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EXECUTIVE SUMMARY
INTRODUCTION

The Beal Mountain Mine is located in the headwaters of German Guich in the Pioneer Mountains, Silver
Bow County Montana, about 16 miles west-southwest of Butte and |0 miles south-southwest of
Fairmont (Gregson) Hot Springs. The mine is primarily situated on land managed or controlled by the
United States Department of Agriculture, Forest Service (USDA-FS), Beaverhead-Deerlodge National
Forest (B-DNF).

The Beal Mountain Mine completed mining operations in 1997 and gold recovery from the pad in 1999,
with reclamation of the mine disturbances continuing through 2003. With a filing of bankruptcy in 1998,
and exhaustion of bonding funds to complete reclamation, the USDA-FS, in cooperation with the
Montana Department of Environmental Quality (MDEQ), became the lead agency responsible for final
mine closure. As the land management agency, the USDA-FS placed the mine closure under its
CERCLA (Comprehensive Environmental Responsibility, Compensation, and Liability Act) authority, and
determined that the non-time-critical removal action process would be followed for mine closure. As
part of that process, the USDA-FS contracted with Maxim Technologies, Inc.® (Maxim) to develop an
Engineering Evaluation/Cost Analysis (EE/CA) that will evaluate final closure options for the Beal
Mountain Mine.

The USDA-FS goal for the site is to close the mine and allow for the area to return to its multiple use
state. Although the majority of the mine property has been reclaimed, there are several ongoing
operational and maintenance requirements that need to be met before final closure. To complete the
closure, there are several remaining data gaps that need to be investigated to address outstanding issues
that potentially impact human health and the environment. These issues include the long-term
geochemical reactivity of mine wastes (including both acidity and the release of selenium to the
environment from several potential mine sources), geotechnical stability of the pit highwall and leach pad
dike, infiltration into the leach pad, and treatment and disposal of remaining heap leach solution.

This Existing Conditions Report has been prepared in advance of the EE/CA and presents a summary of
existing conditions that describes the natural environmental setting and the specific site conditions that
have resulted from operation and closure activities completed to date at the Beal Mountain Mine.

MINING

Beal Mountain Mining, Inc. mined two small low-grade gold-silver deposits, Beal Mountain and South
Beal, in open pits from 1988 through 1997. In all some 14,807,100 tons of ore and 20,300,000 tons of
waste were mined. Early waste rock production from the Beal Mountain pit was used to construct an
embankment or containment dike for the leach pad. Later, waste rock from the Beal Mountain pit was
placed on a waste rock dump and was used for haul road construction foundations. Waste rock from
the South Beal pit was used to partially backfill the Beal Mountain pit and as a cover for portions of the
waste rock dumps and leach pad. A portion of South Beal pit waste rock was also disposed in the waste
rock dump.

Major facilities at the site include: two open pit mines; a waste rock disposal area; a heap leach pad with
a large containment dike or embankment along its southern flank and a smaller one on its north side;
ore stockpile and crushing/agglomeration facility area; processing plant area; a water treatment plant; an
onsite maintenance shop/warehouse and fuel storage area; and an offsite office/warehouse complex.
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During reclamation and closure the processing plant was converted to a water treatment facility.
Several ponds are also used at the mine site. Ancillary facilities included access and haul roads, soil
storage piles, drainage systems and two pump stations in German Gulch.

EXISTING ENVIRONMENT

Hydrology

German Gulch is the principal drainage in the Beal Mountain Mine area. German Gulch collects water
from most of the main mining facilities including the Beal Mountain and South Beal pits, and the waste
rock dump. Minnesota Gulch lies to the north of German Gulch and drains the north side of Beal’s Hill.
As the topographic divide between German and Minnesota Gulches occurs beneath the leach pad facility
with the largest portion of the facility draining to the south into German Gulch, water falling on the heap
leach facility flows both to Minnesota and German Gulches. Maximum streamflow in German and
Minnesota gulches typically occurs between mid-April and late June, and seasonally low flows typically
occur in late fall and winter. Minnesota Gulch drains the area north of the leach pad and most of the
land application areas.

Surface Water Quality

Existing conditions for surface water quality were reviewed for 2003. Surface water in the German
Gulch drainage is generally a calcium bicarbonate type (hardness of 74 milligrams per liter (mg/L) to 339
mg/L) and is poorly buffered. During 2003, German Gulch exhibited pH values that ranged from 7.3 to
8.5 standard units (su).

Concentrations of nitrate in all 2003 surface water samples were below the maximum contaminant level
(MCL) of 10 mg/L, with nitrate concentrations in samples collected from German Gulch increasing
downstream to STA-3A then decreasing below this point. This trend was also true for sulfate
concentrations in German Gulch (i.e. STA-3A containing the highest average concentrations).
Concentrations of sulfate measured in 2003 are also below the secondary maximum contaminant levels
for all except the May 2003 sampling event at stations STA-3 and STA-3A where the values were 368
and 280 mg/L respectively.

During 2003, total recoverable concentrations of most metals or metalloids, including arsenic, copper,
and iron were below chronic aquatic life standards. Total recoverable iron concentrations in German
Gulch stations did exceed the secondary MCL in some of the monthly samples collected near the mine
site.

Total recoverable selenium concentrations measured during 2003 in German Gulch at STA-4 and all
stations downstream of STA-3A are below the chronic aquatic life standard for selenium of 0.005 mg/L,
primarily because most of the flow collected from the toe of the waste rock dump that contains the
highest concentrations of selenium is captured before it can enter German Gulch. Concentrations of
selenium measured in all of the surface water samples collected in 2003 from STA-3 and STA-3A
exceeded the chronic aquatic life standard, but none exceed the acute aquatic life standard. Selenium
concentrations measured in surface water samples from stations STA-4, STA-3, and STA-3A reached
their highest levels between 1997 and 1999 and have generally declined since then.

In September 2003, the USDA-FS conducted a metal loading study in German Gulch (Gurrieri, 2003).
The purpose of this study was to characterize selenium concentrations and identify possible sources
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contributing selenium to German Gulch during low flow conditions. Results of the study indicated that
all main stem-sampling sites above the road crossing of German Gulch near the main Beal pit mouth had
selenium concentrations below the chronic aquatic life criteria of 0.005 mg/L. Selenium, sulfate, and
nitrate concentrations increase appreciably below this point, which is a large flow-volume right bank
tributary that discharges just below the culvert crossing. This right-bank tributary contributes as much
as 65 percent of the total load encountered in the reach of German Gulch that was included in the
synoptic study. Subsurface inflow at this point is considerable and was calculated to contribute as much
as 46 percent of the measured load. Therefore, most of this subsurface selenium loading occurred in
the reach of German Gulch within and downstream of a very short reach (approximately 300 feet).
Using water quality data below the study reach, the greatest increase in selenium and sulfate loading
occurred between STA-3 (5000 feet downstream of STA-4) and STA-2 (about 13,000 feet downstream
of station STA-4). Loads of selenium and sulfate decrease below STA2.

The study identified potential sources of selenium including the waste-rock dump, waste material used
as road fill, and the leach pad where waste rock was used to construct the leach pad containment dike.
The chemical signature of selenium, sulfate, and nitrate are indicators of contamination from waste rock.
The study also concluded that ground water discharging to German Gulch from faults that cross the
valley in the vicinity of the Beal Mountain pit are probably not a source of selenium because the pit
water has low to negligible selenium concentrations.

Groundwater Occurrence and Flow

Groundwater in the study area occurs in fractured bedrock, colluvium, alluvium, and backfill material
within the Beal Mountain pit. Groundwater flow is controlled by the presence and location of
unconsolidated materials and by the orientation of fractures and faults in bedrock. Groundwater is
recharged by snowmelt and precipitation events. This water percolates vertically through overlying
colluvial material and into bedrock fractures. Groundwater in unconsolidated material generally occurs
under unconfined conditions. The degree of hydraulic communication between groundwater in
unconsolidated material and the underlying bedrock fracture system varies based on the nature of the
unconsolidated material and its topographic position.

The potentiometric surface generally parallels the topographic surface and groundwater flow is generally
from the ridge tops toward German Gulch. However, groundwater flow in bedrock appears to be
anisotropic and controlled by faults, joints, and fractures and the presence of low permeability igneous
intrusions and clay seems within bedrock. Major faults within the area include the Beal Shear, the Gully
Fault, and German Gulch Fault. Unfractured bedrock generally has very low permeability. These faults
have likely created preferential pathways for groundwater flow due to the increase fracturing of rock
near or adjacent to the faults. In some cases, cross-fault permeability within faults zones is relatively low
due the presence of fault gouge.

Hydrographs for paired well locations along German Gulch where one well is completed in
colluvium/alluvium and is adjacent to a bedrock well show that groundwater elevations are higher in
bedrock than in adjacent alluvium, indicating that vertical hydraulic gradients are upward from bedrock
into the overlying alluvial material. This implies that groundwater is discharging from the bedrock
system to the alluvial system. Water in alluvium likely flows parallel to the creek and discharges to the
creek.
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Groundwater Quality

Comparison of water quality data from monitoring wells to groundwater standards (MCLs) indicates
that June, July, August, and November 2003 samples from one well in the land application disposal
(LAD) area exceeded standards for cyanide. Cyanide was generally not detected in monitoring wells in
the LAD area prior to 2001 when land application of treated water from the leach pad was initiated.
Since that time, cyanide concentrations in the one monitoring well in the LAD area and in the wells
placed near the process pond and leach pad have increased. In addition, springs located within and
downhill of the land application area show appreciable increases in cyanide and selenium concentrations
since land application began in 2001. Land application was discontinued in November of 2003.

Selenium and sulfate concentrations increased in colluvial wells located north of the northern portion of
the leach pad dike, which was constructed with unoxidized waste rock from the Beal Mountain pit. This
may have resulted from the flushing of soluble selenium from this rock that infiltrated into shallow
groundwater in this area.

Springs sampled at the toe of the waste rock dump have shown impacts of water draining trough waste
rock. Concentrations of selenium, sulfate, nitrate, and total dissolved solids are elevated in these
springs. A comparison of selenium and nitrate concentrations in wells located in the waste rock toe
area indicates that selenium and nitrate impacts are much more pronounced in shallow alluvial
groundwater than in the underlying bedrock. Sulfate began increasing in groundwater in both bedrock
and alluvium at that location in about 1992 and has been increasing since.

Groundwater samples from wells adjacent to German Gulch downstream of the Beal Mountain pit
exceeded the MCL for iron and contained relatively high concentrations of total dissolved solids and
sulfate. Selenium concentrations increased slightly in alluvial and bedrock groundwater in these wells
from 1993 to 1995, with another increase in selenium concentrations noted in bedrock groundwater in
2001. Changes in selenium concentrations in surface water in German Gulch at STA-3 parallel changes
in the bedrock well near this station, suggesting good communication between surface and groundwater
at this location.

Rock Geochemistry

Geochemical data were collected and analyzed to evaluate the risk of acid rock drainage (ARD)
formation using static and kinetic test methods, and to predict trace element release by weathered
mined material or in pit highwalls. Related studies evaluated the mineralogy of weathered and
unweathered rock, and characterized rocks that would be exposed in the ultimate Beal Mountain pit
highwall as a basis for predicting post-mine water quality.

The mineralogy of ore and waste, and thus the geochemistry, varies across the mined deposit. Rock
mined from a particular area may have been placed as waste rock on the dump, as fill for construction,
or as post-mine backfill. Roughly one-third of waste rock and ore mined from the Beal Mountain pit is
potentially acid generating based on static tests and another third is not. Remaining waste rock and ore
have uncertain potential to generate acid.

Kinetic tests showed variable potential for ARD generation and trace element release; most columns,
while maintaining a near-neutral pH, were maintaining or increasing sulfate release rates with declining
alkalinity. Mineralogy showed variable alteration and some degree of encapsulation of sulfide minerals,
which may explain the slow reaction rates. It isn’t clear from the data that all samples would remain
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non-acidic if kinetic tests were conducted for longer periods. Some trace element release is likely to
occur, including aluminum, arsenic, copper, iron, selenium, and zinc. As the waste rock dump is
primarily composed of waste mined from the Beal Mountain pit (except for cover materials and some
waste from the South Beal pit), the potential for ARD and metal mobility at this facility are expected to
be similar to rock from the Beal Mountain pit. The heap leach embankment and the haul road prism
were also constructed with waste rock from the Beal Mountain pit.

Data collected during static and kinetic testing of South Beal pit ore and waste rock suggest a low
potential for ARD from the pit highwalls and waste rock, and a high potential from residual ore. During
reclamation, the entire South Beal pit was regraded and covered with South Beal pit waste, topsoiled,
and revegetated. While South Beal ore presents a high risk of ARD, it is unlikely that the relatively small
amount of residual ore remaining in the buried pit walls will generate enough acidity to overwhelm the
neutralization potential of the surrounding rock. While limited, the available data for evaluating metal
mobility indicate that leachate from South Beal rock will be of good quality.

Analyses of spent ore were used to characterize material on the leach pad. Static testing of spent ore
indicates that material contained in the leach pad has a high potential for acid generation. However,
kinetic testing of spent ore and pad solution pH measurements indicate low ARD risk. It is possible
that, while spent ore poses a risk of ARD, the high pH of the barren/pad solution is buffering acid
generation in the heap leach pad. It is noteworthy that pH and alkalinity have decreased somewhat
following cessation of leaching operations indicating that the neutralizing capability of the heap is slowly
being depleted. Kinetic test data indicate that leachate from the spent ore will be of generally good
quality with possible exceedances of human health based standards for arsenic. Barren/pad solution
analyses indicate that most metal concentrations in the heap are near equilibrium with elevated levels of
selenium, iron, and copper. Selenium and copper concentrations in pad solution appear to be declining.

Aquatics

Selenium was found to be elevated in fish whole-body tissues from middle German Gulch, while levels
were not elevated in Minnesota Gulch or Beefstraight Creek. Physical habitat conditions in the German
Gulch watershed have been influenced by historic placer mine dredging activities as well as current
livestock use. Biotic conditions, including benthic macroinvertebrates communities and fish, are exposed
to elevated levels of selenium in the water column as well as bed load sediment. This exposure is
primarily occurring in the upper and middle reaches of German Gulch (STA-3A, STA-2). The result of
this exposure is elevated selenium in both macroinvertebrates and fish, which may result in impacts to
fish populations, including westslope cutthroat trout.

Studies conducted in the German Gulch subwatershed in 2003 also quantified effects of cyanide
concentrations in surface water draining the mine and LAD areas. Results of a bioassay study showed
100% survival of hatchery westslope cutthroat trout placed in cages in Beefstraight Creek and Norton
Gulch for 10 days. Plasma extracted from blood collected from brook trout in German Gulch and
Beefstraight Creek showed the highest thiocyanate levels in fish from Beefstraight Creek. Fish from the
control stream, Divide Creek, had higher concentrations of thiocyanate in plasma than German Gulch
fish. These same results were mirrored by the hepatosomatic index values calculated for brook trout
collected during the same period. Fish collected from German Gulch had the greatest number of eggs
and the largest size of eggs, followed fish in Beefstraight Creek and then by Divide Creek. These
differences were not significant but were consistent with findings in other studies that showed reduced
fecundity following prolonged cyanide exposure.
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LAD Areas

Land application of treated water at the Beal Mountain Mine site was conducted during three time
periods: from 1994 to 2003, land application was used to dispose of captured water from the toe of the
waste rock dump and pit area; in 1995, a limited, one-time application of treated solution was disposed;
and, between 2001 and 2003, an extensive application of treated heap leach solutions were disposed. In
1995, land application occurred over a period of several days, and involved disposal of a total of 5.33 M
gallons of water. Following this operation, impacts to meadow vegetation and downslope conifers were
observed, including a browning and dying off of foliage. Studies performed in 1999 and 2000 suggest that
thiocyanate concentrations in the solutions applied may have contributed to the observed impacts to
vegetation, as well as elevated salt content and peroxide concentrations.

In 2001, as part of final mine closure operations, a biological treatment plant was constructed at the
mine to treat leach pad solution prior to its disposal in land application areas. Treated solution was
applied via drip lines and sprinklers on several small land application cells comprising a total of
approximately 31 acres within the overall permitted LAD area. A total of 152,084,681 gallons of
solution were treated and applied more or less continuously between July 2001 and November 2003.
Overall, vegetation in the LAD area was not severely impacted based on field observations.

Of primary concern with respect to selenium is the accumulation in plant tissue and the potential effects
on wildlife. The amount of selenium that can lead to chronic or acute toxicity varies by species, but a
continuous dietary intake value of less than 2.0 milligrams per kilogram (mg/kg) is generally considered
safe for all species. Plant tissue data from Beal shows that the majority of samples have selenium values
of less than 2.0 mg/kg. The risk to grazing animals from selenium toxicity is likely limited because of the
small acreage treated. Long-term effects of land application on surface and groundwater resources
would be expected to be limited to those observed to date within the land application area.

IsSUES RELATED To EXISTING CONDITIONS OF MINE FACILITIES

Pit Wall and Leach Pad Stability

There are currently two active slides in the Beal Mountain pit area, the west wall and the clay/sill slide.
These slides are wedge-shaped blocks of metasediments that move along clay layers which dip at a low
angle to the northeast and are likely occur along minor thrust faults parallel to the regional thrusts.
Near vertical northwest trending joints and shears border the blocks along their northeast and
southwest boundaries.

The west wall slide has moved across and into the Beal Mountain pit in an eastward direction. During
active mining, movement of this slide was reported in the range of 10 to as much as 100 feet per year.
A large portion of this movement resulted from undercutting the toe of the slide during Beal Mountain
pit mining operations. Based on analysis of projected slide configurations, it is projected that the west
wall slide may move as much as another 200 feet before movement ceases.

The clay/sill slide is a relatively small slide located immediately south of the southern corner of the heap
leach pad and to the immediate north of the west wall slide. The slide moves along a clay layer that is
similar to the west wall slide. The vertical Gully Fault bounds the slide to the northeast and apparently
cuts off the clay layers to the northeast of the fault (therefore, they do not extend under the heap leach
embankment). Some of the movement on the clay/sill slide is directly related to movement of the west
wall slide, which through its eastward movement leaves the southern edge of the clay/sill slide
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unsupported and allowed it to move to the south and east toward the pit. During the period of active
mining, movement of this slide propagated slump-like features and cracks or fractures upward into the
unconsolidated fill of the southern corner of the heap leach pad. These features lead to geotechnical
stability studies of the leach pad dike in the southern corner of the pad.

During mining, the southern corner of the leach pad’s dike has experienced some geotechnical instability
due to movement of the clay/sill slide. There were several responses implemented to mitigate the
clay/sill slide’s movement during mining and closure activities. These included constructing surface
water diversion ditches, unloading material above the slide, excavating material lying to the southwest of
the leach pad embankment, constructing a rock buttress, and installing and operating dewatering wells
(1995 and later) to reduce pore pressure on the slide plane. With the completion of active dewatering
in July 2003, groundwater levels in the slide area will rebound, and this may result in renewed
movement of the clay/sill slide. There are no indications that the clay/sill slide is actively moving at the
present time.

Slope stability analyses indicate that the crest of the leach pad dike has a relatively low factor of safety
under worst-case conditions (1.02) and regression of the clay/sill slide uphill into the leach pad dike
could occur. If the slide should regress further uphill, cracking on the dike face may be observed.
However, large-scale movement of the slide (i.e. on the order of 10 or more feet per year) is not
anticipated, and this amount of movement has not been characteristic of slide movement at any time in
the past. Regression of the clay/sill slide into the leach pad dike is not likely based on existing data. The
portion of the leach pad’s interior presently containing solution (i.e. within the volume defined by the
7465 to 7467 foot contours and the pad’s base liner) has a relatively high factor of safety under worst-
case conditions (1.40) with respect to stability. Regression of the clay/sill slide into this area is not likely.
A monitoring plan has been implemented to detect deleterious movements, and a contingency plan has
been developed for the leach pad facility to assure the geotechnical integrity of the leach pad.

Waste Rock

Waste rock was generated from mining of both the Beal Mountain pit and the South Beal pit. The total
amount of waste generated is about 20,300,000 tons. Waste has been used or placed in at least four
areas including the waste rock dump, leach pad dike construction, road prism, or road base construction
and as pit backfill in the Beal Mountain pit. The lower portion of the waste rock dump has been
reclaimed by regrading of the slope to a 2:] minimum, the placement of a 5-foot thick compacted South
Beal waste cap and 14 to 20 inches of soil cover. The upper third of the waste rock dump (above 7,300
feet) has been regraded and a minimum five-foot thick layer of capping materials has been placed on the
wastes in this area. The upper third of the waste rock dump has had no topsoil placed on it to date, and
it has not been revegetated.

Most of the rock placed in the waste rock dump was mined from the Beal Mountain pit. These wastes
were also used in the construction of the leach pad dike and haul roads. South Beal pit waste was
placed on the dump in 1993 and 1994. A significant portion of waste rock (35% to 65%) mined from the
Beal Mountain pit presents a risk of acid generation and subsequent acid rock drainage. Water
emanating from SPR-10A (buried under the upper end of the waste), SPR-5 (at the toe of the waste
rock dump), and water from the toe drain collection system were historically pumped to a storage pond
near the processing plant and discharged directly through the LAD system. This captured flow is
currently being retained in the pond. This water has elevated selenium, sulfate, and nitrates that cannot
be discharged directly to surface or groundwater without treatment.
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Leach Pad Solution Yolumes and Geochemistry

In October 2003 in anticipation of closure of the water treatment facility, the drawdown and treatment
of the leach pad solution was completed. When the solution reached its final elevation, the sump pump
began to cavitate and additional water could not be pumped. Depth of solution above the base liner in
the vicinity of the sumps was approximately |7 feet. At that time the pad was estimated to contain
approximately 3,100,000 gallons of solution.

Two of the four sumps (No. | and No. 2) located in the southwest corner of the leach pad and one of
the two sumps (No. 3A) on the north side of the leach pad are still functional. In the time since
cessation of treatment the leach pad solution volume has increased to about 7,500,000 gallons. There
has been almost no precipitation in the area since late October and the increase in volume is thought to
be the result of continued draindown in the pad rather than a leak in the cover.

Water quality in the pad has changed dramatically over the closure and treatment period such that the
remaining water currently contains approximately: 2600 milligrams per liter (mg/L) sulfate, 0.38 mg/L
selenium, 0.16 mg/L As, 4.0 mg/L Fe, and 0.42 mg/L Cu. Alkalinity has decreased from about 360 mg/L
to about 100 mg/L (CaCO; equivalent). In August 2003, total cyanide was about 9.5 mg/L and weak acid
dissociable cyanide was about 0.06 | mg/L.

German Gulch

German Gulch is the receiving stream for the majority of water quality issues associated with the mine
facilities and a likely place to measure the success of reclamation efforts at the Beal Mountain Mine.
German Gulch and its two main tributaries, Beefstraight and Minnesota, support populations of native
westslope cutthroat trout (recognized as “sensitive” by USDA-FS) and non-native eastern brook trout.

The main impacts to water quality from mine facilities that appear to have potential long-term effects
(based on concentrations that exceed chronic aquatic water quality standards) are elevated total
recoverable concentrations of cyanide, selenium, and rarely copper. The most recent total
concentration of cyanide at STA-3A in German Gulch (December 2003) was 0.008 mg/L, slightly higher
than the chronic standard of 0.0052 mg/L. Total recoverable concentrations of copper were lower than
chronic aquatic standard at all stations in German Gulch in December 2003.

