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acre

adit
amorphous
anoxic
aquifer
barite

binder

carbonate mineral

cement

chalcopyrite

Connective Linear Network

conglomerate

contact water

Cretaceous

CTF basin drain system

CTF seepage collection system

CFT water reclaim system

GLOSSARY OF TERMS

a land measure based on the U.S. survey foot, one acre is approximately
43,560 square feet or 4,046.873 square meters.

a horizontal entrance to an underground mine

a mineral having no crystalline structure

absence or reduced supply of oxygen

a body of saturated alluvium or rock through which water can easily move
BaSO,, generally colorless barium sulfate mineral

a substance used in construction that sets and hardens and can bind other
materials together; any cementing material, either hydrated cement or a
product of cement or lime and reactive siliceous materials. The kinds of
cement and the curing conditions determine the general type of binder
formed.

containing the carbonate ion (CO3?)

a powdery substance made with calcined lime and clay. It is mixed with
water to form mortar or mixed with sand, gravel, and water to make
concrete

(CuFeS,) a copper sulfide mineral

a MODFLOW programming modeling module developed to simulate
discrete high permeability features (such as tunnels) in a larger grid system

coarse grained sedimentary rock composed of rounded fragments within
a matrix of finer grained material

water contacting potentially acid generating materials that will be
transported in ditches or pipelines to the contact water pond prior to RO
water treatment

a period in geologic time occurring between 145 and 65 million years ago

The drain system internal to the CTF basin that consists of the HDPE liner
system, the sub-grade bedding layer above the HDPE liner system, and
the drainage layer above the sub-grade bedding layer. The drainage layer
is a minimum 3.3 ft. (1,000 mm) thick consisting of uncompacted free-
draining pre-production waste rock. The basin drain system is integrated
with the water reclaim (wet well) sump to promote flow to the sump.

collects water that has seeped through the upper geomembrane of
the liner system and directs it to a smaller sump (seepage collection sump
that is located in between the geomembranes), pumps inside this sump,
pump water to the CTF crest and discharges it back into the CTF to be
collected by the CTF water reclaim system.

collects water from inside the CTF basin drain system in a (wet well) sump,
and pumps that water to the PWP via a discharge pipe.
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cut-off grade

Darcy’s Law

debris flow

decline

drift

ephemeral drainage

exploration license

fault

fly-ash

formation

foot wall

foundation drain system

gossan

hanging wall

hectare

Herth and Arndts

hydrothermal vent

level of mineral in an ore below which is not economically feasible to mine

an empirically derived equation that describes the flow of water through a
porous medium

rapid movement of soil and weathered debris above a bedrock surface

a downward-sloping underground tunnel for access to ore-bearing mine
workings

horizontal or gently dipping underground mine tunnel that is cut parallel to
or in the mineralized zone

a gulch or coulee that contains flowing water only part of the year or only
during “wet” years; sometimes referred to as an intermittent drainage

a license issued by the Montana Department of Environmental Quality that
authorizes the licensee to explore for minerals

a planar fracture or discontinuity in a volume of rock across which there
has been significant displacement along the fractures as a result of earth
movement

the finely divided residue that results from the combustion of ground or
powdered coal and that is transported by flue gases as defined by ASTM
C618 “Standard Specification for Coal Fly Ash and Raw or Calcined Natural
Pozzolan for Use in Concrete”; Fly-ash can be used as a supplementary
cementaceous additive to cement.

a grouping of rock strata that have comparable lithology, facies or other
properties and can be correlated across wide distances between outcrops
and exposures of rock strata

the body of rock lying below a fault plane

The CTF and PWP foundation drain systems comprise an interconnected
dendritic system of pipes, embedded in granodioritic drainage gravel,
sourced from either the CTF or PWP excavation footprints that is designed
to collect and funnel the predicted groundwater flows from beneath the
HDPE liners to a downgradient foundation drain collection pond.

iron-rich residual deposit, formed as the remnant of intense surface
oxidation of sulfides and the leaching of sulfur and metals

the body of rock lying above a fault plane

a unit of surface, or land, measure equal 10,000 square meters: equivalent
to 2.471 acres

an empirically derived equation that describes groundwater linear steady
state flow

a fissure in the planet's surface from which geothermally heated water
issues, common near volcanically or tectonically active places
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hydraulic conductivity

hydrophytic
ICP-MS

indicated resource

igneous

igneous intrusion

laminations

Laramide Orogeny

LECO

lithic scatters

lithology or lithologies

lithotypes
massive

measured resource

middle Proterozoic
mil

mineralization
mining claim
MODFLOW

net acid generating

net acid generation testing

a property of soil or rock that describes the ease with which water can move
thorough pore spaces or fractures, abbreviated as K

plant-life that thrives in wet conditions; used as an indicator of wetlands

Inductively Coupled Plasma-Mass Spectrometry, a type of analytical
technique which is capable of detecting some metals and some non-metals
at very low concentrations.

economic mineral occurrences where an estimate of contained metal,
grade, tonnage, shape and / or other physical characteristics have been
made based on sampling from outcrops, trenches, pits or drill holes

rocks that have cooled and crystallized from magma (previously molten
rock)

rocks that were previously melted, then squeezed into and between
(intruded) older rocks before crystallizing

fine layers or laminae that occur in sedimentary rocks

a period of mountain building events in western North America responsible
for the creation of the Rocky Mountains beginning approximately 70-80
million years ago and ending 35 to 55 million years ago

a brand of carbon/sulfur combustion furnace equipped with infrared
detection used for measurement of sulfur concentration in rock, soil, and
organic materials over a wide concentration range

archaeological sites that consist solely of flaked stone artifacts

the physical character of a rock, generally determined megascopically or
with the aid of a low power magnifier

rock defined on the basis of certain selected physical characteristics
thick units of homogeneous (alike; consistent) material

indicated resources that have gone through further sampling such that a
competent person, usually a geologist, has declared the resource to be an
acceptable estimate of the grade, tonnage, shape, densities, and / or
physical characteristics at high degrees of confidence

geological era from 1600 to 1000 million years ago

one/thousandth of an inch

the formation of ore bodies or lodes of important economic minerals
a parcel of land that the claimant has asserted a right of possession
USGS 3-D finite difference groundwater modeling software

refers to the potential of tailings or waste rock to generate acid

refers to a type of analysis that determined the balance between the acid
producing and acid consuming components of tailings or waste rock
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NI-43-101

normal fault
NP:AP ratio

ore

oxidation
oxide
paralithic

Peak Ground Acceleration

Portland cement

Pozzolans

potentiometric surface

pyrite
qualified person

guartzite

raise

RO permeate

RO reject

National Instrument 43-101 is a national instrument for the Standards of
Disclosure for Mineral Projects within Canada.

a fault where the hanging wall has moved downward relative to the footwall

balance between the acid consumption potential (neutralization potential or
NP) and the acid production potential (acid potential or AP) of a rock

naturally occurring rock that contains minerals that can be extracted at a
profit

alteration of a rock by the addition or in the presence of oxygen
mineral group that contains oxygen
weathered bedrock

a measure of the maximum ground acceleration predicted or occurring
during earthquake shaking at a specific location. As such, PGA is most
commonly used as a primary design basis in engineering applications
(dams, buildings, etc.). It is not a measure of the total energy (magnitude,
or size) of an earthquake.

a brand of cement; for the Black Butte Copper project, a binder in paste
backfill where structural strength is required of the backfill and where
resistance to liquefaction and liquid separation is necessary

a broad class of siliceous or siliceous and aluminous materials which, in
themselves, possess little or no cementitious value but which will, in finely
divided form and in the presence of water, react chemically with calcium
hydroxide at ordinary temperature to form compounds possessing
cementitious properties

a map that contours the distribution of groundwater elevations data and
indicates the direction of groundwater flow

ferrous sulfide (FeSy): an iron sulfide mineral

a "qualified person” is an individual who is an engineer or geoscientist with
at least five years of experience in mineral exploration, relevant experience
to the subject matter, and a member in good standing of a professional
association.

a hard, non-foliated metamorphic rock which was originally pure quartz
sandstone

vertical mine workings usually constructed from the bottom up

the portion of reverse osmosis feed water that passes through the RO
membranes or filters and represents the purified or dilute water fraction

the portion of the reverse osmosis feed water that will not pass through the
RO membranes or filters and represents the impure, concentrated or
contaminated water side, often called a brine because it contains salt
concentrations
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silicification

sedimentary rock

shale

slag

slag cement

specific conductance

stratigraphically

stratigraphy

subaqueous
subsidence
sulfide
TCLP

tailings

TDS

thrust fault
ton
tonne

transmissivity

turbidite
turbidity

unconformity

alteration process of petrification where rocks become saturated with silica

rocks formed from fragments of other rock (sediment) that are weathered,
transported, deposited, and lithified

laminated sediment comprised principally of clay-sized particles

a non-metallic binder product, consisting of silicates and alumino-silicates
of calcium, magnesium and other bases, developed in a molten condition
simultaneously with iron in a blast furnace; when rapidly cooled it forms a
glassy granular material that is ground and used as a supplementary
cementaceous material additive to cement where as an additive it provides
good engineering performance at reduced costs and has significant
improved resistance to sulfate attack over cement.

a hydraulic cement formed when finely ground granulated blast furnace
slag is mixed with cement

an electrical measure of the amount of dissolved conductive substances in
water

relating to study of the distribution and spatial association of rock layers
and layering

the branch of geology focused on the study of the distribution and spatial
association of rock layers and layering

occurring, appearing, deposited, or formed underwater
settling or collapse of the ground surface
mineral group that contains reduced sulfur (S?)

Toxicity Characteristic Leaching Procedure, a soil sample extraction
method for chemical analysis to simulate leaching through a material for
hazardous contaminants

the uneconomic material left over from the process of separating the
valuable fraction from the uneconomic fraction of an ore

Total Dissolved Solids, a measure of the amount of dissolved solids in
water

a low angle reverse fault dipping 45° or less
an imperial unit of measure defined to be 2,000 pounds
metric unit defined as being a metric ton equal to a mass of 1,000 kg

a measure of how much water can be transmitted through an aquifer which
is dependent on aquifer thickness and hydraulic conductivity

a turbid or soft sediment density flow deposit
a measure of water clarity or how much material is suspended in the water

the contact between sedimentary rocks that are significantly different in
age, or between sedimentary rocks and older, eroded igneous or
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vent biota

AA
AADT
ABA
ANFO
AP
ARM
AST
ASTM
ATI
ATR
BACI
BHP
BMP
CAl
CLN
CP
CPT
CTF
CWP
DEQ
DNRC
DOT
EA
EDGM
EIS
EMAEC
EOR

metamorphic rocks. Unconformities represent gaps in the geologic record;

periods of time that are not represented by any rocks

specialized microorganisms adapted to thrive on and around deep sea

volcanic vents

ACRONYMS

Assessment Area

Annual Average Daily Traffic

Acid-Base Accounting

Ammonium Nitrate / Fuel Oil

Acid Potential

Administrative Rules of the State of Montana
Above-ground Storage Tank

American Society for Testing and Materials
Assemblage Tolerance Indices (aquatics)
Automatic Traffic Recorder

Before, After, Control and Impact (aquatics sampling protocol)
Broken Hill Proprietary Company Limited

Best Management Practices

Cominco American Inc.

Connective Linear Network

Cemented Paste

Cone Penetration Test

Cemented Tailings Facility

Contact Water Pond

Department of Environmental Quality

Department of Natural Resources and Conservation
Department of Transportation

Environmental Assessment

Earthquake Design Ground Motion

Environmental Impact Statement

Estimated Maximum Allowable Effluent Concentration

Engineer of Record
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EPM
FA
FAA
FAR
FEMA
FMEA
FWP
G&A
GMS
GWIC
HDPE
HBI
B
ICOLD
ICP-MS
IDF
LAD
LCZ
LHD
LOM
LSl
LSZ
MBMG
MCA
MCE
MDE
MDEQ
MDT
MEPA
MMRA
MODFLOW
MOP

equivalent porous media

fly-ash

Federal Aviation Administration

Functional at Risk (aquatic)

Federal Emergency Management Administration
Failure Modes Effects Analysis

Fish, Wildlife and Parks

General & Administrative

Groundwater Modeling System

Groundwater Information Center

High Density Polyethylene

Hilsenhoff's Biotic Index

Integrated Biotic Indices (aquatic)

International Commission on Large Dams
Inductively Coupled Plasma-Mass Spectrometry
Inflow Design Flood

Land Application Disposal (system)

Lower Copper Zone

Load haul dump

Life of Mine

Langelier Saturation Index

Lower Sulfide Zone

Montana Bureau of Mines and Geology
Montana Code Annotated

Maximum Credible Earthquake

Maximum Design Earthquake

Montana Department of Environmental Quality (used for formal references only)
Montana Department of Transportation

Montana Environmental Policy Act

Metal Mines Reclamation Act

Modular Three-Dimensional Finite-Difference Groundwater Flow Model

Mine Operating Permit
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MPDES
MRL
MSHA
MSL
NAG
NCWR
NHS
NNP
NP
NRCS
NRHP
OHWM
O/E
PAG
PEA
PET
PGA
PMF
POC
PMP
PWP
RO
SAG
SAP
SC
SCM
SDS
SHPO
SOC
SPCC
SPT
SWPPP

Montana Pollution Discharge Elimination System
Montana Rail Link

Mine Safety and Health Administration
Montana State Library

Net Acid-Generating

Non-Contact Water Reservoir

National Highway System

Net Neutralization Potential
Neutralization Potential

Natural Resources Conservation Service
National Register of Historic Places
ordinary high water mark (wetlands and streams)
Observed / Expected (model, aquatic)
Potentially Acid-Generating

Preliminary Economic Assessment
Potential Evapotranspiration

Peak Ground Acceleration

Probable Maximum Flood

Parameter of Concern

Probable Maximum Precipitation (event)
Process Water Pond

Reverse Osmosis

Semi-Autogenous Grinding

Sampling and Analysis Plan

Specific Conductance

Supplementary Cementaceous Materials
Safety Data Sheet

State Historic Preservation Office
Species of Concern

Spill Prevention Control and Countermeasures Plan
Standard Penetration Testing

Storm Water Pollution Prevention Plan
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TCLP Toxicity Characteristic Leaching Procedure
TDI Teply’s Diatom Index (aquatic)
TDS Total Dissolved Solids (water)
TKN Total Kjeldahl Nitrogen
TMDL Total Maximum Daily Load
TOMS Tailings Operations, Monitoring, and Surveillance (Manual)
TSS Total Suspended Solids
UcCs Uniaxial Compressive Strength
ucz Upper Copper Zone
uIG Underground Infiltration Gallery
USACE U.S. Army Corps of Engineers
USFS U.S. Forest Service
USGS or USG U.S. Geological Survey
usz Upper Sulfide Zone
VSEP Vibratory Shear Enhanced Processing
WEPE Western Pearlshell mussel
WIM Weight-in-motion (transportation)
WLE Water Level Elevation
WRS Waste Rock Storage (pad)
WTP Water Treatment Plant
WOTUS Waters of the U.S.
ABBREVIATIONS
Ag Silver
Al Aluminum
amsl| above mean sea level
As Arsenic
ATV all-terrain vehicle
AUM animal unit months
Ba Barium
BACI Before, After, Control and Impact (aquatics sampling protocol)
Be Beryllium
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BCF bio-concentration factor

bgs below ground surface

BTV background threshold value

Ca Calcium

Cd Cadmium

cfs cubic feet per second (rate of flow)

Cr Chromium

cm? cubic centimeters

Co Cobalt

Cu Copper

cu ft. cubic feet

cu yds. cubic yards

dB decibels, units of noise measurements

dBA A-weighted decibel noise level, in frequency range of normal human hearing

dBC C-weighted decibel noise levels, frequency range of “rumbles”, large fans and blasting
noise

DO dissolved oxygen

EL Elevation

FA fly-ash

Fe Iron

ft. feet

g grams

gpd gallons per day

gpm gallons per minute (rate of flow)

glt. grams per tonne

H:V horizontal to vertical slope ratio

ha hectares

Hg Mercury

HP horse-power

in. inch
Potassium

K hydraulic conductivity

km kilometers
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kph kilometers per hour

kW kilowatt

Lan a day-night average noise level

Leq A-weighted equivalent noise level, in the range of human hearing
Lmax maximum instantaneous noise level

Lao 90" percentile-exceeded noise level

Ibs. pounds

Lpd liters per day

Lpm liters per minute

Lps liters per second

m meters

M million

m3 cubic meters

Ma Millions of years before present (as a point in time)

Mg Magnesium

mg/L milligram per liter; approximately equal to parts per million (ppm)
mmhos/cm  micro mhos per centimeter (measurement of electrical conductivity)
Mn Manganese

Mo Molybdenum

MPa Megapascal

mph miles per hour

Mg/l micrograms per liter; approximately equal to parts per billion (ppb)
N Nitrogen

NO3 Nitrate

Na Sodium

Ni Nickel

NP neutralization potential

0z. ounce

Pb Lead

PC Portland cement

PLS Pure Live Seed

ppb parts per billion; approximately equal to micrograms per liter (ug/L)
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ppm
Sb
SC
s.d.
Se
SO4~
sq.
S.u.
Sr
TBD
TDS
Tl
TSS

UG
VP
Zn

parts per million; approximately equal to milligrams per liter (mg/L)

Antimony

specific conductance
standard deviation
Selenium

Sulfate

square

standard units (of pH)
Strontium

To Be Determined
total dissolved solids
Thallium

total suspended solids
Uranium
underground
viewpoint

Zinc
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This Mine Operating Permit (MOP) Application has been reviewed and approved by Jerry Zieg, Vice
President of Exploration for Tintina Resources Inc., who is a qualified person for the purposes of National
Instrument 43-101 Standards of Disclosure for Mineral Projects (NI 43-101). However, readers are
cautioned that this application was prepared for submission to the Montana Department of Environmental
Quality Permitting and Compliance Division — Hard Rock Program for review and approval under the
Montana Metal Mine Reclamation Act. It is not a “technical report” under NI 43-101 and may not be
compliant with NI 43-101.

1 INTRODUCTION AND PROJECT OVERVIEW

Tintina herein submits this revised Mine Operating Permit Application (MOP) (Revision 3) to the Montana
Department of Environmental Quality (DEQ) Air, Energy & Mining Division — Hard Rock Mining Bureau
for review and approval under the Montana Metal Mine Reclamation Act. This document was first
submitted to the DEQ on December 15, 2015. The DEQ commented on this original document on March
10, 2016 and Tintina revised the document and responded to DEQ’s comments on Revision 1 of the
MOP on September 13, 2016. DEQ provided comments on Revision 1 of the MOP on December 15,
2016 and Tintina revised the document and responded to DEQ’s comments in Revision 2 of the MOP on
May 8, 2017. DEQ provided comments on Revision 2 of the MOP on June 8, 2017 and Tintina revised
the document and addresses DEQ’s most recent round of comments in this Revision 3 of the MOP dated
July 14, 2017. Specific responses to the most recent round of DEQ comments can be found in a separate
table located in the last section (Section 9) of this MOP application (Revision 3).

Tintina Montana, Inc. (Tintina) a wholly owned subsidiary of Tintina Resources, Inc., proposes to develop
and operate a new underground mine and mill at its Black Butte Copper Project (Project) located 15 miles
(24 km) north of White Sulphur Springs in Meagher County, Montana (Figure 1.1). The proposed mine
permit area is located in Sections 24, 25, and 36 in Township 12N, Range 6E, and in Sections 19, 29,
30, 31, and 32 in Township 12N, Range 7E (Figure 1.2). The Project will produce and ship copper
concentrate mined from both the upper and lower zones of the Johnny Lee copper deposit. All operations
will occur within a Mine Permit boundary encompassing 1,888 acres (763.9 ha) of privately owned ranch
land under lease to Tintina (Figure 1.2). Total surface disturbance required for construction and operation
of all mine related facilities and access roads (Figure 1.3) comprises 295.9 acres (119.7 ha) (Table 3-2).

The proposed operation will mine a total of approximately 15.3 million tons (13.9 million tonnes (Mt)) of
combined copper-enriched rock and waste rock. This includes 14.5 million tons (13.2 Mt) of copper-
enriched rock with an average grade of 3.04% copper, and 0.8 million tons (0.7 Mt) of waste rock. Mining
will occur at a rate of approximately 1.3 million tons/year (1.2 Mt/year) or 3,640 tons (3,300 tonnes) of
copper-enriched rock per day, over a mine life of approximately 19-years (including two years of
construction and pre-production mining, 13 years of active production mining, and four years of
reclamation and closure). The mining company will directly employ approximately 240 workers, with an
additional 24 contract miners working at the site during the first four years of mining. It will require a
maximum of approximately 144 sub-contracted employees during the initial 30 to 36 months of support
facility construction.

All rock will be brought to surface through a single mine portal (Figure 1.3) along a decline (tunnel) with
additional lower ramp access to both the upper and lower Johnny Lee zones (Figures 3.2 and 3.3). The
mine portal lies approximately 128 feet (39 m) above the regional groundwater table. Four ventilation
raises constructed to surface will also be collared above the regional groundwater table. One of these
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ventilation raises will be constructed as a secondary emergency escape way (see Section 3.6.4).
Therefore, all surface access to the mine will be located well above the groundwater table to eliminate
the possibility of water discharge from any of the mine workings operationally or after closure.

Mining will use a drift and fill method. Approximately 45% of the mill tailings will be mixed with cement
and binder to form a paste, and used to backfill production workings during the sequential mining of drifts.
This paste backfill method allows maximum extraction of copper-enriched rock without the need to leave
pillars for structural support. The backfill also eliminates the risk of subsidence to surface, and minimizes
groundwater contact with mineralized rock both during operations and after closure. The use of paste
backfilling and the drift and fill mining method minimizes the surface area of the underground mineral
deposit exposed (to a few percent) to circulating air and moving groundwater at any given time during
the mine life.

Although much of the waste rock that will be trucked to surface will be non-acid generating, as a
safeguard, all waste rock will be assumed to contain sulfide minerals and will be treated as potentially
acid-generating (PAG). A temporary waste rock storage (WRS) facility, lined with high-density
polyethylene (HDPE) geotextile, will be constructed between the portal and the mill. The WRS pad will
receive all of the waste rock generated until construction of the cemented tailings facility (CTF) is
completed (Figure 1.3). The construction of the CTF will use crushed and screened excavated
granodiorite and/or alternatively excavated Ynl Ex and/or preproduction waste rock for use as a protective
layer over the uppermost of its double HDPE liners. Pre-production waste rock from the WRS pad will be
placed over this upper protective layer during construction to make the drainage layer within the CTF
basin drain system. All future waste rock will be placed into the CTF along with the mill tailings. The
temporary WRS pad will be completely reclaimed in year three. No mined waste rock will be left exposed
on the surface after closure of the CTF. The CTF will be dewatered (if any is present), sealed with a cover
of HDPE geotextile, and reclaimed in closure. A separate stockpile on a smaller lined pad will be
constructed off of the northwest corner of the portal pad (Figure 1.3) near the end of the construction
period to contain a reserve of copper-enriched rock for mill feed.

Dewatering of underground mine workings will provide all water required for mining and milling
(approximately 210 gallons per minute (gpm) or 795 liters per minute (Lpm) or 0.47 cubic feet per second
(cfs)). This consumptive use of water will be offset by water rights acquired under lease agreements with
landowners. Excess water pumped from the mine will be treated to non-degradation standards and will
be released through upland underground infiltration galleries to shallow bedrock, or into an infiltration
gallery located in the Sheep Creek alluvial aquifer system. The water treatment system will consist of a
double pass reverse osmosis system, with a nominal treatment rate of 500 gpm (1,893 Lpm), and a total
treatment rate, with back-up RO unit of 750 gpm (2,839 Lpm). A permitted public water supply well will
provide potable water.

Milling (Figure 1.3) will use a grinding/flotation process and will produce approximately 440 tons (400
tonnes) per day of copper-rich concentrate. Concentrate will be shipped by truck in closed shipping
containers to a regional railhead facility in Montana. Railhead shipping locations currently being
considered include those at Raynesford, Belt, Livingston, Townsend, and Harlowton. The company’s final
decision will be based on economic considerations at the time of shipping. The use of shipping containers
eliminates the need for surface stockpiles and multiple handling stages during transport.

A process water pond (PWP), double lined with HDPE geotextile, with an underlying foundation drain
and pond, will store water needed for milling. Water will be recycled between the process water pond and
the mill during operations. A paste plant in the mill complex will mix fine-grained tailings from the milling
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process with cement for deposition both underground and in the cemented tailings facility. The plant will
mix approximately 45% of the tailings with approximately 4% cement and other binders to be used as
paste backfill in the underground mine workings.

The other 55% of the tailings will be mixed with 0.5 to 2% cement and other binders, which will be pumped
to the cemented tailings facility where it will set up to form a non-flowable mass. The use of cemented
tailings inhibits dust formation and provides added strength. The small amount of free water that collects
in the CTF from cemented tailings seepage will be pumped to the PWP for reuse in the mill. Water not
needed in the mill during mining operations, will be pumped directly from the PWP to the reverse osmosis
(RO) water treatment facility for treatment and then released to the underground infiltration galleries.

The CTF, PWP, and brine pond cell of the CWP will use bottom liner systems comprised of a high-flow
geonet-layer sandwiched between two layers of 100 mil (60 mil for the brine pond) HDPE geotextile liner.
The geonet layer acts as a drain layer between the two liners. Both the CTF and the PWP facilities will
incorporate foundation drains beneath the liners to remove groundwater (CTF) or vadose zone water
(PWP) from beneath the facilities. This water is collected in foundation drain ponds that are either pumped
back to the PWP for storage and reuse in the mill or alternatively pumped back directly to the RO water
treatment plant (WTP). The CTF seepage collection system collects water that has seeped through the
upper geomembrane of the CTF liner system and directs it to a smaller sump (seepage collection sump
that is located in between the geomembranes), pumps inside this sump pump water to the CTF crest and
discharges it back into the CTF to be collected by the CTF water reclaim system. The CFT water reclaim
system collects water from inside the CTF basin drain system in a separate (wet well) sump, and pumps
that water to the PWP via a discharge pipe.

The CTF and the PWP are by definition, based on their storage capacities, high hazard dams and as
such are designed to contain the Maximum Probable Flood event (approximately 33 inches (84 cm) of
precipitation and snowmelt in a single storm event) and to withstand the Maximum Credible Earthquake
(MCE) and/or the 1 in 10,000 year earthquake event. In addition to its own storm water influx, the PWP
will also have capacity to store excess storm water from the cemented tailings facility in a 1 in 500 year
storm event while operationally remaining less than half full. Storm water excesses from the Contact
Water Pond (CWP), PWP and the CTF are designed to quickly transfer through the water treatment
system and into the underground infiltration gallery (UIG). Construction of the CTF and PWP will be
overseen by three professional engineers in accordance with the Montana Metal Mines Reclamation Act
(MMRA), as revised by MCA 82-4-378. A Tailings Operations, Monitoring and Surveillance (TOMS)
Manual has been prepared separately for the following waste and water management systems: PWP,
NCWR, and CTF that outlines regular monitoring, inspection, and reporting requirements as well as
emergency response measures in the event of an upset of operating conditions as required by State law.

To reduce the risks to human health and the environment, Tintina has aggressively sought out and
implemented a number of process variations and modifications to facility siting and construction. These
were formulated using a Failure Modes and Effects Analysis, and resulted in the development of a
number of mitigation measures. Process variations employed include using cemented paste tailings (both
underground and at the cemented tailings facility), sealed shipping containers, underground grouting,
and lined ditches and/or HDPE pipe for transport of contact water. Facility siting modifications used
include locating mine openings above the water table, locating all facilities to reduce impacts to wetlands
(<0.85 acres, 0.34 ha), and relocation of the decline to minimize the amount of sulfide-bearing rock
brought to surface. Facility construction changes include foundation drains, double HDPE-lined
foundations with a geonet layer between, an internal basin drain system at the CTF, designs to
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accommaodate very large precipitation and earthquake events (and even more freeboard), and the use of
foundation factors of safety well in excess of what is heeded to avoid risk of a facility geotechnical failure.
In addition, tailings will be transported in pipelines containing secondary containment for environmental
protection, and Best Management Practices (BMPs) will be used to route storm water around the facilities
to discharge points and sediment collection basins.

Tintina must obtain a groundwater appropriation permit for groundwater beneficially used in the milling
process before using any groundwater. Since the Project is located in a closed basin, a mitigation plan
will be prepared and submitted to the Department of Natural Resources and Conservation (DNRC) to
offset potential adverse effects due to the consumptive use portion of the groundwater right. Tintina is in
the process of developing a groundwater appropriation permit and corresponding draft mitigation plan.
Tintina has designed an unlined Non-Contact Water Reservoir (NCWR) (Figure 1.3) as the preferred
option for storing water used for mitigation by its subsequent release back to shallow groundwater by
infiltration or discharge to the alluvial aquifer. Water stored in the NCWR will also be used to offset
potential impacts to wetlands, if any are observed. This reservoir would be filled using water rights during
the irrigation period of the year to off-set consumptive use during the non-irrigation months of the year.
However, DNRC will determine how much depletion actually needs to be mitigated and therefore, the
ultimate size of the NCWR to be constructed. Tintina has assumed a maximum size for purposes of
determining surface disturbance and design characteristics for the mine operating permit application.

The project site currently has fifteen (15) surface water monitoring sites and nineteen (19) groundwater
monitoring monitoring wells. Ongoing geochemical, weather, aquatic, and water resource monitoring will
continue during construction and production. Tintina proposes an additional three (3) surface water sites,
eight (8) new water quality monitor wells, water quality sampling of seven (7) existing pumping wells, and
four (4) new wetland piezometers be installed during the permitting process. An additional ten (10) new
monitoring wells and twenty-four (24) new piezometers are recommended for installation during
construction. An additional 4 monitoring wells will be installed during closure (2 surface wells located
downgradient of the underground workings and 2 within the underground mine workings). Tintina
commits to the installation of all new proposed monitoring wells and piezometers (Table 6-1) during the
specified time periods assuming they are approved and required by either DEQ as part of the MOP
Application approval or the MPDES permitting process. Air quality, noise and aquatic monitoring will be
conducted from construction, during operations and through mine closure as required by regulatory
agencies.

The closure and reclamation plan has been carefully designed to insure that the site is returned to all pre-
mining beneficial uses. The primary objective of these activities is to assure the physical and chemical
stability of all facilities, and that water quality and quantity guidelines and regulations are maintained. No
waste rock or tailings will be left exposed on surface after CTF closure is complete. Mine closure and
reclamation will remove, treat, and dispose of all water from the tailings facility (if any is present), and
from the process water pond, and CWP until the facilities are empty and can be reclaimed. Water treated
during closure will meet non-degradation criteria, and will be discharged to an underground infiltration
gallery system or to the alluvial aquifer for as long as the water treatment plant (WTP) is operational.

Closure work will involve progressive reclamation and revegetation of the embankments and any other
disturbed surfaces. Closure and reclamation will focus on removal of surface infrastructure and exposed
liner systems, and covering exposed tailings. Reclamation plans include removal of all buildings and their
foundations and surface facilities including the portal pad, copper mineralized stockpile pad, PWP, CWP,
mill site, and reservoir (NCWR). Plans also include recontouring, subsoil and soil replacement, and
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revegetating all the sites with an approved seed mix. Reclamation will include: 1) covering the CTF with
a welded HDPE geotextile cover so that the CTF tailings are completely encapsulated; 2) covering the
encapsulated CTF with fill, subsoil, and topsoil (at a slope or shape designed to preclude standing water);
and 3) regrading and revegetation of the site. This report presents detailed conceptual cut and fill
materials balance tables that indicates there is sufficient excess materials available from the facility
excavations to fully reclaim and close the facilities either concurrently during operations or in closure at
the end of the mine life, meeting or exceeding State and Federal guidelines.

Tintina plans to use the on-site WTP during construction, operations and early closure. In addition, Tintina
will leave the pumps in the cemented tailings facility in early closure during monitoring. Water produced
from the CTF in early closure (if any) will go directly to the WTP. This will continue into closure while
water quality and flow are monitored, with gradually decreased monitoring until sufficient data are
available to evidence that final closure objectives have been met. Closure objectives are expected to be
attained by treatment within two years after mining and milling is completed and once facility closure
activities have been sufficiently implemented. The actual water treatment phase of closure is estimated
to take between seven (7) and 12.6 months to complete and will require the installation of 14 hydraulic
barriers in the underground mine to control water flow and allow for efficient treatment of water. Treatment
would not be required in perpetuity. Facilities can meet all water quality standards and non-degradation
criteria in regional groundwater post-closure and in discharge to the infiltration galleries during
construction, operations, and closure.

1.1 Project Location

The Project site is located about 15 miles (24 km) north of White Sulphur Springs (population 925), in
Meagher County, Montana (Figure 1.1). The proposed mine permit area is located in Sections 24, 25 and
36 in Township 12N, Range 6E, and in Sections 19, 29, 30, 31, and 32 in Township 12N, Range 7E
(Figure 1.2), The project is accessed from US 89, an all-weather State-maintained highway, by traveling
west along 1.5 miles (2.4 km) of well-maintained gravel county road (Figure 1.2). Figure 1.1 is a general
project location map, and Figure 1.2 presents a larger scale Site Vicinity Map showing the Mine Permit
Area and deposits. Figure 1.3 is a site facility map. The coordinate system used throughout this
application document is the Universal Transverse Mercator (UTM) Zone 12 North (N), and the datum is
the 1983 North American Datum (NAD83), i.e., coordinates are relative to UTM Z12N NADS83.

1.2 Brief Project History

Mineral exploration in the Project area began with limited small scale underground development for
copper mineralization in 1894 (Weed, 1899). In the early 1900s, focus switched to development of iron
resources in locally extensive gossans (Goodspeed, 1945; Roby, 1950). R & S Mining Company began
production of small quantities of iron ore from Iron Butte, west of the Project area, in 1972. CRH Old
Castle is the current operator of this iron mine, which operates on a seasonal basis.

Homestake Mining Company carried out the first modern exploration work for non-ferrous metals on the
property in 1973 and 1974. Cominco American Inc. (CAI) resumed exploration in the district in 1976 and
joint ventured (JV) the property with Broken Hill Proprietary Company Limited (BHP) in 1985. The
Cominco/BHP JV drilled the discovery hole for the “Johnny Lee” deposit beside Johnny Lee’s (a former
homesteader and miner) long abandoned root cellar. BHP operated the joint venture through early 1988,
after which time operatorship reverted back to CAIl. After reclaiming all exploration disturbances, CAl
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dropped the leases in the mid-1990s. The CAIl and the CAI/BHP joint venture completed approximately
66 exploration core holes in the current lease areas (Resource Modeling Inc., 2010).

