would enter the ground water system and would discharge at
nearby springs and/or eventually to adjacent streams as diffuse flow. The existing ground water
quality beneath the LAD Areas would be altered because discharged wastewater percolating into
ground water beneath the LAD Areas would have higher concentrations of nitrate, several metals,
and total dissolved solids than the existing water quality (Appendix G). Results of the mass
balance are provided in Table 83.
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Table 83. Predicted Concentrations in Ground Water beneath the LAD Areas.

. Alternatives 3 and Ground Water
Parameter Alternative 2 Standard or BHES
4 .
Order Limit
During Construction
Total dissolved solids 376 384 200
Nitrate <26.03 <2.88 10
Antimony <0.005 <0.005 0.006
Cadmium <0.0004 <0.0004 0.005
Copper <0.002 <0.002 0.1
Iron <0.08 <0.08 0.2
Lead <0.002 <0.002 0.015
Manganese <0.04 <0.04 0.05
Silver <0.001 <0.001 0.1
Zinc <0.07 <0.07 0.1
During Mining
Total dissolved solids 346 353 200
Nitrate <17.32 <2.06 10
Antimony <0.009 <0.009 0.006
Cadmium <0.0003 <0.0003 0.005
Copper <0.007 <0.007 0.1
Iron <0.06 <0.06 0.2
Lead <0.001 <0.001 0.015
Manganese <0.08 <0.08 0.05
Silver <0.002 <0.002 0.1
Zinc <0.04 <0.04 0.1
During Post-Mining
Total dissolved solids 455 531 200
Nitrate <16.85 <2.20 10
Antimony <0.011 <0.013 0.006
Cadmium <0.0021 <0.0025 0.005
Copper <0.008 <0.009 0.1
Iron <0.07 <0.07 0.2
Lead <0.003 <0.003 0.015
Manganese <1.02 <1.22 0.05
Silver <0.004 <0.005 0.1
Zinc <0.05 <0.05 0.1

All concentrations are mg/L.

Predicted exceedances of BHES Order limits or ground water standards without additional treatment
beyond land application in Alternative 2, or beyond nitrate pretreatment and land application in
Alternatives 3 and 4 are shown in bold.

Concentrations of total dissolved solids, antimony, and manganese in all alternatives, nitrate in
Alternative 2, and zinc in Alternatives 3 and 4 are predicted to exceed ground water standards or
BHES Order nondegradation limits in one or more phases of mining. The predicted elevated
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concentrations would occur in ground water beneath and downgradient of the LAD Areas. During
the MPDES permitting process, the DEQ would determine if a mixing zone beneath and
downgradient of the LAD Areas would be allowed and, if so, would determine the mixing zone’s
size, configuration, and location. MMC requested a source-specific mixing zone for the LAD
Areas. The DEQ would determine if a source-specific mixing zone should be granted in
accordance with ARM 17.30.518. If DEQ granted a mixing zone, water quality changes may
occur and certain water quality standards may be exceeded within the mixing zone. The DEQ also
would determine where compliance with applicable standards would be measured.

Ground water beneath the LAD Areas would have higher concentrations of total dissolved solids,
nutrients, and metals as long as the seepage collection facilities at the tailings impoundment
operates and tailings water is discharged at the LAD Areas. Concentrations shown in Table 83 for
the post-mining period are those predicted to occur immediately after the mill ceased production.
As infiltrated precipitation mixed with water retained by the tailings, the quality of collected
tailings seepage would improve, and the concentrations beneath the LAD Areas would be less
than those shown in Table 83. The length of time tailings water may be discharged at the LAD
Areas is not known, but may be decades or more.