Prior to mine development, selenium concentrations throughout the stream were considered low with
respect to Montana water-quality standards, with readings from non-detect to 0.004 mg/L. With the
covering of spring SPR-10A with waste rock, selenium concentrations in German Gulch increased, and
remained elevated until recently. The highest concentrations of selenium in German Gulch are typically
measured at Station 3A, with the most recent concentrations of 0.0l | mg/L measured in December
2003. Instream selenium concentrations have been decreasing since 1997 when water from SPR-10A
was captured and pumped to the LAD area for disposal.

During the summer of 2001, fish and aquatic macroinvertebrate tissues from the German Gulch sub-
watershed were collected and analyzed for selenium and copper concentrations.  Copper
concentrations were not elevated in macroinvertebrates or fish. Mean dry weight selenium
concentrations in middle German Gulch macroinvertebrates were above the range of suggested toxic
effects thresholds to fish from dietary organisms (3 to || micrograms per gram). Selenium
concentrations were found to be statistically higher in fish whole-body tissues from middle German
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Gulch than in fish collected from Minnesota Gulch and Beefstraight Creek. These results suggest a
potential pathway for bioaccumulation of selenium in the German Gulch sub-watershed.

In 2002 and 2003, samples were collected and analyzed for selenium at five sample sites in the sub-
watershed in fish tissue, fish eggs (two sites), and macroinvertebrates. Bedload sediment samples were
also collected in 2002 and 2003. Selenium was found to be elevated above literature values for range of
toxic effects all media sampled in the three German Gulch locations; levels were not elevated above
these thresholds in Minnesota Gulch and Beefstraight Creek. The hazard rating for selenium in German
Gulch was high or moderate for fish eggs and high for macroinvertebrates at all three stations. For
sediment, the hazard rating was high at the two upstream stations, but had diminished to none at the
downstream station. Elevated selenium concentrations in these media may result in impacts to fish
populations including westslope cutthroat trout.

Other measures of biological integrity of German Gulch show differing results. Results of periphyton
sampling indicate the biotic integrity in the upper and middle reaches of German Gulch in 1999 was
generally rated as good, with minor impairment of aquatic life. Other biotic data (algae metrics) indicate
relatively unimpaired biota existing in these streams. Aquatic macroinvertebrate data from 1999
indicate generally good biotic conditions, with upper German Gulch classified as moderately impaired
during the summer but improved to non-impaired during the fall. Middle German Gulch was classified
as non-impaired during both sample events. Biointegrity scores relative to macroinvertebrates were
slightly lower in 1999 than in 1997 for all sample sites, the likely reason being environmental stress
related to drought and low streamflow.

Habitat data have also been collected on German Gulch and on Greenland Guilch, a tributary to German
Gulch. Physical habitat condition for the upper German Gulch location was considered “sub-optimal”
during all three-sample years for most habitat parameters. Habitat degradation was primarily attributed
to historic placer mine dredging and livestock use.
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1.0 INTRODUCTION

The Beal Mountain Mine is located in the headwaters of German Gulch in the Pioneer Mountains, Silver
Bow County Montana (Figure 1). The city of Butte is located about |16 miles east-northeast of the
mine and Fairmont (Gregson) Hot Springs is located about 10 miles to the southwest. The mine is
primarily situated on land managed or controlled by the United States Department of Agriculture,
Forest Service (USDA-FS), Beaverhead-Deerlodge National Forest (B-DNF).

The Beal Mountain Mine completed mining operations in 1997 and metal recovery in 1999 with
reclamation of the mine disturbances continuing through 2003. With a filing of bankruptcy in 1998, and
exhaustion of bonding funds to complete reclamation, the USDA-FS, in cooperation with the Montana
Department of Environmental Quality (MDEQ), became the lead agency responsible for final mine
closure. As the land management agency, the USDA-FS placed the mine closure under its CERCLA
(Comprehensive Environmental Responsibility, Compensation, and Liability Act) authority, and
determined that the non-time-critical removal action process would be followed for mine closure. As
part of that process, the USDA-FS contracted with Maxim Technologies, Inc.® (Maxim) to develop an
Engineering Evaluation/Cost Analysis (EE/CA) that will evaluate final closure options for the Beal
Mountain Mine.

The USDA-FS goal for the site is to close the mine and allow for the area to return to its multiple use
state. Although the majority of the mine property has been reclaimed, there are several ongoing
operational and maintenance requirements that need to be met before final closure. To complete the
closure, there are several remaining data gaps that need to be investigated to address outstanding issues
that potentially impact human health and the environment. These issues include the long-term
geochemical reactivity of mine wastes (including both acidity and the release of selenium to the
environment from several potential mine sources), geotechnical stability of the pit highwall and leach pad
dike, infiltration into the leach pad, and treatment and disposal of remaining heap leach solution.

.. PURPOSE AND OBJECTIVES

This Existing Conditions Report has been prepared in advance of the EE/CA and presents a summary of
existing conditions that describes the natural environmental setting and the specific site conditions that
have resulted from operation and closure activities completed to date at the Beal Mountain Mine. The
USDA-FS developed the Statement of Objectives used to define the work plan for this project. Some of
these objectives have been recently modified by discussions between the USDA-FS, Maxim, and
representatives of Beal Mountain Mining, Inc. (BMMI). These objectives include:

e Identify the physical project boundary and the various features associated with the site, and assess
the quantity and quality of existing data pertinent to the project.

e Identify potential human health, safety, and environmental issues associated with various features at
the site and develop potential alternatives to mitigate such problems. The mine features where
issues have been identified include:

a) The main waste rock dump
b) The leach pad and associated features

c) All features that have the potential for generating selenium, heavy metals or acid rock
drainage (ARD) that may be related to mineralization of the area.
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e Identify potential safety and geo-technical deficiencies associated with the Beal Pit and the leach pad
dike; and develop alternatives that will mitigate such deficiencies.

e Identify any overall miscellaneous issues that are needed to allow for a total closure of the Beal
Mountain mining site.

To meet these objectives existing data has been reviewed and compiled, site investigation activities were
performed, and an EE/CA will be prepared so that alternatives to closure can be developed and
compared. A closure plan that is based on the preferred alternative developed in the EE/CA will be
prepared that will address the conceptual plan for final closure of the mine facility and reclamation of the
former mine property.

1.2 PERTINENT ISSUES

The primary human health and environmental issues associated with mine closure were discussed with
the USDA-FS and other involved parties on July 29, 2003. A few additional items have been added since
that meeting. These issues include the following:

e Determine the sources of selenium from mine facilities and determine the impact of selenium on
human health and the environment.

e Determine the probability and potential risk for the development of acid rock drainage (ARD) and
associated heavy metal mobilization in the leach pad, pits and waste rock storage facility.

e Determine the affect of infiltration into the leach pad in terms of increasing solution volume within
the pad.

e Determine the affects of geochemistry and geochemical changes of the heap leach solution over
time.

e Determine options for short-term and long-term leach pad solution management.
e Determine final closure for the detoxification pond.
e Determine final land use options for the mine property.

e Determine risk factors associated with the geo-technical stability of the pit wall and potential
impacts to the leach pad dike.

e Develop alternatives for closure that address the issues identified above.

1.3 REPORT ORGANIZATION

This Existing Conditions Report is arranged in four sections. Following this introductory section,
Section 2.0 provides descriptions of the site, mining history, and mining operations. Section 3.0
describes the existing environment, including the site’s climatic, geologic, hydrologic, and hydrogeologic
setting. Section 4.0 presents data pertinent to characterizing contaminant sources and pathways of
contaminant movement, and potential geotechnical risks associated with various facilities located at the
Beal Mountain Mine. In particular, contaminated surface water, groundwater, and mine waste sources
located in German Gulch, and geotechnical stability of the Beal Mountain pit highwall and leach pad dike
are reviewed. Figures and tables are incorporated into the text of the report. References cited in the
document are listed at the end of the text. Appendices contain supporting information and are included
at the back of the report.
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2.0 BACKGROUND

Beal Mountain Mining, Inc., a subsidiary of Pegasus Gold Corporation (Pegasus), mined two low-grade
gold-silver deposits from 1988 through 1997. Mining was from two open pits and gold/silver recovery
was by heap leaching of crushed and agglomerated ore. The parent company of BMMI filed for
bankruptcy in January of 1998 and a Trustee was appointed for BMMI to over see closure activities using
reclamation bonding in January of 1999.

This section of the Existing Conditions Report briefly describes the mining history of the Beal Mountain
Mine area, and summarizes current status of the mine and past operations.

2.1 MINING HISTORY

The Beal Mountain deposits occur within the historic Siberia Mining District (Karvinen, 1954). Placer
gold was discovered in German Gulch in 1864 and placer mining reached its peak in the early 1900’s.
Lode deposits were also discovered in the late 1860’s and the lode deposits were explored by a number
of shallow shafts and adits, most of which are caved and inaccessible today. The only significant
historical production was from placer deposits.

Sharon Steel Corporation (later to become US Smelting and Refining Company and then US Steel)
staked approximately 100 unpatented mining claims (the Tax Claims) around a core group of 12
patented claims in upper German Gulch. They conducted exploration for gold deposits from the late
1960s through the early 1970s. Placer-Amax, Inc., was also actively exploring the area in the early to
mid-1970s. The Montoro Gold Company acquired the property in the late 1970s and in the early 1980s
submitted a permit application to mine the main Beal Mountain deposit as an open pit; with floatation
concentration and vat leach cyanide milling circuits, and a valley fill tailings impoundment in German
Gulch. The State of Montana denied the permit.

2.2 BEAL MOUNTAIN MINE STATUS AND OPERATIONS
2.2.1 Current Status

The Beal Mountain Mine property has been in a closure phase since about 1999 and a large amount of
closure and reclamation work has been completed since that time. The details of these closure activities
are discussed in some detail in this report. The funds available for closure activities under bonds held by
the MDEQ were anticipated to fall short of the closure needs and a Memorandum of Understanding
(MOU) was signed between the MDEQ and the B-DNF to jointly cover necessary funding to continue
closure operations at the Beal Mountain Mine site upon depletion of the money. In February of 2002
the first of these funds were paid by the USDA-FS.

Much of the reclamation work since 2000 has centered on the design and construction of a biological
water treatment plant to treat excess heap leach pad solutions. In October of 2002 the MDEQ issued a
revised MPDES permit for discharges from Land Application Disposal (LAD) systems that included a
discharge from the previously permitted drain into infiltration galleries along German Gulch. Water
treatment and land application of the resulting solution went on in earnest from July 2001 through
November of 2003 when solution in the leach pad was lowered the maximum amount in the south side
sumps. When treatment of solution ceased, about 3.1 M gallons remained in the sumps. The water
treatment plant, which is now the property of MDEQ, was mothballed for the winter of 2003-2004.
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2.2.2 Mine Permitting

Following acquisition of the Tax Claim block in 1983 by Pegasus, Pegasus acquired additional properties
and executed a multi-year (1983-1986) exploration program within a 6400-acre area that led to
delineation and development of the main Beal Mountain deposit and discovery of the South Beal deposit.
Feasibility studies were completed in 1987. Beal Mountain Mine was permitted under terms of Montana
Metal Mines Reclamation Act and BMMI obtained an Operating Permit (No. 00135) from MDEQ in 1988
(BMMI, 1988) and at the same time received approval for their Plan of Operations from the B-DNF.

The South Beal deposit was permitted by amendment to the Operating Permit 00135 and brought into
production in 1993. Both deposits remained in production into 1997.

2.2.3 Beal Mountain Operations

The main Beal Mountain deposit was brought into production in 1988 with announced reserves of
approximately 9.2 million metric tons grading 0.044 ounces/ton (opt) gold (Hastings and Harrold, 1988).
The chronology of major elements associated with the permitting, mining, reclamation, and closure of
the Beal Mountain Mine project are presented in Table | (see also Appendices A-l and A-2).

Mining at Beal Mountain used conventional open pit methods that included: topsoil stripping and
stockpiling; waste rock stripping and mining of ore by drilling, blasting, loading, and hauling methods.
The pits were mined on 20-foot high benches with 30-foot wide safety benches every 60 vertical feet
producing a final pit slope of approximately 45 degrees. Mining operations were conducted two
shifts/day, five days/week, 180 to 200 days per year (March through November) at a rate of three to
four million tons per year, with approximately half being ore and half waste.

Mined ore was hauled to an ore stockpile located near the crushing facility (Figure 3). Ore was
crushed in jaw and cone crushers, screened to minus 1/2-inch and fine material was agglomerated with
approximately 5% cement, again to about a 1/2-inch size. Lime was added to crushed rock to raise the
pH. Both agglomerated and crushed ore were hauled to the leach pad (Figure 3) for leaching of gold
and silver with a dilute cyanide solution from a barren solution pond. Leach solutions were actively
applied to the heap year-round.

Gold and silver bearing pregnant solutions were pumped from the leach pad sumps to a carbon
adsorption circuit within the processing plant (Figure 3). The processing plant had a capability of
processing 3,200 to 3,500 gallons of pregnant solution per minute. Gold and silver were refined to
bullion at the project site. The processing plant operated 7 days a week 3 shifts per day, 365 days per
year, and operated for about two years after the cessation of mining (1997-1999).

Portions of the first three years of waste rock production (about three million tons) from the Beal
Mountain pit were used to construct an embankment or containment dike for the leach pad. Later,
waste rock from the Beal Mountain pit was placed on a waste rock dump (Figure 3). Waste rock from
the South Beal pit placed on the waste rock dump in portions of 1993 and 1994, later it was used to
partially backfill the main Beal pit and as cover for the waste rock dump and leach pad.

Major facilities at the site included two open pit mines; a waste rock disposal area; a leach pad with a
large containment dike or embankment along its southeast flank and a smaller containment dike along
the north flank; ore stockpile and crushing/agglomeration facility area; processing plant area (for
recovery, assaying and refining of gold and silver); a water treatment plant; an onsite maintenance
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TABLE |
BEAL MOUNTAIN MINE CHRONOLOGY

DATE

ACTION

5/1983

German Gulch/Beal property acquired by Pegasus Gold from Montoro.

2/1988

Pegasus Gold submits an application for a hard rock mining permit to DSL (joint approval of operating plan by FS).

7/8/88

DSL approves the permit for the Beal Mountain Mine under a bond of $2,770,172.

7/12/88

Beaverhead-Deerlodge Forest Supervisor signs a Decision Notice & FONSI approving Beal Mountain Mine Project.

1/21/91

BMMI submits initial proposal for South Beal Project, withdrew in 6/92 and resubmitted in 8/92

8/1992

BMMI applies for Amendment #1 to their Operating Permit. This amendment was to move the haul road from the
north side of German Gulch to the south side.

8/14/92

DSL approves Amendment #1 after completion of an EA.

8/18/92

BMMI resubmits South Beal Project operating permit amendment to DSL & FS.

117193

BMMI presents a proposal to mine deeper into main Beal pit. Proposal is called Main Beal Extension. Agencies in
attendance include DSL, DHES Water Quality Bureau, & Beaverhead-Deerlodge NF. Proposal is to go 200 ft deeper
than permitted free-draining level, taking the pit more into Beal Shear Zone on south wall of pit. Future plans might
include further deepening.

3/3/93

DSL & FS determine that the South Beal Project proposal is complete.

3/1993

Draft EIS completed for South Beal Project by DSL & FS.

6/30/93

Final EIS completed for South Beal Project by DSL & FS.

7/20/93

Arthur Clinch signs ROD for South Beal EIS on behalf of DSL. Same wording regarding trigger levels and selenium
concentrations as in the FS ROD.

10/26/94

Completion of checklist EA by DSL for deepening main Beal pit by 100 ft.

7/10/95

BMMI submits an application to FS & DEQ for minor revision to increase the height of the waste dump.

4/19/96

DN/FONSI signed by Butte DR for waste rock storage expansion.

4/29/96

DSL approves waste rock expansion subject to concurrence by FS.

7/16/96

DN/FONSI signed by Butte DR for South Beal pit expansion.

9/25/96

FS approves South Beal expansion.

10/16/96

DSL approves South Beal expansion subject to receipt of $14,732,000 bond (prev. at $6,274,000).

2/1997

Mining ceases in main Beal pit.

10/1997

Mining ceases in South Beal pit.

1/16/98

BMM I files voluntary petition under Chapter || of Title || of USC (Bankruptcy Code).

12/22/98

Kelvin J. Buchanan appointed as Chapter || Trustee for BMMI.

1/14/99

Trustee converts BMMI Chapter | | to Chapter 7 under Bankruptcy Code.

4/22/99

Final version of Beal Reclamation Agreement sent out for agency signatures by Timothy A. Lukas with Hale Lane Peek
Dennison Howard and Anderson out of Reno, NV.

12/13/99

Leach pad solution overtops containment dike.

6/7/2000

Pilot biotreatment plan brought into limited service.

1/5/2001

Notice of Intent to prepare EIS for land application modifications at Beal is published in the Federal Register.

3/20/2001

BMMI submits a draft MPDES Permit application report for land application at Beal.

4/6/2001

BMMI submits final application for MPDES Permit for LAD, etc.

6/27/2001

MOU signed between DEQ and B-D NF to jointly cover necessary funding to continue operations at Beal upon
depletion of bond money.

7/5/2001

Startup of land application of bio-treated leach pad solution.

7/25/2001

Complete Beal Agreement sent out for agency signatures by Timothy A. Lukas with Hale Lane Peek Dennison
Howard and Anderson out of Reno, NV.

2/20/2002

First payment made by FS for joint funding agreement w/DEQ to cover Beal expenses.

9/6/2002

60-day notice of intent to sue from CFC, directed to BMMI, DEQ & FS. BMMI operating unpermitted LAD
discharging Se, Cu, CN, & other pollutants into groundwater hydrologically connected to German Gulch.

10/23/2002

DEQ issues MPDES Permit for LAD and drains at Beal.

12/13/2002

Letter from BMMI to DEQ stating that as of 12/5/02, BMMI is re-directing captured seepage from the toe of the
waste dump, including Springs 5 & 10A, into the LAD circuit.

Note: Table is complete through 1/22/03
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shop/warehouse and fuel storage area; and an offsite office/warehouse complex (Figure 3).
reclamation and closure, the processing plant was converted to a water treatment facility. Several
ponds were constructed for various uses throughout the operations area. Ancillary facilities included
access and haul roads, soil storage piles, and two pump stations in German Gulch.

Facilities are described in detail in section 4.0 of this report.
disturbed ground with each facility and the extent of reclamation to date.

TABLE 2
TOTAL DISTURBED ACRES BY FACILITY

Table 2 presents total acreages of

Total Facility
Acreage

Reclaimed
Acreage

Unreclaimed
Acreage

Permit Area

1202

Main Beal Mountain Pit

47.7

347

13.0

South Beal Pit

45.5

45.5

0

Waste rock disposal area

48.2

314

16.8

Heap leach pad (77 acres) area includes containment dike

101.6

101.6

0

Soil storage

20.3

14.5

5.1

Ore processing facilities

19.0

19.0

0.0

Ore stockpile and Crushing Area

12.8

12.8

0

Maintenance, fuel and shop area

48

1.4

34

Haul roads and associated disturbance

50.8

26.5

Exploration roads

18.7

18.7

Ancillary Facilities

16.6

Access road (SE of point E)

4.2

Subtotal

390.2

Beefstraight-German Gulch Creek Pump Station and
Intake Structures

0.1

Subtotal

0.1

Office/Shop Complex

5.0

Access road

Subtotal

Outside Permit Boundary Access Road

Grand Total

2.2.4 Beal Mountain Production

Table 3 presents overall production data from the Beal Mountain Mine without regard to which of the
two deposits the material came from. In all, some 14,807,100 tons of ore and 20,046,144 tons of waste
were mined. Capital costs for the mine were $23,700,000 and total operating costs were $98,649,736.
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BEAL MOUNTAIN PRODUCTION DATA BY YEAR

TABLE 3

Ore Production
(tons per year)

Waste Production
(tons per year)

Gold Production
(ounces)

Silver Production
(ounces)

179,431

692,940

3,000 (estimated)

1,501,914

1,996,860

40,615

1,916,095

2,638,713

50,003

1,773,098

1,965,017

47,300

7,800

1,673,347

2,274,361

52,213

8,334

1,709,928

1,569,071

59,260

8,000 (est.)

1,783,574

1,440,913

61,217

8,700

1,635,530

1,384,795

59,880

10,200

1,893,385

2,279,011

45,067

7,834

740,797

4,054,463

30,740

4,900

7,116

4,474

14,807,100

20,296,144

457,884

Gold and silver production was 457,884 and 55,768 ounces, respectively, bringing the gross value of the
deposit to $137,640,200 (at per ounce prices of $300 gold and $5 silver). The average gold grade for
ore mined at the Beal Mountain Mine was 0.0309 opt and the average silver grade was 0.004 opt. Of
the total production, South Beal accounted for 959,840 tons of ore and 1,289,000 tons of waste and was

principally mined in 1993-94 and 1997.
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3.0 EXISTING ENVIRONMENT

The Beal Mountain Mine is located on the northeastern flank of the Pioneer Mountains of southwestern
Montana. Access to the site is by about 10 miles of National Forest roads and a private road that
connects Fairmont Hot Springs with the mine site.

The Beal Mountain deposits (Beal Mountain and South Beal) occur in the headwaters area of German
Gulch (Figure 2). The main Beal Mountain deposit occurs on the south flank of a prominent
northeast-southwest trending ridge that is located between two creeks, German Gulch on the
southeast and Minnesota Gulch to the northwest, and along whose crest is a topographic feature called
Beal Mountain (Beal’s Hill on older topographic maps). Both of these creeks are tributaries of Silver
Bow Creek and the Clark Fork. An outlying deposit, South Beal, occurs about 1,500 feet south of the
main Beal Mountain deposit on a steep north-facing valley side-slope and across German Gulch.
Elevation in the vicinity of the mine ranges from about 6,500 feet in German Gulch to 7,863 feet at the
top of Beal Mountain. The deposits themselves occur at elevations between 6,930 and 7,560 feet. The
mining permit boundary contains about 1202 acres, with about 90% of the permit area in German Gulch
and 10% in Minnesota Gulch.

Topography consists of broad, gently to moderately sloping ridge tops and steep V-shaped valleys.
Ridge tops and south facing slopes are typically open and north-facing slopes are tree covered. Few
outcrops are present within the project area and are limited to ridge crests and steep side-valley slopes.
Elsewhere, glacial, talus, or colluvial deposits typically cover the outcrops (BMMI, 1988). Most of the
site facilities, including the main Beal Mountain pit, leach pad, maintenance and process facility areas, are
situated on slopes with a south-facing aspect. The waste rock dump is on an east-facing slope and the
South Beal pit is on a north-facing slope.

3.1 LAND STATUS AND USE

The permit area contains |2-patented mining claims located in its core and along German Gulch
(Figure 4). The remainder of the land is federally owned and administered by the B-DNF.
Predominant historical land uses in the vicinity of the mine include grazing, timber and recreation. The
area is primarily forested with open parks present on ridgelines and along south-facing slopes.
Commercial grade timber exists both north and south of the permit area although there has not been
commercial logging in German Gulch. The USDA-FS manages a grazing allotment within the Beal
Mountain Mine permit boundary, although grazing has been excluded from one of the three areas
historically used for pasture (i.e. the portion of the allotment within the permit area).

