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Technical Memorandum 1

To: Montana Department of Environmental Quality

From: Environmental Resources Management

Date: December 29, 2017

Subiject: Black Butte Copper Project - Whether there is an advantage to increasing the cement

content in tailings placed in the impoundment and underground workings

INTRODUCTION

The basis for this technical memorandum is the Mine Operating Permit Application (Tintina
Montana, Inc. 2017) submitted to the Montana Department of Environment Quality on July 14,
2017. That document is referenced in the body of this memo as “MOP”, with the particular
section and page numbers as appropriate.

BACKGROUND

ProbDuUCTION MINE WORKINGS

During mine operations, the production workings (stopes) would be backfilled with cemented
tailings, pumped and piped as a paste to final placement. Over the life of the mine, it is expected
that the process would place 5.8 million tons (MT) (45percent of total tailings). The stopes
would be extracted and then backfilled. The backfill would be pumped in two or more blocks as
shown in the MOP (Figures 3-4, 3-5, pp. 145, 146), allowing reasonable handling and complete
placement along the horizontal length of each stope. The backfill is pumped to refusal, with
complete contact across the sill (floor) and the ribs (walls).

Adjacent stopes are taken only after the fill has set and reached its projected 28-day strength.
Typically, this entails a multiple-pass sequence where primary stopes are bounded by virgin
ground on both ribs (sides), and secondary stopes have either one or both ribs comprised of
previously placed backfill.

In the designed overhand scheme, the stopes are taken from the bottom up. An entire sublevel, or
significant amount thereof, is mined and backfilled before mining proceeds in the overlying
stopes. The overhand stopes are mined with the working sill (floor) being the previously placed
and hardened cemented backfill. When backfilled, the new fill is placed across that subjacent fill,
assuring intimate contact and support with no air gap between fill levels.

CEMENTED TAILINGS FACILITY

During mill operations, the cemented tailings facility (CTF) would be filled with both waste rock
from the mine development phase and with cemented tailings. The waste rock would be used in
the construction of a drain blanket and sump before the tailings are placed. Waste rock also
would be used in constructing a vehicle access ramp within the lined basin. In total,
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approximately 770,000 tons of waste rock would be placed in these areas. Across the life of the
mill, a total of 7.1MT of cemented tailings (55 percent of total tailings) would be placed in the
CTF.

The CTF composite underliner would include foundation drains, engineered fill subgrade
bedding protective layer, double underliner (geotextile-high density polyethylene (HDPE)-
geotextile-geonet-geotextile-HDPE-geotextile), engineered fill protective layer, and waste rock
drainage layer (MOP Figure 3.33, p. 248).

Following placement of the cemented tailings within this lined basin and upon initiation of
closure construction, the composite overliner would be installed directly on the cemented and
hardened tailings. That closure system would include the primary overliner (geotextile-HDPE-
geotextile), engineered fill protective layer, excess construction or fill material, subsoil, and
topsoil (MOP Figure 7.3, p. 418).

CURRENT MOP

The proponent proposes to mix thickened tailings with cementitious binder(s) to create cemented
tailings paste. The underground paste will be mixed to a 4-percent cement content and pumped to
final placement in mined-out stopes. That would entail approximately 232,000 tons of binder
across the life of mine. The tailings scheduled for surface placement would be mixed to 0.5 to 2
percent cement content and pumped to final placement in the CTF. That would entail up to
another 142,000 tons, for a total of 374,000 tons of binder across the life of the mine.

The variability in cement content is projected to comport to operational requirements at the time,
as well as with tailings properties, which may vary depending on ore characteristics. Operational
flexibility in cement content is recommended to allow optimizing performance in pumping and
final behavior.

The selected cement content ranges are based on the distinct requirements for each final
placement area. The cement contents have been developed through extensive bench tests run on
exploration samples (MOP, Section 3.3.2.5, pp. 166-168; Section 3.5.9, pp. 205-211). The
proposal to continue further testing follows prudent practice for all long-term engineering and
construction. That allows changes to accommodate varying ore and tailings characteristics, as
well as changes in binder and admixture sources and requirements.

CONSTRUCTION ISSUES

Overall, both paste backfill and paste surface deposition are readily constructible. Tailings in
cemented paste systems are common in the mining industry.

Pumpability of the cement paste is critical for the success of this method. A long set or flash time
can be critical in maintaining pumpable flow. Low to moderate cement contents are a primary
means to achieve pumpability and avoid system upsets. Rheology and strength testing has been
conducted to support the selected cement contents.



PAGE 3 Memorandum 1
DEQ Contract No. 118003

These investigations include consideration of admixtures of fly ash and/or slag. Typically, these
are used to reduce cement requirements, but they also can provide benefits such as improved
pumpability and sulfate resistance. Tests of specific materials establish their utility, and the
proponent is investigating their suitability and availability. Type C and F fly ash and a suite of
possible slag sources are under review.

Chemical retarders can be added during mixing as means of achieving and maintaining
pumpability with high cement content. These do lead to process complications, which must
function to maintain operability. In addition to increasing costs, the added complexity elevates
risks of system upsets.

Normal mine and mill operating practice is to assay and evaluate the tailings for varying
chemical characteristics. That will allow adjusting binder, admixtures, and chemical agents to
optimize the mix and assure consistent and desirable properties. One aspect is to monitor pyrite
to avoid excessive exothermic reactions whether underground or in the CTF (Landriault 2001;
Beamish & Theiler 2016).

EIS ENVIRONMENTAL ISSUES

CEMENTED BACKFILL COMMON USAGE

Cemented backfill is a common and proven concept for a wide range of mining methods and
applications (CIM 1978; Crandall 1992). It has been used underground in coal, industrial
minerals and metal mining for decades, domestically and internationally (Hassani et al. 1989;
Stone 2001).

Hydraulic backfill has a long history and is common and proven across a number of commaodities
and mining methods. The first hydraulic backfill documented was at a coal mine in Shenandoah,
Pennsylvania in 1864 (Crandall 1992) with the goal of controlling subsidence beneath a church
foundation. The paste fill now common in underground mining is an evolution using modern
pump characteristics and material science, with a primary intent to minimize the amount of water
required to transport the cemented media.

There are challenges in handling high-sulfur materials, but many base-metal mines are so
characterized and have been using mill tailings as the basis or major components of their fill
systems (Landriault 2001, Palkovits 2010). It is not expected that the addition of cement to
tailings would completely buffer the acid-generating potential of the tailings (Bertrand et al.
2000). That said, the physical contributions of cementing the material minimize infiltration and
the release of contained water, contributing overall to positive environmental performance of
cemented backfill.

Black Butte Copper tested paste backfill with 2 and 4 percent cement. These are reasonable take-
off levels and fit with Carlin-type geologies, where host rocks are characteristically pyrite-rich
silty limestone or limey siltstone (Cline et al. 2005). Those tailings are characteristically pyrite-
rich, and the backfill mix ranges are reasonably applicable to the Black Butte Copper Project.
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In paste, the 20-micron particle size seems to be more critical to performance than binder
content, in that an envelope of fines is necessary to assure consistent paste flow (Landriault
2001). That said, binder is important as if it sets too soon — paste does not move rapidly — the
entire process halts. Generally, an overhand design does not require the strength of an
underhand, and the cut and fill geometry requires only a 16-foot-tall rib rather than the 50- to
150-foot-tall ribs common in long hole open stopping. Suitable rheology — maintaining Bingham
or pseudoplastic flow behavior — is a driving goal in paste fill methods. The 30-micron grind of
the Black Butte ore would assure sufficient percentage of 20-micron particle size fraction to
maintain desired paste flow conditions.

UNDERGROUND-PLACED CEMENTED BACKFILL

Historically, backfill has been primarily a ground control technique to allow safe mining and
avoid surface subsidence. Uncemented and cemented fill has been used with the aggregate or
ground ranging from mine waste rock, quarried rock, or sand and mill tailings. Coarse-grained
fill typically is transported by haul trucks and worked to final placement with construction or
mining equipment. Fine-grained fill typically is transported either by transit mixers or through
pipelines, using boreholes where applicable.

In recent decades, the use of mill tailings has become more common as a full-circle means for
disposing them underground rather than in typically large surface tailing impoundments. A given
volume of rock or soil expands when fragmented through excavation. Due to the increase in void
ratio, commonly termed “swell” (USBM 1968), not all the tailings can be returned to the original
underground space, and a third or more of the mass will require storage elsewhere.

The proposed Black Butte Copper Project appears to combine the best of both these proven
techniques. The ore, now processed to cemented tailings, would be returned underground. The
balance of tailings that would not fit underground would be cemented and placed in a modern
environmental containment facility. Like the underground fraction, the solidification would
render the mass relatively inert chemically as compared to uncemented tailings. Being cemented,
the tailings would behave mechanically as a rock formation rather than a substantially saturated
soil mass.

SURFACE-PLACED CEMENTED TAILINGS

Though some mineral assemblages in some tailings are cementitious, mixing cement into tailings
prior to surface storage is a relatively new and still-innovative technique. It follows logically
from the mechanical and environmental benefits of dry-stacked and subaerially-deposited
tailings. Those techniques use dewatering and densification to increase the mechanical qualities
of tailings while reclaiming significant amounts of tailwater for recycling into the milling
process.

The mechanical quality improvements essentially include increasing cohesion and friction angle
with a commensurate increase in resistance to seismicity, with or without impounding
embankments.
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With the adoption of common concrete mixing equipment to the tailings handling process, the
proposed CTF would further extend the reliability and robust nature of both operational
placement and long-term storage of the tailings. Rather than storing a mass that may be subject
to liquefaction, the CTF would hold a solid cement mass.

During operation, the susceptibility of the placed and set cement to both water infiltration and
release of contained moisture would be lower than uncemented tailings. Since the contained
moisture potentially would carry metals and salts, the cementation provides a desirable
environmental benefit in chemical as well as mechanical terms.

The CTF would have a composite underliner during operation. During the closure phase, a
composite overliner would be added and welded to the underliner where the liners meet along
the perimeter of the facility. These robust containment systems further protect the environment
from a solid mass of concrete, which would have minimal water available for release.

POTENTIAL DEGRADATION OF CEMENTED MATERIAL — WATER QUALITY
CONSEQUENCES

Sulfate Attack

Sulfate attack is an expected form of degradation given the tailings mineralogy. Sulfate attack
generally presents as either external or internal (DePuy 1994). External is when sulfates originate
from groundwater or are leached from soils. Internal is when sulfates are present in the aggregate
(i.e. tailings), or sulfates dissolve in the mix water, additives, and admixtures. The predominant
form of sulfate attack on the tailings is internal.

The cemented backfill is not expected to deteriorate hydrologically or structurally under anoxic
conditions. The fill would not be exposed to cyclical wetting and drying, which induce repeated
sulfate attacks progressing to significant deterioration. Those cycles typically are associated with
conventional construction of infrastructure and buildings, with surface and meteoric
phenomenon being the principal setting.

Further, due to the sequential construction (local geometry) and overall geometry, the cemented
backfill would be physically constrained from expansion, thus minimizing cracking.

The cemented tailings deposited in the CTF are not expected to deteriorate significantly. Due to
the essentially continuous layered flow of cemented paste into the CTF, repeated wetting and
drying cycles would be localized in the area and few in number. Due to its own mass and
confinement of the lower portion, significant crack propagation from deterioration is not
expected within the CTF mass. Coupled with its operational liner and closure encapsulation,
groundwater degradation is not expected.

Whether potential sulfate attack is external or internal in each setting (i.e., underground fill or
surface CTF), there are established tests and procedures for estimating and evaluating
performance (DePuy 1994; MOP Section 3.5.9.3, p. 206). Not all cracking is deleterious, as
some reaction products simply fill the cracks, retaining hydrologic and even structural integrity.
By the same token, in both settings potential reduction of structural strength from sulfate attack
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is not a system failure. The underground cemented tailings would remain substantially
incompressible and a strength reduction would not induce failure of surrounding rock into the
backfill mass. The surface cemented tailings would be fully contained within the CTF basin and
require little structural integrity. The embankment stability analyses are acceptable during
construction, operation, and closure, considering a full floodwater pool during the final two
phases (MOP, Section 3.5.5.4, pp. 192-194).

The waste rock (MOP, Section 2.4.2.2, pp. 80-81) will be encapsulated within cemented tailings
in the CTF to remove that material from potential degradation of water quality.

Arsenic Mobilization versus Cement Content

The underground cement content of 4 percent is not expected to significantly offset the pyrite
contents, which are expected to be consistently much higher in the tailings. Thus, it is not
expected that the cement content would drive the pH into ranges where arsenic mobilization is
significantly increased (Zaman 1985). If local (small quantity) underground construction-grade
concrete or grout — both requiring high cement content — is planned using tailings as the
aggregate, numerous analyses provide guidance in treatment of arsenic (Reddy and
Ramachandran 2005).

CONCLUSIONS AND RECOMMENDATIONS

PROPONENT PROPOSES APPLICATION OF PROVEN TECHNOLOGY

Cemented backfill is a proven and common technology in underground mining. The extension to
a CTF on the surface is practical, logical, and combines positive elements of underground and
surface tailings management practices. To date, the testing regimen supports the selected cement
content levels and does not indicate a need for or benefit from increased cement contents.

CONFIRM BMPs

The proponent presented best management practices (BMPs) throughout the MOP as
benchmarks for design and operation. BMPs proposed for the use of cemented backfill include
geological engineering analyses, hydrologic modeling, ongoing material property testing, and
diligent monitoring to confirm closure with design assumptions, compliance standards, and
goals.

REVIEW SYSTEM OPTIMIZATION POTENTIALS

Varying Ore Characteristics

The ore, and subsequently tailings, are expected to vary between and within the Upper and
Lower Zones. Diligent sampling and process controls optimize copper recovery. These include
tailings analyses, which can then be used to optimize cemented tailings preparation and handling.
Rapid sample turnaround can inform mix arrangements and fill scheduling. Treating backfill and
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tailings management as fundamental aspects of mine and mill management, which they are, go a
long way toward optimizing both short- and long-term mining and milling processes.

Avalilable Binder Media

The proponent has identified a number of sources for available binder media. With standard tests
and comparisons, the possible sources can be characterized, ranked, and selected with
confidence. Both short- and long-term behavior can be incorporated in the selection process,
with possible distinctions between underground and surface applications. It is prudent to initiate
selection based on drill hole samples, but contingent (6 months) or conventional (1 year)
selections can be developed with actual milling experience.

In these discussions, admixes such as fly ash and slag must be considered. In addition to
potential cost reductions, these materials may improve performance under short- and/or long-
term sulfate attack and other phenomenon characteristic to mine backfill and tailings storage
applications.
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Technical Memorandum 2

To: Montana Department of Environmental Quality

From: Environmental Resources Management

Date: December 29, 2017

Subiject: Black Butte Copper Project - Whether there is an advantage to constructing the CTF so

that the entire facility is above the water table

INTRODUCTION

The basis for this technical memorandum is the Mine Operating Permit Application (Tintina
Montana, Inc. 2017) submitted to the Montana Department of Environment Quality on July 14,
2017. That document is referenced in the body of this memo as “MOP”, with the particular
section and page numbers as appropriate.

BACKGROUND

CEMENTED TAILINGS FACILITY

During mill operations, the cemented tailings facility (CTF) would be filled with both waste rock
from the mine development phase and with cemented tailings. The waste rock would be used in
the construction of a drain blanket and sump before the tailings are placed. Waste rock also
would be used in constructing a vehicle access ramp within the lined basin. In total,
approximately 770,000 tons of waste rock would be placed in these areas. Across the life of the
mill, a total of 7.1 million tons of cemented tailings (55 percent of total tailings) would be placed
in the CTF.

The CTF composite underliner would include foundation drains, engineered fill subgrade
bedding protective layer, double underliner (geotextile-high density polyethylene (HDPE)-
geotextile-geonet-geotextile-HDPE-geotextile), engineered fill protective layer, and waste rock
drainage layer (MOP Figure 3.33, p. 248).

Following placement of the cemented tailings within this lined basin and upon initiation of
closure construction, the composite overliner would be installed directly on the cemented and
hardened tailings. That closure system would include the primary overliner (geotextile-HDPE-
geotextile), engineered fill protective layer, excess construction or fill material, subsoil, and
topsoil (MOP Figure 7.3, p. 418).

PRE-CONSTRUCTION GROUNDWATER TABLE

The pre-construction groundwater table ranges from 31 feet (9.5 meters) above the CTF base
elevation on the west side of the impoundment to 6 feet (2 meters) below on the east side (MOP
Figure 2.8, p. 50; Figure 3.36, p. 254).
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CURRENT MOP

COMPOSITE-LINED FACILITY (EARTHEN AND SYNTHETIC COMPONENTS)

The CTF composite underliner would include foundation drains, engineered fill subgrade
bedding protective layer, double underliner (geotextile-HDPE-geotextile-geonet-geotextile-
HDPE-geotextile), engineered fill protective layer, and waste rock drainage layer (MOP Figure
3.33, p. 248). All of these components, foundation drains through drainage layer are best
available technology (BAT) and best management practice (BMP) features with proven success
in mining, municipal waste handling, and other industrial applications.

CoMPOSITE-CAPPED FACILITY (EARTHEN AND SYNTHETIC COMPONENTS)

Following placement of the cemented tailings within this lined basin and upon initiation of
closure construction, the composite overliner would be installed directly on the cemented and
hardened tailings. That closure system would include the primary overliner (geotextile-HDPE-
geotextile), engineered fill protective layer, excess construction or fill material, subsoil, and
topsoil (MOP Figure 7.3, p. 418). The excess fill, subsoil, and topsoil would provide long-term
freeze-thaw protection, limit infiltration to the HPDE liner, and provide natural growth media for
vegetation, reducing erosion.

CONSTRUCTION ISSUES

CONVENTIONAL CONSTRUCTION METHODS

The proposed foundation drains and overall CTF entail conventional contemporary construction
methods in a canyon-fill setting. There is essentially one embankment (east side) and minimal
footprint. The cut and fill balance and overall siting have been selected to provide construction
materials for the CTF and other surface facilities throughout the Project.

CONSTRUCTION-PHASE PROTECTION OF SYNTHETIC LINERS

The engineered fill protective layers are intended to avoid synthetic liner penetration due to
construction and early stage filling operations. The fill suitability (angularity, gradation) must be
confirmed to avoid damaging the synthetic media. Also, application must consider low-ground-
pressure (LGP) equipment (wide-track small dozers or telescoping stacking conveyors on LGP
crawlers) for placement of the protective layers (MOP Section 3.6.8.7; Section 3.6.8.8, p. 255;
Section 3.6.8.10, p. 259). The bottom protective layer must not be rutted prior to receiving the
synthetic liners. The upper protective layer must be thick enough to minimize stress transmittal
by vehicles and machinery to the upper synthetic liners.

In the upper closure cap, care must be taken that potential liner bridges or penetrations are
properly handled. Ruts, gullies, or ledges in the hardened cemented tailings must be reduced to
smooth non-bridging or non-penetrating features. Alternatively, they can be covered with select
fill to prevent either bridging or penetration.
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The detailed construction specifications and steps must be clear and well-monitored to assure the
synthetic liners would not be compromised during construction (Peggs 2003).

ELEVATING THE CTF ABOVE THE WATER TABLE THROUGHOUT

This construction issue:

e Enlarges CTF footprint;

e Increases CTF material import requirements (alters cut/fill material balance); and
e Triples (or more) the number of embankments, with concomitant seismic risk.
These three items are intertwined and addressed together in the following discussion.

Footprint enlargement is direct and indirect. Direct is in the footprint expansion of the CTF itself.
Essentially, with a 2.5:1 slope, for every foot of elevation increase, the footprint extends outward
2.5 feet. To retain the same basin take-off point, the embankment centerline also moves outward

so the downstream or out slope enlargement becomes 5 feet per vertical foot.

Indirect is the footprint expansion by relocating the associated structures to accommodate an
enlarged or even relocated CTF. The associated structures would include but not be limited to the
Process Water Pond (PWP), the reclamation materials stockpile, and the subsoil stockpile and
their access roads.

By inspection (MOP Figure 3.34, p. 249), elevating the CTF as little as ten feet would
dramatically enlarge the eastern embankment and entail sufficient fill along the north and south
to form distinct embankment faces in those areas. In addition to presenting additional faces, that
enlargement requires two out slope convex corners, which are not recommended geological
engineering features (slope stability) for earthwork embankments.

Increasing the embankment size to raise the CTF above the water table would dramatically alter
the cut/fill balance, requiring the import of engineered fill from offsite.

Alternatively, the eastern embankment could be constructed in a continuous or near-continuous
out slope convex arc, but that shape simply extends the non-recommended convex feature.

If a 30-foot elevation increase is considered, the required embankments would be considerably
larger than the selected siting. That embankment size could be somewhat reduced by sloping the
basin floor to more closely follow the existing topography. Even with that, placing a solid
cemented mass in a canyon mimics a wedge shape, which is a classic geological engineering
failure analysis. Any tendency to slide would have to be analyzed, with conceptual potential
remedies entailing keys (footings), which might in turn intercept the water table.

EIS ENVIRONMENTAL ISSUES

PERCHED OR REGIONAL GROUNDWATER

It reasonably could be expected that the water table intercept would be of a small perched
aquifer, which may drain during the construction phase. Whether perched or part of the local
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regional aquifers, the intercept would direct remaining water (upgradient of the intercept) into
the foundation drains or otherwise downgradient beneath the CTF. In either case, the ultimate
disposition would remain in the regional groundwater system, analogous to surface runoff
diversions.

GROUNDWATER MOUNDING

Prior to insisting on an elevated CTF, it is appropriate to investigate whether groundwater
mounding would occur. If so, elevating may have no benefit, as the result of mounding might
simply replicate the interception now expected.

WETLAND IMPACTS

On inspection, elevating the CTF would expand its footprint. A rigorous evaluation would be
necessary to gauge the extent of impact into wetlands below the CTF, but the facilities site plan
(MOP Figure 1.3, p. 9) shows that any increase in downstream footprint immediately impacts
wetlands. If the nearby facilities (especially the PWP, but potentially the reclamation materials
stockpile and subsoil stockpile) must be moved, there is a much greater chance of impacting
wetlands beyond the selected siting.

It bears stressing that a part of the selection process for the current siting was to minimize the
impact on drainages and wetlands (MOP Section 3.6.8.14, p. 261; Section 3.6.13, pp. 275-276).

VISUAL IMPACT

The visual impact would expand as the CTF increases in elevation, with concomitant
embankment extension downslope to the North, East, and South. A lift of ten feet would be
marginally more visible from Sheep Creek Road. A lift of 30 feet would be visible from portions
of US 89.

GRANODIORITE SOURCING

In design and construction, the quality of the engineered fill is as important as the quantity. A
principal focus of the CTF excavation is to access the chemically inert granodiorite, which is a
critical component in the construction of the drainage blankets for the CTF and the PWP, as well
as other structures of the surface facilities (MOP Section 3.6.8.10, p. 259).

A similar mechanically robust and chemically inert rock could be located, quarried, transported,
stockpiled, and used in constructing the larger facility associated with elevating the CTF. That
would increase the environmental impact far offsite (quarrying) and between sites
(transportation) in addition to the local footprint increase.

SINGLE VERSUS TWO-PHASE CONSTRUCTION AND FILLING

With or without an expanded footprint, the query has been raised as to whether there is a benefit
to constructing the CTF in one layer or phase. In a broadened facility, that conceivably could be
done in one layer.
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The phased CTF construction conforms to the mill schedule while minimizing liner exposure
across the mine life (MOP Section 3.6.8.9, pp. 256-258). Among other construction efficiencies,
it allows handling the tailings pipe spigots with close access during the early years of guiding
and forming the cemented tailings deposition. Staging embankment construction also is a
common technique to minimize the exposure time of both embankment faces (internal/external)
to possible seismic activity.

A common driving practicality is that phased construction of these large earthwork structures is
less disruptive in all aspects of heavy construction — workforce, equipment, construction
materials, transportation, and support services (lodging, fuel, etc.).

TECHNICAL APPROACH

CONFIRM/PREPARE A TRADE-OFF STUDY OF PROPOSED AND ELEVATED
IMPOUNDMENTS

A rigorous part of the selection process for the current siting was to minimize the impact on
drainages and wetlands (MOP Section 3.6.8.14, p. 261; Section 3.6.13, pp. 275-276; MOP
Appendix Q). There is no need to replicate those efforts, which in any event cannot be done
within the scope of this memo.

The primary object of considering elevating the CTF is to avoid impacting the local water table.
Evaluating the water table impact would likely address the detailed nature (perched or regional)
of the water table, and whether mounding would occur. The evaluations would likely address if
either the original intercept or interception of a mounded water table would be deleterious.

If a groundwater analysis indicates a deleterious condition, a cursory trade-off could be initiated
based on the following investigations:

e Constructability
e Operability
e Long-term performance

The environmental issues presented above also could be folded into this trade-off analysis.
Conventional weighting and ranking methods could be a relatively simple way to organize and
evaluate the options, whether rigorous financial costs and benefits are included.

CONCLUSIONS AND RECOMMENDATIONS

Cemented tailings have become common for underground backfill, and the surface deposition of
cemented tailings within a lined basin is a combination of the best of underground and surface
tailings storage techniques.

Essentially, the groundwater intercepted by the CTF would be diverted beneath the composite
liner system and/or captured by the foundation drains. In both cases, these are diversions, not
removals from or degradations to the overall water system. In that regard, the groundwater
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diversion should be considered in the same regard as surface water diversions — spatial and
temporal handling of water to the overall benefit of the system and environment. Any negative
effects would be de minimus and significantly outweighed by the conservation and protection
aspects of diversion. As such, there is no conceptual benefit to elevating the CTF above the
groundwater table. Given the items addressed in this technical memo, it reasonably is expected
that any ranking of current proposal versus elevated configurations would not favor the elevated
configurations.

PROPONENT PROPOSES APPLICATION OF PROVEN TECHNOLOGY

From the alternate site analyses through the specifics of foundation drain and liner design, the
proponent has achieved BAT and BMP goals. The liner construction details noted above should
be incorporated into the design and construction of the facility(ies). With that, there would be a
reasonable expectation that execution of the construction and operating phases would bring those
goals to safe and productive reality.

DETERMINE WHETHER RE-SITING IMPROVES OR WORSENS ANY
ENVIRONMENTAL IMPACT

Three of the four analyzed CTF sites were less favorable than the selected location and
configuration. The selection is a culmination of direct and indirect aspects relating to
impoundment size through wetlands and visual impacts. The presented configuration is optimal
and re-siting would worsen the environmental impact.

REFERENCES

Peggs, lan D. 2003. “Geomembrane Liner Durability: Contributing Factors and the Status-Quo.”
In Geosynthetics: protecting the environment, Thomas Telford, London; UK IGS. June
2003. Accessed: November 2017. Retrieved from:
https://www.geosynthetica.net/Uploads/IDPigsUKpaper.pdf

Tintina Montana, Inc. 2017. Mine Operating Permit Application. Black Butte Copper Project,
Meagher County, Montana, Revision 3. PO Box 431, White Sulphur Springs, MT 59645.


https://www.geosynthetica.net/Uploads/IDPigsUKpaper.pdf

APPENDIX C

Technical Memorandum 3



Technical Memorandum 3

To: Montana Department of Environmental Quality

From: Environmental Resources Management

Date: December 21, 2017

Subject: Black Butte Copper Project - Full Sulfide Separation Prior to Tailings Disposal
BACKGROUND

Tintina Resources, Inc. is the owner of the Black Butte Copper Project (the Project), a proposed
underground copper mine located approximately 15 miles north of White Sulfur Springs in
Meagher County, Montana. The project is currently in the permitting phase and a Mine
Operating Permit Application was submitted to the Montana DEQ’s Hard Rock Bureau in July
14, 2017 (Tintina Montana, Inc. 2017). A number of tailings management alternatives were
evaluated by a large working group of scientists and engineers to decide on the best approach
(Geomin Resources 2016). Further assessment of the depyritized tailings approach is specifically
warranted.

Montana DEQ has requested that Environmental Resources Management (ERM) assess the
feasibility of using the flotation/separation process to remove all sulfide minerals from the
tailings prior to disposal. Both raw and cemented paste tailings were assessed under subaqueous
and subaerial weathering conditions in laboratory tests as part of a baseline geochemical
evaluation for the Project. Static and kinetic testing indicated the potential for acid generation in
both the raw and the cemented paste tailings. Kinetic testing indicated elevated sulfate and
metals concentrations in leachate, including exceedances of groundwater standards for arsenic
(As), nickel (Ni), and thallium (TI).

Sulfide-S composition was 17.7 to 29.9 percent in raw tailings and 21.6 to 21.9 percent in paste
tailings. Pyrite was a primary mineral constituent in tailings. Stripping out sufficient pyrite to
render the rest of the tailings mass non-acid-generating would be technically challenging and
yield large volumes of pyrite concentrate. Stripping out sulfide minerals creates a more
hazardous waste than tailings; while being smaller than the original tailings, the volume of the
depyritized tailings is substantive and poses a challenge for disposal and long-term storage. In
addition, the use of acid is required for depyritizing of tailings, which comes with associated
costs (Benzaazoua and Kongolo 2003; Bois et al. 2004).

CURRENT MOP

Feasible alternatives for tailings management and storage were evaluated (Appendix Q to the
MOP; Geomin Resources 2016). Cemented paste tailings using 0.5 to 2 percent cement was
selected as the preferred management method in an impoundment (cemented tailings facility
[CTF]) located just south of the mill site. The current MOP does not propose to remove non-ore
sulfide materials from the tailings prior to disposal.
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In the Tailings Management Alternatives Evaluation (Appendix Q to the MOP), two alternatives
involving depyritized tailings were considered:

1. Depyritized ultra-thickened subaqueous tailings deposition; and
2. Two-cell ultra-thickened depyritized tailings and pyrite concentrate.

These two alternatives received the lowest score in the Tailings Management Method
Alternatives Working Group Rankings.

Key challenges associated with depyritization included the following:

e The need to adjust the pH of the process downward for pyrite flotation, followed by further
pH adjustment for copper flotation, increasing lime consumption and issues in the pyrite
circuit operation.

e Higher chemical consumption, which also increases:
- Cost and complexity of flotation;
- Tracking materials held onsite;
- Transportation logistics; and
- Potential for spills/leaks/errors in handling.
e The requirement for an additional circuit in the mill.
e The need for additional mining to provide sufficient space for underground disposal of the

pyrite concentrate. More waste rock would result from this additional mining.

EIS ENVIRONMENTAL ISSUES

IMPACT OF NOT REMOVING SULFIDE MINERALS FROM TAILINGS PRIOR TO
DiISPOSAL

Potential for Acid Generation

Tailings that have not been stripped of their sulfide minerals have a higher acid potential (AP)
compared to depyritized tailings. As a result, the requirement for capture and treatment of
tailings seepage becomes necessary at the surface. Underground backfill has a lower potential to
impact groundwater if it is adequately sealed and less permeable to groundwater flow as
saturated conditions develop.
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Higher Source of Acid Potential

Sulfide minerals typically represent the largest source of acid generated at mine sites. The
oxidation of sulfide minerals in the presence of water is responsible for the generation of sulfuric
acid. A simplified reaction for the oxidation of pyrite is as follows:

4FeS, + 150, + 14H,0 > 4Fe(OH);3 + 16H" + 850,*
Where: Fe = iron; S = sulfur; O = oxygen; H = hydrogen

It is assumed that two moles of acid will be produced for each mole of sulfur. The AP is
calculated by multiplying the percent of total sulfur or sulfide sulfur in a sample by a conversion
factor (AP = 31.25 * %S). Units for AP are kilograms (kg) CaCO3 /t (EPA 1994; INAP 20009;
Price 2009; Sobek et al. 1978), where Ca = calcium and C = carbon.

AP in rock or tailings samples are potentially offset by minerals providing neutralization
potential (NP). Units for NP are kg CaCOj3 /t. The acid rock drainage (ARD) potential of a
sample is determined by acid-base accounting (ABA), where NP/AP less than or equal to 1 is
considered potentially acid generating (PAG), NP/AP greater than 1 and less than or equal to 2
has an uncertain acid-generating potential, and NP/AP greater than 2 is not PAG (nPAG) (INAP
2009; Price 2009). The ratio of NP/AP is often referred to as the net potential ratio. Clearly, not
removing pyrite from a sample renders it with a higher AP compared to a sample that has been
depyritized.

Environmental Management

Management practices considered at the Project if pyrite was not removed from the tailings are
described in Appendix Q of the MOP and include:

1. Conventional tailings slurry deposition;

2. Dry stack tailings;

3. Paste tailings with underground paste cement content (approximately 4 percent); and

4. Paste tailings with underground reduced paste cement content (approximately 2 percent).

The pros and cons of each option are summarized in Appendix A of this memo and represent the
results of the tailings management alternatives evaluation (Geomin Resources 2016).