Tintina acquired the rights to mine the property in May of 2010, and has conducted surface exploration
activities at the Project site under Exploration License No. 00710 issued by DEQ since September 2010.
Section 1.5 below contains descriptions of these exploration activities. Tintina has, through extensive
core drilling, established ‘Inferred’, ‘Indicated and ‘Measured’ resources, described further below in the
Mineral Resources section (Section 1.4.6).

On November 7, 2012, Tintina submitted an application to amend its exploration license to gain
underground access to the mineral deposit by constructing an exploration decline into the upper Johnny
Lee zone. DEQ conducted an Environmental Assessment (EA) of Tintina's application to amend its
exploration license under the Montana Environmental Policy Act (MEPA). The environmental review
culminated in the January 2014 issuance of the Final Mitigated EA and approval by DEQ to proceed with
construction of the exploration decline. However, Tintina decided not to construct the decline and to
proceed directly to submission of an Application for a MOP (this document) for consideration by DEQ.
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1.3 Land Status

All activities proposed in the Operating Permit Application and all surface disturbances will occur on
privately owned ranch land (Figure 1.2 shows private land shaded in a light grey overlay, as well a plan
map of the upper and lower Johnny Lee deposits). Tintina has entered into agreements with surface,
mineral, and water rights owners on 7,684.28 acres (3,110 ha) of private lands, and also controls 525
mining claims contiguous with the fee simple (leased) lands (Figure 1.4). Figure 1.4 also shows the
proposed mine permit boundary and the location of the Johnny Lee deposit.

Tintina acquired its initial surface and mineral leases in May of 2010 on approximately 4,720 acres (1,908
ha) of ground in the Project area with the Bar Z Ranch (Figure 1.4). Later that year, the Holmstrom Ranch
lease was acquired encompassing an additional 2,120 acres (858 ha). This lease has recently changed
ownership and is now called the Short and Davis Lease (Figure 1.4). In 2011, Tintina acquired a mining
and surface lease for a 2,970-acre (1,202 ha) property contiguous with the Bar Z Ranch called the
Buckingham, Johnson, and Bodell lease (Figure 1.4).

Tintina’s leases include land located in sections 23, 24, 25, 26, 27, 28, 30, 32, 33, 34, 35, and 36,
Township 12 North, Range 6 East; sections 19, 29, 30, 31, and 32, Township 12 North, Range 7 East;
sections 1, 2, 3,4,5,6, 7,8,9, 10, 11, 12, 13, and 14, Township 11 North, Range 6 East; and sections
5, 6, 7, 8, and 18, Township 11 North, Range 7 East, and sections 1 and 12 in Township 11 North, Range
5 East (Figure 1.4).

Tintina has established its legal right to explore for and develop mineral resources in the Mine Permit
Area by virtue of its mineral rights lease agreement with mineral right owners. Table 1-1 lists names and
addresses of all surface rights owners not only within the proposed Mine Permit Area but also within a
0.5-mile (0.8 km) distance around the Permit Boundary along with all mineral rights owners within the
permit area. As Figure 1.4 and Table 1-1 indicate, all of the surface rights within the permit area are held
by only two owners: Bar Z Ranch, Inc. and Arthur and Joy Short. As discussed above, Tintina secured
surface-use and mining lease agreements for those lands in 2010. In addition, Tintina was able to secure
surface-use and mining lease agreements with all surface rights owners within 0.5 miles around the
permit boundary except Castle Mountain Ranch and Tim and Cheryl McGuire (Table 1-1). Tintina also
secured mining leases with all mineral rights owners within the mine permit area (Table 1-1). There is no
federally—owned land within the proposed Mine Permit Boundary Area, although there are federally-
owned lands within 0.5 miles of the permit boundary (light green shaded areas on Figure 1.2).
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Table 1-1.

Surface and Mineral Rights Ownership and Right to Mine Sources

Owner

Address

Legal Right to Mine

Surface rights within a 0.5-mile radius of the permit area

Bar Z Ranch, Inc.

122 Birch Creek Road, White Sulphur Springs, MT, 59645

Secured by surface use agreement

Steve Buckingham

859 Montana Highway 30, White Sulphur Springs, MT 59645

Secured by surface and mining lease

Castle Mountain Ranch

65 Castle Mountain Estate, White Sulphur Springs, MT 59645

Not applicable - property outside of
permit area and not under lease

Tim and Sheryl McGuire

256 Ramspeck Lane, White Sulphur Springs, MT 59645

Not applicable - property outside of
permit area and not under lease

David Hanson

P.O. Box 92, Willow Creek, MT 59760

Secured by surface use agreement

Arthur and Joy Short

P.O. Box 206, White Sulphur Springs, MT 59645

Secured by surface and mining lease

U.S. Forest Service

204 W Folsom Street, White Sulphur Springs, MT 59645

Secured by Tintina-owned mining claims

Surface rights within the permit area

Bar Z Ranch, Inc.

122 Birch Creek Road, White Sulphur Springs, MT, 59645

Secured by surface use agreement

Arthur and Joy Short

P.O. Box 206, White Sulphur Springs, MT 59645

Secured by surface and mining lease

Mineral rights within the permit area

Don Davis (joint owner with Tom
Davis)

810 Montana Avenue, Deer Lodge, MT 59772

Secured by mining lease

Tom Davis (joint owner with Don
Davis)

Address not available, refer to Don Davis' address

Secured by mining lease

Donna Dupea

303 Birch Creek Road, White Sulphur Springs, MT 59645

Secured by mining lease

John Hanson

122 Birch Creek Road, White Sulphur Springs, MT 59645

Secured by mining lease

Robert Hanson

3718 U.S. Highway 12, White Sulphur Springs, MT 59645

Secured by mining lease

Steve Buckingham (joint owner
with Johnson and Bodell)

859 Montana Highway 30, White Sulphur Springs, MT 59645

Secured by surface and mining lease

Kathy Johnston (joint owner with
Buckingham and Bodell)

684 Smith River Road, White Sulphur Springs, MT 59645

Secured by surface and mining lease

Marilyn Bodell (Joint owner with
Buckingham and Johnston)

P.O. Box 402, White Sulphur Springs, MT 59645

Secured by surface and mining lease

Arthur and Joy Short

P.O. Box 206, White Sulphur Springs, MT 59645

Secured by surface and mining lease

Tintina Montana, Inc.
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1.4 Geology

Resource Modeling, Inc. (Resource Modeling, Inc, 2010) summarized the geologic setting, deposit types,
and mineralization in the Project area. The following subsections contain a modified summary, with the
addition of more recent information. Figure 1.5 shows a geologic map of the Project area, Figure 1.6
includes a stratigraphic section, and Figure 1.7 shows a geologic cross-section through the Project area.
Topography in the project area is from the USGS website: viewer.nationalmap.gov; 2011 Strawberry
Butte 7.5 Minute Quadrangle.

1.4.1 Regional Geologic Setting

The copper deposits of the Project area occur in middle Proterozoic (~1.4 billion years old) sedimentary
rocks of the Belt Supergroup (Zieg and Leitch, 1993). During subsidence and filling of the Belt
sedimentary basin, a deep water calcareous shale facies (Newland Formation) was deposited in the
Helena embayment (a trough-like seaway which extended eastward into the craton through central
Montana) (Godlewski and Zieg, 1984). The northern depositional boundary of the deeper water
sediments of the Helena embayment lay along the present day southern flank of the Little Belt Mountains,
north of White Sulphur Springs, Montana (Figure 1.1). During the Cretaceous Laramide orogeny
(approximately 65 million years ago), renewed thrust faulting along the ancestral northern margin of the
Helena embayment formed the Volcano Valley fault (VVF) (Winston, 1986). Tertiary igneous rocks
intrude Paleozoic rocks and Belt Supergroup rocks in the region; Tertiary sedimentary rocks have also
been identified. The Black Butte copper deposits lay along the northern margin of the Helena embayment,
and along the reactivated Volcano Valley fault zone (Figure 1.5).

1.4.2 Local Geologic Setting

The Newland Formation shale hosts the Black Butte copper deposits (Figure 1.6). It's evenly laminated
shale formed from deposition of microturbidites (small-scale turbidity or density flow deposits) in a sub-
wave base depositional setting. Debris flow conglomerates occur in the sedimentary section (Resource
Modeling, Inc., 2010) and record larger mass wasting events from a shallow water shelf in the Newland
Formation along the northern margin of the embayment. Alluvial deposits lie beneath the stream channels
and along the axis of larger drainages. They rest on the thick sequence of dolomitic and silicic shales of
the Proterozoic Newland Formation (Figure 1.6) that dip gently to the southeast. The above-described
prominent east-west-trending, southerly dipping low-angle Volcano Valley Fault (VVF) forms a northern
boundary to Newland Formation exposures within the Project area (Figure 1.5). Paleozoic (Middle
Cambrian) Flathead sandstone (Figure 1.6) outcrops at the surface on the north side of the VVF. It lies
unconformably over Proterozoic Newland Formation, Chamberlain Formation shales, Neihart Formation
guartzite, and Precambrian crystalline basement rock (Figure 1.7).

A separate northeast verging segment of the VVF called the Black Butte Fault (BBF) lies south of the
Johnny Lee copper deposit (Figure 1.5). The area between the BBF and the VVF contains all of the
known copper resources within the Project area. Tertiary igneous rocks intrude the lower part of the
Newland Formation mostly south of the BBF but have not been identified in the deposit areas.

In June of 2017, a field mapping and technical study of the project area was undertaken by the
Whitehall Geogroup, Inc. (2017, and Appendix W) to determine if there is evidence of Quaternary
faulting activity in the general area of the cement tailings facility at the proposed Black Butte Copper
Project site. Previous workers have mapped faults in this area that offset Mesoproterozoic to earliest
Eocene rocks, but the youngest documented activity on these faults occurred during the late
Cretaceous and early Eocene.

Tintina Montana, Inc. 13 July 14, 2017
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NOTES: (1) Geologic unit codes and colors used in Site Geologic Map in Figure 1.5
(2) Mining units UCZ and LCZ lie within the USZ and LSZ, respectively
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Geologic mapping done by others and in this study indicates that there is no evidence of these older
faults or any new faults being active during the Quaternary period. This conclusion is supported by
geologic field evidence of Cenozoic deposits which demonstrates that these deposits are not
disrupted by faulting. It is also supported by LIiDAR data from which a hill shade-image was
generated. Northeast-trending features can be seen on the hill-shade image, but these features do
not offset mapped Quaternary deposits (the Quaternary Period began about 2.6 million years ago).
Additionally, no other fault-like features crossing the Cenozoic units (the Cenozoic Era began about
66 million years ago) were identified on the hill-shade image.

The Johnny Lee copper deposit consists of two stratabound lenses of mineralization, an upper copper
zone (UCZ) and lower copper zone (LCZ), each contained within the Upper and Lower Sulfide Zones
(USZ and LSZ respectively) of the lower part of the Newland Formation (Figure 1.6 and Figure 1.7). The
UCZ lies at a depth of approximately 90 to 625 feet (30 to 190 m) below ground surface (bgs) and occurs
within shale and dolostone of the upper part of the lower Newland. The southward dipping VVF cuts
through the entire Newland Formation. A thin slab of the lower part of the Newland Formation lies below
the VVF and contains the LCZ, which is at a depth of approximately 985 to 1,640 feet (300 to 500 m)
below ground surface (Figure 1.7). The LCZ and enclosing lower part of the Newland Formation shale lie
on the Chamberlain Formation.

The Buttress Fault carries both the Chamberlain and Newland Formation shales on its south side
downward against Precambrian crystalline basement rocks (gneiss) and Neihart Formation quartzite on
its north side (Figure 1.7). The Volcano Valley Fault truncates the Buttress Fault, and Cambrian
sedimentary rocks (including the Flathead sandstone and the Wolsey Formation) cover it to the north
such that it has no surface expression (Figure 1.5). The Buttress fault likely has a Proterozoic age.

The Newland Formation may be separated into upper (Ynu) and lower (Ynl) subunits (Figure 1.6) in the
immediate deposit areas (north of the Black Butte Fault). In addition, the lower Newland has been further
informally separated into Ynl A and Ynl B subunits (Figure 1.6) relative to their location above and below
the Upper Sulfide Zone, respectively. The Ynl A and Ynl B units are largely used in this MOP application
and its associated baseline studies to define portions of the geologic section based on geochemical
subunits (see Section 2.4.2 and Table 2-20) and hydro-stratigraphic subunits (see Section 4.1.2 and
Figure 4.4). The use of these units is a matter of convenience for topical studies, designed to be used
only in the vicinity of the Johnny Lee deposit zones, and is not intended to have any larger regional scale
geologic significance.

1.4.3 Deposit Type

Geologists classify the Black Butte copper deposit as a sediment-hosted deposit. Bedded pyrite shows
higher concentrations in several discrete, semi-continuous, and laterally extensive stratigraphic horizons
or sulfide zones (Figure 1.6) that locally contain copper enrichments. The sulfide zones exposed in the
near-surface environment as shown in Figure 1.5 are typically altered to gossan (as a result of intense
oxidation and leaching of former sulfide minerals) consisting of iron-oxide rich (i.e. goethite) and/or quartz
minerals.

1.4.4 Mineralization

Bedded pyrite horizons within dolomitic shale of the Lower Newland Formation host tabular sheets of
copper mineralization. Exploration drilling has outlined two separate lenses containing copper resources
which are called the Johnny Lee Upper Copper Zone (UCZ) and the Johnny Lee Lower Copper Zone
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(LCZ). Below are descriptions of both the copper zones and the more widespread host sulfide halo, i.e.,
the Upper Sulfide Zone (USZ) and the Lower Sulfide Zone (LSZ).

1.4.4.1 Johnny Lee Upper Sulfide Zone

The Johnny Lee Upper Sulfide Zone (USZ) consists of a lens of fine-grained bedded pyrite (FeS.) as
thick as 285 feet (87 m), and containing two or three chalcopyrite-bearing (CuFeS,) horizons all capped
by a barite (BaSOa,)-rich pyritic stratigraphy. Himes and Petersen (1990) describe microscopic textures
and various sulfide minerals (primarily from copper-enriched horizons) and Graham and others (2012)
and White and others (2013) have completed more recent work. Pyrite occurs as laminations and beds
of very fine-grained pyrite, as micro-crystals, and spheroidal aggregates (1 to 25 microns in diameter).
Pyrite and rarely marcasite (FeS;) aggregates contain rims, patches, and sometimes interior cores of
chalcopyrite and tennantite (Cus(As,Sb)Ss) and in many cases amorphous Cu, Co, Ni, and As-rich
material. Chalcopyrite occurs as coarser grained veinlets and clots, in parallel bedded layers and bands,
in quartz veinlets, and in barite veins and masses.

While local silicification occurs within the USZ, most of the copper mineralization occurs within unsilicified
bedded pyrite. The USZ zone reaches its greatest thicknesses in the south central portion of the Johnny
Lee deposit. Strontium-rich minerals celestine (SrSQO4) and strontianite (SrCQOs) occur in some places
toward the base of the USZ and below the copper-enriched horizons. Barite concentrations cap the
copper zone, and include a sulfide-free shale horizon called the ‘barite marker horizon’.

1.4.4.2 Johnny Lee Lower Sulfide Zone

The Johnny Lee LSZ lies in the footwall (below) the southward-dipping VVF (Figure 1.6). Johnny Lee
LSZ mineralization consists of pyrite and rare marcasite, with high concentrations of chalcopyrite and
local occurrences of siegenite (Ni,C0)3S4) and cobaltite (CoAsS). The Johnny Lee Lower Sulfide Zone
contains no identifiable barite or strontium-rich minerals. Coarse-grained dolomite alteration is abundant
on the margins and above the pyritic zone. Silicification overprints much of the Cu-mineralized area, as
well. A silicified debris flow conglomerate underlies the LSZ with disseminated chalcopyrite, and
chalcopyrite also occurs in quartz veinlets. Most sulfide textures show replacement of both preexisting
dolomite alteration and of earlier generations of sulfide mineralization. Some pyrite is bedded, even at
the base of the LSZ.

The Volcano Valley Fault dips more steeply south than the underlying LSZ and truncates the zone (Figure
1.7) to form its south boundary. The Buttress Fault truncates the LSZ on the north. Because of fault
truncations on its north and south, the LSZ retains little evidence of its presumably broader scale
mineralogical zoning patterns.

1.4.5 Copper Deposit Geometry

The Johnny Lee Upper Copper Zone (UCZ) comprises 78% of the total tonnage of the Johnny Lee deposit
copper resource. The UCZ measures 3,280 feet (1,000 m) in a north-south direction and approximately
2,165 feet (660 m) in an east-west direction (Figure 1.6), and ranges in depth from 90 to 590 feet (30 to
180 m) from the surface. The UCZ is a flat, tabular deposit that ranges in thickness from 10 to 85 feet (3
to 26 m). The deposit varies in dip from 0° to 20° to the west. In some areas the mineralized zone consists
of a single lens. In other areas it consists of two sub-parallel lenses separated by 6 to 53 feet (1.8 to 16
m) of lower grade material.

The Lower Copper Zone (LCZ) comprises 22% of the total tonnage of the Johnny Lee copper resource.
It measures approximately 3,300 feet (1,005 m) from west to east, and ranges from 160 to 660 feet (49
to 201 m) from north to south (Figure 1.6). The LSZ dip varies from 20° to 37° to the south and ranges in
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depth from 985 to 1,640 feet (300 to 500 m) from surface. The mineralized zones range in thickness from
8 to 57 feet (2.5t0 17.3 m).

1.4.6 Mineral Resources

Figure 1.6 and cross-section Figure 1.7 illustrate the location of both the Upper and Lower Copper Zones
of the Johnny Lee Deposit. Resource Modeling, Inc. (in Tetra Tech, 2013a) recently recalculated mineral
resources (February 2013) using 2010 through 2012 drill data including drill hole logs, geologic
correlations, and assays to create a block model of the deposit zones.

Table 1-2 presents the Measured and Indicated copper resources of the Johnny Lee deposit upper and
lower zones. A measured bulk density value of 3.99 g/cm? (8.03 cubic ft./ton), a cutoff grade of 1.6%
copper, a copper price of US$2.75 per pound ($6.05 per kg), and an estimated copper metallurgical
recovery of 81% was used for the UCZ. A measured bulk density of 3.49 g/cm? (9.18 cubic ft./ton), a cut-
off grade of 1.5% copper, a copper price of U.S. $2.75 per pound ($0.45 per kg), and an estimated copper
recovery of 84% was used for the LCZ.

Table 1-2. Measured and Indicated Copper Resources of the Johnny Lee Deposit
Copper Tonnes/ Copper | Copper | Cobalt | Cobalt Silver | Silver oz.
Cutoff (%) | (Tons) (000) (%) Lbs. (M) (%) Lbs. (M) glt. (000)
ucz 2,659
Measured 1.6 (2.931) 2.99 175 0.118 6.9 16.3 1,393
ucz 6,520
Indicated 1.6 (7.188) 2.77 398 0.125 18.0 155 3,249
LCZ 2,387
Indicated 15 (2.631) 6.40 337 0.033 1.7 4.5 345
Avg. or 11,566
Total 1.6 (12,749) 3.57 910 0.100 26.6 13.4 4,987

Note: Resource data from Updated NI 43-101 Technical Report and PEA (Tetra Tech, 2013a)

1.5 Work Completed to Date under Exploration License

Tintina acquired the property in May of 2010 and has conducted surface exploration activities at the
Project site under Exploration License No. 00710 since that time. The Project is currently approved and
bonded for surface disturbances related to drilling various types of borings and test pit excavations for
mineral exploration, groundwater monitoring, and for hydrologic, geotechnical, metallurgical, and soil
testing.

Tintina has used surface drilling methods to complete a total of 205 core holes (including metallurgical
and geotechnical test holes) to define the mineral resources and estimate the feasibility of mining and
milling the copper deposits. Several rounds of ongoing exploration drilling have been approved over time
by DEQ following the submittal of a “Notice of Resumption of Exploration Activities” by Tintina. Tintina
has hydraulically plugged 193 of these holes in accordance with ARM 17.24.106 to prevent aquifer cross
contamination. Twelve drill holes remain open for use as water level observation wells for hydrologic
testing and characterization of aquifers.

Between 2011 and 2013, Tintina drilled a total of twelve (12) groundwater monitoring wells, including
eight paired wells with one completion in surficial material and an adjacent well completed in bedrock.
Ten pumping wells were also drilled to determine groundwater levels, to collect geologic samples, and
primarily to conduct pump tests to define bedrock unit aquifer characteristics. A licensed water well driller
drilled and completed these wells in accordance with State regulations. In addition, Tintina installed 12
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shallow piezometers in alluvial valley fill sediment or in wetlands to monitor seasonal changes in water
levels, and to test for draw down properties during pump testing of nearby bedrock wells. The Water
Resources Baseline section (Section 2.2) presents a map showing locations of environmental test wells
and piezometers (Figure 2.3), and a table listing sampling frequency (Table 2-7). In 2014 and 2015,
Tintina completed 21 relatively shallow geotechnical drill holes and excavated 39 test pits to evaluate
foundation materials underlying proposed and alternate facility locations (Figure 3.13). Other excavations
include a number of small soil test pits for soil sampling and infiltration testing. In March 2016 Tintina
completed four additional monitoring wells inside the proposed CTF footprint to collect additional
groundwater data.

Surface disturbances related to exploration, environmental, and geotechnical drill holes, and access
roads and drill pads to date have totaled 6.0 acres (2.4 ha), all of which have been reclaimed. The
reclamation includes initial stockpiling of soil, recontouring of drill sumps, pads, and access roads,
replacing stockpiled soil, and revegetation. All temporary disturbances have been recontoured and
revegetated in accordance with State requirements, and seeded with a seed mixture approved by DEQ.
All funds posted for reclamation bonding since the initiation of the project remain in place with DEQ.

1.6 Regulatory Compliance

This Operating Permit Application has been designed to meet the requirements of the Montana Metal
Mines Reclamation Act (Title 82, Chapter 4, Part 3, MCA) and the rules and regulations governing the
act. Compliance with regulatory requirements is cross-referenced with components of this Operating
Permit Application in Table 1-3.

Table 1-3. Permit Application Cross-Referenced with Regulatory Compliance
SECTION RULES (ARM)/ACT (MCA) CITATION

1.0 INTRODUCTION

11 Project Location ARM 17.24.115(K)

1.2 Brief Project History MCA 82-4-337(1)(a)

1.3 Land Status MCA 82-4-335(5)(f) through (h)

1.4  Geology ARM 17.24.116(3)(i)
2.0 EXISTING CONDITIONS/ ENVIROMENTAL BASELINE STUDIES

2.1  Climate, Metrological Data & Air Quality ARM 17.24.116(3)(a)

2.2 Water Resources

2.3  Wetlands Resources

2.4 Environmental Geochemistry
2.5  Soil Resources

2.6 Terrestrial Wildlife Resources ARM 17.24.116(3)(a)
2.7  Aquatic Resources
2.8  Vegetation Resources MCA 82-4-335(5)(f) through(h)

2.9 Cultural Resources

2.10 Socio-economic Resources
2.11 Noise

2.12 Transportation Resources
213 Land Use

3.0 OPERATING PLAN

3.1 Introduction ARM 17.24.116(3)
3.1.1  Mine Permit Boundary ARM 17.24.116(3)(d) and (e)
3.1.2 List of Facilities with Surface Disturbance Acres ARM 17.24.116(3)(d)
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SECTION RULES (ARM)/ACT (MCA) CITATION
3.2 Underground Mine Operations and Mining Methods ARM 17.24.116(3)(f)
3.2.2 Tintina’'s Underground Mine Plan
3.2.2.6 Mining Equipment ARM 17.24.116(3)(j)
3.3 Mineral Production
3.3.1 Processing Method
3.3.2  Mining Operations and Schedule ARM 17.24.116(3)(g): ARM 17.24.116(3)(p)
3.3.3 Mill Support Facilities
34 Mine Site — General Construction
341 Overview and Disturbance Acres
342 Construction of Facilities

3.5 Engineering Evaluations

3.51 Geotechnical Foundation Evaluations MCA 82-4-301, 82-4-303, 82-4-305, 82-4-335,
82-4-336, 82-4-337, and 82-4-342

3.5.2 Design Standards MCA 82-4-301, 82-4-303, 82-4-305, 82-4-335,
82-4-336, 82-4-337, 82-4-342 and 82-3-378

3.5.3 Hazard Potential Classifications

354 Seismicity MCA 82-4-301, 82-4-303, 82-4-305, 82-4-335,
82-4-336, 82-4-337, and 82-4-342

3.5.5 Stability Analysis MCA 82-4-301, 82-4-303, 82-4-305, 82-4-335,
82-4-336, 82-4-337, 82-4-342 and 82-4-378

3.5.6 Longevity of HDPE Geomembranes

357 Seepage Analysis

3.5.8 Tailings Characteristics ARM 17.24.116(3)(d), MCA 82-4-335(5)(n)

3.5.9 Binder Sources, Cemented Tailings Paste Suitability, and
Laboratory Test Results

3.6 Infrastructure Support and Waste and Water Management

Facilities

3.6.1 Roads ARM 17.24.116(3)(h) & (r), MCA 82-4-335(5)(i)

3.6.2 Power and Powerlines

3.6.3 Portal Pad

3.6.4 Ventilation Raises

3.6.5 Temporary Waste Rock (WRS) & Operational Storage ARM 17.24.116(3)(d), MCA 82-4-335(5)(n)

3.6.6 Process Water Pond (PWP) MCA 82-4-301, 82-4-303, 82-4-305, 82-4-335,
82-4-336, 82-4-337, and 82-4-342

3.6.7 Contact Water Pond (CWP)

3.6.8 Cemented tailings Facility (CTF) MCA 82-4-301, 82-4-303, 82-4-305, 82-4-335,
82-4-336, 82-4-337, 82-4-342 and 82-4-378;
ARM 17.24 116(3)(9); SB-209: MCA 82-4
335(5)(I)

3.6.9 Non-Contact Water Reservoir (NCWR)

3.6.10  Stockpiles

3.6.11  Pipelines

3.6.12  Equipment & Contract Manpower Required for

Support Facility Construction
3.6.13  Facility Siting Alternative Analysis

3.7 Water Management

3.7.1 Introduction
ARM 17.24.116(3)(k); MCA 82-4-336(5)
3.7.2 Water Supply
3.7.3 Water Balance
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RULES (ARM)/ACT (MCA) CITATION

SECTION
3.74 Water Treatment
3.75 Treated Water Disposition
3.7.6 Storm Water

3.7.7

Erosion Control & Best Management Practices (BMP)

ARM 17.24.116(3)(b); ARM 17.24.115 (a-d) and
(K)(iv)

MCA 82-4-336(2)

3.8 Other Operational Management Components

381 Total Project Employment with Subcontractors ARM 17.24.116(3)(q)
382 Projected Construction & Operational Traffic
3.83 Waters of the US (WOTUS)
3.84 Air Quality & Dust Control ARM 17.8.308; 17.24.115(1)(h)
3.85 Visual Resource Assessment
3.8.6 Operational Noise ARM 17.24.116(3)(a): ARM 17.24.116(3)(s)
3.8.7 Fire Protection ARM 17.24.116(3)(m): 17.24.116(3)(9)
3.8.8 Solid Waste Disposal ARM 17.24.115(i); ARM 17.24.116(3)(c)
3.8.9 Sewage Treatment ARM 17.24.116(3)(0)
3.8.10 Hazardous Materials Disposal (Includes Emergency | gpp: aARM 17.24.116(3)(n)
Response Plan)
3.8.11 Site Security
3.8.12 Lighting
3.8.13  Cultural Resource Protection ARM 17.24.116(3)(t)

4.0 MODELING STUDIES

4.1 Hydrologic Conceptual Model

4.2 Predictive Water Quality Modeling

4.3 Post Closure Non-degradation Evaluation

ARM17.30.715

4.4 Closure Compliance with Non-degradation Criteria

ARM17.30.715

5.0 MITIGATIONS

6.0 MONITORING

6.2 Ongoing Baseline Monitoring

6.3 Operational Monitoring

6.3.1  Water Quality & Quantity Monitoring ARM 17.24.116(3)(l), MCA 82-4-335(5)(m)
6.3.2 Facility Operational Monitoring

6.3.3  Facility Geotechnical Monitoring

6.3.4 Waste Rock Geochemistry Monitoring

6.3.5  Air Quality Monitoring ARM 17.8.308; 17.24.115(1)(h)

6.3.6 Wetlands Monitoring

6.3.7  Aquatic Resource Monitoring

6.3.8  Noise Monitoring ARM 17.24.116(3)(s)

6.3.9 Reclamation Monitoring

6.4 Post Operational Closure Monitoring

6.4.1

Facility Closure Monitoring

ARM 17.24.115(1)(m)
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SECTION RULES (ARM)/ACT (MCA) CITATION
6.4.2  Water Quality Monitoring ARM 17.24.115(1)(d),(e),(f),(n);17.24.116(3)(l);
ARM 17.24.106
6.4.3 Reporting

7.0 RECLAMATION & CLOSURE

ARM 17.24.116(5)

7.2 Disturbed Land Reclamation Compliance

MCA 82-4-336(2), (3), (4), (5), (6), (8), (9)(a),
(10), (11)

7.3 Detailed Plan for Permanent Reclamation & Closure

ARM 17.24.150

7.3.1 Post Mining General Construction Measures

7.3.2 Post Mining Building & Solid Waste Disposal ARM  17.24.115(1)() & (m), MCA 82-4-
303(15)(e); ARM 17.50.1405

7.3.3  Site-specific Facility Closure ARM 17.24.115(1)(m); ARM 17.24.106

7.3.4 Soil Salvage Placement

37.35  Revegetation ARM 17.24.115(1)(c), (k)(iii) & () MCA 82-4-

303(15)(c)

7.4 Reclamation Schedule

MCA 82-4-303(15)(i); 82-4-336(3)

7.5 Bond Release

MCA 82-4-338(1),

8.0 REFERENCES

9.0 RESPONSES TO COMMENTS

1.7 List of Other Major Requirements

Table 1-4 presents a list of other major permits required, plans that must be submitted, or acts requiring
compliance or monitoring in order to obtain a Montana Mine Operating Permit. These permits, plans, and
acts are listed in Table 1-4 by name, related resource, and regulatory or administrative agency.
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Table 1-4.

List of Permits Required, Plans Requiring Submission and Acts for Compliance.

Resource

Permit / Plan /Act

Agency

Mine Operating Permit

Exploration License

MT DEQ, Air, Energy & Mining Div., Hard Rock Mining Bur.

Environmental Impact Statement —
Record of Decision

MT DEQ, Air, Energy & Mining Div., Hard Rock Mining Bur.

Hard Rock Mining Operating Permit

MT DEQ, Air, Energy & Mining Div., Hard Rock Mining Bur.

Reclamation Bond

MT DEQ, Air, Energy & Mining Div., Hard Rock Mining Bur.

Water Quality

Montana Pollution Discharge Elimination System
(MPDES) permit

MT DEQ, Water Quality Div., Water Protection Bur.

Montana Groundwater Pollution Control System
(MGWPCS) permit

MT DEQ, Water Quality Div., Water Protection Bur.

Storm Water Pollution Prevention Plan (SWPPP)

MT DEQ, Water Quality Div., Water Protection Bur.

Spill Prevention, Control and Countermeasures
(SPCC) Plan

MT DEQ, Permitting & Compliance Div., Waste and Underground Tank
Management Bur.

Water Rights / Quantity

Certificate of Water Rights / Groundwater
Appropriations

MT Dept. Natural Resources and Conservation, Water Rights Bur.

Water - Other

Public Water Supply Permit

MT DEQ, Water Quality Div., Public Water and Subdivisions Bur.

Sewage Disposal

Meagher County Health Department, Environmental Services

Wetlands / Waters of US

Clean Water Act Section 404 Permit

US Army Corps of Engineers (USACE)

MT Streambed Preservation Act - 310 Permit

USACE; Meagher County Conservation District; MT Fish, Wildlife and Parks

MT Streambed Preservation Act - 318 Permit

USACE; Meagher County Conservation District; MT Fish, Wildlife and Parks

Dam Safety

Dam Safety / Hazard Evaluation

MT Dept. Natural Resources and Conservation, Water Resources Division, Dam
Safety Bur.

Tribal Communications

US Army Corps of Engineers

Air / Noise

Montana Air Quality Permit

MT DEQ); Air Quality Bureau

Employee Impact

Hard Rock Mining Impact Plan

MT Dept. of Commerce, Community Development Div., Hard Rock Mining
Impact Board

Energy Transmission

Major Facility Siting Act (MFSA)

MT DEQ, Air, Energy & Mining Div., Energy Bur.

Road Use /
Transportation Highway Approach Permit Montana Department of Transportation

MT DEQ, Air, Energy & Mining Div., Hard Rock Mining Bur.; MT Fish, Wildlife
Aquatics Aquatics Monitoring Program and Parks

Cultural Resources

Historic Preservation Act

MT State Historical Preservation Office (SHPO)

Weed

Weed Plan

Meagher County Noxious Weed Management Program

Emergency Response

Emergency Response Plan

MT DEQ, Air, Energy & Mining Div., Hard Rock Mining Bur.
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2 EXISTING CONDITIONS / ENVIRONMENTAL BASELINE STUDIES

Existing condition data describe and evaluate attributes of the environment at the Project site, while
baseline studies involve conducting research and gathering/analyzing physical or chemical data
associated with resources that might be affected by facility construction or mine operations. Collection of
both types of information facilitates the evaluation of possible impacts, and provides a benchmark against
which potential future changes could be measured. Evaluations typically compare existing condition
physical and chemical data with State standards, regulations and / or guidelines.

An initial consultation between DEQ and Tintina identified the types of baseline assessments,
information, and data quality anticipated to be necessary to evaluate this application. This section of the
MOP Application summarizes resources selected for baseline study. Table 2-1 lists the baseline
assessments or study citing the location of the summary sections in this MOP Application document and
the location of detailed technical reports providing supporting information on the resources that are
included as appendices to this MOP Application.