3.10.4.3 Alternative 3 — Agency Mitigated Poorman Impoundment Alternative
3.10.4.3.1 Mine Area

Ground Water Levels and Flow

Alternative 3 would have the similar effects and uncertainties on ground water levels overlying
the ore body and base flow in Rock Creek and East Fork Bull River as Alternative 2. If
hydrologic modeling during initial mine operations (by Year 5 of operations) determined that one
ore more bulkheads would be necessary to minimize changes in East Fork Rock Creek and East
Fork Bull River streamflows, MMC would submit a plan for bulkheads to the agencies for
approval. One or more bulkheads would be maintained underground, if necessary, after the plan’s
approval. The introduction of a 330-foot (100-meter) thick bulkhead in the agencies’ numerical
model reduced the post-mining ground water contribution from the mine void to the East Fork
Bull River by 50 percent, compared to Alternative 2. The addition of the bulkhead would increase
flow slightly to the Rock Creek drainage from the mine void, rather than reducing flow to that
drainage without a bulkhead. The agencies’ model predicted a bulkhead would increase post-
mining ground water pressure in the upper end of the mine void near Rock Lake and would cause
ground water to flow toward East Fork Rock Creek, rather than away from it. Ground water
pressure in the lower portion of the mine void (below the bulkhead) would be lower than without
the bulkhead, reducing ground water flow toward the East Fork Bull River.

In Alternative 3, two adits in addition to the Libby Adit would be in the Libby Creek drainage
near the existing Libby Adit. The Ramsey Adits would not be constructed. Changes in base flow
in Ramsey Creek would be nearly zero and not measurable in Alternative 3. Three adits in the
Libby Creek drainage may reduce base flow in Libby Creek more than predicted for Alternative
2, but the changes would be relatively small, and would depend on the additive effect of two
additional adits adjacent to the Libby Adit. The ground water drawdown resulting from inflow to
each of the three adits would overlap. The total water production of three adjacent adits would be
much less than three adits located beneath different drainages.
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Springs and Seeps and Ground Water Quality

Changes in spring and seeps, and ground water quality in the mine area in Alternative 3 would be
the same as Alternative 2. Alternative 3 would require implementation of Ground Water
Dependent Ecosystem Inventory and Monitoring (Appendix C), focusing on areas below an
elevation of about 5,600 feet. Such monitoring would assist in inventorying springs and seeps in
the mine area, and in evaluating mine-related changes to springs and seeps.

3.10.4.3.2 Tailings Impoundment

Ground Water Levels and Flow

The Poorman Tailings Impoundment location proposed in Alternative 3 would be located between
the Poorman Creek and Little Cherry Creek drainages. The available hydrogeologic data from
this proposed impoundment location indicate that the Poorman site is similar to the Little Cherry
Creek site with the exception of having generally higher hydraulic conductivity than the Little
Cherry Creek site. The effects of Alternative 3 would be similar to Alternative 2 (see section
3.10.4.2.2, Tailings Impoundment), with the following differences:

e Based on available data, there does not appear to be a buried channel on the Poorman
site, compared to the Little Cherry Creek site, which eliminates the concern of having
a high hydraulic conductivity conduit beneath an impoundment that could become a
preferential flow path for seepage from the impoundment.

e The impoundment would not be located directly in the Poorman Creek drainage, but
north of the drainage. Consequently, the predominant ground water flow direction
from beneath the impoundment is to the east toward Libby Creek, rather than toward
the much smaller Poorman Creek.

e Any tailings seepage that reached ground water would be more difficult to control
than at the Little Cherry Creek site.

In Alternative 3, the agencies identified a possible location for alluvial ground water wells to
supply make-up water to the mine, should mine inflow be inadequate for process purposes. To
provide any necessary make-up water requirements, a water supply well field located north of the
Seepage Collection Pond would draw from Libby Creek alluvial ground water (Figure 26). The
proposed well field location has surficial alluvial and glacial deposits up to 200 feet thick and
adequate flow in adjacent Libby Creek. Because the tailings would be deposited at a higher
density in Alternative 3, less water would be stored initially in the impoundment and more water
would be available for mill use. As in Alternative 2, the amount of make-up water required would
depend primarily on mine inflows and precipitation at the impoundment site. No make-up would
be needed if mine inflows were 800 gpm, and about 150 gpm would be needed if mine inflows
were 450 gpm. Ground water levels downgradient of the pumping wells would decrease while the
wells were pumped. Appropriately designed, located, and operated make-up wells providing up to
150 gpm would not substantially reduce upgradient alluvial ground water levels.