The preferred management option selected by the working group was the cemented paste tailings
using 0.5 to 2 percent cement in an impoundment (CTF). This method was preferred since the
potential environmental impacts would be minimized (e.g., facility stability, environmental risk,
and impacts to wetlands). The paste tailings method using reduced 0.5 to 2 percent cement was
recognized to have the lowest impact to nearby designated wetlands in terms of total disturbed
area. The impact to the wetlands is described in Appendix K of the MOP application.
Furthermore, the CTF location alternative is associated with the smallest catchment area
footprint. Despite the markedly higher total cost of paste tailings disposal relative to other
evaluated methods, the cemented tailings paste and CTF site location were selected as the
preferred alternatives.
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IMPACT OF DEPYRITIZATION PROCESS AND DISPOSAL OF SULFIDIC BYPRODUCT

The removal of the sulfide minerals from a PAG tailings sample yields two products: (1) refined
nPAG tailings, and (2) PAG tailings with much higher sulfide content compared to the original
tailings sample. The amount of sulfidic byproduct is less than the total amount of the original
tailings material; therefore, the required capacity for disposal is lower (Bois et al. 2004). An
added benefit of removing sulfide minerals from tailings is that the depyritized tailings product is
nPAG and fine grained with a high surface area to volume ratio. This makes for useful cover
material overtop of PAG waste rock/tailings because the depyritized tailings do not generate
acid, and will limit the ingress of water and oxygen to the material underneath; this is
particularly true if applied as a cover with capillary barrier effects (CCBE) (Bussiere and
Aubertin 1999).

Environmental Management

Management practices considered at the Project if pyrite was removed from the tailings are
described in Appendix Q of the MOP and include:

1. De-pyritized and ultra-thickened subaqueous tailings deposition; and
2. Two-cell ultra-thickened depyritized tailings and pyrite concentrate.

The pros and cons of each option including those not removing pyrite from the tailings are
summarized in Appendix A of this memo and represent the results of the tailings management
alternatives evaluation (Geomin Resources 2016). Despite there being some clear environmental
advantages to removing pyrite from tailings, these two tailings management options were ranked
lowest by the working group in the alternatives evaluation. The associated costs of pyrite
removal with current technology and additional costs related to handling and disposal for long-
term storage weighed in heavily on the working group’s rankings, although practical limitations
were also considered.

TECHNICAL APPROACH

DE-PYRITIZED TAILINGS

The technical approach under investigation is the use of a flotation/separation process to remove
all sulfide minerals from the tailings prior to disposal. While the de-pyritized tailings represent a
relatively benign waste product from an ARD perspective, the concentrated pyrite product has a
much higher potential for acid generation compared to the original tailings material. Therefore,
disposal options have to be considered for this technical approach.
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Case Histories

Several cases exist where sulfide removal was applied as a tailings management practice. Six are
listed below and are summarized briefly in the following subsections for context:

o Strathcona Mine, Ontario, Canada

e Musselwhite Mine, Ontario, Canada

e Detour Lake Minge, Ontario, Canada

e Kemess Mine, British Columbia, Canada
e KSM, British Columbia, Canada

e Thompson Creek Mine, Idaho, USA

e Aitik Copper Mine, Sweden

Strathcona Mine, Ontario, Canada

Low-sulfur (less than 1 percent) scavenger tailings combined with lime kiln dust or reject
material from lime production were used to cover the high-sulfur (30 percent) tailings at the
Strathcona tailings facility near Sudbury, Ontario. The low-sulfur tailings cover was produced as
the cyclone overflow from the scavenger flotation units that generate a sandy material for mine
backfill. The overflow contains a fine-grained fraction and therefore has the value-added
property of moisture retention capacity and reduction of oxygen ingress. The minimum thickness
of the cover is 1.5 meters, which is considered sufficient for moisture retention in the lower zone
of the cover layer. The area of high-sulfur tailings exposed to the atmosphere, and therefore
oxidation, was reduced by at least 50 percent since the cover was applied.

Musselwhite Mine, Ontario, Canada

A pilot study was carried out to assess the suitability of froth flotation for desulfurization of
reactive mine tailings at the Musselwhite Mine in Northern Ontario to prevent acid mine
drainage (AMD). The effects of operating conditions such as froth depth, air flow rate, impeller
speed, and pulp density on desulfurization of Musselwhite tailings were investigated. Results
indicated that all of these parameters have effects on the flotation kinetics, recovery of sulfur,
and concentrate grade. The most important operating parameters were identified as the air flow
rate and froth depth. Environmental desulfurization was demonstrated to be technically feasible
for Musselwhite tailings. Based on the data presented for the Musselwhite tailings, the maximum
recovery of total sulfur was achieved when the operational parameters were set to the froth depth
of 5 centimeters, air flow rate 125 liters per minute, impeller speed 1300 revolutions per minute,
and pulp density 35 percent. Under these conditions, the froth flotation produced a satisfactory
NP/AP ratio within 12 minutes.
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Detour Lake Mine, Ontario, Canada

A single-layer desulfurized tailings cover 1 to 1.5 meters thick was installed over the Detour
Lake mine tailings facility. The material was unlikely to produce acidity, and retained oxygen
consumption potential. However, the cover materials were coarser grained than originally
designed and were confirmed to desaturate in some locations. The cover material was intended to
compose of finer material than the tailings, which would create a capillary barrier, high
saturation, and low oxygen diffusion. Regardless, near-neutral pH conditions were recorded at
the Detour Lake facility.

Kemess Mine, British Columbia, Canada

The Kemess gold mine in north-central British Columbia contains one of the largest earth filled
dam structures for tailings storage. In order to meet engineering and regulatory requirements the
original construction design called for a 1-kilometer-wide rock dam made with 30 million tons
(MT) of non-acid generating waste rock. Instead, the dam was built from suitable quality tailings
sand as a cost saving measure. The tailings sand was subjected to cycloning and flotation to
reduce pyrite concentration and meet the neutralizing potential ratio specifications for dam
construction. Grain size of the sand had to be consistent with less than 15 percent passing
through 200 mesh sieve (75 micrometers). In addition to environmental benefits, the economic
benefits of using cycloned sands for dam construction include lower dam height and reduced
construction costs.

KSM, British Columbia, Canada

Depyritization of tailings is planned for the KSM project in British Columbia with Seabridge
having already received permits (September 2014) authorizing early-stage construction activities
at the Mine Site and Tailings Management Facility (TMF). The Treaty Process Plant will
produce two tailing streams: the bulk rougher flotation tailing representing approximately

90 percent of the ore and a fine, sulfide-rich cleaner tailing comprising the remaining 10 percent.
The sulfide stream will be cyanide leached using the carbon in leach (CIL) method followed by
processing for gold recovery. A two-stage cyanide destruction circuit is proposed, using the Inco
sulfur dioxide process followed by hydrogen peroxide treatment.

Cyclone sand produced from the KSM tailing was deemed suitable for construction material in
the TMF. The flotation tailing is classified as nPAG and will be cycloned to produce sand fill for
construction of the tailing dams during the summer months. The CIL residue tailing is classified
as PAG. This material will be deposited under water in the CIL Residue Storage Cell in the
center of the TMF and kept saturated to mitigate the onset of acid generation.

Thompson Creek Mine, Idaho, USA

Desulfurized tailings were produced at the Thompson Creek mine in Idaho for use as covers and
in reclamation. ARD from these facilities is not an issue since the sulfide mineral content was
removed and the pyrite concentrate was disposed in an offsite location.
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Aitik Copper Mine, Sweden

The use of desulfurized tailings as a cover material was investigated at the Aitik Copper mine in
Sweden. After desulfurization, the pyrite-depleted tailings can be used to cover water saturated
tailings with higher pyrite content, and the pyrite enriched tailings have to be disposed of
separately under an engineered dry cover or water cover. The thickness of the depyritized
tailings cover is predicted to be 15 to 20 meters. Flotation pilot test results indicate that there is
difficulty achieving the target limit less than 0.3 percent sulfides, if only flotation is used in
depyritization. The problem is associated with the concurrent presence of both magnetite and
pyrrhotite in the tailings, in addition to pyrite. A combination of flotation and magnetic
separation has been suggested as a solution.

Environmental Impact

There is a potential for a reduced environmental impact by removing pyrite from tailings

(i.e., depyritization) as a method to control AMD. In depyritization, the acid forming sulfide
mineral fraction (i.e., pyrite) is either partly of fully separated from the tailings by froth flotation
prior to final deposition into the tailings storage facility (Bois et al. 2004).

In complete desulfurization, all tailings are desulfurized by froth flotation. As a result of the
separation, an acid generating high sulfur fraction with a reduced volume and a high volume of
nPAG low sulfur fraction are formed. Low sulfur nPAG tailings do not represent a long-term
liability, which is the most important advantage of the method (Bois et al. 2004).

Partial desulfurization represents the tailings fraction that is desulfurized only during a few years
period prior to mine closure. NPAG tailings can be used as an inert dry cover material over top of
acid generating tailings. The layer of 1 to 2 meters of desulfurized material acts as an elevated
water table and keeps sulfide rich tailings saturated. The saturation of tailings is accompanied by
the formation of an oxygen barrier, thus limiting oxygen diffusion to the underlying PAG tailings
(Bois et al. 2004).

Storage or Disposal Options

Separation of sulfide minerals generates a small volume of sulfide-rich concentrate and a large
stream of tailings with low sulfur content. The two streams can be handled differently. The low
sulfur content tailings are relatively non-reactive and do not require as comprehensive
decommissioning measures and can be deposited in large-volume repositories, or alternatively
used for construction purposes (e.g., cover material, dams, roads, etc.). The sulfide-rich
concentrate could be stored underwater in a tailings pond covered with depyritized tailings in a
surface facility, or stored underground as paste backfill (Benzaazoua and Kongolo 2003; Sjoberg
Dobchuck et al. 2003; Bois et al. 2004; INAP 2009). The most commonly used additive for paste
backfill is a pozzolanic binder (e.g., cement, slag, fly ash). These provide significant strength
underground at addition levels of 3 to 6 percent by weight. Cement addition also serves to
increase the NP, raise the pH, and potentially immobilize metals by mineral precipitation. Other
additives include specialty chemicals, resins, and surfactants that can enhance metal adsorption,
as well as organic carbon and bacteria to aid biofixation (Newman et al. 2001). The pyrite
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concentrate would require more cement to raise NP compared to the currently proposed tailings
disposal alternative. However, the risk of oxidation is typically limited to a thin upper layer.

Costs

The use of depyritization can reduce reclamation costs at a mine site due to the reduced
transportation and material costs. Low sulfur tailings can potentially be used as cover material,
which reduces transportation costs if the cover material has to be sourced from offsite. The costs
of separating the sulfide minerals from the tailings can be high. The viability of the method
depends on the amount of sulfide minerals that have to be removed because negative cost
impacts are generated if the sulfide content is too high.

Site-specific conditions and scale of waste also influence how tailings are managed. Partial
depyritization can generate cost savings if the tailings pond is located in a flat topography site
with a soft base, as the costs for dam construction in these cases are typically high. The
operational costs for partial depyritization are lower because only a fraction of the tailings is
treated. Complete depyritization of tailings is economically viable if the construction of low
permeability tailings dams becomes expensive (Bois et al. 2004).

CONCLUSIONS AND RECOMMENDATIONS

In spite of the environmental advantages associated with depyritized tailings, depyritization was
not selected as the best tailings management strategy for the Project. Depyritization of tailings
generates a larger volume of nPAG tailings and smaller fraction of PAG concentrated sulfides;
however, the management costs of the PAG concentrated sulfides remain too high to be
considered feasible compared to other alternatives. These alternatives also pose a number of
technical challenges that includes the requirement for large amounts of acid in the processing
(which increases lime consumption and potentially poses issues to the pyrite circuit operation
due to scaling), and the need for an additional circuit in the mill, which presents a risk to copper
recovery. It was also suggested that additional mining of host rock would be necessary to provide
sufficient storage space for the underground pyrite disposal. Ultimately, the technical challenges
and costs associated with these alternatives resulted in the working group’s low ranking in the
tailings management alternatives evaluation.

The preferred management option selected by the working group was the cemented paste tailings
using 0.5 to 2 percent cement in an impoundment —a CTF located just south of the mill site.
Approximately 45 percent of the total tailings or 5.8 MT would be returned back underground as
paste backfill in the mine workings. The claim for selecting this option was that the potential
environmental impacts would be minimized. Compared to the depyritized tailings alternatives,
there would be less impact to wetlands in terms of total disturbed area. The impact to wetlands is
described in Appendix K of the MOP application. The potential for oxidation on the surface of
the impoundment materials during the time a deposit lift is laid down prior to depositing the next
layer was identified as a risk. However, the group dismissed this concern using the rationale that
acidification would be decelerated by the cement to the point of preventing acidic conditions
from developing before the next lift is deposited.



PAGE 9 Memorandum 3
DEQ Contract No. 118003

It is recommended that more consideration be given to technical feasibility and the pros/cons of
the various tailings management alternatives rather than cost feasibility. Based on the material
presented in the MOP, it is not clear how much more underground volume would be needed to
dispose of the concentrated pyrite fraction if the tailings were subject to pyrite removal. The
requirement for a tailings disposal facility at the surface was not eliminated in any of the
alternatives presented. The nPAG tailings fraction would provide a useful source of cover
material for any of the surface facility designs considered for storage of PAG tailings. There
appears to be an increasing number of success stories for the application of
desulfurized/depyritized tailings material as a clean cover component of a CCBE.
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Technical Memorandum 3: Appendix A

Table 1. Method Alternative Matrix

Method Alternative

Pros

Cons

Whole Tailings Slurry Deposition
(subaqueous disposal)

Proven method for controlling acid rock drainage
(ARD)

Requires pond management

Flexible to take paste when it is not needed

Does not provide for pyrite
recovery

Water storage capacity

Tailings could acidify if they
dry

Lower cost

Largest embankment

Simplicity

Long-term monitoring

2 Dry Stack Tailings

Can be located on slopes/uplands away from
wetlands

Air quality issues

Reduced site footprint

Higher capital costs

Reduced water treatment costs

Higher operating costs

Provides for segmented closure/reclamation

Complex operating plan

No additional access roads required

Requires 4 full-time
equivalents

Requires Process Water Pond
(PWP)

Requires storage of
contaminated process water

De-pyritized and ultra-thickened
subaqueous tailings

Placing pyrite back underground

Storing waste rock for closure

Established tailings management methods for safety
purposes and environmental risk

Cost of pyrite removal

Uses more functional wetlands

Requires road relocation

Potential for tailings seepage
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Method Alternative

Pros

Cons

Thickened de-pyritized tailings and
pyrite concentrate in two cells

No large pond required

Complicated process

Requires less make-up water

Depends on pyrite flotation and
removal at closure

Removes ARD potential following closure

Requires storage of
contaminated process water

Pyrite separation

Run-off management

Paste Tailings - Cement content 4% same

as underground paste

Non-flowing tailings

Requires road relocation

Reduced embankment construction costs

Higher construction costs

Reduced dust potential

Higher operating costs

Reduced water loss to evaporation

Higher process and storm water
costs

Limits short-term ARD potential

Facilitates placement of closure cover

Paste Tailings - Reduced cement content

° (%)

Non-flowing tailings

Requires road relocation

Reduced embankment construction costs

Higher construction costs

Reduced dust potential

Higher operating costs

Reduced water loss to evaporation

Higher process and storm water
Ccosts

Limits short-term ARD potential

Facilitates placement of closure cover

Source: Geomin Resources 2016
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Technical Memorandum 4

To: Montana Department of Environmental Quality

From: Environmental Resources Management

Date: December 21, 2017

Subiject: Black Butte Copper Project - Tunnel and Shaft Plugs for Controlling Groundwater Flow
at Closure

BACKGROUND

The Mine Operating Permit (MOP) for the Black Butte Copper Project (the Project) indicates
that during operations, production workings would be continuously backfilled with low-
permeability cemented tailings, but access tunnels and ventilation shafts would not be backfilled.
During closure, cement plugs would be placed at strategic locations in the decline and access
ramps, but these openings would otherwise not be backfilled. A subsurface plug would be placed
in each of the four ventilation shafts, and portions of the shafts would be backfilled with non-
cemented reclamation fill. The non-cemented fill would have relatively high hydraulic
conductivity and not provide a water seal. Except where plugs are placed, this memorandum
treats the decline, access ramps, and all ventilation shafts as hydraulically “open.”

Baseline data indicate the general presence of upward hydraulic gradients, which would provide
the potential for upward groundwater flow after the hydrologic system recovers from the
hydraulic stresses imposed by the dewatering operation. Upward flow, if not controlled, could
cause mine-impacted groundwater in deeper geologic units to migrate upward and affect the
water quality in shallower units, most notably the Lower Newland A Formation (Ynl-A) unit and
alluvial units that discharge groundwater into streams. In the natural hydrogeologic system,
upward migration is very slow because the geologic units generally have low vertical hydraulic
conductivity. However, the presence of (hydraulically) open tunnels and shafts could provide
conduits that convey upward flow in a way that by-passes the containment afforded by the
natural undisturbed system. Thus, the sealing provided by plugs in otherwise open tunnels and
shafts is an important closure issue for the Environmental Impact Statement (EIS).

CURRENT MOP

As discussed in the MOP, the Proponent proposes to install 14 cement plugs at strategic locations
in the main decline, deeper access ramps, and four ventilation shafts to restrict upward
groundwater flow after closure and prevent human access. The locations of the plugs are shown
on MOP Figures 7.4 and 7.5. The purpose of the plugs is to provide the following hydraulic
separations:

e Between the Volcano Valley Fault (VVF) and overlying geologic units

e Between the lower and upper mine stopes of the Lower Sulfide Zone (LSZ)
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e Between the Lower Copper Zone (LCS) and Lower Newland B Formation (Ynl-B)
e Between the Upper Sulfide Zone (USZ)/Upper Copper Zone (UCZ) and the Ynl-A

A plug would be installed at the water table in the main decline. Five additional plugs would be
installed where the decline and all four ventilation shafts intersect ground surface to prevent
physical access and invasion of surface water.

CONSTRUCTION ISSUES

The plugs would be installed at the end of mining with the dewatering system still operating to
maintain dry excavations. After plug installation, the dewatering system would be turned off (or
operated at systematically decreasing flow rates) to allow the mine to flood with groundwater.
The engineering design will assess and recommend the construction of plugs that have low
hydraulic conductivity to provide adequate sealing and sufficient strength to remain stable when
subjected to differential water pressures on opposite sides of the plugs. Construction options
include cement-only plugs or cement layered with foam. It is reasonable to assume that the plug
material would have an effective hydraulic conductivity less than or equal to 107 centimeters per
second (cm/sec) (0.00028 feet per day [ft/day]).

Two important construction issues are (1) development of cracks in the plug material after
placement and (2) incomplete sealing at the cement/rock interface. Historically, both problems
have occurred in tunnel/shaft seals but are generally attributed to improper cement mixes or
inadequate methods of cement placement. With good quality engineering and modern
construction practices, it is expected that these problems could be prevented or minimized.

A less tangible issue is the development of a disturbed zone adjacent to the tunnel or shaft wall
due to blasting when the rock is first excavated. The blasting process could create fractures that
extend outward from the rock face, and stress release can cause these (and natural) fractures to
open. The result could be a zone adjacent to the wall with hydraulic conductivity that is greater
than the undisturbed rock further away from the wall. It is considered that the thickness of the
disturbed zone could range from 4 to 12 feet; for analyses in this memorandum, a thickness of

8 feet is assumed. The poor sealing performance of some tunnel plugs has been attributed to
by-pass in the disturbed zone adjacent to the plug. The MOP states that if a detrimental disturbed
zone is suspected, a fracture-grouting program will be initiated to seal fractures prior to plug
placement. To do this, boreholes would be drilled outward from the rock face and grout would be
injected into fractures under pressure. Experience has shown this technique to have mixed
success in reducing groundwater flows below dams or into underground tunnels.

EIS ENVIRONMENTAL ISSUES

An important EIS environmental issue revolves around the function of plugs to reduce upward
flow and chemical migration of potentially impacted water from deeper to shallower geologic
units. Compared to deeper bedrock units, the Ynl-A has higher hydraulic conductivity and could
be used for the development of low-capacity water wells. Groundwater in the Ynl-A unit also
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tends to discharge into streams, either directly or via alluvium adjacent to the streams. There is
concern that open tunnels and shafts extending downward for many hundreds of feet could
provide conduits that convey chemically affected water upward at flow rates that are higher than
the natural system and with reduced travel times. At a scoping level, this technical memorandum
attempts to address the utility of plugs in reducing enhanced upward flow that could otherwise
occur in open tunnels and ventilation shafts.

TECHNICAL APPROACH

This memorandum provides a scoping-level evaluation of plug performance using (1) historical
documentation, (2) details of the plugging program presented in the MOP, and (3) analytical
calculations. It is not meant to be a definitive evaluation of the plug issue; this memorandum is
meant to provide evidence on the expected success of plug installation at the Project mine and
the ability of plugs to reduce the upward flow and migration of potentially affected mine waters.

USE OF TUNNEL AND SHAFT PLUGS IN MINING

Many mining operations, particularly those in mountainous terrain, rely on tunnel plugs to
permanently seal mine adits and to flood (at least in part) the mine workings upon closure. It is
generally accepted that the design criteria for permanent mine closure plugs should be stricter
than those used during mine operations, particularly if the plug is used to impound acid rock
drainage. In most cases, it is the allowable seepage/gradient rather than the shear strength of the
rock or concrete that controls the length of the plug (Lang 1999).

The Natural Resources Conservation Service Conservation Practice Standard for Mine Shaft and
Adit Closing (Code 457) enumerates the closing of underground mine excavations by filling,
plugging, capping, and installing barriers with the following objectives:

e Reduce hazards to humans and/or animals.

e Maintain or improve access and/or habitat for wildlife.

e Protect cultural resources.

e Reduce subsidence problems.

¢ Reduce the emission of hazardous gases.

e Reduce or prevent contamination of surface water and groundwater.

Kirjapaino Oy (2008) writes that, in addition to reducing subsidence risk, the use of adit plugs
can prevent the physical migration of the mine backfill if it becomes saturated with water.
Installation of plugs and rock fill is not generally recommended in access tunnels and shafts in
case the mine is to reopen at some future date.

Among the plug purposes enumerated on Code 457, two appear to be applicable to the proposed
Project upon its future closure: (1) reduce hazards to humans and/or animals; and (2) reduce or
prevent contamination of surface water and groundwater.
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PLUGGING PROGRAM PRESENTED IN THE MOP

MOP Figures 7.4 and 7.5 show the proposed locations of plugs. ERM’s review of the MOP
identified the following plug issues that merit additional consideration in the EIS:

e Asshown on Figure 7.5, the lower portion of the lower intake ventilation shaft (IVL) is
continuously open and connects to the lower decline. The lack of a plug in the lower IVL
may negate the hydraulic function of the decline plugs labeled “Upper VVF” and “Below
USZ” on Figures 7.4 and 7.5.

e Asshown on Figure 7.5, the lower portion of the lower exhaust ventilation shaft (EVL) has
no plugs, but connects the middle decline to a lower access ramp. The lack of a plug in this
portion of the EVL may negate the hydraulic function of the plug labeled “Upper VVF” on
Figure 7.5.

e ltis not entirely clear in the MOP which portions of the ventilation shafts would be
backfilled.

e The MOP indicates that a plug would be installed at the groundwater table in the decline, but
the hydraulic utility of a plug at this location is unclear.

HYDRAULIC ANALYSIS OF PLUG PERFORMANCE

Figure A-1 in Appendix A of this memorandum shows conceptual flow paths for leakage that
could occur through and past a tunnel plug. While the plug itself is generally of low permeability
and entails minimal flow, significant leakage could occur in the disturbed zone adjacent to the
tunnel wall that likely would have higher hydraulic conductivity than the undisturbed rock mass.
In this section, scoping-level calculations are performed to evaluate leakage through the plug and
in the disturbed zone. Flow in the undisturbed rock mass is not considered because it is expected
to be relatively small. However, if the rock mass has appreciable hydraulic conductivity, this
flow component might be significant and could be evaluated using numerical methods.

Flow By-Passing a Tunnel or Shaft Plug

The hydraulic performance of a tunnel plug at the Project site was evaluated based on the
conceptualization shown on Figure A-2. The plug being considered is for the EVL raise and
would be used to hydraulically separate the USZ/UCZ unit from the overlying Ynl-A unit. This
location is of interest because the Ynl-A has relatively high hydraulic conductivity and there are
nearby piezometers that provide reliable data on the vertical hydraulic gradient (MW-9, PW-9,
and PW-10). The hydraulics of a shaft at this location without a plug was independently analyzed
in the MOP (Section 4.1.7.2) and summarized on MOP Figure 4.15. At the EVL location, the
static hydraulic head in the USZ/UCZ unit is higher than the head in the YnI-A unit, providing
the potential for upward flow, which would be enhanced by the presence of an open shaft. The
intended purpose of the plug would be to reduce the upward flow between the two units.

The conceptualization on Figure A-2 considers radial horizontal flow converging into the shaft
from the underlying USZ/UCZ unit, flow up the shaft with or without a plug, and radial flow
away from the shaft into overlying Ynl-A unit. The system flow rate is affected by flow through
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a disturbed zone adjacent to the shaft wall that has higher hydraulic conductivity than the
undisturbed rock mass. For this evaluation, the disturbed zone is assumed to be 8 feet thick and
have a possible hydraulic conductivity (Kq) ranging from 0.1 ft/day (slightly less than
undisturbed USZ/UCZ rock) to 100 ft/day for highly disturbed rock.

The following steady-state equation (Theim 1906; Kruseman and de Ridder 1990) is used to
compute horizontal radial flow into the shaft from the USZ/UCZ unit (Q,):

_ 21 Kpp b, (H, — Hygp)

2 F
where:
Kh2 = horizontal hydraulic conductivity of geologic materials in USZ/UCZ (0.16 ft/day)
b, = effective thickness of more permeable geologic materials within USZ/UCZ (46 feet)
H, = static hydraulic head in the USZ/UCZ unit (5,703.4 feet mean sea level [msl])
Hs; = Hydraulic head in the shaft below the plug (computed)
F = steady-state shape factor (5.7)

Steady-state flow from the shaft into the YnlI-A (Q1) is computed similarly:
_ 21 Kpy by (Hsy — Hy)
te F

where:
Kni = horizontal hydraulic conductivity of geologic materials in Ynl-A (1.3 ft/day)
b; = effective thickness of more permeable geologic materials within Ynl-A (46 feet)
H; = static hydraulic head in the Ynl-A unit (5,696.1 feet msl)
Hs = hydraulic head in shaft above the plug (computed)
The steady-state shape factor (F) for horizontal radial flow is typically given by:

F =1In (rﬂ)
rO

row = well radius (in this case the shaft radius)

where:

ro = radius of influence; distance to where the hydraulic head is near static

The typical value used for practical application is F = 5.7, which implies that the ratio (ru/ro) is
equal to 300.

The combined vertical flow through the plug and disturbed zone (Q3) is computed using the
Darcy equation:

H., — H
Qs = (K, 4, + Ky Ay) (%)
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where the cross-sectional area of the plug (Ay) is:

the cross-sectional area of the disturbed zone (Ay) is:

A, =%[(D+2a)2 — p?]

and:
D = shaft diameter (16 feet)
= thickness of disturbed zone (8 feet)
L = plug length (20 feet)
Ky = hydraulic conductivity of plug material (0.0003 ft/day = 107 cm/sec))
Kgq = hydraulic conductivity of disturbed zone (range of 0.1 ft/day to 100 ft/day)

and other parameters are previously defined.

In the direction of flow, continuity requires that:
Q: = Q3 = Q1

Starting with the known static head in USZ/UCZ (H,), algebraic manipulation of the above
equations is used to compute a static head in Ynl-A. Then by an iterative process, the system
flow rate (Q) is modified until this computed head is equal to the known static head in Ynl-A
(H1). The computations are programmed in the Mathcad worksheet provided in Figure A-3. As a
sensitivity analysis, the flow rate (Q) was computed for different values of the disturbed zone
hydraulic conductivity (Kg) to evaluate how the plug would perform with different amounts of
by-pass leakage in the disturbed zone adjacent to the plug.

Calculations show that if the hydraulic conductivity of the plug material (cement and/or foam) is
less than 0.003 ft/day (10° cm/sec), the flow through the plug can be neglected. However, the
system flow rate is affected by the disturbed zone hydraulic conductivity (Kg). To evaluate how
the plug might perform, a series of calculations were performed using Kq values ranging from

0.1 ft/day (slightly less than the undisturbed USZ/UCZ hydraulic conductivity of 0.16 ft/day) to a
very high value of 100 ft/day. The inputs listed in Figure A-3 are for one realization where the
disturbed zone hydraulic conductivity is taken to be 1.6 ft/day, or one order-of-magnitude greater
than that of undisturbed USZ/UCZ rock. Other realizations use the same inputs except for the
disturbed zone hydraulic conductivity (Kg).

Results of the analysis are shown graphically on Figure A-4. As the disturbed zone hydraulic
conductivity (Kg) increases, the upward vertical flow by-passing the plug also increases, which
makes logical sense. However, it is surprising that for a three order-of-magnitude increase in Ky,
the by-pass flow rate only increases by a factor of three (from 0.08 gallon per minute [gpm] to
0.27 gpm). This is because the effect of higher Ky on flow is counteracted by a reduction in the
hydraulic gradient through the disturbed zone. Note that for the Ky values greater than 10 ft/day,
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the by-pass flow rate is similar to the value computed in the MOP for the case of no plug

(0.27 gpm). As Ky increases, the hydraulic head in the shaft below the plug (Hs2) becomes more
similar to the head above the plug (Hs1). For Ky greater than 10 ft/day, the heads are nearly
equalized and similar to the value of 5,697 feet msl computed in the MOP for the no-plug case.
This analysis suggests that shaft plugs can reduce groundwater flow through a shaft or tunnel;
however, for the rock properties considered in this example, the flow reduction (0.27 gpm to
0.08 gpm) is not very large.

At face value, one might interpret from Figure A-4 that the system flow rate can be greatly
reduced by grouting fractures in the disturbed zone so that Ky is a very low value. However, the
effect of this would be to shift the flow lines to outside the disturbed zone away from the shaft,
so the reduction in flow rate may not be as great as envisioned. To properly analyze this type of
situation would likely require an axisymmetric numerical flow model, which while doable, was
outside the scope of this technical memorandum.

Assuming an effective porosity of 0.10, Figure A-5 shows the migration velocity and sharp-front
travel time for unattenuated chemical migration through the disturbed zone. For Ky increasing
from 0.1 ft/day to 100 ft/day, the sharp-front travel time decreases from about 77 days to 23
days, which is not a large change.

Natural Vertical Flow

Figure A-6 considers natural vertical groundwater flow in the same geologic units considered for
the shaft analysis. Based on calibration of the site groundwater model, the vertical hydraulic
conductivity of USZ/UCS unit is taken to be 0.011 ft/day and the vertical hydraulic conductivity
of Ynl-A is 0.26 ft/day. The static hydraulic head in USZ/UCZ at PW-9 is 5,703.4 feet msl and
the head in Ynl-A at MW-9 is 5,696.1 feet msl. Based on well completion data, the vertical
distance between midpoints of the completion intervals for these wells is 110 feet. Because the
vertical hydraulic conductivity of the USZ/UCZ unit is lower than that of the overlying Ynl-A,
the vertical hydraulic gradient in the USZ/UCZ unit should be greater as shown by the
conceptual head distribution graph on Figure A-6. For a given vertical flow rate, the Mathcad
worksheet in Figure A-7 computes the map area associated with natural vertical flow for that
flow rate. Figure A-7 considers a vertical flow rate of 0.27 gpm, which is the estimated flow rate
for the shaft without a plug. The equivalent area of natural vertical flow for this flow rate is
computed to be 1.24 acres. Thus, the vertical leakage for a shaft without a plug is equivalent to
the natural vertical flow that takes place over a footprint area of 1.24 acres. For the case of a plug
with a lower permeability disturbed zone, the estimated shaft leakage is estimated to be about
0.1 gpm, and this is equivalent to a natural flow area of about 0.5 acre. The implication here is
that the total upward flow through four vent raises and one decline, with or without plugs, would
be relatively small compared to the upward natural flow that occurs over the general area of the
mine.

Vertical seepage velocity and travel time in the natural system is also assessed in the Mathcad
worksheet. For an effective porosity of 0.10, the vertical seepage velocity is 3.5 feet per year
(ft/yr). For the vertical distance of 110 feet between the mid-points of PW-9 and MW-9, the
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computed sharp-front travel time is on the order of 30 years. Calculations confirm that this travel
time is independent of the flow rate considered in Figure A-7.

Discussion
This analysis provides evidence supporting the following statements:

e After closure and hydraulic recovery, the presence of four shafts and one decline, with or
without plugs, would not substantially change the natural upward flow that would occur
between lower geologic units and the Ynl-A unit. With or without plugs, the upward flow
rate through the openings would be small compared to natural upward flow that would occur
in areas where there are no mine openings.

e The placement of shaft and tunnel plugs just below the USZ/UCZ - Ynl-A contact would
reduce flow in the openings, but the relative decrease would not be very large.

e The greatest effect of shafts and tunnels is reducing the chemical migration times from
deeper units into the Ynl-A unit. In areas without openings, the travel time for upward flow
in geologic materials would likely be many decades to perhaps centuries. However, where
shafts and tunnels would be installed, the upward travel time, with or without plugs, could be
less than several years.

e If an environmental priority is to increase the time it takes for chemicals in deeper units to
reach the Ynl-A unit, the only practical engineering approach would be to completely
backfill the shafts and declines with a granular porous material so that upward (Darcian) flow
could occur in a medium with reasonably high effective porosity (which reduces migration
velocity). If the backfill were to have low hydraulic conductivity (such as cemented tailings),
this approach could eliminate the need for all subsurface plugs.