The Deerlodge National Forest Plan, which is currently undergoing revisions, has goals for areas north
of German Gulch that include: continue to provide healthy and economic levels of timber while
maintaining overall levels of wildlife habitat, livestock grazing and dispersed recreation (paraphrased from
the Deerlodge National Forest Plan, USDA Forest Service, September, 1987). Mining operations and
timber harvesting are uses that are compatible with these goals. The goals set by the Deerlodge
National Forest for the area immediately south of German Gulch are to preserve existing conditions
with minimal investment for resource activities (paraphrased from the Deerlodge National Forest Plan,
September, 1987). National Forest System lands in this area are considered unsuitable for timber
development.
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3.2 CLIMATE

The northern Pioneer Mountain Range has a continental climate that is significantly modified by locally
mountainous terrain. Large daily and annual temperature ranges and marked differences in precipitation,
temperature, and wind directions are common on a local scale.

The average annual precipitation calculated in the vicinity of the site is 25 inches per year based on
information published by the Natural Resources Conservation Service (NRCS, 1998). Site-specific
precipitation and evaporation data have also been collected by BMMI. Table 4 lists climate data
collected during the period from 1988 through 1995. During this period precipitation at the site ranged
from 13 to 23 inches per year. About half of the average annual precipitation occurs during the period
from April to July. June has the highest average monthly precipitation (2.77 inches; 16% of total annual
precipitation) and January has the lowest average monthly precipitation (0.49 inches; 3% of total annual
precipitation).

TABLE 4
MEAN MONTHLY CLIMATIC DATA MEASURED AT THE BEAL MOUNTAIN MINE SITE

Mean Monthly Precipitation Mean Monthly Evaporation*

Month (in inches per month) (in inches per month)

January 0.49 Not routinely measured

February 0.65 Not routinely measured

March 1.33 Not routinely measured
April 2.15 242
May 2.34 4.00
June 2.77 4.85
July 2.03 6.64
August 1.35 7.38
September 0.93 4.35
October 1.30 1.48

November 0.58 Not routinely measured

December 0.51 Not routinely measured

Average annual total 17.21 (range 13.05-23.13) 31.12

Notes: Data represent period from 1988-1995 (Schafer and Associates, Inc., 1996).
* Values based on experience gained during operations, heap leach water balance values, and measured pan evaporation
values. In some cases, only a limited number of monthly measurements are available.

3.3 GEOLOGY

The Beal Mountain Mine area occurs within a tectonic province called the Northern Cordilleran
overthrust belt. This tectonic belt is over 200 miles wide in the Northern Rocky Mountain area of
central ldaho-Montana. Within the belt, Cretaceous and older rocks have been intensely folded, faulted
and thrust faulted into imbricated layers of locally very complex structure. This portion of the belt also
includes intrusive rocks of the ldaho and Boulder batholiths. In the vicinity of these very large intrusive
bodies, sedimentary rocks have been intensely deformed. These intrusive bodies have also produced
contact metamorphism and locally mineralized zones, such as those found at the Beal Mountain Mine,
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within the adjacent sedimentary rocks (Hastings and Harrold, 1988). Other important sources of local
geology can be found in Moore (1956) and Noel (1956).

3.3.1 Site Geology

The Beal Mountain Mine area is located along a regional northeast-southwest trending contact zone
between intrusive and sedimentary rocks (Figure 5). Intrusive rock crops out to the east of the
sediment/intrusive contact and about 2,500 to 3,000 feet east of the Beal Mountain deposits. This
intrusive body is a Cretaceous (72 million year old) outlier of the Boulder Batholith and is
predominantly a fine-grained equigranular stock that is granodioritic to dioritic in composition (Hastings
and Harrold, 1988). A fine-grained dioritic stock is also located about 200 to 300 feet to the southwest
of the South Beal deposit and a similar or the same stock occurs along the western margin of the Beal
Mountain deposit (BMMI, 1988) (Figure 5). Other smaller sill-form and dike-like bodies occur within
the metasediments and are difficult to distinguish from the hornfels metamorphic assemblages and
textures.

Volcanic rocks of the Tertiary age (53 to 48 million years old) Lowland Creek Volcanic sequence overlie
the intrusive rocks about two miles east of the intrusive/sediment contact and well outside of the permit
area. These volcanic rocks are extrusive flows and tuffs that are latitic and dacitic in composition.

Sedimentary rocks in the Beal Mountain area, range in age from Precambrian to Cretaceous and occur
to the west of the regional sediment/intrusive contact zone (Figure 5). Within the Beal Mountain area,
Precambrian and Paleozoic sedimentary rocks are complexly thrust faulted over younger Cretaceous-
age sediments (Figure 5). Precambrian age quartzite of the Missoula group (Belt Supergroup) has been
thrust to the east and overlies an incomplete sequence of overturned Paleozoic rocks. The Cambrian
Pilgrim Formation, Devonian Dry Creek and Jefferson Formations, and the Mississippian Madison
Formation are the units that occur within this partial sequence of Paleozoic rock. This sequence of rock
is in turn thrust along a post mineralization, low angle (10 degree) fault plane over clastic continental
sediments of the Vaughn Member of the Cretaceous Blackleaf Formation further to the east (BMMI,
1988). It is the Cretaceous Blackleaf Formation that occurs in the Beal Mountain Mine area proper.

High angle fault structures associated with intense fracturing and local brecciation occur along the
German Gulch, the Beal Shear, and various northeast and northwest trending faults, including the Gully
Fault in the mine area (Hastings and Harrold, 1988). These faults are discussed in greater detail below.

3.3.2 Alteration

Petrogenetic studies suggest that contact metamorphic (high temperature) and metasomatic (migrating
hydrothermal fluids) processes associated with the emplacement of Cretaceous Boulder Batholith
intrusives were principally responsible for alteration of the host rocks and formation of the Beal
Mountain Mine ore deposits. Alteration is characterized by bleaching, chloritization, silicification, and
minor sericitization (Hastings and Harrold, 1988). Potassium feldspar, diopside, biotite, chlorite, and
quartz-bearing hornfels assemblages dominate the alteration.

Intense silicification is associated with the contact metamorphic effects in sediments adjacent to the
intrusive bodies. This silicification has limited oxidation of the main Beal Mountain deposit to the near
surface or intensely fractured zones, whereas as much as 75% of the South Beal deposit is thoroughly
oxidized (BMMI, 1992).
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The intensity of contact metamorphism related to the intrusive body decreases rapidly outward from
the intrusive centers and the Beal ore deposits such that at the project’s western permit boundary only
regional prophylitic alteration assemblages remain. Granitic rocks east of the contact zone are largely
unaltered (BMMI, 1988).

Post mineralization weathering has produce clay alteration in both host and country rock predominantly
along fracture surfaces.

3.3.3 Beal Mountain Deposit

Mineralization in the German Gulch area is spatially, temporally, and genetically related to the
emplacement and alteration of the sediments of the Blackleaf Formation by the intrusives of the
granodioritic outliers of the Boulder Batholith Intrusive Complex (Figure 5).

3.3.3.1  MAIN BEAL MOUNTAIN DEPOSIT AREA GEOLOGY

The main Beal Mountain ore deposit is located about 3,000 feet southwest of the intrusive sedimentary
contact (Figure 5). The deposit is a pipe-like body that is nearly vertical in orientation and is hosted in
Cretaceous age clastic sedimentary rocks of the Vaughn Member of the Blackleaf Formation. These
sediments were initially deposited as a thick (885 to 1240 ft) sequence in a fluvio-deltaic setting as thick-
bedded conglomerate, fine-grained sandstone, and laminated multi-colored siltstone and shale. Folding
and faulting have rotated the beds such that within the mine area they trend northwest (N 0-30 W) and
dip gently to the northeast (5 to 20 degrees). Sediments have been metamorphosed and
metasomatically altered by hydrothermal fluids from the Cretaceous granodiorite intrusives to biotite,
amphibolite or pyroxene-potassium-feldspar hornfels, metaquartzite, and metaconglomerate. Alteration
assemblages contain quartz, feldspar, diopside, hornblende, biotite, and chlorite. This alteration has
produced rocks that are very hard, dense, and brittle, and subsequent faulting has resulted in narrow to
wide zones of intensely fractured, sheared, and broken rock.

In the mine area the zones of most intense fracturing are associated with two prominent steeply dipping
sets of faults: the east-west trending Beal Shear zone and the northwest-southeast trending Gully Fault
(Figure 5). Portions of each of these structures are highly mineralized and are important centers of
mineralization for portions of the Main Beal Mountain ore deposit. In addition, a steeply dipping fault is
inferred to lie along the axis of German Gulch based on subtle stratigraphic evidence. However, the
fault is not visible in very limited outcrops anywhere along the valley bottom.

The Gully Fault is a normal fault that cross-cuts the Beal deposit. It trends N. 45 W. and is
approximately vertical to very steeply dipping to the southwest. Displacement has been measured at
about 25 feet and is down-dropped to the southwest. A 20-foot wide fault gouge has developed along
the fault plane that contains iron-stained clays and sedimentary breccia fragments.

The Beal Shear zone is a brecciated and sheared zone that varies from 70 to 120 feet in width and is
located along the south side of the Beal deposit (Figure 5). It trends approximately east-west and dips
70-80 degrees to the south. A 100-foot wide fracture zone parallels the Beal Shear to the north and
ore-grade mineralization appears to occur within and to the north of this fracture zone. Numerous
parallel faults and fractures seem to have localized the emplacement of diorite dikes throughout the
deposit area. In addition, fracturing and jointing is developed within the metasediments that is sub-
parallel to both the Beal Shear and Gully Fault systems that results in a blocky character to the rock and
ore in the vicinity of the main Beal deposit.
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Numerous pre-mineralization faults, at very low angles to the bedding planes, are comprised of
brecciated sedimentary fragments in a clay matrix and occur throughout the mine area. These faults are
likely minor, low-angle thrusts that are developed parallel to large-scale regional thrust faults. Some of
these faults have been reactivated during mining and movement of as much as three feet per day has
been measured along some beds and zones (see west wall slide and clay/sill slide in the geotechnical
stability analysis section). The rate of movement seems to be related to the amount of water lubricating
the fault zone surfaces.

The main Beal Mountain ore deposit produced gold and silver at a ratio of about 8:1. The principal
occurrence for gold is as extremely fine-grained (1-5 micron) disseminations in the coarser-grained
facies (quartzite and conglomerate) of the Cretaceous sedimentary rocks. In addition, gold occurs in a
telluride phase that is also rich in lead, bismuth, and silver. Gold also occurs associated with late-stage,
narrow (less than three centimeters) quartz veins that cross-cut the disseminated sediment-hosted gold-
bearing zone. Based on drill and surface samples, trace metals associated with the gold mineralization
include silver, bismuth, copper, and arsenic, with lower concentrations of lead and zinc (BMMI, 1992).
Sulfide mineralization occurs within the altered Cretaceous sediment host rocks in concentrations
ranging from three to eight percent both within and outside of the gold-bearing mineralized zone, and
may or may not be directly associated with gold mineralization. The effectiveness of heap leaching as
the principal mechanism for gold recovery further suggests the presence of free gold as disseminations
within the host rock as opposed to gold being contained as inclusions or present along fracture surfaces
within sulfide minerals. Sulfide minerals include pyrrhotite, pyrite, chalcopyrite, and minor amounts of
molybdenite and arsenopyrite.

Petrogenetic studies indicate that sulfide minerals precipitated early in the metamorphic alteration and
mineralization sequence, followed by silicification of intergranular clastic pore space. This was followed
by gold-bearing fluids that were trapped in the interstices precipitated gold at the clastic or silica-sulfide
grain boundaries. Finally silica, with or without gold was deposited in late stage cross-cutting fractures
as veins and veinlets. Adularia from late stage gold-bearing quartz-adualaria-chlorite veins has been
dated by potassium/argon methods at 71.8 million years, and similar in age to the Boulder Batholith.

A detailed study of rock from the Main Beal pit highwall was completed by Dr. David Mogk of Montana
State University, using transmitted and reflected light petrography with scanning electron microscopy
(SEM) and energy dispersive spectroscopy (EDS) (Mogk, as presented in Gallagher, 1995). A total of 19
samples were collected from mineralized sulfide veins, massive zones, and/or fractures and groundwater
seeps in the highwall. These samples contained oxidized and reduced sulfide minerals, including
pyrrhotite, pyrite, chalcopyrite, and galena, as well as minor arsenopyrite. The sulfide minerals were
shown to be relatively pure in composition, free of contaminants that might accelerate weathering.
Arsenopyrite, in particular, was shown to be encapsulated by silica and therefore less available for
dissolution. Analyses did not show trace element enrichment in oxidized zones, indicating that these
elements were not liberated during the oxidation of sulfides. Analyses did not identify the primary
selenium host mineral, although selenium was detected in trace concentrations through EDS analysis in
galena and tellurobismuthanite. Calcite was present in many samples, providing some buffering capacity
for acid or acid-soluble trace elements generated through sulfide oxidation. Mineralogy data suggest
that sulfide oxidation may play an important role in the chemistry of mine seepage, with oxyanionic
elements such as selenium and arsenic potentially constituents of concern in mine seepage.
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3.3.3.2  SOUTH BEAL DEPOSIT AREA GEOLOGY

The South Beal deposit (Figure 3) is hosted in an individual bed of impure calcareous quartzite or
siliceous limestone that is now largely metamorphosed and altered to a chalky calc-silicate hornfels,
comprised of 50 to 90% diopside and wollastonite. The bed is about 32 feet thick, trends northwest,
and dips from 5 to 20 degrees to the northeast, essentially parallel to the north facing hill slope. Gold
mineralization is offset by a northwest trending fault on the east side of the deposit.

Like the main Beal Mountain deposit, sulfides occur as disseminated and fracture controlled
mineralization with pyrite, pyrrhotite, and chalcopyrite being the most abundant phases. Gold occurs
principally as fine, free gold (5-20 micron) and is confined to the favorable host metaquartzite and calc-
silicate hornfels lithologies. The South Beal deposit differs from the main Beal Mountain deposit in that
gold/silver ratios are about 3:1 and that gold seems to be more commonly associated with bismuth-rich
tellurides (BMMI, 1992). In addition, the late stage gold-adularia-chlorite veins associated with gold do
not seem to be present in the South Beal deposit.

Waste rock associated with both deposits are Cretaceous sediments that have been altered and consist
of predominantly fine-grained, brown quartzite; cherty limestone that has been altered to calc-silicate
(wollastonite-pyroxene) hornfels; mudstone that has been altered to biotite or amphibole/k-feldspar
hornfels, and, locally in the South Beal deposit, a thin quartzite bed that is 10 to |5 feet thick and
contains as much as 5% sulfides. In general, however, waste rock in the more highly fractured main Beal
Mountain deposit contains more abundant sulfides than the waste rocks of the South Beal deposit. In
addition, weathering and oxidation also appears to be more pervasive in the South Beal deposit, which in
addition to oxidizing sulfide, is responsible for the intense clay alteration and high clay content
associated with South Beal wastes. Alteration assemblages include biotite, diopside, potassium feldspar,
chlorite, scapolite, quartz, actinolite-tremolite, and hornblende with retrograde wollastonite and
sepiolite.

3.3.4 Rock Geochemistry

The geochemistry of ore and waste rock mined by BMMI from the Main Beal, Beal Extension and South
Beal areas was evaluated in several studies (Gallagher, 1994; 1995; 1996; Pegasus Gold, 1998; Schafer
and Associates, 1994; 1995) conducted over the life of the mine project. The goal of these
investigations was to evaluate the risk of ARD formation using static and kinetic test methods, and to
predict trace element release by weathered mined material or in-pit highwalls. Related studies evaluated
the mineralogy of weathered and unweathered rock, and characterized rocks that would be exposed in
the ultimate Beal Mountain pit highwall as a basis for predicting post-mine water quality. This
geochemistry overview section summarizes and integrates available data, listed in Table 5, as a basis for
evaluating existing conditions at the Beal Mountain Mine. As available whole rock data are limited
(Table 5) and paste pH data were found to be inconsistent with static test data, these data are not
discussed.

Roughly one-third of waste rock and ore mined from the Beal Mountain Pit is potentially acid generating
based on static tests and another third is not. The remaining rock has uncertain potential to generate
acid. Kinetic tests showed variable potential for ARD generation and trace element release; most
columns, while maintaining a circumneutral pH, were maintaining or increasing sulfate release rates with
declining alkalinity. Mineralogy showed variable alteration and some degree of encapsulation of sulfide
minerals, which may explain slow reaction rates.
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TABLE 5
SUMMARY OF BEAL MOUNTAIN MINE GEOCHEMICAL TESTING

Material Type

Number of Samples

Paste pH

Humidity
Cells

EPA 1312

EP
Toxicity

In Situ
Rinsing

Waste Rock

124

23

13

132

Ore 39

Spent Ore 0

Pit Wall

I Only samples for which location description and raw ABA data were available are included.
2 No distinction between waste rock and ore is provided for 8 samples studied for original baseline report.

It isn’t clear from the kinetic test data that samples which had not produced acid at the end of the
twenty week tests would remain non-acidic if the tests were run for a longer period. Twenty weeks is
the standard humidity cell-testing period, but recent research (Lapakko, 2003) has shown that as many
as 60 to 120 weeks may be necessary to properly evaluate some samples in a humidity cell test. Some
trace element release is likely to occur, including aluminum, arsenic, copper, iron, selenium, and zinc.

Data collected during static and kinetic testing of South Beal pit ore and waste rock suggest a low
potential for ARD from pit highwalls and waste rock and a high potential from ore. During reclamation
the entire South Beal Pit was covered with South Beal wastes, top-soiled and revegetated. It is unlikely
that the presumed small amount of residual ore from the buried pit walls will generate enough acidity
to overwhelm the neutralization potential of the surrounding rock. While limited, available data for
evaluating metal mobility indicate that leachate from South Beal rock will be of good quality.

As the waste rock dump is composed predominantly of waste mined from the Beal Mountain pit and a
much smaller component from the South Beal deposit,, the potential for ARD and metal mobility at this
facility are expected to be similar as discussed for non-ore samples from the Beal Mountain pit. Static
testing of drill samples collected from the waste rock dump confirms the potential for ARD production
on a run-of-mine basis.

Crushing, agglomeration and cyanidation during leaching significantly altered the geochemistry of the
mined ore; analyses of spent ore are therefore used to characterize material on the leach pad. Static
testing of spent ore indicates that material contained in the leach pad has a high potential for acid
generation. However, kinetic testing of spent ore and pad solution pH measurements indicate low ARD
risk. It is possible that, while spent ore poses a risk of ARD, the high pH of the remaining heap leach
solution is buffering acid generation in the heap leach pad. It is noteworthy that pH and alkalinity have
decreased somewhat following cessation of leaching operations, indicating that the neutralizing capability
of the heap is slowly being depleted. Kinetic test data indicate that leachate from the spent ore will be
of generally good quality with possible exceedances of human health-based standards for arsenic.
Recent analysis of the remaining heap leach solution indicates that most metal concentrations in the
heap are near equilibrium with elevated levels of selenium, iron, and copper. Selenium concentrations in
pad solution appear to be declining. In addition to impacts originating from the spent ore and pad
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solution, there is an unknown but significant risk of potential ARD and metal release from the heap
leach embankment, which was constructed with waste rock from the Beal Mountain pit.

3.4 HYDROLOGY

German Guilch is the principal drainage in the Beal Mountain Mine area. German Gulch collects water
from most of the mining facilities including the main Beal Mountain and South Beal pits, and the waste
rock dump (Figure 3). Minnesota Gulch lies to the north of German Gulch and drains the north side
of Beal’s Hill. The topographic divide between German and Minnesota Gulches occurs beneath the
leach pad facility, with the largest portion of the facility draining to the south into German Gulch.
Therefore, water from the heap leach facility flows both to Minnesota and German Guiches (Figure 3).
The areas west, north and northeast of the leach pad, contains land application disposal areas, and most
of the land application areas used drain into Minnesota Gulch. Minnesota Gulch flows northeast around
Beal’s Hill and into Beefstraight Creek, which in turn flows into German Gulch. American Gulch drains
the north flank of Beal’s Hill and flows into Beefstraight Creek. German Guich flows into Silver Bow
Creek approximately two miles downstream of the German Gulch-Beefstraight Creek confluence.

The upper portion of the German Gulch watershed consists of mixed forest and open grassland
mountain slopes. Major tributaries of German Gulch include upper German Gulch, Edwards Creek,
Norton Creek, and Beefstraight Creek. The drainage area of German Gulch is 40.6 square miles
(25,984 acres) (BMMI, 1988) with elevations ranging from 5,300 feet at its mouth to 8,909 feet on the
western divide of Minnesota Gulch

3.4.1 Flow

Streamflow has been routinely measured in German Gulch and its tributaries as part of permitting and
compliance activities for the Beal Mountain Mine. In addition, the U.S. Geological Survey (USGS)
maintained gauging station 12-3235 on German Gulch 0.5 miles upstream of its confluence with Silver
Bow Creek from 1955 through 1969. Surface water-sampling sites are shown on Figures 6a and 6b.
Figure 7a shows stream flows measured over time at Stations STA-4, STA-2, and USGS 12-3225.
Maximum streamflow typically occurs between mid-April and late June, and seasonally low flows typically
occur in late fall and winter. The furthest upstream monitoring point STA-4 (Figure 6a) has minimal
flow during low flow conditions (Figure 7a). The highest flow recorded at STA-4 was 5.25 cubic feet
per second (cfs) in June 1995. The highest flow measured within the study area was 84 cfs at STA-I
(Figure 6a) in June of 1995. The lowest flow recorded at STA-1 was 4.0 cfs in January 2002.
Maximum and minimum daily mean flows recorded at the USGS station near the mouth of German
Gulch between 1955 and 1969 were 300 cfs and 2.8 cfs, respectively. Flow in German Gulch increases
with distances downstream (Figure 7b). Flow data collected since 1987 indicate that most of the flow
in German Gulch is contributed by Beefstraight Creek, Edwards Creek, and Greenland Creek
tributaries. BMMI (1988) estimated the 5-year and 100-year peak flow at STA-4 at 3.9 and 15.8 cfs,
respectively. Peak 5-year and 100-year peak flows at STA-2 were estimated at 62 cfs and 625 cfs,
respectively.

Minnesota Gulch drains the area north of the leach pad and most of the land application areas. Stream
flows have been measured periodically since 1994 at sites DNMINN and UPMINN (Figure 6a). Low
flow in Minnesota Gulch is typically from late fall through early spring, and flows are most heavy during
spring runoff. Maximum flows measured at stations UPMINN and DNMINN between 1994 and 2003
are 18 and 30 cfs, respectively. BMMI (1988) estimated the 5-year and 100-year peak flow at the mouth
of Minnesota Gulch at 42 and 133 cfs, respectively.
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Flow in German Gulch at STA-4
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Flow vs. Distance in German Gulch
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Figure 7b. Flow downstream in German Guich (flow in cubic feet per second)

Flows in American Gulch in 2003 ranged from winter-time lows of three to five gpm to spring runoff
flows of 40 to 50 gpm. Following spring runoff, flows in American Gulch range from four to six gpm.
Flows have been measured periodically at stations BS and BS-D on Beefstraight Creek (Figure 6a)
between 1993 and 2003. The highest flow measured in Beefstraight Creek was 68 cfs in June 1995.

3.4.2 Surface Water Quality

Surface water samples have been collected periodically at many stations in the study area since 1987 and
analyzed for various constituents. Table 6 summarizes surface water quality data collected in 2003.