Springs and Seeps
Five springs were identified in the Poorman Tailings Impoundment Site (Figure 72). Springs SP-
26, SP-28, SP-29, and SP-30 would be covered by the impoundment; SP-27 would not be
affected. As in Alternative 2, it is possible that the increase in hydraulic head over the springs by
placement of saturated tailings would prevent future flow from the springs. Alternately, the
springs could discharge to the underdrain system beneath the impoundment and become part of
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the seepage collection system. No springs were identified below the Poorman Tailings
Impoundment Main Dam and a pumpback well system would not affect any spring flow.

Ground Water Quality

The effect of tailings seepage on existing ground water quality beneath the impoundment is
provided in Table 82. Ground water flow beneath the Poorman Impoundment Site is estimated to
be slightly higher than at the Little Cherry Creek site. Based on the mass balance calculations, the
predicted manganese concentration in ground water would be greater than the BHES Order
nondegradation limit of 0.05 mg/L in all three periods. The process of any approval by the DEQ
of any mixing zone and compliance with applicable standards in Alternative 3 would be the same
as Alternative 2.

Post-operations water quality would be similar to Alternative 2. MMC would maintain and
operate necessary seepage collection facilities until water quality standards and MPDES permit
limits were met, without treatment, in all receiving waters. The length of time these closure
activities would occur is not known, but may be decades or more.

3.10.4.3.3 LAD Areas

Ground Water Levels and Flow

The environmental consequences described for Alternative 2 (section 3.10.4.2.3, LAD Areas)
would apply to Alternative 3 with the following exception. In Alternative 3, the location and
configuration of the LAD Areas are slightly changed, increasing the area from 200 acres to 307
acres. Because of the proposed changes to the total LAD Area, the calculated ground water flux
and calculated maximum application rate would be higher. The calculated preapplication ground
water flux for Alternative 3 is about 46 gpm and the calculated maximum application rate would
be about 198 gpm.

Springs and Seeps
The effects of Alternative 3 on springs and seeps in the LAD Areas would be the same as
Alternative 2 (section 3.10.4.2.3, LAD Areas).

Ground Water Quality

Ground water quality at the LAD Areas would be similar to Alternative 2 (section 3.10.4.2.3,
LAD Areas). Treatment of wastewater for nitrates prior to LAD may be required in
Alternatives 3 and 4. Such treatment also may reduce the concentrations of total dissolved
solids and metals in discharged wastewater. Results of the mass balance analysis are provided
in Table 83.

BHES Order nondegradation limits for total dissolved solids and manganese are predicted to be
exceeded in ground water without treatment prior to application (the manganese exceedance is in
part due to the ambient ground water concentration exceeding the BHES Order nondegradation
limit). If excess mine/adit water discharged at the LAD Areas would result in exceedances of
applicable ground water standards beyond the boundaries of the mixing zone, MMC has
committed to treating the water at the Libby Adit treatment facility and, if needed, an additional
water treatment facility. The process of any approval by the DEQ of any mixing zone and
compliance with applicable standards in Alternative 3 would be the same as Alternative 2.
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Ground water beneath the LAD Areas would have higher concentrations of total dissolved solids,
nutrients, and metals as long as the seepage collection facilities at the tailings impoundment
operates and tailings water is discharged at the LAD Areas. The length of time these closure
activities would occur is not known, but may be decades or more.

An identified spring between the two LAD Areas (SP-21, see Figure 72) would be part of the
hydrology monitoring plan (Appendix C). Inclusion of this spring in the monitoring plan would
better detect potential changes in water quality beneath LAD Area 1.