CONCLUSIONS AND RECOMMENDATIONS

The main conclusion of this technical evaluation is that the upward migration of potentially
affected groundwater into shallower geologic units via shafts and tunnels would be relatively
rapid regardless of whether or not plugs are installed. Mixing calculations might show that the
flow rates are small enough to not significantly impact the Ynl-A water quality, but the time
frame for chemicals to migrate up the tunnels and shafts is relatively rapid. Calculations show
that placement of plugs would not greatly increase the travel times compared to shafts and
tunnels that do not have plugs. If minimizing upward vertical chemical migration from deeper to
shallower units is an EIS priority, the only engineering solution may be to completely backfill
the decline, access ramps, and ventilation shafts with non-cemented or cemented granular
material. It is recommended that this be established as an alternative in the EIS. The alternative
might entail stockpiling an adequate volume of tailings or other granular material at the end of
mining, which could be used to backfill all tunnels and shafts prior to turn-off of the dewatering
system. If tailings are used for backfill, one consequence of this approach would be a smaller
ultimate volume of tailings to be placed in the cemented tailings facility (CTF). Engineering
options can consider the use of non-cemented or cemented backfill material.
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For the closure approach currently described in the MOP, other EIS alternatives may consider
the following:

e One additional plug in the lower portion of the IVL to hydraulically separate the VVF from
shallower geologic units.

e One additional plug in the lower portion of the EVL to hydraulically separate the VVF from
shallower geologic units.

e Elimination of the water-table plug in the decline (labeled “At GWT” on MOP Figures 7.4
and 7.5).
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Technical Memorandum 4: Appendix A

Figure A-1: Flow Patterns Through and Around a Plug

Figure A-2: Flow Analytical Model

Ynl-A
Ky, = 1.3 ft/day

Not to scale
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Figure A-3: Flow Through (and By-passing) a Plug
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Figure A-4: Results of Shaft Plug Analysis

Figure A-5: Chemical Migration Past Plug
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Figure A-6: Natural Vertical Flow
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Figure A-7: Natural Vertical Flow (in Absence of Shaft)
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Technical Memorandum 5

To: Montana Department of Environmental Quality

From: Environmental Resources Management

Date: December 29, 2017

Subiject: Black Butte Copper Project - Whether there is an advantage to requiring in-situ treatment

through placement of organics in the underground workings at closure to limit oxidation

BACKGROUND

In the drift and fill mining technique, cemented paste tailings would backfill the underground
workings in operation and through closure. The cemented paste tailings would contain alkaline
materials such as fly ash, lime, and other locally sourced materials that would partially neutralize
acids. There are concerns that there is not sufficient alkalinity or neutralizing capacity in the
cemented paste tailings to prevent acid mine drainage. At closure, the mine would be flooded
and the paste tailings would reside below the groundwater table in an anoxic and, depending on
depth, anaerobic environment. The hydraulic conductivity of the cemented paste tailings would
limit interaction with groundwater. This Technical Memorandum examines the additional control
measure of adding a carbon source to the underground workings to promote the growth of
bacteria that would reduce sulfate and precipitate metal sulfides and increase the pH and
alkalinity.

CURRENT MOP

To limit groundwater inflow and therefore oxidation and acid mine drainage, the Mine Operation
Plan (MOP) (Tintina Montana, Inc. 2017) proposes the following: (1) installing hydraulic plugs
to separate the lower mine workings from the upper groundwater, (2) shotcreting high sulfide
zones, (3) high pressure rinsing of the mine walls with unbuffered Reverse Osmosis (RO) treated
water to remove soluble sulfates and other oxidation products, and (4) collecting and treating this
rinsate to non-degradation standards. At closure, buffered RO permeate would be injected into
the underground workings followed by low-oxygen groundwater. The MOP also describes a
“wait and see” approach to tailor the additional controls based on the resulting water quality
versus the predicted (modeled) water quality at mine closure. Control measures would be tested
during the operations phase, and the most successful measures would be adopted at closure.

The cemented paste tailings backfill (79 percent total solids by weight of the mixture) would be
produced onsite by mixing fine-grained tailing from the milling process and 2-4 percent cement
and proposed binders, such as locally available cement, slag, and fly ash. Over time, Humidity
Cell Tests (HCT) results described in the MOP predict that the cemented paste tailings could
potentially oxidize if exposed to air and water and release acid. In the drift and fill mining
process, Tintina maintains that the backfilled material would not be exposed to air for an
extended period of time; in addition, at closure the backfill would be immersed with
groundwater. Since diffusion of oxygen through saturated material is considerably slower than
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direct contact with air, oxidation would be minimized at closure. The deeper the groundwater,
the more likely anaerobic conditions would prevail. Interaction with groundwater should also be
minimized due to the low hydraulic conductivity of the backfill placed during the operational
phase.

EIS ENVIRONMENTAL ISSUES

The potential environmental impacts would result from the oxidation of the rock surfaces in the
underground workings, producing acidic conditions and leaching metals and metalloids into
groundwater. Anoxic conditions can promote the release of arsenic into groundwater by
increasing its solubility.

TECHNICAL APPROACH

PASSIVE BIOLOGICAL TREATMENT

Sulfate can be reduced to sulfides in anoxic conditions with the addition of organic substrates
due to the presence of naturally occurring anaerobic bacteria Desulfovibrio and
Desulfotomaculum. During respiratory metabolism, sulfates, sulfites, and other reducible sulfur
species act as electron acceptors. These anaerobic bacteria utilize an organic substrate of short
chain lactic and pyruvic acid that can be generated from the fermentation by other anaerobic
bacteria of other organic substrates. Anaerobic conditions must be created and complex organic
materials (e.g., molasses, sewage sludge, manure, and substrates such as straw, newspaper,
manure and sawdust) must be introduced. To precipitate specific metals, the pH needs to be in
the proper range, with copper and iron precipitating at low pH levels (Bowell 2004).

Passive Treatment systems are typically used for biological treatment of mine wastes and are
defined as systems that use naturally available energy sources such as microbial metabolism.
These systems typically require some long-term, infrequent maintenance to operate over a
designated design life. To cultivate sulfate reducing bacteria (SRB), certain conditions are
required. SRBs require a pH around 6, a substrate, a carbon source, and anoxic conditions. SRBs
may use a wide range of substrates as electron donors and carbon sources, which oxidize
incompletely (to acetate) or thoroughly to carbon dioxide (CO,). These substrates are generally
organic compounds composed of activated sludge, wood chips, farm manure, sawdust,
mushroom compost, and other agricultural wastes (Luptakova 2012).

Domestic animal waste contains sulfate reducers and has been used to seed anaerobic
bioreactors. Sulfide precipitation of metals is possible in anaerobic bioreactors. For pH less than
5.5, hydrogen sulfide gas was produced that precipitated metals and formed bicarbonate, raising
the alkalinity and pH of the water. This study found that SRBs function optimally at pH values
greater than 5.0 with a source of sulfate and a carbon source (Gusek 2016).

A thick cover layer of organic material over piles of tailings and waste rock has been effective in
reducing oxidation, as the oxygen is depleted by the microbial degradation of the organic
material. Microbial degradation and oxygen consumption has been most effective at a near-
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neutral pH. In above ground conditions, cover materials need to be replaced when the carbon has
been depleted (Butler 2014).

Types of passive biological treatment systems for mine wastes have included the following
(Kaupilla 2012):

- Construction Wetlands — Organics with alkaline material promoting sulfate reduction,
precipitation of metal sulfide, adsorption of metals to organic material, and neutralization
of water.

- Organic filters — Addition of organic material such as peat, manure, or others along with
alkaline materials to sorb the metal onto the solid surfaces through either physical or
chemical adsorption and water neutralization.

- Reactive ditches — Ditches containing carbonate materials to neutralize water, precipitate
iron, and retain precipitates in the cell.

- Reactive dams/walls/curtains — Organic material such as peat and manure combined with
alkaline materials to promote the adsorption of metals onto the surface of the solids and
neutralize water.

None of these passive treatment systems is applicable for the Black Butte Copper Project (the
Project) unless underground organic filters or reactive dams/walls/curtains could be built and
maintained underground at closure, which is not a practical long-term solution.

Literature Review has provided a number of examples of mostly experimental and pilot-scale
passive biological treatment systems, as follows:

e Two anaerobic pilot cells were built at the closed Brewer open pit gold mine in South
Carolina and treated pit and cyanide heap leach pad (Pad 5) flows of 1.0 and 0.75 gallons per
minute (gpm) for 18 months. Cow manure was used as an inoculum of SRB onto a substrate
of composted turkey manure, sawdust, and phosphate rock reject (limestone). The cell
experienced fluctuating influent concentrations and a flourishing plant growth that removed
iron through oxidation, but not copper. Once the plant growth was removed for the second
time, metals removal and sulfate reductions were higher than predicted despite an increased
metal loading. This was possibly due to the presence of a more available carbon source
provided by the dead plant material (Gusek 2016).

e A pilot scale downflow anaerobic cell was constructed at an abandoned underground copper
mine in Wyoming (Ferris Haggarty Mine/Osceola tunnel). Fed with 3 to 6 milligrams per
liter (mg/L) of dissolved copper and less than 100 mg/L of sulfate, the 15-foot diameter by
4-foot deep cell was constructed of sawdust, hay, limestone, gypsum, and cow manure as a
source of SRB. The cell was allowed to incubate at summer temperatures in 1996 prior to the
addition of the mine flow, which appeared to help the SRB acclimate to the subfreezing
conditions experienced during the winter months. Effluent copper concentrations from the
cell were measured at 0.1 mg/L (Gusek 2016).

e Batch experiments in bioreactors were conducted using synthetic mine water and treatment
with limestone, activated sludge, spent mushroom compost (SMC), and mixed substrates
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under anoxic conditions. The removal of heavy metals such as iron, manganese, copper, lead,
and zinc was evaluated. SMC had the best sulfate and heavy metal removal, with an overall
efficiency of 89.98 percent with good alkalinity generation. Activated sludge reduced heavy
metals by 97.98 percent but was not as efficient for sulfate removal (43.75 percent)
(Muhammad et al. 2015).

e A pilot (research) passive treatment system was installed in 1994 at a closed tin mine in
Cornwall, United Kingdom (Wheal Jane). Aerobic, anaerobic, and rock filter systems were
tested in the pilot study. The anaerobic system was intended to promote sulfate reduction and
increase alkalinity, pH, and precipitation of copper, zinc, cadmium, and iron sulfides. Two
pretreatments to the anaerobic cells were tested, and lime was dosed to increase the pH and
passage through an anoxic limestone drain. The anaerobic cells were essentially compost
bioreactors that had been filled with manure as a source of organic carbon and straw and
sawdust as substrate. The bioreactors were monitored regularly; after 2 years, they did not
perform as expected, mainly due to the introduction of ferric solids from the aerobic cells.
The anaerobic process did not bring the pH up to over 5.5, increase the alkalinity, or remove
metals through sulfide precipitation (CL:AIRE 2004).

e A biotreatment system was constructed at an operating underground lead mine (Asarco
Incorporated West Fork Unit, Missouri). Mine drainage contained 0.4 mg/L of lead and 0.18
mg/L of zinc with a flow rate of 1,200 gpm. The biotreatment system had multiple parts
including a settling pond, two anaerobic cells, a rock filter, and an aeration pond. This system
from the beginning of operation has been able to meet permitted discharge requirements with
lead reduced to 0.027 to 0.050 mg/L from 0.4 mg/L and reduction in zinc, cadmium, and
copper concentrations. From the conclusions to this study, SRB were responsible for the bulk
of the lead removal (Gusek 2016).

e Acidophilic microbes responsible for sulfide dissolution and influence on leaching rates at
the Iron Mountain mine in California included Eukarya, Bacteria, and Archea (prokaryotes).
Subsurface, chemosynthetic prokaryotes utilized reduced iron and sulfur from pyrite for
energy and fixed carbon monoxide for cell carbon. Heterotrophic microbes utilized organic
carbon for energy in the environment (Edwards et al. 2000).

e The addition of natural phosphate rock has been shown to promote the biofilm growth of
heterotrophic microbes that consume oxygen and promote reducing conditions. These
heterotrophs are typically out-competed by the acidophilic microbes that are responsible for
the acid generation. Fine-ground natural phosphate rock was slowly dissolved in water and
applied to tailings. Natural phosphate rock contains calcium-carbonate and phosphate and has
been used to neutralize acidic soils. It also contains inorganic and organic carbon and other
microbial growth nutrients. In studies with a number of different types of mine tailings and
rocks, the research has shown that a one-time application of natural phosphate rock to both
tailings and waste rock will promote the development of heterotrophic microbial biofilms
(Kalin 2015).
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ToTAL ORGANIC CARBON CONTENT OF WASTE ROCK

In the MOP, Total Organic Carbon (TOC) was measured in a range of 0.13 to 0.39 percent for
waste rock samples collected at the Project site. Under the right conditions, the rock TOC
content could provide an electron donor to promote microbial activity — the type dependent on
the pH and the oxygen content. For SRB, the conditions need to be anaerobic, growth substrate,
near neutral pH, and a sufficient carbon and nutrient source. Additionally, the TOC would have
to be at the exposed rock surfaces and available to a microbial population. It is unlikely that the
native TOC would sustain the desired outcome of sulfate reduction, metal sulfide precipitation,
and pH and alkalinity increase.

NEUTRALIZING CAPABILITIES OF THE WASTE ROCK

The neutralization potential of the rock can be indicated by the carbonate and silicate content,
with carbonate being a stronger indicator. Carbonates and clays present effective acid
neutralizing capabilities. The actual amount of acid produced would be determined by the
overburden geochemistry, tailings management during reclamation, and the hydrology of the site
after closure (Skousen 2002).

There is neutralization potential in the Lower Newland A Formation (Ynl-A) with a net
neutralization potential of 164.9 (mean) and in the Lower Newland B Formation (Ynl-B) with a
net neutralization of 174.7 (mean). However, to be the most effective, the availability of the
oxides and carbonates would be improved if the material was finely ground into particles that
would react and neutralize acids. There would be some neutralization with the exposed rock
surfaces. Further study is needed to explore the costs/benefits of producing finely ground waste
rock and filling the mine void. Per the MOP, locally sourced materials would be added primarily
for structural support but as a secondary benefit to increase the neutralizing capabilities of the
cemented pastes. Effective additives for neutralizing acidic rock include limestone with a
neutralization potential of 75 to 100 percent or fluidized bed combustion ash at 20 to 40 percent
(with cementing properties). Lime and cement kiln dust contain 50 to 70 percent unreacted
limestone, absorb moisture and harden upon wetting, and are commonly used for stabilization
and binder materials (Skousen 2002). Use of these materials would be more practical as they are
available and abundant waste materials and are already finely ground with reactive surfaces for
neutralizing acid mine waste.

MINE INERTING WITH NITROGEN PRIOR TO CLOSURE

Historically, the use of nitrogen gas in the mining industry has been for extinguishing coal mine
fires. It has the potential to inert abandoned or worked-out mines that have not been adequately
sealed (Parker Hannifan Corporation 2011). Mine sealing with nitrogen generated onsite was
investigated in a study at the National Institute for Occupational Safety and Health (NIOSH)
Safety Research Coal Mine (SRCM). The objective was to extinguish oxygen in the mine so that
the atmosphere would not support combustion (Trevits et al. 2009). While the nitrogen generator
was successful at inerting the SRCM, testing in an actual mine was still recommended.
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Inerting by injecting nitrogen gas into the underground mine just prior to flooding could displace
oxygen and reduce the oxidation potential of the mined surfaces. Some of the uncertainties
center on the quantity of nitrogen needed, whether onsite production would be beneficial to the
use of delivered cryogenic nitrogen, how well the mine is sealed to prevent the escape of the
nitrogen and influx of other gases, and the timing of the inerting with flooding. Cost versus
effectiveness compared to other more conventional methods should also be considered.

MOBILIZATION OF METALS IN ANOXIC/ANAEROBIC CONDITIONS

Anoxic conditions are defined when dissolved oxygen levels fall to below 0.5 mg/L (Ohio

EPA 2014). Other subcategories of anoxic conditions are defined by what inorganic compound
acts as the main electron acceptor (i.e., nitrate reducing, iron/manganese reducing, sulfate
reducing). Anaerobic conditions are the complete absence of oxygen. In reducing conditions,
metals can be present as sulfide minerals either from the ore deposit or from bacterial reduction
of sulfate in oxidized rock and tailings. Metal sulfides remain immobile as long as they remain in
a reducing environment. Metal hydroxides have low solubilities in neutral pH ranges. Their
solubility increases with decreased pH (John and Leventhal 2004). Arsenic exists in the
groundwater near the Black Butte Copper ore deposit. The additional release of arsenic into the
groundwater as a result of mining activities is a complex interaction of the solid phase arsenic
and other metal (such as iron) content and the dissolution/ desorption processes that may occur.
Although arsenite (AslIl) is thermodynamically favored in anoxic water, both forms have been
observed (Shankar 2014).

CONCLUSIONS AND RECOMMENDATIONS

The conclusions from this technical memorandum are listed as follows:

e SRB metabolic reactions consume energy sources and reduce sulfates to sulfides that
precipitate metal sulfides and increase the pH and alkalinity of the water.

e The conditions proposed in the MOP at closure involve the creation of anoxic and anaerobic
conditions (at depth) by flooding the underground workings. SRBs require more than just
anoxic/anaerobic conditions. They require:

- Inoculation of SRBs (if not present) by adding a source such as manure;
- pH around 6;

- Carbon source and nutrients; and

- Growth substrate.

e While SRBs can be cultured under the conditions listed above, the establishment of a viable
bioculture, growth substrate, and replenished carbon source needed to promote ongoing
sulfate reducing conditions is questionable.
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e Passive systems have typically been constructed bioreactors or a thick cover of organics over
the top of a tailings pile, which need long-term, infrequent maintenance to operate
effectively.

e The TOC of the native rock may be used by naturally occurring SRBs at depths in the right
conditions, and may provide some sulfate reduction depending on the availability of the TOC
within the rock.

e There is not enough experience with nitrogen inerting in full-scale mines to predict success in
this application.

e Addition of a carbon source in the underground workings at closure by itself is unlikely to be
effective in creating a bioreactor capable of sulfate reduction.
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Technical Memorandum 6

To: Montana Department of Environmental Quality

From: Environmental Resources Management

Date: December 29, 2017

Subiject: Black Butte Copper Project - Whether there is an advantage to requiring additional

source controls (prevention of water inflow or application of treatment to rock faces) to
limit oxidation during operation

BACKGROUND

During operation, Tintina plans to backfill production workings with a paste of tailings, cement,
and binders. The backfill would provide structure to prevent subsidence; it would minimize
groundwater contact with exposed rock both during operation and through closure and provide
some neutralizing capability. The estimated surface area of the underground mine exposed to
both air and groundwater inflow water would thereby be reduced at any given time. The Mine
Operation Plan (MOP) also describes the grouting of fractures to limit intrusion of groundwater
and collection and treatment of groundwater inflow (Tintina Montana, Inc. 2017). Water inflow
would supply all of the water for the mine operation, although only 40 percent of the predicted
inflow would actually be needed. All groundwater inflow would be collected and treated to non-
degradation standards.

If inflow could be reduced, less water would have to be collected and treated. This Technical
Memorandum explores the advantages of additional control measures to limit inflow and
oxidation during operation.

CURRENT MOP

The groundwater inflow is estimated to be in the 420 to 500 gallons per minute (gpm) range
during active mining, with occasional spikes of up to 1,000 gpm. Inflow and exposure to sulfates
and metal oxide in the mined areas would need to be reduced as much as practical during
operation. To limit inflow and groundwater contamination, planned procedures in the MOP
include:

e Grouting — Tintina plans to grout major water bearing fractures or faults as they are
encountered using pressure grouting techniques (sealing fractures by injecting a cement-
based grout or a solution-based chemical mixture and diverting water around openings). One
of the areas where grouting is anticipated to eliminate significant inflow due to fractures is
underlying Coon Creek. According to the MOP, grouting the near-surface portion of the
decline would substantially reduce mine inflow, with a ten-fold reduction in the first year
according to model predictions.

e Use of Pilot Holes — Pilot holes ahead of the advancing mined face would be drilled to locate
water-bearing geological structures. When or if large amounts of water are encountered in a
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pilot hole, a packer would be installed to seal the hole. Following installation of the packer,
directional grouting would be done prior to advancing.

e Collection and Treatment of Inflow — Groundwater inflow would provide the water needed
for mine operation; however, only 40 percent of the estimated groundwater inflow would be
needed. The remaining 60 percent would be treated to non-degradation standards and
discharged to the upland underground infiltration galleries (U1Gs) or to the alluvial UIGs if
necessary.

e Cemented Tailings Backfill — During operation, a plant would be constructed to produce a
paste (79 percent total solids by weight of mixture) comprised of fine-grained tailing from
the milling process and 2-4 percent cement with proposed binders such as locally available
cement, slag, and fly ash. The cement binder used to make the cemented tailings paste would
also contain hydrated lime and should have neutralizing abilities. The low hydraulic
conductivity of the backfilled tailings would reduce contact with groundwater.

ENVIRONMENTAL IMPACTS

The environmental impact of inflow would be the contamination of groundwater by exposure to
oxidized surfaces and the dissolution of sulfates and heavy metals. Control of groundwater
contamination would substantially reduce the amount of treatment needed and promote the
ability of the planned treatment system to meet non-degradation standards.

TECHNICAL APPROACH

Methods of controlling groundwater inflow and contamination during operations are summarized
in the following table (Kauppila 2011):

Method Description Applicability to Tintina BBC
Mine

Paste Cover Mixing fine-grained millings, | Planned use
cementitious materials, and
water into pastes and covering
tailings and exposed rock
provides a barrier to oxidation

Blending and backfilling Blending waste rock and/or Planned use
mined areas tailings with paste or
neutralizing rock and
returning to the excavated
areas that are either filled with
water or sealed from
groundwater intrusion

Sealed waste handling Sealing/liners/dam structures | Planned use
structures/dams to prevent water intrusion and
pickup of acid forming
materials and heavy metals
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Method Description Applicability to Tintina BBC
Mine
Depyritizing Full or partial removal of iron | Evaluated in another

sulfide from the waste to
remove the acid-forming
material prior to backfilling or
placement in waste ponds

Technical Memorandum

Water Cover

Owing to the significantly
lower concentration and
diffusion of oxygen in water,
oxidation and acid production
on tailings, waste rock and
exposed rock surfaces can be
limited through a water cover

Planned for by Tintina at
closure (i.e., saturation of
backfill with ambient
groundwater), not practical
during operation

Separation of acid and alkaline
wastes

Acid forming tailings are
separated to reduce the
amount of material needing
treatments to reduce oxidation

Applicable to tailings
treatment, does not apply to
underground mine surfaces

Encasing acid wastes within
alkaline wastes

Carbonate/neutralizing tailing
or waste rock coats or cover
acid-forming material for
either aboveground disposal or
backfilling

Applicable to tailings
treatment, does not apply to
underground mine surfaces

Reactive Surface Coating

Coating tailings and/or waste
rock with reactive materials
such as organics to neutralize
acid and bind or precipitate
heavy metals

Use of organics to promote
biofilms evaluated in another
Technical Memorandum

Chemical Addition

Adding lime or other
chemicals to neutralize acids

Lime and other alkaline
materials would be a
component of the cemented
tailings backfill

Traditional and non-traditional surface coatings for sealing mined surfaces were evaluated in
literature studies and are summarized in the following table (Haug and Pauls 2001):

Method

Description

Applicability to Tintina BBC
Mine

Asphalt

Production of asphalt in a
batch plant and application to
mined surfaces

Can be used to limit oxidation,
is subject to degradation over
time, not practical for
underground mine

applications

Cementitious cover Polypropylene fiber reinforced | Planned use
shotcrete

Cement-stabilized coal fly ash | Fly ash mixtures and Planned use

grout

geopolymers
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Method Description Applicability to Tintina BBC
Mine
Synthetic liners and covers Geomembranes, spray-on Spray on membrane barriers
membranes barriers, and can be effective in limiting
geosynthetic clay liners oxidation
Bentonite modified soil Soil-bentonite mixtures, Can be used to limit oxidation,
barriers polymer modified soil, and more appropriate for tailings
polymer surfactants piles and ponds
Mine Waste Tailings Tailings and waste rock covers | Planned use
Wax barriers Wax application to mined Can be used to limit oxidation,
surfaces are subject to degradation over
time, not practical for
underground mine
applications

Some of these materials are only appropriate for covers or containment and not appropriate for
surface treatments designed to mitigate acid formation. Prevention of acid formation requires the
coating to be impermeable to oxygen transfer and resistant to acid degradation. The results of the
evaluations showed that asphalt, wax, and spray-on membrane could be somewhat successful to
limit oxygen transfer and liners such as geosynthetic clay liners and soil; modified soil barriers
are only effective if they are maintained in a saturated state. Asphalts and waxes are subject to
degradation if exposed for extended periods of time. None of these would be appropriate for
sealing underground workings during operation to limit oxidation. The modification of fine
grained and waste rock with bentonite, fly ash, or other materials could provide a surface cover
that would limit oxygen transfer, be resistant to degradation, and provide structural support
(Haug and Pauls 2001). This is similar to the Tintina MOP planned use of cemented tailings.

Butler (2014) describes using waste rock/tailings and grouting to seal cracks and fractures, and
grout curtains to intercept groundwater flow paths. Additionally, flooding the mine workings
before oxidation occurs can help to establish an anaerobic environment (Butler 2014). A large
zinc-copper mine near Crandon, Wisconsin proposes to use grouting of underground mine
working and active treatment of contaminated groundwater (Leopold et al. 2001). All of these
methods except the grout curtains are in the Tintina MOP. Shotcrete could be produced that
exhibits characteristics of high strength, low permeability, and good homogeneity. If shotcrete
were to be applied over the top of rock surfaces, it would need to occur shortly after exposure. If
the rock surfaces have already oxidized, the sulfate could attack the shotcrete and deteriorate the
lining. Sulfate resistant cement could be used where sulfate attack is likely (Ma 2011).

CONCLUSIONS AND RECOMMENDATIONS

A technical review of the available sources compared to the MOP finds that most of the
commonly used methods to control inflow are planned for use by Tintina. Other methods may
have potential application but should only be considered if the control measures tested during the
operations phase are unsuccessful.
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Technical Memorandum 7

To: Montana Department of Environmental Quality

From: Environmental Resources Management

Date: December 29, 2017

Subiject: Black Butte Copper Project - Whether there is an advantage to requiring alternative water

treatment technologies rather than the proposed reverse osmosis treatment

BACKGROUND

Groundwater collected during the dewatering of the underground workings starting in year 2 of
construction through closure would be collected and treated in a water treatment system that
includes a dual pass Reverse Osmosis (RO) system. Approximately 60 percent of the
groundwater would be treated to non-degradation standards and discharged under the conditions
of a Montana Pollutant Discharge Elimination System (MPDES) permit through upland
underground infiltration galleries (UIGs) to shallow bedrock, or into an infiltration gallery
located in the Sheep Creek alluvial aquifer system. There are concerns with the ability of the
water treatment system to effectively treat the water in all phases of mine operation to non-
degradation standards, particularly for nitrates, and the disposition of the large volume of waste
brine generated from the RO system.

CURRENT MOP

There are three phases of water management: Construction, Operation, and Closure. During
construction, no water would be treated in the first year, and an estimated 250 gallons per minute
(gpm) is anticipated in the second year. RO with pretreatment would be used to treat dewatering
flow. Pretreatment prior to RO for all three phases includes ferric chloride precipitation/
coagulation of metals and solids and settling, followed by multimedia and cartridge filtration.
The pretreatment and RO system treats the water to non-degradation standards. Following the
RO system, treated water would be discharged primarily to the alluvial UIG (if needed) under the
conditions of the MPDES permit. Treatment residuals would be stored in the Contact Water
Pond (CWP). RO blowdown (brine) would be further treated in a Vibratory Shear Enhanced
Process (VSEP) system to reduce its volume prior to storage in the brine cell or the CWP. The
VSEP is a membrane system that uses vibrational shear forces to reduce membrane fouling,
resulting in the ability to treat brine streams and recover water while reducing the brine volume
(Johnson 2002). Constituents of concern for treatment during the Construction phase include
arsenic, lead, strontium, thallium, total suspended solids (TSS), and nitrogen (nitrate, nitrite, etc.)
species. Nitrogen species that originate from blasting operations are predicted to be removed in
the RO system. An estimated 48.1 million gallons of RO blowdown would be generated during
the 2-year Mine Construction Phase and stored in the CWP brine cell or hauled offsite, if
necessary.
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In the Operations phase, the treatment capacity would be increased to 588 gpm, with only 497
gpm treated with RO. The remaining water would be used in the Mill. During Operations, water
would be a mixture of underground, process, and contact water. Constituents of concern would
include pH, dissolved metals (antimony, arsenic, copper, lead, nickel, strontium, and thallium),
nitrogen species (nitrate, nitrite, and precursors), and TSS.

The VSEP would not be used during the Operations phase as there are multiple onsite disposal
options for the brine, and volume reduction is not needed. One brine disposal option is to pump
the brine to the Process Water Pond (PWP). A second option is to pump the brine to the mill
thickener. Both options would involve the incorporation of the brine into the cemented tailings
paste for permanent disposal.

In the Closure phase, the RO system would be used at full capacity (500 gpm) to produce water
to rinse the underground workings. RO blowdown would be volume reduced with the VSEP and
shipped offsite. Water treatment would have the same effluent goals of not exceeding the
Estimated Maximum Allowable Effluent Concentrations (EMAEC) throughout the three phases;
however, the influent quality would vary.

Tintina maintains that the anticipated nitrate concentration from the water treatment facility
would be below the groundwater non-degradation level. For the surface water alluvium (Little
Sheep Creek), the non-degradation criteria for Nitrate + Nitrite (as N) is 11.29 milligrams per
liter (mg/L), and Total Nitrogen at 0.61 mg/L. The predicted quality from the water treatment
facility is estimated for Nitrate + Nitrite (as N) at 0.22 mg/L and Total Nitrogen at 0.32 mg/L. If
these systems function as predicted, there should be no issues with meeting the non-degradation
standards.

EIS ENVIRONMENTAL ISSUES

The potential environmental impacts would be with the water treatment system not consistently
meeting non-degradation standards, particularly for nitrates and the disposition of the brine from
water treatment from Construction through the Closure phases.

TECHNICAL APPROACH

RO membranes have a pore size of less than 0.002 micron and are susceptible to fouling by
particulates, gas bubbles, and other fouling contaminants, requiring pretreatment of the influent
beforehand. Constituents found in mine dewatering than could cause problems with RO
membrane are iron salts, silica, calcium sulfate, and calcium carbonate (Chambers 2014). These
constituents can reach saturation and cause scaling due to precipitate solids on the membrane.
This causes reduced permeate flux and downtime of the treatment system to de-scale the
membranes. Removal of cations through softening is a common RO pretreatment to increase the
permeate recovery and reduce maintenance. Calcium, magnesium, and iron can be removed
through hydroxide or sulfide precipitation, softening, or ion exchange. Precipitation produces a
metal sludge that has to be disposed. Softeners and ion exchange processes require regeneration,
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which also produces a brine or concentrated waste that needs disposal. RO systems produce a
significant amount of concentrated blowdown or brine for disposal. The permeate recovery and
success of mine water treatment would depend on how well the pretreatment removes the scaling
(calcium, iron) constituents in the water (USEPA 2003).

RO is a technically feasible treatment to remove nitrates. Rejection rates for sodium chloride and
sodium nitrate can be as high as 98 percent and 93 percent, respectively (Jensen et al. 2012). RO
membranes theoretically can reject as much as 99.5 percent of all dissolved ions including
sodium, nitrate, and chloride (Dahm 2014).

While the most common application for RO is drinking and high-purity water treatment, RO has
been considered in mining operations. In a report on water management in mines across the
globe, RO was mostly used to desalinate sea water for mine operations. Only one mine — the
closed Homestake gold mine in South Dakota — used RO to treat mine seepage (ICMM 2012). A
large zinc-copper ore body near Crandon, Wisconsin, proposed to use RO and Evaporation for
treatment of contaminated groundwater from the mine before reusing the water in the mine
(Leopold et al. 2001).

ALTERNATIVE TECHNOLOGY

Other technologies considered for mining operations include ion exchange, electrodialysis, and
mechanical (vapor compression) evaporators.

lon Exchange has been used in mining applications to remove heavy metals and other divalent
metal cations. lon exchange resins for nitrate removal depend on the quality of the incoming
water. There are three types of ion exchange systems: anionic, cationic, and chelating ion.
Potable water influent can be treated for nitrate removal with strong base anion exchange and
weak base anion exchange (Jensen 2012). Anions or cations are removed with the resins,
producing treated water removed from the resin bed by regeneration with either acid or caustic.
Regeneration of ion exchange beds produces a waste stream that has to be disposed of.
Regeneration requires the storage of concentrated acids and bases and knowledgeable operators
(Chambers 2014). lon Exchange is generally not feasible or cost effective for treating large
volumes of water as would be encountered in the Black Butte Copper Mine Project.

Electrodialysis uses direct electrical current across a stack of alternating cation and anion
selective membranes to collect either anions or cations. Electrodialysis Reversal (EDR) units
operate under lower pressures and are more tolerant of temperature and pH than RO. However,
like RO, EDR units are susceptible to calcium sulfate scaling if pretreatment is inadequate. EDR
treatment efficiency in removing dissolved ions does not compare favorably with RO. The
amount of water recovered is lower, and a waste brine solution is also produced for disposal
(Bowell 2004).