Surface water in the German Gulch drainage is generally a calcium bicarbonate type and is poorly
buffered (BMMI, 1988). Surface water samples collected in 2003 exhibited pH values that ranged from
7.3 to 8.2 standard units (su). The pH is a little higher in Minnesota Gulch and Beefstraight Creek
averaging about 8.0 su compared to an average of 7.7 su for water samples collected from German
Gulch stations. Total dissolved solids (TDS) measured in samples from German Gulch ranged from 109
milligrams per liter (mg/L) to as much as 679 mg/L. TDS concentrations in German Gulch were
generally highest in samples from stations STA-3 and STA-3A and decreased downstream from those
stations. Hardness in German Gulch ranged from 74 mg/L to 339 mg/L; calcium concentrations ranged
from 23 mg/L to 117 mg/L; and, magnesium concentrations ranged from 5 mg/L to || mg/L, with the
highest concentrations of all three of these constituents being measured in samples from STA-3A.

In 2003, nitrate concentrations in samples collected from German Gulch were generally low at STA-4,
increasing downstream to STA-3A, then decreasing downstream of STA-3A (Figure 8). Nitrate
concentrations were highest in water samples collected at STA-3A ranging from 0.600 mg/L to 1.6 mg/L.
Nitrate concentrations were 0.100 mg/L or less at STA-1 and STA-1A. Nitrate concentrations in
samples from Minnesota Gulch (UPMINN and DNMINN) and Beefstraight Creek were generally less
than 0.100 mg/L. Nitrate concentrations from American Gulch Station A-G ranged from less than 0.050
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TABLE 6
2003 SURFACE WATER QUALITY DATA SUMMARY
Beal Mountain Mine
pH Total Total ) P i Total Total Total Total Total
STATION DATE (standard Dissolved | Suspended Ha'.‘.j Bl Sulfate RiEteiiinte DISSO'V.ed Recoverable | Recoverable | Recoverable Recoverable Recoverable |Total Cyanide| Thiocyanate
A s g (as CaCO3) as N Arsenic : X <
units) Solids Solids Copper Iron Nickel Selenium Zinc

A-G 1/15/2003 7.8 168 10 25 0.1 U 0.003 U 0.004 0.43 0.001 U 0.005 U 0.2 U
A-G 2/12/2003 7.8 158 10 30 0.05 U 0.003 U 0.002 0.04 0.001 U 0.005 U 0.2 U
A-G 3/12/2003 7.8 161 10 26 0.1 U 0.003 U 0.001 0.03 0.001 U 0.005 U 0.2 U
A-G 4/23/2003 7.6 148 12 46 1.6 0.004 0.004 0.80 0.001 U 0.081 0.2 U
A-G 5/13/2003 7.6 167 10 58 0.1 0.003 U 0.002 0.05 0.001 0.053 0.2 U
A-G 6/18/2003 7.5 305 10 109 1.6 0.003 U 0.001 0.03 0.002 0.102 0.2 U
A-G 7/25/2003 7.7 182 10 32 2.0 0.003 U 0.001 9] 0.03 0.001 U 0.009 0.2 U
A-G 8/7/2003 7.6 194 10 29 0.1 U 0.003 U 0.002 0.12 0.001 U 0.005 U 0.05 U
A-G 9/23/2003 7.6 177 10 26 0.1 U 0.003 U 0.001 0.02 0.001 9] 0.01 U 0.005 U 0.05 U
A-G 10/23/2003 8.2 161 10 26 0.1 U 0.003 9] 0.002 0.05 0.001 U 0.01 U 0.005 U 0.20 U
A-G 11/12/2003 7.9 172 10 30 0.1 U 0.003 U 0.001 U 0.01 U 0.001 U 0.005 U 0.20 U
A-G 12/10/2003 7.9 162 18 27 0.1 U 0.003 U 0.001 U 0.07 0.001 [¥) 0.005 U 0.20 U
BS-D 1/15/2003 8.2 169 10 149 8 0.1 U 0.003 U 0.001 U 0.01 U 0.02 U 0.001 U 0.01 ¥] 0.005 U 0.2 U
BS-D 2/12/2003 8.0 161 1 149 19 0.1 U 0.003 U 0.001 §) 0.01 U 0.02 U 0.001 U 0.01 U 0.007 0.2 V]
BS-D 3/12/2003 8.0 236 1 174 51 0.1 U 0.003 U 0.001 U 0.02 0.02 U 0.002 0.01 U 0.020 0.2 U
BS-D 4/23/2003 7.9 117 5 95 22 0.1 U 0.003 U 0.003 0.29 0.02 ] 0.00 U 0.01 U 0.024 0.2 u
BS-D 5/13/2003 8.0 136 10 108 29 0.24 0.003 U 0.001 0.07 0.02 U 0.00 0.01 U 0.034 0.2 U
BS-D 6/18/2003 8.1 158 1 117 20 0.1 U 0.003 U 0.001 U 0.04 0.02 U 0.00 U 0.01 U 0.020 0.2 U
BS-D 7/25/2003 8.1 148 10 135 13 0.1 U 0.003 U 0.001 U 0.02 0.02 U 0.001 U 0.01 U 0.013 0.2 U
BS-D 8/7/2003 8.0 164 4 145 10 0.1 U 0.003 [§] 0.001 U 0.01 U 0.02 U 0.00 [§] 0.01 U 0.009 0.05 U
BS-D 9/23/2003 8.0 186 10 152 18 0.01 [§] 0.003 ] 0.001 U 0.01 U 0.02 U 0.00 U 0.01 U 0.024 0.05 U
BS-D 10/23/2003 8.5 168 10 165 13 0.1 ] 0.003 U 0.001 0.01 U 0.02 U 0.00 U 0.01 U 0.018 0.2 U
BS-D 11/12/2003 8.2 202 10 169 23 0.1 0.003 U 0.052 0.26 0.02 U 0.002 0.01 U 0.022 0.2 U
___BS—D 12/10/2003 8.1 172 10 158 14 0.1 [§] 0.003 U 0.001 U 0.01 U 0.02 U 0.001 U 0.01 U 0.017 0.2 U
MINN-DN 1/14/2003 82 200 1 174 7 0.1 U 0.003 U 0.001 U 0.01 ] 0.02 U 0.001 U 0.01 Y] 0.005 U 0.02 U
MINN-DN 2/12/2003 8.1 179 1 170 14 0.1 U 0.003 U 0.001 U 0.01 U 0.02 U 0.001 U 0.01 U 0.005 U 0.2 U
MINN-DN 3/11/2003 8.1 194 1 163 15 0.1 U 0.003 U 0.001 U 0.01 U 0.02 U 0.001 0.01 U 0.005 U 0.2 U
MINN-DN 4/24/2003 8.1 186 10 204 31 0.1 0.003 U 0.002 0.06 0.02 U 0.001 0.01 1] 0.017 0.2 V]
MINN-DN 5/21/2003 8.1 228 10 167 28 0.1 U 0.003 U 0.001 0.04 0.02 U 0.002 0.01 U 0.029 0.2 U
MINN-DN 6/30/2003 8.1 162 2 155 19 0.03 0.003 U 0.001 U 0.01 U 0.02 U 0.001 U 0.01 U 0.016 0.2 U
MINN-DN 7/25/2003 8.2 197 10 159 14 0.1 U 0.003 U 0.001 U 0.01 0.02 V) 0.001 Y] 0.01 U 0.015 0.2 U
MINN-DN 8/7/2003 8.4 189 4 169 9 0.1 Y] 0.003 U 0.001 Y] 0.01 U 0.02 U 0.001 U 0.01 [¥] 0.005 U 0.05 Y]
MINN-DN 9/18/2003 8.6 268 10 223 46 0.1 U 0.003 U 0.001 U 0.02 0.02 ] 0.002 0.01 U 0.081 0.05 U
MINN-DN 10/22/2003 8.6 212 10 195 21 0.1 U 0.003 U 0.001 Y] 0.01 ] 0.02 §] 0.001 0.01 [¥] 0.031 0.2 U
MINN-DN 11/12/2003 8.7 263 10 44 0.3 0.003 U 0.001 U 0.01 U 0.02 Y] 0.002 0.01 U 0.063 0.2 U
MINN-DN 12/9/2003 8.7 222 10 20 0.2 0.003 U 0.001 U 0.01 0.02 U 0.001 U 0.01 U 0.038 0.2 U
[ MINN-UP 1/14/2003 7.9 145 14 i23 2 0.1 U 0.003 ] 0.003 0.35 0.01 §] 0.001 ] 0.01 0.005 U 0.2 U
MINN-UP 6/30/2003 7.8 84 1 79 1 0.1 [§] 0.003 U 0.001 0.01 U 0.02 U 0.001 Y] 0.01 y 0.005 U 0.2 U
MINN-UP 7/25/2003 7.8 121 10 106 2 0.1 U 0.003 [§] 0.001 0.01 U 0.02 U 0.001 0.01 U 0.005 [§] 0.2 U
MINN-UP 8/7/2003 8.1 154 10 113 1 0.1 ] 0.003 [§] 0.001 V] 0.01 U 0.02 U 0.001 U 0.01 ] 0.005 U 0.2 U
MINN-UP 9/18/2003 8.5 140 10 i23 1 0.1 U 0.003 U 0.001 0.08 0.02 U 0.001 U 0.01 ] 0.005 U 0.2 V]
MINN-UP 11/12/2003 8.4 136 10 3 0.1 U 0.003 U 0.001 U 0.01 U 0.02 U 0.001 U 0.005 U 0.2 U
STA-1 1/15/2003 7.9 181 1 125 26 0.1 0.003 ] 0.002 0.05 0.02 ] 0.001 0.01 U 0.005 §] 0.2 U
STA-1 2/13/2003 7.8 150 1 105 30 0.1 0.003 [§] 0.001 U 0.04 0.02 U 0.001 U 0.01 U 0.005 U 0.2 U
STA-1 3/12/2003 7.6 156 14 109 37 0.1 0.003 0.002 0.42 0.02 U 0.002 0.01 U 0.014 0.2 U

STA-1 4/23/2003 7.7 127 18 93 29 0.1 U 0.003 0.004 0.56 0.02 9] 0.001 0.01 U 0.010 0.3
STA-1 5/13/2003 7.6 119 10 74 30 0.0 0.003 0.002 0.24 0.02 ] 0.001 u 0.01 U 0.007 0.2 U
STA-1 6/18/2003 7.9 153 2 104 32 0.1 U 0.003 U 0.002 0.17 0.02 U 0.001 0.01 U 0.011 0.2 U
STA-1 7/25/2003 7.7 165 10 133 25 0.1 U 0.003 0.001 U 0.06 0.02 U 0.001 9] 0.01 U 0.008 0.2 U
STA-1 8/7/2003 7.8 175 4 141 26 0.1 U 0.004 0.001 U 0.04 0.02 U 0.001 0.01 U 0.021 0.2 U
STA-1 9/23/2003 8.3 184 10 126 29 0.0 U 0.003 U 0.001 0.06 0.02 U 0.001 U 0.01 U 0.012 0.2 9]
STA-1 10/23/2003 8.0 161 10 143 29 0.1 U 0.003 u 0.001 0.04 0.02 ] 0.001 0.01 [§] 0.007 0.2 U
STA-1 11/12/2003 8.4 183 10 142 23 0.1 U 0.003 U 0.001 U 0.03 0.02 U 0.001 0.01 U 0.016 0.2 U
STA-1 12/10/2003 8.5 171 10 135 28 0.1 U 0.003 [¥] 0.001 0.03 0.02 U 0.001 U 0.01 U 0.008 0.2 U
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TABLE 6
2003 SURFACE WATER QUALITY DATA SUMMARY
Beal Mountain Mine

pH Total Total 4 el * Total Total Total Total Total
STATION DATE (standard Dissolved | Suspended (:::f’ang (s)z) Sulfate thrat:: '? L Dz_ssz:iid Recoverable | Recoverable | Recoverable Recoverable Recoverable |Total Cyanide| Thiocyanate
units) Solids Solids ’ Copper iron Nickel Selenium Zinc
STA-1A 1/15/2003 7.9 184 1 135 27 0.1 U 0.003 U 0.001 [¥] 0.01 0.02 U 0.002 0.01 U 0.005 U 0.2 U
STA-1A 2/12/2003 7.8 165 1 133 36 0.1 U 0.003 U 0.001 U 0.02 0.02 §] 0.001 U 0.01 U 0.005 U 0.2 U
STA-1A 3/12/2003 7.6 202 16 134 50 0.1 U 0.003 [§] 0.003 0.50 0.02 ] 0.002 0.01 U 0.012 0.2 U
STA-1A 4/23/2003 7.7 123 11 97 35 0.1 U 0.003 0.004 0.38 0.03 U 0.001 U 0.01 U 0.015 0.2
STA-1A 5/13/2003 7.9 159 10 109 43 0.08 0.003 4] 0.002 0.10 0.02 [§] 0.002 0.01 U 0.018 0.2 U
STA-1A 6/18/2003 8.0 163 4 109 34 0.1 U 0.003 U 0.002 0.12 0.02 U 0.001 0.01 U 0.012 0.2 U
STA-1A 7/25/2003 7.8 168 10 130 26 0.1 U 0.003 U 0.001 U 0.03 0.02 U 0.001 0.01 U 0.009 0.2 U
STA-1A 8/7/2003 8.3 179 4 141 27 0.1 §] 0.003 U 0.001 U 0.02 0.02 U 0.001 0.01 §] 0.009 0.2 8]
STA-1A 9/23/2003 8.3 190 10 130 31 0.01 U 0.003 U 0.001 U 0.01 0.02 U 0.001 0.01 U 0.015 0.2 U
STA-1A 10/23/2003 8.1 174 10 154 32 0.1 U 0.003 Y] 0.00 U 0.01 0.02 Y] 0.001 0.01 U 0.008 0.2 ¥
STA-1A 11/12/2003 8.3 196 10 157 38 0.1 U 0.003 U 0.00 U 0.01 V] 0.02 U 0.002 0.01 V] 0.014 0.2 U
STA-1A 12/10/2003 8.5 182 10 147 32 0.1 ] 0.003 U 0.00 U 0.01 0.02 U 0.001 0.01 U 0.01 0.2 Y]
STA-2 1/15/2003 7.7 246 2 154 102 0.2 0.003 0.002 0.03 0.02 U 0.002 0.01 U 0.005 §] 0.2 U
STA-2 2/13/2003 7.6 214 1 136 95 0.2 0.003 0.001 U 0.01 0.02 U 0.002 0.01 U 0.005 U 0.2 U
STA-2 3/13/2003 7.7 236 10 141 97 0.2 0.003 8] 0.001 [§] 0.01 U 0.02 U 0.003 0.01 U 0.005 U 0.3
STA-2 4/23/2003 7.6 182 10 124 80 0.2 0.005 0.006 0.24 0.02 U 0.003 0.01 U 0.034 0.2 U
STA-2 5/13/2003 8.0 255 10 156 121 03 0.004 0.002 0.04 0.02 U 0.005 0.09 0.005 U 0.2 U
STA-2 6/18/2003 7.5 173 1 88 70 0.1 0.003 U 0.002 0.04 0.02 U 0.002 0.01 U 0.005 U 0.2 U
STA-2 7/25/2003 7.9 274 10 162 116 0.1 0.004 0.002 0.01 0.02 U 0.004 0.01 U 0.005 U 0.2 U
STA-2 8/7/2003 8.3 293 4 178 138 0.1 U 0.004 0.001 0.01 U 0.02 U 0.004 0.01 U 0.005 Y] 0.2 Y]
STA-2 9/23/2003 8.4 316 10 190 144 0.04 0.004 0.001 U 0.01 U 0.02 U 0.003 0.01 U 0.005 U 0.2 U
STA-2 10/22/2003 8.4 291 10 208 140 0.1 U 0.004 0.001 0.01 0.02 U 0.003 0.006 0.2 U
STA-2 11/12/2003 8.25 284 10 188 126 0.1 0.004 0.005 0.05 0.02 U 0.003 0.01 U 0.005 §] 0.2 U
STA-2 12/9/2003 8.31 209 10 141 82 0.1 0.004 0.001 U 0.01 U 0.02 U 0.003 0.01 U 0.005 U 0.2 U
STA-3 1/15/2003 7.7 305 10 137 0.7 0.012 0.003 0.15 0.013 0.005 U 0.2 U
STA-3 2/13/2003 7.6 283 10 126 1.17 0.009 0.001 0.01 U 0.010 0.005 1] 0.2 U
STA-3 3/11/2003 7.9 323 10 151 0.8 0.010 0.002 0.05 0.010 0.005 U 0.2 U
STA-3 5/13/2003 8.0 679 10 368 0.9 0.009 0.003 0.03 0.011 0.005 U 0.2 8]
STA-3 6/30/2003 7.8 360 10 182 0.5 0.010 0.002 0.03 0.010 0.005 U 0.2 U
STA-3A 1/15/2003 7.7 294 1 195 120 1l 0.009 0.001 0.02 0.02 U 0.008 0.01 U 0.005 Y] 0.2 U
STA-3A 2/13/2003 7.6 278 1 188 127 1.2 0.009 0.001 U 0.01 0.02 U 0.005 0.01 U 0.005 U 0.2 U
STA-3A 3/12/2003 7.5 283 1 181 120 .3 0.009 0.003 0.09 0.02 U 0.007 0.01 U 0.005 U 0.2 U
STA-3A 4/23/2003 7.6 433 2 339 215 .0 0.008 0.003 0.06 0.02 4] 0.008 0.01 v 0.005 U 0.2 U
STA-3A 5/13/2003 7.7 533 10 326 280 1.61 0.008 0.003 0.03 0.02 U 0.012 0.01 ] 0.017 0.2 U
STA-3A 6/18/2003 7.7 325 2 188 159 0.6 0.004 0.003 0.09 0.02 U 0.006 0.01 ] 0.005 U 0.2 U
STA-3A 7/25/2003 8.0 390 10 239 167 0.9 0.01 0.002 0.01 0.02 U 0.010 0.01 [§] 0.012 0.2 8]
STA-3A 8/7/2003 8.1 396 4 239 187 0.9 0.01 0.002 0.01 0.02 1] 0.011 0.01 U 0.011 0.2 u
STA-3A 9/23/2003 8.0 352 10 209 49 1.02 0.01 0.001 0.01 U 0.02 U 0.011 0.01 U 0.008 0.2 U
STA-3A 10/22/2003 8.0 328 10 239 48 1.1 0.011 0.003 0.03 0.02 ] 0.010 0.01 1] 0.014 0.2 U
STA-3A 11/12/2003 8.1 371 10 256 61 1.3 0.01 0.001 0.01 Y] 0.02 V] 0.013 0.01 U 0.007 0.2 U
STA-3A 12/9/2003 8.15 356 10 165 1.3 0.01 0.001 U 0.01 U 0.02 U 0.011 0.008 0.2 Y]
STA-4 3/28/2003 7.6 159 10 70 0.1 U 0.003 U 0.001 U 0.01 0.002 0.005 U 0.2 [§]
STA-4 6/18/2003 7.3 109 10 41 0.1 U 0.004 0.002 0.04 0.002 0.005 4] 0.2 Y]
STA-4 9/23/2003 7.8 197 10 81 0.1 U 0.003 0.001 U 0.01 U 0.002 0.005 U 0.2 Y]
STA-4 11/12/2003 7.0 195 10 81 0.1 U 0.003 U 0.001 U 0.01 U 0.003 0.005 U 0.2 U
Aquatic Life Acute - - - -~ -- - 0.34 0.014 = NA 0.469 & 0.020 0.12 2 0.022 NA
Standards Chronic - - -~ - - - 0.15 0.008 % 1.00 0.088 * 0.005 0.12 % 0.005 NA
Notes: Aquatic Life Standards from MDEQ Circular WQB-7 (2002) Value exceeds acute aquatic life standard

Concentrations in milligrams per liter (mg/L)

* - based on a hardness of 100 mg/L

U - Concentration is less than laboratory reporting limit indicated

Blank cells inidicate sample not analyzed for that parameter

[

Value exceeds chronic aquatic life standard
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Figure 8. Nitrate Trends at select German Gulch Surface Water Stations (concentrations in milligrams per liter)
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mg/L to 2.0 mg/L. Nitrate concentrations at STA-3 and STA-3A were highest in 1992 and then declined
until 1995 (Figure 8). Since that time, nitrate concentrations at these two stations have exhibited a
seasonal trend with the lowest nitrate concentrations being measured during spring runoff, with
concentrations increasing as stream flows decrease. Nitrate concentrations have been generally low
(less than 0.100 mg/L) at STA-4 with the exception of three samples collected since 1999 then have
contained greater than 3.0 mg/L nitrate. Concentrations of nitrate from STA-2 downstream have
remained low since 1987.

Sulfate concentrations in surface water samples from German Gulch stations ranged from 23 mg/L to
368 mg/L. Samples from station STA-3A generally contained the highest sulfate concentrations. Sulfate
concentrations decrease with distance downstream from STA-3A, with samples from STA-I containing
the lowest sulfate concentrations. Samples from the upstream station in Minnesota Gulch (UPMINN)
contain very low sulfate concentrations (less than 3.0 mg/L). Sulfate concentrations are somewhat
higher at stations DNMINN and BS-D. Sulfate concentrations in surface water at most German Gulch
stations have generally been increasing since the early 1990s (Figure 9). Sulfate concentrations have
also increased at stations DNMINN and BS-D since 2001, undoubtedly resulting from LAD application
of treated pad solution.

Dissolved arsenic concentrations in samples collected in 2003 from all surface water stations except
STA-3 and STA-3A were less than 0.005 mg/L. Surface water samples from STA-3 and STA-3A ranged
from 0.004 mg/L to 0.010 mg/L in 2003 (Figure 10). Concentrations of arsenic in all 2003 surface
water samples were below the chronic aquatic life standard (0.15 mg/L). Concentrations of arsenic in
surface water from STA-3 and STA-3A exhibited an overall declining trend between 1988 and 1999, but
have remained fairly constant since then (Figure 10).

Total recoverable copper concentrations in all 2003 surface water samples were less than the chronic
aquatic standard of 0.005 mg/L, which is calculated for a hardness of 50 mg/L (Figure I1). Elevated
total recoverable copper concentrations were detected in surface water samples from STA-3 and STA-
3A between 1995 and 2001, but copper concentrations in samples from these stations have been less
than 0.005 mg/L since that time (Figure 11).

Total recoverable iron concentrations in surface water samples collected from German Gulch stations
during 2003 ranged from less than 0.010 to 0.420 mg/L. The chronic aquatic standard for iron is 1.0
mg/L. Iron concentrations generally increase with distance downstream in German Gulch with highest
concentrations detected at STA-I and STA-IA. January and April 2003 samples from American Gulch
station A-G had elevated iron concentrations (greater than 0.400 mg/L).

Total recoverable selenium concentrations measured in 2003 samples of surface water from German
Gulch stations downstream from STA-3A are well below the chronic aquatic life selenium standard of
0.005 mg/L with the exception of a sample collected from STA-2 in May 2003 (0.005 mg/L).
Concentrations of selenium measured in all but one of the surface water samples collected between
January and July 2003 from STA-3 and STA-3A exceeded the chronic aquatic life standard (Figure 12).
Five out of 10 samples collected from STA-4 between July 1997 and February 1999 contained selenium
concentrations ranging from 0.025 to 0.055 mg/L, which exceed the acute aquatic life standard of 0.020
mg/L. Selenium concentrations measured in surface water samples from stations STA-4, STA-3, and
STA-3A reached the highest levels between 1997 and 1999 and have generally declined since (Figure
12). This decline is related to the capturing and redirecting of water from spring 10A (SPR-10A).
Concentrations of selenium in samples from station STA-2 continued to increase until 2002, but have
generally declined since.