Table 2-1. Reference Sections for Environmental / Baseline Studies
Baseline Resource Summary Section Detailed Technicgl
This Report Report as Appendix
Geology 1.4 W
Climate, Meteorology and Air Quality 2.1 A-1
Meteorology Monitoring Data 2.1.2 A-3
Air Quality 2.1.6 ---
Water Resources 2.2 B
Water Resources Monitoring Data B-A
Water Resources Quality Statistics B-B
Hydrologic Modeling 4.0 M
Wetland Resources 2.3
Wetland Delineation Report 2.3.1and 2.3.2 C-1
Wetland Functionality Report 2.3.7 C-2
Environmental Geochemistry 2.4 D and D-1
Geochemical Modeling 4.2 N
Soil Resources 2.5 E
Terrestrial Wildlife Resources 2.6 F
Aquatic Resources 2.7 G
Vegetation Resources 2.8 H
Weed Plan 2.8.4 O
Cultural Resources 2.9 I
Socio-Economic Resources 2.10
Noise 2.11 J
Transportation Resources 2.12
Visual Resources 3.8.5
Land Use 2.13
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Tintina initiated collection of data characterizing the existing site conditions and site-specific
environmental baseline studies by as early as 2010. Tintina will continue to collect data through ongoing
baseline investigations during the permitting phase, and will monitor conditions throughout operations
and into closure as mandated by DEQ (described in Section 2.2.4). For most studies, Tintina’s leased
property boundary usually forms the study area boundary, but select resources required larger study
areas. Section 1.3 above describes the boundary of the leased property which includes approximately
7,684 acres (3,109 ha) (Figure 1.4).

2.1 Climate, Metrological Data and Air Quality

2.1.1 Climate

The Project area occurs in a cold, semi-arid or steppe climate (Képpen- Gieger climate classification,
http://lwww.eoearth.org/view/article/162263/; Finlayson and McMahon, 2007).These, cold, semi-arid
climates are located in temperate zones and are typically found in continental interiors, some distance
from large bodies of water and locally can include areas of high elevation. These climate zones typically
have hot summers and cold winters, usually see snowfall during the winter, and at higher latitudes tend
to have dry winters and wetter summers. They are often subject to major temperature swings between
day and night, sometimes by as much as 36°F (approximately 20°C) or more. This climate zone tends to
support short or scrubby vegetation, usually dominated by either grasses or shrubs but locally in upland
portions of the Project area, forest communities of Douglas-fir and lodge pole pine occur where thin soils
cover near-surface bedrock.

2.1.2 Meteorological Data Collection

In April, 2012, Tintina established an ambient meteorological monitoring station (Tintina Station) at an
elevation of 5,699 feet (1,737 m) just west of the core shed (Figure 1.2 and Figure 2.1) to measure wind
speed, wind direction, standard deviation of wind direction, temperature at 30 feet and 6 feet (9 and 1.8
m), delta temperature (calculated difference in temperature between 30 and 6 foot (9 and 1.8 m) stations),
solar radiation, barometric pressure, and precipitation. On June 23, 2015, Tintina installed an evaporation
pan measuring device. The monitoring station has collected baseline meteorological data to provide
information for this mine operating permit application, and is also used to support various ongoing
environmental and water balance engineering studies. Bison Engineering, Inc., of Helena, MT operates
the meteorological station. Tintina has received quarterly reports of daily data since the second quarter
of 2012 and these are attached to this Operating Permit Application Appendix A (Bison Engineering, Inc.,
2015).

2.1.3 Meteorological Data Analysis

The Tintina meteorological station (Figure 2.1) has collected 50 months’ worth of data (through June of
2016). Months that had fewer than 20 days of recorded data were excluded from the summaries as shown
in Table 2-2 below. The precipitation and temperature records have 27 and 30 monthly values
respectively. The precipitation record for March 2013 contains a one-day event in which approximately
4 inches (102 mm) of precipitation was recorded. Analysis of this meteorological data (Knight Piésold,
2015a; Appendix A) generated long-term estimates of precipitation and evaporation for use in preparation
of the site-wide water balance.
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Table 2-2. Tintina Weather Station Monthly Data

Precipitation (in.)

Year Jan Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Annual
2012 248 | 346 | 1.77 | 0.47| 0.16 | 1.81| 1.10| 0.28 -
2013 070 | 1.34 | 7.24 | 0.91 | 2.68 0.40 | 0.75| 1.34 -
2014 161 | 0.16 |3.11 |1.86 | 0.83 | 567 | 1.22 | 3.23 | 1.46 | 0.75 | 0.51 -
2015 141 | 0.78 [ 0.60 | 1.38 | 2.09 | 1.97 | 1.69 | 0.58 | 1.69 | 0.24 | 0.70| 0.89 -
2016 133 | 025 [0.78 | 1.55 | 2.66 | 1.33 | 1.74 | 1.15| 2.64 | 2.31 | 0.17| 0.29 -

Average 1.26 063 | 293|143 | 215 | 311 | 161 | 1.36| 1.49 | 1.10| 0.66| 0.70 18.42

Temperature (°F)

Year Jan Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Annual
2012 42.0 62.4| 59.2| 496 | 34.7| 284 | 17.6 -
2013 17.6 190 | 248 | 315 | 455 529 | 621 522 | 31.3| 26.1 | 13.6 -
2014 18.0 8.2 25.0 | 33.4 | 446 | 48.2 60.4| 56.8| 47.7 | 41.2 | 21.2 | 20.3 -
2015 17.1 23.7 | 325|354 | 440| 573 | 57.6| 57.9| 495 | 410 | 21.0 | 17.8 -
2016 19.2 250 | 293|390 | 441 | 558 | 58.6| 56.7| 46.6 | 39.6 | 324 | 10.0 -

Average 18.0 19.0 | 279 | 348 | 441 | 536 | 60.2| 57.7| 49.1 | 37.6 | 25.8 | 15.9 37.0

Evaporation (in.)

Year Jan Feb | Mar | Apr | May | Jun Jul | Aug | Sep | Oct | Nov Dec |Annual
2015 2.01 3.78| 6.59| 3.94 | 2.05 18.37
2016 404 | 466| 597 | 0.77 | 0.45| 0.65 16.54
Average 3.03 | 422| 6.28| 2.36 | 1.25| 0.65 17.45

Blank cells had fewer than 20 days of recorded data

To date, the measured records at Tintina station (Table 2-2) indicate a mean annual precipitation of 18.42
inches (468 mm) and a mean annual temperature of 37.0 F (2.8° C). Actual measured net
evapotranspiration from Tintina’s on-site meteorological station has averaged 17.45 inches (443 mm)
from its June 23, 2015 (start-up) through November of 2016.

Early in 2015, Knight Piésold undertook as part of its effort to complete a water balance analysis for the
Project, a meteorologic data study to generate long term estimates of precipitation and evaporation for
the project area. As can be seen from Table 2-2 the Tintina weather station has a rather short period of
record for recorded data (four years in 2015). Generating these long-term estimates are done by
comparing records from nearby weather stations that have longer periods of record. In order to do that
Knight Piésold had to use monthly temperature data with the Thornthwaite equation to estimate a mean
annual potential evapotranspiration of 17.4 in. (441 mm), as shown in Table 2-3 (Knight Piésold, 2015).
Potential evapotranspiration is considered to be generally equivalent to pond evaporation. These
calculated values show remarkable agreement with actual measure pan evaporation data from the project
site for 2015 and 2016 (Table 2-2).
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Table 2-3. Tintina Station Potential Evapotranspiration (in.)
Year Jan Feb | Mar | Apr | May| Jun | Jul | Aug | Sep| Oct | Nov | Dec | Annual
2012 2.07 48 | 41 | 25|05 -
2013 0 24 | 3.5 4.8 2.8 0 -
2014 04 | 23| 29 4.6 38 [ 22|13
Average 02 |22 32| 47 | 39 | 25|08 17.4

Calculated PET from Thornthwaite equation (uses daily temperature, length of day and a measure of heat index or mean annual
temperature to calculate PET)

Blank cells = no data

Four regional climate stations were then investigated for comparison with the Tintina station. The
locations of these stations are shown on Figure 2.1 and the mean annual meteorological values are
summarized in Table 2-4 and Appendix A-2 (Knight Piésold, 2015a) presents the detailed analysis of this
data (including pond evaporation estimates, and long-term temperature and precipitation data) and
compares results among the four meteorological stations.

Table 2-4. Regional Meteorological Station Summary
Elevation| Period of Mean Annual Mean Annual Mean Annual
Station (amsl) Record Precipitation (in.) | Temperature (°F)| Pan Evap. (in.)
Bozeman 4,862 1892 - 2015 18.5 43.2 36.8
Millegan 14 SE 4,970 1984 - 2015 18.6 41.0 -
White Sulphur Spring 5,440 1949 - 1981 15.8 - -
Neihart 8 NNW 5,230 1967 - 2013 21.3 41.7 -

Two synthetic series of monthly precipitation and temperature generated for the Project site (Tintina
meteorological station, elevation 5,699 feet (1,737 m)) allow the best possible estimate of precipitation,
temperature, and evaporation. For the period 1892 to 2015, a synthetic series includes data generated
from the Bozeman station, and for the period 1984 to 2015 a synthetic series includes data from the
Millegan station (Knight Piésold 2015a, Appendix A-2). Modelers often create synthetic (artificial, not
measured) sets of data using statistical analysis of larger sets of data that compare favorably with smaller
sets of data. This is done to generate a broader set of data within a variable system such as weather or
climate. A good example is the extrapolation of weather data from a shorter period of time (record) to an
extended period of record, so that the long term significance of extreme high or low frequency events can
be evaluated. The calculated mean annual precipitation values for the Project site were 20.0 in. (508 mm)
and 16.4 in. (417 mm), respectively. These are lower than the mean annual precipitation recorded at the
Tintina station in 2012 to 2014. This is likely because the site-based weather station data represent a
limited period of record that is not yet well suited for long-term predictions, hence regional data were
incorporated into the overall hydro-meteorological analysis to assess variability. The Millegan station,
located close to the Project site, indicated that the 2012—-2014 period was wetter than the long-term
average, whereas the Bozeman station indicated that the 2012-2014 period deviated less from the long-
term average conditions. Because the Millegan station is located closer to the Project site, and is
considered more representative of Project site weather patterns, this study adopted the long-term
precipitation estimate based on the Tintina-Millegan comparison for water balance calculations. In
addition, the Tintina-Millegan estimate yielded a more conservative result with respect to water supply
availability used in the site-wide water balance. Statistical graphs of correlations for temperature and
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precipitation data between the Tintina-Bozeman and the Tintina-Millegan sites are included in Knight
Piésold’s report (Knight Piésold, 2015a).

The study generated three estimates of long-term mean annual pond evaporation for the Project site.
The study based two estimates on temperature values and the Thornthwaite equation. Analysis using
the Tintina-Bozeman temperature series yielded a mean annual potential evapotranspiration of 17.2 in.
(437 mm); and analysis using the Tintina-Millegan temperature series yielded a mean annual potential
evapotranspiration of 16.7 in. (424 mm) The third estimate, which was based on pan evaporation at the
Bozeman station scaled to the Project site, yielded a mean annual pond evaporation value of 20.2 inches
(513 mm). Given the level of uncertainty in the evaporation estimates, as with the precipitation, the study
applied the most conservative approach to the water balance analyses, and used the highest evaporation
estimate (20.2 in., 513 mm) for the Project site for modeling purposes. Tintina installed a pan evaporation
measuring station at the project site in June 2015.

2.1.4 Meteorological Data Used for Engineering Analysis and Design

The values presented in Table 2-5 represent those considered most representative of the Project site
when using the most restrictive approach, with respect to water availability. The values below represent
an average annual water deficit of 3.8 inches (96 mm).

Table 2-5. Long-Term Project Precipitation and Pond Evaporation Data
Parameter Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Annual*
Precipitation (in.) 08067 11| 15| 23| 28| 18| 15| 12| 11| 09| 0.9 16.4
Precipitation (mm) 20 17 | 28 38 58 71 | 46 38 30 28 23 23 417

Pond Evaporation (in.) 0 0 0 19| 30| 33|44 | 39| 24| 14| O 0 20.2
Pond Evaporation (mm) 0 0 0 48 76 84 | 112 | 99 61 | 36 0 0 513

e Annual total values have been rounded.

The use of this cautious approach is justified based on the fact that the addition of water from
underground mine dewatering will result in overall surplus water conditions on a project wide basis,
regardless of the variation in hydro-meteorological conditions at the site. In addition, any surplus or deficit
of water introduced by variations in precipitation or evaporation will be compensated for on a monthly
basis, based on water right requirements either by sending surplus water to the water treatment plant
and discharging the treated water in the underground infiltration gallery, or by directing mine dewatering
outputs into the PWP. The required mitigation of consumptive use implemented under water rights as a
part of normal operating procedures will compensate for variations in actual climatic fluctuations on a
monthly basis.

2.1.5 Wet and Dry Return Periods for Project Site Precipitation

Table 2-6 presents the wet and dry annual precipitation values up to the 1:100 year return period. These
values are calculated based on the mean annual precipitation, and the standard deviation of annual
precipitation values, using the annual precipitation values from the Tintina-Millegan precipitation series
(Knight Piésold, 2015a). The analysis assumes a normal distribution. The Tintina weather station will
continue meteorological data collection to provide a longer period of record for comparison to the regional
stations.
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Table 2-6. Wet and Dry Return Period Project Precipitation

Return Period Annual Precipitation (in. / mm)
1:100 year wet (mean + 2.326 s.d.) 24.6 /625
1:50 year wet (mean + 2.054 s.d.) 23.6 /599
1:20 year wet (mean + 1.645s.d.) 22.1/561
1:10 year wet (mean + 1.282 s.d.) 20.9/531
Mean Annual Precipitation 16.4 /417
1:10 year dry (mean - 1.282 s.d.) 11.9/302
1:20 year dry (mean - 1.645 s.d.) 10.6 / 269
1:50 year dry (mean - 2.054 s.d.) 9.2/234
1:100 year dry (mean - 2.326 s.d.) 8.2/208

NOTE: 1. The standard deviation was calculated to be 3.5 in. (89 mm)

2.1.6 Air Quality

Meagher County, in which the Project is located, is classified for air quality purposes as "Unclassifiable
or Better Than National Standards" for all criteria pollutants (40 CFR 81.327 and DEQ website
http://deq.mt.gov/AirQuality/Planning/AirNonattainment.mcpx). This classification indicates that DEQ has
not monitored the area’s air quality but that, based on the Department’s experience, the area is presumed
to meet the ambient air quality standards. Specifically, regarding the recently revised 8-hour ozone
standard, EPA has published information indicating that all of Montana currently meets the new standard
or is presumed to do so (EPA website:
http://ozoneairqualitystandards.epa.gov/OAR_OAQPS/OzoneSliderApp/index.htmi#).

As noted above, DEQ has not measured ambient air pollutant concentrations in or near the Project area.
The most representative data have been collected at the Sieben Flats monitoring station located
approximately 50 miles west of the Project between Helena and Great Falls. This is a National Core
(NCore) Multipollutant Network monitoring station that monitors background air quality on a regional scale
as part of a national air quality trends network. The NCore site and the Project site are both rural locations
that are quite similar, and this similarity supports the “Unclassifiable or Better Than National Standards”
classification determination (Sieben Flats NCore data can be accessed at this EPA website:
http://lwww3.epa.gov/airdata/ad_rep_mon.html).

There are no significant sources of air pollution in the vicinity of the Project area. The nearest significant
source is the Graymont Indian Creek Lime Plant which is located approximately 46 air miles (74 km)
southwest of the mine. White Sulphur Springs is approximately 15 miles south of the mine site and does
not have any significant emitting sources. The nearest large population centers are the cities of Great
Falls, Bozeman, and Helena, located at distances of approximately 50, 76 and 54 air miles, (80, 122 and
87 km) respectively, from the Project.

In addition, Tintina received an air quality permit from DEQ’s Air Resources Management Bureau for its
Amendment to Exploration License to Construct and Exploration Decline. This application concludes that
recent emission air pollutant rates from the Project’'s exploration activities are quite low and are not
expected to substantially degrade surrounding air quality. Potential emission rates for criteria pollutants,
as reported in the exploration decline air quality permit (MAQP #4978-00) are all well below EPA
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thresholds for “significant emission rates.” The air quality permit states on page 4 of the analysis section
that “...the potential emissions expected from operating the facility (exploration decline) at its maximum
throughput on a continuous basis would not violate ambient air quality standards.”

Tintina will either modify its existing Air Quality Permit or submit an application for and acquire a new
Montana Air Quality Permit under the Montana Clean Air Act prior to construction and mining activities at
the site that specifies requirements for applicable state and federal air quality standards. The air quality
permit application requires that the applicant demonstrate compliance with all applicable State and
Federal regulations and ambient air quality standards. As part of that application, a list of equipment and
specifications for all stationary emissions sources would be compiled for submittal to DEQ’s Air
Resources Management Bureau for review and final determination of permitting needs once specific
pieces of equipment have been selected for the mining operation. The conditions of the Air Quality Permit
will specify monitoring and reporting requirements in detail and may specifically require air quality
monitoring for particulates.

2.2 Water Resources

2.2.1 Water Resources Study Area and Methods of Study

Tintina has conducted both water resource baseline monitoring and hydrologic investigations for the
Project. They initiated the baseline monitoring program in May of 2011 and it includes measurement of
flow, water levels, and water quality at surface water, groundwater, and spring and seep monitoring sites
in the Project area (Hydrometrics, 2017a). The baseline monitoring program includes the following:

e Quarterly monitoring at 12 surface water sites. Beginning in 2013, Tintina monitored three of these
sites located on Sheep Creek on a bi-weekly/weekly schedule during spring run-off and then
monthly since 2014 (Figure 2.2). In 2016, a surface water site on Little Sheep Creek was added
to the monthly monitoring program.

e Quarterly groundwater monitoring at 22 monitoring well sites and 22 additional test wells and
piezometer sites (Figure 2.3). An additional 8 wetland piezometers were installed in 2017 (see
Figure 6.2 and Map Sheet 1).

e Annual spring and seep monitoring which includes monitoring of flow and field parameters at 16
springs and water quality sampling and analysis at 11 sites (Figure 2.4). Tintina has monitored
eight spring sites on a monthly schedule since 2016.

Field parameters are also monitored annually at 10 seep locations.

Figure 2.2 shows the location of surface water resource monitoring sites. Figure 2.3 shows the location
of groundwater resource monitoring sites. Table 2-7 summarizes the type of baseline data available and
period of record at each of the baseline monitoring sites.

In addition to baseline monitoring (Hydrometrics, 2017a), Tintina conducted a number of groundwater
investigations to characterize the hydrostratigraphic units in the Project area (Hydrometrics, 2012a, 2013,
and 2015a) and groundwater conditions in the vicinity of surface facilities (June 2016, and March 2017).
Investigations have also examined groundwater/surface water interactions related to use of UIG areas
(Hydrometrics, 2013), and have included two synoptic surveys on Sheep Creek between Little Sheep
Creek and downgradient monitoring site SW-1 (Figure 2.2). Tintina is currently conducting an infiltration
tracer study (Hydrometrics, 2017b). Synoptic surveys are summarized in Appendix B with survey sites
shown on Figure 14 of Appendix B.
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Table 2-7. Water Sampling Summary for Baseline Monitoring Sites
o Easting | Northing o _ Flow or _
Monitoring | (meters) | (meters) | Monitoring Period of Field Lab
Site UTM-WGS 1984 Frequency record \II_V:\';zlr Parameters | Parameters Comments
Zone 12 North
Developed Springs
DS-1 506,507 | 5,178,871 Monthly 2011-2016 X X X
DS-2 505,263 | 5,180,151 Annual 2011-2016 X X --
DS-3 505,038 | 5,181,521 Monthly 2011-2016 X X X
DS-4 506,057 | 5,181,589 Monthly 2011-2016 X X X
DS-5 504,761 | 5,182,485 Annual 2011-2016 X X -
DS-6 504,950 | 5,182,828 Annual 2011-2016 X X -
Seeps
Seep-1 507,876 | 5,179,571 Annual 2011-2016 - X -
Seep-2 506,311 | 5,180,089 Annual 2012-2016 -- X --
Seep-3 507,821 | 5,180,537 Annual 2012-2016 -- X --
Seep-4 507,531 | 5,182,486 Annual 2012-2016 -- X --
Seep-5 507,768 | 5,182,749 Annual 2011-2016 - X -
Seep-6 507,853 | 5,182,587 Annual 2011-2016 - X --
Seep-7 507,155 | 5,182,821 Annual 2011-2016 - X --
Seep-8 506,701 | 5,180,382 Annual 2011-2016 - X -
Seep-9 504,825 | 5,182,476 Annual 2011-2016 - X -
Seep-10 507,270 | 5,179,165 Annual 2011-2016 - X -
Springs
SP-1 506,273 | 5,180,099 Annual 2011-2016 X X -
SP-2 505,834 | 5,180,907 Annual 2011-2016 X X -
SP-3 506,371 | 5,182,242 Monthly 2011-2016 X X X
SP-4 506,425 | 5,180,469 Monthly 2011-2016 X X X
SP-5 506,479 | 5,178,985 Monthly 2011-2016 X X X
SP-6 506,220 | 5,181,028 Monthly 2011-2016 X X X
SP-7 507,694 | 5,181,138 Monthly 2011-2016 X X X
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o Easting | Northing o _ Flow or _
Monitoring | (meters) | (meters) | Monitoring Period of Field Lab
Site UTM-WGS 1984 Frequency record \II_V:\';zlr Parameters | Parameters Comments
Zone 12 North
SP-8 507,996 | 5,178,745 Annual 2012-2016 X X -
SP-9 507,502 | 5,178,578 Annual 2012-2016 X X --
SP-10 506,335 | 5,178,351 Annual 2012-2016 X X --
Surface Water Sites
Hourly water level data since 2012;
SW-1 507,148 | 5,182,710 Monthly 2011-2016 X X X High flow bi-weekly/weekly Flow
SW-2 511,040 | 5,179,844 Monthly 2011-2016 X X X High flow bi-weekly/weekly Flow
SW-3 506,996 | 5,180,581 Quarterly 2011-2015 X X X
SW-4 506,308 | 5,180,114 | Quarterly 2011-2016 X X --
SW-5 503,914 | 5,181,465 Quarterly 2011-2016 X X X Typically dry
SW-6 507,919 | 5,179,536 Quarterly 2011-2016 X X X
SW-7 506,420 | 5,179,000 Quarterly 2011-2016 X X X
SW-8 509,575 | 5,179,476 Quarterly 2011-2016 X X --
SW-9 503,944 | 5,179,271 Quarterly 2011-2016 X X -
SW-10 504,665 | 5,178,322 Quarterly 2011-2016 X X 2015 Added Lab WQ for TMDL
SW-11 501,951 | 5,181,021 Quarterly 2011-2016 X X X
SW-14 507,876 | 5,180,008 Monthly 2016 X X X High flow bi-weekly/weekly Flow
USGS-SC1 | 514,509 | 5,179,419 Monthly 2014-2016 X X X High flow bi-weekly/weekly Flow
Single
G-1 506,405 | 5,180,178 Evegnt July 2011 X X 2011 Data collected once only in July 2011
Single
G-2 506,497 | 5,180,699 Evgnt July 2011 X X 2011 Data collected once only in July 2011
Monitoring Wells
MW-1A | 506,935 | 5,180,842 | Quarterly 2011-2016 X X X
MW-1B | 506,934 | 5,180,845 | Quarterly 2011-2016 X X X
MW-2A 506,598 | 5,180,332 Quarterly 2011-2016 X X X
MW-2B 506,597 | 5,180,329 Quarterly 2011-2016 X X X
MW-3 506,484 | 5,180,740 Quarterly 2011-2016 X X X
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o Easting | Northing o _ Flow or _
Monitoring | (meters) | (meters) | Monitoring Period of Field Lab
Site UTM-WGS 1984 Frequency record \II_V:\';ZIr Parameters | Parameters Comments
Zone 12 North
MW-4A 507,201 | 5,180,855 Quarterly 2012-2016 X X X
MW-4B 507,200 | 5,180,858 Quarterly 2012-2016 X X X
MW-6A 507,809 | 5,179,493 Quarterly 2013-2016 X X X
MW-6B 507,793 | 5,179,491 Quarterly 2013-2016 X X X
MW-7 507,452 | 5,179,501 Quarterly 2013-2016 X X X
MW-8 507,036 | 5,179,398 Quarterly 2013-2016 X X X
MW-9 506,593 | 5,180,725 Quarterly 2014-2016 X X X
MW-10 506,579 | 5,179,215 | Quarterly 2016 X X X
MW-11 506,465 | 5,179,117 | Quarterly 2016 X X X
MW-12 506,413 | 5,179,010 | Quarterly 2016 X X X
MW-13 506,478 | 5,178,856 | Quarterly 2016 X X X
MW-14 508,256 | 5,179,377 | Quarterly 2016 X X X
MW-15 508,291 | 5,179,071 | Quarterly 2016 X X X
SC15-184 | 507,047 | 5,178,973 Quarterly 2015-2016 X X X First monitoring July 2015
SC15-185 | 506,355 | 5,179,094 Quarterly 2015-2016 X X X First monitoring July 2015
SC15-194 | 506,014 | 5,179,855 Quarterly 2015-2016 X X X First monitoring July 2015
SC15-198 | 506,621 | 5,179,855 Quarterly 2015-2016 X X X First monitoring July 2015
Test Wells
PW-1 506,301 | 5,180,698 Quarterly 2011-2016 X One Time One Time | Lab data from pumping test
PW-2 506,443 | 5,180,865 Quarterly 2011-2016 X X X
PW-3 506,846 | 5,180,479 Quarterly 2012-2016 X X X
PW-4 506,902 | 5,180,688 Quarterly 2012-2016 X X X
PW-5 506,491 | 5,181,173 Quarterly 2013-2015 X -- --
PW-6 506,468 | 5,181,098 Quarterly 2012-2015 X Twice Twice
PW-6N 506,468 | 5,181,098 Quarterly 2015-2016 X One Time One Time | Lab data from pumping test
PW-7 506,846 | 5,180,696 Quarterly 2013-2016 X X X
PW-8 506,598 | 5,180,722 Quarterly 2014-2016 X X X
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o Easting | Northing o _ Flow or _
Momfcormg (meters) | (meters) | Monitoring Period of Water Field Lab Comments
Site UTM-WGS 1984 Frequency record Level Parameters | Parameters
Zone 12 North
PW-10 506,594 ‘ 5,180,722 Quarterly 2014-2016 X X X
Piezometers

PZ-01 507,650 | 5,180,256 Quarterly 2012-2016 X - -

PZ-02 507,401 | 5,180,779 Quarterly 2012-2016 X - -

PZ-03 507,249 | 5,180,619 Quarterly 2012-2016 X - -

PZ-04 506,992 | 5,181,111 Quarterly 2012-2016 X - -

PZ-05 507,080 | 5,181,215 Quarterly 2012-2016 X - -

PZ-07A 506,258 | 5,180,075 Quarterly 2014-2016 X - --

PZ-07B 506,258 | 5,180,075 Quarterly 2014-2016 X - --

PZ-08 507,090 | 5,180,574 Quarterly 2014-2016 X -- --

PZ-09 507,884 | 5,180,179 Quarterly 2014-2016 X -- --

PZ-10 506,589 | 5,180,672 Quarterly 2014-2016 X -- -- PW-8 Aq Test temporary piezometers

PZ-11 507,021 | 5,180,643 Quarterly 2014-2016 X -- -- PW-8 Aq Test temporary piezometers

PZ-12 506,844 | 5,180,514 Quarterly 2014-2016 X -- -- PW-8 Aq Test temporary piezometers
BB WM1 IP IP Quarterly 2017 X -- -- includes wetland vegetation monitoring
BB WM2 IP IP Quarterly 2017 X -- -- includes wetland vegetation monitoring
BB WM3 IP IP Quarterly 2017 X -- -- includes wetland vegetation monitoring
BB WM4 IP IP Quarterly 2017 X -- -- includes wetland vegetation monitoring
BB WM5 IP IP Quarterly 2017 X - - includes wetland vegetation monitoring
BB WM6 IP IP Quarterly 2017 X - -- includes wetland vegetation monitoring
BB WM7 IP IP Quarterly 2017 X - -- includes wetland vegetation monitoring
BB WM8 IP IP Quarterly 2017 X -- -- includes wetland vegetation monitoring

TABLE NOTES:
e Added lab WQ for Total Maximum Dailey Load (TMDL) means - began water quality monitoring at the request of the TMDL program.
e The listed monitoring site coordinates in UTM-WGS 84 Zone 12 are very similar to NAD 83 UTM Zone 12N coordinates used throughout

most of the MOP document.

e The coordinates for recently installed wetland piezometers BB WML1 through BB WM8 are incomplete as the surveys are all in progress (IP).
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Water resource monitoring data collected from 2011 to July 2015 are summarized in the Baseline Water
Resource Monitoring Report (Hydrometrics 2017a), which is included as Appendix B of this Permit
Application. Subsequent hydrogeological investigations are summarized in individual reports. Water
resource monitoring data collected from July 2015 through 2016 are presented in the digital water quality
files in Appendix B-A (Hydrometrics 2017a); actual quarterly or annual reports were submitted to the DEQ
including most recently water the quality data for the first quarter of 2017; however, the 2017 data has
not been added to the geochemistry electronic data base (Appendix B-A) to date. The Project Electronic
Database will be updated and provided to the EIS contractor and the DEQ upon request. Analytical data,
well logs, and aquifer test analyses for the subsequent monitoring/investigations has been appended to
Appendices B-A through B-D for ease of reference in this Permit Application. The additional hydrological
investigation reports in this Permit Application include the following:

e Appendix B-1: Hydrological Assessment of Proposed Cemented Tailings Facility Report
(Hydrometrics, 2016b), and;

o Appendix B-2: Eastern UIG Tracer Test Report (Hydrometrics, 2017b) that includes an
Addendum Letter from Ozark Underground Laboratory dated July 11, 2017 that discusses
fluorescein dye details.

The remainder of this section describes the hydrologic setting of the Project area and summarizes the
results of baseline and other water resources monitoring programs conducted from 2011 through 2016.

2.2.2 Surface Water

The Project area is in the upper portion of the Sheep Creek drainage, a tributary to the Smith River, which
in turn is a tributary of the Missouri River (Figure 2.5). Sheep Creek is a fifth order stream draining a total
of approximately 194 square miles (502 square km). Sheep Creek originates in the Little Belt Mountains
at an elevation of approximately 7,400 feet (2,255 m) and discharges to the Smith River approximately
34 river miles (55 km) to the west at an elevation of 4,380 feet (1,335 m). The Project area is located in
the approximate upper third of the drainage approximately 19 river miles (30.5 km) above the confluence
with the Smith River. Sheep Creek is a high quality stream that flows in a meandering channel through a
broad alluvial valley upstream of the Project site but enters a constricted bedrock canyon just
downstream. It is used principally for stock water and fishing (Resource Modeling, Inc, 2010).

Primary tributaries to Sheep Creek in the immediate Project area include Little Sheep Creek, Brush Creek
and Coon Creek (Figure 2.6). To the west of the project area is Black Butte Creek, also a tributary to
Sheep Creek. Black Butte Creek flows to the northwest and joins Sheep Creek approximately 7 miles (11
km) to the west-northwest of the Project area. There is a small unnamed tributary that joins Sheep Creek
on the north side of Strawberry Butte that collects water from springs on the north flank of the Sheep
Creek Valley. Another small unnamed tributary flows westward from the northern side of Black Butte (the
geographic feature) into Black Butte Creek. Flow in these tributary drainages is only perennial on their
lower reaches and ephemeral upstream. Moose Creek, one mile north of the mine permit boundary, is
the first of several tributaries to Sheep Creek that lie to the north and downstream of the project site
(Figure 2.6).

The United States Geological Survey (USGS) historically operated a gaging station on Sheep Creek
(USGS 06077000) that was located approximately 4 miles (6.4 km) upstream of the Project area (Figure
2.5 and Figure 2.6). This site provided stream flow data for Sheep Creek from 1941 through 1978 and
the USGS reports average monthly flows ranging from approximately 9 cfs to 115 cfs (254 to 3,256 Lps;
0.5 to 3.26 m¥sec). The nearest active USGS gaging stations (USGS 06076690 and 06077200) are
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located on the Smith River near Fort Logan above the confluence with Sheep Creek and just below the
confluence with Sheep Creek and Eagle Creek (Figure 2.6). The upstream gaging station (06076690)
provided continuous data from October 1977 to the end of September 1996 and intermittent data since
then. The downstream gaging station (06077200) has run continuously since October 1, 1996. Flows on
the Smith River at the upstream gaging site range from 18 to 3,200 cfs (510 to 90,613 Lps; 0.5 to 90
m3/sec) and at the downstream gaging site from 30 to 3,800 cfs (0.85 to 107.6 m®/sec). The percentage
of flow from Sheep Creek is unknown as there are additional tributary drainages between the two USGS
gaging stations.

The Holmstrom Ditch is a significant man-made hydrologic feature effecting flows in Sheep Creek. It has
diverted Sheep Creek water for irrigation use into the Newlan Creek drainage since 1935. The diversion
point for the ditch is just downstream of the former USGS-SC1 gaging station (Figure 2.6). While the local
ranchers continue to use the ditch for seasonal irrigation diversions, the Newlan Creek Water District also
uses the ditch as a source of water for the Newlan Reservoir.
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2.2.3 Groundwater

Quaternary alluvial deposits that occupy the axes of the major drainages, colluvium deposits (highly
weathered shallow bedrock that flank these drainages), and the underlying more competent bedrock
formations all contain groundwater in the project area. Primarily low permeability dolomitic and silicic
shales and argillaceous dolomites of the Newland Formation form the bedrock of the Project area. A
review of available information in the Groundwater Information Center (GWIC) database (Montana
Bureau of Mines and Geology; MBMG, 2011) indicates wells completed in bedrock in the project area
are generally low yielding with reported yields of 4 to 50 gpm (median 12 gpm). The GWIC database
bedrock wells within the area are generally completed at depths greater than 100 feet below ground
surface. One well was completed at less than 100 feet; the range of depth of all wells is 52 - 500 feet,
and the median depth is 191 feet). There is limited historical information on the hydrogeology of the
Project area. Some previous exploration drilling (Resource Modeling, Inc, 2010) in the deeper bedrock
units underlying the Sheep Creek Valley encountered artesian flow. Artesian flows were noted in some
core holes that were collared in the Sheep Creek Valley and penetrated through the VVF into the LCZ.
These artesian flows were only observed in open holes after many weeks/months. Flow rates from these
core holes were very low, and when they were observed the holes were plugged at depth to seal off the
groundwater in the LCZ.