3.10.4.4 Alternative 4 — Agency Mitigated Little Cherry Creek Impoundment
Alternative

3.10.4.4.1 Mine Area

Alternative 4 would have the same effects and uncertainties on ground water levels and springs
and seeps overlying the ore body and base flow in Rock Creek and East Fork Bull River as
Alternative 3 (section 3.10.4.3.1, Mine Area). The effects of the Libby Adits would be the same as
Alternative 3. The effect of make-up wells on ground water levels in Alternative 4 would be the
same as Alternative 2 (section 3.10.4.2.2, Tailings Impoundment). The agencies identified a well
field location between Libby Creek and the Little Cherry Creek Impoundment.

3.10.4.4.2 Tailings Impoundment

Changes in ground water flow and quality, as well as in springs and seeps in the Little Cherry
Creek Tailings Impoundment Site in Alternative 4 during and after operations, would be the same
as Alternative 2. Ground water monitoring would be different from Alternative 2 (Appendix C),
and would better detect changes in springs and seeps. The process of approval by the DEQ of any
mixing zone in Alternative 4 also would be the same as Alternative 2 (section 3.10.4.2.2, Tailings
Impoundment).

The amount of seepage collected by the seepage collection facilities may be increased by locating
the Seepage Collection Pond with respect to the local geologic conditions. Geotechnical
investigations at the Little Cherry Creek Impoundment Site were conducted on behalf of Noranda
between 1988 and 1990. Noranda reported that bedrock is exposed in the Little Cherry Creek
channel and bedrock extended about 800 feet downstream of the proposed Seepage Collection
Dam (Morrison-Knudsen Engineers, Inc. 1990). Ground water modeling conducted by MMC
(Klohn Crippen 2005) and independently verified by the agencies (USDA Forest Service 2008a)
assumed that the fractured bedrock strata in the Little Cherry Creek drainage is the primary
aquifer for ground water flow at the site. The modeling indicated that any tailings seepage not
intercepted by the seepage collection and pumpback well systems would likely discharge to the
Little Cherry Creek watershed through the fractured bedrock aquifer (USDA Forest Service
2008a). If not intercepted, some of the seepage may flow to Libby Creek via a buried channel
beneath the impoundment site. Klohn Crippen (2005) estimated 80 percent of the existing ground
water flows toward Little Cherry Creek and 20 percent flows toward Libby Creek via the buried
channel. Any tailings seepage is likely to follow existing ground water flow paths. Consequently,
siting the Seepage Collection Dam at or below the location where bedrock outcrops in the Little
Cherry Creek drainage would increase the likelihood that the seepage would be collected by the
dam. In Alternative 4, MMC would conduct additional geotechnical work near the Seepage
Collection Dam during final design and site the dam lower in the drainage if technically feasible.

Draft Environmental Impact Statement for the Montanore Project 445



Chapter 3 Affected Environment and Environmental Consequences

3.10.4.4.3 LAD Areas

Changes in ground water flow and quality during and after operations, as well as in springs and
seeps in the LAD Areas, in Alternative 4 would be the same as Alternative 3 (section 3.10.4.3.3,
LAD Areas. The process of approval by the DEQ of any mixing zone in Alternative 4 also would
be the same as Alternative 2 (section 3.10.4.2.2, Tailings Impoundment).

3.10.4.4.4 Ground Water Monitoring

A GDE inventory of an area overlying the mine area and subsequent monitoring of GDEs
(Appendix C) would be completed in Alternative 4, as described in Alternative 3. A spring
between the two LAD Areas (SP-21 see Figure 72) would be part of the hydrology monitoring
plan (Appendix C). In addition, flow from springs SP-02, SP-10, S-12, SP-14, SP-15, and SP-29
in the Little Cherry Creek Impoundment Site (Figure 41) would be measured twice in Alternative
4, once in early June when the area was initially accessible, and once between mid-August and
mid-September 1 year before construction began. (Springs SP-02 and SP-15 would not be
monitored if they were covered by impoundment facilities.) Samples from these springs would be
collected 1 year before construction began and analyzed for total dissolved solids, nitrate +
nitrite, sulfate, antimony, and manganese. Sampling would be repeated every 2 years until tailings
disposal ceased. At each spring, a vegetation survey would be completed 1 year before
construction began; the survey and establishment of “trigger plants” would be the same as
Alternative 3 (Appendix C). Such monitoring would assist in inventorying springs and seeps in
the tailings impoundment area, and in evaluating mine-related changes to springs and seeps.