Maxim Technologies Inc. 32 April 2004




USDA Forest Service — Beal Mountain Mine

Existing Conditions Report

STA-4 Sulfate

600

500

400

300

200

100

V'Y

!

Sulfate Concentration (mg/L)

0

X

1987 1989 1991 1993 1995 1997 19

99 2001 2003

600

STA-3A Sulfate

500 -

400 -

300 -

200 -

100 -

Sulfate Concentration (mg/L)

0 ‘

1987 1989 1991 1993 1995 1997 1999 2001 2003

STA-1 Sulfate

600

500

400

300

200

100

Sulfate Concentration (mg/L)

0 ‘ ‘

&
b4

ad

1987 1989 1991 1993 1995 19

97 1999 2001 2003

Figure 9. Sulfate Concentrations in German Gulch (milligrams per liter)
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Figure 9 (cont’d). Sulfate Concentrations in German Gulch
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Figure 10. Arsenic Concentrations in German Gulch (dissolved arsenic is reported prior
to October 1993 and after August 2003. All other concentrations are totals)
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Figure 11 (cont’d). Total Recoverable Copper Concentrations in Surface Water at STA-3
and STA-3A

Concentrations of cyanide exceed the chronic standard (0.005 mg/L) and occasionally the acute standard
(0.022 mg/L) for some sampling events in 2003 in both American Gulch and in Lower Minnesota Gulch.
All samples in Beefstraight Gulch exceeded the cyanide chronic standard and occasionally the cyanide
acute standard for in 2003 surface water samples (Table 6). These three tributaries are located to the
north of the German Gulch divide and drain the areas that were used for LAD application north of the
leach pad. Surface water from samples at STA-3A in upper German Gulch was also occasionally
elevated in cyanide (above the chronic but below the acute level) also probably from contamination by
LAD solutions (Figure 13). Surface water Station 2 (STA-2) showed only one exceedance of the
cyanide standard, although STA-I and STA-IA, located below the confluence of Beefstraight Gulch (the
tributary creek that drains the LAD area) and German Gulch, frequently exceeded the chronic standard
for cyanide. LAD applications were discontinued in November 2003 and it is thought that cyanide
concentrations should decline in surface water and groundwater over time.

Figure 14 is a series of charts plotting concentration and load of various constituents with distance
downstream for surface water stations on German Gulch. The loading rate in milligrams per second is
the mass of constituent transported by the stream per unit of time and is calculated by multiplying
concentration of constituent in the stream by its respective flow measured at each location. November
2001 concentration and streamflow data were used to calculate load rates shown in Figure 14.
Figure 14 illustrates the greatest increase in selenium and sulfate loading occurred between STA-3
(5,000 feet downstream of STA-4) and STA-2 (about 13,000 feet downstream of station STA-4). Loads
of selenium and sulfate decrease below STA2. Arsenic and nitrate loads increased with distance
downstream. The greatest copper loading occurred downstream of STA-3.
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Figure 12. Total Recoverable Selenium Concentrations in German Gulch (milligrams per liter)
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Figure 13. Total Cyanide Concentrations in German Gulch (June 18, 2003 data reported
for STA-4, all other data collected on May 13, 2003)

Sulfate
12000.0 180
+ 160
10000.0 4 -
- 1140 =
" [
i 8000.0 +120 A
- -
v 1100 %
-
m 6000.0 -
& L | / 180 E
;m ]
& 40000 60 &
K \ H
[-] +40
= 2000.0
“m! 20
0.0 T T T T 0
0 5000 10000 15000 20000 25000
Distance from STA-4
—e—Lload —=— Concentration
Copper
25 0.02
-0 -
- /: 0015 %,
F H
Ll —
=15 -
& 2
] +001 =
& g
m 1 r}
H v
-]
g + 0.005 =
Los Q
o0& o—& T T T 0
0 5000 10000 15000 20000 25000
Distance from STA-4
‘—Q—Load —=a— Concentration ‘

Figure 14. Constituent Concentration and Loading in German Gulch (loading in
milligrams per second; concentration in milligrams per liter)
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Figure 14 (cont’d). Constituent Loading in German Guich (loading in milligrams per
second; concentration in milligrams per liter)
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3.4.3 Synoptic Water Quality Sampling in German Gulch

In October 2002, MDEQ conducted a synoptic sampling of the upper portion of German Gulch (Jepson,
2002). Samples were collected and analyzed from uppermost German Gulch to a sample site located
downstream of STA-3A (Outfall 001). At the time sampling, water from springs SPR-5 and SPR-10A and
seepage from the toe drain of the waste rock dump was being collected in a pipeline because these out
flows were known to contain elevated levels of selenium. Further downstream, the outflow from the
main Beal Mountain Pit was collected and combined with the pipeline flows and disposed in a series of
five infiltration galleries adjacent to German Gulch beginning about 400 feet downstream of STA-3A.
The chemistry and flow of the combined water was measured at Outfall 001.

The MDEQ study sampled the two springs and the toe drain seepage separately. Because flow at each
of these inflows was also measured, a comparative loading analysis of the contribution of each of these
sources to the total outflow from the waste rock dump, assuming the toe drain system collects all of the
outflow from the toe area of the dump (which is likely not the case). Table 7 summarizes these loading
calculations. Data shown in Table 7 indicates that of the total load measured from these three sources,
the toe drain contributes almost 71.8% of the total waste rock seepage.

Addition of flow from main Beal Mountain Pit underdrain system, although only having a concentration
of 8 micrograms per liter, contributes 21.3% of the total load at Outfall 001, principally because of the
its relatively high flow component (58.8 gpm). The waste rock dump component loads are also shown
in Table 7 normalized to 100% at Outfall 001.

TABLE 7
SELENIUM LOADING FROM WASTE ROCK COMPONENTS AND PIT DRAIN®")

In-Flow Total Selenium Load Selenium Load from Selenium Load at
Sample Site To Drain | Selenium Waste Rock dump Outfall 001 below

@@pm)? | (ugiLyz | PoUNdsidan) | e bonents (%) STA-3A (%)

Spring 10A 1.0 346 0.00416 19.9% 15.7%
Spring 5 1.7 84 0.00172 8.2% 6.5%
Toe Drain 13.0 96 0.01500 71.8% 56.5%

Total Waste Rock Dump|  15.7 -- 0.02088 100% 78.7%

MB Drain 58.8 8 0.00566 21.3%

Total at Outfall 00 82 0.02654 100.0%

I Data collected by Wayne Jepson, MDEQ, 10/17/02
2 gpm = gallons per minute; pg/L = micrograms per liter

The MDEQ study also measured main stem flows in German Gulch at several stations and a number of
springs. Because selenium is not conserved in the downstream loading analysis, loading data cannot be
used to show loading contributions in German Gulch. However, what can be said of these data is that
almost all of the loading enters the system from downstream of STA-4 and not from the surface water
inflows measured. In addition, almost 50% of the load is present at STA-3 (presumably mostly from
underflow contributions) and the remainder of the load enters between STA-3 and STA-3A.
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In September 2003, the USDA-FS and MDEQ in cooperation with the USGS conducted a metal loading
study in German Gulch (Gurrieri, 2003). The purpose of this study was to characterize selenium
concentrations and identify possible sources contributing selenium to German Gulch during low flow
conditions. Surface-water samples were collected at 18 main stem and 17 inflow sites along German
Gulch (Figure 6b) and were analyzed for dissolved chloride, sulfate, nitrate, and selenium. These sites
included STA-4, STA-3, STA-3A, as well as additional sites identified specifically for the study. The study
reach was about 5,000 feet in length. Two slug-injection tracer tests were conducted to determine the
approximate travel time in the main stem of German Gulch. Study results were used to quantify stream
flows and surface water inflows within the study reach. Selenium concentrations resulting from
laboratory analysis were multiplied by the stream flow at each location to calculate instantaneous
selenium loading rates at each sample location.

Results of the study indicated that all main stem-sampling sites above station 2100 had selenium
concentrations below the chronic aquatic life criteria of 0.005 mg/L. Selenium, sulfate, and nitrate
concentrations increase appreciably between station 1627 and 2165 (there are no sample sites between
these two stations), suggesting there is major source of water containing these constituents somewhere
in this reach (Figure 15). Sources included right-bank and left-bank (looking downstream) surface
inflows and sub-surface inflow. The highest level of selenium (0.0370 mg/L) was measured at station
2100. A right-bank inflow at 2132 had selenium concentrations of 0.0112 mg/L with a main stem
concentration in this area of 0.0150 mg/L. Below station 2165, selenium increased slightly at station
3032 to 0.0160 mg/L and then decreased downstream to 0.0094 at the end of the study reach (station
4964) (Gurrieri, 2003).

Station 2131 is a large flow-volume right bank tributary that discharges just below a culvert that brings
the flow of German Gulch from beneath a road fill area. This right-bank tributary contributes as much
as 44 micrograms per second (ug/s) or about 65 percent of the total load encountered in the entire
study reach (Figure 16). The subsurface inflow at this point of the stream is considerable and was
calculated to contribute as much as 27 percent (18 pg/s) of the measured load. (These observations are
consistent with the relative amount of loading seen at STA-3, as indicted by the MDEQ study described
above.) Therefore, most of this subsurface selenium loading occurred in the reach of German Gulch
within and downstream of a very short (approximately 300 foot reach between stations 1825 to 2132)
road-fill area (Gurrieri, 2003). Mine waste from the main Beal Mountain pit was apparently used for
road fill from about station 2100 upstream. Main Beal pit rock was not used to construct or surface
roads below site 2100 (personal communication, Bruce Parker, BMMI, 12/31/03).

The synoptic study identified potential sources of selenium to German Gulch, including the waste-rock
dump, waste material used as road fill, and the leach pad dike where waste rock was used in dike
construction (Gurrieri, 2003). The chemical signature of selenium, sulfate, and nitrogen are a clear
indicator of contamination from waste rock. Altered and in-place bedrock is not a likely source based
on historical water quality data. The study also concluded that ground water discharging to German
Gulch from the faults that cross the valley in the vicinity of the main Beal pit are probably not a source
of selenium because the pit water has low to negligible selenium concentrations (Gurrieri, 2003). The
report speculates that shallow subsurface flow between the waste rock dump and the section of
German Gulch containing road fill may be an important selenium transport pathway.
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Figure 16. Selenium Loading in German Gulch (micrograms per second)
(after Gurrieri, 2003)

3.5 HYDROGEOLOGY

Groundwater in the Beal Mountain Mine area occurs in fractured bedrock, colluvium, alluvium, and
backfill material within the Beal Mountain pit. Numerous monitoring wells have been installed in
different materials and monitored periodically since 1987 to track groundwater levels and quality.
Numerous springs, which are the surface expression of groundwater, have also been identified and
sampled. Spring data in this report are used to represent groundwater quality.

Groundwater flow is controlled by the presence and location of unconsolidated materials and by the
orientation of fractures and faults in bedrock. Groundwater flow characteristics and spring and

groundwater quality are discussed in this section. Hydraulic conductivity values and well yields are from
BMMI (1988).

Unconsolidated deposits exist in three main areas in German Gulch. A thin veneer (less than two feet
thick) of glacial material ranging from silty sand to clayey silt overlies bedrock on the ridge under and
north of the leach pad. This is overlain by as much as 60 feet of more coarse-grained colluvial material
on the ridge tops and valley slopes. Deposits of alluvial material fill the bottom of German Guich.
Artificial backfill, as much as 250 feet thick, in the Beal Mountain pit is the third area of unconsolidated
material. A fourth area of unconsolidated material is the dike that was constructed along the southern
flank of the leach pad. This structure is also artificial and is comprised of layered clay, weathered
bedrock, and other waste rock fill material used in the construction of the dike.

3.5.1 Groundwater Flow

Groundwater is recharged by snowmelt and precipitation events. This water percolates vertically
through overlying colluvial material and into bedrock fractures. Groundwater in unconsolidated
material generally occurs under unconfined conditions. The degree of hydraulic communication
between groundwater in unconsolidated material and the underlying bedrock fracture system varies
based on the nature of the unconsolidated material and its topographic location. Figure 17 is a
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potentiometric map based on June 2003 groundwater elevation data. The map represents a composite
of the water table in unconsolidated material and the potentiometric surface for underlying bedrock
units in the study area because it was prepared using groundwater elevation data from monitoring wells
completed in a variety of materials. Spring elevations were also used in constructing this map (although
some may be associated with perched water tables). The map indicates that the potentiometric surface
generally parallels the topographic surface and that groundwater flow is generally from the ridge tops
toward German Gulch. However, groundwater flow is likely to be more complex than this map
indicates. Bedrock units in the study area have little primary porosity, and as a result, the majority of
groundwater flow in bedrock undoubtedly takes place in joints and fractures. Boreholes drilled into the
Beal Shear and Gully Fault usually encountered fine-grained gouge indicating that faults may be barriers
to groundwater flow (BMMI, 1988). Groundwater flow directions and characteristics for different
bedrock and unconsolidated units are discussed further below.

3.5.1.1  GERMAN GULCH ALLUVIUM

Groundwater flows in alluvium along German Gulch. Monitoring wells SBB-87-01 and SBB-87-13
(Figure 17) are completed in unconsolidated material adjacent to the creek. Well SBB-87-01I is
completed near the head of German Gulch below the waste rock dump, and well SBB-87-13 is located
near surface water monitoring station STA-3, and is completed through coarse gravel fill deposits from
historic hydraulic placer mining. The water table is shallow at these locations (less than 10 feet). Well
SBB-87-01 is competed in clay with boulders and some sand and silt. An aquifer test on this well
revealed that saturated material in this area has a relatively low hydraulic conductivity (0.29 to 0.49
feet/day). During the aquifer test, draw down was observed in adjacent bedrock monitoring well SBB-
87-2, indicating hydraulic communication between alluvial and bedrock groundwater in this area.
Aquifer testing was not performed on well SBB-87-13 but the alluvium in this area appears to have much
higher hydraulic conductivity due to its coarse grained nature.

3.5.1.2  COLLUVIUM NORTH OF LEACH PAD

Wells SBB-87-07, SBB-88-25, SBB-91-29, and SBB-91-30 (Figure 17) are completed in colluvium north
of the leach pad. This colluvium is up to 65 feet thick and ranges from sandy clay to gravel with clay.
Figure 17 indicates that groundwater flow within this colluvium is to the northeast toward Minnesota
Gulch. Agquifer testing was not performed on this material. Well yields reported for wells SBB-91-29
and SBB-91-30 are one gallon per minute or less indicating that this material has relatively low
permeability.

3.5.1.3  BEAL MOUNTAIN PIT BACKFILL

Wells MB-97-1 and MB-97-2 (Figure 17) were completed within backfill of the Beal Mountain pit. This
backfill is reportedly as much as 250 feet deep. Groundwater flow in the pit is to the east toward the
Beal Mountain pit drain (MBDRAIN, Figure 17). There is both a surface drain system and a
constructed underdrain system that is below grade at the downgradient end of the pit backfill. The
underdrain system is designed to prevent the water table from rising above the surface of the backfill.
Until November of 2003, this water was captured, pumped to the top of Beal’s Hill, and discharged
through a LAD system. Drained water is currently allowed to discharge directly into German Gulch.
Flows measured at MBDRAIN have ranged from about |15 gpm to 150 gpm. Flows are typically highest
during spring runoff and lowest during mid-winter.
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3.5.1.4 BEDROCK

Groundwater flow in bedrock appears to be anisotropic and controlled by faults, joints, fractures, and
the presence of low permeability igneous intrusions and clay seams within bedrock. Major faults within
the area include the Beal Shear, the Gully Fault, and German Gulch Fault. Unfractured bedrock
generally has very low permeability. These faults have likely created preferential pathways for
groundwater flow due to the increased fracturing of rock near or adjacent to the faults. In some cases
cross-fault permeability within fault zones is relatively low due the presence of fault gouge.

Wells SBB-87-02 and SBB-87-12 (Figure 17) are completed in quartzite, and fault gouge and fractured
quartzite, respectively in the German Gulch Fault adjacent to the creek. Well SBB-87-02 is located next
to alluvial well SBB-87-01 (discussed above) and well SBB-87-12 is located next to alluvial well SBB-87 —
I3 (also discussed above). Well SBB-87-06 is completed in quartzite in a fault perpendicular to the
German Gulch Fault (BMMI, 1988) adjacent to colluvial well SBB-87-07. The hydraulic conductivity of
bedrock along the German Gulch fault is about 0.1 feet/day based on results of aquifer testing in wells
SBB-87-02 and SBB-87-12. Other bedrock wells include SBB-88-26 completed in hornfels bedrock
north of the leach pad and west of the ore processing plant. This well is paired with colluvial well SBB-
88-25.

Several dewatering wells were installed south of the leach pad to help lower the water table in that area
due to concerns regarding the geotechnical stability of the leach pad’s south containment dike.
Southwest of the gully fault, several low-angle clay seams are present in hornfels and metasediments.
These clay seams are the result of weathering of the metasediments along what are likely old thrust fault
slip surfaces. These clay seams serve as aquitards and separate layers of perched groundwater.
Piezometers installed in this area in the mid 1990’s indicated that several distinct perched systems are
present. Groundwater flow within these perched systems is poorly understood. The area north of the
Gully Fault does not contain these clay seams as the older thrust faults appear to have been cut off by
the Gully Fault.

3.5.1.5 SEASONAL WATER LEVEL CHANGES AND VERTICAL GRADIENTS

Figure 18 is a series of groundwater hydrographs for paired well locations where one well is
completed in colluvium/alluvium and is adjacent to a bedrock well. The hydrographs for wells SBB-87-
0l and -02 and SBB-87-12 and -13 show that groundwater elevations are higher in bedrock than in
adjacent alluvium, indicating that vertical hydraulic gradients are upward from bedrock into the overlying
alluvial material along German Gulch. This implies that groundwater is discharging from the bedrock
system to the alluvial system. Water in the alluvium likely flows parallel to, and discharges into, the
creek.

The hydrograph for paired wells SBB-87-06 and -07 and SBB-88-25 and -26 indicate that at these
locations vertical gradients are downward from colluvium into bedrock. These wells are located on a
ridge that is a recharge area for groundwater. Rain and snowmelt infiltrate through the colluvial
material recharging the underlying bedrock creating a downward head potential.

3.5.2 Groundwater Quality

Tables 8 and 9 summarize groundwater and spring water quality data, respectively, for the January
through July 2003 monitoring period. These data are discussed in the following sections.
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TABLE 8
2003 GROUNDWATER DATA SUMMARY

Beal Mountain Mine

Dissolved Concentration (milligrams per liter)
SETICH pate | P" {:rtn?tr:)jard e Nitrate/ 3 g Total Thio-
Dlsso.lved Sulfate Nitrite as N Arsenic Copper Iron Selenium Cyanida cyartate
Solids
MB-97-1 6/30/2003 6.8 1490 882 0.1 ul 0003 U| o001 u| oss 0.003 0005 U[ 02 U
MB-97-2 11/13/2003 6.7 1070 679 0.1 u| oooz Ul 0001 Ul sz8 0001 U| 0046 02 U
SBB-87-01 6/30/2003 6.9 1010 598 0.2 0003 y | 0.004 0.08 0.012 0005 y| 02
SBB-87-01 11/13/2003 72 1080 658 03 0.003 0.002 0.04 0.012 0005 y| 02 y
SBB-87-02 6/30/2003 7.4 1170 691 01 y | ooos 0001 y | o012 0.002 0005 y| 02
|lsBB-87-02 | 1171312003 7T 1220 783 04 y | ooo7 0001 y | 014 0001 y| 0005 y| 0z y
[lseB-87-08 | sr30/2003 7.7 142 7 0.4 0.005 0.001 0.03 0001 y|ooos y| ez
seB-87-08 | 11/13/2003 7.9 160 8 05 0.006 0.003 0.02 0001 yf o005 y| o0z
lsee-87-07 | 11/13/2003 7 448 214 23 0003 u| 0001 u| o006 | [ o001 . | o013 | 02 U
[lseB-87-12 1/15/2003 7.8 188 59 01y | 0ot 0.002 0.03 0001 gy | 0005 y| o2
[lseB-87-12 | 21372003 7.9 179 61 005  y [ oo 0001 y| 001 y| 000t y| o005 | o3
[lsBB-87-12 3/11/2003 7.8 191 63 0.1 u | o.008 0001 y | 004 0001 y | 0005 y| 03
[lsBB-87-12 4/30/2003 7.9 184 63 01y | oom 0001 y | 008 0001 y | 0005 | o3
llsee-67-12 | sf21/2003 7.7 187 80 01y | 0009 0001 y | o0.08 0000 _yfoos y| 02 |
|lsBB-87-12 6/30/2003 7.8 183 64 01y | o.oos 0001 | 003 0001 y | 0005 y| o0z
lseB-87-12 | 7r25/2003 7.6 189 56 01y | ooos 0001 y | o052 0001 y|oos yf| 02
|lszB-87-12 8/22/2003 7.8 195 63 01  y | o009 0001 y| o001 0001 y|ooos y| o0z
lseB-67-12 | 1111372003 7.9 204 67 01 y| o001 0001 y | o002 0001 y| 0005 y| o0z
SBB-87-13 1/15/2003 7.0 291 122 0.9 0.01 0.007 0.09 0.011 0005 y| 08
SBB-87-13 2/13/2003 7.0 286 132 091 0.01 0.006 0.01 0.011 0005 y| o7
3BB-87-13 3/11/2003 6.9 288 129 0.9 0.012 0.008 0.07 0.010 0005 y| o4
SBB-87-13 4/30/2003 7.0 407 197 15 0.014 0.016 0.60 0.009 0005 y | o7
lseB-87-13 | sr21/2003 6.6 456 225 17 0.010 0.008 138 0.010 0005 y| o5
SBB-87-13 6/30/2003 6.8 311 138 15 0.010 0.005 0.02 0.009 0005 y| 02
SBB-87-13 7/25/2003 6.8 338 131 ] 0013 0.010 1.02 0.008 0005 | 02
SBB-87-13 8/22/2003 7.0 335 147 1.2 0,012 0.006 0.03 0010 | 0010 04
SBB-87-13 | 11/13/2003 7.0 320 139 1.1 0.012 0.008 0.02 0.010 0005 Ul 02 U
lsBB-88-20 | 1171312003 6.9 659 336 3 0003 U| 0004 0.03 0.026 0.014 02 U
SBB-88-25 6/30/2003 7.4 277 82 1.2 0.003 0.007 0.03 0.010 0.052 02 y
SBB-88-25 | 11/13/2003 7.2 411 168 2 0003 y | 0011 0.03 0.013 0.059 02 y
SBB-88-26 6/30/2003 7.2 293 88 1 0.003 0.002 0.04 0.008 0.067 02
SBB-88-26 | 11/13/2003 7.2 432 181 22 0003 | 0003 0.05 0.009 0.00 02
(lseB-91-29 6/30/2003 6.5 1390 734 16 0003 y | 0002 056 0.047 168 02 y
SBB-91-30 6/30/2003 6.6 1200 616 107 0003 y | o002 0.06 0.020 0.109 0z
SBB-94-31 1/15/2003 7.3 340 103 2.7 0003 1 | 0008 0.21 0.015 0.052 03
SBB-g4-31 2/13/2003 7.3 339 117 2.46 0003 | 0005 0.14 0.016 0.116 03
SBB-94-31 3/11/2003 7.3 358 119 24 0003 y | 0.006 0.28 0.016 0.145 0.4
SBB-94-31 4/30/2003 7.4 366 123 23 0003 gy | 0005 0.15 0.018 0005 ¢ | 03
SBB-94-31 5/21/2003 7.3 400 125 29 0003 y | 0004 0.11 0.018 0.156 02y
SBB-04-31 6/30/2003 7.2 393 125 42 0003 | | D0.004 0.07 0.015 0.138 02 y
SBB-94-31 7/25/2003 7.1 430 132 3.2 0003 y | 0004 010 0.019 0.21 02 y
SBB-94-31 8/22/2003 7.3 457 168 2 0003 | 0002 0.05 0.021 0.250 02 y
|lsBB-94-31 11/13/2003 73 454 177 2.2 0003 y | 0003 0.08 0.02 0.136 02
[lsBMw-3 6/30/2003 77 195 70 1.2 0003 u | 0001 u| 001 y| 0004 0005 y| 02 y
f|Groundwater Standard NA NA NA 10 0.02 13 03 0.050 0.2 NA
Notes: Groundwater Standard from MDEQ Circular WQB-7 (2002) I::J Shading indicates value exceeds groundwater standard

Caoncentrations in milligrams per liter (mg/L) except for pH.
U - Concentration is less than laboratory reporting limit indicated
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3521 GROUNDWATER WELLS

Comparison of data to groundwater standards (MDEQ 2002) indicates that the June 2003 samples from
paired wells SBB-91-29 and -30 exceeded the groundwater standard for nitrate. Groundwater samples
from SBB-87-02, -12, -13, and SBB-91-29, and -3| exceeded the groundwater standard for iron.
Groundwater samples from wells SBB-88-25, SBB-88-26, and SBB-91-29, -30, and -3| exceeded the
groundwater standard for cyanide. Samples from paired wells SBB-87-01 and -02 and SBB-91-29 and -30
exhibit relatively high concentrations of total dissolved solids (TDS) and sulfate.