Mechanical vapor recompression evaporators can significantly reduce the waste brine volume;
however, they have high maintenance requirements and high capital and operating costs.
Mechanical and solar evaporation was considered by Tintina, but rejected based on inefficiency
and costs.
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The VSEP is a viable technology for volume reduction of the brine. It is not susceptible to
calcium sulfate scaling and is more cost effective than mechanical evaporation.

CONCLUSIONS AND RECOMMENDATIONS

In theory, RO can remove 90+ percent of dissolved ions, including nitrate. In reality, the influent
water quality and pretreatment determine the actual water recovery. The quality of the treated
water modeled by the membrane manufacturer predicts that the proposed RO treatment system
would produce water quality for injection below the non-degradation standards. However, the
presence of calcium sulfate in the mine water is expected to play a significant role in reducing
the water recovery rates and treatment efficiency. Selection and use of a calcium sulfate specific
antiscalant would mitigate the impact of calcium sulfate and improve water recovery. The ability
of the pretreatment would be critical to achieving the predicted quality of the RO treated water.
There are not many technically feasible and non-cost prohibitive methods to reduce water
treatment residuals. The VSEP system has been used for treatment of acid mine drainage and
appears to be an appropriate method of reducing brine. In conclusion, there are no better
alternatives to those proposed in the MOP for treating groundwater inflow and reducing brine
volumes.

REFERENCES

Bowell, R. J. 2004. “A review of sulphate removal options for mine waters.” Jarvis, A. P., B.A.
Dudgeon, and P.L. Younger. (eds): mine water 2004 — Proceedings International Mine
Water Association Symposium 2. — pp. 75-91, 6 fig., 7 tab.; Newcastle upon Tyne
(University of Newcastle).

Chambers, David. 2014. “The Potential for Acid Mine Drainage and other Water Quality
Problems at Modern Copper Mines Using State-of-the-Art Prevention, Treatment, and
Mitigation Methods.” A Report by the Center for Science in Public Participation.
November 20, 2014.

Jensen, V., J. Derby, C. Seidel, and C. Gorman. 2012. “Drinking Water Treatment for Nitrate,
Technical Report 6, Addressing Nitrate in California’s Drinking Water With a Focus on
Tulare Lake Basin and Salinas Valley Groundwater Report.” For the State Water
Resources Control Board Report to the Legislature. July 2012.

Johnson, G. 2002. “VSEP Filtration of Acid Mine Drainage.” A Case Study. New Logic
Publication.

Dahm, K. and M. Chapman M. 2014. “Produced Water Treatment Primer: Case Studies of
Treatment Applications.” Science and Technology Program Research Report, U.S
Department of Interior, Bureau of Reclamation publication.

ICMM (International Council on Mining and Metals). 2012. Water management in mining: a
selection of case studies. May 2012. Accessed: November 2017. Retrieved from:



PAGE 5 Memorandum 7
DEQ Contract No. 118003

http://www.icmm.com/en-gb/publications/water/water-management-in-mining-a-
selection-of-case-studies

USEPA (U.S. Environmental Protection Agency). 2003. EPA and Hardrock Mining: A Source
Book for Industry in the Northwest and Alaska. Prepared by: EPA Region 10 with the
technical assistance of Science Applications International Corporation, January 2003.



http://www.icmm.com/en-gb/publications/water/water-management-in-mining-a-selection-of-case-studies
http://www.icmm.com/en-gb/publications/water/water-management-in-mining-a-selection-of-case-studies

APPENDIX H

Technical Memorandum 8



Technical Memorandum 8

To: Montana Department of Environmental Quality

From: Environmental Resources Management

Date: December 29, 2017

Subiject: Black Butte Copper Project - Analysis of the effectiveness of the proposed end of mine

flushing of the underground workings to remove oxidation products, including an
evaluation of the length of time needed to accomplish this procedure

INTRODUCTION

The basis for this technical memorandum is the Mine Operating Permit Application (Tintina
Montana, Inc. 2017) submitted to the Montana Department of Environment Quality on July 14,
2017. That document is referenced in the body of this memo as “MOP”, with the particular
section and page numbers as appropriate.

BACKGROUND

MINERAL SALT ACCUMULATION

Mineral salt accumulation is expected locally on access drift sills, backs, and ribs during the life
of mine. Some of the salts would be highly soluble and susceptible to migration into groundwater
upon inundation following mine closure.

FLUSH PROGRAM EXTENT

Humidity cell testing indicates that a three- to six-cycle flush program would be needed to wash
down salts (MOP Section 7.3.3.6, pp. 428-433). Locally, that could extend to ten cycles.
Conservatively, the duration of each cycle across the various zones would lead to a total program
length on the order of 1 year.

CURRENT MOP

PHASED RO PERMEATE FLUSHING

The Proponent proposes to flush underground access workings initially with unbuffered RO
permeate and subsequently with buffered RO permeate. The unbuffered RO permeate would
have a relatively elevated capacity to scavenge solutes, whereas the buffered RO permeate would
have a reduced capacity to scavenge solutes from bedrock (MOP Section 7.3.3.6, p. 428; Section
3DEQ [Response to Comments], p. 481).
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POST-RINSE GROUNDWATER INUNDATION

Following these rinse phases, groundwater inundation would occur, creating anoxic conditions
that are expected to result in groundwater characteristics meeting background conditions.

MONITORING AND REMEDIATION

Groundwater monitoring throughout the closure process would guide the rinsing and any
remediation procedures (MOP Section 4.3.2, pp. 381-383; Section 6, pp. 391-406; Section
7.3.3.5, pp. 421-428; Section 7.3.3.6, pp. 428-433; Section 7.3.3.9, p. 435). This has been
queried (Smith 2017), and the proposed MOP entails diligent and thorough background,
operational, and closure monitoring programs. It would be prudent to allow these state-of-the-art
investigations to shape and guide the closure and post-closure plans.

CONSTRUCTION ISSUES

EQUIPMENT DEPLOYMENT AND RINSE PROVISION

The Proponent is considering high-pressure washing of oxidation products and possibly
shotcreting exposed high sulfide zones to isolate and immobilize those oxidation products (MOP
Section 7.3.3.9, p. 435).

Typical shotcrete is not recommended as a chemical barrier over high sulfide zones. It is
relatively permeable and susceptible to sulfate attack.

SUMP STAGING TO RECOVER RINSATE

In addition to the proposed monitor wells (MOP Section 7.3.3.7, p. 434), staging sumps could be
appropriate to handle rinsate. It is appropriate to include the concept in the Environmental
Impact Statement (EIS), with specific details to be based on the developing conditions during
operational and closure monitoring.

EIS ENVIRONMENTAL ISSUES

CoMPLIANCE WITH DEQ NON-DEGRADATION CRITERIA

Though the Humidity Cell Test (HCT) program was rigorous, it is appropriate to investigate
whether salt build-up on the access and development drift surfaces is an environmental liability
with respect to volume, concentration, potential dissolution, precipitation, or reaction to inert
compounds, travel times, and distances to potential beneficial use of impacted groundwater.
Those investigations are or can be part of the operational and closure water monitoring
programs.
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ADDITIONAL QUERIES

Increased Solute Loading

The question has been raised as to whether the greater surface area of broken rock, tailing, and
open drifts would result in greater solute loading (Jepson 2017). There would be a broken rind
around the access drifts, but the extent would be remarkably minimized with controlled blasting
techniques and in any event is expected to be no more than a drift radius. Blasting breaks
preferentially follow pre-existing fractures, and energy outside the individual blast pattern
perimeter would tend to open those rather than introduce new fractures. Pre-splitting or
smoothing the shots could virtually eliminate fracturing outside the blast pattern (Langefors and
Kihlstrom 1963). Those techniques or their corollaries — in common use since the 1950s — are
typical for permanent drill and blast openings in mining as well as virtually all drill and blast
civil infrastructure openings.

The cemented tailing would present little internal surface area. With the overhand mining
method, the superjacent fill would be poured directly on the hardened subjacent fill, and there
would be no significant gaps between levels. The only air gap would be approximately 1.5 feet
on the final level, and that could be readily filled with expansive grout or other media suitable for
that application. Thus, the pre-mining naturally fractured rock would be replaced by a relatively
tight and massive cemented formation.

It is reasonable to expect that the presented drift surface area would be similar to the pre-mining
fracture surface area in the same volume. It could be less, depending on original local fracture
frequency.

With these tailings and geology properties and prudent mining, no significant increase in surface
area is expected. The essential change would be in exposure to atmosphere, which is proposed to
be handled by the multiple flushing cycles.

Flushing Effectiveness

Questions have been raised as to whether oxidation products in fractures, voids between paste
backfill and stope backs, and/or within the paste backfill would be effectively flushed out by the
proposed rinsing (Jepson 2017). Will they continue to dissolve and bleed out slowly into the
groundwater flow paths after active mining ceases, resulting in greater loading rates to the
groundwater system than under the pre-mining condition?

Means for field evaluation of flushing effectiveness could be conducted during development and
mining, with reasonable time to consider modifications to the closure procedures if needed. The
field testing, which can begin relatively early in the mine life, would confirm whether the HCT
results of “no significant salt loading” remain valid guidelines.

The post-mining anoxic conditions would significantly reduce or halt the tendency for producing
additional salts. The relatively lower permeability of the cemented tailings (MOP Section 2.2.5,
pp. 56-61; Table 2-13, p. 60) and low-permeability construction concrete would result in
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groundwater flow diverting around these structures; therefore, they are not expected to
significantly contribute to salt loading of the groundwater.

Non-Degradation Compliance

Questions have been raised as to whether groundwater or surface water non-degradation criteria
would be exceeded at some point post-closure (Jepson 2017).

The operational monitoring programs (MOP Section 6.3.1, pp. 391-398; Section 6.3.2, pp. 398-
399) would provide years of data, providing opportunities for understanding trends and
predicting behavior. The mining and milling processes are designed to prevent exceedances, and
the background and operational monitoring are designed to assist in predicting exceedances.

Though testing to date indicates there would be no exceedances post closure, the post-operational
closure monitoring for water quality (MOP Section 6.4.2, p. 405)

... will occur until such time as the mine is certified as fully reclaimed and
all bonding release milestones are met, or as determined in the post-
operational monitoring program to be developed in conjunction with DEQ.

Nitrogen Flooding

A question has been raised as to whether nitrogen flooding would be suitable control for
oxidation on the surfaces of underground openings. The procedure presented (Brown 2017) is:

At closure, after the plugs are in... starting at the lowest level, flood the
workings with low pressure N2 gas to displace oxygen/air moisture and
limit oxidation. As that is being done, control fill with polished water.
Once the lowest area is full, move on to the next higher. N2/polished
water injection and monitoring wells would have to be installed in each,
but the wells could be used for water monitoring post closure.

At first pass, this procedure does not eliminate the rinsing or flushing but is an additional action
to supplant or augment the eventual groundwater inundation. An initial consideration is the
suitability of the rock for gas flooding. Would gas seepage into the rock occur simply due to
concentration gradient? Would that reduce or increase gas flooding efficiency? Would
pressurization be needed to maintain efficiency?

Some of the wells for N2 and polished water injection would be close to and perhaps east of
Sheep Creek in order to reach the lower ore zone and its access drifts. In order to intercept mine
openings (16 feet wide at approximate depths from 300 to 1,300 feet), directional drilling would
be necessary for both the lower and upper workings, as well as the ramp between them and on
toward the portal. Though technically feasible, that adds considerable cost and constraints to the
drilling. As injection wells with the attendant tankers and pump rigs, the drill sites would be
larger than typical mineral exploration or water monitoring pads.

Nitrogen gas is handled in many industrial settings, even in bulk quantities. Historically, the use
of nitrogen gas in the mining industry has been for extinguishing coal mine fires. However, even
the fire retarding potential of flooding coal mines with nitrogen gas has not advanced beyond the
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research phase (Trevits 2009). Safety, skill, and experience may not easily be found for nitrogen
flooding. Some of the uncertainties center on the quantity of nitrogen needed, whether onsite
production would be beneficial to the use of delivered cryogenic nitrogen, how well the mine is
sealed to prevent the escape of the nitrogen and influx of other gases, and the timing.

Nitrogen flooding entails installing all plugs and then drilling/injecting. The Proponent proposed
that flushing is done sequentially before the plug construction, with the plugs subsequently
contributing to the desired and natural anoxic condition. If the nitrogen is applied following
flushing, would it in fact contribute to resolving salt generation and infiltration into
groundwater? If flushing is not done before the nitrogen and polished water addition, would
those alone achieve salt removal? Since the nitrogen program would be monitored only by
remote means (drill holes), could the salt removal be verified?

Would sequential flushing be significantly more efficient than nitrogen flooding simply based on
the plug construction timeline? As a very effective asphyxiant, it is not prudent to plan on
nitrogen flooding with personnel in the mine, even with plugs above the nitrogen and below the
personnel. The use of nitrogen in this application would have to be very reliably engineered to
supplant the proposed closure flushing program. The RO permeate closure flushing is
comparatively very benign from the perspective of personnel safety.

TECHNICAL APPROACH

CONFIRMATION THAT RINSING IS EFFECTIVE

Rinsate Infiltration

The drifts are not impermeable vessels; they are openings excavated in naturally fractured rock.
Whether high pressure washing or inundation is used, what amount of rinsate would infiltrate
into the back, ribs, and sill, and escape recovery? With high pressure washing, the rinsate would
run to and over the sill to final collection. With inundation, the rinsate would stand or pond on
the sill, against the ribs, and then against the back. Would infiltration significantly diminish the
effectiveness of rinsing by seeping into the surrounding rock? Could infiltration be monitored
and evaluated during the operational testing and design of the rinse procedures?

Rinsate VVolume versus Inundation/Groundwater VVolume

The predicted duration of rinsing cycles (MOP Section 7.3.3.7, p. 434) is a state of the art
hydrological analysis. As queried above, could infiltration be monitored and evaluated during the
operational testing and design of the rinse procedures? This could refine the model analysis and
provide field scale guidance in designing rinse procedures.

Local versus Extensive Flushing

There is a reasonable expectation that surface oxidation would be localized to high-sulfur zones
within the rock formations. The investigations during mine operations should include evaluating
local versus extensive flushing aspects of the proposed rinsing program.
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Salt Generation Time versus Salt Dissolution Time

When operational field testing can begin, it would be appropriate to investigate the efficacy of
pressure washing versus inundation. An aspect of that could be the salt generation rate, which
may resume or continue between high pressure wash cycles. That phenomenon could indicate
that inundation is the most appropriate rinsing technique, or a combination of local pressure
washing followed by inundation for subsequent rinses.

Implementation Cost

The implementation cost of closure flushing has been questioned (Freshman 2017). The
Proponent is asked to provide that support. If appropriate, costs can be developed by the
technical memo author(s) or other third party in either cursory or detailed analysis based on
heads, volumes, equipment, and personnel. Conceptually, flushing as proposed appears to be a
relatively low-cost approach. Apart from the hydrologic plugs, the essential material handled is
water, which already is part of the process stream.

Implementation Duration

The duration of closure flushing has been questioned (Jepson 2017). The most conservative
estimate (MOP Section 7.3.3.7, p. 434) is between 12 and 13 months. Post-closure monitoring
would continue after the flushing program (MOP Section 6.4.2, p. 405).

MINIMIZE/ELIMINATE SALT GENERATION

Since the generation of the mineral salts is expected to be related to oxidation, eliminating or
minimizing exposure of susceptible high sulfur zones to the mine air flow should be considered.

An additional aspect of operational testing could be to investigate whether preventive fillings or
coverings could effectively minimize or eliminate salt generation. In various mining, tunneling,
and infrastructure settings, these have been used to good effect for controlling gas, vapor, and
water inflow. Using them as a low-pressure airflow barrier can readily be investigated.

Below are common items in underground construction and can be used separately or in
combination, dependent on the specific application.

Grout Injection

Grout rings have a long and successful history in control of water and weak ground. In a high-
sulfur zone, they could be used to flood and encapsulate that rock within a distance of several
meters from the opening surface — sill, ribs, and back. If done with or soon after initial
excavation, grout rings might eliminate much of the potential salt generation. Injected grout
typically is packed or staged to prevent blowouts to the collar (surface). In this application, it
would be appropriate to follow the grouting with concrete or shotcrete to seal the opening
surface.
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Concrete

Alternatively, concrete lining could be formed and poured to a sufficient thickness to retard or
eliminate salt generation. Admixes to reduce permeability are recommended for this application.

A concrete lining would entail sub-excavation of the entire drift perimeter to establish the lining
without encroaching on the drift cross-section. The sill must be taken deep enough to form and
armor a running surface, which would withstand the mine vehicular traffic.

Constructing a concrete lining over grout rings could provide substantial reduction in the
potential to oxidize high sulfur ground.

Shotcrete

Shotcrete has a long history in underground mining and construction for mechanical support of
soil and rock. If admixtures to minimize permeability are used and applied thickly enough
(typically in multiple passes), it can retard passage of liquids and gases. Shotcrete is aerated in
application and typically is not an effective barrier to liquid or gases.

Shotcrete typically is of lesser utility on the sill of active drifts, as most configurations are not
designed for vehicle traffic.

Sprayable Membranes

Synthetic sprayable membranes have applications as atmospheric and liquid barriers. In a mine
setting, they typically are protected with either shotcrete or concrete. Across the sill, concrete is
more appropriate for protecting against vehicular traffic. Conceptually, these membranes are a
spray application of moisture/vapor/gas barriers used in conventional construction.

Rock Dusting

Rock dusting with limestone and/or lime could be investigated as a preliminary control measure
in neutralizing the sulfur reactions, which initiate on exposure to the air. Though mine water
treatment is common in plant settings (Geldenhuys et al. 2003), the drift setting with dry
application could warrant consideration as the mine development were to proceed.

Rock dust is envisioned as an immediate application upon exposure of a high sulfur zone. Even
if repetitive applications would be needed, it is a field scale investigation that may diminish
formation of deleterious compounds but which would not preclude or impede adoption of closure
flushing.

CONCLUSIONS AND RECOMMENDATIONS

CLOSURE FLUSHING OF ACCESS AND ANCILLARY OPENINGS

The hydrologic and geochemical analyses to date indicate that flushing the salt out of access and
ancillary openings is a feasible and appropriate method of reaching groundwater discharge
compliance.
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Salt-laden rinsate infiltration should be analyzed in detail prior to commitment to closure
flushing as the primary control for achieving post-closure water quality.

SHOTCRETE ALONE IS NOT RECOMMENDED

Shotcrete alone is suggested by the proponent (MOP Section 7.3.3.9, p. 435). Shotcrete alone is
not recommended as a chemical barrier over high sulfide zones. Even vulcanized shotcrete can
be susceptible to sulfate attack, losing adhesion to the rock surface and subsequently cracking or
spalling.

MINIMIZE/ELIMINATE SALT GENERATION

The Proponent is asked to evaluate whether isolating potential salt generation zones is feasible
and would eliminate their impact on groundwater discharge. Those evaluations could commence
during the development and proceed through the operational phases, with the object of
determining whether salt generation could be minimized or prevented during the life of mine,
thus eliminating the need for or reducing the extent of closure flushing.

Various techniques are discussed above.

CEMENTED TAILINGS BACKFILL OF ACCESS OPENINGS
The proponent is asked to evaluate or confirm evaluation of the suitability of flushing as opposed
to select plugs of salt zones or complete cemented tailings fill of access and ancillary openings.
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Table 1 Water Quality Summary Statistics, SW-1

Montana Numeric Water
Quality Standards, DEQ-7
Circular, May 2017

Parameters Units L Human No. Samples No. Min Max Mean 25% PCLT | 50% PCLT | 75% PCLT SD.
Aquatic Life Health Detects
Standard, Standard,
Chronic Surface
Water

Field Parameters
Staff Gauge Feet 46 46 0.5 13.3 1.5 0.8 1.0 1.6 1.8
Flow Cubic Ft Sec 55 55 8.8 613 722 19.8 40.3 103 92.6
pH - Field s.U. 65 65 5.3 8.7 7.9 7.8 8.1 8.3 0.7
Field Specific Conductivity [umhos/cm 66 66 176 363 284 239 304 321 54.2
Water Temperature Deg C 66 66 -1.0 15.5 5.0 0.1 4.1 9.1 4.9
Dissolved Oxygen mg/L 6.5 66 66 3.9 15.0 11.1 10.1 10.8 12.3 1.9
Physical Parameters
Total Dissolved Solids [ mg/L [ 70 70 104 227 165 147 175 | 186 28.6
Total Suspended Solids | mg/L [ 64 26 <4 50.0 10.3 4.0 95 | 103 9.1
Major Constituents - Commons lons
Alkalinity as CaCO3 mg/L 70 70 87.0 200 150 130 160 170 32.4
Bicarbonate as HCO3 mg/L 7 7 110 220 167 125 190 200 46.1
Carbonate as CO3 mg/L 7 5 <1 11.0 6.1 2.5 8.0 9.0 4.1
Chloride mg/L 70 69 <1 5.0 1.5 1.0 1.0 2.0 0.7
Fluoride mg/L 4 70 20 <0.1 0.2 0.1 0.1 0.1 0.1 0.01
Sulfate mg/L 70 70 2.0 18.0 5.2 4.0 5.0 6.3 2.2
Hardness as CaCO3 mg/L 69 68 <7 199 146 114 162 173 37.1
Calcium (DIS) mg/L 70 70 22.0 55.0 41.3 34.3 45.5 48.0 9.1
Magnesium (DIS) mg/L 70 70 6.0 15.0 10.9 9.0 12.0 13.0 2.5
Potassium (DIS) mg/L 70 65 <1 3.0 1.1 1.0 1.0 1.0 0.5
Sodium (DIS) mg/L 70 70 1.0 3.0 2.2 2.0 2.0 2.0 0.4
Nutrients
Nitrate + Nitrite as N mg/L 10 70 31 <0.01 0.2 0.03 0.01 0.01 0.03 0.04
Kjeldahl Nitrogen as N mg/L 12 5 <0.5 4.5 1.5 0.5 0.5 2.5 1.4
Total Persulfate Nitrogen |mg/L 43 36 <0.003 1.1 0.2 0.08 0.1 0.2 0.2
Phosphorus (TOT) mg/L 53 49 <0.003 0.09 0.02 0.01 0.01 0.02 0.02
Metals - Trace Constituents
Aluminum (DIS) mg/L 0.087 70 33 <0.009 0.3 0.06 0.009 0.01 0.06 0.09
Aluminum (TRC) mg/L 8 8 0.06 2.1 0.6 0.10 0.1 0.9 0.9
Antimony (DIS) mg/L 0.0056 4 0 <0.003 0.003 0.003 0.003 0.003 0.003 0
Antimony (TRC) mg/L 70 0 <0.0005 0.005 0.0009 0.0005 0.0005 0.0005 0.0009
Arsenic (DIS) mg/L 0.15 0.01 4 0 <0.003 0.003 0.003 0.003 0.003 0.003 0
Arsenic (TRC) mg/L 70 11 <0.001 0.003 0.001 0.001 0.001 0.001 0.0006
Barium (DIS) mg/L 1 4 4 0.08 0.1 0.1 0.09 0.09 0.1 0.01
Barium (TRC) mg/L 70 70 0.08 0.1 0.1 0.1 0.1 0.1 0.010
Beryllium (DIS) mg/L 0.004 4 0 <0.001 0.001 0.001 0.00 0.001 0.001 0
Beryllium (TRC) mg/L 70 0 <0.0008 0.001 0.0008 0.0008 0.0008 0.0008 0.00006
Cadmium (DIS) mg/L 0.00025 0.005 4 0 <0.00008| 0.00008 | 0.00008 0.00008 | 0.00008 | 0.00008 0
Cadmium (TRC) mg/L 70 5 <0.00003 | 0.0002 0.00004 0.00003 0.00003 0.00003 0.00003
Chromium (DIS) mg/L 0.1 4 0 <0.001 0.001 0.001 0.001 0.001 0.001 0
Chromium (TRC) mg/L 70 3 <0.001 0.01 0.009 0.01 0.010 0.010 0.003
Cobalt (DIS) mg/L 4 0 <0.01 0.01 0.01 0.01 0.010 0.010 0
Cobalt (TRC) mg/L 70 0 <0.005 0.01 0.01 0.01 0.010 0.010 0.001
Copper (DIS) mg/L 0.00285 13 4 0 <0.001 0.001 0.001 0.001 0.001 0.001 0
Copper (TRC) mg/L 70 10 <0.001 0.008 0.002 0.002 0.002 0.002 0.0008
Iron (DIS) mg/L 4 1 <0.03 0.04 0.03 0.03 0.03 0.03 0.005
Iron (TRC) mg/L 1 70 70 0.1 1.9 0.4 0.2 0.2 0.6 0.4
Lead (DIS) mg/L 0.000545 0.015 4 0 <0.0005 | 0.0005 0.0005 0.0005 0.0005 0.0005 0
Lead (TRC) mg/L 70 21 <0.0003 0.002 0.0004 0.0003 0.0003 0.0005 0.0002
Manganese (DIS) mg/L 4 4 0.006 0.009 0.007 0.006 0.007 0.008 0.002
Manganese (TRC) mg/L 70 70 0.009 0.08 0.02 0.01 0.02 0.02 0.01
Mercury (DIS) mg/L 0.00091 0.00005 4 0 <0.00001| 0.00001 | 0.00001 0.00001 | 0.00001 | 0.00001 0
Mercury (TRC) mg/L 70 17 <0.000005| 0.00002 0.000007 0.000005 | 0.000005 | 0.000006 0.000004
Molybdenum (DIS) mg/L 4 0 <0.005 0.005 0.005 0.005 0.005 0.005 0
Molybdenum (TRC) mg/L 70 0 <0.001 0.005 0.002 0.002 0.002 0.002 0.001
Nickel (DIS) mg/L 0.0161 0.1 4 0 <0.01 0.01 0.01 0.01 0.01 0.01 0
Nickel (TRC) mg/L 70 15 <0.001 0.01 0.002 0.001 0.001 0.002 0.003
Selenium (DIS) mg/L 0.005 0.05 4 0 <0.001 0.001 0.001 0.001 0.001 0.001 0
Selenium (TRC) mg/L 70 0 <0.0002 0.001 0.0003 0.0002 0.0002 0.0002 0.0003
Silver (DIS) mg/L 0.1 4 0 <0.0005 | 0.0005 0.0005 0.0005 0.0005 0.0005 0
Silver (TRC) mg/L 70 0 <0.0002 0.0005 0.0003 0.0002 0.0002 0.0002 0.0001
Strontium (DIS) mg/L 4 4 3 <0.1 0.1 0.1 0.1 0.1 0.1 0
Strontium (TRC) mg/L 70 65 <0.0779 0.1 0.1 0.1 0.1 0.1 0.02
Thallium (DIS) mg/L 0.00024 4 0 <0.0002 | 0.00020 | 0.00020 0.00020 | 0.00020 | 0.00020 0
Thallium (TRC) mg/L 70 0 <0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0
Uranium (DIS) mg/L 0.03 4 3 <0.0003 | 0.0004 0.0003 0.0003 0.0003 0.0003 0.00005
Uranium (TRC) mg/L 70 9 <0.0003 0.008 0.006 0.008 0.008 0.008 0.003
Zinc (DIS) mg/L 0.037 7.4 4 0 <0.01 0.01 0.01 0.01 0.01 0.01 0
Zinc (TRC) mg/L 70 27 <0.002 0.01 0.004 0.002 0.002 0.005 0.003

Reporting Period: May 2011 to December 2017

°C = degrees Celsius, DIS = dissolved concentration, N = nitrogen, SD = standard deviation, TRC = total recoverable concentration, PCTL = percentile, TOT = total

Grey shading indicates the concentration exceeds the Montana Numeric Water Quality Standards, DEQ-7 Circular, May 2017 chronic aquatic life guideline.

Bold indicates the concentration exceeds the Montana Numeric Water Quality Standards, DEQ-7 Circular, May 2017 human health surface water guideline.
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Table 2 Water Quality

y Statistics, SW-2

Montana Numeric Water
Quality Standards, DEQ-7
Circular, May 2017

No.

Parameters Units No. Min. Max Mean 25% PCLT | 50% PCLT | 75% PCLT SD.
Lo Detects
Aquatic Life |Human Health
Standard, Standard,
Chronic Surface Water

Field Parameters
Staff Gauge Feet 38 38 0.2 1.7 0.8 0.5 0.8 1.2 0.4
Flow Cubic Ft Sec 42 42 4.0 250 52.1 13.8 29.9 93.4 52.5
pH - Field S.u. 64 64 6.5 8.7 7.9 7.7 8.1 8.3 0.5
Field Specific Conductivity |umhos/cm 66 66 156 388 279 236 295 322 55.0
Water Temperature Deg C 66 66 -1.0 15.8 4.9 0.003 3.3 9.9 5.1
Dissolved Oxygen mg/L 6.5 66 66 6.35 16.2 11.1 9.94 10.8 12.1 1.8
Physical Parameters
Total Dissolved Solids [ mg/L [ 72 72 112 [ 225 168 160 175 186 26.7
Total Suspended Solids [ mg/L [ 67 19 <4 | 105 10.6 4.0 10.0 10.0 13.6
Major Constituents - Commons lons
Alkalinity as CaCO3 mg/L 72 72 80.0 200 155 140 160 173 28.7
Bicarbonate as HCO3 mg/L 9 9 98.0 220 178 140 200 210 43.1
Carbonate as CO3 mg/L 9 8 <1 11.0 7.2 6.0 7.0 11.0 3.4
Chloride mg/L 72 71 <1 5.0 1.4 1.0 1.0 2.0 0.7
Fluoride mg/L 4 72 1 <0.1 0.4 0.1 0.1 0.1 0.1 0.04
Sulfate mg/L 72 72 2.0 9.0 4.9 4.0 4.8 6.0 1.5
Hardness as CaCO3 mg/L 71 70 <7 202 151 131 159 173 34.7
Calcium (DIS) mg/L 72 72 21.0 58.0 43.5 37.8 46.0 49.3 8.4
Magnesium (DIS) mg/L 72 72 5.0 15.0 11.0 9.8 12.0 12.0 2.2
Potassium (DIS) mg/L 72 67 <1 2.0 1.0 1.0 1.0 1.0 0.1
Sodium (DIS) mg/L 72 72 1.0 3.0 2.0 2.0 2.0 2.0 0.3
Nutrients
Nitrate + Nitrite as N mg/L 10 72 34 <0.01 0.1 0.03 0.01 0.01 0.05 0.04
Kjeldahl Nitrogen as N mg/L 14 5 <0.5 3.6 1.4 0.5 0.5 2.4 1.3
Total Persulfate Nitrogen [mg/L 41 35 <0.003 1.4 0.2 0.06 0.09 0.2 0.3
Phosphorus (TOT) mg/L 54 46 <0.003 0.2 0.02 0.01 0.01 0.02 0.03
Metals - Trace Constituents
Aluminum (DIS) mg/L 0.087 72 32 <0.009 0.4 0.04 0.009 0.01 0.05 0.07
Aluminum (TRC) mg/L 8 8 0.0500 2.7 0.5 0.07 0.1 0.4 0.9
Antimony (DIS) mg/L 0.0056 6 0 <0.003 0.003 0.003 0.003 0.003 0.003 0.0
Antimony (TRC) mg/L 72 0 <0.0005 0.005 0.0008 0.0005 0.0005 0.0005 0.0009
Arsenic (DIS) mg/L 0.15 0.01 6 0 <0.003 0.003 0.003 0.003 0.003 0.003 0.0
Arsenic (TRC) mg/L 72 1 <0.001 0.003 0.001 0.001 0.001 0.001 0.0006
Barium (DIS) mg/L 1 6 6 0.0770 0.1 0.09 0.08 0.08 0.09 0.01
Barium (TRC) mg/L 72 72 0.0700 0.1 0.09 0.09 0.09 0.1 0.01
Beryllium (DIS) mg/L 0.004 6 0 <0.001 0.001 0.001 0.001 0.001 0.001 0.0
Beryllium (TRC) mg/L 72 0 <0.0008 0.001 0.0008 0.0008 0.0008 0.0008 0.00006
Cadmium (DIS) mg/L 0.00025 0.005 6 0 <0.00008 | 0.00008 0.00008 0.00008 0.00008 | 0.00008 0.0
Cadmium (TRC) mg/L 72 5 <0.00003| 0.00008 | 0.00004 0.00003 | 0.00003 | 0.00003 | 0.00002
Chromium (DIS) mg/L 0.1 6 0 <0.001 0.001 0.001 0.001 0.001 0.001 0.0
Chromium (TRC) mg/L 72 1 <0.001 0.01 0.008 0.01 0.01 0.01 0.003
Cobalt (DIS) mg/L 6 0 <0.01 0.01 0.01 0.01 0.01 0.01 0.0
Cobalt (TRC) mg/L 72 0 <0.005 0.01 0.010 0.01 0.01 0.01 0.001
Copper (DIS) mg/L 0.00285 1.3 6 0 <0.001 0.001 0.001 0.001 0.001 0.001 0.0
Copper (TRC) mg/L 72 6 <0.001 0.004 0.002 0.002 0.002 0.002 0.0004
Iron (DIS) mg/L 6 3 <0.03 0.04 0.03 0.03 0.03 0.04 0.005
Iron (TRC) mg/L 1 72 72 0.0900 2.5 0.3 0.1 0.2 0.3 0.4
Lead (DIS) mg/L 0.000545 0.015 6 0 <0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0
Lead (TRC) mg/L 72 16 <0.0003 0.002 0.0004 0.0003 0.0003 0.0004 0.0002
Manganese (DIS) mg/L 6 4 <0.005 0.01 0.008 0.005 0.007 0.008 0.003
Manganese (TRC) mg/L 72 72 0.00600 0.1 0.01 0.008 0.01 0.01 0.01
Mercury (DIS) mg/L 0.00091 0.00005 6 0 <0.00001| 0.00001 0.00001 0.00001 0.00001 0.00001 0.0
Mercury (TRC) mg/L 72 11 <0.000005| 0.00006 | 0.000007 | 0.000005 | 0.000005 | 0.000005 | 0.000006
Molybdenum (DIS) mg/L 6 0 <0.005 0.005 0.005 0.005 0.005 0.005 0.0
Molybdenum (TRC) mg/L 72 0 <0.001 0.005 0.002 0.002 0.002 0.002 0.001
Nickel (DIS) mg/L 0.0161 0.1 6 0 <0.01 0.01 0.01 0.01 0.01 0.01 0.0
Nickel (TRC) mg/L 72 13 <0.001 0.01 0.002 0.001 0.001 0.001 0.003
Selenium (DIS) mg/L 0.005 0.05 6 0 <0.001 0.001 0.001 0.001 0.001 0.001 0.0
Selenium (TRC) mg/L 72 0 <0.0002 0.001 0.0003 0.0002 0.0002 0.0002 0.0003
Silver (DIS) mg/L 0.1 6 0 <0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0
Silver (TRC) mg/L 72 0 <0.0002 | 0.0005 0.0002 0.0002 0.0002 0.0002 0.0001
Strontium (DIS) mg/L 4 6 4 <0.1 0.1 0.1 0.1 0.1 0.1 0.0
Strontium (TRC) mg/L 72 69 <0.0818 0.2 0.1 0.1 0.1 0.1 0.02
Thallium (DIS) mg/L 0.00024 6 0 <0.0002 | 0.00020 0.00020 0.00020 0.00020 | 0.00020 0.0
Thallium (TRC) mg/L 72 0 <0.0002 | 0.0002 0.0002 0.0002 0.0002 0.0002 0.0
Uranium (DIS) mg/L 0.03 6 3 <0.0003 0.0004 0.0003 0.0003 0.0003 0.0003 0.00004
Uranium (TRC) mg/L 72 8 <0.0003 0.008 0.006 0.008 0.008 0.008 0.003
Zinc (DIS) mg/L 0.037 7.4 6 0 <0.01 0.01 0.01 0.01 0.01 0.01 0.0
Zinc (TRC) mg/L 72 22 <0.002 0.01 0.004 0.002 0.002 0.005 0.003

Reporting Period: May 2011 to December 2017

°C = degrees Celsius, DIS = dissolved concentration, N = nitrogen, SD = standard deviation, TRC = total recoverable concentration, PCTL = percentile, TOT = total

Grey shading indicates the concentration exceeds the Montana Numeric Water Quality Standards, DEQ-7 Circular, May 2017 chronic aquatic life guideline.