In more recent exploration drilling (conducted since 2010), artesian flows were not observed in any holes
drilled in the Sheep Creek Valley immediately after drill hole completion. However, those drill holes that
were not plugged within a few weeks of completion commonly exhibited artesian conditions. The low flow
rate and long delay before artesian flows were observed provides additional evidence that the LCZ is a
very low permeable unit and the VVF inhibits vertical flow from the LCZ to the surface. Although there is
a large pressure head in the LCZ, the data from PW-7 and observations from boreholes suggest there is
very little flow.

2.2.4 Water Resources Baseline Monitoring

Tintina has conducted surface water and groundwater monitoring to establish baseline stream flows,
groundwater potentiometric elevations, and water quality in the Project area. This work has included
analyses of surface water and groundwater quality samples for physical parameters, common ions, and
nutrients, as well as a comprehensive suite of trace metals (Table 2-8). In addition to the laboratory
analysis, hardness was calculated based on the concentration of calcium and magnesium. During some
monitoring events bicarbonate and carbonate concentrations were reported by the laboratory; the
calculated hardness and bicarbonate results are included in the water quality databases (Appendix A).

Table 2-8. Parameter, Methods, and Detection Limits for Baseline Water Monitoring
. a Project-Required Surface Project-Required
IS Analytical Method® Water Detection Limit |Groundwater Detection Limit
Physical Parameters
TDS SM 2540C 4 mg/L 10 mg/L
TSS SM 2540C 4 mg/L 10 mg/L
Common lons
Alkalinity SM 2320B 4 mg/L 4 mg/L
Sulfate 300.0 1 mg/L 1 mg/L
Chloride 300.0/SM 4500CL-B 1 mg/L 1 mg/L
Fluoride A4500-F C 0.1 mg/L 0.1 mg/L
Calcium 215.1/200.7 1 mg/L 1 mg/L
Magnesium 242.1/200.7 1 mg/L 1 mg/L
Sodium 273.1/200.7 1 mg/L 1 mg/L
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. a Project-Required Surface Project-Required
el Analytical Method® Water Detection Limit |Groundwater Detection Limit
Potassium 258.1/200.7 1 mg/L 1 mg/L

Nutrients
Nitrate+Nitrite as N 353.2 0.003 mg/L 0.1 mg/L
Total Persulfate A 4500-N-C 0.04 mg/L --
Nitrogen
Total Phosphorus E365.1 0.003 mg/L
Trace Constituents (SW - Total Recoverable except Aluminum Dissolved], GW - DISSO|Ved)(2)
Aluminum (Al) 200.7/200.8 0.009 mg/L 0.009 mg/L
Antimony (Sh) 200.7/200.8 0.0005 mg/L 0.0005 mg/L
Arsenic (As) 200.8/SM 3114B 0.001 mg/L 0.001 mg/L
Barium (Ba) 200.7/200.8 0.003 mg/L 0.003 mg/L
Beryllium (Be) 200.7/200.8 0.0008 mg/L 0.0008 mg/L
Cadmium (Cd) 200.7/200.8 0.00003 mg/L 0.00003 mg/L
Chromium (Cr) 200.7/200.8 0.01 mg/L 0.01 mg/L
Cobalt (Co) 200.7/200.8 0.01 mg/L 0.01 mg/L
Copper (Cu) 200.7/200.8 0.002 mg/L 0.002 mg/L
Iron (Fe) 200.7/200.8 0.02 mg/L 0.02 mg/L
Lead (Pb) 200.7/200.8 0.0003 mg/L 0.0003 mg/L
Manganese (Mn) 200.7/200.8 0.005 mg/L 0.005 mg/L
245.2/245.1/200.8/SM 0.000005 mg/L 0.000005 mg/L
Mercury (Hg) 3112B
Molybdenum (Mo) 200.7/200.8 0.002 mg/L 0.002 mg/L
Nickel (Ni) 200.7/200.8 0.001 mg/L 0.001 mg/L
Selenium (Se) 200.7/200.8/SM 3114B 0.0002 mg/L 0.0002 mg/L
Silver (Ag) 200.7/200.8 0.02 mg/L 0.02 mg/L
Strontium (Sr) 200.7/200.8 0.0002 mg/L 0.0002 mg/L
Thallium (TI) 200.7/200.8 0.0002 mg/L 0.0002 mg/L
Uranium (U) 200.7/200.8 0.008 mg/L 0.008 mg/L
Zinc (Zn) 200.7/200.8 0.002 mg/L 0.002 mg/L
Field Parameters
Stream Flow HF-SOP-37/-44/-46 NA NA
Water Temperature HF-SOP-20 0.1°C 0.1°C
Dissolved Oxygen (DO) HF-SOP-22 0.1 mg/L 0.1 mg/L
pH HF-SOP-20 0.1s.u’ 0.1 s.u.
Specific Conductance HF-SOP-79 1 pumhos/cm 1 umhos/cm
(C9)

(1) Analytical methods are from Standard Methods for the Examination of Water and Wastewater (SM) or
EPA’s Methods for Chemical Analysis of Water and Waste (1983).

(2) Samples to be analyzed for dissolved constituents will be field-filtered through a 0.45 um filter.
(3) s.u. = standard units

2.2.4.1 Surface Water Monitoring

Tintina established eleven surface water stations as baseline monitoring sites (Figure 2.2) and began
monitoring at these sites in May 2011 with subsequent quarterly monitoring events scheduled in the
months of August, November, March, and May of each year. Monitoring includes flow, stage, and field
parameters (temperature, pH, and specific conductance (SC)) at all of these sites and collection of water
guality samples at six of the sites (Table 2-7) during quarterly monitoring. In July 2011, surface water
samples were collected from two sites (G-1 and G-2) downgradient of where gossan outcropped in the
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streambed to evaluate if exposed gossan affected surface water quality. This was a one-time monitoring
event and these sites are not included as part of the long-term baseline monitoring program. Beginning
in 2014, Tintina began monthly sampling of sites on the main stem of Sheep Creek. An additional site
(SW-14) was established on Little Sheep Creek in 2016 and added to the monthly monitoring program.

2.2.4.2 Stream Flow

Table 2-9 summarizes instantaneous flow measurements from monthly and quarterly monitoring results
for each of the surface water monitoring sites. Instantaneous flows estimated for Sheep Creek at SW-1
during May / June have ranged from approximately 100 to more than 600 cfs (2.8 to 17.0 m3/sec). Flow
in Sheep Creek during late summer/fall ranges from 7 to 30 cfs (0.20 to 0.85 m3/sec) at the upstream
monitoring site SW-2 and 10 to 34 cfs (0.28 to 0.96 m?/sec) at the downstream monitoring site SW-1.
Individual measurements typically showed an increase in flow by 25% to 50% between SW-2 to SW-1.
Stream flow declines rapidly in late June/early July averaging 10 cfs to 30 cfs (0.28 to 0.85 m?/sec) by
late summer and 10 to 15 cfs (0.28 to 0.42 m3/sec) by late winter.

Tintina has installed a stilling well with a transducer at monitoring site SW-1 that allows collection of
seasonal baseline stage and discharge monitoring in Sheep Creek. Data collected at this site shows
flows in excess of 100 cfs (2.8 m%sec) in Sheep Creek from mid-May-through mid-June, with high flow
estimates of 200 cfs to more than 800 cfs (5.66 to more than 22.65 m?/sec).

In addition to the flow monitoring at baseline monitoring sites, Tintina has also measured stream flow on
a monthly basis in Sheep Creek at the former upstream USGS-SC1 gaging site since May 2014 with
concurrent measurements at SW-1 and SW-2 to allow correlation of the stream flows between the sites.
Stream flow in Sheep Creek increases between the upstream USGS-SCL1 site and downstream SW-1 by
a factor of up to 2.5 during spring run-off, after which time the increased flow diminishes and flows at the
two sites become nearly equal in late August when tributary inflows downstream of USGS-SC1 are
diverted for irrigation. Downstream flows increase after the irrigation season ends and the flow
measurements show an approximately 50% increase in stream flow between USGS-SC-1 and SW-1 in
early spring.

Table 2-9. Summary of Stream Flow Monitoring Data
Monit(_)ring S — March May/June ‘ August/Nov
Station Measured Stream Flow (cfs)
SW-1 Sheep Creek 30-41 111-613 10-34
SW-2 Sheep Creek Frozen 98-250 7-30
SW-3 Coon Creek 0.22 0.3-5 0.08-0.34
SW-4 Coon Creek 0.16 0.2-2 0.01-0.4
SW-6 Unhamed riuiary 101 0,04-0.26 0.5-4 0.17-0.33
SW-7 Unnamed tributary o 0-0.4 003 0.001-0.01
SW-8 Little Sheep Creek 1.7 1-9 0.2-1
SW-9 Black Butte Creek 0.3-1.8 2.3-12.7 0.3-0.8
SW-10 Black Butte Creek Frozen 1.7-15.2 0.3-0.5
SW-11 Black Butte Creek 1.0-2.9 1.6-21.4 0.4-1.0
SW-14 Little Sheep Creek 1.6 7.6-11.8 0.8-1.1
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The observed increase in stream flow between SW-2 and SW-1 is accounted for during high flow season
by inflow from Little Sheep Creek; however, during steady state base flow periods the increase is not
accounted for by Little Sheep Creek or other monitored tributaries and is likely attributable to inflow from
groundwater and unmonitored springs and tributaries on inaccessible private property to the north of
Sheep Creek.

2.2.4.3 Surface Water Quality

Appendix B (Hydrometrics, 2017a) of this Permit Application is a Baseline Water Resources Report and
Appendix B-A of this Application provides electronic water quality data for each of the surface water
monitoring sites. Appendix B-A of this Application (Hydrometrics, 2017a, on CD), contains water quality
statistics for individual sites in the Baseline Report. Analytical results for surface water samples collected
from within the Project area show neutral to slightly alkaline pH values (6.8 to 8.6), and low to moderate
specific conductance (49 to 487 umhos/cm). Calcium and bicarbonate dominate the major ion chemistry
of waters. Hardness typically ranges from approximately 73 to 256 mg/L. Metals data show infrequent
excursions above DEQ-7 (MDEQ, 2012a) water quality standards for selected metals (aluminum and
iron) during high run-off events. Samples collected from gossan sites G-1 and G-2 were similar to the
long-term water quality monitoring sites and therefore they were not added to the long-term baseline
water resource monitoring program. The following constituents showed surface water standard
exceedances:

e Total recoverable iron exceeded the chronic aquatic criteria of 1 mg/L during peak run-off periods
at all sites except SW-6 and SW-11 (2011), SW-3 (2012), and SW-14 (2016).

e Dissolved aluminum concentrations often exceeded the chronic aquatic criteria of 0.087 mg/L
during periods of high run-off in Sheep Creek (SW-1, SW-2, and USGS SC-1) and in Black Butte
Creek (SW-11).

e Thallium exceeded the human health surface water standard of 0.00024 mg/L at SW-3 during
three separate monitoring events in 2011.

Sheep Creek is included in DEQs 303(d) list of impaired streams for dissolved aluminum and Escherichia
coli. The exceedances of dissolved aluminum occur during spring run-off near peak flow, when turbidity
is high. Elevated dissolved aluminum values from highly turbid water are not unusual, and have been
observed in many different geographic areas, during high flow events under what are “natural” conditions.
Nonetheless, DEQ conducted a broad monitoring program in the Sheep Creek drainage for further data
collection that could be used for development of a TMDL if deemed necessary. DEQ has not issued a
completion schedule for establishing a TMDL.

2.2.4.4 Groundwater Monitoring

Section 1.4 of this Permit Application provides a description of the surficial and bedrock geology of the
Project area. Monitoring wells and test wells are completed within shallow and deep stratigraphic units to
define baseline water levels, groundwater flow directions and ground-water quality within the Project
area. Well locations are shown on Figure 2.3 and well completion data is summarized in Table 2-10. A
series of paired monitoring wells (MW-1A/1B, MW-2A/2B, MW-4A/4B, and MW-6A/6B; Figure 2.3)
installed between 2011 and 2013 help document baseline conditions within the unconsolidated
Quaternary / Tertiary clayey gravel deposits and in the underlying shallow bedrock groundwater system.
Wells completed in alluvium and shallow unconsolidated overburden include MW-1A, MW-4A and MW-
6A. Six monitoring wells were installed in 2016 to evaluated shallow groundwater in the vicinity of the
CTF (MW-10 through MW-13) and groundwater in the eastern UIG area (MW-14 and MW-15).
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In addition to these monitoring wells, 10 test wells (PW-1 through PW-10) (Figure 2.3) installed for aquifer
testing provide information on both the hydrologic characteristics and water quality within representative
stratigraphic units. Figure 2.7 shows generalized north-south geologic cross-section depicting completion
units for all of the monitoring and test wells. Table 2-10 includes the completion details of each of these
wells.

Twelve piezometers allow monitoring of the groundwater levels in the alluvial / colluvial systems of Sheep
Creek, Coon Creek, and Dry Creek (Figure 2.3).

2.2.4.5 Groundwater Flow Directions

Figure 2.8 shows a compilation of water level data from the November 2016 sampling round
(Hydrometrics, 2017a). The potentiometric surface shows an eastward trending flow direction in the
bedrock groundwater system within the Project area consistent with the general topographic trend in the
greater area. The potentiometric contours of the bedrock hydrologic system indicate hydraulic gradients
ranging from 0.04 in the eastern UIG area to 0.1 in UCZ area. Groundwater in the Sheep Creek alluvium
generally flows parallel to the creek; then turns northwest and finally turns to the north as Sheep Creek
bends to the north around Strawberry Butte (Figure 2.8). Groundwater continues to flow north towards
Sheep Creek as the creek crosses the northern extents of the alluvial system and enters a small canyon.
The hydraulic gradient in the alluvial system is relatively flat (0.008) through most of the monitoring area
and then increases slightly to 0.013 in the northern portion of the valley. Water level elevations at PZ-04
and PZ-05 (located in the northern portion of the alluvial valley, see Figure 2.8) typically rest near or
above the ground surface. The increased gradient and near surface water level elevations in this area
indicate that the alluvial groundwater system discharges to surface water as the alluvium thins and then
pinches out against the less permeable bedrock which forces the water upward as Sheep Creek flows
over the bedrock rise and downstream into the canyon.

Well pairs MW-1A/1B and PZ-07A/7B have downward hydraulic gradients that indicate that the surficial
groundwater systems are likely perched systems that are not fed by the deeper bedrock aquifers in these
areas. In contrast, all of the other well pairs (MW-2A/2B, MW-4A/4B, and MW-6A/6B) show upward
hydraulic gradients. In addition, there is one set of triplet wells on site, PW-9, PW-10, and MW-9,
completed in the Upper Copper Zone (UCZ), Ynl B, and Ynl A hydro-stratigraphic units (Figure 2.7),
respectively. Water level elevations at these wells show a large upward gradient between the Upper
Sulfide Zone (USZ, PW-9) to Ynl A and a downward gradient from USZ to Ynl B bedrock system. Note
that Ynl A and Ynl B refer to hydro-stratigraphic units, not geologic units, though they presumably follow
local geologic boundaries. Ynl A refers to the Lower Newland Formation shale above the USZ and below
the Upper Newland Formation carbonates, while Ynl B refers to the Lower Newland Formation rocks
below the USZ and above the Volcano Valley Fault. The hydrologic investigations define a separate
hydro-stratigraphic unit coincident with the Upper Sulfide Zone (USZ).

Figure 2.7 is a schematic diagram showing the relationship of well completion depth intervals with
geologic and hydro-stratigraphic units (as shown on the generalized geologic cross-section).
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Black Butte Copper Project Mine Operating Permit Application (Revision 3)

Table 2-10. Well Completion Data
Ground Measuring
Northing Easting SEII’;?/CG Eféct Bczrrehole Well Total Screen
0 0 otal Hydro-
Well (meters) (meters) Depth Depth Interval St i Year Purpose
Name P Uit grap Drilled P
(feet, amsl)
UTM Zone 12 North (feet, bgs)
Monitoring Wells
MW-1A 5,180,841.55 | 506,935.22 5635.81 5637.73 38 34 25 - 34 Overburden 20 Baseline
11
MW-1B 5,180,845.46 | 506,934.19 5636.14 5637.9 98 98 88 - 98 YNL-A East of USZ
Shallow
MW-2A 5,180,331.93 | 506,598.18 5743.72 5745.31 62 62 52 - 62 Bedrock S0l Baseline East of Coon
MW-2B 5,180,328.73 | 506,596.96 5743.44 5745.53 80 80 70 - 80 YNL-A Creek
MW-3 5,180,740.22 | 506,484.07 5760.06 5762.17 305 305 285 - 305 usz 2011 Baseline USZ
MW-4A | 5,180,855.43 | 507,201.47 | 561012 | 5612.12 23 23 14-23 Sheep Creek | ), | Baseline Sheep Cr.
Alluvium Alluvium
MW-4B | 5,180,858.49 | 507,200.12 | 5610.07 5612.07 59 59 39-59 YNL-A 2012 | Baseline YNL-A below
Sheep Cr. Alluvium
MW-5 Not Drilled
MW-6A 5,179,492.85 | 507,809.18 5680.08 5681.87 20 15 5-15 Quarternary 2013 e
ul
MW-6B 5,179,490.71 | 507,792.76 5683.41 5685.31 50 50 40-50 Dolostone 2013
MW-7 5,179,500.71 | 507,451.70 5747.48 5749.46 50 50 40-50 Dolostone 2013 uIG
MW-8 5,179,398.31 | 507,036.00 5809.1 5810.93 80 80 70-80 Dolostone 2013 uIG
MW-9 | 5180,725.46 | 506,592.96 | 5744.35 5745.8 143.7 128 108-128 | YNL-A 2014 | Baseline YNL-A
Characterization
MW-10 5,179,215.05 | 506,578.57 5882.78 5886.11 90 90 70-90 Granodiorite 2016 Baseline CTF
MW-11 5,179,117.47 | 506,464.72 5854.74 5857.86 70 70 50-70 Granodiorite 2016 Baseline CTF
MW-12 5,179,010.38 506,412.82 5841.51 5844.75 60 60 40-60 Granodiorite 2016 Baseline CTF
MW-13 5,178,855.81 | 506,477.79 5819.07 5822.48 40 40 20-40 Dolostone 2016 Baseline CTF
MW-14 5,179,376.77 | 508,255.63 5761.16 5763.873 68 66 56-66 YNL 2016 Eastern UIG
MW-15 5,179,071.07 | 508,290.89 5795.26 5797.34 80 80 70-80 YNL 2016 Eastern UIG
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Ground Measuring
Northing Easting SEII’;?/CG Eféct Bczrrehole Well Total Screen
0 0 otal Hydro-
Well (meters) (meters) Depth Depth Interval i i Year Purpose
Name P Unit grap Drilled P
(feet, amsl)
UTM Zone 12 North (feet, bgs)
Test Wells
PW-1 | 5,180,698.40 | 506,301.42 | 5912.07 | 5913.74 213 211 140-211 \F(,Sr'a]’z | 2011 | Previous Decline
PW-2 5,180,865.03 506,443.15 5793.08 5794.88 215 212 132 -212 usz 2011 Previous Decline
PW-3 5,180,479.42 506,846.43 5655.21 5657.42 131 127 90-127 YNL-A 2012 Expl Decline
PW-4 5,180,701.75 506,849.44 5678.13 5680.01 242 239 200-239 usz 2012 Expl Decline
Volcano Volcano Valley Fault
PW-5 5,181,172.77 506,490.68 5913.22 5915.49 555 500 515-555 2013 Hydrologic
Valley Fault -
Characteristics
Buttress Fault
PW-6 5,181,085.67 506,477.44 5895.43 5897.4 1234 1204 1164-1204 Buttress Fault 2013 Hydrologic
Characteristics
Open Niehart Baseline YNE
PW-6N 5,181,085.67 506,477.44 5895.43 5897.4 1358 1358 Borehole Quartzite 2015 Hydrologic
1234-1358 Characterization
PW-7 | 5180,867.59 | 507,122.89 | 5609.11 | 5611.15 1350 1346 1306-1346 | LCZ 2013 | Baseline LCZ
Characterization
PW-8 | 5,180,695.53 | 506,846.19 | 5679.12 5680.6 184 1785 138.5-1785 | YNL-A 2014 | Baseline YNL-A
Characterization
PW-9 | 5180,721.88 | 506,598.38 | 574359 | 5745.05 2555 255.5 215.5-255.5 | UCZ 2014 | Baseline UCZ
Characterization
PW-10 | 5,180,721.88 | 506,593.55 | 574357 | 5744.84 369.5 358.5 318.5-358.5 | YNL-B 2014 | Baseline YNL-B
Characterization
Project Facilities
SC15-184* | 5,178,972.53 507,047.34 5747 5747 99 85 55-85 Granodiorite 2015 Baseline
Characterization
Project Facilities
SC15-185* | 5,179,094.24 506,355.46 5917 5917 99 80 60-80 Granodiorite 2015 Baseline
Characterization
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Ground Measuring
Northing Easting SEII’;?/CG Eféct Bczrrehole Well Total Screen
0 0 otal Hydro-
Well (meters) (meters) Depth Depth Interval i i Year Purpose
Name P Unitg P Drilled P
(feet, amsl)
UTM Zone 12 North (feet, bgs)
Project Facilities
SC15-194* | 5,179,854.92 | 506,014.14 5878 5878 99 80 60-80 YNL-A 2015 | Baseline
Characterization
Project Facilities
SC15-198* | 5,179,854.92 | 506,621.36 5815 5815 99 70 60-70 YNL-A 2015 | Baseline
Characterization
Piezometers
. Alluvium Water Level
PZ-01 5,180,255.63 | 507,650.01 | 5628.69 5630.34 NA 5 2.353 Alluvium 2012 | ot
onltorlng
pz-02 | 5180778.79 | 507,400.72 | 5611.81 | 5613.51 NA 5 2353 Alluvium 2012 | Alluvium Water Level
Monitoring
PZ-03 5,180,618.91 | 507,249.21 | 5616.08 5616.08 NA 9 6.3-9.3 Alluvium 2012 Q"Uv'umWatefLeve'
onltorlng
pz-04 | 5181,110.82 | 506991.74 | 5599.34 5602.7 NA 8 4717 Alluvium 2012 ’:A'L“r:’ilzwn\évater S
PZ-05 5,181,214.68 | 507,080.04 | 5598.16 5599.79 NA 5 2454 Alluvium 2012 Q'L“r:’illc‘)’r‘;‘n\évater Level
PZ-07A | 5,180,074.65 | 506,258.39 | 5776.57 5777.5 NA 6 36 Alluvium 2014 Q':)“rm‘;?i"n\évater Level
PZ-07B 5180075 | 506,258.47 | 577657 | 577759 NA 11 8-11 Alluvium 2014 | Alluvium Water Level
Monitoring
pz-08 | 5180573.81 | 507,090.31 | 5618.9 5621.29 NA 12 7-12 Alluvium 2014 | Alluvium Water Level
Monitoring
PZ-09 5,180,178.58 | 507,883.78 | 5634.73 5637.27 NA 10 5-10 Alluvium 2014 | Alluvium Water Level
Monitoring
PZ-10 5,180,679.01 | 506,590.91 | 572351 5727.42 NA 11 9-11 Alluvium 2014 Q'L“r:ﬂ‘;?i"n\évater Level
pz-11 | 5180,654.89 | 507,031.15 | 5618.77 | 5622.24 NA 11 9-11 Alluvium 2014 | Alluvium Water Level
Monitoring
Pz-12 5,180,509.42 | 506,839.49 | 5644.56 5646.55 NA 7 5-7 Alluvium 2014 a'(')“r:ﬂ‘;?i"n\évater Level

Notes: *Northings, Eastings, and elevations are approximate. Wetland piezometers BB WM1 through BB WM8 well completion data are all in progress.
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2.2.4.6 Groundwater Quality

Groundwater in shallow alluvial wells and shallow bedrock wells is calcium/magnesium bicarbonate type
water with near neutral pH and moderately low dissolved solids. One exception is well MW-1B, which
has calcium/magnesium sulfate type water with a lower pH range (6.02 to 6.51 s.u.) and moderate
dissolved solids (336 to 425 mg/L). The water quality at MW-1B completed in Ynl A hydro-stratigraphic
unit is similar to MW-3 and test well PW-4, both of which are completed in the Upper Sulfide Zone (USZ).

Wells completed in alluvium and shallow unconsolidated overburden include MW-1A, MW-4A, and MW-
6A. These wells have neutral pH water (6.24 to 7.66 s.u.) with generally low to non-detectable
concentrations of dissolved metals. MW-1A, however, periodically exhibits variable water quality with
some excursions of arsenic, barium, iron, lead, manganese, and thallium above human health standards.
Well MW-1A is screened in fine-grained sediments and monitoring events which detected metals at
higher concentrations may reflect breakthrough of particulate through the filters due to the very high
turbidity.

Wells completed in shallow bedrock above the Upper Sulfide Zone (USZ) include MW-2A, MW-2B, MW-
4B, MW-6B, MW-7, MW-8, MW-9, and test wells PW-1, PW-3, and PW-8. Dissolved trace constituents
that are present at detectable concentrations in these wells include arsenic, barium, iron, manganese,
strontium, thallium, and uranium. The concentration of thallium at MW-2B (0.0024-0.004 mg/L) exceeds
the groundwater standard of 0.002 mg/L. Thallium concentrations at the other shallow bedrock wells fall
below regulatory limits. All other parameters in the shallow aquifer meet applicable regulatory limits. While
thallium is present at detectable concentrations in MW-3 and PW-4, it does not exceed the groundwater
standard.

Wells completed in the Upper Sulfide Zone (MW-3, PW-4, and PW-9) have the highest concentrations of
dissolved solids and sulfate compared to the other wells. As previously discussed, MW-1B has similar
water quality to these Upper Sulfide Zone wells. The pH of water at these Upper Sulfide Zone wells
ranges from 6.04 to 7.31 s.u. which is slightly lower than other wells. Detectable dissolved trace
constituents in the Upper Sulfide Zone wells include antimony, arsenic, barium, cobalt (MW-1B only),
iron, lead, manganese, mercury, molybdenum, nickel, strontium, thallium, uranium, and zinc. Strontium
concentrations range from 8.08 to 16.2 mg/L at MW-3, and PW-4 and exceed the human health standard
of 4 mg/L. Arsenic concentrations at MW-1B, MW-3 and PW-4 range from 0.054 mg/L to 0.09 mg/L and
exceed the human health standard of 0.010 mg/L. Arsenic speciation of samples from MW-1B and MW-
3 indicate that the majority of the arsenic is present in reduced form as As (lIl), which would likely oxidize
in contact with atmospheric oxygen and co-precipitate with iron as a ferri-hydroxide complex.
Concentrations of thallium at MW-1B (0.013 mg/L) also exceed the human health groundwater standard
of 0.002 mg/L.

Analytical results from PW-7 (completed in the Lower Sulfide Zone) indicate a sodium/potassium
bicarbonate type water with highly basic pH (10.77 to 11.58 s.u.), and with higher concentrations of
chloride and lower concentrations of sulfate than other wells on site. Trace constituents detected above
the reporting limit include aluminum, antimony, arsenic, barium, molybdenum, selenium, strontium, and
zinc. Dissolved aluminum concentrations (0.187 to 1.03 mg/L) were much higher than observed at other
wells on the site. Antimony was the only trace constituent that exceeded the groundwater human health
standard. This sample provides an initial assessment of the water quality in PW-7. However, the well did
not produce sufficient water to allow for field parameter stabilization and drill mud was found in the well
during the initial water level measurements and in subsequent monitoring events. These factors along
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with the atypical water quality including elevated aluminum, chloride, and sodium suggest the water
guality from PW-7 may be contaminated from drilling muds and fluids.

Wells completed in the vicinity of the CTF (MW-10 through MW-13) have a calcium bicarbonate type
water with low concentrations of magnesium and sulfate. All of the wells have near neutral pH and specific
conductance concentrations ranging from 364 to 434 umhos/cm. Dissolved metals concentrations were
all below the human health standard. Concentrations for most dissolved trace constituents at wells MW-
11, MW-12, and MW-13 were below or at the detection limit; trace constituents above the detection limit
during a majority of the monitoring events include dissolved barium and strontium in all three wells,
dissolved aluminum in wells MW-11 and -13, and dissolved iron in MW-11. Dissolved trace constituents
are elevated in well MW-10 compared to the other CTF wells. Trace constituents above the detection
limit in the majority of the samples from MW-10 include: dissolved aluminum, barium, iron, manganese,
molybdenum, nickel, selenium, strontium and uranium.

Wells MW-14 and MW-15 were installed in the eastern UIG area (Hydrometrics, 2017b) to evaluate
groundwater levels and water quality beneath the UIG. Groundwater from these wells are similar to other
shallow wells in the area; which have a calcium bicarbonate type water with near neutral pH and specific
conductance concentrations ranging from 411 to 498 umhos/cm. Dissolved metals concentrations were
all below groundwater standards and dissolved trace constituent concentrations were below or near the
detection limit at both wells. Trace constituents detected in MW-14 and MW-15 above the reporting limit
include dissolved aluminum, arsenic, barium, iron, manganese, strontium, and zinc. Water quality results
from well MW-14 detected dissolved antimony, lead, molybdenum, nickel, and selenium above the
reporting limit. The additional metals detected in MW-14 may be a result of the high suspended solids in
the discharge from the well. Depth to the top of the water table in these two wells is about 40 feet.

2.2.4.7 Seeps and Springs

A field inventory completed in 2011 (Hydrometrics, 2011a) identified and mapped 9 seeps and 13 springs
in the Project area and included sampling of some annually in the spring for water quality and flow. A
field survey collected a second series of flow measurements and water quality samples of seeps and
springs during July 2012. A number of springs discharge along the Volcano Valley Fault where the
Flathead sandstone lies in contact with the Newland Formation (Chen-Northern, 1989). Seeps and
springs are identified on Figure 2.4.

Identified small springs or seeps are typically located in ephemeral channels in the headwaters of small,
unnamed tributaries. These springs form small boggy areas with limited flow and generally re-infiltrate
within a few hundred feet downstream. A number of these springs (indicated by a DS designator
(developed spring), Table 2-11) have been developed for stock watering and feed small livestock
watering tanks. Slightly larger springs and seeps identified along the lower reaches of Coon Creek and
on Little Sheep Creek support perennial downstream flow. Observed flow rates at the springs ranged
from less than 1 gpm to over 100 gpm (4 to 379 Lpm) (Table 2-11).
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Table 2-11. Summary of Spring Flow Data

Sta. Flow Rate (gpm) Sta. Flow Rate (gpm)
Name min max avg Name min max avg
SP-1 14 65 22 DS-1 <0.5 35 12
SP-2 2.2 9.4 6.9 DS-2 <0.5 12 4.7
SP-3 0.6 54 2.8 DS-3 4.9 117 38
SP-4 54 27 13 DS-4 2.2 20 8.7
SP-6 0.9 3.0 1.8 DS-5 <1 18 6.7
SP-7 9.4 112 38 DS-6 <0.5 18 7.3
SP-8 8.1 8.1 8.1

SP-9 5.4 15 9.4

SP-10 3.6 8.1 5.8

Water samples from five of the primary spring sites (SP-1, SP-2, SP-3, SP-4, and SP-6) surrounding the
proposed facility area exhibit neutral to slightly alkaline pHs (6.20-8.21 s.u.) with moderate to high
alkalinities (50-240 mg/L). Background nitrate concentrations are low (<0.1 - 0.68 mg/L) at all of the spring
sites. Metals concentrations are all within regulatory limits. However, SP-3 exhibits slightly higher
concentrations of some dissolved metals (aluminum, copper, and chromium), but all are well below
regulatory standards.

2.2.5 Aquifer Characterization Investigations

Tintina conducted a series of aquifer tests, including both slug tests and short-term and long-term
pumping tests at the site to characterize the hydrogeologic characteristics of the principal hydro-
stratigraphic units and the fault systems that bound the copper-rich deposits. Table 2-12 presents
information for each test and the estimated aquifer characteristics derived from test results.

Aquifer testing at MW-4A indicates the Sheep Creek alluvial groundwater system is highly permeable
with an estimated hydraulic conductivity of approximately 200 feet (61 m) per day. Underlying bedrock
units exhibit much lower permeabilities. Hydraulic conductivity is the rate at which water can move
through various (usually natural) media, and in this document it is typically measured in feet/day (or
cm/sec). The highest conductivities within the Lower Newland Formation occur within the Ynl A, above
the Upper Sulfide Zone, which exhibits hydraulic conductivities ranging from 1 to 5 feet per day (0.3 to
1.5 m/day). The permeability of the bedrock decreases by one to two orders of magnitude in the
underlying USZ with hydraulic conductivities ranging from 0.01 to 1 ft. /day (0.003 to 0.3 m/day). The
permeability of the LSZ is also low with hydraulic conductivities of 0.1 to 0.2 ft. /day (0.03 to 0.06 m/day).

In addition to testing of specific hydro-stratigraphic units, aquifer testing was conducted to evaluate the
groundwater response in the vicinity of three different surface facility areas (CTF, central UIG, and
eastern UIG). The shallow bedrock beneath the CTF have conductivities ranging from 0.001 to 10 ft./day
(0.0003 to 3 m/day). The lower conductivity is associated with intrusive granodiorite. The median
conductivity in the central UIG area is approximately 4 ft./day (1.2 m/day). Hydraulic conductivities in the
eastern UIG vary with depth. Wells MW-14 and MW-15, which are completed approximately 30 feet below
the top of the water table, have conductivities of about 0.3 ft./day (0.09 m/day). The conductivity
calculated from the infiltration tests adjacent to well MW-14 and MW-15, which represent the conductivity
at the top of the water table, range from 7.5 to 10 ft./day (2.3 to 3 m/day). Details of the testing conducted
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in the vicinity of the CTF and eastern UIG are summarized in Appendix B-1 and B-2, respectively. Curve
matches for all of the testing is provided in Appendix B-D.

Table 2-12.