3.10.4.5 Cumulative Effects

3.10.4.5.1 Past and Current Actions

The Heidelberg Adit is a horizontal tunnel that was constructed in the 1920s. The adit extends
about 790 feet into a cliff face located along East Fork Rock Creek about 850 vertical feet below
Rock Lake. Ground water flow from the adit is reported to range from 45 to 135 gpm (Gurrieri
2001). In September 2007, flow from the adit was estimated to be 50 gpm and because of dry
conditions at the time of the site visit, this flow is considered to be base flow from bedrock.
Because flow data were apparently not collected prior to construction of this adit, it is not known
if the adit outflow affected base flow in nearby East Fork Rock Creek.

The Libby Adit was constructed between 1990 and 1991 by Noranda and is about 14,000 feet
long. Ground water inflow to the adit increased as the adit was driven, peaking at 239 gpm. The
steady state flow from the adit was 150 gpm. Surface flow monitoring was insufficient to identify
possible reductions in base flow in Libby Creek. It is not known whether changes in base flow, if
they occurred, would have been measurable. There were no ground water piezometers at the time
the adit was constructed to identify changes in ground water levels near the adit.

3.10.4.5.2 Rock Creek Project

The agencies’ numerical ground water model was used to assess the cumulative effects of the
Montanore and Rock Creek mines. The approximate footprint of the Rock Creek Mine was used
in the existing agencies’ numerical Montanore model. Using the same conceptual model as used
in the agencies’ Montanore numerical model, simultaneous operation of the two mines was
modeled to determine the steady-state drawdown in the region and the resulting reduction in
ground water contribution to surface water.
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The agencies’ numerical model predicts that the combined drawdown from the Rock Creek and
Montanore mines would merge in the area between the two mines (Figure 74). The agencies’
numerical model indicates that only the westernmost portion of the Montanore drawdown cone
and the easternmost portion of the Rock Creek drawdown cone would be affected by dewatering
at the other mine. The model predicts that there would be more drawdown in the area between the
two mines, in response to dewatering activities at both mines, as opposed to drawdown created by
a single mine. During the post-mining period, the steady state recovered drawdown cones of the
two mines are predicted to merge in the area between the two mines (Figure 75).

Other than ground water drawdown, potential impacts to ground water would be expressed by
changes to ground water flow to streams, and springs. Because there is no comprehensive
inventory of springs in the area, only ground water contribution to major streams was considered
as a measure of the potential impact to ground water. The cumulative analysis predicts the base
flow in East Fork Rock Creek and East Fork Bull River would decrease as a result of drawdown
from the two mines (ERO Resources Corp. 2008b). No additional impacts would occur in Libby
Creek or Ramsey Creek from the Rock Creek Mine. Although the model was calibrated to base
flow data, the significance of this analysis is not the absolute values of flow reported for the
various drainages, but rather the predicted changes in each drainage relative to the modeled base
flow.

The agencies’ numerical model predicted mining period changes to base flow in the upper reaches
of each drainage of Rock Creek and East Fork Bull River that are relatively large compared to
calculated pre-mining base flow (ERO Resources Corp. 2008b). This indicates that the base flow
in the upper reaches of each stream could be reduced in the first mile below St. Paul Lake and
Rock Lake. The agencies’ numerical model indicates that portions of East Fork Rock Creek south
of the proposed Rock Creek Mine would experience additional reduction to base flow (ERO
Resources Corp. 2008b). The agencies’ numerical model also predicts reductions in base flow
during the post-mining period, but they are relatively small compared to the predicted base flow
and may not be measurable.

3.10.4.5.3 Other Reasonably Foreseeable Actions

No other reasonably foreseeable actions would have cumulative effects on ground water flow or
quality.