Bold indicates the concentration exceeds the Montana Numeric Water Quality Standards, DEQ-7 Circular, May 2017 human health surface water guideline.
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Table 3 Water Quality

y Statistics, SW-3

Montana Numeric Water
Quality Standards, DEQ-7
Circular, May 2017

Parameters Units No. Samples| No. Detects| Min. Max Mean | 25% PCLT | 50% PCLT | 75% PCLT SD.
Aquatic Life |Human Health
Standard, Standard,
Chronic Surface Water

Field Parameters
Staff Gauge Feet 15 15 0.1 1.0 0.5 0.4 0.5 0.6 0.2
Flow Cubic Ft Sec 21 21 0.03 4.9 0.4 0.08 0.1 0.3 1.0
pH - Field s.u. 25 25 7.9 8.7 8.3 8.2 8.3 8.4 0.2
Field Specific Conductivity |umhos/cm 25 25 269 408 373 363 383 393 35.7
Water Temperature Deg C 24 24 0.01 14.5 7.8 2.2 9.4 12.1 5.0
Dissolved Oxygen mg/L 6.5 25 25 6.0 13.4 10.2 9.4 10.0 11.0 1.7
Physical Parameters
Total Dissolved Solids [ mg/L [ 28 28 152 [ 235 214 209 215 224 16.3
Total Suspended Solids [ mg/L [ 25 10 <4 | s 7.9 5.0 10.0 10.0 3.1
Major Constituents - Commons lons
Alkalinity as CaCO3 mg/L 28 28 150 210 197 190 200 200 12.5
Bicarbonate as HCO3 mg/L 7 7 180 240 224 225 230 235 20.7
Carbonate as CO3 mg/L 7 7 2.0 9.0 7.0 6.5 8.0 8.5 2.4
Chloride mg/L 28 26 <1 2.0 1.4 1.0 1.0 2.0 0.5
Fluoride mg/L 4 28 28 0.1 0.2 0.2 0.2 0.2 0.2 0.03
Sulfate mg/L 28 28 5.0 24.0 15.3 12.0 15.0 18.3 5.0
Hardness as CaCO3 mg/L 27 27 139 225 206 201 213 219 19.5
Calcium (DIS) mg/L 28 28 31.0 50.0 45.6 45.0 46.0 48.0 4.14
Magnesium (DIS) mg/L 28 28 15.0 25.0 22.3 21.0 23.0 24.0 2.25
Potassium (DIS) mg/L 28 25 <1 2.0 1.0 1.0 1.0 1.0 0.2
Sodium (DIS) mg/L 28 28 2.00 2.0 2.0 2.0 2.0 2.0 0
Nutrients
Nitrate + Nitrite as N mg/L 10 28 25 <0.01 0.1 0.05 0.04 0.05 0.06 0.03
Kjeldahl Nitrogen as N mg/L 4 1 <0.5 2.2 0.9 0.5 0.5 0.9 0.9
Total Persulfate Nitrogen [mg/L 12 11 <0.04 0.2 0.1 0.1 0.1 0.2 0.06
Phosphorus (TOT) mg/L 16 15 <0.004 0.04 0.01 0.01 0.01 0.02 0.007
Metals - Trace Constituents
Aluminum (DIS) mg/L 0.087 28 3 <0.009 0.07 0.02 0.009 0.009 0.01 0.01
Aluminum (TRC) mg/L 6 5 <0.03 0.7 0.3 0.1 0.2 0.6 0.3
Antimony (DIS) mg/L 0.0056 5 0 <0.003 0.003 0.003 0.003 0.003 0.003 0
Antimony (TRC) mg/L 28 0 <0.0005 | 0.005 0.001 0.0005 0.0005 0.003 0.001
Arsenic (DIS) mg/L 0.15 0.01 5 0 <0.003 0.003 0.003 0.003 0.003 0.003 0
Arsenic (TRC) mg/L 28 0 <0.001 0.003 0.001 0.001 0.001 0.001 0.0008
Barium (DIS) mg/L 1 5 5 0.1 0.1 0.1 0.1 0.1 0.1 0.01
Barium (TRC) mg/L 28 28 0.1 0.2 0.1 0.1 0.2 0.2 0.01
Beryllium (DIS) mg/L 0.004 5 0 <0.001 0.001 0.001 0.001 0.001 0.001 0
Beryllium (TRC) mg/L 28 0 <0.0008 | 0.001 0.0008 0.0008 0.0008 0.0008 0.00008
Cadmium (DIS) mg/L 0.00025 0.005 5 0 <0.00008| 0.00008 | 0.00008 | 0.00008 | 0.00008 | 0.00008 0
Cadmium (TRC) mg/L 28 0 <0.00003 | 0.00008 | 0.00004 | 0.00003 | 0.00003 | 0.00003 0.00002
Chromium (DIS) mg/L 0.1 5 0 <0.001 0.001 0.001 0.001 0.001 0.001 0
Chromium (TRC) mg/L 28 0 <0.001 0.01 0.008 0.004 0.01 0.01 0.004
Cobalt (DIS) mg/L 5 0 <0.01 0.01 0.01 0.01 0.01 0.01 0
Cobalt (TRC) mg/L 28 0 <0.005 0.01 0.01 0.01 0.01 0.01 0.0009
Copper (DIS) mg/L 0.00285 1.3 5 0 <0.001 0.001 0.001 0.001 0.001 0.001 0
Copper (TRC) mg/L 28 5 <0.001 0.003 0.002 0.002 0.002 0.002 0.0004
Iron (DIS) mg/L 5 0 <0.03 0.03 0.03 0.03 0.03 0.03 0
Iron (TRC) mg/L 1 28 28 0.0400 1.1 0.2 0.09 0.2 0.2 0.2
Lead (DIS) mg/L 0.000545 0.015 5 0 <0.0005 | 0.0005 0.0005 0.0005 0.0005 0.0005 0
Lead (TRC) mg/L 28 16 <0.0003 | 0.003 0.0007 0.0003 0.0004 0.0006 0.0007
Manganese (DIS) mg/L 5 0 <0.005 0.005 0.005 0.005 0.005 0.005 0
Manganese (TRC) mg/L 28 11 <0.005 0.2 0.01 0.005 0.005 0.007 0.04
Mercury (DIS) mg/L 0.00091 0.00005 5 1 <0.00001 | 0.00001 | 0.00001 0.00001 0.00001 0.00001 0.0
Mercury (TRC) mg/L 28 2 <0.000005| 0.00001 | 0.000006 | 0.000005 | 0.000005 | 0.000005 | 0.000002
Molybdenum (DIS) mg/L 5 0 <0.005 0.005 0.005 0.005 0.005 0.005 0
Molybdenum (TRC) mg/L 28 0 <0.001 0.005 0.003 0.002 0.002 0.003 0.001
Nickel (DIS) mg/L 0.0161 0.1 5 0 <0.01 0.01 0.01 0.01 0.01 0.01 0
Nickel (TRC) mg/L 28 0 <0.001 0.01 0.003 0.001 0.001 0.001 0.004
Selenium (DIS) mg/L 0.005 0.05 5 0 <0.001 0.001 0.001 0.001 0.001 0.001 0
Selenium (TRC) mg/L 28 5 <0.0002 | 0.001 0.0004 0.0002 0.0002 0.0006 0.0003
Silver (DIS) mg/L 0.1 5 0 <0.0005 | 0.0005 0.0005 0.0005 0.0005 0.0005 0
Silver (TRC) mg/L 28 0 <0.0002 | 0.0005 0.0003 0.0002 0.0002 0.0005 0.0001
Strontium (DIS) mg/L 4 5 0 <0.1 0.1 0.1 0.1 0.1 0.1 0
Strontium (TRC) mg/L 28 25 <0.0838 0.1 0.1 0.1 0.1 0.1 0.00914
Thallium (DIS) mg/L 0.00024 5 0 <0.0002 | 0.00020 [ 0.00020 | 0.00020 | 0.00020 | 0.00020 0
Thallium (TRC) mg/L 28 3 <0.0002 | 0.0004 0.0002 0.0002 0.0002 0.0002 0.00004
Uranium (DIS) mg/L 0.03 5 5 0.00050 | 0.0006 0.0005 0.0005 0.0005 0.0006 0.00005
Uranium (TRC) mg/L 28 9 <0.0005 | 0.008 0.006 0.00070 0.008 0.008 0.004
Zinc (DIS) mg/L 0.037 7.4 5 0 <0.01 0.01 0.01 0.01 0.01 0.01 0
Zinc (TRC) mg/L 28 15 <0.002 0.03 0.006 0.002 0.003 0.009 0.006

Reporting Period: May 2011 to December 2017

°C = degrees Celsius, DIS = dissolved concentration, N = nitrogen, SD = standard deviation, TRC = total recoverable concentration, PCTL = percentile, TOT = total

Grey shading indicates the concentration exceeds the Montana Numeric Water Quality Standards, DEQ-7 Circular, May 2017 chronic aquatic life guideline.

Bold indicates the concentration exceeds the Montana Numeric Water Quality Standards, DEQ-7 Circular, May 2017 human health surface water guideline.
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Table 4 Water Quality

y Statistics, SW-4

Montana Numeric Water
Quality Standards, DEQ-7

Circular, May 2017 No.
Parameters Units No. Samples Min. Max Mean |25% PCLT [ 50% PCLT | 75% PCLT SD.
Aquatic Life [Human Health Detects
Standard, Standard,
Chronic Surface Water

Field Parameters
Staff Gauge Feet 4 4 0.3 2.0 1.5 1.4 1.9 2.0 0.8
Flow Cubic Ft Sec 23 23 0.004 2.0 0.2 0.01 0.03 0.2 0.4
pH - Field S.u. 26 26 7.5 8.7 8.0 7.9 8.0 8.2 0.3
Field Specific Conductivity [umhos/cm 26 26 237 390 351 343 359 374 33.5
Water Temperature Deg C 26 26 0.08 15.0 7.4 1.5 9.0 12.5 5.3
Dissolved Oxygen mg/L 6.5 26 26 5.4 13.7 9.6 8.5 9.6 10.7 1.9
Physical Parameters
Total Dissolved Solids [me/L [ [
Total Suspended Solids | mg/L [ [
Major Constituents - Commons lons
Alkalinity as CaCO3 mg/L
Bicarbonate as HCO3 mg/L
Carbonate as CO3 mg/L
Chloride mg/L
Fluoride mg/L 4
Sulfate mg/L
Hardness as CaCO3 mg/L
Calcium (DIS) mg/L
Magnesium (DIS) mg/L
Potassium (DIS) mg/L
Sodium (DIS) mg/L
Nutrients
Nitrate + Nitrite as N mg/L 10
Kjeldahl Nitrogen as N mg/L
Total Persulfate Nitrogen |mg/L
Phosphorus (TOT) mg/L
Metals - Trace Constituents
Aluminum (DIS) mg/L 0.087
Aluminum (TRC) mg/L
Antimony (DIS) mg/L 0.0056
Antimony (TRC) mg/L
Arsenic (DIS) mg/L 0.15 0.01
Arsenic (TRC) mg/L
Barium (DIS) mg/L 1
Barium (TRC) mg/L
Beryllium (DIS) mg/L 0.004
Beryllium (TRC) mg/L
Cadmium (DIS) mg/L 0.00025 0.005
Cadmium (TRC) mg/L
Chromium (DIS) mg/L 0.1
Chromium (TRC) mg/L
Cobalt (DIS) mg/L
Cobalt (TRC) mg/L
Copper (DIS) mg/L 0.00285 1.3
Copper (TRC) mg/L
Iron (DIS) mg/L
Iron (TRC) mg/L 1
Lead (DIS) mg/L 0.000545 0.015
Lead (TRC) mg/L
Manganese (DIS) mg/L
Manganese (TRC) mg/L
Mercury (DIS) mg/L 0.00091 0.00005
Mercury (TRC) mg/L
Molybdenum (DIS) mg/L
Molybdenum (TRC) mg/L
Nickel (DIS) mg/L 0.0161 0.1
Nickel (TRC) mg/L
Selenium (DIS) mg/L 0.005 0.05
Selenium (TRC) mg/L
Silver (DIS) mg/L 0.1
Silver (TRC) mg/L
Strontium (DIS) mg/L 4
Strontium (TRC) mg/L
Thallium (DIS) mg/L 0.00024
Thallium (TRC) mg/L
Uranium (DIS) mg/L 0.03
Uranium (TRC) mg/L
Zinc (DIS) mg/L 0.037 7.4
Zinc (TRC) mg/L

Reporting Period: May 2011 to December 2017

°C = degrees Celsius, DIS = dissolved concentration, N = nitrogen, SD = standard deviation, TRC = total recoverable concentration, PCTL = percentile, TOT = total

Grey shading indicates the concentration exceeds the Montana Numeric Water Quality Standards, DEQ-7 Circular, May 2017 chronic aquatic life guideline.

Bold indicates the concentration exceeds the Montana Numeric Water Quality Standards, DEQ-7 Circular, May 2017 human health surface water guideline.
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Table 5 Water Quality

y Statistics, SW-5

Montana Numeric Water
Quality Standards, DEQ-7
Circular, May 2017

Parameters Units Human No. No. Min. Max Mean |25% PCLT |50% PCLT|75% PCLT|  SD.
Aquatic Life Health Samples Detects
Standard, Standard,
Chronic Surface
Water

Field Parameters
Staff Gauge Feet 1 1 0.9 0.9 0.9 0.9 0.9 0.9 NA
Flow Cubic Ft Sec 5 5 0.4 4.7 1.4 0.5 0.7 0.8 1.9
pH - Field S.u. 5 5 7.3 8.2 7.6 7.5 7.5 7.6 0.3
Field Specific Conductivity [umhos/cm 5 5 49.0 60.0 52.8 50.0 50.0 55.0 4.7
Water Temperature Deg C 5 5 0.29 12.1 6.0 2.9 6.9 7.8 4.6
Dissolved Oxygen mg/L 6.5 5 5 8.5 14.0 10.6 9.4 9.7 11.4 2.2
Physical Parameters
Total Dissolved Solids [ mg/L [ 66.0 123 90.2 74.0 86.0 102 22.8
Total Suspended Solids | mg/L [ <10 107 38.0 10.0 17.5 455 46.5
Major Constituents - Commons lons
Alkalinity as CaCO3 mg/L 5 5 24.0 27.0 25.8 25.0 26.0 27.0 1.3
Bicarbonate as HCO3 mg/L 2 2 32.0 33.0 32.5 32.3 32.5 32.8 0.7
Carbonate as CO3 mg/L 2 0 <1 1.0 1.0 1.0 1.0 1.0 0.0
Chloride mg/L 5 0 <1 1.0 1.0 1.0 1.0 1.0 0.0
Fluoride mg/L 4 5 0 <0.1 0.1 0.1 0.1 0.1 0.1 0.0
Sulfate mg/L 5 3 <1 2.0 1.3 1.0 1.0 1.5 0.4
Hardness as CaCO3 mg/L 5 5 19.0 26.0 24.6 26.0 26.0 26.0 3.1
Calcium (DIS) mg/L 5 5 6.0 7.0 6.8 7.0 7.0 7.0 0.4
Magnesium (DIS) mg/L 5 5 1.0 2.0 1.8 2.0 2.0 2.0 0.4
Potassium (DIS) mg/L 5 5 1.0 2.0 1.6 1.0 2.0 2.0 0.5
Sodium (DIS) mg/L 5 5 1.0 1.0 1.0 1.0 1.0 1.0 0
Nutrients
Nitrate + Nitrite as N mg/L 10 5 4 <0.01 0.2 0.06 0.01 0.04 0.06 0.08
Kjeldahl Nitrogen as N mg/L 1 1 0.7 0.7 0.7 0.7 0.7 0.7 NA
Total Persulfate Nitrogen |mg/L 1 1 1.20 1.2 1.2 1.2 1.2 1.2 NA
Phosphorus (TOT) mg/L 2 2 0.04 0.2 0.1 0.1 0.1 0.1 0.1
Metals - Trace Constituents
Aluminum (DIS) meg/L 0.087 5 5 0.2 3.1 13 0.4 0.7 2.1 1.2
Aluminum (TRC) mg/L 2 2 0.7 1.0 0.8 0.8 0.8 0.8 0.2
Antimony (DIS) mg/L 0.0056 1 0 <0.003 0.003 0.003 0.003 0.003 0.003 NA
Antimony (TRC) mg/L 5 0 <0.0005 0.003 0.002 0.001 0.001 0.003 0.001
Arsenic (DIS) mg/L 0.15 0.01 1 0 <0.003 0.003 0.003 0.003 0.003 0.003 NA
Arsenic (TRC) mg/L 5 3 0.001 0.004 0.003 0.002 0.003 0.003 0.001
Barium (DIS) mg/L 1 1 1 0.2 0.2 0.2 0.2 0.2 0.2 NA
Barium (TRC) mg/L 5 5 0.2 0.3 0.2 0.2 0.2 0.2 0.08
Beryllium (DIS) mg/L 0.004 1 0 <0.001 0.001 0.001 0.001 0.001 0.001 NA
Beryllium (TRC) mg/L 5 0 <0.0008 0.001 0.0009 0.0008 0.0008 0.001 0.0001
Cadmium (DIS) mg/L 0.00025 0.005 1 0 <0.00008 | 0.00008 | 0.00008 | 0.00008 | 0.00008 [ 0.00008 NA
Cadmium (TRC) mg/L 5 1 <0.00003 | 0.0002 | 0.00008 | 0.00003 [ 0.00008 | 0.00008 | 0.00007
Chromium (DIS) mg/L 0.1 1 0 <0.001 0.001 0.001 0.001 0.001 0.001 NA
Chromium (TRC) mg/L 5 1 <0.001 0.01 0.006 0.001 0.01 0.01 0.005
Cobalt (DIS) mg/L 1 0 <0.01 0.01 0.01 0.01 0.01 0.01 NA
Cobalt (TRC) mg/L 5 0 0.01 0.01 0.01 0.01 0.01 0.01 0.0
Copper (DIS) mg/L 0.00285 13 1 1 0.002 0.002 0.002 0.002 0.002 0.002 NA
Copper (TRC) mg/L 5 5 0.003 0.009 0.004 0.003 0.003 0.004 0.003
Iron (DIS) mg/L 1 1 0.2 0.2 0.2 0.2 0.2 0.2 NA
Iron (TRC) mg/L 1 5 5 0.5 6.0 2.1 0.7 1.4 1.9 2.257
Lead (DIS) mg/L 0.000545 0.015 1 0 <0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 NA
Lead (TRC) mg/L 5 3 <0.0005 0.005 0.001 0.0005 0.0005 0.0007 0.002
Manganese (DIS) mg/L 1 1 0.019 0.02 0.02 0.02 0.02 0.02 NA
Manganese (TRC) mg/L 5 5 0.011 0.2 0.05 0.01 0.01 0.037 0.066
Mercury (DIS) mg/L 0.00091 0.00005 1 1 0.00001 | 0.00001 [ 0.00001 | 0.00001 | 0.00001 | 0.00001 NA
Mercury (TRC) mg/L 5 4 <0.0000062| 0.00002 | 0.00001 | 0.00001 | 0.00001 [ 0.00001 [ 0.00001
Molybdenum (DIS) mg/L 1 0 <0.005 0.005 0.005 0.005 0.005 0.005 NA
Molybdenum (TRC) mg/L 5 0 <0.002 0.005 0.003 0.002 0.002 0.005 0.002
Nickel (DIS) mg/L 0.0161 0.1 1 0 <0.01 0.01 0.01 0.01 0.01 0.01 NA
Nickel (TRC) mg/L 5 3 <0.003 0.01 0.007 0.004 0.008 0.01 0.003
Selenium (DIS) mg/L 0.005 0.05 1 0 <0.001 0.001 0.001 0.001 0.001 0.001 NA
Selenium (TRC) mg/L 5 2 <0.0002 0.001 0.0006 0.0002 0.0004 0.001 0.0004
Silver (DIS) mg/L 0.1 1 0 <0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 NA
Silver (TRC) mg/L 5 0 <0.0002 0.0005 0.0003 0.0002 0.0002 0.0005 0.0002
Strontium (DIS) mg/L 4 1 0 <0.1 0.1 0.1 0.1 0.1 0.1 NA
Strontium (TRC) mg/L 5 3 <0.028 0.1 0.06 0.03 0.03 0.1 0.04
Thallium (DIS) mg/L 0.00024 1 0 <0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 NA
Thallium (TRC) mg/L 5 0 <0.0002 | 0.00020 | 0.00020 | 0.00020 | 0.00020 | 0.00020 0.0
Uranium (DIS) mg/L 0.03 1 0 <0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 NA
Uranium (TRC) mg/L 5 0 <0.0003 0.008 0.003 0.0003 0.0003 0.008 0.004
Zinc (DIS) mg/L 0.037 7.4 1 0 <0.01 0.01 0.01 0.01 0.01 0.01 NA
Zinc (TRC) mg/L 5 4 <0.007 0.03 0.01 0.01 0.01 0.02 0.010

Reporting Period: May 2011 to December 2017

°C = degrees Celsius, DIS = dissolved concentration, N = nitrogen, SD = standard deviation, TRC = total recoverable concentration, PCTL = percentile, TOT = total

Grey shading indicates the concentration exceeds the Montana Numeric Water Quality Standards, DEQ-7 Circular, May 2017 chronic aquatic life guideline.

Bold indicates the concentration exceeds the Montana Numeric Water Quality Standards, DEQ-7 Circular, May 2017 human health surface water guideline.
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Table 6 Water Quality Summary Statistics, SW-6

Montana Numeric Water
Quality Standards, DEQ-7
Circular, May 2017

Parameters Units Human No. No. Min Max. Mean |25% PCLT |50% PCLT| 75% PCLT SD.
Aquatic Life Health Samples ( Detects
Standard, Standard,
Chronic Surface
Water

Field Parameters
Staff Gauge Feet 1 1 0.9 0.9 0.9 0.9 0.9 0.9 NA
Flow Cubic Ft Sec 23 23 0.04 4.1 0.4 0.1 0.2 0.2 0.8
pH - Field s.u. 27 27 6.7 8.7 8.0 8.0 8.1 8.2 0.4
Field Specific Conductivity |umhos/cm 27 27 249 433 387 371 393 411 36.1
Water Temperature Deg C 27 27 -0.03 18.3 7.7 1.5 6.8 13.1 6.1
Dissolved Oxygen mg/L 6.5 27 27 5.8 14.2 9.7 8.5 9.9 11.0 1.9
Physical Parameters
Total Dissolved Solids |mg/L | 28 28 162 254 222 216 221 233 18.4
Total Suspended Solids [ mg/L [ 23 16 <4 107 20.0 10.0 10.0 19.0 26.7
Major Constituents - Commons lons
Alkalinity as CaCO3 mg/L 28 28 140 240 213 208 220 223 19.6
Bicarbonate as HCO3 mg/L 7 7 220 260 246 245 250 250 12.7
Carbonate as CO3 mg/L 7 7 4.0 13.0 9.1 7.0 9.0 12.0 3.3
Chloride mg/L 28 8 <1 2.0 1.0 1.0 1.0 1.0 0.189
Fluoride mg/L 4 28 26 <0.1 0.2 0.16 0.1 0.2 0.2 0.05
Sulfate mg/L 28 28 6.0 34.0 11.5 8.8 9.5 13.0 5.4
Hardness as CaCO3 mg/L 28 28 119 239 212 211 216 227 24.3
Calcium (DIS) mg/L 28 28 28.0 54.0 49.3 49.0 50.0 52.3 5.3
Magnesium (DIS) mg/L 28 28 12.0 26.0 21.6 21.0 22.0 23.0 2.8
Potassium (DIS) mg/L 28 14 <1 3.0 1.1 1.0 1.0 1.0 0.448
Sodium (DIS) mg/L 28 28 2.0 3.0 2.9 3.0 3.0 3.0 0.315
Nutrients
Nitrate + Nitrite as N mg/L 10 28 25 <0.01 0.1 0.05 0.02 0.05 0.07 0.03
Kjeldahl Nitrogen as N mg/L 5 1 <0.5 3.4 1.1 0.5 0.5 0.5 1.3
Total Persulfate Nitrogen [mg/L 11 11 0.1 0.4 0.2 0.1 0.2 0.2 0.09
Phosphorus (TOT) mg/L 16 16 0.01 0.04 0.02 0.02 0.02 0.03 0.01
Metals - Trace Constituents
Aluminum (DIS) mg/L 0.087 28 1 <0.009 0.03 0.01 0.009 0.009 0.02 0.009
Aluminum (TRC) mg/L 7 7 0.03 0.2 0.1 0.1 0.1 0.2 0.05
Antimony (DIS) mg/L 0.0056 5 0 <0.003 0.003 0.003 0.003 0.003 0.003 0
Antimony (TRC) mg/L 28 0 <0.0005 | 0.005 0.001 0.0005 | 0.0005 0.003 0.001
Arsenic (DIS) mg/L 0.15 0.01 5 0 <0.003 0.003 0.003 0.003 0.003 0.003 0
Arsenic (TRC) mg/L 28 0 <0.001 0.003 0.002 0.001 0.001 0.002 0.001
Barium (DIS) mg/L 1 5 5 0.107 0.1 0.1 0.1 0.1 0.1 0.007
Barium (TRC) mg/L 28 28 0.091 0.2 0.1 0.1 0.1 0.1 0.028
Beryllium (DIS) mg/L 0.004 5 0 <0.001 0.001 0.001 0.001 0.001 0.001 0
Beryllium (TRC) mg/L 28 0 <0.0008 | 0.001 0.0009 | 0.0008 | 0.0008 0.0009 | 0.00009
Cadmium (DIS) mg/L 0.00025 0.005 5 0 <0.00008 [ 0.00008 | 0.0001 | 0.00008 | 0.00008 [ 0.00008 0
Cadmium (TRC) mg/L 28 2 <0.00003 | 0.00008 | 0.00004 | 0.00003 | 0.00003 | 0.00006 | 0.00002
Chromium (DIS) mg/L 0.1 5 0 <0.001 0.001 0.001 0.001 0.001 0.001 0
Chromium (TRC) mg/L 28 0 <0.001 0.01 0.007 0.001 0.01 0.01 0.004
Cobalt (DIS) mg/L 5 0 <0.01 0.01 0.01 0.01 0.01 0.01 0
Cobalt (TRC) mg/L 28 0 <0.005 0.01 0.010 0.01 0.01 0.01 0.001
Copper (DIS) mg/L 0.00285 1.3 5 0 <0.001 0.001 0.001 0.001 0.001 0.001 0
Copper (TRC) mg/L 28 1 <0.001 0.002 0.002 0.002 0.002 0.002 0.0004
Iron (DIS) mg/L 5 3 <0.03 0.05 0.04 0.03 0.04 0.04 0.008
Iron (TRC) mg/L 1 28 28 0.05 1.9 0.4 0.2 0.4 0.5 0.4
Lead (DIS) mg/L 0.000545 0.015 5 0 <0.0005 | 0.0005 0.0005 0.0005 0.0005 0.0005 0
Lead (TRC) mg/L 28 10 <0.0003 | 0.002 0.0005 [ 0.0003 | 0.0004 0.0005 0.0004
Manganese (DIS) mg/L 5 5 0.005 0.01 0.008 0.005 0.007 0.01 0.003
Manganese (TRC) mg/L 28 26 <0.005 0.07 0.02 0.01 0.02 0.02 0.01
Mercury (DIS) mg/L 0.00091 0.00005 5 0 <0.00001( 0.00001 | 0.0000 | 0.00001 | 0.00001 [ 0.00001 0
Mercury (TRC) mg/L 28 4 <0.000005| 0.00002 | 0.00001 | 0.000005| 0.000005| 0.00001 | 0.000004
Molybdenum (DIS) mg/L 5 0 <0.005 0.005 0.005 0.005 0.005 0.005 0
Molybdenum (TRC) mg/L 28 0 <0.001 0.005 0.003 0.002 0.002 0.005 0.001
Nickel (DIS) mg/L 0.0161 0.1 5 0 <0.01 0.01 0.01 0.01 0.01 0.01 0
Nickel (TRC) mg/L 28 2 <0.001 0.01 0.003 0.001 0.001 0.004 0.004
Selenium (DIS) mg/L 0.005 0.05 5 0 <0.001 0.001 0.001 0.001 0.001 0.001 0
Selenium (TRC) mg/L 28 7 <0.0002 | 0.001 0.0005 [ 0.0002 | 0.0002 0.001 0.0004
Silver (DIS) mg/L 0.1 5 0 <0.0005 | 0.0005 0.0005 0.0005 0.0005 0.0005 0
Silver (TRC) mg/L 28 0 <0.0002 | 0.0005 [ 0.0003 | 0.0002 | 0.0002 0.0005 0.0001
Strontium (DIS) mg/L 4 5 5 0.1 0.2 0.2 0.2 0.2 0.2 0.04
Strontium (TRC) mg/L 28 28 0.1 0.3 0.2 0.2 0.2 0.2 0.04
Thallium (DIS) mg/L 0.00024 5 0 <0.0002 | 0.00020 | 0.00020 [ 0.00020 [ 0.00020 | 0.00020 0
Thallium (TRC) mg/L 28 0 <0.0002 | 0.0002 | 0.0002 | 0.0002 | 0.0002 0.0002 0
Uranium (DIS) mg/L 0.03 5 5 0.0006 0.0007 0.0006 0.0006 0.0006 0.0007 0.00005
Uranium (TRC) mg/L 28 10 <0.0005 | 0.008 0.0054 | 0.0007 0.008 0.008 0.004
Zinc (DIS) mg/L 0.037 7.4 5 0 <0.01 0.01 0.01 0.01 0.01 0.01 0
Zinc (TRC) mg/L 28 12 <0.002 0.03 0.006 0.002 0.003 0.01 0.006

Reporting Period: May 2011 to December 2017

°C = degrees Celsius, DIS = dissolved concentration, N = nitrogen, SD = standard deviation, TRC = total recoverable concentration, PCTL = percentile, TOT = total

Grey shading indicates the concentration exceeds the Montana Numeric Water Quality Standards, DEQ-7 Circular, May 2017 chronic aquatic life guideline.