Summary of Aquifer Test Results

Observation

Hydraulic Conductivity

Hydraulic Conductivity

well Analysis Method Pumping Test (ft./day) (cm/sec) Storativity
Alluvium
Springer-Gelhar 216 7.6E-02 NA
MW-4A Springer-Gelhar MW-4A (slug) 210 7.4E-02 NA
Springer-Gelhar 208 7.3E-02 NA
Perched Aquifer
Theis 0.07 2.5E-05 NA
PW-1 Moench PW-1 0.03 1.1E-05 NA
Theis-Rec. 0.07 2.5E-05 NA
Central UIG

Hvorslev 13.3 4.7E-03 NA
MW-6B Hvorslev MW-6B 14.2 5.0E-03 NA

(slug)
Hvorslev 14.2 5.0E-03 NA
MW-7 Hvorslev MW-7 1 3.5E-04 NA

(slug)
MW-8 Hvorslev MW-8 3.7 1.3E-03 NA
Hvorslev (slug) 3.8 1.3E-03 NA

Eastern UIG

Bouwer-Rice MW-14 0.33 1.2E-04 NA

(slug)

MW-14
Hantush _MW-14 8 2.8E-03 NA
(infiltration)
Bouwer-Rice MW-15 0.24 8.5E-05 NA
Bouwer-Rice (slug) 0.25 8.8E-05 NA
MW-15
Hantush _MW-15 10 3.5E-03 NA
(infiltration)
Cemented Tailings Facility

MW-10 Bouwer-Rice MW-10 0.001 3.5E-07 NA

(slug)
Bouwer-Rice 0.4 1.4E-04 NA
MW-11 Bouwer-Rice MW-11 0.4 1.4E-04 NA

(slug)
Bouwer-Rice 0.4 1.4E-04 NA
Bouwer-Rice 2.8E-03 NA
MW-12 Bouwer-Rice MW-12 9 3.2E-03 NA

(slug)
Bouwer-Rice 10 3.5E-03 NA
Bouwer-Rice 2 1.4 4.9E-04 NA

MW-13 MW-13
Bouwer-Rice (slug) 1.9 6.7E-04 NA
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Observation

Hydraulic Conductivity

Hydraulic Conductivity

Well Analysis Method Pumping Test (ft./day) (cm/sec) Storativity
YNL-A
Hvorslev 7.4 2.6E-03 NA
MW-4B Hvorslev N(IZI\{J;')B 7.0 2.5E-03 NA
Hvorslev 7.3 2.6E-03 NA
Theis 2.1 7.4E-04 NA
Moench PW-3 1.6 5.6E-04 NA
Theis-Rec. 1.1 3.9E-04 NA
PW-3
Theis 5.8 2.0E-03 1.00E-04
Moench PW-8 5.5 1.9E-03 8.00E-06
Theis-Rec. 4.6 1.6E-03 NA
Theis 2.3 8.1E-04 NA
PW-8 Moench PW-8 1.0 3.5E-04 NA
Theis-Rec. 1.3 4.6E-04 NA
usz/ucz
Theis 0.06 2.1E-05 NA
PW-2 Moench PW-2 0.3 8.8E-05 NA
Theis-Rec. 0.1 3.9E-05 NA
Theis 0.02 7.1E-06 NA
PW-4 Moench PW-4 0.01 3.5E-06 NA
Theis-Rec. 0.02 7.1E-06 NA
Theis 0.2 8.5E-05 NA
PW-9 Moench PW-9 0.2 7.1E-05 NA
Theis-Rec. 0.7 2.5E-04 NA
Theis 0.3 1.0E-04 2.70E-06
Moench PW-2 0.3 8.8E-05 1.20E-04
Theis-Rec. 0.2 7.1E-05 NA
MW-3 Theis 0.7 2.5E-04 9.00E-05
Moench PW-9 1.0 3.4E-04 6.00E-05
Theis-Rec. 0.4 1.6E-04 NA
Hvorslev MW-3 11 3.9E-04 NA
Bouwer-Rice (slug) 1.1 3.9E-04 NA
YNL-B
Moench 0.007 2.5E-06 NA
PW-10 Barker PW-10 0.006 2.1E-06 NA
Theis-Rec. 0.001 3.5E-07 NA
LCz
Bouwer PW-7 0.2 7.4E-05 NA
Barker-Black (slug) 01 3.2E-05 NA
PW-7 Moench 0.0003 1.1E-07 NA
Barker PW-7 0.001 3.5E-07 NA
Theis-Rec. 0.0003 9.9E-08 NA
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Observation . . Hydraulic Conductivity Hydraulic Conductivity -
Well Analysis Method Pumping Test (ft./day) (cm/sec) Storativity
Faults
Papadopolus 0.09 3.2E-05 NA
PW-5
(VVF) Barker PW-5 0.02 5.3E-06 NA
Theis-Rec. 0.04 1.3E-05 NA
SC-11-008
(VWF) Permeameter NA 0.00003 1.00E-08 NA
SC-11-036 Permeameter NA
(VVF) 0.00002 8.10E-09 NA
SC-12-129 Permeameter NA
(VVF) 0.00002 5.40E-09 NA
SC-14-164 Permeameter NA
(VVF) 0.00006 2.10E-08 NA
SC-14-170
(VWF) Permeameter NA 0.0007 2 50E-07 NA
Papadopolus 0.04 1.4E-05 NA
PW-6 3.5E-06
(Buttress Moench PW-6 0.01 NA
Fault) Theis-Rec. 0.004 1.3E-06 NA
Barker 0.06 2.1E-05 NA
Core Holes
Theis 2.1E-04 i
AHA PWL 0.6 2.20E-05
Moench 0.03 1.1E-05 8.00E-05
Theis 0.3 1.1E-04 2.70E-06
SC11-044 Moench PW-2 0.3 1.1E-04 1.20E-04
Theis-Rec. 0.3 1.1E-04 NA
Theis 1.2 4.2E-04 NA
SC12-116 Moench PW-3 1.3 4.6E-04 NA
Theis-Rec. 1.7 6.0E-04 NA

References: Barker (1988); Barker and Black (1983); Bouwer and Rice (1976); Hantush (1967); Hvorslev (1951); Moench (1984); Papadopulus
and Cooper (1967); Springer and Gelhar (1991); Theis (1935)

Aquifer testing of wells completed in the Volcano Valley Fault and the Buttress Fault yielded hydraulic
conductivity (K) estimates of 0.004 to 0.09 ft. /day (0.001 to 0.027 m/day). However, effects from the well
casing and well annulus storage dominated these tests and were difficult to isolate. Therefore the actual
permeability of the faults may be substantially lower. To further assess the permeability of the Volcano
Valley Fault, Tintina carried out Flexible Wall Permeameter tests on five samples of the gouge material
within the fault zone, from three separate exploration cores. The testing yielded extremely low hydraulic
conductivity estimates ranging from 7.1 x 10 to 1.5 x 10 ft. /day with an average hydraulic conductivity
of 2.8 x 105 ft. /day (108 cm/s).

In addition to the aquifer testing discussed above, deepening of well PW-6 in the spring of 2015 helped
evaluate the hydrologic characteristics of the Neihart Formation quartzite on the north side of the Volcano
Valley Fault. Since quartzite units can contain higher permeability zones when fractured, Tintina
deepened well PW-6N into the Neihart Formation adjacent to the Buttress fault. Air testing of the open
borehole in the Neihart Formation quartzite at this location produced 500 plus gallons (1,893 L) per minute
and confirmed that there are high permeability fractures within the Neihart Formation quartzite adjacent
to the Buttress Fault. This resulted in a change in mine planning.
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Because interpreting the results of aquifer testing using hydraulic conductivity is not always intuitive to
everyone, Table 2-13 is used to illustrate hydraulic conductivities of some natural materials to help to put
some of the values cited above and elsewhere in this document into perspective. Note that Table 2-13
has rows ranking relative permeability (pervious, semi-pervious, and impervious) and the character of
the resulting aquifer (good, poor, and none). Color coded on this table are various material types
discussed throughout this document. Going from high to low hydraulic conductivity these units are:

1. Yellow — the sand and gravel alluvial aquifer of Sheep Creek (flows around 200 feet (60 m) per
day).

2. Blue - The range of highly fractured shallow bedrock into which the proposed underground
infiltration galleries will discharge treated water (flow range from 0.2 to 19 feet per day). This blue
color also represents the range of Ynl A bedrock (flow range from 1.0 to 5.8 feet per day).

3. Tan - the range of hydraulic conductivity in the Ynl B bedrock (flows range from 0.001 to 0.007
feet per day),

4. Green — the range of cemented paste tailings material with 2% and 4% binder content (flows
range on the order of 107 to 10° feet per day).

Table 2-13. Hydraulic Conductivities of Natural and Project Specific Materials

Range of Range of Cemented
g Ynl A Paste Tailings
'S || Bedrock
%’ & UIGs
e
K (cmis) l107]10: [20°=1]10 120 ¥[20 20420 [20°¢ |07 |20¥20°]20 |10 [10
K (ft/day)  |10¢{20,000  ][1,000/[100]10 |1 0.1 |0.01 [0.001 [0.0001 101010 7]j20% |10~ |
Relative . . . .
Permeability Pervious Semi-Pervious Impervious
‘Aquifer H Good H Poor H None H H ‘
. Well Sorted : :
u lidated| Well Sorted Very Fine Sand, Silt,
Sgﬁgng(gr;/gl %ra\(l)éle Sand or Sand er}ll_oclar;i, L%r;m |
& Gravel
(L;Ir;cyogsglrig:;?g Peat Layered Clay Fat/ Unc-:\llgathered
: Qil Fresh
Consolidated . : Fresh . Fresh
Rocks Highly Fractured Rocks ReRsoeCrl\(/é)lr Sandstone LIIST)T()S:;?:’ Granite

Materials shown with colored fills are hydraulic conductivity values from Black Butte Copper project aquifer test results
UIGs = Underground Infiltration Galleries
Source: modified from Bear, 1972

Tintina conducted a long term (31 day) aquifer test on well PW-8 in July and August 2014. Well PW-8 is
completed in Ynl A shale just above the contact with the USZ. In addition to characterizing the
permeability of the USZ, the purpose of the extended test included an assessment of the extent to which
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prolonged pumping would affect water levels in overlying units and at nearby surface water sites. In
addition, three piezometers temporarily installed in the Coon Creek, Sheep Creek, and Dry Creek wetland
/ alluvial systems and existing surface water sites (Figure 2.2) allowed additional monitoring during the
pumping tests. The PW-8 aquifer test ran for 31 days. The test produced no drawdown in the shallow
groundwater system or at observation sites associated with Sheep Creek, Coon Creek, and Dry Creek.
Pumping well PW-8 recovered to pre-test levels within two days of shutting down the pump.

Tintina also conducted a long-term aquifer test on well PW-9 in the Upper Sulfide Zone. Pumping of the
well for 19 days achieved drawdown stabilization in the pumping well and observation wells. Tintina
collected flow and stage measurements at three surface water sites (SW-14-1, SW-14-2, and SW-3) and
one spring (SP-06). Pumping of PW-9 produced limited drawdown in nearby well PW-10, completed
below the Upper Sulfide Zone, and MW-9, completed above the Upper Sulfide Zone, suggesting that the
hydro-stratigraphic units above and below the Upper Sulfide Zone are only partially or poorly connected
to the Upper Sulfide Zone. Weekly surface water flow and/or stage monitoring conducted at three surface
water sites (SW-3, SW-14-1, and SW-14-2) and in piezometers completed in the shallow alluvial systems
during both the PW-8 and PW-9 aquifer tests showed no influence from extended pumping of the bedrock
aquifer at the proposed development depths.

2.2.6 Groundwater — Surface Water Interactions

2.2.6.1 Sheep Creek

Potentiometric data indicate that Sheep Creek is hydrologically connected with the alluvial aquifer in the
Sheep Creek Valley; however, synoptic surveys show that the contribution from the alluvial aquifer to
Sheep Creek is minimal. Surface water monitoring data show a general increase in flow from upstream
monitoring sites (USGS-SC1 & SW-2) to downstream (SW-1), although the majority of that increase
appears to be attributable to tributary inflow. Tintina conducted two synoptic surveys in August and
October 2012 to characterize groundwater inflows to Sheep Creek. Figure 2.9 shows synoptic survey
sites. The results of the August 2012 synoptic survey (Table 2-14) showed large decreases and increases
in flow along Sheep Creek that can be accounted for by inflow from groundwater and unmonitored springs
and tributaries on inaccessible private property to the north of Sheep Creek. In addition, the synoptic
survey was conducted shortly after discontinuation of irrigation in the hay meadow which may have
influenced hydrologic conditions.
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Table 2-14. August 2012 Synoptic Survey Results

Sheep Creek| Tributary Sum of Sheep
Site Discharge Discharge Creek and Notes
(cfs) (cfs) Tributary Flow (cfs)

Sheep Creek above Strawberry

SGSC-01 14.03 -- -- Butte South Inlet, most upstream
Sheep Creek Site

Strawberry _ 13 15.33 Mouth of Strawberry Butte South Inlet

Butte South ' ' upstream of Sheep Creek Confluence
Little Sheep Creek downstream of the

SGLSC-01 N 2.2 17.53 Sheep Creek Rd culvert

SGSP-01 _ 133 _ Mouth of Spring Creek before Sheep
Creek confluence

Coon-03 _ 052 _ Mouth of Coon Creek upstream of
Sheep Creek confluence
Sheep Creek downstream of Coon

SGSC-04 13.02 -- -- Creek confluence in canyon north of
hay meadow

SGSC-05 15.24 _ _ S_heep Creek at quarterly monitoring
site SW-1

The second synoptic survey was conducted in October 2012 to further evaluate the groundwater/surface
water interaction on Sheep Creek and two small drainages (Coon Creek and Brush Creek; Figure 2.9
adjacent to the Project area (Figure 2.6)). Table 2-15 shows a tabulation of the results of the October
2012 survey. Measured changes in discharge to Sheep Creek were much smaller during the second
synoptic survey (generally within the measurement error of 10-15%). Tributary inflows appear to account
for most increases in stream flow in Sheep Creek during the October 2012 synoptic survey. The survey
was unable to measure groundwater inflow to Sheep Creek within the Project area which indicates that
groundwater contributions to the stream account for less than 10 to 15% of the total flow rate on this
reach of Sheep Creek. Darcy’s flow calculations (discussed below) confirm that groundwater inputs to
Sheep Creek from the alluvial aquifer are too small to physically quantify using open channel flow
measurement techniques as described below and in greater detail in Appendix B (Hydrometrics, 2017a)
of this Permit application.
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Table 2-15. October 2012 Synoptic Flow Results

Sheep . Sum of Sheep
Tributary
. Creek : Creek and
Site . Discharge : Notes
Discharge (cfs) Tributary
(cfs) Discharge (cfs)
Brush Creek Survey
LST-01 -- Dry -- Most upstream site on Brush Creek
LST-02 -- 0.07 -- Moving downstream
LST-03 - 0.09 -
LST-04 - 0.1 --
LST-05 - 0.1 --
LST-06 - 0.16 -- Most downstream site on Brush Creek
Coon Creek Survey
Coon Creek just as it enters the hay
Coon-01 -- 0.1 -- meadow, SW-3
Coon-02 _ 0.22 _ Coon Creek mid-point in the hay
meadow
Coon-03 _ 0.19 _ Coon Creek immediately upstream of
Sheep Creek confluence
Sheep Creek Survey
2SGSC-01 21.5 -- -- Most upstream site in hay meadow
Sheep Creek upstream of Little Sheep
SGSC-02 292 _ _ Creek confluence_ (includes discharge
from un-named tributary south of
Strawberry Butte
SGLSC-02 _ 112 2332 Little Sheep Creek before Sheep
Creek confluence
SGSC-03 1951 _ Sheep Creek upstream of Spring
Creek confluence
SGSP-01 _ 0.44 _ Spring Creek before Sheep Creek
confluence
Coon-03 _ 0.19 20.14 Coon Creek upstream of Sheep
Creek confluence
Sheep Creek downstream of Coon
SGSC-04 20.57 -- -- Creek confluence in canyon north of
hay meadow
SGSC-05 19.05 _ _ S_heep Creek at quarterly monitoring
site SW-1

A simple Darcy’s flow calculation confirms that the estimated groundwater flux from the Sheep Creek
alluvial groundwater system to Sheep Creek in this lower reach is consistent with the small fluctuations
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shown in the synoptic results. Darcy’s Law can be used to estimate flow rate or discharge (Q) for a given
hydraulic conductivity (K), hydraulic gradient (I) and flow cross-sectional area (A) where:

Discharge (Q) = (K) x (1) x (A)

Drilling and test data indicate a thickness of approximately 16 feet (4.9 m) for Sheep Creek alluvium near
MW-4A, with a maximum alluvial deposit width of 1,500 feet (457 m), an average hydraulic gradient () of
groundwater of 0.008, and an average alluvial hydraulic conductivity (K) of 200 feet/day (61 m/day). Using
these values Darcy’s Law yields a discharge (Q) estimate of 200 gpm (757 Lpm; 0.44 cfs) of groundwater
flow through the alluvium towards Sheep Creek. This would be equivalent to just over 2% of the base
flow observed in Sheep Creek during the synoptic survey and confirms that groundwater inputs to Sheep
Creek from the alluvial aquifer are too small to physically quantify using open channel flow measurement
techniques.

2.2.6.2 Brush Creek and Coon Creek

The October 2012 synoptic survey on Brush Creek (Figure 2.9) indicates discharge of shallow
groundwater at the head of the draw and then no measureable change in flow between sites LST-02 and
LST-05. There was a small increase (0.06 cfs) between LST-05 and LST-06 as Brush Creek approaches
the Little Sheep Creek alluvial system. Water quality data help further assess groundwater and surface
water interactions on Brush Creek in the 2013 investigation, and that evaluation found that the water
quality in Brush Creek was not indicative of groundwater from the shallow bedrock groundwater system
in the vicinity of the proposed underground infiltration gallery (UIG) area (see Figure 1.3; and Section
3.7.4). The source of the small increase in flow below LST-05 is unknown but may be associated with
the Little Sheep Creek alluvial system.

The October 2012 synoptic survey included the lower reach of Coon Creek where it enters the Sheep
Creek alluvial system (Table 2-15). The discharge in Coon Creek at the furthest upstream site (COON-
01) was approximately 0.1 cfs. Coon Creek discharge approximately doubled between sites COON-01
and COON-02, and the discharge remained near 0.2 cfs until its confluence with Sheep Creek. Data from
the drilling at PW-3 and the PW-8 pumping test and water level elevation data provide evidence that
above SW-3 Coon Creek is not in direct connection with the deeper bedrock groundwater system.

2.2.6.3 Eastern UIG Tracer Test

In October 2016, Tintina initiated a tracer study in the eastern UIG (Hydrometrics, 2017b) to evaluate the
connectivity of the groundwater beneath the UIG with adjacent streams (Brush Creek, Little Sheep Creek,
and unnamed tributary to Little Sheep Creek). Three dye tracers were introduced to the groundwater
system through infiltration (eosine and fluorescein) and direct injection into wells MW-14 and MW-15
(rhodamine). Dye tracers are currently being monitored at a total of 13 sites; 11 sites are surface water
or groundwater seeps, and two sites are monitoring wells. The surface water sites and groundwater
seeps are monitored by activated carbon sampler packets and grab samples of water. The monitoring
wells were monitored using activated carbon sampler packets and grab samples of water until the
introduction of rhodamine dye occurred on January 26, 2017. Subsequent tracer sampling at monitoring
wells is based solely on grab samples of water to monitor the rate of tracer migration from the wells to
the aquifer. There have been no detected occurrences of any tracer at the surface water or seep
monitoring site through April 2017; indicating the groundwater system beneath the eastern UIG is not in
direct connection to the monitored surface water sites or seeps. Details of the tracer study are
summarized in Appendix B-2 (Hydrometrics, 2017b).
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2.3 Wetlands Resources

2.3.1 Wetland Study Area and Methods

Wetlands are areas where the frequent and prolonged presence of water at or near the soil surface
results in the formation of hydric soils and hydrophytic (water-loving) plants. Westech Environmental
Services, Inc. (Westech) delineated wetlands and waterbodies and completed a functional analysis of
wetlands within the Project area including all areas within the mine permit boundary area (Figure 1.3).
This inventory/assessment was the basis for initiation of Clean Water Act Section 404 Permit Application
activities with the U.S. Army Corps of Engineers (USACE). USACE has recently completed its review of
the detailed technical wetland delineation report (Appendix C-1; Westech, 2014) and functional analysis
report (Westech, 2015a, Appendix C-2 of this report). Tintina recently received a Jurisdictional
Determination from the USACE (see Section 2.3.6).

Westech obtained background and supplementary sources of data for the wetland delineation and
functional analysis from various environmental baseline studies conducted for the Project and publicly
available data including:

¢ Hydrology, wetlands, and soils data are contained in the Amendment to Exploration License No.
00710 Tintina Alaska Exploration, Inc. Exploration Decline for Underground Drilling and Bulk
Sampling Black Butte Copper Project, Meagher County, Montana (Tintina, 2013a);

¢ High-resolution aerial photographs (true color and infrared);

e USGS topographic maps;

e National Wetland Inventory mapping;

o Natural Resources Conservation Service (NRCS) soils mapping;

e Baseline wetland and waterbody inventory for the Black Butte Copper Project (Westech, 2014);

e Baseline fish (Montana Biological Survey, 2017) and wildlife resources (Westech, 2015c)
inventories for the Black Butte Copper Project;

e Background hydrology and wetland mapping for the Black Butte Copper Project (Tintina 2013a);

¢ Montana Natural Heritage Program (MTNHP) plant and animal species of concern report
(MTNHP, 2014); and

e MTNHP list of ecological communities for Montana (MTNHP, 2002).

2.3.2 Wetland Delineation Methods

Westech identified and delineated wetlands using the routine on-site approach described in the 1987
U.S. Army Corps of Engineers (USACE) Wetland Delineation Manual (Environmental Laboratory, 1987)
and the final Regional Supplement to the Corps of Engineers Manual: Western Mountains, Valleys, and
Coast Region (Version 2.0) (USACE, 2010). They classified wetlands according to the Cowardin
classification system (Cowardin et al., 1979), and classified non-wetland waterbodies, such as streams,
according to flow regime (perennial, seasonal, etc.) and substrate (e.g., unconsolidated bottom, rock
bottom, etc.) as outlined in the Cowardin system. The wetland delineation report attached as Appendix
C-1 (Westech, 2014) to this report describes technical delineation and mapping methods used in this
study.

2.3.3 Wetland Indicators

Wetland surveys use hydrology indicators, hydric soils indicators, and hydrophytic vegetation in
combination to determine whether an area meets USACE criteria for wetlands (Environmental
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Laboratory, 1987; USACE, 2010). Generally, consideration as a wetland requires the presence of
indicators of all three wetland components.

Hydrologic indicators of repeated, extended episodes of inundation or soil saturation (e.g., surface water,
saturation, oxidized rhizospheres along living roots, drainage patterns, geomorphic position, and frost-
heave hummocks) infer the presence of wetland hydrology (USACE, 2010). Wetland hydrology indicators
within the Project area occur adjacent to waterbodies, in sub-irrigated meadows, and at numerous springs
and seeps. One indicator is flowing surface water recorded in Sheep Creek, Little Sheep Creek, and
Black Butte Creek and in many of the tributaries to these streams. Another is standing surface water
noted at most wetlands throughout the Project area, although in very limited quantities at many sites.

Hydric soils are defined as soils that are saturated, flooded, or ponded long enough during the growing
season to develop anaerobic conditions in the upper part (USDA Soil Conservation Service, 1991).
Generally, hydric soils are saturated, flooded, or ponded for one week or more during the period when
soil temperatures are above biologic zero (41 degrees Fahrenheit or 5 degrees Celsius). These soils
typically support hydrophytic vegetation and exhibit distinctive characteristics that result from repeated,
extended periods of saturation; these characteristics tend to persist in the soils during both wet and dry
periods. Hydric soils occur within the sub-irrigated zone around Sheep Creek, Little Sheep Creek, Black
Butte Creek, in various tributaries to these waterbodies, and springs and seeps. In most of these locations
the soils consist of finely-textured clays and clay-loams.

The USACE wetlands delineation methodology uses a plant community approach to determine whether
a site is dominated by hydrophytic vegetation, which are species that require or can tolerate prolonged
inundation or soil saturation during the growing season (Environmental Laboratory, 1987; USACE, 2010).
Hydrophytic vegetation within the 7,768 acre study area was divided almost equally between shrub
wetlands (Palustrine Scrub-Shrub) and herbaceous wetlands (Palustrine Emergent). Forested wetlands
(Palustrine Forested) and un-vegetated potholes or ponds (Palustrine Unconsolidated Bottom) occurred
in very limited areas. Table 2-16 lists the acreage of each wetland type according to its Cowardin
classification as well as the percentage of each type within the study area.

Table 2-16. Wetland Acreage and Percent by Cowardin Type

. Percent of Total
Cowardin Type? Acres Wetlands Acres
Palustrine Emergent (Herbaceous wetland) 152.6 46.4
Palustrine Scrub-Shrub (Willow dominated) 90.8 27.6
Palustrine Scrub-Shrub (Shrubby cinquefoil dominated) 82.8 25.2
Palustrine Forested (Engelmann spruce dominated) 1.9 0.6
Palustrine Unconsolidated Bottom (Excavated pond) 0.5 0.1
Palustrine Unconsolidated Bottom (Natural depression) 0.2 0.1
TOTAL 328.8 100.0

! Cowardin et al. (1979)

Waterbodies shown on Figure 2.10 (Wetlands Delineation and Functional Assessment Map) have the
following names (listed first) that correspond to waterbody names shown on Figures 1.3, 2.3, 2.6, and
2.9 (listed second) in the MOP Application: Sheep Creek Tributary 2 is equivalent to Coon Creek; and
Little Sheep Creek Tributary 1 is equivalent to Brush Creek.
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2.3.4 Water Bodies

Guidance in searching for water bodies (often termed “streams” by USACE even if flowing water is not
present) comes from the U.S. Army Corps of Engineers Jurisdictional Determination Form Instructional
Guidebook (USACE, 2007) in conjunction with the definition of the ordinary high water mark (OHWM) in
33 CFR § 328.3 which states:

“The term ordinary high water mark means that line on the shore established by the
fluctuations of water and indicated by physical characteristics such as a clear, natural line
impressed on the bank, shelving, changes in the character of soil, destruction of terrestrial
vegetation, the presence of litter and debris, or other appropriate means that consider the
characteristics of the surrounding areas.”

Surveyors’ mapped non-wetland waterbodies using sub-meter GPS, or drew the waterbody using high-
quality aerial imagery where the feature was large enough to accurately map on a photo. Classification
of each waterbody according to hydrologic regime (perennial, seasonal, intermittent, and ephemeral) and
substrate followed the criteria of Cowardin et al. (1979). Several waterbodies occur within the Project
boundary. Sheep Creek is the largest stream, by flow volume, within the Project area while Little Sheep
Creek is the longest stream within the Project area. Very little stream length of Black Butte Creek occurs
within the Project area. Several tributaries to these streams occur within the Project area. Most
waterbodies within the Project area have an unconsolidated bottom with at least 25% streambed cover
of particles smaller than stones and vegetative cover less than 30%. Sheep Creek has the highest amount
of rock cover, but most stones are cobbles and gravels, not bedrock or boulders, placing this stream
within the unconsolidated bottom type similar to most other waterbodies within the Project area.

2.3.5 Potential Waters of the US

Waters of the U.S. (WOTUS), as defined in 33 CFR Part 328 (2014), encompass all major streams and
their tributary streams, ponds, and adjacent wetlands. These waters have been determined to have
significant nexus (connection) with a traditional navigable water by rule, and are considered per se
jurisdictional waters without the need for additional study. Additional investigation, delineation, and
avoidance/mitigation measures to comply with Section 404(b)(1) of the Clean Water Act which provides
regulations for all WOTUS to determine where a “significant nexus” (connection) exists between other
waters and a traditional navigable water. USACE and EPA regulators following a site visit with the Project
team, have determined that some waters are “isolated” and not “jurisdictional”, and therefore not subject
to regulation under Section 404. A non-jurisdictional determination is only applicable for Section 404
compliance—other Federal or State regulations may still apply.

2.3.6 Wetland Delineation Summary

The wetland delineation and waterbody survey of the study area (Westech, 2015a) identified 328.8 acres
of wetlands within the Project’s leased lands boundary (

Figure 2.10 and Map Sheet 2) and listed in and shown on the larger scale three (3) sheets entitled
Wetland Delineation and Waterbody Survey) (Westech, 2015a). The largest wetlands occur within the
sub-irrigated herbaceous meadows and willow- or shrubby cinquefoil-dominated wetlands surrounding
Sheep Creek and Little Sheep Creek. Upland areas within these sites are highly mesic (high moisture
content), and the boundary between wetland and upland is often indistinct. Surveyors estimated that
approximately 5% of the area within these wetlands is comprised of upland pockets.
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At the upper reaches, these wetlands generally transition to wider, dry channels and swales where
wetland features (hydrophytic vegetation and supporting hydrology) become isolated and/or absent. Very
small pockets of wetland also occur within the uplands at these sites, but were estimated to account for
less than 1% of upland area and were too small or indistinct to delineate.

The majority of the remaining wetlands, in tributaries to Sheep Creek and Little Sheep Creek, as well as
the wetlands surrounding Black Butte Creek, are a mosaic of shrub and herbaceous vegetation types.
The hydrology at most of these wetlands appears primarily groundwater driven. Small streams are
present but are themselves a function of local springs and do not appear to have enough water within
them to support the relatively large wetlands surrounding them. Based on observations during the
delineation, it appears that few of the wetlands within the Project area are specifically dependent on
streamflow hydrology. Stockmen have developed many of the localized wetlands in the immediate vicinity
of upper drainage springs and seeps for livestock water and cattle have heavily trampled these areas.

Various species of willow or shrubby cinquefoil dominate approximately half of the wetlands within the
study area. Wetlands dominated by sedges as well as native and non-native grasses comprise the
majority of the remaining wetlands within the Project area. The survey also delineated: a small forested
wetland dominated by Engelmann spruce; a series of small, wetland depressions with minimal
vegetation; and an excavated pond.

Surveyors recorded wetlands with fen characteristics within three (3) wetlands in the Project area,
wetlands W-SCT1-02, W-LS-11, and W-LST1-06 (Westech, 2015a). Fens are a relatively rare wetland
type in Montana and can result in a high wetland functional rating.

Tintina received an Approved Jurisdictional Determination Form for the Lease Boundary area from
USACE in May 2016 (attached as Appendix C-3). A total of 327.4 acres (132.5 ha) of wetlands and 16.3
miles (21.9 km) of stream were determined by USACE to be jurisdictional within the (7,768 acres (3,144
ha) Study / Lease Boundary Area. A total of 1.32 acres (0.53 ha) of wetlands and 588 lineal feet (179 m)
of streams were deemed non-jurisdictional. As can be seen in Section 3.8.3 only 0.85 acres (0.34 ha) of
wetlands and 1,551 lineal feet (472.7 m) of streams are calculated to be impacted by project construction.
Tintina will continue to work with USACE to evaluate and develop mitigation strategies for impacts to
regulated wetlands.

Table 2-17 summarizes wetland acreage within the study area. Table 2-18 summarizes stream length
(feet) within the study area. The tables summarize acreages and lengths by the local watershed for each
wetland or stream. Watershed names allow organization, identification and location of individual wetlands
and stream segments within the Project area, and equate to USACE terminology of “Local Waterways”
(Westech 2014, Appendix A of the Westech report). With the exception of Black Butte Creek and Sheep
Creek, these watersheds do not relate to larger order watersheds.
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Table 2-17. Wetland Acreage by Cowardin Type and Watershed
i 2
Coward.m Type Total by
. . Palustrine P U T e . Palustrine Project
Project Watershed* Palustrine Shrub Palustrine ;
Emergent Shrub (Shrubby | Forested Unconsolidated| Watershed
(Willow) Cinquefoil) Bottom (acres)
Black Butte Creek 10.69 7.86 1.61 0.00 0.00 20.16
Black Butte Creek Total 10.69 7.86 1.61 0.00 0.00 20.16
Black Butte Creek Tributary 1 2.06 0.00 0.00 0.00 0.14 2.20
Black Butte Creek Tributary 2 0.02 0.00 0.00 0.00 0.00 0.02
Black Butte Creek Tributary 3 0.71 0.15 0.00 0.00 0.00 0.86
.'?c')"’t‘g:‘ IO QRIS 2.79 0.15 0.00 0.00 0.14 3.08
Little Sheep Creek 51.03 5.16 62.95 0.00 0.09 119.23
Little Sheep Creek Total 51.03 5.16 62.95 0.00 0.09 119.23
Little Sheep Creek Tributary 1 8.57 3.33 3.13 0.00 0.00 15.03
(Brush Creek)
Little Sheep Creek Tributary 2 4,12 3.59 5.33 0.00 0.00 13.04
Little Sheep Creek Tributary 3 0.00 0.00 0.35 0.00 0.00 0.35
Little Sheep Creek Tributary 4 1.27 0.00 0.00 0.00 0.00 1.27
Little Sheep Creek Tributary 5 10.62 0.47 0.00 0.00 0.38 11.47
Little Sheep Creek Tributary 7 0.01 0.00 0.00 0.00 0.00 0.01
#g:';l SEEY CHESTNIETES | o 7.39 8.81 0.00 0.38 41.17
Sheep Creek 52.77 53.87 0.00 0.00 0.00 106.64
Sheep Creek Total 52.77 53.87 0.00 0.00 0.00 106.64
Sheep Creek Tributary 1 4.32 0.81 1.87 0.00 0.00 7.00
Sheep Creek Tributary 2 0.94 0.00 3.51 0.00 0.00 4.45
(Coon Creek)
Sheep Creek Tributary 3 1.17 1.04 0.94 0.00 0.00 3.15
Sheep Creek Tributary 4 0.93 0.00 0.00 0.00 0.00 0.93
Sheep Creek Tributary 5 3.38 14.56 3.15 1.86 0.00 22.95
Sheep Creek Tributaries Total 10.74 16.41 9.47 1.86 0.00 38.48
Project Total 152.61 90.84 82.84 1.86 0.61 328.76

1 Project watersheds are the specific, in many cases very small, watersheds within the Project area. With the exception of
Sheep Creek and Black Butte Creek these watersheds do not correspond to larger order watersheds. In some cases, (e.g.,
Little Sheep Creek Tributary 6) a tributary is not listed in sequential order indicating that there were no wetlands, only streams,

within that tributary.