Figures 19, 20, and 2I are graphs showing trends in concentrations of selenium, sulfate, and nitrate and
cyanide concentrations, respectively for selected monitoring wells. Figures 19 and 2l indicate that
selenium and nitrate concentrations increased markedly in alluvial monitoring well SBB-87-01 (waste
rock toe area) in 1991 and then decreased in 1995. Prior to 1995, water draining from the waste rock
dump was discharged to a marshy area at the head of German Gulch near well SBB-87-01 (personal
communication, Bruce Parker, Beal Mountain Mining). In 1995 a toe drain collection system was put in
place to capture water draining through the waste rock dump. This likely resulted in a decrease in
groundwater selenium concentrations at that time and also resulted in the marshy area drying up.

Similar increases in selenium and nitrate concentrations did not occur in the adjacent bedrock well SBB-
87-02 (Figures 19 and 2I). A comparison of selenium and nitrate concentrations in these paired wells
indicates that selenium and nitrate impacts are much more pronounced in shallow alluvial groundwater
than in the underlying bedrock. Figure 20 indicates that sulfate began increasing in groundwater in
both bedrock and alluvium at that location in about 1992 and has been increasing since.

Selenium concentrations increased slightly in alluvial and bedrock groundwater at paired well location
SBB-87-12 and -13 (near surface water station STA-3) in 1993 to 1995 and another increase in selenium
in bedrock groundwater in 2001 (Figure 19). Figure 20 shows that an increase in sulfate
concentrations in groundwater from alluvial well SBB-87-12 began in 1992, similar to that observed in
wells SBB-87-01 and -02. This suggests that bedrock at this location may not receive recharge from the
same area as the alluvium, which is in hydraulic communication with surface water. Figure 19 also
shows that changes in selenium concentration in surface water in German Gulch at STA-3 parallel
changes in well SBB-87-13, suggesting good communication between surface and groundwater at this
location.

Figure 19 indicates that selenium increased in colluvial wells SBB-87-07 and SBB-91-29. These wells
are completed in colluvium and are located north of the north leach pad dike. The north leach pad dike
was constructed in 1991 with unoxidized rock from the Beal Mountain pit. Soluble selenium may have
been flushed from this rock in the dike and infiltrated into shallow groundwater. Sulfate concentrations
have shown a general increasing trend in wells SBB-87-07, SBB-91-29 and -30 since the early 1990s. A
similar trend has not been observed in well SBB-87-06 which is the deeper well paired with SBB-87-07.

Selenium and sulfate concentrations generally increased between 1992 and 2002 in colluvial and bedrock
groundwater paired well location SBB-88-25 and —26 (north of the leach pad), but have decreased since
then (Figures 19 and 20). Selenium and sulfate concentrations in well SBB-94-31 increased between
1995 and 1997, but have decreased since that time (Figures 19 and 20). During this period, water
extracted from dewatering wells in the Beal Mountain pit was land applied on the north flank of Beal’s
Hill.  This freshwater land application was the likely source of the observed increases.
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USDA Forest Service — Beal Mountain Mine Existing Conditions Report
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Figure 19. Selenium Trends in Select Monitoring Wells (milligrams per liter)
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Figure 19 (cont’d). Selenium Trends in Select Monitoring Wells (* concentrations are
dissolved for STA-3A prior to October 1993; other concentrations are totals)
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Figure 20. Sulfate Trends in Select Monitoring Wells (milligrams per liter)
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Figure 20 (cont’d). Sulfate Trends in Select Monitoring Wells.
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Figure 21 shows that cyanide was generally not detected in monitoring wells north of the leach pad
before land application discharge (LAD) operations began in 2001. Since that time, with the active land
application of treated leach pad solution on-going until November 2003, cyanide concentrations in most
monitoring wells north of the leach pad have increased.
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Figure 21. Nitrate and Cyanide Trends in Select Monitoring Wells (milligrams per liter)
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3.5.2.2  SPRINGS

Numerous springs have been identified and monitored since 1987. Most of these springs are located in
the headwaters of German Gulch, Beefstraight, and Minnesota gulches (Figures 6a and éb). Many of
these springs occur at the contact between alluvium/colluvium and underlying bedrock. Joints or
fractures in bedrock control the location of other springs.

Impacts to water quality have been noted in several springs. For example, springs SPR-5 and SPR-10A
have been impacted by water in contact with the waste rock dump (Figure 22). Concentrations of
selenium, sulfate, nitrate, and total dissolved solids are elevated in these springs. Springs located within
and downhill of the land application area have also shown impacts from mine operations, with

appreciable increases being measured in cyanide and selenium concentrations since land application
began in 2001 (Figure 22).
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Figure 22. Springs Affected by Waste Rock Drainage and LAD Application
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Numerous springs were monitored in 2003. A summary of recent water quality data for monitored
springs is presented in Table 9. Characteristics and water quality of recently monitored springs are
summarized below. Spring locations are shown on Figures éa and éb. Bruce Parker (BMMI) provided
some of the information presented in this discussion.

This spring is located at the base of a landslide below and to the southeast of the ore processing plant.
It was originally developed for watering cattle. Water is piped from where it seeps from colluvium, into
a trough. Flows have ranged from 0.4 gpm to 12 gpm. Flow increased and water quality decreased in
this spring in response to land application discharge on Beal's Hill. Most of the samples collected
monthly from this spring between January and September 2003 exceeded acute aquatic life standards for
cyanide (Table 9). Most of the samples also exceeded the chronic aquatic life standard for selenium
and three of the monthly samples exceeded the acute standard. Sulfate concentrations were below 100
mg/L in many of the samples, but samples collected in March, July, and August 2003 exhibited sulfate
concentrations of 267, 410, and 469 mg/L respectively. Nitrate concentrations were below 2.1 mg/L.

% SPR-3

This spring is located in German Gulch about 800 feet downstream from the Beal Mountain pit. Flows
in SPR-3 have ranged from no flow to 200 gpm but typical flows ranges from one gpm to 40 gpm. Flow
increases significantly during spring runoff and following precipitation events. Historic water quality data
indicate that this water from this spring has contained elevated arsenic concentrations (up to 0.978
mg/L). This spring was sampled in March and June 2003 and contained concentrations that exceeded
the chronic aquatic life standards for selenium and the acute and/or chronic standards for cyanide.

Spring SPR-5 occurs at the waste rock dump toe where it joins with water piped from SPR-10A and
water collected in the toe drain. This water is collected in a pipe and is pumped to the process water
pond near the plant site. Flow measured at SPR-5 has ranged from no flow to 450 gpm (Figure 23).
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Figure 23. Discharge at Spring SPR-5 (gallons per minute)
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Samples collected from this spring in 2003 exceeded the acute aquatic life standard for selenium
(Figure 22) on each of the four sampling events conducted. Selenium concentrations increased
substantially in SPR-5 between 1989 and 1993, but have declined to a consistent level of about 0.07
mg/L.

s SPR-10A

SPR-10A is a seep that was buried in 1997 under waste at the top of the waste rock pile. Water from
this spring is brought from under the waste rock dump and around the dump’s southern edge in a
pipeline that is sampled in a drop box at the waste rock dump toe adjacent. Before the first lift of waste
rock was placed over the spring, about five feet of material from the Beal Shear Zone was placed first as
a low permeability undercoat. This Beal Shear Zone material is now known to contain relatively high
concentrations of selenium.

Water from SPR-10A is collected in a pipe and pumped along with water collected in the toe drain and
water from spring SPR-5 (located 200 feet downhill) and stored in the process water pond near the
plant site. Flows measured in this seep typically ranged from one to 30 gpm. Samples were collected
from this spring on four occasions during 2003 (March, June, September, and November), with
laboratory results showing exceedances of acute aquatic life standards for selenium for each event
(Table 9). Selenium concentrations in SPR-10A increased substantially after the spring was covered
with Beal Shear material (Figure 22). Since that time, selenium concentrations in SPR-10A have been
higher than those detected in water from SPR-5 or in water from the waste rock toe drain. This is an
indication that the Beal Shear material used to cover the spring is a source of selenium. Sulfate
concentrations in samples from this spring are typically greater than 400 mg/L. Nitrate concentrations
in SPR-10A samples were all above 2.0 mg/L (Table 9).

SPR-18 is located northwest of the ore processing plant and was originally developed for watering cattle.
Water is piped from where it seeps from the ground into a trough. Flows in this seep are typically less
than 1.0 gpm. Although this spring is located within the land application area, flow does not vary much
in response to land application rates. Cyanide was detected above the acute or chronic level in all four
samples collected from this spring in 2003.

s SPR-19

Spring 19 is located about 1,000 feet west of the leach pad in the Minnesota Gulch drainage and was
originally developed for cattle watering. This spring was sampled monthly through August in 2003 to
monitor changes in water quality resulting from discharge of water from the biotreatment facility to
LAD Area C (Figure 3). Flow at SPR-19 has ranged from no flow to 20 gpm. In the eight 2003 samples
collected from this spring, cyanide concentrations exceeded the acute aquatic life standard, and selenium
concentrations exceeded either the chronic or acute aquatic life standards (Table 9). Two samples
from SPR-19 contained sulfate concentrations greater than 500 mg/L, and two samples contained nitrate
concentrations greater than 5.0 mg/L (Table 9).

% SPR-DI
SPR-D1 is located in the headwaters of American Gulch. The spring flows from the surface and runs

downhill about 300 feet and then infiltrates into colluvium. Observed flow in this spring (SPR-D1) has
ranged from no flow to six gpm in the spring, and it often does not flow during winter months. Flow in
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the spring increases during periods of land application. Water quality in the spring is also affected by
land application; concentrations of sulfate, selenium, and cyanide have been markedly higher in samples
collected from this spring after initiation of land application than those collected before land application.
All five samples collected from the spring in 2003 exceeded acute or chronic aquatic life standards for
selenium and cyanide (Table 9).

s SPR-D2

SPR-D2 is located in a swale about 600 feet uphill from SPR-DI on the northeast slope of Beal’s Hill
within the land application area. Flow and water quality in this spring responds rapidly to land
application discharge. Observed flow has ranged from no flow to five gpm. The seven samples collected
from SPR-D2 in 2003 all contained selenium and cyanide concentrations exceeding the acute or chronic
aquatic life standards (Table 9). During periods of land application, water from this spring contains
relatively high concentrations of total dissolved solids (TDS), sulfate, and iron.

< SPR-D3

SPR-D3 is a very small seep north of the leach pad on the Minnesota Guich side of the ridge. Observed
flows have ranged from no flow to three gpm but have been less than 0.5 gpm since 2000. When
flowing, water from this seep runs approximately |5 feet before infiltrating into the ground. Except for
the sample collected in January 2003, the remaining seven monthly samples collected in 2003 exceeded
the acute or chronic aquatic life standard for cyanide (Table 9).

% SPR-D4

SPR-D4 is an approximate 40,000 square-foot wetland located north of the leach pad on a bench in
Minnesota Gulch. The wetland appears to be a discharge point for water from land application and is
also recharged by snowmelt. The wetland is drained by a depression that appears to lead down the
ridge toward spring SPR-D8. Snow drifts as much as 40 feet deep often accumulate in the area
surrounding the wetland during winter months. Observed flows have ranged from 0. to 20 gpm but
are typically less than two gpm. Of the eight samples collected from this site between January and
August 2003, all but one contained cyanide concentrations exceeding acute or chronic aquatic life
standards.

+ SPR-D5

SPR-DS5 is located in German Gulch, south of Beal’s Hill about 250 feet in elevation above the creek.
Observed flows have ranged from 0.5 gpm to three gpm. Flow and water quality in this spring vary
slightly in response to land application. The spring was sampled monthly from March through
December 2003. Concentrations of cyanide in these samples exceeded the chronic aquatic life standard
of 0.005 mg/L from July through December (Table 9).

% SPR-D7

SPR-D7 is a small seep located in an aspen grove in a road cut about 200 feet above German Gulch.
Observed flows have ranged from 0.5 gpm to 3.0 gpm. Flows do not appear to increase much during
spring runoff. It was sampled in January, April, and May 2003. One of these three samples exceeded the
acute chronic life standard for cyanide (Table 9). Other parameters do not indicate impacts from land
application or mining activities.
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% SPR-D8

SPR-D8 is located in Minnesota Gulch below the land application area. Flow in SPR-D8 increases
appreciably during spring runoff and during periods of land application discharge. Observed flows have
ranged from no flow to 50 gpm. Four of twelve monthly samples collected from SPR-D8 in 2003
exceeded the acute aquatic life standard for cyanide (Table 9). The March and April 2003 samples
were equal to the chronic aquatic life standard for selenium.

3.6 AQUATICS AND FISHERIES

Water quality and aquatic resource investigations have been used to evaluate conditions of aquatic
resources in the vicinity of the Beal Mountain Mine. Investigations include those that evaluate selenium
and cyanide in fish, habitat quality, macroinvertebrates and periphyton health, and the potential risk to
these resources from elevated contaminant concentrations in streams.

Streams in the watershed where fish and aquatic resources data have been collected include German
Gulch, Beefstraight Creek, Minnesota Gulch, and Greenland Gulch (Figure 6a). Greenland Gulch was
used as a “control” for aquatic bio-monitoring. These streams support populations of native westslope
cutthroat trout (Onchorhyncus clarki lewisi), a species recognized as “sensitive” by the USDA-FS, and non-
native eastern brook trout (Salvelinas fontinalis) (La Marr, 2002).

3.6.1 Selenium and Copper

As discussed previously, water quality data have been collected from the late 1980s through 2003 at
numerous sampling locations in German Gulch. Prior to mine development, selenium concentrations
throughout the stream were considered low with respect to Montana water-quality standards, with
readings from non-detect to 0.004 mg/L (La Marr, 2003). Montana’s chronic aquatic life standard for
selenium is 0.005 mg/L (MDEQ, 2002). Selenium concentrations in German Gulch increased during
mining, primarily in springs SPR-10A and SPR-5 that are influenced by the waste rock dump, with
concentrations consistently above the acute standard (0.02 mg/L) since 1990 in SPR-5 and since 1998 in
SPR-10A. Instream selenium concentrations have been decreasing since 1997 in both springs (Figure
22) but not to a level that is below the acute standard.

During summer 2001, fish and aquatic macroinvertebrate tissues from the German Gulch sub-watershed
were collected and analyzed for selenium and copper concentrations (La Marr, 2002). Whole-body fish
tissue samples of westslope cutthroat trout and brook trout were collected from Minnesota Gulch
(DNMINN), Beefstraight Creek (BS-D), and middle German Gulch (STA-2) (Table 10).

TABLE 10
SELENIUM AND COPPER CONCENTRATIONS IN WHOLE-BODY FISH TISSUE !

Mean Selenium Concentration? Mean Copper Concentration? +/- 95%
+/- 95% Confidence Interval Confidence Interval

Minnesota Gulch 251+4/-0.43 7.98 +/- 13.42
Beefstraight Creek 3.53 +/-0.40 10.50 +/- 4.75
Middle German Gulch 10.76 +/- 0.68 2.79 +/-0.71

Stream

|. Table after La Marr (2002).
2. Concentrations are in pg/g on a dry weight basis
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As summarized by La Marr (2002), selenium concentrations were found to be statistically higher in fish
whole-body tissues from middle German Gulch than in fish collected from Minnesota Gulch and
Beefstraight Creek. Statistical differences could not be calculated for copper concentrations due to
sample variances.

Caddisfly, mayfly and stonefly macroinvertebrates were sampled from Beefstraight Creek (BS-D), upper
German Gulch (STA-3A), and middle German Gulch (STA-2) and analyzed for selenium and copper
(Tables Il and 12).

TABLE |11
SELENIUM CONCENTRATION IN MACROINVERTEBRATES !

Sampling Site

Caddisfly

Mayfly Stonefly

Mean Total

Standard Deviation

Beefstraight Creek

3.79*

12.2

52

7.06

4.5

Upper German Gulch

72

77

5.1

6.67

1.38

Middle German Gulch

12.4

18

1.3

13.9

3.59

|. Table after La Marr (2002).
2. Concentrations are in ug/g on a dry weight basis

TABLE 12
COPPER CONCENTRATION IN MACROINVERTEBRATES !

Sampling Site

Caddisfly Mayfly

Stonefly

Mean Total

Standard Deviation

Beefstraight Creek

17.3

19.6

378

249

1.2

Upper German Gulch

25.6

79.2

81.2

62

31.5

Middle German Gulch

20.6

57.6

46.2

41.5

19

|. Table after La Marr (2002).
2. Concentrations are in pg/g on a dry weight basis

Mean dry weight selenium concentrations in middle German Gulch macroinvertebrates were above the
range of suggested toxic effects thresholds to fish from dietary organisms of 3 to || micrograms per
gram (ug/g) as summarized in various studies reported in La Marr (2002). These results suggest a
potential pathway for bioaccumulation of selenium in the German Gulch sub-watershed. Selenium
concentrations were elevated in fish whole-body tissues from middle German Gulch (STA-2), while
levels were not elevated in Minnesota Gulch or Beefstraight Creek (La Marr, 2002). Copper
concentrations were not elevated in macroinvertebrates or fish.

In 2002 and 2003, samples were collected and analyzed for selenium at five sample sites in the sub-
watershed in fish tissue, fish eggs (two sites), and macroinvertebrates. Bedload sediment samples were
collected in 2002 from four sample locations in the sub-watershed and analyzed for selenium
concentrations. Selenium concentrations in the sampled media, including fish tissue and eggs, at each
sample location were compared to established toxicity indices (Lemly, 2002) and rated as high,
moderate, or low hazard to aquatic life (Table 13) (La Marr, 2003).
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TABLE I3
SELENIUM IN WATER, SEDIMENT, MACROINVERTEBRATES, AND FISH EGGS !

Measured Ranges of Selenium Concentrations and Hazard Ratings by Component

Water Column Sediment Aquatic Inverts Fish Eggs

Site Measured Hazard Measured Hazard Measured Hazard Measured Hazard
in (ug/) Rating in (ug/g)? Rating in (ug/g)? Rating in (ug/g)? Rating

(STA-1) 1-6 High <l None | 64-11.6 High 16.8-28.1 High

(STA-2) 5.8 High 4.0-5.1 High 8.7-142 High 17.2-25.1 High

(STA-3A) 1-19 High 2.0-4.5 High 5.1-7.7 High 3.0-14.1° | Moderate

(BS-D) 0-2 Minimal 1.3-1.4 Minimal 3.5-75 High 5.2-7.8° Low

(DNMINN) 0-5 High No Data None 1.4-2.1 Minimal 4.7-84 Low

| Table after La Marr (2002).
2 Concentrations are in ug/g on a dry weight basis
3 Values are extrapolated from fish whole-body data

In 2003, bedload sediment samples were collected from nine locations including STA-2, STA-3A, and BS-
D, which were sampled previously in 2002, and STA-IA located approximately 600 feet upstream from
STA-I on German Gulch and between the confluences with Beefstraight and Norton Creeks (Figure
6a). Sediment samples were also collected from five new locations, designated with the letter “N”,
located upstream from STA-3A on the main channel (STA-IN and STA-5N) and on inflows (STA-2N,
STA-3N, and STA-4N) in the headwaters of German Gulch (Figure 6a). Locations of the new stations
were logged with GPS and are on file with Maxim and the USDA-FS.

Bedload sediment selenium concentrations measured in 2003 at STA-2, 3A, and BS-D were similar to
concentrations measured in 2002 (Table 14).

TABLEI4
GERMAN GULCH BEDLOAD SEDIMENT SELENIUM CONCENTRATIONS

Selenium Concentration (micrograms/gram)
October 2002! Sept. 20032
STA-1A <l <l

STA-2 4.0-5.1
STA-3A 2.0-4.5

BS-D 1.3-1.4
STA-IN
STA-2N
STA-3N
STA-4N
STA-5N

Station

| Data collected by La Marr (2002).
2 Data collected by Maxim; concentrations in pg/g on a dry weight basis
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Selenium was below detection at STA-1A. Selenium concentrations in sediment collected from the new
stations were greatest at STA-IN (3 pg/g) and STA-5N (5 pg/g) located upstream from STA-3A on
German Gulch. Sediment from stations STA-2N, 3N, and 4N, located on inflows at the head of German
Gulch, all had selenium concentrations of 2 png/g. Therefore it appears that selenium in stream

sediments appears to be most concentrated (3-5 pig/g) from stations on the main stem of German Gulch
between stations STA-5N and STA-2.

3.6.2 Cyanide

Several studies were conducted in the German Gulch subwatershed in 2003 to quantify the effects of
cyanide concentrations in surface water draining the mine and LAD areas and are reported in a briefing
paper by Don Skaar (2004). These studies included in-site bioassays, collecting blood samples from
brook trout, collecting liver and fish tissue samples, and collecting eggs from brook trout.

Results of the bioassay study showed 100% survival of hatchery westslope cutthroat trout placed in
cages in Beefstraight Creek and Norton Gulch for 10 days. Cyanide concentrations in surface water
during this period ranged from less than the detection limit to 0.017 mg/L. The chronic and acute
aquatic life standards for cyanide are 0.005 and 0.022 mg/L, respectively.