Bold indicates the concentration exceeds the Montana Numeric Water Quality Standards, DEQ-7 Circular, May 2017 human health surface water guideline.
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Table 7 Water Quality Summary Statistics, SW-8

Montana Numeric Water
Quality Standards, DEQ-7
Circular, May 2017

Parameters Units No. Samples No. Min Max. Mean |25% PCLT|50% PCLT|75% PCLT SD.
Aquatic Life |Human Health Detects
Standard, Standard,
Chronic Surface Water

Field Parameters
Staff Gauge Feet 17 17 0.2 2.1 0.6 0.3 0.4 0.6 0.5
Flow Cubic Ft Sec 20 20 0.09 9.1 1.4 0.2 0.5 1.1 2.2
pH - Field S.u. 23 23 6.9 8.7 7.9 7.8 8 8.2 0.4
Field Specific Conductivity |umhos/cm 23 23 164 445 377 338 408 431 80.4
Water Temperature Deg C 23 23 -0.2 16.1 6.5 0.04 6.9 11.0 5.8
Dissolved Oxygen mg/L 6.5 23 23 5.6 13.5 10.3 9.4 10.1 11.1 1.8
Physical Parameters
Total Dissolved Solids [me/L [ [ [
Total Suspended Solids | mg/L [ [ [
Major Constituents - Commons lons
Alkalinity as CaCO3 mg/L
Bicarbonate as HCO3 mg/L
Carbonate as CO3 mg/L
Chloride mg/L
Fluoride mg/L 4
Sulfate mg/L
Hardness as CaCO3 mg/L
Calcium (DIS) mg/L
Magnesium (DIS) mg/L
Potassium (DIS) mg/L
Sodium (DIS) mg/L
Nutrients
Nitrate + Nitrite as N mg/L 10
Kjeldahl Nitrogen as N mg/L
Total Persulfate Nitrogen |mg/L
Phosphorus (TOT) mg/L
Metals - Trace Constituents
Aluminum (DIS) mg/L 0.087
Aluminum (TRC) mg/L
Antimony (DIS) mg/L 0.0056
Antimony (TRC) mg/L
Arsenic (DIS) mg/L 0.15 0.01
Arsenic (TRC) mg/L
Barium (DIS) mg/L 1
Barium (TRC) mg/L
Beryllium (DIS) mg/L 0.004
Beryllium (TRC) mg/L
Cadmium (DIS) mg/L 0.00025 0.005
Cadmium (TRC) mg/L
Chromium (DIS) mg/L 0.1
Chromium (TRC) mg/L
Cobalt (DIS) mg/L
Cobalt (TRC) mg/L
Copper (DIS) mg/L 0.00285 1.3
Copper (TRC) mg/L
Iron (DIS) mg/L
Iron (TRC) mg/L 1
Lead (DIS) mg/L 0.000545 0.015
Lead (TRC) mg/L
Manganese (DIS) mg/L
Manganese (TRC) mg/L
Mercury (DIS) mg/L 0.00091 0.00005
Mercury (TRC) mg/L
Molybdenum (DIS) mg/L
Molybdenum (TRC) mg/L
Nickel (DIS) mg/L 0.0161 0.1
Nickel (TRC) mg/L
Selenium (DIS) mg/L 0.005 0.05
Selenium (TRC) mg/L
Silver (DIS) mg/L 0.1
Silver (TRC) mg/L
Strontium (DIS) mg/L 4
Strontium (TRC) mg/L
Thallium (DIS) mg/L 0.00024
Thallium (TRC) mg/L
Uranium (DIS) mg/L 0.03
Uranium (TRC) mg/L
Zinc (DIS) mg/L 0.037 7.4
Zinc (TRC) mg/L

Reporting Period: May 2011 to December 2017

°C = degrees Celsius, DIS = dissolved concentration, N = nitrogen, SD = standard deviation, TRC = total recoverable concentration, PCTL = percentile, TOT = total

Grey shading indicates the concentration exceeds the Montana Numeric Water Quality Standards, DEQ-7 Circular, May 2017 chronic aquatic life guideline.

Bold indicates the concentration exceeds the Montana Numeric Water Quality Standards, DEQ-7 Circular, May 2017 human health surface water guideline.
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Table 8 Water Quality Summary Statistics, SW-9

Montana Numeric Water
Quality Standards, DEQ-7
Circular, May 2017

Parameters Units Human No. Samples No. Min Max. Mean |25% PCLT|50% PCLT | 75% PCLT SD.
Aquatic Life Health Detects
Standard, Standard,
Chronic Surface
Water
Field Parameters
Staff Gauge Feet 8 8 13 2.1 19 2.0 2.0 2.0 0.3
Flow Cubic Ft Sec 25 25 0.3 12.7 14 0.4 0.7 1.7 2.5
pH - Field S.u. 26 26 7.7 8.5 8.2 8.1 8.2 8.3 0.2
Field Specific Conductivity |umhos/cm 26 26 335 474 418 409 424 435 28.5
Water Temperature Deg C 26 26 0.5 14.9 6.0 1.8 5.2 10.1 4.7
Dissolved Oxygen mg/L 6.5 26 26 5.7 14.9 10.5 10.1 10.5 11.4 1.8
Physical Parameters
Total Dissolved Solids [me/L [ [
Total Suspended Solids | mg/L [ [
Major Constituents - Commons lons
Alkalinity as CaCO3 mg/L
Bicarbonate as HCO3 mg/L
Carbonate as CO3 mg/L
Chloride mg/L
Fluoride mg/L 4
Sulfate mg/L
Hardness as CaCO3 mg/L
Calcium (DIS) mg/L
Magnesium (DIS) mg/L
Potassium (DIS) mg/L
Sodium (DIS) mg/L
Nutrients
Nitrate + Nitrite as N mg/L 10
Kjeldahl Nitrogen as N mg/L
Total Persulfate Nitrogen |mg/L
Phosphorus (TOT) mg/L
Metals - Trace Constituents
Aluminum (DIS) mg/L 0.087
Aluminum (TRC) mg/L
Antimony (DIS) mg/L 0.0056
Antimony (TRC) mg/L
Arsenic (DIS) mg/L 0.15 0.01
Arsenic (TRC) mg/L
Barium (DIS) mg/L 1
Barium (TRC) mg/L
Beryllium (DIS) mg/L 0.004
Beryllium (TRC) mg/L
Cadmium (DIS) mg/L 0.00025 0.005
Cadmium (TRC) mg/L
Chromium (DIS) mg/L 0.1
Chromium (TRC) mg/L
Cobalt (DIS) mg/L
Cobalt (TRC) mg/L
Copper (DIS) mg/L 0.00285 1.3
Copper (TRC) mg/L
Iron (DIS) mg/L
Iron (TRC) mg/L 1
Lead (DIS) mg/L 0.000545 0.015
Lead (TRC) mg/L
Manganese (DIS) mg/L
Manganese (TRC) mg/L
Mercury (DIS) mg/L 0.00091 0.00005
Mercury (TRC) mg/L
Molybdenum (DIS) mg/L
Molybdenum (TRC) mg/L
Nickel (DIS) mg/L 0.0161 0.1
Nickel (TRC) mg/L
Selenium (DIS) mg/L 0.005 0.05
Selenium (TRC) mg/L
Silver (DIS) mg/L 0.1
Silver (TRC) mg/L
Strontium (DIS) mg/L 4
Strontium (TRC) mg/L
Thallium (DIS) mg/L 0.00024
Thallium (TRC) mg/L
Uranium (DIS) mg/L 0.03
Uranium (TRC) mg/L
Zinc (DIS) mg/L 0.037 7.4
Zinc (TRC) mg/L

Reporting Period: May 2011 to December 2017

°C = degrees Celsius, DIS = dissolved concentration, N = nitrogen, SD = standard deviation, TRC = total recoverable concentration, PCTL = percentile, TOT = total

Grey shading indicates the concentration exceeds the Montana Numeric Water Quality Standards, DEQ-7 Circular, May 2017 chronic aquatic life guideline.

Bold indicates the concentration exceeds the Montana Numeric Water Quality Standards, DEQ-7 Circular, May 2017 human health surface water guideline.
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Table 9 Water Quality Summary Statistics, SW-10

Montana Numeric Water
Quality Standards, DEQ-7
Circular, May 2017

Parameters Units Human No. No. Min Max Mean |25% PCLT|50% PCLT | 75% PCLT SD.
Aquatic Life Health Detects
Standard, Standard,
Chronic Surface
Water

Field Parameters
Staff Gauge Feet 16 16 0.7 1.2 0.9 0.8 0.9 1.0 0.2
Flow Cubic Ft Sec 20 20 0.2 15.2 1.45 0.3 0.5 1.4 33
pH - Field s.u. 22 22 7.8 8.8 8.3 8.2 8.3 8.5 0.2
Field Specific Conductivity |umhos/cm 22 22 353 438 413 410 417 425 20.1
Water Temperature Deg C 21 21 0.02 18.6 8.5 4.7 6.4 13.9 6.5
Dissolved Oxygen mg/L 6.5 22 22 6.6 13.0 10.4 9.9 10.7 11.1 1.6
Physical Parameters
Total Dissolved Solids  [mg/L [ 2 2 236 | 249 243 239 243 246 9.2
Total Suspended Solids | mg/L | 2 2 60 | 380 22.0 14.0 22.0 30.0 22.6
Major Constituents - Commons lons
Alkalinity as CaCO3 mg/L 2 2 210 220 215 213 215 218 7.1
Bicarbonate as HCO3 mg/L 0 NA NA NA NA NA NA NA NA
Carbonate as CO3 mg/L 0 NA NA NA NA NA NA NA NA
Chloride mg/L 2 0 <1 1 1.0 1 1 1 0
Fluoride mg/L 4 2 2 0.2 0.2 0.2 0.2 0.2 0.2 0
Sulfate mg/L 2 2 15.0 19.0 17.0 16.0 17.0 18.0 2.8
Hardness as CaCO3 mg/L 2 2 220 220 220 220 220 220 0
Calcium (DIS) mg/L 2 2 50.0 52.0 51.0 50.5 51.0 51.5 1.4
Magnesium (DIS) mg/L 2 2 22.0 23.0 22.5 223 22.5 22.8 0.7
Potassium (DIS) mg/L 2 1 <1 1.0 1.0 1.0 1.0 1.0 0
Sodium (DIS) mg/L 2 2 2.0 2.0 2.0 2.0 2.0 2.0 0
Nutrients
Nitrate + Nitrite as N mg/L 10 2 2 0.1 0.1 0.1 0.1 0.1 0.1 0.01
Kjeldahl Nitrogen as N mg/L 0 NA NA NA NA NA NA NA NA
Total Persulfate Nitrogen |mg/L 2 2 0.2 0.4 0.3 0.3 0.3 0.4 0.1
Phosphorus (TOT) mg/L 2 2 0.01 0.03 0.02 0.01 0.02 0.02 0.01
Metals - Trace Constituents
Aluminum (DIS) mg/L 0.087 2 0 <0.009 0.009 0.0090 0.0090 0.009 0.009 0
Aluminum (TRC) mg/L 0 NA NA NA NA NA NA NA NA
Antimony (DIS) mg/L 0.0056 0 NA NA NA NA NA NA NA NA
Antimony (TRC) mg/L 2 0 <0.0005 | 0.0005 0.0005 0.0005 0.0005 0.0005 0
Arsenic (DIS) mg/L 0.15 0.01 0 NA NA NA NA NA NA NA NA
Arsenic (TRC) mg/L 2 0 <0.001 0.001 0.001 0.001 0.001 0.001 0
Barium (DIS) mg/L 1 0 NA NA NA NA NA NA NA NA
Barium (TRC) mg/L 2 2 0.077 0.09 0.08 0.08 0.08 0.09 0.008
Beryllium (DIS) mg/L 0.004 0 NA NA NA NA NA NA NA NA
Beryllium (TRC) mg/L 2 0 <0.0008 | 0.0008 0.0008 0.0008 0.0008 0.0008 0
Cadmium (DIS) mg/L 0.00025 0.005 0 NA NA NA NA NA NA NA NA
Cadmium (TRC) mg/L 2 1 <0.00003 | 0.00004 [ 0.00004 [ 0.00003 [ 0.00004 [ 0.00004 | 0.000007
Chromium (DIS) mg/L 0.1 0 NA NA NA NA NA NA NA NA
Chromium (TRC) mg/L 2 0 <0.01 0.01 0.01 0.01 0.01 0.01 0
Cobalt (DIS) mg/L 0 NA NA NA NA NA NA NA NA
Cobalt (TRC) mg/L 2 0 <0.01 0.01 0.01 0.01 0.01 0.01 0
Copper (DIS) mg/L 0.00285 13 0 NA NA NA NA NA NA NA NA
Copper (TRC) mg/L 2 0 <0.002 0.002 0.002 0.002 0.002 0.002 0
Iron (DIS) mg/L 0 NA NA NA NA NA NA NA NA
Iron (TRC) mg/L 1 2 2 0.2 0.8 0.5 0.3 0.5 0.6 0.4
Lead (DIS) mg/L 0.000545 0.015 0 NA NA NA NA NA NA NA NA
Lead (TRC) mg/L 2 1 <0.0003 0.001 0.0007 0.0005 0.0007 0.0009 0.001
Manganese (DIS) mg/L 0 NA NA NA NA NA NA NA NA
Manganese (TRC) mg/L 2 2 0.01 0.02 0.02 0.01 0.02 0.02 0.008
Mercury (DIS) mg/L 0.00091 0.00005 0 NA NA NA NA NA NA NA NA
Mercury (TRC) mg/L 2 0 <0.000005| 0.000005 | 0.000005 | 0.000005 | 0.000005 | 0.000005 0
Molybdenum (DIS) mg/L 0 NA NA NA NA NA NA NA NA
Molybdenum (TRC) mg/L 2 0 <0.002 0.002 0.0020 0.002 0.002 0.002 0
Nickel (DIS) mg/L 0.0161 0.1 0 NA NA NA NA NA NA NA NA
Nickel (TRC) mg/L 2 0 <0.001 0.001 0.001 0.001 0.001 0.001 0
Selenium (DIS) mg/L 0.005 0.05 0 NA NA NA NA NA NA NA NA
Selenium (TRC) mg/L 2 0 <0.0002 | 0.0002 0.0002 0.0002 0.0002 0.0002 0
Silver (DIS) mg/L 0.1 0 NA NA NA NA NA NA NA NA
Silver (TRC) mg/L 2 0 <0.0002 | 0.0002 0.0002 0.0002 0.0002 0.0002 0
Strontium (DIS) mg/L 4 0 NA NA NA NA NA NA NA NA
Strontium (TRC) mg/L 2 2 0.2 0.2 0.2 0.2 0.2 0.2 0.01
Thallium (DIS) mg/L 0.00024 0 NA NA NA NA NA NA NA NA
Thallium (TRC) mg/L 2 0 <0.0002 | 0.00020 | 0.00020 | 0.00020 | 0.00020 | 0.00020 0
Uranium (DIS) mg/L 0.03 0 NA NA NA NA NA NA NA NA
Uranium (TRC) mg/L 2 0 <0.008 0.008 0.008 0.008 0.008 0.008 0
Zinc (DIS) mg/L 0.037 7.4 0 NA NA NA NA NA NA NA NA
Zinc (TRC) mg/L 2 2 0.003 0.008 0.006 0.004 0.006 0.007 0.004

Reporting Period: May 2011 to December 2017

°C = degrees Celsius, DIS = dissolved concentration, N = nitrogen, SD = standard deviation, TRC = total recoverable concentration, PCTL = percentile, TOT = total

Grey shading indicates the concentration exceeds the Montana Numeric Water Quality Standards, DEQ-7 Circular, May 2017 chronic aquatic life guideline.

Bold indicates the concentration exceeds the Montana Numeric Water Quality Standards, DEQ-7 Circular, May 2017 human health surface water guideline.
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Table 10 Water Quality

y Statistics, SW-11

Montana Numeric Water
Quality Standards, DEQ-7
Circular, May 2017

Parameters Units Human No. Samples No. Min Max. Mean |25% PCLT|50% PCLT | 75% PCLT SD.
Aquatic Life Health Detects
Standard, Standard,
Chronic Surface
Water

Field Parameters
Staff Gauge Feet 19 19 0.2 0.9 0.5 0.4 0.5 0.6 0.2
Flow Cubic Ft Sec 20 20 0.2 21.4 2.3 0.4 1.0 2.6 4.6
pH - Field s.u. 27 27 7.5 8.7 8.2 8.1 8.2 8.4 0.3
Field Specific Conductivity |umhos/cm 27 27 312 497 402 384 404 425 44.2
Water Temperature Deg C 27 27 -0.02 16.3 6.0 0.1 6.2 10.5 5.7
Dissolved Oxygen mg/L 6.5 27 27 7.0 15.4 11.1 9.8 11.6 12.0 2.0
Physical Parameters
Total Dissolved Solids | mg/L [ 27 27 166 282 229 215 231 [ 240 25.8
Total Suspended Solids [ mg/L [ 23 9 <4 68.0 13.7 4.0 100 | 115 15.2
Major Constituents - Commons lons
Alkalinity as CaCO3 mg/L 27 27 160 250 204 195 210 220 21.2
Bicarbonate as HCO3 mg/L 6 6 210 260 238 225 245 250 19.4
Carbonate as CO3 mg/L 6 6 4.0 12.0 8.8 7.3 9.0 11.5 3.1
Chloride mg/L 27 21 <1 2.0 1.3 1.0 1.0 1.6 0.4
Fluoride mg/L 4 27 27 0.1 0.2 0.2 0.2 0.2 0.2 0.03
Sulfate mg/L 27 27 9.0 46.0 20.1 14.0 18.0 23.5 8.0
Hardness as CaCO3 mg/L 27 27 156 267 217 194 225 236 28.7
Calcium (DIS) mg/L 27 27 36.0 60.0 49.7 45.5 51.0 53.5 6.1
Magnesium (DIS) mg/L 27 27 16.0 29.0 22.6 20.0 24.0 24.5 3.4
Potassium (DIS) mg/L 27 26 <1 2.0 1.1 1.0 1.0 1.0 0.3
Sodium (DIS) mg/L 27 27 2.0 3.0 2.6 2.0 3.0 3.0 0.5
Nutrients
Nitrate + Nitrite as N mg/L 10 27 24 <0.01 0.19 0.07 0.03 0.05 0.1 0.06
Kjeldahl Nitrogen as N mg/L 4 1 <0.5 3.4 1.2 0.5 0.5 1.2 1.5
Total Persulfate Nitrogen [mg/L 12 12 0.09 0.5 0.2 0.1 0.2 0.3 0.1
Phosphorus (TOT) mg/L 16 16 0.003 0.06 0.03 0.02 0.02 0.03 0.02
Metals - Trace Constituents
Aluminum (DIS) mg/L 0.087 27 6 <0.009 1.4 0.09 0.009 0.009 0.03 0.3
Aluminum (TRC) mg/L 6 6 0.08 0.3 0.2 0.1 0.2 0.3 0.1
Antimony (DIS) mg/L 0.0056 4 0 <0.003 0.003 0.003 0.003 0.003 0.003 0
Antimony (TRC) mg/L 26 0 <0.0005 | 0.005 0.001 0.0005 | 0.0005 0.002 0.001
Arsenic (DIS) mg/L 0.15 0.01 4 0 <0.003 0.003 0.003 0.003 0.003 0.003 0
Arsenic (TRC) mg/L 26 2 <0.001 0.003 0.001 0.001 0.001 0.001 0.001
Barium (DIS) mg/L 1 4 4 0.092 0.1 0.1 0.10 0.1 0.1 0.009
Barium (TRC) mg/L 26 26 0.09 0.1 0.1 0.10 0.1 0.1 0.01
Beryllium (DIS) mg/L 0.004 4 0 <0.001 0.001 0.001 0.001 0.001 0.001 0
Beryllium (TRC) mg/L 26 0 <0.0008 | 0.001 0.0008 | 0.0008 | 0.0008 0.0008 | 0.00009
Cadmium (DIS) mg/L 0.00025 0.005 4 0 <0.00008 [ 0.00008 | 0.00008 | 0.00008 | 0.00008 [ 0.00008 0
Cadmium (TRC) mg/L 26 3 <0.00003 | 0.00008 | 0.0000 | 0.00003 | 0.00003 | 0.000055 [ 0.00002
Chromium (DIS) mg/L 0.1 4 0 <0.001 0.001 0.001 0.001 0.001 0.001 0
Chromium (TRC) mg/L 26 0 <0.001 0.01 0.007 0.002 0.01 0.01 0.004
Cobalt (DIS) mg/L 4 0 <0.01 0.01 0.01 0.01 0.01 0.01 0
Cobalt (TRC) mg/L 26 0 <0.005 0.01 0.01 0.01 0.01 0.01 0.001
Copper (DIS) mg/L 0.00285 1.3 4 0 <0.001 0.001 0.001 0.001 0.001 0.001 0
Copper (TRC) mg/L 26 5 <0.001 0.003 0.0018 0.002 0.002 0.002 0.0005
Iron (DIS) mg/L 4 3 <0.03 0.06 0.04 0.04 0.04 0.05 0.01
Iron (TRC) mg/L 1 26 26 0.04 2.1 0.4 0.1 0.2 0.4 0.5
Lead (DIS) mg/L 0.000545 0.015 4 0 <0.0005 | 0.0005 0.0005 0.0005 0.0005 0.0005 0
Lead (TRC) mg/L 26 8 <0.0003 | 0.0031 [ 0.0006 | 0.0003 | 0.0003 0.0005 0.001
Manganese (DIS) mg/L 4 1 <0.005 0.007 0.006 0.005 0.005 0.006 0.001
Manganese (TRC) mg/L 26 16 <0.005 0.08 0.01 0.005 0.007 0.02 0.02
Mercury (DIS) mg/L 0.00091 0.00005 4 0 <0.00001 | 0.00001 | 0.0000 | 0.00001 | 0.00001 [ 0.00001 0
Mercury (TRC) mg/L 26 4 <0.000005| 0.00002 | 0.0000 | 0.000005]| 0.000005| 0.00001 | 0.000003
Molybdenum (DIS) mg/L 4 0 <0.005 0.005 0.005 0.005 0.005 0.005 0
Molybdenum (TRC) mg/L 26 0 <0.001 0.005 0.003 0.002 0.002 0.004 0.001
Nickel (DIS) mg/L 0.0161 0.1 4 0 <0.01 0.01 0.0100 0.01 0.01 0.01 0
Nickel (TRC) mg/L 26 3 <0.001 0.01 0.003 0.001 0.001 0.002 0.004
Selenium (DIS) mg/L 0.005 0.05 4 0 <0.001 0.001 0.0010 0.001 0.001 0.001 0
Selenium (TRC) mg/L 26 4 <0.0002 | 0.001 0.0004 [ 0.0002 | 0.0002 0.0009 0.0004
Silver (DIS) mg/L 0.1 4 0 <0.0005 | 0.0005 0.0005 0.0005 0.0005 0.0005 0
Silver (TRC) mg/L 26 0 <0.0002 | 0.0005 [ 0.0003 | 0.0002 | 0.0002 0.0005 0.0001
Strontium (DIS) mg/L 4 4 4 0.1 0.2 0.2 0.2 0.2 0.2 0.050
Strontium (TRC) mg/L 26 26 0.1 0.2 0.2 0.2 0.2 0.2 0.025
Thallium (DIS) mg/L 0.00024 4 0 <0.0002 | 0.00020 | 0.00020 [ 0.00020 [ 0.00020 | 0.00020 0
Thallium (TRC) mg/L 26 0 <0.0002 | 0.0002 | 0.0002 | 0.0002 | 0.0002 0.0002 0
Uranium (DIS) mg/L 0.03 4 4 0.0007 0.0009 0.0008 0.0007 0.0008 0.0008 0.0001
Uranium (TRC) mg/L 26 9 <0.0007 | 0.008 0.0055 | 0.0009 0.008 0.008 0.003
Zinc (DIS) mg/L 0.037 7.4 4 0 <0.01 0.01 0.0100 0.01 0.01 0.01 0
Zinc (TRC) mg/L 26 14 <0.002 0.016 0.006 0.002 0.004 0.01 0.004

Reporting Period: May 2011 to December 2017

°C = degrees Celsius, DIS = dissolved concentration, N = nitrogen, SD = standard deviation, TRC = total recoverable concentration, PCTL = percentile, TOT = total

Grey shading indicates the concentration exceeds the Montana Numeric Water Quality Standards, DEQ-7 Circular, May 2017 chronic aquatic life guideline.

Bold indicates the concentration exceeds the Montana Numeric Water Quality Standards, DEQ-7 Circular, May 2017 human health surface water guideline.
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Table 11 Water Quality

y Statistics, SW-12

Montana Numeric Water
Quality Standards, DEQ-7
Circular, May 2017
Parameters Units No. Samples No. Min. Max. Mean |25% PCLT|50% PCLT | 75% PCLT SD.
Aquatic Life Human Detects
Health
Standard,
Chronic Standard,
Surface Water
Field Parameters
Staff Gauge Feet 0 NA NA NA NA NA NA NA NA
Flow Cubic Ft Sec 2 2 8.8 24.2 16.5 12.7 16.5 20.4 10.9
pH - Field s.u. 2 2 7.8 7.8 7.8 7.8 7.8 7.8 0.04
Field Specific Conductivity |umhos/cm 2 2 75.0 97.0 86.0 80.5 86.0 91.5 15.6
Water Temperature Deg C 2 2 10.8 14.1 12.5 11.6 12.5 13.3 2.3
Dissolved Oxygen mg/L 6.5 2 2 8.7 9.2 9.0 8.8 9.0 9.1 0.4
Physical Parameters
Total Dissolved Solids [me/L [
Total Suspended Solids [ mg/L [
Major Constituents - Commons lons
Alkalinity as CaCO3 mg/L
Bicarbonate as HCO3 mg/L
Carbonate as CO3 mg/L
Chloride mg/L
Fluoride mg/L 4
Sulfate mg/L
Hardness as CaCO3 mg/L
Calcium (DIS) mg/L
Magnesium (DIS) mg/L
Potassium (DIS) mg/L
Sodium (DIS) mg/L
Nutrients
Nitrate + Nitrite as N mg/L 10
Kjeldahl Nitrogen as N mg/L
Total Persulfate Nitrogen [mg/L
Phosphorus (TOT) mg/L
Metals - Trace Constituents
Aluminum (DIS) mg/L 0.087
Aluminum (TRC) mg/L
Antimony (DIS) mg/L 0.0056
Antimony (TRC) mg/L
Arsenic (DIS) mg/L 0.15 0.01
Arsenic (TRC) mg/L
Barium (DIS) mg/L 1
Barium (TRC) mg/L
Beryllium (DIS) mg/L 0.004
Beryllium (TRC) mg/L
Cadmium (DIS) me/L 0.00025 0.005
Cadmium (TRC) mg/L
Chromium (DIS) mg/L 0.1
Chromium (TRC) mg/L
Cobalt (DIS) mg/L
Cobalt (TRC) mg/L
Copper (DIS) mg/L 0.00285 1.3
Copper (TRC) mg/L
Iron (DIS) mg/L
Iron (TRC) mg/L 1
Lead (DIS) me/L 0.000545 0.015
Lead (TRC) mg/L
Manganese (DIS) mg/L
Manganese (TRC) mg/L
Mercury (DIS) mg/L 0.00091 0.00005
Mercury (TRC) mg/L
Molybdenum (DIS) mg/L
Molybdenum (TRC) mg/L
Nickel (DIS) me/L 0.0161 0.1
Nickel (TRC) mg/L
Selenium (DIS) mg/L 0.005 0.05
Selenium (TRC) mg/L
Silver (DIS) mg/L 0.1
Silver (TRC) mg/L
Strontium (DIS) mg/L 4
Strontium (TRC) mg/L
Thallium (DIS) mg/L 0.00024
Thallium (TRC) mg/L
Uranium (DIS) mg/L 0.03
Uranium (TRC) mg/L
Zinc (DIS) me/L 0.037 7.4
Zinc (TRC) mg/L

Reporting Period: May 2011 to December 2017

°C = degrees Celsius, DIS = dissolved concentration, N = nitrogen, SD = standard deviation, TRC = total recoverable concentration, PCTL = percentile, TOT = total

Grey shading indicates the concentration exceeds the Montana Numeric Water Quality Standards, DEQ-7 Circular, May 2017 chronic aquatic life guideline.

Bold indicates the concentration exceeds the Montana Numeric Water Quality Standards, DEQ-7 Circular, May 2017 human health surface water guideline.
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Table 12 Water Quality

y Statistics, SW-13

Montana Numeric Water
Quality Standards, DEQ-7
Circular, May 2017
Parameters Units No. Samples No. Min Max Mean |25% PCLT|50% PCLT|75% PCLT SD.
Aquatic Life |Human Health Detects
Standard, Standard,
Chronic Surface Water
Field Parameters
Staff Gauge Feet 0 NA NA NA NA NA NA NA NA
Flow Cubic Ft Sec 2 2 33.1 77.7 55.4 44.2 55.4 66.5 31.6
pH - Field s.u. 2 2 7.7 8.7 8.2 8.0 8.2 8.4 0.7
Field Specific Conductivity [umhos/cm 2 2 216 251 234 225 234 242 24.7
Water Temperature Deg C 2 2 16.5 17.5 17.0 16.8 17.0 17.3 0.7
Dissolved Oxygen mg/L 6.5 2 2 8.6 8.9 8.8 8.7 8.8 8.8 0.2
Physical Parameters
Total Dissolved Solids [me/L [ [
Total Suspended Solids | mg/L | |
Major Constituents - Commons lons
Alkalinity as CaCO3 mg/L
Bicarbonate as HCO3 mg/L
Carbonate as CO3 mg/L
Chloride mg/L
Fluoride mg/L 4
Sulfate mg/L
Hardness as CaCO3 mg/L
Calcium (DIS) mg/L
Magnesium (DIS) mg/L
Potassium (DIS) mg/L
Sodium (DIS) mg/L
Nutrients
Nitrate + Nitrite as N mg/L 10
Kjeldahl Nitrogen as N mg/L
Total Persulfate Nitrogen |mg/L
Phosphorus (TOT) mg/L
Metals - Trace Constituents
Aluminum (DIS) mg/L 0.087
Aluminum (TRC) mg/L
Antimony (DIS) mg/L 0.0056
Antimony (TRC) mg/L
Arsenic (DIS) mg/L 0.15 0.01
Arsenic (TRC) mg/L
Barium (DIS) mg/L 1
Barium (TRC) mg/L
Beryllium (DIS) mg/L 0.004
Beryllium (TRC) mg/L
Cadmium (DIS) mg/L 0.00025 0.005
Cadmium (TRC) mg/L
Chromium (DIS) mg/L 0.1
Chromium (TRC) mg/L
Cobalt (DIS) mg/L
Cobalt (TRC) mg/L
Copper (DIS) mg/L 0.00285 1.3
Copper (TRC) mg/L
Iron (DIS) mg/L
Iron (TRC) mg/L 1
Lead (DIS) mg/L 0.000545 0.015
Lead (TRC) mg/L
Manganese (DIS) mg/L
Manganese (TRC) mg/L
Mercury (DIS) mg/L 0.00091 0.00005
Mercury (TRC) mg/L
Molybdenum (DIS) mg/L
Molybdenum (TRC) mg/L
Nickel (DIS) mg/L 0.0161 0.1
Nickel (TRC) mg/L
Selenium (DIS) mg/L 0.005 0.05
Selenium (TRC) mg/L
Silver (DIS) mg/L 0.1
Silver (TRC) mg/L
Strontium (DIS) mg/L 4
Strontium (TRC) mg/L
Thallium (DIS) mg/L 0.00024
Thallium (TRC) mg/L
Uranium (DIS) mg/L 0.03
Uranium (TRC) mg/L
Zinc (DIS) mg/L 0.037 7.4
Zinc (TRC) mg/L

Reporting Period: May 2011 to December 2017

°C = degrees Celsius, DIS = dissolved concentration, N = nitrogen, SD = standard deviation, TRC = total recoverable concentration, PCTL = percentile, TOT = total

Grey shading indicates the concentration exceeds the Montana Numeric Water Quality Standards, DEQ-7 Circular, May 2017 chronic aquatic life guideline.