2See Cowardin et al. (1979) for further discussion. Note that emergent wetlands are dominated by herbaceous species such as
sedges and grasses. Unconsolidated bottom wetlands are those with a mud/silt bottom with limited vegetation.
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Table 2-18. Summary of Stream Length (feet) by Cowardin Type and Project Watershed

i 2
Cowardin Type Total by
Project Watershed? Project
R3UB | R3RB | R3SB | R3AB | R4SB | \watershed

Black Butte Creek 3,256 0 0 0 0 3,256
Black Butte Creek Total 3,256 0 0 0 0 3,256
Black Butte Creek Tributary 1 0 3,226 0 0 852 4,078
Black Butte Creek Tributaries Total 0 3,226 0 0 852 4,078
Little Sheep Creek 29,606 0 0 0 0 29,606
Little Sheep Creek Total 29,606 0 0 0 0 29,606
Little Sheep Creek Tributary 1
(Brush Creek) 4,862 0 0 0 2,903 7,765
Little Sheep Creek Tributary 2 713 0 0 0 0 713
Little Sheep Creek Tributary 4 0 0 0 0 2,307 2,307
Little Sheep Creek Tributary 5 1,215 0 0 0 0 1,215
Little Sheep Creek Tributary 6 709 0 0 0 0 709
Little Sheep Creek Tributary 7 0 0 0 0 1,373 1,373
Little Sheep Creek Tributaries 7499 0 0 0 6,583 14,082
Total
Sheep Creek 6,663 0 0 0 0 6,663
Sheep Creek Total 6,663 0 0 0 0 6,663
Sheep Creek Overflow 0 0 0 0 9,446 9,446
Sheep Creek Overflow Total 0 0 0 0 9,446 9,446
Sheep Creek Overflow Tributaries 710 0 0 0 0 710
Sheep Creek Overflow Trib. Total 710 0 0 0 0 710
Sheep Creek Tributary 1 3,699 0 0 401 0 4,100
Sheep Creek Tributary 2
(Coon Creek) 889 0 0 0 0 889
Sheep Creek Tributary 5 11,451 0 0 0 2,150 13,601
Sheep Creek Tributaries Total 16,039 0 0 401 2,150 18,590
Project Total 1637733226 | 0 | 401 [19031| 86431

1 Project watersheds are the specific, in many cases very small, watersheds within the Project area. With the
exception of Sheep Creek and Black Butte Creek these watersheds do not correspond to larger order
watersheds. In some cases, (e.g., Little Sheep Creek Tributary 3) a tributary is not listed in sequential order
indicating that there were no streams, only wetlands, within that tributary.

2 See Cowardin et al. (1979) for further discussion. Note: R = Riverine; 3 = Upper Perennial; 4 = Intermittent;
UB = Unconsolidated Bottom; RB = Rock Bottom; SB = Streambed; and AB = Aquatic Bed.

2.3.7 Functional Assessment of Wetlands

Based on a wetland delineation completed by Westech (2015a), as well as data from publicly available
sources and Project-specific surveys, wetlands were grouped into Assessment Areas based on
ecological function, including similar ecological and hydrologic indicators (Figure 2.10 and Map Sheet 2).
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Rating of each Assessment Area followed the Montana Department of Transportation (MDT) Montana
Wetland Assessment Method (MWAM) method, which provides relative ratings of each wetland or group
of wetlands for as many as 12 wetland functions including:

e Habitat for federally listed or proposed threatened or endangered species
e Habitat for MTNHP S1, S2, or S3 Species of Concern

e General wildlife habitat

e General fish habitat

e Flood attenuation

e Surface water storage

e Sediment/nutrient/toxicant retention/removal

e Sediment/shoreline stabilization

e Production export/terrestrial and aquatic food chain support
e Groundwater discharge/recharge

¢ Uniqueness

e Recreation/education potential

MDT and Montana Fish, Wildlife and Parks (FWP) first developed this wetland evaluation method in 1989
and have revised it several times based on field-testing at several hundred wetlands (Berglund and
McEldowney, 2008). Montana Wetland Assessment Method is widely used in Montana and elsewhere.
In a 2004 evaluation of State- and tribe-developed wetland functional assessment methodologies, EPA
found MWAM was one of seven systems (of forty evaluated) that met all of EPA’s criteria for consideration
as a model for development of functional assessment methods (Fennessy et al., 2004). The most recently
available version of the MDT MWAM data form and guidance was used (Berglund and McEldowney,
2008).

The functionality report includes ratings for a total of 14 Assessment Areas shown on Figure 2.10 and
Map Sheet 2. A larger scale map sheet (Map 1 in appendix C) entitled Wetland Delineation and
Waterbody Survey Assessment Map (Westech, 2015a) also shows the locations of these areas. Each
Assessment Area consists of ecologically similar wetlands that are hydrologically connected or adjacent
to one another. In some cases, large, contiguous wetlands were divided to better represent the qualities
within a specific wetland reach. For example, in the Little Sheep Creek watershed, wetlands were
parceled into three groups for assessment purposes. The wetland functional assessment report
(Westech, 2015a) provides further information on the methodology for assessing wetland functions,
forms, and photos.

Based on the hydrological, ecological, and biological properties of the wetlands and uplands within an
Assessment Area, each Assessment Area groups within one of the four categories below:

o Category I: exceptionally high quality wetlands, generally rare to uncommon in the State or
important from a regulatory standpoint; includes any Assessment Area that is documented
primary habitat for a federally listed threatened or endangered species

e Category Il: more common wetlands than Category I; provide habitat for rare species and/or
provide high-quality fish or wildlife habitat, and/or have high values for other wetland functions

e Category Ill: more common and generally less diverse wetlands than Categories | and Il

o Category IV: generally small, isolated wetlands that lack vegetative diversity, provide little wildlife
habitat, and are often anthropogenically disturbed.
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A total of 14 Assessment Areas were rated. Table 2-19 lists each assessment area’s category
designation.

Table 2-19. MWAM Wetland Rating by Assessment Area

Assessment Area Category Rating Number?!
Black Butte Creek Wetlands Il
Little Sheep Creek Wet Meadow I
Little Sheep Creek Upper Wet Meadow Il
Little Sheep Creek Wetland/Upland Mosaic Il
Little Sheep Creek Tributary 1 (Brush Creek) Il
Little Sheep Creek Tributary 1 Minor Drainages [
Little Sheep Creek Tributary 2 [
Sheep Creek Wet Meadow Il
Sheep Creek Tributary 1 [
Sheep Creek Tributary 2 (Coon Creek) [
Sheep Creek Spring Tributary I
Upper Sheep Creek Shrub Wetlands Il
Northwest Springs and Depressions i
Southwest Minor Drainages i

! Ccategory Rating Number per Montana Wetland Assessment Method (MWAM) (Berglund and
McEldowney 2008). Categories are rated | to IV, with | the highest and IV the lowest.

Two Assessment Areas were rated Category |, Little Sheep Creek Wet Meadow and Sheep Creek Spring
Tributary (Figure 2.10). Both of these Assessment Areas likely contain fens (wetlands W-LS-11 and W-
SCT1-02 respectively), resulting in a high rating for Uniqueness. Both Assessment Areas also have high
ratings for General Fish Habitat and Groundwater Discharge/Recharge, and contain documented or
suspected habitat for MTNHP Species.

Six Assessment Areas rated Category Il (Figure 2.10). Important attributes of these Assessment Areas
included: Groundwater Discharge/Recharge; Sediment/Nutrient/Toxicant Removal; Habitat for MTNHP
Species; Sediment/Shoreline Stabilization; and in the case of Assessment Areas containing Sheep
Creek, Recreational/Educational Potential due to the Sheep Creek fishery. The primary difference
between Category | and Il Assessment Areas is the probable fens within the Category | wetlands resulting
in a higher total rating. One other Assessment Area, Little Sheep Creek Tributary 1, also may contain
small fens within the overall wetlands but rated lower on other functions, primarily the lack of fish or rare
species habitat, and thus scored a Category II.

Six Assessment Areas were rated Category Il (Figure 2.10). These Assessment Areas differ from
Category | and Il Assessment Areas primarily in the extent of wetlands within the Assessment Area (Little
Sheep Creek Tributary 1 Minor Drainages Assessment Area, Sheep Creek Tributary 1 Assessment Area,
Northwest Springs and Depressions Assessment Area, and Southwest Minor Drainages Assessment
Area), the lack of connection to other wetlands (Little Sheep Creek Tributary 2 and Northwest Springs
and Depressions), and the general lack of consistent water or other habitat features. In general, the
Category Il wetlands appear to fit the concept of that category well: they are common types of wetlands
in the region, are not notably diverse, and generally do not provide high-quality wildlife or fish habitat, yet
they clearly provide greater functional values than a Category IV wetland. Two exceptions are the Little
Sheep Creek Tributary 2 Assessment Area and the Sheep Creek Tributary 2 Assessment Area. Both of
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these Assessment Areas contain well-developed willow and herbaceous wetlands, numerous springs
and seeps, and documented or suspected habitat for MTNHP species. Both Assessment Areas scored
a 61%, near the criterion of 65% to rate as a Category Il wetland. The Little Sheep Creek Tributary 2
Assessment Area rated lower due to lack of connection to other wetlands as the water from this
Assessment Area goes subsurface resulting in an upland barrier between this Assessment Area and the
remainder of the Little Sheep Creek Assessment Areas. Consequently, this Assessment Area did not
receive a score for General Fish Habitat or Flood Attenuation, and a low score for Export/Food Chain
Support. The Sheep Creek Tributary 2 Assessment Area likewise did not receive a score for these
functions as the stream is very minor and does not result in flooding or shoreline stabilization. Further,
the stream is isolated from Sheep Creek by at least 2 culverts preventing fish passage into this
Assessment Area.

2.4 Environmental Geochemistry

2.4.1 Introduction

The acid generation and metal release potential of waste rock, construction rock, and tailings to be
produced by the Project has been characterized using static multi-element analysis, acid-base
accounting (ABA), net acid generation potential, and kinetic methods. Mineralogical analyses of metal
residence and asbestiform mineral analyses were also completed. Results of all geochemical tests which
are reported in Appendix D, are summarized below. Table 2-20 summarizes the number of tests
completed by method, rock type, and tonnage for waste rock.

Table 2-21 provides a summary for tailings testing. These test methods are described and their results
are also provided in detail in Appendix D (Enviromin, 2017a) and are summarized below.

Tintina proposes to mine waste rock from the Lower Newland Formation (Ynl), which contains copper-
enriched rock in both the Upper Sulfide Zone (USZ) and the Lower Sulfide Zone (LSZ). Enviromin (a
company providing geochemical consulting services to Tintina) has defined operational geochemical
units for testing purposes based on mineralization and hydrogeology. Tintina’s proposal includes mining
waste rock from:

¢ Footwall of the Lower Sulfide Zone (LZ FW, 35% of waste rock tonnage),

o Lower Newland Formation dolomitic shale and turbidite clay-clast conglomerate below the USZ
and above the Volcano Valley Fault in the Johnny Lee deposit area (Ynl B, 32%),

o Portions of the USZ outside of the copper-enriched Upper Copper Zone (UCZ), (USZ, 28%), and
o Lower Newland Formation above the USZ (Ynl A, 4%).

The LZ FW represents a silicified conglomerate, stratigraphically below the LSZ, that consists of shale
clasts from both the lowermost Newland Formation and the Chamberlain Formation. The Ynl B consists
of interbedded dolomitic shale and shale-clast conglomerate and lies beneath the USZ, which consists
of stratabound bedded pyrite and contains the Upper Copper Zone. Undifferentiated dolomitic shale and
shaley dolomites of the upper part of the Lower Newland Formation (Ynl A) overlie the USZ.

Specific tonnages for each waste lithotype are listed in Table 2-20. This rock will be exposed in
underground access workings and, temporarily, in active stopes. It will also be stockpiled for
approximately two years on a lined surface pad prior to being co-disposed with cemented tailings early
in mine life. Once the WRS is reclaimed, all of the waste rock, including the rock to be mined from the LZ
FW during development, will report directly to the CTF for use in constructing the foundation drain and
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ramp. Waste rock produced after the CTF begins full operations will be end dumped from the ramp, where
it will be subsequently buried by paste tailings. Additional waste rock units representing tonnages below
1% (including IG, Ynl 0, Yne, and Yc) have also been characterized (Appendix D) (Enviromin, 2017a);
those results are not discussed further here.

Operationally, tailings will be produced via flotation and blended with cement/binders to create cemented
paste tailings. Tintina proposes to use a drift and fill mining method, placing 45% of produced tailings
mixed with 4% cement as backfill into mined out underground stopes and access headings during
operations. The remaining tailings (approximately 55%) will be amended with as much as 2% cement
(and binder), and transferred as paste into a double lined surface tailings impoundment (the CTF). The
CTF design allows little or no water storage on the facility. To provide information for the alternatives
analysis that will be required under MEPA, straight (raw or non-amended) tailings were tested along with
cemented paste tailings with 2% and 4% binders. Both straight and cemented paste tailings were tested
under subaerial weathering and saturated conditions. Although as 4% cement binder mixed with 10% (by
weight) waste rock (identified in figures and lab reports as “4%+ROM”) was also tested to simulate
disposal of blended materials, that option has been eliminated. Those data are presented in Appendix D
(Enviromin, 2017a) and are not considered further here.

2.4.2 Waste Rock Geochemistry

2.4.2.1 Static Testing of Waste Rock

Four-acid digestions followed by inductively coupled plasma-atomic emission spectroscopy (ICP-AES)
multi-element analysis (method MEMS61) were completed by ALS Laboratories (Sparks, NV) to quantify
whole rock metal content. A total of 5,642 samples of the four dominant waste rock types, were
statistically analyzed to characterize overall geochemical variability within individual units and to identify
representative sample subsets for static testing (Appendix D, Enviromin, 2017a).

To evaluate acid generation potential, ALS Laboratories (Sparks, NV) completed acid-base accounting
(ABA) and net acid generation (NAG) analyses on 138 samples of the four dominant waste rock types
and 37 samples of additional waste rock types, for a total of 175 samples. Results of ABA and NAG
testing (Figure 2.11) indicate that the majority of Ynl B and Ynl A samples (90%) are unlikely to form acid,
while many USZ and LZ FW samples have an uncertain potential or are likely to generate acid.
Comparison of neutralization (NP) and acid generation potential (AP) in Figure 2.12 shows a similar
relationship.

Energy Laboratories (Billings, MT) completed static tests of metal mobility for composites of the 2012 Ynl
B, Ynl A, and USZ rock units using EPA Method 1312, the synthetic precipitation leachability procedure
(SPLP). Because these tests show elevated pH values (> pH 9.5, a result of carbonate mineralization
reacting with acids used in the test), these results were considered to be an unrealistic prediction of pH-
sensitive metal concentrations. While they are presented and discussed in Appendix A of the Revised
Baseline Environmental Geochemistry Baseline Report (Appendix D) (Enviromin, 2017a), they are not
discussed further here. All estimates of metal mobility for this project rely on humidity cell test data.
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Table 2-20. Geochemical Testing of Major Waste Rock and Near-surface Materials by Lithotype
Material DI ABA
Lithotypes Description Rock % ICP / SPLP | Mineralogy | Asbestos | HCT
type
Tonnage NAG
LZ FW Silicified shale and debris flow 35 550 15 0 0 1 1
Ynl B Lower Newland shale and conglomerates 32 1412 34 2 1 2 2
Usz Lower Newland upper sulfide zone 28 2542 41 2 1 2 2
Waste Rock ; -
. Ynl A Undifferentiated Lower Newland 4 1138 48 2 1 2 1
Materials
Total Dominant Waste Rock Samples? 99 5642 | 138 6 3 7 6
Additional Waste Rock Samples? <1 1,855 37 3 1 4 2
All Waste Rock Samples? 100 7,497 | 175 9 4 11 8
Near- Ynl Ex Near-Surface Lower Newland shale <1 108 10 -- -- 1 1
surface Tgd Tertiary Granodiorite <1 76 8 -- -- 1 1
Materials .
Total Excavation Tonnage NA 184 18 -- -- 2

1 Total waste rock tonnage over the life of the mine equals 706,525 tonnes (778,810 tons). A total of 7,497 ICP analyses of waste rock were evaluated.
2 Four waste rock types will be mined above 1% of total tonnage; 5,642 ICP analyses were evaluated for these units.
3Additional waste rock units were characterized representing less than 1% of tonnage; 1,855 samples were evaluated for these units.

All geochemical

test results are presented in Appendices D and D-1.

Table 2-21. Black Butte Copper Project Tailings Treatments and Related Testing
Tailing Test Table ABA | NAG | ICP metals | Sat. HCT | Unsat HCT | Diffusion Test
Straight (Raw) Tailings X X X X X -
Paste Tailings 2% X X X - X! 2
Paste Tailings 4% X X X - Xt X
Paste Tailings 4% and ] ] i ) Xt
Waste Rock

lUnsaturated HCTs conducted on intact cement paste cylinders,
2An attempted test of 2% cemented paste tailings could not be completed.
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Asbestiform mineral testing was completed for all waste rock units by R.J. Lee Associates (Monroeville,
PA). Although these types of minerals are highly unlikely to occur in the rock units to be mined from the
Project, these tests were conducted to meet regulatory requirements. No asbestiform minerals were
identified in any lithotype to be mined from the Project. Appendix D (Enviromin, 2017a) provides detailed
methods and results for these tests.

2.4.2.2 Kinetic Testing of Waste Rock

Kinetic tests of waste rock acid generation and metal release potential have been conducted by
McClelland Laboratories (Sparks, NV), following ASTM protocol D5744 for humidity cell tests (HCTSs).
This test exposes samples to alternating dry and humidified air, followed by weekly flushing to remove
oxidation products; pH, alkalinity, acidity, dissolved iron, and sulfate are measured weekly as indications
of sulfide oxidation and acid generation potential. All waste rock kinetic tests were conducted on
composites of static test subsamples from the individual lithologies.

Kinetic tests of Ynl B, USZ, and Ynl A waste rock collected from the vicinity of the previously proposed
Johnny Lee decline were conducted between 2012 and 2014. The Ynl A composite tested in 2012
consisted of subsamples that were representative of this lithotype site wide, but the Ynl B and USZ
composites were representative only of rock in the immediate vicinity of the exploration decline. To
address this limitation, additional tests of these two waste rock units were completed using representative
samples collected site wide. As a result of 2015 changes to the mine plan, the LZ FW was identified as
roughly one-third of the waste rock tonnage to be produced, and also included in the testing program. All
testing was completed and reported to DEQ in November 2016.

Results of all kinetic tests of waste rock are summarized in Figure 2.13a and 2.13b. Sulfide oxidation was
observed in HCT tests for the four volumetrically significant waste rock units. However, consistent with
static test results, and the presence of abundant carbonate minerals, oxidation in the Ynl B, Ynl A, and
LZ FW tests did not produced sufficient acidity to deplete alkalinity nor did these tests produced acidic
pH values. The 2012 HCT of USZ rock samples from the vicinity of the Johnny Lee Decline indicated
sulfide oxidation but maintained alkalinity and neutral pH throughout the test, which was terminated at 24
weeks. The 2015 HCT of site wide USZ rock samples also showed evidence of sulfide oxidation, with
depleted alkalinity, increased acidity and lower pH observed after 60 weeks of testing.

All assessments of metal release potential for waste rock units (tonnage >1%) and tailings have been
based on metal concentrations measured in kinetic test effluents in weeks 0, 1, 2, 4, and every 4 weeks
thereafter. Appendix D (Enviromin, 2017a) provides a detailed summary of metal release for kinetic tests
conducted in 2012 and 2015.

The Ynl B and Ynl A units showed very limited potential to exceed groundwater quality standards in any
week of testing. The 2015 Ynl B only exceeded the Tl groundwater standard in week 0, while the Ynl A
exceeded those standards for Ni in week 0 and Tl in weeks 0, 1 and 2. With no evidence of release in
excess of groundwater standards after week 2, these early exceedances are the result of sample
preparation rather than weathering in the column. The LZ FW effluent pH remained consistently neutral,
but exhibited potential for release of metals at concentrations above groundwater quality standards.
Specifically, As and U concentrations exceeded relevant groundwater standards in all weeks of testing,
while Sb exceeded its groundwater standard in weeks 0-4. Ni was also observed to exceed the
groundwater standard, but only in week 0. The USZ has also shown potential for release of metals in
excess of groundwater standards in multiple weeks. The 2012 USZ HCT exceeded As, Pb, Ni, and Tl
groundwater standards in leachate from week 0, and for Tl in week 1; no groundwater standards were
exceeded thereafter for this test of the USZ in the vicinity of decline. In contrast, the 2015 HCT
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representing the USZ site-wide exceeded groundwater standards for As, Be, and Cd, in week 0, and not
thereafter. Groundwater standards were exceeded Cu, Pb, Ni in early weeks and then regularly after
week 44. The Hg groundwater standard was exceeded only in weeks 1 and 2. However, the groundwater
standards for Sr and Tl were exceeded in leachate from all weeks of testing.

Because each of the waste rock units has some, if not significant, potential to generate acid or release
concentrations of metals in excess of groundwater quality standards, all mined waste rock will be
encapsulated in cemented paste tailings in the lined CTF impoundment. Furthermore, Tintina proposes
to collect all seepage from the WRS, the CTF, and the underground workings (UG) for treatment to meet
non-degradation criteria for groundwater prior to discharge. Potential for impact to surface and
groundwater is therefore low.

In 2014, Montana Tech Center for Advanced Mineral Processing (in Butte, MT) completed mineralogical
analyses using the Mineral Liberation Analysis/scanning electron microscopy method on samples of
waste rock, both pre- and post-weathering, to evaluate the mineral residence of metals of interest, such
as thallium and selenium. The Ynl B (2013 sample) was comprised of quartz, dolomite, muscovite,
potassium feldspar and pyrite (1.6%); the Ynl sample showed similar composition, but also contained
biotite, barite and 10.8% pyrite. The USZ, like the other Ynl units, contained quartz, dolomite, muscovite,
and potassium feldspar; it also contained 45% pyrite. No discrete mineral phases containing thallium or
selenium were identified, but analysis of the thallium and selenium content of heavy liquid separates
(which separated the lighter minerals, e.g., feldspars from the heavy sulfides) suggested that these
elements which occurred commonly in humidity cell effluent occur as trace substitutes in the sulfides.
Appendix D (Enviromin, 2017a) provides details on these analyses and results.

Modeled predictions of water quality have been developed for the UG and CTF during operations and at
closure, and for the WRS and the PWP during operations. These are discussed in Sections 4.2 and 4.3
and Appendix N (Enviromin, 2017c) of this MOP Application.

2.4.2.3 Total Organic Carbon Analysis of Waste Rock

The total organic carbon (TOC) content of several waste rock composites from Tintina Montana'’s Black
Butte Copper deposit, were analyzed to support observations of organic carbon made in hand specimen
(see Appendix N-2) (Enviromin 2017d). Organic carbon was identified in Appendix N (Section 4.6) as
one of three possible sinks of oxygen from infiltrating groundwater, which is likely consumed via (1)
aerobic microbial metabolism, (2) oxidation of sulfide minerals and (3) reaction with available organic
carbon (DEQ, 2017). Further, in situ measurements of dissolved oxygen in site groundwater support its
depletion with depth (see Appendix B).

Results of LECO analyses of TOC in waste rock analyzed by Enviromin are compared with values from
published literature (Lyons et al, 2000) in the table below.
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Table 2-22. Total Organic Carbon Content of Waste Rock Composite Samples

SAMPLE ID TOC (weight %)
2012 Ynl A 0.81
2015 Usz 0.41
2015Ynl B 0.5
2015 LZ FW 0.39
2016 Ynl Ex 0.3
Lyons et al 2000* 0.13-3.39

* Range of values for samples collected at Tintina’s Black Butte Copper Project site, averaging 1.30 %
as reported by Lyons et. al. (2000).

The results reported by Lyons et. al. are comparable to the values measured in the Black Butte Copper
Project composites and support the hand specimen observations of organic carbon in these sediments.
A memo describing these test results has been added as Appendix N-2 (Enviromin, 2017d).
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Figure 2.13a. Comparison of Select Parameters for Waste Rock Kinetic Humidity Cells
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Figure 2.13b. Comparison of Select Parameters for Waste Rock Kinetic Humidity Cells
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2.4.3 Tailings Geochemistry

2.4.3.1 Static Testing of Tailings

Splits of homogenized tailings reject produced in bench-scale metallurgical testing were used for all tests.
While there is some variation in AP and NP between subsamples (Table 2-23), ABA and NAG tests
indicate that the tailings will have a strong potential to generate acid regardless of cement addition (Table
2-23). The neutralization potential resulting from the addition of 2% to 4% cement is not sufficient to
neutralize the sulfide in the tailings; this was not the intent of cement addition, however. Cement was
added to provide structural strength in support of drift and fill mining methods underground, and to change
the physical properties of the material to a stable, non-flowable material with low hydraulic conductivities
on the order of 10 ° m/sec in both surface and underground settings.

2.4.3.2 Kinetic Testing of Tailings

Kinetic tests of straight (raw, non-amended) tailings were completed at McClelland Laboratories and
cemented paste tailings tests at Western Environmental Testing Laboratory (WETLab, Sparks NV). Table
2-24 summarizes the tailings characteristics, testing methods and conditions, and ultimate disposition of
tailings, in various scenarios represented by each kinetic test. Cemented paste tailings cylinders were
tested (without crushing) in conventional ASTM method D5744 HCTs (as described above for kinetic
testing of waste rock) to simulate subaerial weathering. They were also tested using ASTM C1308
diffusion tests to simulate diffusion through backfill in saturated underground workings. The ASTM C1308
diffusion test involves the submergence of paste tailings cylinders (with a height:diameter ratio of 2:1) in
14 sequential deionized water baths over a period of 11 days; the test is designed to predict sulfide
reactivity and solute release as a result of diffusion. While ASTM C1308 allows the use of groundwater
or deionized water these tests used the chemically more aggressive deionized water to limit related
shipping of groundwater and to be consistent with the ASTM D5744 tests conducted for this project.
Straight (raw, non-amended) tailings were also tested using ASTM method D5744 (as described above
for kinetic testing of waste rock), both sub-aerially and in a modified, saturated test, to represent dry stack
surface placement and subaqueous impoundment deposition scenarios, respectively.

Acid generation parameters for all kinetic tests of tailings are shown in Figure 2.14 and Figure 2.15 and
details are provided in Appendix D (Enviromin, 2017a). In the diffusion tests, the 4% cemented paste
cylinder maintained a variable neutral to alkaline pH between 6.5 and 9.5 s.u., and produced alkalinity
with low sulfate and acidity throughout the test. The 4% cemented paste cylinder maintained a pH above
5.0 until week 8, while the 2% cemented paste cylinder only maintained a pH above 5.0 in weeks 0 and
1. After dropping below a pH of 5.0, each cylinder demonstrated steady decline in pH and increasing acid
and metal production as the cylinder disaggregated. This indicates that the addition of more neutralizing
waste rock and cement did not reduce sulfide oxidation, but acted, as intended, to increase stability of
the material and reduce its reactive surface area.

Similar to pH, acid and sulfate production also varied between the cemented paste tests, with the 2% test
exhibiting greater oxidation and release of related solutes than the 4% test. Given the fact that the 2%
and 4% cemented pastes have very similar NNP and NP/AP characteristics with obvious potential for
acid generation, the elevated acidity of the 2% test cylinder is explained by its faster disaggregation under
leach in the HCT, which exposed significantly greater amounts of sulfide to oxidation.

Straight (raw, non-amended) tailings weathered in a conventional, subaerial humidity cell were strongly
acidic and showed a correspondingly high potential to generate sulfate at low pH. In contrast, Tintina
proposes to place 0.5 to 2% cemented paste materials in its surface CTF, and to collect and remove
water from that impoundment continuously. Discharge of tailings seepage to surface water is not

Tintina Montana, Inc. 85 July 14, 2017



Black Butte Copper Project Mine Operating Permit Application (Revision 3)

anticipated because mine-affected water will be treated prior to discharge to groundwater. The following
discussion, therefore, compares results to groundwater standards, with the exception of the saturated
humidity cell test of raw tailings, which represents surface water in a subaqueous tailings facility pond.

Metal release data for tailings kinetic tests are summarized in Figure 2.16 for select metals and provided
for all metals in Appendix D (Enviromin, 2017a). Although the initial rate of metal release for cemented
paste tailings was lower than straight (raw) tailings for most metals, the release rates of many metals
from the 2% cement paste HCT approached that of the unsaturated straight (raw) tailings HCT after 8
weeks, as a result of disaggregation during testing. Metal concentrations in effluent from the 28 week
long 4% paste cement HCT exhibited groundwater exceedances for Tl in early weeks (0-2), with later
exceedances of groundwater standards for Cu and Ni (after week 8) and As and Cr (after week 20).
Beryllium was detected at concentrations above standards only in weeks 16 and 20. In comparison, only
the As standard for groundwater was exceeded in the 4% diffusion test. In the unsaturated HCT of straight
(raw, non-amended) tailings, metal release potential was much higher, with regular exceedances of
groundwater standards observed for numerous constituents (see list in Appendix C of Appendix D). At
the lower oxidation rate in the saturated HCT of straight (raw, non-amended) tailings, which is intended
to represent tailings deposited in a subaqueous impoundment, fewer metals exceeded relevant surface
water quality standards and they were detected at much lower concentrations; these are also reported in
Appendix C of Appendix D).
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Table 2-23.  Static ABA and NAG pH Test Results for Straight (Raw) and Paste Tailings
NAG [NAG . AP | NP* | NNP NaOH- HCI- | Total
. NAG| Fizz Paste | Total Sulfide Carbonate

Sample Identification @2?5H @7?0H oH |Rating tCaCO3/Kt NP/AP pH |'S (%) Ieasc?(;)k))le Ieeg:?ozt))le S (%) Cezg/k;)on (%)
CA12185-JUN15 NA | NA | NA 1 802 | 2.0 | -800 | 0.003 | 3.23 | 255 NA <0.01 25.7 | 0.372 0.220
. |CA15079-JUL15 NA | NA | NA 1 935 | <1 | -934 | 0.01 3.30 | 28.9 NA <0.01 29.9 | 0.304 0.100
S(gaa:\?v?t CA12531-JUL15 NA | NA | NA 1 781 | <1 | -780 | 0.01 331 | 241 NA <0.01 25.0 | 0.459 0.145
tailings CA15000-AUG15 NA | NA | NA 1 845|194 | -836 | 0.01 3.58 | 28.3 NA 1.29 27.0 | 0.406 0.295
CA14523-AUG15 NA | NA | NA 1 554 161.1| -493 | 0.11 392 | 214 NA 3.70 17.7 1.19 3.20
Enviromin Tails Sample| 282 | 406 | 2.2 1 775 | <1 | -770 | 0.01 4.0 | 24.8 0.71 0.68 24.1 NA NA

Paste |[C601-15 (2% Binders) [131.5] 182 | 2.1 1 741 | <1 | -740 | 0.01 3.8 | 23.7 2.08 1.15 21.6 NA NA
tailings |C586-15 (4% Binders) | 124 |179.5| 2.3 1 744 | 9 | -738 | 0.01 7.9 | 23.9 1.99 1.19 21.9 NA NA

*negative NP values (italicized) adjusted to <1; “1” used for calculation of NP:AP and NNP
Red shading indicates that based on the ratings systems presented in Tables 3-1 and 3-2 of Appendix D, these samples all have potential to generate acid.

Table 2-24. Tailings Characteristics, Kinetic Test Methods, and Facility Scenarios
Action o Tailings
Seenarins Facility Represented Characteristics Test Method
Backfilled Paste in flooded workings 4% binder ASTM C1308 diffusion test
Cement paste in _CTF, suba_lenal weathering, 20% binder ASTM method D5744 (HCT)
Proposed routine operations
Cement paste in CTF, suba_erlal weathering, 4% binder ASTM method D5744 (HCT)
final closure lift
. . . Modified ASTM method
Alternative Saturated tailing e.g., subaqueous impoundment Straight (Raw) D5744 (saturated HCT)
Subaerial weathering, e.g., dry stack tailing pile Straight (Raw) ASTM method D5744 (HCT)
— -
Cement paste in CTF, subaerial weathering 4% C\?v:é?g?ggs with ASTM method D5744 (HCT)
Additional* : .
0, -
Backfilled Paste in flooded workings 4% co-disposed with | -\ g1\1 51308 diffusion test
waste rock

*Geochemical testing of paste tailings mixed with ROM was conducted to evaluate previously considered scenarios that are
no longer pertinent to Tintina’s operational plans. These tests are described here for completeness but are not relevant to compliance assessments or
modeling. See Appendix D for data.
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Figure 2.14 Kinetic Test Results for Tailings with pH, Alkalinity, Acidity, and Sulfate.
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Figure 2.15. Kinetic Test Results for Tailings with pH, Alkalinity, Acidity
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Figure 2.16. Kinetic Test Results for Tailings showing Select Metals (Set 2)
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2.4.4 Near-Surface Materials

Shallow, weathered, highly-fractured and oxidized near-surface bedrock zones of the Lower Newland
Formation (Ynl Ex) and Tertiary sill-form granodiorite intrusive rocks (Tgd) will be excavated and used
for construction of BBC mine facilities, such as embankments, protective layers for liners, and drain-rock.

Figure 2.17 shows the geology of the proposed mine area with the location of geotechnical drill holes and
soil and infiltration test pits where samples used in this study were collected. Figure 2.18 also illustrates
the proposed construction footprint for the mine facilities of interest along with these same drill holes and
test pits. The final selection of samples for composite geochemical testing of Ynl Ex and Tgd is described
in Appendix D-1. Of the approximately 3.9 million cubic yards (cu yds.) (3.0 million m3) of bulked rock
(20% after excavation) to be excavated during construction of the facilities listed in Table 3-14a,
approximately half (or 1.5 m3) will be from each of the Ynl Ex and Tgd units. Tintina proposes to use an
estimated total of 184,520 m?® (241,343 cu. yds.) of the excavated Tgd as prepared sub-grade bedding
and drainage gravel project wide (Table 3-14b).