3.10.4.6 Regulatory/Forest Plan Consistency

All mine and transmission line alternatives would be in compliance with the Montana Water
Quality Act because construction, operation, and closure of the mine and transmission line under
all alternatives would be in compliance with all applicable water quality standards and permit
requirements.

3.10.4.7 Irreversible and Irretrievable Commitments

A certain percentage of the total precipitation that falls in the Cabinet Mountains flows from the
mountains as surface and ground water. The total yield varies from year-to-year as a function of
the total precipitation and varying amounts of evapotranspiration. During the mining period, a
certain amount of water would be consumptively used by the project, reducing the total yield of
the region by that amount. Relative to the total yield, the consumptively used volume is expected
to be small. The reduction in yield would be an irretrievable commitment of resources.
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After the mine void filled, the total water yield of the region would return to pre-mining
conditions, but because of the large mine void, the distribution of water produced along the
headwaters of the four major streams that drain the area may be changed permanently. The large
mine void with an infinitely high hydraulic conductivity would permanently change the ground
water flow paths. The post-mining analysis indicates that changes in ground water contributions
to streams are expected to be relatively small compared to the total flow and the changes would
probably not be measurable. If the ground water flow system were controlled by structural trends,
reduction in base flow may be focused in one or more of the drainages along structural trends.
Any change in base flow would be an irreversible commitment of resources.

Because of the permanent change in ground water flow paths, there may be slight changes in the
relative contribution of deeper and shallow ground water to surface water bodies such as Rock
Lake. The resulting water quality changes would be small and may not be measurable. These
changes would be an irreversible commitment of resources.

Springs would be irreversibly covered by the tailings impoundment in all action alternatives.

3.10.4.8 Short-term Uses and Long-term Productivity

As described above, there would be a short-term reduction in available water from this portion of
the Cabinet Mountains equal to the consumptive use of the mine. Given the overall flow rate of
streams from this area, the total short-term change would be small. There would be no long-term
reduction in water availability of this area, but the distribution among the four major drainages
may be slightly altered.

3.10.4.9 Unavoidable Adverse Environmental Effects

The consumptive use of ground water by the project would unavoidably reduce the total water
yield from this portion of the Cabinet Mountains. The anticipated consumptive use is expected to
be small relative to the total water yield of this area. Water yield would remain reduced until the
project no longer consumptively uses water, and then slowly return to the pre-mining yield as the
mine void filled, which would require about 50 years. An additional estimated 20 years would be
required for the drawdown cone above the mine void to recover to near pre-mining conditions.
Total yield would be the same after the mine void reached static conditions, when recharge
equaled discharge.

Seepage from the tailings impoundment in any action alternative would alter the quality of
ground water in a mixing zone primarily by increasing the concentrations of nitrogen and some
metals. Similarly, discharges at the LAD Areas would have similar effects on ground water
quality, if not treated. Ground water quality effects would decrease following mining operations
as seepage decreased. Some seepage from the tailings facility would continue in perpetuity. The
tailings are not anticipated to be acid generating, and the quality of the discharge would remain
the same or improve with time. Any permanent change in ground water quality in the tailings
impoundment area would be an irreversible commitment of resources.
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3.11 Surface Water Hydrology

This section provides information on existing analysis area streams, springs and lakes, and
potential consequences to streamflows, spring flows, and lake levels resulting from the mine and
transmission line alternatives. Surface water quality is discussed in section 3.12, Surface Water

Quality.
3.11.1 Regulatory Framework

3.11.1.1 Applicable State Standards

For all state waters, existing and anticipated uses must be maintained and protected. The
following uses are prohibited within floodways and floodplains, unless a variance is obtained:

e Astructure or excavation that would cause water to be diverted from the established
floodway, cause erosion, obstruct the natural flow of water, or reduce the carrying
capacity of the floodway

e The construction or permanent storage of objects subject to flotation or movement
during flood events (76-5-403, MCA)

For the mine, a variance application must be submitted to the state that provides details on the
obstruction or use of a floodway/floodplain and a permit received prior to construction. Approval
of a variance is based on the danger to life and property downstream, availability of alternate
locations, possible mitigation to reduce the danger, and the permanence of the obstruction or use
(76-5-405, MCA). The MFSA directs the DEQ to approve a facility if, in conjunction with other
findings, the DEQ finds and determines that the facility would minimize adverse environmental
impacts considering the state of available technology and the nature and economics of the various
alternatives. A floodplain permit would not be needed for the transmission line if a MFSA
certificate is approved.