Bold indicates the concentration exceeds the Montana Numeric Water Quality Standards, DEQ-7 Circular, May 2017 human health surface water guideline.
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Table 13 Water Quality

y Statistics, SW-14

Montana Numeric Water
Quality Standards, DEQ-7
Circular, May 2017
Parameters Units H No. Samples No. Min. Max. Mean |25% PCLT|50% PCLT | 75% PCLT SD.
Aquatic Life uman Detects
Standard, Health
Chronic Standard,
Surface Water
Field Parameters
Staff Gauge Feet 16 16 0.3 0.9 0.5 0.4 0.4 0.5 0.1
Flow Cubic Ft Sec 19 19 0.3 11.8 2.7 0.7 15 3.0 3.2
pH - Field s.U. 19 19 6.1 8.4 7.9 7.7 8.1 8.2 0.5
Field Specific Conductivity [umhos/cm 20 20 263 439 368 347 376 407 50.5
Water Temperature Deg C 20 20 -0.9 13.7 6.9 3.1 7.1 11.5 4.6
Dissolved Oxygen mg/L 6.5 20 20 7.6 15.0 10.9 9.8 10.3 11.8 1.8
Physical Parameters
Total Dissolved Solids [ mg/L [ 21 21 175 244 221 214 228 233 18.5
Total Suspended Solids | mg/L [ 21 3 <4 15.0 5.0 4.0 4.0 4.0 2.8
Major Constituents - Commons lons
Alkalinity as CaCO3 mg/L 21 21 160 220 203 190 210 220 21.3
Bicarbonate as HCO3 mg/L 0 NA NA NA NA NA NA NA NA
Carbonate as CO3 mg/L 0 NA NA NA NA NA NA NA NA
Chloride mg/L 21 21 1.0 2.5 1.9 1.8 2.0 2.0 0.3
Fluoride mg/L 4 21 21 0.1 0.2 0.2 0.2 0.2 0.2 0.04
Sulfate mg/L 21 21 6.5 19.0 9.2 7.0 8.1 9.3 3.2
Hardness as CaCO3 mg/L 21 21 153 232 209 198 213 225 22.0
Calcium (DIS) mg/L 21 21 38.0 57.0 52.5 48.0 54.0 57.0 5.5
Magnesium (DIS) mg/L 21 21 12.0 23.0 18.9 18.0 19.0 20.0 2.4
Potassium (DIS) mg/L 21 19 <1 2.0 1.0 1.0 1.0 1.0 0.2
Sodium (DIS) mg/L 21 21 2.0 3.0 2.6 2.0 3.0 3.0 0.5
Nutrients
Nitrate + Nitrite as N mg/L 10 21 20 <0.01 0.3 0.1 0.04 0.09 0.2 0.09
Kjeldahl Nitrogen as N mg/L 0 NA NA NA NA NA NA NA NA
Total Persulfate Nitrogen |mg/L 21 20 <0.003 1.3 0.3 0.1 0.2 0.3 0.3
Phosphorus (TOT) mg/L 21 16 <0.003 0.2 0.02 0.004 0.008 0.01 0.04
Metals - Trace Constituents
Aluminum (DIS) mg/L 0.087 21 3 <0.009 0.05 0.01 0.009 0.009 0.009 0.009
Aluminum (TRC) mg/L 0 NA NA NA NA NA NA NA NA
Antimony (DIS) mg/L 0.0056 0 NA NA NA NA NA NA NA NA
Antimony (TRC) mg/L 21 0 <0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0
Arsenic (DIS) mg/L 0.15 0.01 0 NA NA NA NA NA NA NA NA
Arsenic (TRC) mg/L 21 0 <0.001 0.001 0.001 0.001 0.001 0.001 0
Barium (DIS) mg/L 1 0 NA NA NA NA NA NA NA NA
Barium (TRC) mg/L 21 21 0.08 0.1 0.1 0.1 0.1 0.1 0.01
Beryllium (DIS) mg/L 0.004 0 NA NA NA NA NA NA NA NA
Beryllium (TRC) mg/L 21 0 <0.0008 0.0008 0.0008 0.0008 0.0008 0.0008 0
Cadmium (DIS) mg/L 0.00025 0.005 0 NA NA NA NA NA NA NA NA
Cadmium (TRC) mg/L 21 2 <0.00003 | 0.00004 | 0.00003 | 0.00003 | 0.00003 [ 0.00003 | 0.000002
Chromium (DIS) mg/L 0.1 0 NA NA NA NA NA NA NA NA
Chromium (TRC) mg/L 21 0 <0.01 0.01 0.01 0.01 0.01 0.01 0
Cobalt (DIS) mg/L 0 NA NA NA NA NA NA NA NA
Cobalt (TRC) mg/L 21 0 <0.01 0.01 0.01 0.01 0.01 0.01 0
Copper (DIS) mg/L 0.00285 13 0 NA NA NA NA NA NA NA NA
Copper (TRC) mg/L 21 0 <0.002 0.002 0.002 0.002 0.002 0.002 0
Iron (DIS) mg/L 0 NA NA NA NA NA NA NA NA
Iron (TRC) mg/L 1 21 20 <0.02 0.4 0.1 0.02 0.05 0.12 0.1
Lead (DIS) mg/L 0.000545 0.015 0 NA NA NA NA NA NA NA NA
Lead (TRC) mg/L 21 1 <0.0003 0.0005 0.0003 0.0003 0.0003 0.0003 0.00004
Manganese (DIS) mg/L 0 NA NA NA NA NA NA NA NA
Manganese (TRC) mg/L 21 2 <0.005 0.007 0.005 0.005 0.005 0.005 0.0005
Mercury (DIS) mg/L 0.00091 0.00005 0 NA NA NA NA NA NA NA NA
Mercury (TRC) mg/L 21 0 <0.000005 | 0.00001 [ 0.00001 [ 0.00001 | 0.00001 | 0.00001 0
Molybdenum (DIS) mg/L 0 NA NA NA NA NA NA NA NA
Molybdenum (TRC) mg/L 21 0 <0.002 0.002 0.002 0.002 0.002 0.002 0
Nickel (DIS) mg/L 0.0161 0.1 0 NA NA NA NA NA NA NA NA
Nickel (TRC) mg/L 21 1 <0.001 0.002 0.001 0.001 0.001 0.001 0.0004
Selenium (DIS) mg/L 0.005 0.05 0 NA NA NA NA NA NA NA NA
Selenium (TRC) mg/L 21 1 <0.0002 0.0004 0.0002 0.0002 0.0002 0.0002 0.00005
Silver (DIS) mg/L 0.1 0 NA NA NA NA NA NA NA NA
Silver (TRC) mg/L 21 0 <0.0002 0.0002 0.0002 0.0002 0.0002 0.0002 0
Strontium (DIS) mg/L 4 0 NA NA NA NA NA NA NA NA
Strontium (TRC) mg/L 21 21 0.08 0.1 0.1 0.1 0.1 0.1 0.02
Thallium (DIS) mg/L 0.00024 0 NA NA NA NA NA NA NA NA
Thallium (TRC) mg/L 21 0 <0.0002 | 0.00020 | 0.00020 | 0.00020 | 0.00020 | 0.00020 0
Uranium (DIS) mg/L 0.03 0 NA NA NA NA NA NA NA NA
Uranium (TRC) mg/L 21 0 <0.008 0.008 0.008 0.008 0.008 0.008 0
Zinc (DIS) mg/L 0.037 7.4 0 NA NA NA NA NA NA NA NA
Zinc (TRC) mg/L 21 1 <0.002 0.003 0.002 0.002 0.002 0.002 0.0002

Reporting Period: May 2011 to December 2017

°C = degrees Celsius, DIS = dissolved concentration, N = nitrogen, SD = standard deviation, TRC = total recoverable concentration, PCTL = percentile, TOT = total

Grey shading indicates the concentration exceeds the Montana Numeric Water Quality Standards, DEQ-7 Circular, May 2017 chronic aquatic life guideline.

Bold indicates the concentration exceeds the Montana Numeric Water Quality Standards, DEQ-7 Circular, May 2017 human health surface water guideline.
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Table 14 Water Quality

y Statistics, USGS-SC1

Montana Numeric Water
Quality Standards, DEQ-7
Circular, May 2017 No.
Parameters Units No. Samples Min. Max. Mean |25% PCLT|50% PCLT | 75% PCLT SD.
Human Detects
Aquatic Life
Health
Standard,
Chronic Standard,
Surface Water
Field Parameters
Staff Gauge Feet NA NA NA NA NA NA NA NA NA
Flow Cubic Ft Sec 37 37 9.3 152 45.5 13.8 28.0 67.5 38.4
pH - Field s.u. 54 54 6.8 8.7 8.0 7.8 8.2 8.3 0.4
Field Specific Conductivity |umhos/cm 55 55 234 408 326 292 340 364 46.2
Water Temperature Deg C 55 55 -1.0 13.1 4.4 0.2 3.5 9.0 4.3
Dissolved Oxygen mg/L 6.5 55 55 7.1 16.6 11.2 10.1 10.8 12.2 1.7
Physical Parameters
Total Dissolved Solids [ mg/L [ 53 53 134 [ 230 190 183 193 204 20.1
Total Suspended Solids [ mg/L [ 53 13 <4 | 380 7.8 4.0 4.0 10.0 6.4
Major Constituents - Commons lons
Alkalinity as CaCO3 mg/L 53 53 120 220 177 170 180 190 22.0
Bicarbonate as HCO3 mg/L 0 NA NA NA NA NA NA NA NA
Carbonate as CO3 mg/L 0 NA NA NA NA NA NA NA NA
Chloride mg/L 53 53 1.0 5.0 1.7 1.0 1.5 2.0 0.929
Fluoride mg/L 4 53 1 <0.1 0.1 0.10 0.1 0.1 0.1 0
Sulfate mg/L 53 53 3.0 8.0 5.6 4.8 5.4 7.0 1.4
Hardness as CaCO3 mg/L 53 52 <7 214 175 167 183 191 31.7
Calcium (DIS) mg/L 53 53 35.0 61.0 50.6 47.5 52.0 55.0 6.0
Magnesium (DIS) mg/L 53 53 8.0 15.0 12.6 12.0 13.0 14.0 1.6
Potassium (DIS) mg/L 53 53 1.0 1.0 1.0 1.0 1.0 1.0 0
Sodium (DIS) mg/L 53 53 2.0 3.0 2.1 2.0 2.0 2.0 0.2
Nutrients
Nitrate + Nitrite as N mg/L 10 53 32 <0.01 0.1 0.04 0.01 0.02 0.08 0.04
Kjeldahl Nitrogen as N mg/L 11 6 <0.5 5.0 1.9 0.5 2.2 3.0 1.6
Total Persulfate Nitrogen [mg/L 39 29 <0.003 1.1 0.1 0.04 0.07 0.2 0.2
Phosphorus (TOT) mg/L 49 35 <0.003 0.05 0.01 0.004 0.009 0.01 0.009
Metals - Trace Constituents
Aluminum (DIS) mg/L 0.087 53 17 <0.009 0.2 0.02 0.01 0.01 0.02 0.03
Aluminum (TRC) mg/L 0 NA NA NA NA NA NA NA NA
Antimony (DIS) mg/L 0.0056 0 NA NA NA NA NA NA NA NA
Antimony (TRC) mg/L 53 0 <0.0005 | 0.0005 | 0.0005 | 0.0005 | 0.0005 | 0.0005 0
Arsenic (DIS) mg/L 0.15 0.01 0 NA NA NA NA NA NA NA NA
Arsenic (TRC) mg/L 53 1 <0.001 0.001 0.0010 0.001 0.001 0.001 0
Barium (DIS) mg/L 1 0 NA NA NA NA NA NA NA NA
Barium (TRC) mg/L 53 53 0.06 0.09 0.07 0.07 0.07 0.07 0.006
Beryllium (DIS) mg/L 0.004 0 NA NA NA NA NA NA NA NA
Beryllium (TRC) mg/L 53 0 <0.0008 | 0.0008 | 0.0008 | 0.0008 | 0.0008 | 0.0008 0
Cadmium (DIS) mg/L 0.00025 0.005 0 NA NA NA NA NA NA NA NA
Cadmium (TRC) mg/L 53 2 <0.00003 | 0.00009 | 0.00003 | 0.00003 | 0.00003 | 0.00003 | 0.000008
Chromium (DIS) mg/L 0.1 0 NA NA NA NA NA NA NA NA
Chromium (TRC) mg/L 53 0 <0.005 0.01 0.01 0.01 0.01 0.01 0.001
Cobalt (DIS) mg/L 0 NA NA NA NA NA NA NA NA
Cobalt (TRC) mg/L 53 0 <0.005 0.01 0.01 0.01 0.01 0.01 0.001
Copper (DIS) mg/L 0.00285 1.3 0 NA NA NA NA NA NA NA NA
Copper (TRC) mg/L 53 2 <0.002 0.003 0.0020 0.002 0.002 0.002 0.0001
Iron (DIS) mg/L 0 NA NA NA NA NA NA NA NA
Iron (TRC) mg/L 1 53 53 0.07 1.7 0.3 0.1 0.1 0.3 0.3
Lead (DIS) mg/L 0.000545 0.015 0 NA NA NA NA NA NA NA NA
Lead (TRC) mg/L 53 6 <0.0003 | 0.001 0.0003 | 0.0003 | 0.0003 | 0.0003 0.0001
Manganese (DIS) mg/L 0 NA NA NA NA NA NA NA NA
Manganese (TRC) mg/L 53 53 0.005 0.08 0.01 0.007 0.008 0.01 0.01
Mercury (DIS) mg/L 0.00091 0.00005 0 NA NA NA NA NA NA NA NA
Mercury (TRC) mg/L 53 2 <0.000005| 0.00001 | 0.000005 | 0.000005 | 0.000005 | 0.000005 | 0.0000007
Molybdenum (DIS) mg/L 0 NA NA NA NA NA NA NA NA
Molybdenum (TRC) mg/L 53 0 <0.001 0.002 0.002 0.002 0.002 0.002 0.0003
Nickel (DIS) mg/L 0.0161 0.1 0 NA NA NA NA NA NA NA NA
Nickel (TRC) mg/L 53 6 <0.001 0.003 0.001 0.001 0.001 0.001 0.0004
Selenium (DIS) mg/L 0.005 0.05 0 NA NA NA NA NA NA NA NA
Selenium (TRC) mg/L 53 0 <0.0002 | 0.0004 | 0.0002 | 0.0002 | 0.0002 | 0.0002 | 0.00004
Silver (DIS) mg/L 0.1 0 NA NA NA NA NA NA NA NA
Silver (TRC) mg/L 53 1 <0.0002 | 0.0004 | 0.0002 | 0.0002 | 0.0002 | 0.0002 | 0.00003
Strontium (DIS) mg/L 4 0 NA NA NA NA NA NA NA NA
Strontium (TRC) mg/L 53 53 0.1 0.2 0.1 0.1 0.1 0.1 0.009
Thallium (DIS) mg/L 0.00024 0 NA NA NA NA NA NA NA NA
Thallium (TRC) mg/L 53 0 <0.0002 | 0.00020 | 0.00020 | 0.00020 | 0.00020 | 0.00020 0
Uranium (DIS) mg/L 0.03 0 NA NA NA NA NA NA NA NA
Uranium (TRC) mg/L 53 4 <0.0003 | 0.008 0.007 0.008 0.008 0.008 0.002
Zinc (DIS) mg/L 0.037 7.4 0 NA NA NA NA NA NA NA NA
Zinc (TRC) mg/L 53 15 <0.002 0.009 0.003 0.002 0.002 0.003 0.001

Reporting Period: May 2011 to December 2017

°C = degrees Celsius, DIS = dissolved concentration, N = nitrogen, SD = standard deviation, TRC = total recoverable concentration, PCTL = percentile, TOT = total

Grey shading indicates the concentration exceeds the Montana Numeric Water Quality Standards, DEQ-7 Circular, May 2017 chronic aquatic life guideline.

Bold indicates the concentration exceeds the Montana Numeric Water Quality Standards, DEQ-7 Circular, May 2017 human health surface water guideline.
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1. INTRODUCTION

The Montana Department of Environmental Quality (DEQ) is preparing an Environmental
Impact Statement (EIS) for the operating permit for the proposed Black Butte Copper Project
(the Project), submitted by Tintina Montana Inc. (Tintina), a wholly owned subsidiary of Tintina
Resources Inc. The EIS must comply with the requirements of the Montana Environmental
Policy Act (MEPA) (Title 75, Chapter 1, Parts 1-3, Montana Code Annotated [MCA]) and the
administrative rules adopted under MEPA. The purpose of the EIS is to analyze the potential
environmental impacts of the Project and reasonable alternatives to the Proposed Action,
including a No Action Alternative as required by MEPA, so that DEQ can make an informed
decision in regards to the permit-ability of the Project and permit conditions.

To inform the EIS analysis of, and potential alternatives to the Project, DEQ established a public
comment scoping period from October 2, 2017, to November 16, 2017. During this time, DEQ
received written and oral comments from the public. This report describes the public scoping
process, including the public meetings, and summarizes substantive comments received during
the scoping period. It also contains materials generated for the scoping process.

The Project site is located about 15 miles north of White Sulphur Springs in Meagher County,
Montana (MT). The site has a history of mineral exploration activities since the 1800s. Tintina
applied to DEQ for an operating permit for the Project on December 15, 2015, under the Metal
Mine Reclamation Act, Section 82-4-301, et seq., MCA.. Pursuant to Section 82-4-337, MCA,
DEQ determined that Tintina’s application was complete and compliant and, on September 18,
2017, issued Tintina a draft operating permit for the Project. The proposed mine permit boundary
encompasses 1,887.7 acres of privately owned ranch land, which would include all proposed
facilities and surface disturbances. The location of the Project is shown in Figure 1.

The proposed Project is an underground copper mine. Multiple surface facilities, haul roads,
access roads, and stockpiles would be constructed in addition to the underground mine portal.
Ore mined from underground would undergo crushing and grinding onsite. Copper concentrate
would be separated from a tailings waste stream via a flotation process. The tailings would be
managed onsite by storing a portion underground as cemented backfill and storing the rest as
cemented paste tailings in a tailings storage facility on the surface. The copper concentrate would
be transported offsite for further processing.

Reclamation conducted contemporaneous to construction would stabilize disturbed areas
throughout the life of mine. Monitoring programs would continue during construction,
operations, temporary closure, and in permanent closure until closure objectives are met. Upon
final closure, surfaces would be revegetated with pre-mining seed mixes adapted to the area.




Black Butte Copper Project EIS Scoping Report

Figure 1: Project Location
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2. SCOPING PROCESS

The purpose of scoping is to provide information about Tintina’s proposed Project to the public,
to identify issues related to the proposed Project that are likely to involve significant impacts that
will be analyzed in depth in the EIS, and to identify possible alternatives to be considered.
Knowing the scope and the importance of issues assists the DEQ in preparing an accurate and
timely environmental analysis. The scoping process also helps identify issues important to the
community and is designed to encourage public input.

Comments received during the scoping phase are combined with review of the Project by an
interdisciplinary team of technical experts to establish the scope of analysis to be conducted in
the EIS. Alternatives will be developed based on issues of concern raised by the public,
participating government agencies, and EIS team resource specialists. Following scoping, a Draft
EIS will be published and made available for public review and comment.

Public scoping comments were received from October 2, 2017, to November 16, 2017. Comment
letters were submitted by email (degtintinablackbuttecopperproject@mt.gov), by mail (Craig
Jones, DEQ, P.O. Box 200901, Helena, MT 59620-0901), and provided orally during four public
meetings. DEQ reviewed, coded, and organized all public comments into a database. Substantive
comments on EIS scoping (those pertaining to the analysis) are summarized in Section 4 below.

A total of 9,236 comment letters were received, which include transcripts from stenographers at
the public meetings (see Table 1). Two versions of an automatically generated form letter were

received. Comments from these letters were repeated 8,928 times and made up 97 percent of all
comment letters received. A small fraction of individuals chose to edit or create a variant of the
form letters by adding customized text. The comments in the form letters focused on the Smith

River. There were 308 individuals who provided unique comment letters.

Table 1: Scoping Comment Count Summary

Number of Number of
Comment Type Commenters Comments
Unique (emails, letters, comment forms) 206 1,134
Unique Transcripts (from meeting court reporter)
Great Falls 31 84
White Sulphur Springs 16 37
Helena 36 85
Livingston 19 65
Form Letter 1
Variants 119 137
Non-Variants 5,400 N/A
Form Letter 2
Variants 93 114
Non-Variants 3,316 N/A
Total 9,236 1,656
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3. PUBLIC SCOPING MEETINGS

3.1. NOTIFICATION PROCESS

On August 15, 2017, the DEQ issued a press release on the MONTANA.GOV website
(http://deq.mt.gov/Public/PressRelease/mine-application-deemed-complete-and-environmental-
review-to-begin) stating that the mine application was complete and the environmental review
was set to begin. The DEQ issued a second release on September 18, 2017,
(http://deq.mt.gov/Public/PressRelease/deq-begins-review-of-black-butte-copper-project-under-
the-montana-environmental-policy-act) indicating the review had begun under MEPA. On
October 3, 2017, the DEQ issued a press release (http://deq.mt.gov/Public/PressRelease/scoping-
meetings-held-for-environmental-impact-statement-of-proposed-mine) disclosing the times and
locations of three public meetings as well as information about the EIS and permit application. A
fourth press release was issued for adding a fourth and final meeting on October 24, 2017,
(http://news.mt.gov/additional-scoping-meeting-announced-for-environmental-impact-statement-
of-proposed-mine) containing similar information. Each of these releases was also submitted via
email to national, state, and local news outlets on the respective release dates (see Appendix A).

The DEQ prepared a legal notice for the public scoping meetings. In addition to providing
information about the public meetings, the notice described the purpose of the scoping meetings,
provided a web link to access the permit application, and identified methods to submit EIS
scoping comments. The notice was published in the following newspapers:

e Livingston Enterprise, a daily newspaper, on October 6, 13, and 20 of 2017;
e Great Falls Tribune, a daily newspaper, on October 8, 15, and 22 of 2017; and the
e Meagher County News for three weeks beginning October 5 and ending October 19, 2017.

On September 29, 2017, public meeting notices were mailed to 151 organization or individuals.
On October 2, 2017, the DEQ emailed 85 notices. Those contacted had previously expressed
interest in the Project.

3.2. PUBLIC SCOPING MEETINGS

On October 30, 2017, a public meeting was held at the Civic Center in Great Falls, MT. On
November 1, 2017, a second meeting was held at the White Sulphur Springs High School
gymnasium in White Sulphur Springs, MT. The third meeting was held at the Radisson Hotel in
Helena, MT, on November 6, 2017. The final public meeting was held November 7, 2017, in
Livingston, MT, at the Park County High School Gymnasium. Each meeting began at 6 pm and
ended at 9 pm. The public registered to enter the meeting, were offered materials, and signed up
to speak if they desired.

Each public meeting began with an open house. Its purpose was to allow the public to speak with
technical experts about the Project. Posters were prepared on the following topics and DEQ staff
was available to speak to these topics as well as others:

1. MEPA and Metal Mining Reclamation Act Process
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How to Submit Comments

EIS Potential Schedule

Issues to be Examined in the EIS
Site Location and Plan

Cement Tailings Facility (CTF)
Hydrology

Geochemistry

© o N o 0o &~ w DN

Water Treatment

Following the open house, DEQ gave a brief presentation about the EIS scoping process and the
Project. Finally, the public was invited to speak to DEQ staff. Speakers were chosen at random
and their words were recorded by a stenographer. A summary of registered attendance is
captured in Table 2.

Table 2: Summary of Public Meeting Attendance

Location Number of Registered Attendees
Great Falls 130
White Sulphur Springs 70
Helena 161
Livingston 99
Total 460

4. MAJOR COMMENTS RAISED DURING SCOPING

Every comment letter was reviewed by the DEQ or its third-party contractor, Environmental
Resources Management (ERM). Tables 3 and 4 provide summaries of comments received during
the scoping process. Each comment was coded based upon the resource topic it addressed (e.g.
water, wildlife, economics). The text does not capture any comment verbatim and does not
attempt to report the most often submitted comments. Table 3 identifies the most salient or
substantive comments in regards to the EIS analysis, potential mitigation, and consideration of
alternatives.
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Table 3: Summary of Major Comments

Resource Topic

Comment Summary

Air Quality

The EIS should evaluate the Project’s potential effect on climate change and
how this effect would impact natural resources. Fugitive dust and its impacts
to natural resources should be evaluated.

Alternatives

The DEQ should not analyze alternatives that they have the legal authority to
implement. The scope of alternatives analysis should be done in consultation
with Tintina Resources in accordance with the MMRA and MEPA
requirements. The EIS should consider a no action alternative. The EIS
should provide an alternative analysis informed by other tailings
impoundment that reduces the risk of environment impacts including liner
degradation, impoundment location and design. The EIS should evaluate
sourcing metals from another ore body. The EIS should evaluate the use of
tanks instead of ponds to retain process water. The EIS should evaluate
alternative truck transportation routes. The EIS should evaluate a wetland
treatment system for a long a long-term water treatment solution.

Aquatic Species

The EIS should collect fisheries baseline data for several years that includes
Calf Creek, Sheep Creek, the South Fork of Sheep Creek, Coon Creek,
Moose Creek, the Smith River, and Missouri River. This analysis and
subsequent impact analysis should consider climate change, species
composition, size distribution, spawning, fish densities, seasonal migration
behavior, macroinvertebrates, amphibians, mollusks, waterway physical
characteristics, metal concentrations in fish tissue, and effects from changes
to water temperature, flow and quality. Sources of water to streams and
rivers via groundwater and surface water including wetlands should be
evaluated for potential impacts. Potential for acid mine drainage to develop
and affect fisheries should be evaluated.

Cultural
Resources

The EIS should evaluate the effects of archaeological features of the Smith
River. The EIS should evaluate cultural and archaeological resources and
cultural landscapes that could be affected by the Project including those near
the Project site.

Cumulative
Effects

Induced effects from mine development such as road and building
construction should be evaluated in combination with the Project. The EIS
should evaluate current water withdrawals from Sheep Creek and Smith
River in combination with the potential effects of the Project. The EIS should
evaluate the possible contributions of Superfund sites in the area of Great
Falls in combination with the Project’s potential effects on the Missouri. The
EIS should evaluate the combined effect of the Project potentially
contaminating the already contaminated Livingston rail. The EIS should
consider the combined effects of truck traffic from new industrial activity
along the Missouri River Corridor and truck traffic from the Project. Fugitive
dust from train cars should be considered in combination with effects from
the Project. Other companies may mine the area in the future. A mining
district of multiple Projects should be evaluated. Cumulative effects to
fisheries should be evaluated.
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Resource Topic

Comment Summary

Financial
Assurance

The EIS should disclose reclamation bonding costs and calculations of the
reclamation and closure bond to demonstrate sufficient funds will be in
place, including paying for long-term water treatment if needed. The EIS
should also disclose the form(s) of financial assurance that will be required.
The EIS should look at the effects on individuals’ taxes resulting from
inadequate bonding.

General Topics

The EIS should evaluate the effects and response to unforeseen events. The
EIS should evaluate the probability of the Smith River being degraded and
the indirect effects from that degradation. A Failure Modes Effects Analysis
should be completed for the CTF. The EIS should analyze the potential
impacts from CTF liner failure.

Geotechnical
Stability

The effects of earthquakes and heavy rains on the mine should be studied in
relation to geotechnical stability. The evaluation and certification of cement
tailings facility stability should be disclosed in the EIS. A Failure Modes
Effects Analysis should be completed.

Human Health
and Safety

The EIS should evaluate significant environmental, health and safety impacts
for Meagher County and for neighboring counties and communities as a
result of the need to transport concentrated copper ore from the mine. The
EIS should go beyond air and water standards and evaluate complex physical
and mental health benefits of an outdoor recreation based economy. The EIS
should evaluate the effects to ranchers and property owners who source their
drinking water from the Smith River and who may breathe air emissions
from the mine.

Land Use,
Recreation, and
Visual Resources

Property boundaries need to be checked to ensure mining activities do no
encroach on public lands. The EIS should evaluate mitigation to maintain the
scenery along Kings Hill Scenic Byway. Catastrophic spills from trucks on
Rt. 89 should be evaluated. Potential transportation impacts require greater
scrutiny. The Smith River must be carefully evaluated and specifically
addressed. The EIS should evaluate the impacts to the recreation and
agricultural industry.

MEPA
Adequacy

The EIS timeline is not long enough to properly evaluate the Project. The
scope of analyses needed cannot be accomplished in the allotted time. MEPA
requires the evaluation of potential direct, indirect and cumulative effects.
The MEPA process was started prematurely because the application is
incomplete and without the involvement of federal agencies. An application
cannot be considered complete until the proposer owns or controls all of the
minerals it intends to mine it its application. In light of constitutional rights
to clean and healthful environment, the EIS must explain how negative
impacts of the Project on the biological, physical, social, economic, cultural,
and aesthetic environment could maintain and improve the environment in
the Smith River drainage. To meet the requirements of the state law,
information in the EIS must be thorough and accurate and its analysis must
be probing and critical.
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Resource Topic

Comment Summary

Noise and
Vibration

Noise impacts on people and wildlife in the vicinity of the Smith River
should be evaluated. The EIS needs to evaluate noise impacts from the Little
Moose Subdivision located 3 miles from the proposed mill. This was left out
of noise assessments.

Project
Description

The EIS should evaluate the effects of mining the entire ore body within the
federal mining claims and assume open-pit mining techniques are used. The
Lowry deposit is a part of the mine plan and should be included as a part of
the Project. The intentions of Tintina in their financial statements should be
used to define the Project, not the permit application. The EIS should
evaluate the potential for mine expansion. The EIS should evaluate the
expected life of the cement tailings facility liners and the degradation rates of
cement and binding materials. The EIS should disclose safeguards to protect
creeks and rivers and engineered redundancies for environmental protection.
The EIS should disclose if the proposer intends to mine under Sheep Creek.

Permitting and
Regulatory
Considerations

The EIS must address how this mine will guarantee a clean and healthy
environment consistent with the Montana Constitution. The permit
application is incomplete because it does not consider the possible expansion
of the mine. The EIS should disclose and evaluate the state mineral lease.
There is potentially a need for a utility corridor across federal lands as part of
this Project. Any development of this nature would require the issuance of a
Special Use permit and environmental analysis and decision.

Socioeconomics

Population and urban growth and demographics in White Sulphur Springs as
a result of mining should be studied. The DEQ must perform an economic
impact assessment to determine the direct and indirect values provided by
recreation on the Smith River. The EIS should evaluate cultural and intrinsic
values that the Smith River provides. The EIS should evaluate the economic
loss if the Smith River is impacted. The EIS should evaluate the impact on
rural life by the introduction of the mine. The EIS should evaluate the effects
of a boom and bust mining cycle on White Sulphur Springs including the
costs of building infrastructure that would only be needed temporarily such
as schools. The EIS should evaluate how many jobs will be provided to local
residents. Environmental justice must be included in the EIS. Consider the
loss of state tax dollars if the Smith River is impacted. The EIS should
include a detailed economic analysis of Meagher County.

Vegetation

The EIS should evaluate the spread of weeds on lands adjacent to the Project
site and adopt mitigation.
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Resource Topic

Comment Summary

Water Resources

The EIS should perform a rigorous review of potential long-term impacts to
the Smith River and its watershed. The EIS needs to address the dynamic
aquifer and springs. The EIS should evaluate downstream users of water for
irrigation, drinking, fisheries and recreation. The Forest Service administers
livestock allotments on the federal and private lands of Black Butte Section
26 and on the federal lands of the Moose Creek allotment in Section 18 to the
north of the proposed Project. The EIS should evaluate federal water rights
for livestock and wildlife. The EIS should evaluate the durability and
longevity of proposed water treatment as well as contingencies. The EIS
should evaluate surface and groundwater quantity and quality and the
potential for acid mine drainage. The EIS should evaluate algae blooms in
the Smith River.

Wetlands

The EIS should examine the impact of filled wetlands on cold-water storage
during low water periods on Sheep Creek and the effects on the Smith River.

Terrestrial
Wildlife

The EIS should evaluate how mining activities in conjunction with climate
change, would affect the water table and floodplains of the Smith River and
how that will affect long-term population persistence of wildlife that use
riparian systems. The EIS should disclose the specifics of the wildlife
baseline data collection efforts and discuss how the methodology effects
observations. More recent mapping and avian data should be used because
this information is too old to be reliable. The protocol for wildlife
observations and use of direct evidence is not adequate for some species such
as Canada lynx and wolverine. There was no effort made to inventory bats.
Small mammals, raptor, amphibians, reptiles analyses is incomplete or their
survey methodologies poorly explained. The EIS effects analysis should
evaluate potential impacts to wildlife including migration patterns due to
traffic, dust, noise, and increased human populations. The wildlife report is
lacking several species known to be in the area such as Grizzly bear, lynx,
wolverine, bald eagles, and peregrine falcons. The study area is too small and
does not consider haul roads. The duration of wildlife monitoring is too short
to sufficiently observe species.
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Table 4: Scoping Comment Issue Summary

Number of Number of

Unique Form Letter

Comment Issue Comments Comments
Air Quality 9 1
Alternatives 11 0
Aguatic Species 67 0
Cultural Resources 5 0
Cumulative Effects 37 1
Financial Assurance 62 3
General Topics 361 1
Geotechnical Stability 13 0
Hazardous Materials 10 0
Human Health and Safety 14 0
Land Use, Recreation, and Visual Resources 74 1
MEPA Adequacy 40 1
Noise and Vibration 3 0
Project Description 59 0
Permitting and Regulatory Considerations 18 0
Socioeconomics 214 3
Vegetation 3 0
Water Resources 375 8
Wetlands 1 0
Terrestrial Wildlife 32 0
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Text/HTML

Meeting Agenda (http://deq.mt.gov/Portals/112/Land/FedSuperFund/Documents/Draft Agenda_Advisory9_12_17.docx?
ver=2017-09-15-102511-103)

DEQ Press Releases

Ponozzo, Kristi (http://deq.mt.gov/Public/PressRelease/author/ponozzo-kristi) / Tuesday, October 3, 2017 / Categories: Department of
Environmental Quality (http://deq.mt.gov/Public/PressRelease/category/department-of-environmental-quality)

Scoping meetings held for Environmental Impact
Statement of proposed mine

DEQ asking for public comment to identify issues likely to involve significant impacts and possible alternatives

HELENA - The Montana Department of Environmental Quality is in the process of preparing an
Environmental Impact Statement under the Montana Environmental Policy Act for the Black Butte
Copper Project proposed by Tintina Montana.

The EIS will analyze the potential impacts of the proposed underground mine and serve as the MEPA
review for other potential permits that may be issued by DEQ, including an air quality permit, a public
water supply permit and a surface water discharge permit. It also lays out how the mining operation
proposed in Tintina’s application complies with the Metal Mine Reclamation Act.

“This environmental review will be extensive and we take it very seriously,” said Director Tom Livers. “It
will be a complex EIS and public input is an important piece of the process.”