The Ynl Ex is a mix of dolomitic and non-dolomitic shale with rip-up-clast conglomerate from the
Proterozoic Lower Newland Formation that has been thrust to the surface along the Black Butte Fault
(BBF). The Tgd is younger granodiorite which intruded the Ynl Ex rocks as sill-like tabular bodies. The
site geologic map (Figure 2.17) shows that these two rock units occur together as folds within the thrust
sheet in the facility footprints. Geochemical data described below indicate that these highly fractured
rocks in the near-surface weathering zone have been significantly leached by infiltrating meteoric water,
with resulting depletion of sulfide and metals.

A statistical review of select multi-element data as a function of depth was used to determine whether
Ynl Ex and Tgd, were comparable to deeper Ynl B and IG test units, respectively. Summary statistics,
based on ten elements from multi-element analyses, were used to test these relationships. Examples of
these comparisons is presented in Figure 2.19. Results and summary statistics are included in Appendix
D-1 by Enviromin (2017b) of this report.

Comparisons of the geochemistry as a function of depth demonstrate that weathered surface materials
are relatively depleted in metals and sulfur, and are therefore distinct from the deeper materials. This is
consistent with observations made from drill samples (highly fractured with iron-oxide stained fractures)
collected while drilling (Knight Piésold, 2017b). Because the near-surface deposits of Ynl Ex and Tgd are
geochemically distinct from the deeper bedrock material, they have been independently tested to
evaluate acid generation and metal release potential using static and kinetic methods.

Figure 2.17 shows locations where the Ynl Ex and Tgd near-surface deposits (<20 m or 65 feet depth)
have been sampled extensively by geotechnical drilling and soil test pits, providing a population of
samples that is representative of the shallow bedrock materials that will be excavated or disturbed by
near surface facilities.
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The near-surface bedrock excavated materials (Ynl Ex and Tgd) have been characterized using static
multi-element analysis, acid-base accounting (ABA), net acid generation (NAG) potential, and kinetic
methods. Figure 2.20 through Figure 2.24 summarize test results. Composites of Tgd and Ynl Ex were
tested for asbestiform minerals; none were identified. Kinetic tests were conducted as reported in
Enviromin (2017b) (Appendix D-1).

Information provided by static test results and kinetic testing suggests that it is unlikely that either the Ynl
Ex or Tgd material will produce acid or release significant concentrations of metals. Static test were
confirmed by kinetic testing, and metal release has been very low. As demonstrated in Figure 2.24 and
Figure 2.25, effluent from these humidity cell tests met MT groundwater quality standards in all weeks.
These effluents also met surface water quality standards, with the exception of selenium exceedances
in weeks 0 through 4 in Ynl Ex. No metals were detected above standards for the Tgd.
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2.4.5 Environmental Chemistry Conclusions

The four dominant waste rock units have shown evidence of sulfide oxidation in the HCT tests. However,
consistent with the static test results and the presence of abundant carbonate mineralization, acid
generation in waste rock HCTs was limited. Furthermore, metal release from waste rock HCTs was
varied. The Ynl A and Ynl B released relatively low concentrations of a few metals (with Se and/or Tl at
or slightly above groundwater standards). In contrast, the USZ released Sr and Tl at concentrations
exceeding groundwater standards throughout the test, with additional metals (notably, Cu, Pb, Ni)
exceeding groundwater standards after the pH dropped in week 60. The LZ FW released a different suite
of metals, with Sb and Se exceeding groundwater standards in the early weeks of testing, and U and As
exceeding standards throughout the test.

Due to the potential for release of various metals at different times in the expected weathering process,
all waste rock will be encapsulated in paste tailings in the lined CTF impoundment. Furthermore, Tintina
proposes to collect all seepage from the temporary WRS, the copper-enriched rock stockpile, the CTF,
and the UG for treatment to meet non-degradation criteria prior to discharge via underground infiltration
galleries. Impacts to surface water and groundwater are therefore not anticipated. Models of water quality
for these facilities which incorporates these data are described in Section 4.2 and Appendix N of this
MOP Application.

HCTs indicate that all of the cemented paste tailings have potential to oxidize after a lag time and to
release at least some sulfate, acidity, and metals if left exposed to air and water. Importantly, this is not
observed immediately in test cells, and the rate of weathering in a humidity cell is recognized to be
significantly greater than in the field. Given Tintina’s proposed drift and fill method of mining, distinct
surfaces of backfilled material will only be exposed to air for a short period of time, thus reducing the
production of sulfate, acidity, and metals. At closure, the backfill material will be submerged in
groundwater, reducing oxygen availability (the diffusivity of oxygen in water is 10,000 less than in air) and
resulting sulfide oxidation to negligible levels. Results of the kinetic diffusion tests indicate that the 4%
cemented paste tailings that Tintina plans to use for backfill is unlikely to become acidic and has potential
to release only As in concentrations above groundwater standards under saturated conditions at closure.
Furthermore, because of the extremely low hydraulic conductivity of this material, interaction with
groundwater will be limited.

In the CTF, each new lift of cemented paste tailings will behave as a massive block of material with low
transmissivity, with a thin upper surface that will be exposed to some degree of oxidation before being
covered by fresh cemented paste tailings within 30 days of placement. This is the longest duration of
exposure that is anticipated; average exposure times are expected to be shorter, on the order of 7 to 15
days. The unsaturated kinetic tests of cemented paste tailings reflect the type of oxidation to be expected
along this surface, while the diffusion tests better represent the majority of tailings placed in each lift.
However, it is highly unlikely that the rate of disaggregation observed in the field would approach that
observed in the laboratory test, which optimized sulfide oxidation and disaggregation of the small (and
unconfined) test cylinders. Waste rock will be placed in lenses adjacent to the ramp in the CTF where it
will be encapsulated by cemented paste tailings. The cemented paste tailings placed within the CTF is
best represented by the 2% cemented paste tailing HCT data, while the final lift of paste tailings in the
CTF is best represented by the 4% HCT data. If material is covered in a timely manner (on the scale of
weeks and less than 30 days, average range expected to be 7 to 15 days), relatively less oxidation,
acidity, and leaching of metals is expected to occur and it would be limited to the exposed surface of the
cemented paste tailings. If operations were to be interrupted, as in the case of a temporary suspension
in tailing production, or during early closure, Tintina will increase the cement binder content to reduce
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weathering during the period of extended exposure. Also, any water interacting with oxidized tailings will
subsequently flow through and react with waste rock before being collected in a sump within a lined
facility for treatment.

At closure, the CTF will be covered with a geotextile membrane over a period of months, which will be
welded to the lower liner, eliminating long-term exposure of the final lifts to oxygen and water. The double
lined CTF with drainage collection is designed to prevent discharge to surface water and groundwater.
Thus, any solutes resulting from oxidation and release of metals by cemented paste tailings within the
CTF are unlikely to reach or affect surface water or groundwater.

As a potential alternative to Tintina’s proposed scenario for placement of 4% cemented paste tailings in
saturated underground workings, subaqueous placement of tailings in surface ponds as represented by
the saturated HCT of straight tailings appears to be the next most effective at limiting sulfide oxidation.
However, if a subagueous impoundment alternative were to be considered, some release of metals to
the tailings pond would be expected to occur based on these HCT results, and in the long run, depletion
of alkalinity and a subsequent drop in pH are possible. In addition, significant acid rock drainage would
also be expected to develop in sub-aerially weathered, fine-grained non-amended tailings, suggesting
that a “dry stack” management method for tailings is not an ideal alternative scenario in this setting either.
Therefore, management of tails as cemented paste, co-disposed with waste rock, appears to be
significantly superior to the subaqueous and dry stack alternatives.

The acid generation and metal release potential of near-surface rock to be excavated near the Project
facilities has been characterized. Mineralogical analyses of asbestiform mineral content were also
completed; no asbestiform minerals were identified.

Results of static ABA indicate Tgd is net neutralizing, which was confirmed by kinetic testing. No metals
were detected above any relevant groundwater or surface water standard. Due to the excellent quality of
this material and its lack of chemical reactivity and metals release, Tintina plans to use it as protective
sub-grade bedding below lined facilities, and as drainage rock in its facility foundation drains and
underground infiltration galleries.

The Ynl Ex also appears unlikely to produce acid, despite a temporary spike in sulfate concentrations.
These rocks released low concentrations of selenium that exceeded surface water standards (but not
groundwater) in early weeks of testing.

2.5 Soil Resources

2.5.1 Soils Study Area

Tintina conducted an Order 2 soil survey within a 3,368 acre (1,363 ha) Study Area (Figure 2.25). The
survey provided descriptions, classifications of soil profiles to the family level, and correlating these
families to map unit names provided in the existing NRCS soil survey. Additionally, collection of soil
samples from representative horizons allowed for analysis of physical and chemical properties in order
to assess soil suitability for reclamation. The remainder of this section summarizes the survey methods
and results while Appendix E (Westech, 2017a) provides a more detailed description including analytical
data and photos.

2.5.2 Soils Methods

Tintina completed an Order 2 soil survey in accordance with procedures developed by the NRCS (USDA,
1993). The survey began with a review of existing soils information (i.e., NRCS soil survey data, aerial
photographs, geologic maps, and other information) to identify the dominant soil series in the area and
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to develop a preliminary soils map that included 28 original soil sample sites. An additional two sample
sites were added in October 2015 to bring the total number of sample sites to 30.

Initial field inventory activities were completed in July 2015, with supplemental surveys in October 2015.
Field surveys included soil profile (pedon) observations, soil sampling, and refinement of preliminary map
unit boundaries. Soil samples collected from discrete horizons at each of the 28 sample sites were
analyzed to determine soil texture, organic matter content, coarse fragment content, pH,
salinity/conductivity, and total arsenic, cadmium, copper, lead, and zinc concentrations.

Surveyors identified preliminary map unit boundaries in the field based on the results of pedon
descriptions and development of conceptual map units. A review of information including laboratory
results and final pedon classifications allowed a refinement of soil map unit descriptions and boundaries.

In addition to the Order 2 soil survey, surveyors completed field investigations to determine the hydraulic
properties of soils and shallow bedrock to support site selection for underground infiltration galleries.

2.5.3 Soils Results

The study identified eighteen soil series in the Study Area composed of 23 map units shown on Figure
2.25 and Map Sheet 3. Table 2-25 lists the map units, their composition (i.e., the proportion of the map
unit occupied by each soil series), and other data.

The following sections summarize relevant physical and chemical properties of the map units, which may
limit the suitability of these soils for salvage operations. Appendix E (Westech, 2017a) provides more
detailed descriptions of the suitability of individual map units.

The DEQ (MDEQ, 1998) provide soil salvage suitability guidelines which include such characteristics as
coarse fragment content (i.e., greater than 50 % coarse fragments are unsuitable for salvage), slope
steepness (slopes greater than 2 to 1 are unsuitable), and other characteristics. In addition, in March of
2017, Westech incorporated newly published soil suitability guidelines by the Montana DEQ (2016) to
revise recommended salvage depths (that were in Mine Operating Permit Application [Revision 1]) for
the following soil units within the Black Butte Project Survey Area: Ch-b, Ch-c, Hl-b, Kp-c, and Lb-b (see
Table 2-26) in this Mine Operating Permit Application (Revision 3) and in Table A-1 in Appendix E.
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Ma_p . slope 1st Lift | 2nd Lift | Total . Aci:‘es Percent
Unit Map Unit Name o Salvage | Salvage | Salvage Components and Proportions (%) of Study
Symbol %) | " in) (in) (in) study | “rrea
Area
Ad-b |Adel loams 5-15 12 24 36 Adel 80% / Medicinelodge 10% / Caseypeak 5% / Kimpton 5% 26.9 0.8%
Ch-b |Cheadle, channery loams 5-15 12 0 12 Cheadle 80% / Wineglass 10% / Duckcreek 5% / Medicinelodge 5% 798.5| 23.7%
Cl-a |Clunton, clay loams - frequently flooded 0-5 12 24 36 Clunton 90% / Wineglass 10% 26.5 0.8%
Cp-c |Caseypeak, skeletal loams 15-40 12 0 12 Caseypeak 80% / Woodhall 10% / Kimpton 10% 222.4 6.6%
Cp-d |Caseypeak, skeletal loams - steep 40-70 0 0 0 Caseypeak 90% / Woodhall 5% / Kimpton 5% 79.3 2.4%
Dc-a |Duckcereek, clay loams 0-5 12 24 36 Duckcreek 90% / Cheadle 5% / Medicinelodge 5% 138.0 4.1%
Fa-b [Farlin, clay loams 0-5 12 24 36 Farlin 90% / Medicinelodge 5% / Raynesford 5% 46.5 1.4%
Hl-b |Houlihan, sandy loams 5-15 12 24 36 Houlihan 80% / Kimpton 10% / Caseypeak 5% / Cheadle 5% 50.2 1.5%
Kp-c |Kimpton, skeletal loams 15-40 12 24 36 Kimpton 80% / Caseypeak 10% / Woodhall 10% 345.8] 10.3%
Kp-d [Kimpton, skeletal loams - steep 40-70 0 0 0 Kimpton 90% / Poin 5% / Woodhall 5% 127.7 3.8%
Lb-b [Libeg, clay loams 5-15 12 12 24 Libeg 90% / Caseypeak 5% / Cheadle 5% 197.8 5.9%
Ml-a |Medicinelodge - frequently flooded 0-5 12 24 36 Medicinelodge 80% / Duckcreek 10% / Redfish 10% 256.4 7.6%
MI-b |Medicinelodge - occasionally flooded 5-15 12 24 36 Medicinelodge 90% / Wineglass 5% / Woodhurst 5% 71.7 2.1%
Pn-b |Poin, skeletal sandy loams 5-15 12 0 12 Poin 90% / Cheadle 5% / Kimpton 5% 188.3 5.6%
Rc-b |Redchief, silty loams 5-15 12 12 24 Redchief 90% / Kimpton 5% / Woodhall 5% 86.5 2.6%
Rf-a  |Redfish, occasionally flooded 0-5 12 24 36 Redfish 90% / Medicinelodge 10% 31.5 0.9%
Ry-b [Raynesford, silty clay loams 5-15 12 24 36 Raynesford 90% / Duckcreek 5% / Farlin 5% 67.5 2.0%
Se-b |Sebud, gravelly loams 5-15 12 24 36 Sebud 90% / Cheadle 10% 35.7 1.1%
Wa-b |Woodhall, skeletal loams 5-15 12 12 24 Woodhall 80% / Caseypeak 10% / Kimpton 5% / Redchief 5% 328.1 9.7%
Wg-b [Wineglass, channery clay loams 5-15 12 24 36 Wineglass 80% / Cheadle 10% / Clunton 5% / Medicinelodge 5% 166.4 4.9%
Wu-b |Woodhurst, skeletal loams 5-15 12 12 24 Woodhurst 90% / Caseypeak 5% / Kimpton 5% 27.9 0.8%
DL Disturbed Land Varies 0 0 0 Disturbed Land 100% 36.9 1.1%
RO [Rock Outcrop 30-90 0 0 0 Rock Outcrop 90% / Woodhall 5% / Libeg 5% 11.3 0.3%
L/ Total| 3367.5 100%
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Table 2-25.  Summary of Soil Map Units in Black Butte Copper Study Area
Acres Percent
Map . Slope . - . . in of
Unit Map Unit Name by Map Unit Composition (% by Soil Series) Stud Stud

Symbol 79, udy y

Area Area
Ad-b Adel loams 5-15 | Adel 80% / Medicinelodge 10% / Caseypeak 5% / Kimpton 5% 26.9 0.8
Ch-b Cheadle, channery loams 5-15 | Cheadle 80% / Wineglass 10% / Duckcreek 5% / Medicinelodge 5% 798.5 23.7
Cl-a Clunton, clay loams 0-5 Clunton 90% / Wineglass 10% 26.5 0.8
Cp-c Caseypeak, skeletal loams 15-40 | Caseypeak 80% / Woodhall 10% / Kimpton 10% 222.4 6.6
Cp-d Caseypeak, skeletal loams - steep 40-70 | Caseypeak 90% / Woodhall 5% / Kimpton 5% 79.3 2.4
Dc-a Duckcreek, clay loams 0-5 Duckcreek 90% / Cheadle 5% / Medicinelodge 5% 138.0 4.1
Fa-b Farlin, clay loams 0-5 Farlin 90% / Medicinelodge 5% / Raynesford 5% 46.5 1.4
HI-b Houlihan, sandy loams 5-15 | Houlihan 80% / Kimpton 10% / Caseypeak 5% / Cheadle 5% 50.2 15
Kp-c Kimpton, skeletal loams 15-40 | Kimpton 80% / Caseypeak 10% / Woodhall 10% 345.8 10.3
Kp-d Kimpton, skeletal loams - steep 40-70 | Kimpton 90% / Poin 5% / Woodhall 5% 127.7 3.8
Lb-b Libeg, clay loams 5-15 | Libeg 90% / Caseypeak 5% / Cheadle 5% 197.8 5.9
Ml-a Medicinelodge - frequently flooded 0-5 Medicinelodge 80% / Duckcreek 10% / Redfish 10% 256.4 7.6
MI-b Medicinelodge - occasionally flooded | 5-15 | Medicinelodge 90% / Wineglass 5% / Woodhurst 5% 71.7 21
Pn-b Poin, skeletal sandy loams 5-15 | Poin 90% / Cheadle 5% / Kimpton 5% 188.3 5.6
Rc-b Redchief, silty loams 5-15 | Redchief 90% / Kimpton 5% / Woodhall 5% 86.5 2.6
Rf-a Redfish, occasionally flooded 0-5 Redfish 90% / Medicinelodge 10% 31.5 0.9
Ry-b Raynesford, silty clay loams 5-15 | Raynesford 90% / Duckcreek 5% / Farlin 5% 67.5 2.0
Se-b Sebud, gravelly loams 5-15 | Sebud 90% / Cheadle 10% 35.7 1.1
Wa-b Woodhall, skeletal loams 5-15 | Woodhall 80% / Caseypeak 10% / Kimpton 5% / Redchief 5% 328.1 9.7
Wg-b Wineglass, channery clay loams 5-15 | Wineglass 80% / Cheadle 10% / Clunton 5% / Medicinelodge 5% 166.4 4.9
Wu-b Woodhurst, skeletal loams 5-15 | Woodhurst 90% / Caseypeak 5% / Kimpton 5% 27.9 0.8
DL Disturbed Land Varies | Disturbed Land 100% 36.9 1.1
RO Rock Outcrop 30-90 | Rock Outcrop 90% / Woodhall 5% / Libeg 5% 11.3 0.3
Total | 3,367.5 100
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2.5.3.1 Physical Properties of Soils

Physical soil properties that can affect suitability for salvage include texture, coarse fragment content,
depth to bedrock, depth to groundwater, slope, organic matter content, and erosion potential.

Certain soil textures such as clay, silty clay, sand, and others can pose suitability problems in regards to
soil handling and site stability. Three of the 28 pedon locations observed in the Study Area contained
horizons with unsuitable clay textures. However, undesirable soil textures will not significantly impact the
reclamation potential of soils due to the limited distribution of these soils in the Study Area. Mechanical
mixing of soils during the salvage and redistribution processes will result in soils with suitable textures
upon reclamation.

Coarse fragment concentrations greater than 50% can inhibit reclamation success. Thirteen of the 28
observed pedons included horizons with high coarse fragment concentrations that range from 50 to 90%.
The majority of these coarse fragments consisted of gravels less than 3-in in diameter, which often do
not impede salvage potential. However, Adel, Caseypeak, Poin, and Woodhurst soils also contain larger
sized fragments that can limit soil suitability. However, DEQ considers rock that can be picked up by a
scraper (as large as 24-in. (60 cm) as suitable for salvage.

Shallow depths to bedrock or groundwater can limit salvage suitability by providing a relative lack of soil
or restricting equipment operation. Eleven of the observed pedons occurring in the Caseypeak, Cheadle,
Kimpton, Poin, Redchief, and Woodhall soil types had shallow depths to bedrock ranging from 3 to 30 in.
below ground surface. The Clunton, Medicinelodge, and Redfish soils had shallow depths to groundwater
ranging from 10 to 32 in. below ground surface.

Slopes steeper than 50% , such as those found in or near dissected drainages, steep ridges, or rock
outcrops, limit soil salvage operations due to safety hazards associated with heavy equipment use. The
Caseypeak soil type within Map Unit Cp-d and the Kimpton soil type within Map Unit Kp-d both occur on
slopes ranging in steepness from 40 to 70%.

Organic matter content is considered a beneficial soil characteristic as it is directly related to soil fertility.
Guidelines describing minimum desirable organic matter content vary, however 2 percent or greater is
generally considered suitable for salvage and reclamation. The soils sampled in the Study Area had
organic matter contents that ranged from 1.9 to 49.4% and averaged 9.7% in the upper 12 in. (30.5 cm)
of the soil profile. Deeper horizons averaged 5.1% . No soils within the study area are considered
unsuitable based on organic matter content.

Susceptibility to wind and water erosion negatively affects soil suitability for salvage. The soil erodibility
factor (K-Factor) allows assessment of erosion potential due to water while Wind Erodibility Group rating
(WEG) (USDA, 2009 and 2013) allows assessment of wind erodibility. Appendix E (Westech, 2017a)
gives a more detailed description of K-Factor and WEG. Soils in the Study Area generally exhibit low to
moderate susceptibility to erosion.

2.5.3.2 Chemical Properties of Soils

Chemical properties affecting soil suitability for reclamation include pH, electrical conductivity, and
concentrations of certain metals or metalloids including arsenic, cadmium, copper, lead, and zinc.

Soils with pH values below 5.5 s.u. or above 8.5 s.u. are not recommended for plant growth or
establishment and are considered unsuitable for salvage (Brady and Weil, 1999) unless soil volumes are
limited and site-specific conditions require salvage of those materials. Soils in the Survey Area generally
exhibited suitable pH conditions for plants (5.5 to 7.0), although these values vary between soil types and
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within individual soil pedons. A total of six sample locations, representing six soil series, exhibited pH
levels below DEQ reclamation guidelines (MDEQ, 1998). This study indicates no adverse impacts on
vegetation from salvaged soil due to the prevalence of neutral pH in the majority of soils in the Study
Area, despite the presence of some acidic soil horizons.

Electrical conductivity measures the concentration of soluble salts, or salinity, in the soil. Elevated salinity
can hinder plant establishment and growth by preventing uptake of water by plant roots. Soils with
electrical conductivity values greater than 4 mmhos/cm are considered undesirable for topsoil while soils
with values greater than 8 mmhos/cm are undesirable for subsoils (MDEQ, 1998). No soils in the Study
Area exhibit electrical conductivity values that exceed DEQ topsoil or subsoil guidelines.

Some inorganic elements naturally occur at concentrations higher than the Regional Screening Levels
(RSL) established by the Environmental Protection Agency (EPA) for industrial soils in Montana (EPA,
2015; MDEQ, 2005). Due to these elevated baseline concentrations, DEQ established a statewide study
based on soil samples gathered from each county in Montana to identify background threshold values
(BTV) for common inorganic elements in soils (MDEQ, 2013). Multiple soils in the Study Area exhibited
DEQ-BTV exceedances for arsenic, cadmium, lead and/or zinc. Woodhurst soils exhibited DEQ-BTV
exceedances for copper as well as the other four inorganic elements. These exceedances in native soils,
which currently support vegetation, are unlikely to substantially reduce soil suitability for reclamation with
the possible exception of the high level of inorganic elements in the deeper horizons of Woodhurst soils.
This was taken into consideration in the development of soil salvage depths. These exceedances would
likely not be considered unsuitable soils on most ranchland sites.

2.5.3.3 Suitability of Soils by Soil Series

The primary physical properties limiting soil salvage are high coarse fragment content, shallow bedrock,
and shallow groundwater. Chemical properties limiting salvage include low pH and elevated
metal/metalloid concentrations. A review of each of the soil pedon descriptions determined the most
appropriate salvage depth for each soil series in consideration of the various limitations. Table 2-26
presents the recommended salvage depth for each soil series, the map unit that the series occurs in, and
the limitations which formed the basis for the salvage depth determination was based.
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Table 2-26. Summary of Recommended Salvage Depths
. . e Wi 1st Lift Depth? | 29 Lift Depth? -
Soil Series S a (Inches) (Inches) Limitation
ymbol . :
Topsoil Subsail
Adel Ad-b 12 36 Coarse fragments, arsenic
Caseypeak Cp-c, Cp-d 12 0 Coarse fragments, bedrock, slope
Cheadle Ch-b 12 0 Coarse fragments, bedrock,
Clunton Cl-a 12 36 None?
Duckcreek Dc-a 12 36 None
Farlin Fa-b 12 36 Clay
Houlihan HI-b 12 36 Coarse fragments
Kimpton Kp-c, Kp-d 12 36 Coarse fragments, pH, slope
Liberg Lb-b 12 24 Coarse fragments, pH
Medicinelodge | Ml-a, MI-b 12 36 Coarse fragments, shallow groundwater
Poin Pn-b 12 0 Coarse fragments, pH, bedrock
Raynesford Ry-b 12 36 Clay
Redchief Rc-b 12 24 Coarse fragments, pH
Redfish Rf-a 12 36 Coarse fragments, shallow groundwater
Sebud Se-b 12 36 Coarse fragments
Wineglass Wg-b 12 36 Coarse fragments
Woodhall Wa-b 12 24 Coarse fragments, arsenic, pH
Woodhurst Wu-b 12 24 Coarse fragments, arsenic, copper, lead

1 ltalicized font indicates that the soil series is present in, but should not be salvaged from, the respective map unit.

2 Listed depths are measured from non-disturbed soil surface. In other words, if Lift 1 = 12 inches and Lift 2 = 36 inches, a

24-inch thickness of material should be salvaged for Lift 2.

2.5.3.4 Hydraulic Properties of Soil / Shallow Bedrock and UIG Design

In addition to the Order 2 soil survey, surveyors completed field investigations to determine the hydraulic
properties of soils and shallow bedrock to support site selection for underground infiltration galleries. This
work was initially completed to support construction of an exploration decline and included areas that are
no longer considered for infiltration gallery construction (Tintina Alaska, Inc. 2012, Appendix E). For this
reason, subsequent investigations were completed in 2015 and 2016 in areas currently proposed for
infiltration galleries systems. The remainder of this discussion includes only those areas and tests
applicable to the currently proposed MOP application.

Saturated hydraulic conductivity of surface soil and shallow bedrock was measured using constant head
tests (ASTM D 3385-88 using a double-ring infiltrometer) to evaluate suitability for operation of shallow
underground infiltration gallery systems. In areas where underground infiltration systems will be
constructed, soil was excavated to the surface of fractured bedrock parent material and the infiltrometer
test apparatus was pressed into the parent material using the bucket of an excavator to create a water
tight seal between the apparatus and parent material. A minimal amount of bentonite was used if
necessary to plug small leaks. Field data sheets and data plots are provided in Appendix E-1.

Two areas are proposed for construction of underground infiltration gallery (UIG) systems (Figure 1.3
and Figure 2.25). Soils in these areas tend to have high clay content which limits their ability to infiltrate
water. Therefore, land application via surface irrigation will not provide optimum efficiency and may only
be possible on a seasonal basis or of limited duration. This finding is consistent with NRCS data which
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rates these soils’ ability to infiltrate water as “very limited” due to slow water movement based on modeled
results (NRCS, 2011).

Conversely, these soils are generally shallow and overly fractured bedrock which has a relatively high
capacity to infiltrate water. Therefore, underground infiltration galleries will be the most favorable system
to dispose of water. It is important to note that it is not technically possible to discharge water evenly
across the entire land surface area using a subsurface piping system. Therefore the discharge rates
described for such a system should be considered the maximum volume possible per unit trenching area
and not the amount possible per total unit land surface area.

Underground Infiltration Gallery Design: In the central underground infiltration area approximately 5,700
lineal feet (1,737 m) of perforated underground infiltration piping will be constructed primarily within the
Ch-b and Wg-b soil map units. Six infiltration tests were conducted in the bedrock parent material in this
area at locations identified as BB-2, BB-3, BB-5, SP-11, 2016-A and 2016-B (Figure 2.25). The average
steady state infiltration rate measured across the six test sites was 0.006 ft./minute (Table 2-26).
Assuming that the infiltration system piping is bedded in trenches measuring 3 feet in width, a total
infiltration area of 17,100 square feet (1,587 m?) will be available to infiltrate water. This equates to 102
cubic feet (2.9 m3) per minute or 770 gpm (2,915 L/min.).

In the eastern-most underground infiltration area approximately 11,900 lineal feet (3,627 m) of perforated
underground infiltration piping will be constructed within the Ch-b soil map unit. Four infiltration tests were
conducted in the bedrock parent material in this area at locations identified as 2016-C, -D, -E, and —F
(Figure 2.25). The average steady state infiltration rate measured across the four test sites was 0.007
ft./minute (Table 2-27). Assuming that the infiltration system piping is bedded in trenches measuring 3
feet in width a total infiltration area of 35,700 square feet (3,317 m?) will be available to infiltrate water.
This equates to 250 cubic feet (7.08 m3) per minute or 1,870 gpm (7,079 L/min.).
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Table 2-27. Summary of Infiltration Test Data

Und_ergr(_)und _ _ _ Infiltration | Infiltration Area T(I)r;{gllt?gt?:)enm
Infiltration Test Site  [Soil Map Unit Rate Rgte (t?) Capacity
Area (ft./day) | (ft./minute)
(gpm)
2016-A Ch-b 18.6 0.013
BB2 Ch-b 6.6 0.004
Central SP-11 Ch-b 1.2 0.001
Underground 2016-B Wg-b 134 0.009 17,100* 770
Infiltration BB3 Wg-b 2.8 0.002
BB5 Wg-b 8.7 0.006
Average -- 8.6 0.006
2016-C Ch-b 17.4 0.012
Eastern 2016-D Ch-b 0.23 0.0002
Underground 2016-E Ch-b 135 0.009 35,700* 1,870
Infiltration 2016-F Ch-b 11.1 0.008
Average -- 10.5 0.007
Total 52,800* 2,640

* Area for underground infiltration systems based on length of lateral perforated piping and a 3-foot trench width.

Based on the data in Table 2-27, the two proposed underground infiltration systems will have the
combined capacity to infiltrate a total of about 2,640 gpm (9,993 L/min.).

2.6 Terrestrial Wildlife Resources

2.6.1 Wildlife Study Area and Methods

Terrestrial wildlife resources in the Project vicinity were evaluated for four seasons in 2014-2015
(Westech, 2017b). A study area of approximately 5,290 acres (2,141 ha) ranged from the Sheep Creek
bottomlands south and west through the adjacent uplands, and encompassed the permit area and
associated facilities areas. Incidental observations near the study area were also recorded.

Elevations in the area are comparatively high, ranging from approximately 5,400 feet (1,646 m) in the
east to approximately 6,200 feet (1,890 m) in the south, and averaging approximately 5,700 feet (1,737
m). Consequently, winters are comparatively long and cold, with deep snows, while summers are cool.
Wildlife habitat diversity (Map Sheet 4) (Primarily Douglas-fir, sagebrush and bunchgrass with several
minor types) in the study area is considered good, but the high elevations and harsh seasonal conditions
appear to limit both wildlife species richness and favor limited seasonal use. A wildlife resources technical
report is included as Appendix F (Westech, 2015b).

2.6.2 Wildlife Observed

The study recorded a total of 83 species (0 amphibians, 1 reptile, 20 mammals and 62 birds) in the study
area in 2014-2015. Although the area has limited habitat availability for some species, all of the species
recorded during the study were expected, based on habitat availability. The total number of species is
undoubtedly low because many species are difficult to observe by the methods employed during the
evaluation. Nevertheless, the Project area is considered to support good wildlife species richness.
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The evaluation recorded no amphibians. However, a Columbian spotted frog (Rana columbiana) was
observed near Sheep Creek during aquatic sampling (Section 2.7.7). Appropriate breeding habitat in the
study area was limited to several small ponds, most of which were seasonal. The study noted no adults,
egg masses, or larvae at any of these sites. The only reptile observed was the common garter snake
(Thamnophis elegans), which was recorded in a drainage near wetlands.

Big game species recorded in 2014-2015 include pronghorn, elk, mule deer, white-tailed deer and black
bear. Pronghorn inhabited upland, non-forested habitats from spring through early autumn, and wintered
at lower elevations several miles to the west. The study area is transitional range for elk; few were present
in summer, and most use occurs in spring and autumn when elk move to/from winter range at lower
elevations to the west. Mule deer inhabit the area in low numbers year-round and white-tailed deer were
present in low numbers from spring through autumn, particularly along Sheep and Little Sheep creeks.
Black bear were occasionally reported from spring through autumn, although denning in the Study Area
was not observed.

The only upland game species observed during the study was the dusky grouse which is considered
uncommon.

Eleven species of raptors (vultures, eagles, hawks, falcons and owls) were recorded in the vicinity in
2014-2015: bald eagle, golden eagle, red-tailed hawk, ferruginous hawk, rough-legged hawk, northern
harrier, sharp-shinned hawk, northern goshawk, American kestrel, great horned owl and great gray owl.
The study located no nests of any raptors in the area.

2.6.3 Listed, Proposed or Candidate Species under the Endangered Species Act

The USFWS (2015) identified three terrestrial wildlife species that are listed or proposed candidates for
listing under the Endangered Species Act for Meagher County. These include: Canada lynx (listed
threatened), greater sage-grouse (candidate) and Sprague’s pipit (candidate).

The dominant vegetation constituting lynx habitat in the Northern Rocky Mountains is subalpine fir,
Engelmann spruce, and lodgepole pine. Dry forest types (e.g., dry Douglas-fir found in the Project area)
are not attractive lynx habitat (USFWS, 2014). The Project area does not have the preferred habitat for
the Canada lynx and the probability of a sighting in the area is considered to be very low. The USFWS'’s
(2014) delineated Designated Critical Habitat for the Canada lynx in Montana does not include Meagher
County.

The greater sage-grouse (sage-grouse) is considered to be a sagebrush-dependent species (e.g.,
Connelly et al., 2011). There are known sage-grouse leks (display sites) 10-13 miles from the Project
area, but there are no known occurrences recorded within 10 miles (MTNHP, 2015b).

Sprague’s pipits prefer flat-to-gently rolling native mixed-grass prairie with intermediate height grasses
(4 -10 inches, 10 - 20 cm), little bare ground or club moss, no or few shrubs and no trees. They do not
nest in patches of habitat less than 70 acres (28 ha), and prefer patches greater than 350 acres (142 ha)
in size. Based on this description, the Project terrestrial wildlife study areas does compromise suitable
Sprague’s pipit habitat.