Plasma extracted from blood collected from brook trout in German Gulch and Beefstraight Creek
showed the highest thiocyanate levels in fish from Beefstraight Creek. Fish from the control stream,
Divide Creek, had the next highest levels of thiocyanate followed by fish collected from German Gulch.
The difference in thiocyanate plasma concentrations between the three streams was not significant.
These same results were mirrored by the hepatosomatic index values calculated for brook trout
collected during the same period. Mean total cyanide concentrations in Beefstraight Creek during the
collection period were almost twice as high as in German Gulch.

The egg collection study indicated that German Gulch fish had the greatest number and the largest size
of eggs, followed by Beefstraight Creek and then by Divide Creek. These differences were not
significant but were consistent with findings in other studies that showed reduced fecundity following
prolonged cyanide exposure (Skaar, 2004).

3.6.3 Habitat Quality

Habitat data have been collected at two locations on German Gulch (upper, lower) and one location on
Greenland Gulch, a tributary to German Gulch south and east of the permit area (Figure 6a). The
1999 aquatic monitoring report (McGuire and Weber, 2000) described both physical and biotic habitat
conditions encountered during monitoring in 1999, and compared those data with data collected in 1996
and 1997.

3.6.3.1  PHYSICAL HABITAT

A wide variety of physical habitat parameters were evaluated at the sites studied by McGuire and Weber
(2000). Physical habitat condition for the upper German Gulch location was considered “sub-optimal”
during all three sample years for most habitat parameters. Habitat degradation in this area was primarily
attributed to historic placer mine dredging. Habitat in middle German Gulch was rated optimal in 1996
and 1997, and sub-optimal in 1999. The decline in habitat condition was attributed to reduced vigor in
riparian vegetation and an increase in bank erosion and sediment deposition due to use of the riparian
area by cattle during summer 1999. Greenland Gulch habitat condition was generally optimal during all
three years based on the parameters evaluated.
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3.6.3.2  BIOTIC HABITAT

Periphyton are a useful measure of baseline water quality and as biomonitors of changing conditions
because they typically occur in large numbers, are highly sensitive to physical and chemical factors, and
have known environmental requirements and pollution tolerances (Bahls, 1979, cited in McGuire and
Weber, 2000). Aquatic macroinvertebrates are good indicators of local environmental conditions
because of their relative immobility, predictable associations with specific habitats, and differential
tolerances to pollution (McGuire and Weber, 2000). Sampling of periphyton and aquatic
macroinvertebrates occurred during 1999 at the three sample locations described above.

Results of the periphyton investigation indicated the biotic integrity in the upper and middle reaches of
German Gulch during 1999 was generally rated as good, with minor impairment of aquatic life. The
authors suggest that the 1999 results may indicate a “reversal of a downward trend since 1996” in these
stream reaches. Biotic integrity in lower Greenland Gulch during 1999 was also rated as good, with
only minor impairment to aquatic life due to an elevated siltation index value. The authors conclude
that although siltation index values suggest minor to moderate impairment, other biotic data (algae
metrics) indicate relatively unimpaired biota existing in these streams (McGuire and Weber, 2000).

Aquatic macroinvertebrate data from 1999 indicate generally good biotic conditions in all three sample
reaches. The upper German Gulch sample site was classified as moderately impaired during the summer
but improved to non-impaired during the fall. Both middle German Gulch and Greenland Gulch were
classified as non-impaired during both sample events (McGuire and Weber, 2000). Biointegrity scores
relative to macroinvertebrates were slightly lower in 1999 than in 1997 for all sample sites, the likely
reason being environmental stress related to drought and low streamflow (McGuire and Weber, 2000).

3.6.4 Summary

Historic placer mine dredging activities as well as current livestock use have influenced physical habitat
conditions in the German Gulch watershed. Biotic conditions, including benthic macroinvertebrate
communities and fish, are exposed to elevated levels of selenium in the water column as well as bed load
sediment. This exposure is primarily occurring in the upper and middle reaches of German Gulch (STA-
3A, STA-2). The result of this exposure is elevated selenium in both macroinvertebrates and fish, which
may result in impacts to fish populations.
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4.0 EXISTING CONDITION OF MINE FACILITIES

This section presents a discussion of each of the six mine facility areas, which are:

Beal Mountain Pit

South Beal Pit

Woaste Rock Dump

Heap Leach Facility

Land Application Disposal Areas

Other Facilities (including maintenance area, roads, ponds, water treatment plant, and
stormwater system)

oo hwWN —

The discussion for each facility presents a description, summarizes the reclamation status of the facility,
and presents the available data pertinent to the issues that were identified in the previous section on
Existing Environment.

4.1 BEAL MOUNTAIN PIT

The Beal Mountain pit was originally permitted in July of 1988 and was developed in an amphitheater-like
configuration with an open end to the east that allowed the pit to be free draining toward German
Gulch. The original pit was mined to a depth of about 310 feet from the northwest highwall (elevation
7,240) to the lowest point near German Gulch (6,930 feet in elevation). Beal Mountain’s mining permit
was amended in 1993 to include the “Beal Extension” as part of the South Beal Amendment. The “Beal
Extension” called for deepening the south central portion of the Beal Mountain pit an additional 190 feet
below the level of German Gulch. Overall pit dimensions at the conclusion of mining were
approximately 1,300 feet in a north-south direction and 1,600 feet in an east-west direction with a total
depth of about 500 feet. Bench heights of 20 feet were used during mining with 30-foot wide safety
benches constructed every 60 vertical feet. Overall slope angles are approximately 45 degrees. Mining
in the Beal Mountain pit ended in February 1997.

4.1.1 Pit Water Drainage and Pit Reclamation

The Beal Mountain pit was reclaimed by partial backfilling and construction of an underdrain system
(Figure 24). The deep central portion of the pit called the “Beal Extension” was backfilled to the
elevation of German Gulch. Backfill material consisted of mined waste from the South Beal deposit.
The final reclamation configuration of the partially backfilled pit surface was graded to slope from west
(6,940 feet in elevation) to east toward German Gulch (6,920 feet in elevation) for drainage of both
surface and groundwater. A buttress of mine waste was also placed along the north highwall of the pit
(Figure 24). In addition, to partially buttressing the slide this waste was used to cover sulfide exposed
in the pit highwall.

An underdrain system was constructed about five to seven feet below the final reclaimed pit surface.
This underdrain system consists of a dendritic arrangement of very coarse rock filled channels
constructed about 12 to |5 feet wide, and about two to three feet in depth that were covered with a
filter fabric material. An underdrain system was also constructed around the entire perimeter of the pit
that tied into the limbs of the dendritic portion of the drain and the lower outfall from the pit. The
channels were laid out to collect water throughout the pit floor and deliver it to the east end of the pit,
toward German Gulch. A three-foot layer of compacted South Beal pit waste was placed across the pit
floor and also covered the constructed rock drain channels. This compacted waste layer in turn was

Maxim Technologies Inc. 67 April 2004




USDA Forest Service — Beal Mountain Mine Existing Conditions Report

covered with 14 to 20 inches of cover soil and revegetated (Figure 24). A surface drainage channel
system was established with coarse rock filled channels of wollastonite-pyroxene skarn material from
South Beal arranged such that surface water was also diverted toward German Gulch. Both the
underdrain system (MBDRAIN on Figure 6b) and the surface water system draining the pit area have
discharged directly into German Gulch since January of 2004. Prior to that time, all of the surface water
and underdrain groundwater from the pit drains was captured and pumped to the holding pond by the
processing plant and land applied. Flow from the pit is estimated to average about 30 gpm at low flow
conditions to as much as 100 to 150 gpm at high flow.

4.1.2 Pit Wall Stability

During the course of mining, several slope stability problems were identified in the Beal Mountain pit.
There are currently two active slides, the west wall slide and the clay/sill slide (Figure 25). These slides
are wedge-shaped blocks of metasediments that move along clay layers which dip at a low angle
(approximately 20°) to the northeast (Sitka, 1996). The orientations of the clay layers are apparently
not parallel to, but occur at a low angle to metasediments bedding planes and are likely thrust fault
planes parallel to the regional thrusts. Near vertical northwest trending joints and shears border the
blocks along their northeast and southwest boundaries.

The west wall slide (Figure 25) has moved across and into the Beal Mountain pit in an eastward
direction at high rates of speed and covered large distances. During the years when the main Beal Pit
was actively being mined, movement of this slide was reported in the range of 10 to as much as 100 feet
per year. A large portion of this movement resulted from undercutting the toe of the slide during Beal
Mountain pit mining operations. The toe of the slide is exposed in the north pit wall. Numerous
surface cracks occur on a flat bench in the central portion of the slide area, and a fault-scarp with two to
four feet of displacement has developed in response to movement along the westernmost portion of the
south flank of the slide. A spring at the toe of this slide was producing approximately 0.5 gpm in
September 2003. Efforts to mitigate the slide’s movement were implemented during mining operations
by changes in the pit development plan that left ore reserves in the northwest corner of the pit to
buttress the slide and over time curtail its movement. Current rates of movement are discussed in the
following section on pit wall stability monitoring (Section 4.1.3).

The clay/sill slide is a relatively small slide located immediately south of the southern corner of the heap
leach pad (Figure 25) and to the immediate north of the west wall slide. The slide moves along a clay
layer that is oriented similar to the west wall slide (dips 20 degrees to the northeast) and the clay layers
may represent weathering along small thrusts that are parallel to the main regional thrust faults. The
vertical Gully Fault bounds the slide to the northeast and apparently cuts off the clay layers to the
northeast of the fault towards the heap leach pad and dike. Some of the movement on the clay/sill slide
is directly related to movement of the west wall slide, which through its eastward movement leaves the
southern edge of the clay/sill slide unsupported and allowed it to move to the south and east toward the
pit (Figure 25). During the period of active mining, movement of this slide propagated slump-like
features and cracks or fractures upward into the unconsolidated fill of the southern corner of the heap
leach pad. These features led to geotechnical stability studies of the leach pad dike in the southern
corner of the pad (Section 4.1.3).

There were several responses implemented to mitigate the clay/sill slide’s movement during mining and
closure activities. These included, the construction of surface water diversion ditches; unloading of
material above the slide; excavation of a an are to the southwest of the southern corner of the leach
pad embankment and the installation of a rock buttress; and the installation of dewatering wells (1995
and later) to reduce pore pressure on the slide plane. A large volume of material was excavated and a
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buttress comprised of coarse rock with an underdrain system was constructed in 1997 to control
movement of material along the clay/sill slip plane that was prone to moving downhill to the south and
east and into the pit (Figures 26 and 27).

Dewatering wells (Figure 27) were in operation from 1995 through July 2003, when dewatering was
discontinued. Currently, the clay/sill slide is being monitored for possible recurrent movement. The
most obvious signs of slope movement on the clay/sill slide are presumed to be several years old and
not an indication of recent movement. These include, three small slump blocks located near well OWV-
95-7 and a scarp that has developed from this point upslope in a northwest direction (Figure 27). In
addition, there may be another crack on the slope of the constructed buttress that supports the leach
pad embankment, but these features could not be observed directly as this area was too steep for safe
access. Evidence of widespread cracking similar to the west wall slide is not apparent. A pit slope
stability model was completed by Maxim in September/October 2003 with the specific intent of
examining potential risks to the leach pad dike (Appendix B). Results of this modeling are presented in
greater detail in the discussion of the heap leach facility and the leach pad dike (Section 4.4.3).

4.1.2.1  PIT WALL STABILITY MONITORING

Active monitoring of the west wall and clay/sill slides was discontinued in early 2000. Currently, there is
no instrumentation in place to monitor the west-wall slide; ground movement is estimated to be in the
range of 10 to as much as 20 feet per year. Based on analysis of projected slide configurations following
displacement of 50, 100, and 200 feet, it is projected that the west wall slide may move about another
200 feet before movement ceases (Sitka, 1997a).

Late in 2003, BMMI installed three survey prisms in the clay/sill slide area to monitor ground movement.
In addition to the prisms, there are several pre-existing inclinometers (SI 95-1, SI 95-3, SI 97-1, Sl 97-2,
Sl 98-2; Figure 6b) located in the vicinity of slide. Inclinometers SI 93-3, SI 97-1 and SI 97-2 are
periodically monitored. There are currently no indications that the clay/sill slide is actively moving,
however.

4.1.2.2 DEWATERING SYSTEM

Figure 27 shows the location of existing dewatering wells installed for controlling movement of the
clay/sill slide. The first dewatering wells were installed in 1995 and a couple of additional wells were
installed in subsequent years to expand the volume of material dewatered. The dewatering system
included submersible pumps, pump controllers, and portable power transformers. Discharge water
from the dewatering well system was routed via pipelines and discharged. Dewatering of the slide was
discontinued in July 2003; water levels have been monitored on a regular basis since then.

4.1.3 Beal Mountain Pit Geochemistry

As discussed previously, mineralogy, and thus geochemistry, varies somewhat across the mined deposit.
Rock mined from a particular area may have been placed as waste rock on the dump, as fill for
construction, or as post-mine backfill. To characterize existing conditions at the mine, geochemical data
are presented in this report by mine facility. Materials are described for the facility in which they were
located at the time of analysis; for example, rock mined from Beal Mountain pit and placed in the waste
rock dump is characterized in this section of the report. Analyses of waste rock collected from the
dump in more recent studies are described in the waste rock dump section. Ore and waste rock have
been described independently for each mine facility, and a general summary of existing geochemical
conditions is provided for each facility.
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The primary ore bearing rocks in the Beal Mountain pit consist of meta-quartzite and meta-
conglomerate, while waste is composed of meta-quartzite, and amphibole and biotite/k-feldspar hornfels.
Ore was crushed and/or agglomerated and leached on the pad. Waste rock was first used to construct
the containment dike for the leach pad and later to construct the haul roads. As is typical of oxidized
sulfide-bearing deposits, oxidized rock was mined early in mine life, with less oxidized material (richer in
reduced sulfide minerals) mined later from the deeper portions of the deposit. Much of the waste rock
mined from the Beal Mountain pit was placed on the waste rock dump.

4.1.3.1  BEAL MOUNTAIN PIT ORE ACID ROCK DRAINAGE POTENTIAL

7

« Static Testing

The potential for ARD from mined rock can be conservatively assessed based on the ratio of
neutralization potential to acidification potential (NP:AP ratio) determined during static testing. Samples
having NP:AP ratio greater than 3 present little risk of acid generation while NP:AP ratio ratios less than
| indicate that acid generation is probable. Acid generation potential is uncertain for samples with
NP:AP ratio ratios between | and 3. This criterion is widely used and has been adopted as the BLM
standard for assessment of ARD potential (BLM, 1996)

The potential for acid generation from non-mined ore remaining in the Beal Mountain pit was evaluated
based on static test results for 66 samples of ore as reported by Gallagher (1994 and 1995) and Schafer
and Associates (1994) (Figure 28). It is unclear whether these samples were representative of the
range of ore lithology and sulfide content observed in the highwall, or were collected from the active
mining level at the time of sampling. Thirty-five percent of the samples had NP:AP ratios less than |
while 30 % were between | and 3. The remaining 35 % of main Beal Mountain ore samples had NP:AP
ratios greater than 3. These results indicate that a significant percentage of ore exposed in the Beal
Mountain pit floor and highwall areas presents a risk of acid generation with associated trace element
release.
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Figure 28. Beal Mountain Pit ore static test results (tons/1000 tons)
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% Kinetic Testing

A 20-week modified humidity cell procedure was performed on an ore sample with an NP:AP ratio of
0.41 (Schafer and Associates, 1994). This sample-released sulfate at a rapid rate and produced leachate
with pH values dropping from 6.0 to 4.0 su after 10 weeks of testing, thus indicating a high risk of acid
generation. Unfortunately, this sample only serves to confirm the static test result, but does not resolve
the uncertain potential of ore samples with NP:AP ratios between | and 3.

4.1.3.2  BEAL MOUNTAIN PIT ORE METAL MOBILITY

7

« Static Testing

One sample of ore representative of that mined from the Beal Mountain pit and Beal Extension was
analyzed using the Synthetic Precipitate Leaching Procedure (SPLP) (Schafer and Associates, 1994). The
SPLP test is useful in identifying potentially mobile trace elements, but more recent convention suggests
that it cannot be used to estimate concentrations released under field conditions.

Most constituents, including selenium, were present at levels below their respective detection limits.
However, it should be noted that the detection limits (DL) used were above those required by MDEQ
Circular WQB-7 standards and above or at the chronic aquatic life standard for aluminum (DL = 0.1
mg/L), lead (DL = 0.0l mg/L), mercury (DL = 0.001 mg/L), and selenium (DL = 0.005 mg/L). The
detection limit for silver (0.005 mg/L) was greater than the acute aquatic life standard. Metals present in
detectable concentrations were aluminum (0.3 mg/kg), barium (0.5 mg/kg), iron (0.43 mg/kg), and zinc
(0.02 mg/kg).

% Kinetic Testing

The same ore sample subjected to SPLP testing was also tested in a humidity cell. Metal concentrations
were measured to provide data for assessing metal mobility (Schafer and Associates, 1994). However,
raw data from this test are not reported and the results of leachate analysis from this particular sample
are not discussed in the original report.

4.1.3.3  BEAL MOUNTAIN PIT WASTE ROCK ACID GENERATION POTENTIAL

®

+» Static Testing

Static test results for waste rock from the Beal Mountain pit, including the subsequent extension of this
pit, are reported by Gallagher (1994, 1995, and 1996), Schafer and Associates (1994 and 1995), and
Pegasus Gold (1998). These data were used to evaluate the potential for acid generation from the Beal
Mountain pit floor and highwalls based on NP:AP ratios as discussed above for ore. Raw data for
approximately 40 samples used to compute the summary statistics reported in the Geochemical
Assessment reports were not available and thus were not considered in the following evaluation. At
the time of sampling, the samples collected were representative of the range of lithology and sulfide
content observed in the highwall waste (B. Parker, personal communication, 2/9/04).

Of the 442 samples of Beal Mountain pit waste rock for which data are available (Figure 29), 30% had
NP:AP ratio less than | while 33 % were between | and 3. The remaining 37 % of main Beal Mountain
waste rock samples had NP:AP ratios greater than 3. These data show that a portion of waste rock
exposed in the Beal Mountain pit floor and highwall areas, placed as fill, or located in the waste rock
dump will present a risk of acid generation.
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NP : AP Beal Mountain Pit Waste (n = 442)
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Figure 29. Beal Mountain Pit waste rock static test results (tons/1000 tons)

0

< Kinetic Testing

A 20-week humidity cell test was performed on |7 composite waste grade samples selected from the
Beal Mountain pit, including the subsequent extension of this pit (Gallagher, 1995 and Schafer and
Associates, 1994). These samples consisted of amphibole hornfels (n = 3), Beal Shear material (n = 4),
biotite hornfels (n = [), breccia (n = 2), quartzite (n = 6), and one quartzite / amphibole hornfels
composite.

These samples represented the higher end of NP:AP ratios observed in static test results. The Beal
Shear samples discussed by Gallagher (1995) were not expected to produce acidity during humidity cell
testing as indicated by previous acid/base account (ABA) testing of this material type. Of the remaining
humidity cell samples reported by Schafer and Associates (1994), two had NP:AP ratios greater than 3
while the remaining | | had NP:AP ratios between | and 3.

Two amphibole hornfels samples produced leachate with pH values that were circumneutral for the first
4 weeks but fluctuated somewhat afterwards with occasional drops in pH to values between 5.5 and 6.0
su. While no sharp increase in sulfate release was observed in these two samples, alkalinity remained
near 0 mg/L throughout the test. The third amphibole hornfels sample presented a clear risk of acid
generation with rapid sulfate release and leachate pH values that steadily decreased to approximately 4.5
su.

The Beal Shear samples produced leachate with pH values that remained steady between 7.0 and 8.0 su
throughout testing. Three samples produced leachate with alkalinity that decreased rapidly from values
of approximately 100 milligrams calcium carbonate per liter (mg CaCOs/L) during the first week to
between 10 and 40 mg CaCOs/L for the remainder of testing. A fourth sample displayed similar trend
but the initial alkalinity was below 60 mg CaCOjs/L and dropped to below 10 mg CaCOs/L. A gradual
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increase in sulfate release was observed for three samples while a more rapid release occurred from
one sample. After 20 weeks of testing, results indicate that Beal Shear material presents little risk of
acid generation, but the ongoing and increasing rate of sulfate release coupled with depleted alkalinity
indicate that the test may not be conclusive. Such a material has the potential to turn acidic after
further leaching.

The biotite hornfels sample produced leachate with pH values that fluctuated between 6 and 7, alkalinity
that approached 0 mg CaCOs/L, and moderate sulfate release. The response of this sample indicated
that a continued decrease in pH exists due to on-going sulfide oxidation.

Both breccia samples produced leachate with alkalinity that approached 0 mg CaCOjs/L, and moderate
sulfate release. Leachate from one breccia sample had pH values that fluctuated between 6 and 7 with
an increasing sulfate release rate toward the completion of testing. The second sample produced pH
values that declined from approximately 7 to below 5 after 3 weeks then returned to circumneutral
values after 14 weeks. Sulfate release from this sample appeared to decline to near steady state
conditions toward the completion of testing. This result may reflect depletion of the sulfide source by
oxidation.

Data from three of the six-quartzite samples indicated little potential for acid generation, with leachate
pH values ranging from 6.5 to 8 and low sulfate release rates. Two other samples displayed rapid sulfate
release and pH values decreasing from 7 to approximately 5.5 in one sample and in the other sample a
steady pH of approximately 3. Data for the sixth quartzite sample were not available, but this sample
reportedly presented a moderate risk of acid generation.

Low sulfate release that did not increase appreciably after 15 days of testing was observed from the
composite quartzite/amphibole hornfels sample. However, leachate from this sample produced very
little alkalinity (near 0 mg CaCOs/L) and pH values that fluctuated between 4 and 7 after 8 weeks of
testing.

4.1.3.4  BEAL MOUNTAIN PIT WASTE ROCK METAL MOBILITY

7

« Static Testing

SPLP data for |3 Beal Mountain pit and extension waste samples are reported by Schafer and Associates
(1994). These samples are splits of those subjected to kinetic testing and consisted of amphibole
hornfels (n = 3), biotite hornfels (n = 1), breccia (n = 2), quartzite (n = 6), and one quartzite / amphibole
hornfels composite. As discussed above for ore SPLP results, the detection limits used were above
those required by MDEQ Circular WQB-7 standards and above or at the chronic aquatic life standard
for aluminum (DL = 0.1 mg/L), lead (DL = 0.0 mg/L), mercury (DL = 0.001 mg/L), and selenium (DL =
0.005 mg/L). The detection limit for silver (0.005 mg/L) was greater than the acute aquatic life standard.

Cadmium, chromium, copper, lead, mercury, nickel, selenium, and silver, were at or below detection for
all samples. Extracts from amphibole hornfels and the quartzite / amphibole hornfels samples had the
greatest concentrations of aluminum (range = 0.4 to 2.1 mg/L) and high concentrations of iron (range =
0.38 to 3.6 mg/L). One quartzite sample displayed the greatest concentrations of iron (21 mg/L),
manganese (0.82 mg/L), and zinc (0.24 mg/L). Other detections were similar between the remaining
samples and included aluminum (0.1 to 0.5 mg/L), arsenic (0.005 to 0.029 mg/L), barium (0.4 to 0.7
mg/L), iron (0.03 to 0.67 mg/L), manganese (0.01 to 0.03 mg/L), and zinc (0.02 to 0.04 mg/L).
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Four rock samples representing metasediments from the east wall, Beal Shear material from the south
wall, amphibole hornfels / Beal Shear material from the south wall, and biotite hornfels from the north
wall were subjected to SPLP and in-situ rinse testing with distilled water during the 1995 Pit Wall Study
(Schafer and Associates, 1995). Cadmium, chromium, lead, manganese, nickel, silver, and mercury were
not detected in SPLP extracts from any sample. Arsenic, barium, cadmium, chromium, and silver were
not detected in rinsate collected from any rock type.