The first phase in preparing an EIS is to determine the scope. DEQ is asking for comments from federal,
tribal, state and local governments and interested persons and groups that help identify issues likely to
involve significant impacts and possible alternatives to be considered in the EIS.

The scoping period will begin October 2, 2017, and end Thursday, November 16, 2017. The public

scoping meetings will be held at the following locations, dates and times:
e Great Falls Civic Center, 2 Park Drive South, Great Falls, Montana, on Monday, October 30™ from 6:00 to 9:00 pm
¢ White Sulphur Springs High School Gymnasium, 405 South Central Avenue, White Sulphur Springs, Montana, on
Wednesday, November 15t from 6:00 to 9:00 pm.
e Park County High School Gymnasium, 102 View Vista Drive, Livingston, Montana, on Tuesday, November 7t from 6:00
to 9:00 pm

Under current law, DEQ has one year from the issuance of the more detailed compliance document to
complete an Environmental Impact Statement. DEQ has hired a contractor to assist in the preparation
of the EIS.

Tintina Montana originally submitted its application for a mining permit in December 2015. DEQ
responded to the application in March 2016, outlining the need for complete information on
geochemical aspects and hydrology. Tintina provided follow-up information in September 2016 and

http://deq.mt.gov/Public/PressRelease/scoping-meetings-held-for-environmental-impact-statement-of-proposed-mine 1/3
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DEQ issued a second deficiency response letter in December 2016. Tintina responded this May and DEQ
issued a third deficiency letter with a response from Tintina in July. These responses provided DEQ
complete information related to their geochemical testing and hydrologic modeling.
The permit application is available for the public to view at DEQ’s main office in Helena (1520 East 6"
Avenue). The application may also be viewed by visiting DEQ’s website
(http://deq.mt.gov/Land/hardrock/tintinamines (http://deqg.mt.gov/Land/hardrock/tintinamines)).
Scoping comments may be submitted at one of the public meetings, electronically
(deqtintinablackbuttecopperproject@mt.gov (mailto:deqtintinablackbuttecopperproject@mt.gov)), or
by postal mail to the following address:
Craig Jones
Department of Environmental Quality
P.O. Box 200901
Helena, MT 59620-0901
Questions on the environmental review may also be directed to Craig. Jones electronically
(crajones@mt.gov (mailto:crajones@mt.gov)) or 406-444-0514. Comments must be submitted to DEQ no
later than November 16, 2017.
DEQ will not accept comments that are threatening, defamatory, libelous, slanderous, or discriminatory
in nature. DEQ will make reasonable accommodations for those with disabilities who wish to
participate in the meeting. If you require an accommodation, please contact Jeni Garcin at 406-444-
6469 or jgarcin@mt.gov (mailto:jgarcin2@mt.gov).
For questions or to arrange an interview, please contact Kristi Ponozzo, Public Policy Director,
Department of Environmental Quality, 406-444-2813 or by email at: kponozzo@mt.gov
(mailto:kponozzo@mt.gov)

###
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About Us

The Montana Department of Environmental Quality is charged with protecting a clean and healthy
environment as guaranteed to our citizens by our State Constitution. Our ultimate goal is to protect public
health and to maintain Montana's high quality of life for current and future generations.
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Latest News

Scoping meetings held for Environmental Impact...
(http://deq.mt.gov/Public/PressRelease/scoping-meetings-held-
for-environmental-impact-statement-of-proposed-mine)

DEQ asking for public comment to identify issues likely to involve significant
impacts and possible alternatives

READ MORE (HTTP://DEQ.MT.GOV/PUBLIC/PRESSRELEASE/SCOPING-MEETINGS-HELD-FOR-ENVIRONMENTAL-IMPACT-
STATEMENT-OF-PROPOSED-MINE)

Latest Tweets

Tweets by @vtpEQ

MT DEQ @MTDEQ

October 18 is #Bioenergy Day. Learn how innovators in Northwest
Montana are using waste to create #bioenergy. youtube.com/watch?
v=d90Bw-...

YouTube @YouTube

v

Embed View on Twitter

Follow Us

(http://on.fb.me/191t5z9)  (http://bit.ly/LlvmHKE)

(http://bit.ly/1CYwOzy) (http://linkd.in/1xgUKM()
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Driscoll, Paul / Tuesday, October 24, 2017 / Categories: Department of Environmental Quality

Additional Scoping Meeting Announced for
Environmental Impact Statement of Proposed Mine

HELENA - The Montana Department of Environmental Quality is adding an additional public scoping meeting in Helena for the
process of preparing an Environmental Impact Statement under the Montana Environmental Policy Act for the Black Butte Copper
Project proposed by Tintina Montana. The meeting will be held on Nov. 6 at the Radisson Colonial Hotel from 6 to 9 pm.

DEQ is making an additional public meeting option available in response to broad public interest in the project.

“We want to make as many opportunities available, as appropriate, so people can learn more about the project and provide us
substantive feedback,” said DEQ Director Tom Livers.

The EIS will analyze the potential impacts of the proposed underground mine and serve as the MEPA review for other potential
permits that may be issued by DEQ, including an air quality permit, a public water supply permit and a surface water discharge
permit. It also lays out how the mining operation proposed in Tintina’s application complies with the Metal Mine Reclamation Act.

The first phase in preparing an EIS is to determine the scope. DEQ is asking for comments from federal, tribal, state and local
governments and interested persons and groups that help identify issues likely to involve significant impacts and possible
alternatives to be considered in the EIS.

The scoping period began October 2, 2017, and ends Thursday, November 16, 2017. The public scoping meetings will be held at
the following locations, dates and times:

Great Falls Civic Center, 2 Park Drive South, Great Falls, Montana, on Monday, October 30t from 6:00 to 9:00 pm

White Sulphur Springs High School Gymnasium, 405 South Central Avenue, White Sulphur Springs, Montana, on Wednesday,
November 15t from 6:00 to 9:00 pm.
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Radisson Colonial Hotel, 2301 Colonial Drive, Helena, Montana, on Monday, November 6t from 6:00 to 9:00 pm

Park County High School Gymnasium, 102 View Vista Drive, Livingston, Montana, on Tuesday, November 7% from 6:00 to 9:00 pm

Under current law, DEQ has one year from the issuance of the more detailed compliance document to complete an Environmental
Impact Statement. DEQ has hired a contractor to assist in the preparation of the EIS.

Tintina Montana originally submitted its application for a mining permit in December 2015. DEQ responded to the application in
March 2016, outlining the need for complete information on geochemical aspects and hydrology. Tintina provided follow-up
information in September 2016 and DEQ issued a second deficiency response letter in December 2016. Tintina responded this
May and DEQ issued a third deficiency letter with a response from Tintina in July. These responses provided DEQ complete
information related to their geochemical testing and hydrologic modeling.

The permit application is available for the public to view at DEQ’s main office in Helena (1520 East 6th

may also be viewed by visiting DEQ’s website (http://deq.mt.gov/Land/hardrock/tintinamines).

Avenue). The application

Scoping comments may be submitted at one of the public meetings, electronically (deqtintinablackbuttecopperproject@mt.gov),
or by postal mail to the following address:

Craig Jones
Department of Environmental Quality
P.O. Box 200901

Helena, MT 59620-0901

Questions on the environmental review may also be directed to Craig Jones electronically (crajones@mt.gov) or 406-444-0514.
Comments must be submitted to DEQ no later than November 16, 2017.

DEQ will not accept comments that are threatening, defamatory, libelous, slanderous, or discriminatory in nature. DEQ will make
reasonable accommodations for those with disabilities who wish to participate in the meeting. If you require an accommodation,
please contact Jeni Garcin at 406-444-6469 or: jgarcin@mt.gov
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For questions or to arrange an interview, please contact Kristi Ponozzo, Public Policy Director, Department of Environmental
Quality, 406-444-2813 or by email at: kponozzo@mt.gov
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Cianne Martin

From: Ponozzo, Kristi <KPonozzo@mt.gov>
Sent: Monday, October 23, 2017 3:56 PM
Subject: News Release: Additional scoping meeting announced for Environmental Impact

Statement of proposed mine

FOR IMMEDIATE RELEASE
October 23, 2017

Contact:

Kristi Ponozzo

Montana Department of Environmental Quality
Office: 406-444-2813

Additional scoping meeting announced for Environmental Impact Statement of proposed mine
DEQ asking for public comment to identify issues and possible alternatives

HELENA — The Montana Department of Environmental Quality isadding an additional public scoping meeting in Helena
for the process of preparing an Environmental Impact Statement under the Montana Environmental Policy Act for the
Black Butte Copper Project proposed by Tintina Montana. The meeting will be held on Nov. 6 at the Radisson Colonial
Hotel from 6 to 9 pm.

DEQ is making an additional public meeting option available in response to broad public interest in the project.

“We want to make as many opportunities available, as appropriate, so people can learn more about the project and provide
us substantive feedback,” said DEQ Director Tom Livers.

The EISwill analyze the potentia impacts of the proposed underground mine and serve as the MEPA review for other
potential permitsthat may beissued by DEQ, including an air quality permit, a public water supply permit and a surface
water discharge permit. It also lays out how the mining operation proposed in Tintina s application complies with the
Metal Mine Reclamation Act.

Thefirst phase in preparing an EIS isto determine the scope. DEQ is asking for comments from federal, tribal, state and
local governments and interested persons and groups that help identify issues likely to involve significant impacts and
possible alternatives to be considered in the EIS.

The scoping period began October 2, 2017, and ends Thursday, November 16, 2017. The public scoping meetings will be
held at the following locations, dates and times:

e Great Falls Civic Center, 2 Park Drive South, Great Falls, Montana, on Monday, October 30" from 6:00 to 9:00
pm

e White Sulphur Springs High School Gymnasium, 405 South Central Avenue, White Sulphur Springs,
Montana, on Wednesday, November 1% from 6:00 to 9:00 pm.

¢ Radisson Colonial Hotel, 2301 Colonia Drive, Helena, Montana, on Monday, November 6" from 6:00 to 9:00 pm

e Park County High School Gymnasium, 102 View Vista Drive, Livingston, Montana, on Tuesday, November 7
from 6:00 to 9:00 pm



Under current law, DEQ has one year from the issuance of the more detailed compliance document to complete an
Environmental Impact Statement. DEQ has hired a contractor to assist in the preparation of the EIS.

TintinaMontana originally submitted its application for amining permit in December 2015. DEQ responded to the
application in March 2016, outlining the need for compl ete information on geochemical aspects and hydrology. Tintina
provided follow-up information in September 2016 and DEQ issued a second deficiency response letter in December
2016. Tintinaresponded this May and DEQ issued athird deficiency letter with aresponse from Tintinain July. These
responses provided DEQ complete information related to their geochemical testing and hydrologic modeling.

The permit application is available for the public to view at DEQ’s main office in Helena (1520 East 6" Avenue). The
application may also be viewed by visiting DEQ’ s website (http://deg.mt.gov/L and/hardrock/tintinamines).

Scoping comments may be submitted at one of the public meetings, electronically
(degtintinabl ackbuttecopperproject@mt.gov), or by postal mail to the following address:

Craig Jones

Department of Environmental Quality
P.O. Box 200901

Helena, MT 59620-0901

Questions on the environmental review may also be directed to Craig. Jones electronically (crajones@mt.gov) or 406-
444-0514. Comments must be submitted to DEQ no later than November 16, 2017.

DEQ will not accept comments that are threatening, defamatory, libelous, slanderous, or discriminatory in nature. DEQ
will make reasonable accommodations for those with disabilities who wish to participate in the meeting. If you require an
accommodation, please contact Jeni Garcin at 406-444-6469 or jgarcin@mt.gov.

For questions or to arrange an interview, please contact Kristi Ponozzo, Public Policy Director, Department of
Environmental Quality, 406-444-2813 or by email at: kponozzo@mt.gov

Hit

From: Ponozzo, Kristi
Sent: Monday, October 02, 2017 3:09 PM
Subject: News Release: Scoping meetings held for Environmental Impact Statement of proposed mine

FOR IMMEDIATE RELEASE
October 2, 2017

Contact:

Kristi Ponozzo

Montana Department of Environmental Quality
Office: 406-444-2813

Scoping meetings held for Environmental | mpact Statement
of proposed mine
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DEQ asking for public comment to identify issues likely to involve significant impacts
and possible alternatives

HELENA — The Montana Department of Environmental Quality isin the process of
preparing an Environmental Impact Statement under the Montana Environmental Policy Act
for the Black Butte Copper Project proposed by Tintina Montana.

The EIS will analyze the potential impacts of the proposed underground mine and serve as
the MEPA review for other potential permits that may be issued by DEQ, including an air
quality permit, a public water supply permit and a surface water discharge permit. It also
lays out how the mining operation proposed in Tintina s application complies with the Metal
Mine Reclamation Act.

“This environmental review will be extensive and we take it very serioudly,” said Director
Tom Livers. “It will be acomplex EIS and public input is an important piece of the process.”

Thefirst phase in preparing an EIS is to determine the scope. DEQ is asking for comments
from federal, tribal, state and local governments and interested persons and groups that help
Identify issues likely to involve significant impacts and possible alternatives to be
considered inthe EIS.

The scoping period will begin October 2, 2017, and end Thursday, November 16, 2017. The
public scoping meetings will be held at the following locations, dates and times:

e Great Falls Civic Center, 2 Park Drive South, Great Falls, Montana, on Monday,
October 30" from 6:00 to 9:00 pm

e White Sulphur Springs High School Gymnasium, 405 South Central Avenue, White
Sulphur Springs, Montana, on Wednesday, November 1% from 6:00 to 9:00 pm.

e Park County High School Gymnasium, 102 View Vista Drive, Livingston, Montana,
on Tuesday, November 7™ from 6:00 to 9:00 pm

Under current law, DEQ has one year from the issuance of the more detailed compliance
document to complete an Environmental Impact Statement. DEQ has hired a contractor to
assist in the preparation of the EIS.

Tintina Montana originally submitted its application for amining permit in December 2015.
DEQ responded to the application in March 2016, outlining the need for complete
information on geochemical aspects and hydrology. Tintina provided follow-up information
In September 2016 and DEQ issued a second deficiency response letter in December 2016.
Tintina responded this May and DEQ issued a third deficiency letter with a response from
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Tintinain July. These responses provided DEQ complete information related to their
geochemical testing and hydrologic modeling.

The permit application is available for the public to view at DEQ’s main office in Helena
(1520 East 6™ Avenue). The application may aso be viewed by visiting DEQ’s website
(http://deq.mt.gov/L and/hardrock/tintinamines).

Scoping comments may be submitted at one of the public meetings, e ectronically
(deqtintinabl ackbuttecopperproject@mt.gov), or by postal mail to the following address:

Craig Jones

Department of Environmental Quality
P.O. Box 200901

Helena, MT 59620-0901

Questions on the environmental review may also be directed to Craig. Jones electronically
(craiones@mt.gov) or 406-444-0514. Comments must be submitted to DEQ no later than
November 16, 2017.

DEQ will not accept comments that are threatening, defamatory, libelous, slanderous, or
discriminatory in nature. DEQ will make reasonable accommodations for those with
disabilities who wish to participate in the meeting. If you require an accommodation, please
contact Jeni Garcin at 406-444-6469 or jgarcin@mt.gov.

For questions or to arrange an interview, please contact Kristi Ponozzo, Public Policy
Director, Department of Environmental Quality, 406-444-2813 or by email
at: kponozzo@mt.gov

Hit#

From: Ponozzo, Kristi
Sent: Monday, September 18, 2017 3:53 PM
Subject: News Release: DEQ begins review of Black Butte Copper Project under the Montana Environmental Policy Act

FOR IMMEDIATE RELEASE
Sept. 18, 2017

Contact:
Kristi Ponozzo
Montana Department of Environmental Quality
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Office: 406-444-2813

DEQ beginsreview of Black Butte Copper Project under
the Montana Environmental Policy Act

HELENA — The Montana Department of Environmental Quality today announced that it
will begin review of the Black Butte Copper Project under the Montana Environmental
Policy Act.

Under current law, DEQ has one year from beginning the environmental review process to
complete an Environmental Impact Statement. DEQ has been working on hiring a contractor
who will assist in the preparation of the EIS and anticipates being able to start the EIS
process this month.

The EISis an extensive environmental review that discloses the potential impacts of the
project and includes several opportunities for public review and involvement.

“Protecting clean air and water remains our top priority,” said Montana Department of
Environmental Quality Director, Tom Livers. “Thisis an extensive review process that
ensures we continue to protect our environment, while following the law at every step.”

Last month, DEQ notified Tintina Montana that its application was complete. Today DEQ is
making available a detailed compliance document, with draft permit, that outlines the
agency’ s determination that the mining operation proposed in Tintina' s application complies
with the Metal Mine Reclamation Act.

TintinaMontana will need to obtain several other permits from DEQ including air and water
quality permits. Aspects of the project will also need to be reviewed and approved by the
Hard Rock Mining Impact Board and the Department of Natural Resources and
Conservation for any water rights related issues.

Tintina Montana originally submitted its application for a mining permit in December 2015.
DEQ responded to the application in March 2016, outlining the need for complete
information on geochemical aspects and hydrology. Tintina provided follow-up information
In September 2016 and DEQ issued a second deficiency response letter in December 2016.
Tintina responded this May and DEQ issued a third deficiency letter with a response from
Tintinain July. These responses provided DEQ complete information related to their
geochemical testing and hydrologic modeling.



The compliance document is posted to the DEQ’ s website
at: http://deq.mt.gov/L and/hardrock/tintinamines

For questions or to arrange an interview, please contact Kristi Ponozzo, Public Policy
Director, Department of Environmental Quality, 406-444-2813 or by email
at: kponozzo@mt.gov

HitH#

From: Ponozzo, Kristi
Sent: Tuesday, August 15, 2017 8:14 AM
Subject: News Release: Mine application deemed complete and environmental review to begin

FOR IMMEDIATE RELEASE
August 15, 2017

Contact:

Kristi Ponozzo

Montana Department of Environmental Quality
Office: 406-444-2813

Mine application deemed complete and environmental
review to begin

DEQ completes deficiency reviews, determines application is compliant with Montana
metal mines law

HELENA — The Montana Department of Environmental Quality has notified Tintina
Montanathat its latest permit application for the Black Butte Copper Project is complete and
compliant. This determination means that DEQ has reviewed the metal mines application
and, asrequired by law, has determined the revised permit application complies with the
Montana Metal Mine Reclamation Act.

DEQ is now working on a more detailed compliance document and a draft permit, expected
to be completed early next month. The compliance document will lay out how the mining
operation proposed in Tintina s application complies with the Metal Mine Reclamation Act.



“Thisisasignificant step in the process, but we still have many steps in our review of this
application,” said Director Tom Livers. Livers explained that the department is working
towards starting review of the application under the Montana Environmental Policy Act.
Tintina Montana will need to obtain several other permits from DEQ including air and water
quality permits. The project will aso need to be reviewed and approved by the Hard Rock
Mining Impact Board; the Department of Natural Resources and Conservation for any water
rights related issues; and the Impoundment Review Panel and Engineer of Record.

Under current law, DEQ has one year from the issuance of the more detailed compliance
document to complete an Environmental |mpact Statement. DEQ has been working on
hiring a contractor who will assist in the preparation of the EIS and anticipates being able to
start the EIS process next month.

“Completing an EIS of this complexity will be challenging, so we are doing everything we
can to move forward quickly to allow us as much time as possible,” said Livers.

The EISis an extensive environmental review that discloses the potential impacts of the
project and includes several opportunities for public review and involvement.

Tintina Montana originally submitted its application for a mining permit in December 2015.
DEQ responded to the application in March 2016, outlining the need for complete
information on geochemical aspects and hydrology. Tintina provided follow-up information
In September 2016 and DEQ issued a second deficiency response letter in December 2016.
Tintina responded this May and DEQ issued a third deficiency letter with a response from
Tintinain July. These responses provided DEQ complete information related to their
geochemical testing and hydrologic modeling.

The letter is posted to the DEQ’ s website at: http://deq.mt.gov/L and/hardrock/tintinamines

For questions or to arrange an interview, please contact Kristi Ponozzo, Public Policy
Director, Department of Environmental Quality, 406-444-2813 or by email
at: kponozzo@mt.gov

HitH#

Kristi Ponozzo

Montana Department of Environmental Quality
Public Policy Director

1520 East 6th Avenue

PO Box 200901

Helena, MT 59620-0901



406-444-2813
(cell) 406-422-2537
kponozzo@mt.gov
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APPENDIX B

Legal Notices for Public Scoping Meetings
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APPENDIX C

Public Meeting Sign-In Sheets
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APPENDIX D

Information Available at Scoping Meetings
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Black Butte Copper Project EIS

MEPA & EIS Description

The Montana Environmental Policy Act (MEPA) requires a state agency to prepare
an environmental impact statement before taking any state action that will
significantly impact the human environment. The MEPA process facilitates public
participation in the environmental review. In the scoping stage of the MEPA
process, the public is invited to assist the state agency in identifying potential
environmental impacts and alternatives to the proposed action that should be
considered in the EIS.

An EIS is prepared in two stages:

e DEQ prepares a Draft EIS that describes the environmental impacts of the
proposed action and analyzes alternatives to the proposed action. In the
Draft EIS, DEQ may identify a preferred alternative and give the reasons for
the preference. DEQ then publishes the Draft EIS and solicits public
comment on the Draft EIS.

e DEQ prepares and publishes the Final EIS. In the Final EIS, DEQ responds
to the public comments received on the Draft EIS, evaluating the comments
and indicating the information in the Final EIS that was changed in response
to public comment. The Final EIS must also include DEQ’s proposed
decision with an explanation of the reasons for the proposed decision.

DEQ’s actual decision is set forth in a Record of Decision that is published shortly
after the Final EIS is published. While MEPA provides a procedural framework
that a state agency must follow in making a decision, it does not provide any
additional regulatory authority to the state agency beyond that contained in the
state law under which the decision is being made. In the case of the proposed
Black Butte Copper Project, DEQ’s decision will be made under the Metal Mine
Reclamation Act. MEPA does not give DEQ any regulator authority beyond that
contained in the Metal Mine Reclamation Act.




Black Butte Copper Project EIS

Scoping Process under Montana Environmental Policy Act (MEPA)

The purpose of *“scoping” is to provide information about Tintina’s proposed
project, to identify issues related to the proposed project that are likely to involve
significant impacts that will be analyzed in depth in the EIS, and to identify possible
alternatives to be considered. Knowing the scope and the importance of issues
assists in an accurate and timely environmental analysis. The scoping process helps
identify issues important to the community and is designed to encourage public
input.

The results of the scoping phase are combined with review of the Project by an
interdisciplinary team of technical experts to establish the scope of analysis to be
conducted in the EIS. DEQ is asking your assistance in defining the issues and
concerns you may have with regards to the proposed Project and to identify
alternatives.

Alternatives will be developed based on issues of concern raised by the general
public, participating government agencies, and EIS team resource specialists. The
Draft EIS (DEIS) will be published and made available for public review.

If a commenter submits a substantive issue or an alternative during scoping, it only
needs to be submitted. Substantive scoping comments that assist DEQ in the DEIS
are ones that:

o lIdentify issues related to the Proposed Action that likely involve significant
impacts and will be analyzed in depth in the EIS; or,

o ldentify possible Alternatives to the proposed project, including possible
mitigations, to be considered in the EIS.




Black Butte Copper Project EIS

Brief Description of Proposed Project

The Black Butte Copper Project (Project) site is located about 15 miles north of
White Sulphur Springs in Meagher County, Montana. The site has a history of
mineral exploration activities since the 1800s. Tintina applied to DEQ for an
operating permit for the Black Butte Copper Project on December 15, 2015 under
the Metal Mine Reclamation Act, Section 82-4-301, et seq., MCA. Pursuant to
Section 82-4-337, MCA, DEQ determined that Tintina’s application was complete
and compliant and, on September 18, 2017, issued Tintina a draft operating permit
for the Black Butte Copper Project. The proposed mine permit boundary
encompasses 1,887.7 acres of privately-owned ranch land, which would include all
proposed facilities and surface disturbances.

The proposed Project is an underground copper mine. Multiple surface facilities,
haul roads, access roads, and stockpiles would be constructed in addition to the
underground mine portal. Ore mined from underground would undergo crushing
and grinding on-site. Copper concentrate would be separated from a tailings waste
stream via a flotation process. The tailings would be managed on-site by storing a
portion underground as cemented backfill and storing the rest as cemented paste
tailings in a tailings storage facility on the surface. The copper concentrate would
be transported off-site for further processing.

Reclamation conducted contemporaneous to construction would stabilize disturbed
areas throughout the life of mine. Monitoring programs would continue during
construction, operations, temporary closure, and in permanent closure until closure
objectives are met. Upon final closure, surfaces would be revegetated with pre-
mining seed mixes adapted to the area.




Black Butte Copper Project EIS

Project Map




Black Butte Copper Project EIS

Project Schedule

The Black Butte Copper Project EIS is currently in the Public Scoping phase (see
Figure 1 below). After the Draft EIS (DEIS) is published, there will be another
opportunity for the public to comment on the Project.

Figure 1: MEPA Process




Black Butte Copper Project EIS

How to Submit Comments to DEQ

Please provide your scoping comments using one of the following methods:
e Oral comments at one of the public meetings recorded by the court reporter
e Written comment form at one of the public meetings

e Email comments to: degtintinablackbuttecopperproject@mt.gov

e Postal mail to the following address:
Craig Jones
Department of Environmental Quality
P.O. Box 200901
Helena, MT 59620-0901

Comments must be submitted to DEO no later than November 16, 2017.

DEQ will not accept comments that are threatening, defamatory, libelous,
slanderous, or discriminatory in nature.



mailto:deqtintinablackbuttecopperproject@mt.gov

MEPA Process

Public Scoping

Public Input
(45 days)

Alternatives Finalized

Public Review
(Minimum of 30 days)

-

“| Agency Review of Comments

IRV T

L 4

Montana Department of
Environmental Quality




How to Submit Comments to DEQ

Scoping comments may be submitted:

e Orally or In writing at one of the public meetings

* Via emall
dedtintinablackbuttecopperproject@ mt.gov

e Postal Mall
Cralg Jones

Department of Environmental Quality
P.O. Box 200901
Helena, MT 59620-0901

Comment Deadline is November 16"




Black Butte
Copper Project EIS

EIS Scoping Period

Draft EIS (DEIS)

Public Comments on Draft EIS
Final EIS (FEIS)

Record of Decision

Montana Department of
Environmental Quality
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Issues to be Examined in EIS

Ceotechea oy
Land Use Noise Recreation Soclioeconomics
Solls Transportation Vegetation Visuals
Vvater Wetlands wildlife

Quality/Quantity

Montana Department of
Environmental Quality
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MMRA & MEPA Process

Applicant Submits to DEQ:
Application Form, Map(s),
Environmental Baseline Info, Plan of

Operations/Reclamation with
Detailed Appendices

DEQ has 90 Days to:
Determine Completeness and Compliance

Application is Complete
and Compliant

If Application
IS Deficient

First Deficiency Letter
Sent To Applicant

DEQ Recelves
Applicant’s Response

DEQ Has 30 Days to EA Process EIS Process
Review Response Begins Begins

Publish Draft EIS

Public Comment Period

Draft Permit Issued

If Response Is Found Deficient

2nd Deficiency Letter Sent to
Applicant

DEQ Responds to Public Comment
and Publishes Final EIS

DEQ Approves the Application as
Submitted, Approves the Application with
Modifications, or Denies the Application

DEQ Calculates Bond
Applicant Submits Bond

DEQ Receives Applicant’s
Response to 2nd Letter

DEQ has 30 Days to Review
Response

Cycle Continues Until Application
IS Complete or Withdrawn

DEQ Reviews & Approves Bond

Permit is Signed & Issued
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Oblique Aerial Simulation Looking Northwest
Black Butte Copper Project, Meagher County, Montana
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Source: Tetra Tech (2017).




Schematic Cemented Tailings Facility
Sections with Lining System

Cemented Tailings Facility Long Section

S N
- Piped to Process
Pumped paste tails " Water Pond
1 to 2 degree slope of consolidated tails Rock
Basin 4/ Reclaim
Drain — / Sump
System = . /
g - Cemented Tailings Facility Submerged sump “Water pumped
with pump - from sump
Cemented Paste Tails Lining System
W E
0’79’”@{ Surfac Cemented pumped paste tails
/ ~~~~~~~~~~~~~~~~ - _ Embankment
Double lined HDPE - T

O
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—_
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Schematic Cemented Tailings Facility
Sections with Lining System

Drain collection systems

Waste rock

S\

Basin Drain System {

HDPE liner system
(red dashed line)

Excavated rock surface " Foundation drains

Paste

Drainage Layer
(waste rock)

Upper Protective Layer Basin Drain System

(sub-grade bedding material)

DOUbleloomiIHDPELiner — T s

(reddashed”ne) @ s s EEEEEE NN NN SN SN NN NN NN Geonet(Purpleﬁ”)

Lower Cushion layer Foundation drain
(sub-grade bedding material) o~ _ with outlet pipe

Rock surface Q Drainage gravel
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Annual Water Balance Schematic
Mean Case - Year 6

RO Brine -
_ Mill Catchment
Direct Water Lost to 90.9 gpm Runoff
Precipitation Concentrate Ore Water 13.1 gpm
on Pond _ | 7.0 gpm 24.1 gpm
RUNGFf 5.0 gpm Evaporation Thickener Overflow
8.0 gpm 1,912.1 gpm T ‘
5.0 ?pm f 17 10 9 Treated Water
6 7 14 8 l l 397.7 gpm
y ¥ y | !
Water from CTF / Reclaim Water Mill ';r;ztggr:]Nater
42.2 gpm 1,995.0 gpm -
> Process Water Pond 16 < Underground
/ Infiltration
5 / 3 Gallery
Surface Water Transfer
5.2 gpm 189.4 gpm

Water Treatment
1 Plant

o Tailings Paste
Precipitation and Runoff P
42.2 gpm 103.0 gpm ant

Unused
Freshwater
4.5 gpm
Dewatering Recycled Miscellaneous
86.4 gpm 499.7 gpm 14.6 gpm Freshwater
Void Loss Requirements
103.0 gpm 24.6 gpm
Freshwater Losses
(Dust Suppression, Etc.) A\ 4
Foundation Drain ] S3gm N
Ounzoaol(g)gm rain Underground —183 Other Freshwater
| Tailings Storage Requifemery
Estimated Groundwater Consumptive Use Components Uggv?/;gt;(r)i?)rg]]d
Consumptive Use 499.7 gpm

Water Use gpm acre*ft/year

PWP Evaporation 8 13

CTF Void Loss 103 166

Underground Tailings Void Loss 86 139 NOTES:

Water Loss to Concentrate / 11 1. ALL WATER VOLUMES ARE EXPRESSED IN GPM EQUIVALENTS.
Freshwater Losses 6 9 2. WATER IN TAILINGS PASTE IS ASSUMED TO BE UNRECOVERABLE.

Total Consumptive use 210 339 3. SEEPAGE IS ASSUMED TO BE ZERO AS THE FACILITIES ARE LINED.

Prepared by Tetra Tech Inc. (March 2017)

Reference: Modified after Knight Piesold (2017): Report No. VA101-46-/3-2
Montana Department of
Environmental Quality
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LEGEND

A Sheep Creek Gaging Site
— Rivers and Streams

Mine Permit Boundary
Conceptual Model Domain
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Date: November 9, 2015 Source: Hydrometrics (2015)
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Block Flow Diagram

Note: Generalized geologic block model showing
conceptual flow from upper hydro-stratigraphic units

Prepared by Hydrometrics (2016)

DE Montana Department of
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Comparison of Neutralization and

Acid Potential Data for Major Waste Rock Units

S X

LZ FW
Lower Zone Foot Wall

Ynl B
Lower Newland B

USZ
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Comparison of Select Parameters for

Waste Rock Kinetic Humidity Cells

Note: Some data obscured in insets. All data visible in large figures; test durations varied.

2012 Ynl A - Lower Newland A

2012 USZ - Upper Sulfide Zone
2012 Ynl B - Lower Newland B
2015 USZ - Upper Sulfide Zone
2015 Ynl B - Lower Newland B
2015 LZ FW - Lower Zone Foot Wall

X e

Kinetic Test Results for Tailings

pH

Diffusion Hours

Note: To facilitate data interpretation, the Unsat. tailings HCT and 2% binders HCT

acidity data are only presented in the inset with the expanded view of the y-axis.

Diffusion Hours on upper x-axis only relate to 4% Diffusion test data in purple.
All other data relate to the lower x-axis (Weeks).

Sulfate

Diffusion Hours
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Models

Humidity Cell Test

Conceptual

Conceptual Model of the Hydro-stratigraphic Units,
with Flow to Mine Sump

Unit Humidity GW  |Flowatyr6 Weekly flow (Qcr)
Cell Chemistry (gpm)
- = — lagmwasa-|
Decline Ynl A 2012 Ynl| 2B, -4B, -9, PW-1 102
L | andy TR RgEb i & i
Decline USZ 2012 USZ PIW-9 Avg 9 bl e L
Upper Ore access/stopes 2015 USZ Avg (MW-3, PW- 274 e R-e._acjtii'}jé 'T
o Bj ; 2, PW-4 . R T R
vsguez BT | ____M%BinderDiff. | 2P0 S ~ mass(R,)
Decline Ynl B 2012 YniB PW-10 13 i T
Lower Access Ynl B 2015 Yn/B PW-10 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>