3.11.2 Analysis Area and Methods

3.11.2.1 Analysis Area

The geographic scope of the analysis area includes all areas where surface water may be affected
either by mine operations or by installation and maintenance of the transmission line. This area
includes the Ramsey Creek, Poorman Creek, Bear Creek, Libby Creek, Miller Creek, West Fisher
Creek, Fisher River, Rock Creek and East Fork Bull River watersheds (Figure 76).

3.11.2.2 Baseline Data Collection

Water resource baseline investigations were initiated in the analysis area by U.S. Borax in 1986
and 1987, continued by Noranda in 1988 through 1994 and by MMC in 2004 and 2005
(Geomatrix 2006d). In addition, the DEQ collected water resources information in the CMW in
1998 to 2000, followed by additional surface water data collection in the CMW by MMC in 2005.
Streamflow measurements were collected in the analysis area by the KNF between 1960 and
2006. Additional streamflow measurements also were collected by Noranda and MMC from 1998
through 1995 and 2001 through 2005 and by the DEQ in 1998 to 2000. Streamflow monitoring
stations are shown on Figure 76. Gaged streamflow sites are on Libby Creek at U.S. 2, West
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Fisher Creek, Miller Creek, lower East Fork Bull River, and lower Rock Creek. Four gaged sites
also are on the Fisher River. The Northern Region of the Forest Service is conducting a long-term
air quality study, which began in 1992, that includes lake chemistry monitoring of Upper and
Lower Libby Lakes. Surface water investigations included a review of previous permits and
authorizations, existing water use, an analysis of the watersheds potentially impacted by the
project, floodplain mapping, streamflow, spring flow, peak streamflow calculations, and surface
water quality sampling.

3.11.2.3 Impact Analysis

To determine changes in streamflows, spring flows, and lake levels that may occur during mine
construction, operations, and post-mining, MMC’s plans for capturing, using, and discharging
water within each affected watershed were evaluated. This includes alterations in streamflows and
the capture of precipitation and runoff. In addition, because the mine would intercept ground
water that may be a source of water to springs, lakes, and streams, the effects to surface water
from underground mining also were evaluated.

To determine if mine or transmission line facilities would be located within designated 100-year
floodplains, a GIS analysis was completed by overlaying the proposed facilities over the FEMA
Q3 flood data for Sanders and Lincoln counties. GIS analysis for the transmission line
alternatives included comparing the stream and floodplain crossings required for the mine and
transmission line alternatives, providing the watershed acreage for Class 1 and 2 streams where
roads would be built or trees cleared for other purposes, and determining the acreages of
disturbance for 303(d)-listed streams.

A two-dimensional numerical model of the Montanore mine area was developed to assess mine
inflow and changes to base flow (ERO Resources Corp. 2008b). The primary objective of using
this model was to establish a hydrogeologic framework that could be used to evaluate potential
mine impacts and develop possible impact mitigation. The base flow of the mine area streams
was modeled, as was the interaction of stream base flow with the ground water system.

To assess the effects of streamflow changes resulting from a tailings impoundment for each
alternative, the agencies analyzed the changes in watershed areas as an indicator of possible
streamflow changes (ERO Resources Corp. 2008a in Appendix H). It was assumed that watershed
area is directly related to streamflow in the receiving stream of each watershed and that
differences in runoff due to elevation, soil type, vegetative cover, slope, and aspect are negligible
across the analysis area. Within the small watersheds of the tailings impoundment sites, these
differences are likely small. The existing footprints for the tailings impoundments and associated
facilities were plotted over the watershed boundaries. Changes to all watersheds were either
added or subtracted from the existing watershed area, dependi