The greatest concentration of aluminum (1.3 mg/L), barium (0.7 mg/L), and iron (0.52 mg/L) were
observed in SPLP extract from the metasediment sample. This sample produced rinsate with the
greatest concentrations of aluminum (1.5 mg/L), copper (0.16 mg/L), iron (0.45 mg/L), manganese (0.74
mg/L), nickel (0.08 mg/L), and zinc (0.25 mg/L). The greatest concentration of arsenic (0.017 mg/L) and
the only detection of selenium (0.0l mg/L) were observed in SPLP extract from the south wall Beal
Shear sample.

While selenium was only detected in the SPLP extract for the Beal Shear sample (which absorbed
applied water, thus precluding rinsate collection during the in-situ test) all rinsate samples had
measurable concentrations of selenium during the rinse test. Selenium concentration was greatest in
rinsate collected from biotite hornfels (0.47 mg/L), followed by amphibole hornfels/Beal Shear (0.09
mg/L), and metasediments (0.016 mg/L).

During baseline geochemical characterization work, four samples were analyzed for arsenic, cadmium,
copper, lead, and zinc using the EP Toxicity method (Gallagher, 1994). These samples consisted of
quartzite, diopside hornfels, biotite / potassium feldspar hornfels, and granodiorite. All analytes were
present in concentrations that were below detection limits although these limits were above MDEQ
Circular WQB-7 water quality standards.

R/

% Kinetic Testing

Twenty-week humidity cell testing was performed on 17 composite waste grade samples selected from
the Beal Mountain pit and its extension (Gallagher, 1995 and Schafer and Associates, 1994). These
samples consisted of amphibole hornfels (n = 3), Beal Shear material (n = 4), biotite hornfels (n = 1),
breccia (n = 2), quartzite (n = 6), and one quartzite / amphibole hornfels composite.

Leachate metal concentrations for the Beal Shear samples are reported for weeks 7, 14, and 20
(Gallagher, 1995). Concentrations of all analytes except arsenic, selenium, and zinc were near or below
their respective detection limits throughout the test period. Arsenic concentrations for one Beal Shear
sample ranged from 0.1l to 0.18 mg/L throughout the test while all other leachate samples had arsenic
concentrations of 0.051 mg/L or less. Selenium concentrations ranged for the detection limit (0.001
mg/L) to 0.005 mg/L. Zinc concentrations ranged from 0.02 to 0.07 mg/L.

Weekly humidity cell data for the remaining samples are not available but a summary of results is
provided by Schafer and Associates (1994). It was concluded that excessive concentrations of
aluminum, copper, iron, and zinc could be expected should low pH conditions occur. Several samples,
including quartz and breccia, released selenium at high concentrations throughout the test. These
samples, and an amphibole hornfels sample, released arsenic at levels above 0.0l mg/L throughout the
test duration.
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4.1.3.5 BEAL MOUNTAIN PIT ROCK CHEMISTRY SUMMARY

Static test data for ore and waste rock from the Beal Mountain pit and the associated extension indicate
significant potential for acid generation from a portion of the pit walls and waste rock removed from
these areas. The NP:AP ratio for waste was less than |, indicating a potential for acid generation, for
30% of all static test samples. Thirty-three percent of the samples had NP:AP ratio between | and 3,
indicating an uncertain potential for acid generation.

In most cases, kinetic testing of multiple samples of similar rock types produced conflicting data for
evaluating acid generation potential. While data indicate that the Beal Shear material is the least likely to
present a risk of ARD, at least some samples of each of the other rock types tested (amphibole hornfels,
biotite hornfels, breccia, and quartzite) displayed chemical behavior indicative of moderate to high ARD
risk. In several cases, humidity cell tests were terminated for samples, which showed active, and/or
increasing rates of sulfate release with very low and declining alkalinity; such samples could become
acidic if leached for a longer period of time.

Static and kinetic test data indicate that metal mobility from main Beal Mountain rock is low under
neutral pH conditions. However, excessive concentrations of aluminum, copper, iron, and zinc could be
expected under low pH conditions. While the available data do not allow direct comparison of
selenium mobility from the various rock types, elevated selenium concentrations were recorded during
pit wall rinsing and kinetic testing of biotite hornfels, Beal Shear material, breccia, quartz, and a
composite sample of amphibole hornfels and quartz. Selenium impacts have been documented in
receiving water downgradient of facilities that include waste rock from the Beal Mountain pit.

4.2 SOUTH BEAL PIT

The South Beal pit was also mined as an open pit in an amphitheater-like configuration that is open to
the north (Figure 3). The pit is developed on a relatively steep north-facing sedimentary bedding-
plane-controlled dip-slope that dips about 20 degrees to the north. The overall pit dimensions were
approximately 1600 feet in a both a north-south and east-west direction. Bench heights of 20 feet were
used during mining with 30-foot wide safety benches constructed every 100 vertical feet. Overall slope
angles are approximately 2.5H: IV. The depth of the pit is approximately 450 feet (elevations 7,700 to
7,240) along the southern highwall.

During mining in 1993 and 1994, much of the South Beal waste rock (clay-rich weathered hornfels) was
placed on the waste rock pile, once mining was completed on a given bench waste was stockpiled on the
mined-out benches for use as in reclaiming the South Beal pit. When mining in South Beal resumed in
late 1996, almost all of the waste was used to backfill the Main Beal Mountain pit. South Beal waste was
used as part of the composite cap constructed for the leach pad and large portion of cap for the waste
rock dump. In addition, approximately 40,000 cubic yards of wollastonite-pyroxene hornfels (or skarn)
was segregated for construction of the clay/sill buttress.

4.2.1 South Beal Reclamation Status

The South Beal pit was reclaimed during 1998 and 1999 by stripping topsoil and some waste rock from
an area about 100 feet to the south of the upper edge of the south highwall. Pit slopes were regraded
using this waste material to form an upper slope covered area at 3H:1V, and an upper covered bench
area at 2.5H:1V, and two lower-slope covered benches with slopes of 2H:1V (Figure 3). In late 1999
approximately 100,000 cubic yards of South Beal waste was stockpiled on the floor of the South Beal pit
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for use in construction of the leach pad cap. Regraded slope areas were covered with approximately
12 inches of subsoil and 12 inches of topsoil and revegetated.

4.2.2 Pit Geochemistry

The South Beal pit was mined late in mine life (1993-1997). South Beal pit waste rock was placed on the
waste rock dump during mining in 1993-94 and was used as was used as a compacted cover material for
the waste rock dump and the leach pad cover. The South Beal pit was partially backfilled with South
Beal waste, along with rock and soil excavated in proximity to the South Beal pit. Ore in the South Beal
pit is hosted in an individual bed of impure calcareous quartzite or siliceous limestone that is now largely
metamorphosed and altered to a chalky calc-silicate hornfels, comprised of 50-90% diopside and
wollastonite. South Beal waste rock is comprised of similar rock types as the Beal Mountain pit,
although metaquartzite waste rock is much more common at South Beal and waste rock in the more
highly fractured main Beal Mountain deposit contains more abundant sulfides than waste rock from the
South Beal deposit. In addition, weathering and oxidation appears to be more pervasive in the South
Beal deposit, which in addition to oxidizing sulfide is responsible for the intense clay alteration and high
clay content associated with South Beal wastes.

4.2.2.1  SOUTH BEAL ORE ACID ROCK DRAINAGE POTENTIAL

Evaluation of potential acid generation from non-mined ore remaining in the South Beal pit floor and
highwalls is based on static test data from nine South Beal ore samples (Figure 30) (Gallagher, 1994).
Seventy-eight percent of these samples had NP:AP ratio less than |:| indicating a high potential for acid
generation from residual ore remaining in the pit. No kinetic test data are available for predicting acid
generation from South Beal ore. Likewise, no tests for metal mobility were conducted on South Beal
ore.
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Figure 30. South Beal Pit ore static test results (tons/1000 tons)
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4.2.2.2 SOUTH BEAL WASTE ROCK ACID ROCK DRAINAGE POTENTIAL

K/

« Static Testing

Data for evaluating the acid generation potential from waste remaining in the South Beal pit floor and
highwalls include NP:AP ratios for 144 samples of waste rock mined from South Beal (Figure 31)
(Gallagher, 1994; Pegasus Gold, 1998; and Schafer and Associates, 1994). Eight percent of the samples
had NP:AP ratio less than | or between | and 3. The remaining 92 % of the samples had NP:AP ratio
greater than three indicating that the pit floor / highwalls (excluding residual ore) and waste removed
from this pit have little potential to generate acidity.
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Figure 31. South Beal Pit waste rock static test results (tons/1000 tons)

In addition to the static test results discussed above, Gallagher (1995) presents summary ABA statistics
for 22 additional South Beal waste rock samples for which no raw data are available. These statistics
(mean ABA = |2.5, range 3 to 64) indicate low potential for acid generation.

/7

< Kinetic Testing

Humidity cell data for quartzite (n = 3) and marble (n = |) waste rock from the South Beal pit are
reported in Appendix B of the South Beal Permit Amendment. All of these samples produced leachate
with circumneutral pH fluctuating between 5.9 and 9.0 su and low sulfate release, indicating low but
uncertain acid generating potential.
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4.2.2.3 SOUTH BEAL WASTE ROCK METAL MOBILITY

K/

« Static Testing

Data collected during EP Toxicity testing of nine South Beal waste rock samples are reported in
Appendix B of the South Beal Permit Amendment. All constituents, including arsenic and selenium,
were below their respective detection limits in extracts from all samples. However, these detection
limits were all above applicable MDEQ Circular WQB-7 water quality standards.

®

% Kinetic Testing

Humidity cell testing was conducted on four samples of South Beal waste rock as reported in Appendix
B of the South Beal Permit Amendment. Results of leachate metals analyses are reported for leachate
collected on the ninth week of testing. Leachate metal concentrations were low with only copper (0.01
mg/L), iron (0.03 and 0.04 mg/L), and zinc (0.0l and 0.02 mg/L) measured above detection limit values.

Two additional South Beal waste rock samples were leached in humidity cells and data reported for
weeks 7, 14, and 20 (Gallagher, 1995). These samples produced leachate of good quality with only
arsenic (range 0.001 to 0.003 mg/L) and zinc (range 0.03 to 0.06 mg/L) measured repeatedly above
detection limit values. One detection of lead (0.0 mg/L) was recorded; all other parameters including
selenium were consistently below detection.

4.2.2.4  SOUTH BEAL PIT SUMMARY

Data collected during static and kinetic testing of South Beal pit ore and waste rock suggest a low
potential for ARD from pit highwalls and waste rock and a high potential from ore. The relative
percentage of the pit highwall area containing exposed, residual ore is not known. It is unlikely that the
presumed small amount of residual ore remaining in the pit walls will generate enough acidity to
overwhelm the neutralization potential of the surrounding rock. While limited, the available data for
evaluating metal mobility indicate that leachate from South Beal rock will be of good quality.

4.3 WASTE ROCK DUMP

The Beal Mountain Mine has only one waste rock dump. It is situated on an east-facing slope at the
head of German Gulch (Figure 3). The site covers approximately 48 acres and was constructed in
several lifts over the years with 2H:IV slopes. Most of the waste rock in this dump was derived from
the Beal Mountain pit. About | 1.9 million tons of waste rock is contained in the dump (Table 13). In
the later years of mining (post 1992) the main haul road from the Beal Mountain pit and the South Beal
pit were relocated to cross the waste rock dump in route between the pits and the crusher pad
(Figure 3).

Waste rock was generated from mining of both the Beal Mountain pit and the South Beal pit. The total
amount of waste generated is about 20,300,000 tons. Waste has been used or placed in at least four
areas including the waste rock dump, leach pad dike, road prism or road base, and as pit backfill in the
Beal Mountain pit. Volume estimates presented in Table 15 are rough and based on a few known
volumes including the total amount of waste generated, volume of material used in waste rock dump
cap, volume of material calculated for the leach pad dike, volume of material calculated for the road
prisms, other roughly calculated volumes, and a reconstruction of mining and construction history with
respect to the proportion and distribution or placement of waste rock.
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TABLE 15
APPROXIMATE DISTRIBUTION OF MINE WASTES

Tons Bank Cubic Yards*

Waste rock Dump 11,900,000 24,990,000
Leach Pad Dike 3,000,000 6,300,000

Leach Pad Cap 150,000 315,000
Waste Rock Dump Cap 350,000 735,000
Road Prisms 750,000 1,575,000
Main Beal Mountain Pit Backfill 4,150,000 8,715,000
TOTAL 20,300,000 42,630,000

Notes: Quantities are estimates that are based on few know volumes.
*  Assumes 2.l bank cubic yards/ton

Figure 32 is a schematic cross-section of the waste rock dump that illustrates its basic construction and
a number of other relevant characteristics. The waste rock dump was constructed in lifts by year. The
upper portion of the waste rock dump (1996 and 1997 lifts) was excavated into an area known to
contain a spring and this portion of the excavated area was undercoated or lined with a low permeability
layer of rock mined from the Beal Mountain Shear zone in the Beal Mountain pit. This spring continued
to discharge under and into the waste, and the Beal Shear zone material, although low in permeability,
was relatively enriched in selenium, and is likely contributing to contamination of water flowing through
and beneath the dump.

A diorite dike that outcrops under the middle portion of the dump forces shallow groundwater to the
surface, resulting in a series of seeps and springs (Figure 32). In 1994, a fence of piezometer wells was
drilled across the toe area of the waste rock dump. These wells showed elevated selenium and sulfate
concentrations along with elevated temperatures in water that was either groundwater within the waste
or, more likely, perched groundwater. In addition, spring SPR-5 was showing degraded water quality
with respect to selenium and sulfate. As a result of these observations, BMMI constructed a waste rock
dump toe drain collection system in the fall of 1994.

4.3.1 Waste Rock Dump Toe Drain Collection System

The toe drain collection system for the waste rock dump consists of several components that are
illustrated schematically on Figure 33. A 150-foot long trench was excavated across the toe of the
waste rock dump in order to accomplish a number of goals related to water control and water quality.
The trench varied from 15 to 25 feet deep, and was as much as 20 feet wide. In October of 1994, a
series of shallow dipping holes were drilled uphill into bedrock under the waste rock to penetrate the
diorite dike (Figure 32), which was forcing water up to the surface and into the waste rock. Although
a number of holes were drilled, only three penetrated the dike and produced water (other holes were
deflected up into the waste rock). The trench was then lined on the sides and bottom with an 80-mil
PVC liner. A six to eight inch perforated pipe was placed along the bottom, and other solid HDPE pipes
were used to bring water from the drill holes to the drainpipe. The perforated pipe was backfilled with
a thin layer of crushed limestone rock and covered with a filter fabric. The ditch was backfilled with
very coarse limestone imported from the Continental Limestone mine near Townsend, Montana, and
the limestone covered with fabric and topped with a compacted layer of 2-inch minus wollastonite-
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pyroxene hornfels (skarn) material. The water collected by the perforated drainpipe and trench was
delivered by a solid pipe to a buried toe drain collection system at the southeast margin or toe area of
the dump. From there it went to a tank that was used to water haul roads or allowed to flow through
the tank, and merge with other parts of the collection system. Prior to February of 1996 this water was
sent to the leach pad for make-up water or to a LAD. After February of 1996 this water was discharged
through infiltration galleries along German Gulch. Later in 2001 this water was pumped to the makeup
water pond and from there to discharge through the land application discharge (LAD) system.

A solid buried pipeline collects water from spring SPR-10A at the top of the waste rock dump and
brings it in a buried trench along the south flank of the dump to a steel box at the toe of the dump
(Figure 33). This box was the sampling site for spring SPR-10A. This water was then combined with
water from the buried toe drain and these combined flows entered a large tank and was used for dust
suppression along roads and work areas. Later the tank was removed and the piping system was buried.
At that time water from spring #5 was collected and transported in a short buried pipeline to merge
with the toe drain pipeline. The combined flow (Spring 10A, waste rock toe drain and Spring #5) could
be directed to either the infiltration galleries along German Gulich, or alternatively pumped to a pond
near the processing facility for discharge to a LAD system. Initially, this combined water flow was
discharged via a pipeline into a series of infiltration galleries along German Gulch under a MPDES permit
(February 1996 through 2002. After 2002, and throughout the reclamation period, water quality from
these sources was such that the water was placed in a pump-back pipeline system to the make-up
(process) water pond at the process plant where it was disposed of through a LAD system. This was
done in an attempt to decrease the Se loading into German Gulch. This water is still being pumped back
to the process water pond at this time. A cumulative flow from the waste dump including spring 10A,
Spring 5 and the waste rock toe drain ranges between 8 gpm at low flow to about 250 gpm during high
flow. Average annual flow is about 70 gpm, although not all of the flow can be captured during high flow
conditions.

Another component of the toe drain system consists of a constructed stormwater channel along the
lower margins of the dump that routes water into three settling ponds near the toe of the waste rock

dump and allowed to discharge into the forest (Figure 33).

4.3.2 Reclamation Status

The lower portion of the waste rock dump has been reclaimed by regrading slopes to approximately 2:|
(Figure 3). A minimum five-foot lift (usually 10 to 20 feet) of compacted clayey, weathered hornfels
waste rock from the South Beal pit and Beal Shear Zone material was placed over the surface of the
waste rock dump as it was regraded. The placement of approximately 14 to 21 inches of cover soil and
revegetation of the surface completed the composite cap. The upper portion of the waste rock dump
had not been fully reclaimed as of the fall of 2003; it has been regraded. Armored surface water
drainage channels were constructed in low areas along the sloping surface of the waste rock dump.

4.3.3 Water Balance

A Hydrologic Evaluation of Landfill Performance (HELP) water balance model was run for the Beal
Mountain waste rock dump. Modeling results indicate an average annual percolation rate of
approximately 0.85 inches per year. Given that the area of the facility is about 48 acres, the average
seepage rate from waste rock is about 2.14 gallons per minute. HELP model assumptions, conditions,
data, and output are presented in Appendix C. Because many of the model input parameters are
estimated, the output from the model should be considered an estimate that could range over an order
of magnitude above and below the estimate.
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4.3.4 Waste Rock Dump Geochemistry

4.3.4.1 WASTE Rock DUMP ACID ROCK DRAINAGE POTENTIAL

Most of the rock placed in the waste rock dump was mined from the Beal Mountain pit. Data presented
previously indicate that a significant portion of waste rock (between 35 % to 65 %) mined from the Beal
Mountain pit presents a risk of acid generation and subsequent acid rock drainage. While these data do
not necessarily reflect run-of-mine tonnages or sequencing of the various waste rock types placed in the
dump, review of static test data sorted by rock type (amphibole hornfels, diorite, marble, etc.) indicate
that all rock types except marble (actually a wollastonite-pyroxene hornfels) have at least some potential
to generate acid.

During the 1993/1994 Geochemical Assessment Program (Gallagher, 1994) two reverse circulation
boreholes were drilled into the waste rock dump and nine samples representative of run-of-mine waste
rock were collected and subjected to static testing (Figure 34). Of these 9 samples, 44 % had NP:AP
ratio greater than 3 and 44 % had NP:AP ratio less than |. The remaining Il % had uncertain acid
generating potential. These data suggest that predictions based on waste rock origin only slightly over-
predict risk of acid generation of the run-of-mine waste rock and that the waste rock dump does
represent a source of potential acid generation. It is also likely that trace elements released by sulfide
oxidation or locally acidic conditions may become mobile in seepage from this facility.
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Figure 34. Waste rock dump static test results (tons/1000 tons)
4.3.4.2  WASTE Rock DUMP METAL MOBILITY

Results of metal mobility tests discussed previously indicate that aluminum, copper, iron, and zinc could
become mobile should low pH conditions occur in the waste rock dump. Selenium and minor arsenic
release are also indicated, although it is difficult to assess the magnitude of these releases using the
reported data. Recent surface water monitoring data downgradient of waste rock facilities (SPR-5 and
SPR-10A) suggest that selenium and sulfate release rates are significant.
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4.4 HEAP LEACH FACILITY

The heap leach facility (Figures 3) covers approximately 75 acres, stores an estimated 14,807,100 tons
of spent ore, and has a capacity to hold 108,000,000 gallons of solution. The foundation materials on
which the pad is constructed are unconsolidated and discontinuous glacial till overlying weathered
bedrock. A containment dike or embankment surrounds the leach pad. A very large (tall, wide, and
long) segment of the containment dike was constructed along its southern (downhill) side to stabilize
and hold ore on the side hill construction site and to act as a surface on which to layout the bottom
composite liner. Depth of spent ore is approximately 100 to 120 feet with the thickest section located
in the southern part of the facility. Reclaimed perimeter ore slopes are 3H:1V or flatter. Six sumps
were constructed for recovering leachate solution from the heap leach pad (Figure 35).

4.4.1 Under Drain System and Leach Pad Base Liner

On top of the foundation materials and beneath the base liner, a series of under drains were installed to
remove shallow groundwater (Figure 35). The underdrain system drains to both the north and south
as the topographic divide between German and Minnesota gulches occurs beneath the pad. The under
drains were built beginning at the southern edge of the pad and were extended northward as new lifts
were added to the containment dike and the footprint of the leach pad expanded. The under drains are
a dendritic system of pipes called a blanket collection drain (BCD), that began with perforated pipe at
the southern end of the pad that drains in the subsurface to the BCD pond (Figure 35). The dendritic
pattern was extended using solid HDPE pipes that were excavated into surficial materials toward low
and or wet areas on the construction surface. Pipes were terminated in rock-filled collection basins. As
the leach pad expanded the solid branch pipes were brought together in a manifold to a main pipe,
which exits through the south central portion of the leach pad dike. A smaller but similar under drain
system was constructed on the northern portion of the leach pad foundation that drains to the north
into pond BCDA (Figure 35).

A construction plan for the composite base liner of the heap leach facility is shown on Figure 36. The
base liner consists of two six to nine inch lifts of compacted clay as a bottom liner overlain by a 40-mil

PVC geomembrane liner.

4.4.2 Leach Pad Containment Dike (Embankment)

The leach pad containment dike or embankment surrounds about 60 to 70% of the leach pad and was
constructed in five lifts between June of 1989 and October of 1991. The Beal Mountain pit was the first
to be mined and approximately 3,000,000 tons of waste rock from portions of these first three years of
mining was used to construct the dike. Along the southern side of the leach pad the preexisting
topography was a steep south facing hill slope. Because of this topography, the dike along the south side
is about 70 feet wide across its crest and about 350 feet wide at the base. It is also about 175 feet high
and over 2,400 feet in length.

Based on a comparison of aerial photos taken annually of the project site, the lower three-quarters
(approximately) of the leach pad dike was constructed with oxidized waste from the Beal Mountain pit.
The upper quarter (perhaps 20% of the total volume of material) was derived from reduced (sulfide-
bearing) waste from the Beal Mountain pit (personal communication Bruce Parker, BMMI, 12/31/03).
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