2.6.4 Montana Vertebrate Species of Concern

Montana has established lists of vertebrate animal Species of Concern (MTNHP and FWP, 2015). These
lists comprise three categories: Species of Concern are “...considered to be "at risk" due to declining
population trends, threats to their habitats, and/or restricted distribution.” Potential Species of Concern
are “...animals for which current, often limited, information suggests potential vulnerability or for which
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additional data are needed before an accurate status assessment can be made.” Special Status Species
“...have some legal protections in place, but are otherwise not recognized as federally listed under the
Endangered Species Act and are not Montana Species of Concern.”

Eleven such species were recorded in 2014-2015 field work:
e Special Status Species: the study recorded a single sighting of a transient bald eagle.

e Potential Species of Concern: The study recorded occasional evidence of porcupine (chews)
in Douglas-fir habitat. The rufous hummingbird was observed in the area in August, but nesting
sites were not documented.

e Species of Concern: The study recorded occasional sightings of great blue herons along Sheep
Creek but no nesting in or near the area; three sightings of transient golden eagles; and one
sighting of a northern goshawk in spring but nesting was not documented. The study also included
two observations of transient ferruginous hawks, both in autumn; and a single sighting of a great
gray owl, in early autumn. The study area and vicinity has suitable habitat, but no great grey owls
were observed in the area during the nesting season. Clark’s nutcrackers were common in the
study area; Baird's sparrow was recorded in big sagebrush and bunchgrass habitats in spring;
and bobolinks were observed in the hay and tame pasture during late summer. Both Baird'’s
sparrows and bobolinks were considered to be migrants.

2.7 Aquatic Resources

It is important to document existing water quality, baseline aquatic community surveys, and stream
habitat conditions in the study area prior to any actual mine development. In this study, habitat evaluations
were based on the health and diversity of aquatic populations of fish, mussels, macroinvertebrates, and
periphyton.

2.7.1 Aquatics Study Area and Methods

Baseline Aquatic Surveys were conducted during the fall of 2014, the spring and summer of 2015, and
all seasons in 2016 and have been reported in Appendix G of the MOP Application by Montana Biological
Survey (2017). The first two years of seasonal baseline surveys for the assessment of fish, mussels,
macroinvertebrates, periphyton, and stream habitat at ten sites in the Project area and Sheep Creek
drainage basin used Tenderfoot Creek as a reference reach. Project goals were:

1. To conduct standardized surveys and collection of baseline information on the aquatic
communities present at stream sites some associated with established long-term surface water
guality monitoring sites prior to mine development, and

2. To perform an assessment of aquatic community integrity with key indicators comparing these
against biotic impairment thresholds of reference condition standards.

These 2014 - 2016 data represent two years of a multi-year, seasonal, reach-scale baseline conditions
to be completed prior to proposed mine activity (i.e., pre-impact sampling design).

Surveyors performed habitat assessments, and macroinvertebrate, mussel, periphyton and fish surveys
on similar dates along the same stream reaches of Sheep, Little Sheep and Tenderfoot creeks in 2014,
2015, and 2016. Figure 2.26 shows baseline aquatic survey sampling sites for the Sheep and Tenderfoot
Creek drainages. Stream reaches were delineated and mapped in August of 2014 according to protocols
outlined in MDEQ Field Manual SOP (MDEQ 2012b). Two additional sites were added to the sampling
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program in 2016. These sites are located approximately three (AQ10) and five miles (AQ11) downstream
from site AQLl (Figure 2.26). This insured that four monitoring sites (eight stream sections) were
monitored below the proposed mine area. Survey design used a “Before, After, Control,” and Impact
(BACI) sampling scheme (Underwood, 1994) with “Before, After Control” sample reaches located both at
upstream and at off-site reference points; and Impact sample sites located both within and downstream
of proposed mine activity. Surveyors sampled Coon Creek, another potential impact site, for fish in 2014
and macroinvertebrates in 2015 and 2016. In 2016, surveyors sampled 10 stream reaches with 26 fish
survey events; 34 macroinvertebrate and 10 periphyton samples at the sites.

The surveys included visual inspection of all stream reaches for mussels and amphibians. Calculations
for biological community integrity for 10 survey reaches and 26 fish surveys used fish Integrated Biotic
Indices (IBIs) and Observed/Expected models (O/E), while assessments of the macroinvertebrate and
periphyton samples used DEQ’s multi-metric indices (MMIs). Appendix G contains a detailed technical
report on aquatic resources inventoried and stream assessments completed from 2014 to 2016.

The 2016 field sampling program included sampling events in late April, early July and early September
with late October brown trout redd counts. The fish sampling methods followed MT Fish, Wildlife, and
Parks electrofishing protocols (MFWP, 2002) and wadable stream methodology (Dunham et al. 2009).
Macroinvertebrate sampling conducted during this study during the July visit complies with the standard
methodology and quality assurance protocols specified in the MT Department of Environmental Quality
SAP (MDEQ, 2012b). Sampling periphyton at the 10 sites complied with the standard methodology,
preservation and quality assurance protocols specified in the DEQ Periphyton SAP (MDEQ, 2011). In
addition to adding quantitative macroinvertebrate samples at 10 sites (n=30), rocky mountain sculpin
(Cottus bondi) were collected for baseline tissue metals testing (Cd, Cu, Fe, Hg, Mn, Ni, Pb, Se, Zn) from
two sites both above and below the proposed mine area.

Sampling periphyton at the 10 sites complied with the standard methodology, preservation and quality
assurance protocols specified in the DEQ Periphyton SAP (MDEQ, 2011). In addition to adding
guantitative macroinvertebrate samples at 10 sites (n=30), rocky mountain sculpin (Cottus bondi) were
collected for baseline tissue metals testing (Cd, Cu, Fe, Hg, Mn, Ni, Pb, Se, Zn) from two sites both above
and below the proposed mine area.

2.7.2 Habitat and Water Quality Evaluations

Hydrometrics, Inc. has conducted water quality sampling at four aquatic community sampling sites (AQ1,
AQ2, AQ8, and AQ9) quarterly over a four year period beginning in the spring of 2011 (see Appendix B).
Stream habitat morphology is dominated by riffle and runs at all sites; Sheep Creek sites averaged 85%
riffle/run, Coon Creek 100%, Little Sheep 73% and Tenderfoot Creek 75% of the total stream reach.
Tenderfoot Creek sites AQ5/AQ6 had slightly more pool area than the Sheep Creek sites overall and are
closest in geomorphology to AQ2/AQ3.

Of the eleven aquatic sampling reaches evaluated in the study area, the survey found five in Proper
Functioning Condition (PFC) with a stable trend, and six were deemed Functional at Risk (FAR)
(Appendix G). Sites ranked FAR because they had riparian habitat altered recently or historically by cattle
(Little Sheep Creek AQ7 and AQ8, Sheep Creek AQ2 and AQ10, Tenderfoot Creek AQ5) or because of
by human stream encroachment or manipulation (Sheep Creek AQ1 and AQ2) (Appendix G). Highest
site integrity scores using both the BLM Habitat and PFC Assessment methods were recorded at the
Sheep Creek AQ3 and AQ4 meadow reaches, AQ11 and the Tenderfoot Creek site AQ6 (Appendix G).
Sites reporting lower habitat scores were structurally degraded by cattle use and had high associated
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livestock use indices (Little Sheep AQ8, Sheep Creek AQ2 and Tenderfoot AQ5). It is important to note
that the riparian habitat of the lower reference reach on Tenderfoot Creek (AQ5) is moderately degraded.

2.7.3 Fish Communities

The 2016 fish population sampling program includes three separate sampling events (spring, summer
and fall) on the following sites (Figure 2.26):

o Four Sheep Creek reaches downstream of the project site (AQ1, AQ4, AQ10, and AQ11)

o Two Sheep Creek reaches upstream of the project site (AQ2 and AQ3)

e Two sites on Little Sheep Creek above and below the project access road (AQ7 and AQ8)

e One site on Coon Creek impact stream (AQ9), and

e Two control stream reaches in Tenderfoot Creek out of the Sheep Creek sub-basin (AQ5 and

AQS)

Overall, the surveys identified seven fish species and one hybrid (four native / four introduced) from 5,031
individuals collected during 26 stream reach surveys in 2016. Average number of fish species per site
across the project area was 4.3 (standard error of £ 0.2), while native species averaged 1.8 (SE % 0.4).
Fish were collected during all surveys at all sites, except at Coon Creek AQ9 which was documented to
be fishless in 2014 upstream of the county road, but downstream near its confluence with Sheep Creek,
juvenile brown (n=4) and brook trout (n=1) were collected. Average number of fish species per site across
the study area was 4.3 (SE £ 0.2), while the average number of native species averaged 1.8 (SE + 0.4).
This is an increase from 3.6 species per site reported for 2014-2015 due to increased detection of
mountain whitefish and white suckers at some sites. Rocky mountain sculpin comprised the highest
proportion of total individuals collected (74%) and had 100% site occupancy (n=10). Other native species,
mountain whitefish, longnose dace and white sucker had site occupancy rates of 52%, 12% and 12%,
respectively. Rainbow trout were the dominant salmonid by numbers at all Sheep Creek sites except
AQ4. Rainbow and brook trout were collected at nine of 10 sites in total, achieving highest average
densities at site AQ1 (344.1 per mile) and AQ7 (847.2 per mile), respectively. Brown trout were detected
at 7 of 10 sites, achieving highest densities at sites AQ3 and AQ4 averaging ~85 per mile. The most
diverse fish site in the study area was Sheep Creek (AQ3) with eight species, four native. Coon Creek
(AQ9) upstream of the county road near SW3 is fishless, but near its confluence with Sheep Creek, it
provides a refuge for young-of-the-year brown trout. No fish species of concern (SOC) were identified
during any of the surveys. In 2016, we documented white suckers and mountain whitefish juveniles using
Little Sheep Creek. Whole body metals analysis were conducted on sculpins at two sites above and
below the proposed mine to determine baseline levels. There were no significant differences in baseline
levels of metals in the sculpin tissue between the upstream or downstream sites where the fish were
collected. Seasonal salmonid densities at all sites varied significantly with lowest densities reported in
the spring. All salmonids captured during the 2016 surveys were scanned using a Biomark 601 pit-tag
reader. No pit-tagged brown or rainbow trout were detected at any sites above the USFS boundary during
the seasonal fish surveys in 2016, only tagged mountain whitefish (n=4) were detected in the project area
at Sheep Creek AQ3 and AQ4. Approximately 2.8 miles of Sheep and Little Sheep Creek were evaluated
during fall redd counts (late-October); brown trout redd counts averaged 3.5 and 2.8 per 100m at Sheep
Creek AQ3 and AQ4, respectively. Brook trout redds averaged 3.3 per 100m in Little Sheep Creek (AQ7).

2.7.4 Mussel Surveys

Within the Project area, no previous surveys identified the western pearlshell mussel (WEPE), a Montana
SOC well documented in the Smith River basin. Therefore, the study included a specific search for WEPE
in all stream reaches (approximately 1 man-hour per 300m reach, with aqua-scopes using a longitudinal
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transect survey technique covering all stream geomorphic units. This effort provided no evidence of
WEPE presence (live or dead shells) during the surveys in Sheep, Little Sheep or Tenderfoot creeks. In
addition, the study found no shell fragments which would have indicated earlier historic populations.

Since no evidence of the presence of freshwater mussels (western pearlshell) was observed at any site
during the 2014-2016 study periods, no additional surveys for freshwater mussels will be performed.

2.7.5 Macroinvertebrate Communities

Overall, 145 unique macroinvertebrate taxa were reported from the macroinvertebrate assessment
samples collected from the 10 sites in 2016. No Montana SOC invertebrates were collected. The
macroinvertebrate community at Sheep Creek AQ2 reported the highest biological integrity score
(MMI=70.1), which has increased since 2014, and resembles the biotic integrity of the Tenderfoot Creek
reference site (average MMI=70.4). Overall, Sheep Creek MMI scores (n=6) averaged 62.6 which is a
point higher than in 2014, but still ranks slightly impaired by DEQ standards (<63). Sheep Creek AQ2
also reported the highest number of combined mayfly, caddisfly and stonefly taxa (EPT) at 21 species.
Average macroinvertebrate richness across all sites was 44.7 taxa, while EPT taxa averaged 15 per site.
Mountain streams with less than 20 EPT taxa per site are considered slightly impaired by most measures.
Both Little Sheep Creek sites were ranked impaired by the MDEQ MMI with scores <63. Six of the 11
sites showed significant improvements in biotic integrity in both the MMI and HBI since 2014, these are
sites AQL, AQ2, AQ5, AQ6, AQ7 and AQ8. The MDEQ MMI ranked upstream and downstream reaches
of the Sheep Creek treatment/control sites similarly and there are no significant differences between
control and reference. It is important to note that the Sheep Creek impact sites are again reporting
significantly lower macroinvertebrate MMI scores than the Tenderfoot Creek reference sites. Hilsenhoff
Biotic Index (HBI) scores averaged 3.4 across all 2016 sites; this is slightly impaired for mountain streams
(>3), indicating probable nutrient or other organic impairment to all sites.
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2.7.6 Periphyton Communities

Overall, 10 periphyton assessment samples collected in 2016 contained 167 unique diatom and algae
taxa, increased the total study’s taxa list by 21 taxa from 146 taxa collected in 2014. No periphyton
species are listed as SOC in Montana. Diatoms were the dominant taxa at 7 of the 10 study sites. The
diatom, Didymosphenia geminata (a.k.a. rock snot) which can sometimes become invasive, was
abundant in the Tenderfoot Creek reference reaches, as it was in 2014, but not in Sheep Creek. The
Cyanobacteria, Phormidium sp. was the dominant, non-diatom species at 4 of 10 sites in 2016; especially
in Sheep Creek meadow reaches (AQ3, AQ4, and AQ7) and at the canyon site (AQ1). Sheep Creek AQ3
reported the highest periphyton taxa richness (86 spp.), while Sheep Creek AQ2 reported the lowest (44
spp.). The average periphyton richness per site was 68.6 taxa, which is ~10 taxa higher than in 2014.
Tenderfoot Creek periphyton taxa richness was not significantly different than Sheep or Little Sheep
Creeks (T-test, p=0.2 and p=0.33, respectively), as it was significantly lower in 2014. Based on Teply’'s
Diatom Index (TDI), the lower meadow site, Sheep Creek AQ4 had the highest probability of impairment
(82.2%) followed by Sheep Creek AQ3 at 62.1%. Other Sheep and Little Sheep Creek sites had less
than a 42% chance of being impaired based on the TDI (Table 10 in Appendix G). Both of the Tenderfoot
Creek reference sites were least likely to be impaired (<20%), but with Nostoc representing the 2n
dominant periphyton taxa, there is likely some nutrient loading from cattle use in the adjacent watershed.

2.7.7 Amphibian and Reptile Incidentals

Two amphibian species, the Columbia Spotted Frog (Rana columbiana) and the western toad (Anaxyrus
boreas), MTSOC, were incidentally recorded during 2016 summer surveys at Sheep Creek AQ4 and
AQ2, respectively. The western toad had been previously recorded within one kilometer of Sheep Creek
site AQ2 (MTNHP 2015), but had not been observed during our 2014 or 2015 surveys. Two terrestrial
garter snakes (Thamnophis elegans) were observed during the summer 2016 survey along the
Tenderfoot Creek AQ5 reach, as in 2015.

2.7.8 Conclusions

Despite reports that westslope cutthroat trout occur in the study area (MFWP 2014, MNHP 2015), none
were collected during 42 seasonal site surveys between 2014 and 2016; therefore, we conclude that no
fish species of concern (SOC) are present. We did incidentally observe the MT SOC western toad (1
juvenile) during the summer fisheries survey in 2016 at Sheep Creek AQ2. Fish species richness and
diversity were higher in the Sheep Creek sites than the Tenderfoot reference reaches, and were similar
between the Sheep Creek upstream control reaches and the downstream “impact” reaches of the study
area. Overall fish densities were highest in the Tenderfoot Creek reference reach (avg. 7,900 per mile)
due to high sculpin densities and the highest combined rainbow/cutthroat hybrid numbers (averaging 678
per mile) of all sites. Brook trout reported highest average densities in Little Sheep Creek AQ7, and brown
trout attained highest densities and biomass in the meadow reaches of Sheep Creek AQ3 and AQA4.
Assemblage tolerance indices (ATI) were dominated by large percentages of intermediate tolerant
species, because of the abundant and ubiquitous rocky mountain sculpin populations.

Fisheries population conclusions can be summed up as follows:

1) Rainbow trout adults were virtually absent from the Sheep Creek project area in the spring,
and no pit-tagged rainbows were reported upstream of Sheep Creek AQ1 at any time in 2016.

2) Brown trout adults in the project area are using lower Little Sheep Creek as a thermal refuge
in the winter, and based on the recapture rate and no detected pit-tagged fish during any
season, are largely resident.
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3) Fall redd counts indicated that the highest number of brown trout redds (avg. 3.1 per 100m or
~50 per mile) are located within the Sheep Creek meadow reaches AQ3 and AQ4. This agrees
favorably with the population density estimates reported. Brook trout redds were concentrated
in lower Little Sheep Creek (AQ7)

4) Mountain whitefish are moving into the Sheep Creek project reach from downstream,
especially in the summer, as indicated by 4 pit-tagged individuals being collected at AQ3 and
AQ4. Other pit-tagged salmonids detected in 2016 were largely being recaptured at the sites
of tagging, AQ1 and AQ10.

5) Aquatic benthic communities at all sites are exhibiting signs of nutrient or organic enrichment
based on the HBI index, likely due to cattle ranching, but this was less prevalent in the
Tenderfoot Creek site AQ6. Riparian habitat at five sites (AQ2, AQ5, AQ7, AQ8 and AQ10)
ranked degraded because of cattle use, while Sheep Creek AQ1 and AQ2 are functional, but
at risk because of adjacent road effects on the hydrology. In contrast, initial baseline biotic
integrity of macroinvertebrate and periphyton communities was significantly higher in the
Tenderfoot Creek reaches despite riparian degradation at AQ5. Diverse aquatic communities
with high biological integrity are usually correlated with intact riparian conditions and diverse
habitat quality (Allen et al. 1997), but the streams of this study have a mixed relationship
(Table 11 in Appendix G). Tenderfoot Creek AQ6 and Sheep Creek AQ4 had both high aquatic
diversity and habitat quality, while Tenderfoot AQ5 and Sheep Creek AQ2 had high biotic
integrity, but lower habitat quality. During these initial 2 years of the study, macroinvertebrate
and periphyton communities indicated that many sites in Sheep and Little Sheep Creeks are
slightly to moderately impaired, likely from nutrients, even those with high quality riparian and
in-stream habitat condition. This is corroborated by the HBI scores being moderately elevated
across all sites indicating probable nutrient or other organic impairment. The common cause
of organic enrichment across all sub-basins of the study is cattle grazing, and the
macroinvertebrate and periphyton communities are exhibiting deleterious effects. Community
results from the habitat, fish, periphyton and macroinvertebrate surveys combined to rank the
Tenderfoot Creek AQ6 reference site with the highest ecological integrity, Tenderfoot Creek
AQ5 second, and three Sheep Creek sites, 2 control and one impact (AQ2, AQ3, AQ4), tied
for third highest overall integrity.

Baseline Aquatic Survey and Stream Assessment report for the analysis and interpretation of data from
2014 through 2016 is presented in Appendix G by Montana Biological Survey (2017). The Baseline
Aquatic Survey and Assessment of Streams Report was reviewed by Montana Fish, Wildlife and Parks,
and their proposed revision recommendations dated April 20, 2017 were incorporated into the Baseline
report and included in the MOP application (Revision 2) as Appendix G as presented to the DEQ on May
8, 2017.

In addition, Montana Fish, Wildlife and Parks has reviewed the Draft Plan of Study, Aquatic Monitoring
Plan for the Black Butte Copper Project in Upper Sheep Creek Basin in Meagher County Montana dated
April 2017, and provided comments on May 17, 2017. This document has been revised and is included
in this Revision 3 of the MOP Application, as a draft plan of study in Appendix G-1.

2.8 Vegetation Resources

Vegetation within the Project area was categorized according to published classifications of vegetation
types developed state-wide for Montana. Map Sheet 5 is a Vegetation Habitat Map. Table 2-28 lists
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habitat and community types for each physiognomic class sampled in the vegetation study area in 2015.
Appendix H (Westech, 2017b) presents a list of vascular plant species identified for the Project baseline
vegetation inventory.

2.8.1 Vegetation Habitat Types

The baseline vegetation inventory identified four native Grassland habitat types in two series including
the Festuca idahoensis (Idaho fescue) and Festuca campestris (rough fescue) series (Table 2-28). The
study also identified an Upland Altered Grassland community type dominated by non-native perennial
grasses Poa pratensis (Kentucky bluegrass) and Phleum pratense (common timothy).

The study sampled six Upland Shrubland types, dominated by Artemisia tridentata (big sagebrush) and/or
Dasiphora fruticosa (shrubby cinquefoil). Festuca idahoensis, Festuca campestris, and Poa pratensis
dominated or variously distinguished the understories.

Of seven Conifer Forest and Woodland habitat types identified, six were in the Pseudotsuga menziesii
(Douglas-fir) series, and one in the Picea engelmannii (Engelmann spruce) series. Festuca idahoensis,
Festuca campestris, Juniperus communis (common juniper), Calamagrostis rubescens (pinegrass),
Symphoricarpos albus (common snowberry), and Linnaea borealis (twinflower) dominate the
understories.

The survey sampled a Lowland Altered Grassland or Hay Meadow type at 16 sites, primarily on the
Sheep Creek floodplain.

The survey classified, according to physiognomic type, three primary Riparian-Wetland types including
Herbaceous, Shrub, and Deciduous Tree. The Herbaceous Riparian-Wetland types were sampled in
mesophytic/ hydrophytic habitat types or community types dominated by various associations of Juncus
balticus (Baltic rush), Carex nebrascensis (Nebraska sedge), and Carex utriculata (southern beaked
sedge). The Shrub Riparian-Wetland types include three mesophytic or hydrophytic low shrub community
types in the Dasiphora fruticosa series, and two hydrophytic tall shrub community types dominated by
Salix bebbiana (Bebb willow) or Salix geyeriana (Geyer willow). The Deciduous Tree Riparian-Wetland
type was comprised of one community type and one habitat type in the Populus tremuloides (quaking
aspen) series.

The diversity of community types in the inventory area is largely representative of other, lower to middle
elevation study areas in central Montana, as listed in the literature review table in Appendix H, Sub-
Appendix G (Westech, 2017h). All vegetation types identified in this study have been documented in
previous studies in the region under the same or similar type names, as reviewed and summarized from
published literature and unpublished technical reports.
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Table 2-28. Vegetation Types ldentified in the Black Butte Project Baseline Study Area
VEGETATION TYPE! | PLOT NUMBERS n
UPLAND GRASSLAND 28
Upland Altered Grassland c.t. 44, 45, 46, 47, 50, 52, 67, 78, 85
Festuca idahoensis/Agropyron spicatum h.t. 63, 68, 69
Festuca idahoensis /Stipa richardsonii h.t. 61, 107
Festuca campestris/Agropyron spicatum h.t. 48
Festuca campestris/Festuca idahoensis h.t. 56, 62, 64, 65, 66, 70, 71, 72, 73, 74, 75, 93, 108 13
UPLAND SHRUBLAND 44
Artemisia tridentata/Poa pratensis c.t. 51, 53, 54, 57, 77, 83, 84, 88, 92, 95, 97, 100, 101 13
Artemisia tridentata/Festuca idahoensis h.t. 99, 105, 111 3
Artemisia tridentata/Festuca campestris h.t. 49, 85, 58, 59, 60, 76, 79, 81, 91(1‘591’ 94,98, 102, 103, 104, 114, 17
Artemisia tridentata-Dasiphora fruticosa/Poa pratensis c.t. 89, 96, 109, 110, 112, 116 6
E:nsqigggtrri f(r:l.Jtt'icosa-Artemisia tridentata/Festuca 80, 106, 113 3
Mixed Shrub-Shale Outcrop c.t. 86, 87 2
CONIFER FOREST AND WOODLAND 40
Pseudotsuga menziesii/Festuca idahoensis h.t. 13 1
Pseudotsuga menziesii/Festuca campestris h.t. 11, 12, 15, 17, 19, 20, 23, 28, 34, 38, 42, 43 12
Pseudotsuga menziesii/Juniperus communis h.t. 14, 24, 25, 26, 29, 32, 33, 40
Pseudotsuga menziesii/Calamagrostis rubescens h.t. 31,35
Pseudotsuga menziesii/Symphoricarpos albus h.t. 1,4,5,7,16, 18, 27, 30, 36, 37, 39 11
Pseudotsuga menziesii/Linnaea borealis h.t. 10, 21, 22, 41
Picea engelmannii/Linnaea borealis h.t. 6,9
LOWLAND ALTERED GRASSLAND 17
Noxious Weed tailings c.t. (2014/2015) 162 1
Lowland Altered Grassland (Hay Meadow) c.t. 117,133, 134, 135, 138, ::LL?; 1203 1215 143, 144, 145, 148, 151, 16
RIPARIAN AND WETLAND (RW)3 56
Herbaceous RW types (15)
Juncus balticus c.t. 129, 149, 163, 164, 176 5
Carex nebrascensis c.t. 127, 166 2
Carex utriculata h.t. 126, 146, 167, 168, 172, 174, 178, 179 8
Shrub RW types 37)
Dasiphora fruticosa/Poa pratensis c.t. 82, 118, 160, 169, 170, 177 6
Dasiphora fruticosa/Deschampsia cespitosa c.t. 175, 180, 182, 185 4
Dasiphora fruticosa/Carex utriculata c.t. 155, 173 2
Salix bebbiana series 120, 122, 123, 125, 156, 157, 158, 159, 161, 171, 181, 183, 184 13
Salix geyeriana series 119, 121, 128, 130, 131, 132, 136, 137, 142, 147, 150, 154 12
Deciduous Forest RW types (4)
Populus tremuloides/Osmorhiza occidentalis h.t. 8 1
Populus tremuloides/Poa pratensis c.t. 2,3,124 3
TOTAL SAMPLE SITES 185

!Grassland and shrubland habitat types were identified following Mueggler and Stewart (1980); Forest habitat types follow Pfister et al. (1977), and
Wetland/ Riparian types follow Hansen et al. (1995), with minor modifications. In these classifications, vegetation types are named according to the
following:

A slash (/) indicates a separation of species dominating one or more strata, namely the herbaceous, shrub and/or tree layers; c.t. = community type,
h.t. = habitat type  n = sample size (number of 0.01-acre canopy cover plots.
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2.8.2 Vegetation Productivity and Utility

The primary land uses in the vegetation study area are livestock grazing (rangeland) and hay production
(Lowland Altered Grassland). The NRCS (2003) presents recommended stocking rates for the applicable
soils in Meagher County, relative to good-excellent condition in the perceived “Historic Climax Plant
Community”. Additionally, NRCS (2003) gives long-term irrigated and non-irrigated hay yields by soils
mapping unit that can be expected under a high level of management. (Appendix H) (Westech, 2017b)
summarizes information pertinent to the vegetation study area.

2.8.3 Vegetation Species List / Montana Natural Heritage Program- Listed Species

The 2015 inventory of the vegetation study area identified a total of 398 vascular plant taxa during, with
forbs (278 species) comprising the majority (70%). Forbs included 235 perennial taxa (213 native, 16
introduced, and 6 fern allies), and 43 annual/biennial taxa (31 native and 12 introduced). The 82 grasses
and grass-like plants identified (21% of the total plant taxa), included 78 perennial taxa (66 native and 12
introduced), and 4 annual taxa (2 native and 2 introduced). The 38 woody plant taxa (9% of the total
plant taxa) recorded in the study area included 31 shrubs and vines, and 7 tree species.

No federally listed or proposed endangered or threatened plant species are known to occur in the vicinity
of the Project area, and the 2015 baseline vegetation inventory recorded none. A search of the MTNHP
(2015) website for plant SOCs in Meagher County found that one had previously been identified in the
vegetation study area, Cirsium longistylum (long-styled thistle).

2.8.4 Weeds

State-listed noxious weeds are given on the “Montana Noxious Weed List, Effective December, 2015”
(Montana Department of Agriculture, 2015). The baseline vegetation inventory encountered four State-
listed weed species (all Priority 2B), and one Priority 3 regulated plant species (Bromus tectorum,
cheatgrass) in the study area. Noxious weeds in the vegetation study area included Centaurea maculosa
(spotted knapweed), Cirsium arvense (Canada thistle), Cynoglossum officinale (common houndstongue)
and Leucanthemum vulgare (oxeye daisy).

Another potentially problematic weed species recorded (but not listed as noxious), Carduus nutans (musk
thistle), was more common than the listed noxious weed species, occurring in almost every vegetation
physiognomic type present in the study area, occasionally in dense patches.

2.9 Cultural Resources

2.9.1 Cultural Resources Introduction and Methods

Prior to submitting an application to the Montana DEQ for an amendment to its Montana Exploration
License in 2011, DEQ encouraged Tintina to conduct cultural resource inventories of areas targeted for
mine disturbance. Even though cultural resource inventories are not required on private property, Tintina
contracted Tetra Tech, Inc. (Tetra Tech) to conduct these inventories in support of Tintina’'s Mine
Operating Permit Application (this document). Appendix | (Tetra Tech, 2015a) presents a complete
technical baseline Cultural Resource Inventory report to this Application. Previous cultural assessment
data from work associated with a nearby road improvement project (Wood, 1994) and a Central Montana
Communications buried cable project (Brumley, 2010 and 2011) also support the current studies.

Project archaeologists used a Trimble GeoXT to ensure they accurately followed inventory boundaries.
The Trimble also recorded locations of cultural resources and Tetra Tech staff differentially corrected this
data with Pathfinder Office software at the Tetra Tech office. All cultural properties identified were
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recorded on Montana Cultural Resources Information (CRIS) forms. The surveyors collected no artifacts
in the field.

2.9.2 Cultural Resources Inventoried and Study Area

Cultural resource inventories examined a total of 1,500 acres (607 ha) in the Project area and
documented 14 prehistoric and 6 historic sites (Figure 2.27 and Table 2-29). Prehistoric sites consist of
13 lithic scatters (a surface scatter of cultural artifacts and debris that consists entirely of lithic (i.e., stone)
tools and chipped stone debris). The proposed mine facilities will likely impact three lithic scatters
(24ME164, 24ME165, and 24ME1109). Additionally, disturbance may occur at four lithic scatters
(24ME162; 24ME1105; 24ME1107; 24ME1110), as these sites occur 25 to 65 feet (8 to 20 m) from
proposed mine facilities.

In 2012, lithic scatter at site 24ME163 was tested by archaeological excavation prior to the proposed
construction of an exploration road project. This testing identified the existence of an intact, subsurface
cultural deposit, and 24ME163 archaeologists recommended this site as eligible to the National Register
of Historic Places (NRHP) (Tetra Tech, 2015a). However, they did not excavate or further study this site
since road modification work within the site boundary consisted of laying down a layer of fill material, thus
avoiding any project impacts.

In addition, one of the lithic scatters previously identified as being potentially impacted, Site 24ME1108,
occurs on a terrace along Brush Creek and was bisected by the proposed mine access road. The 2015
cultural resource report recommended Site 24ME1108 be tested for National Register eligibility if access
road construction would disturb this site. However, as a result of the USACE tribal consultation process
and site visits, Tintina voluntarily moved the access road crossing location on Brush Creek and the nearby
buried alluvial conveyance pipeline to avoid this cultural site (Addendum to Appendix I, Tetra Tech 2017).
This revised crossing location slightly decreased the amount of fill within wetlands (<0.01 acres: <0.004
ha) at Brush Creek. Tintina Resources has subsequently realigned the proposed access road which now
passes 100 feet south of Site 24ME1108 (see Figure 1.3 and Figure 2.27). This distance should protect
the integrity of Site 24ME1108 and testing is no longer recommended as the site will be avoided by the
proposed access road (Addendum to Appendix I; Tetra Tech, 2017).

Historic properties identified in the Project area include a log structure, a mining site, two roads, a
homestead, and a sheepherder’s rock cairn. With the exception of the sheepherder’s cairn, this study
recommends historic sites (24ME158, 24ME159, 24ME925, 24ME936, and 24ME940) as not eligible for
NRHP listing, and recommends no further work. This study recommends the sheepherder’'s cairn,
24ME1104, as eligible for NRHP listing under Criterion C. This feature lies approximately ¥-mile (400 m)
from the nearest proposed mine feature, suggesting avoidance of this cairn is possible. SHPO response
letters are included at the end of Appendix I.

2.9.3 Cultural Resource Recommendations

Mining construction should avoid any site determined NHRP eligible, or if this is not possible, site impacts
should be mitigated through archaeological excavation and the recovery of cultural material that will
broaden the understanding of prehistoric lifeways along Sheep Creek. (Figure 2.27) shows the locations
of the cultural resources in relation to the proposed facility construction areas. Tintina has indicated some
mine features may be moved to avoid cultural sites. If avoidance is not possible, sites not previously
tested, should receive evaluation for NRHP eligibility, and if recommended eligible, impacts should be
mitigated through archaeological excavation and recovery of cultural material. To date, only sites
24ME163 and 24ME1104 were tested and found NRHP eligible.
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Table 2-29. Cultural Resources in the Black Butte Copper Project Area
Site : Possible Mine Feature/Facilit .
Site Type . y NRHP Recommendations
Number Disturbance
24ME158 Historic Log Structure | None Not eligible under Criteria A-D.
24ME159 Historic Mining None Not eligible under Criteria A-D.
Archaeological testing to
24ME160 Lithic Scatter None determine eligibility under
Criterion D.
Archaeological testing to
24ME161 Lithic Scatter None determine eligibility for
Criterion D.
e ot aeaamete) | archacoiogiea et o
24ME162 | Lithic Scatter P . ICinity of determine eligibility under
24ME162. Site avoidance is -
: Criterion D.
possible.
No mine features are proposed
- to date. If this changes, Site tested and recommended
24AME163 Lithic Scatter 24ME163 needs to be avoided | eligible to the NRHP.
or mitigated.
- Located within the Process Archaeological testing to
24ME164 Lithic Scatter Water Pond boundary. determine eligibility/ Criterion D.
- Archaeological testing to
24ME165 Lithic Scatter Located within the Process determine eligibility/ Criterion
Water Pond boundary. D
None; site occurs 50 meters Archaeological testing to
24ME166 Lithic Scatter (164 ft.) from Access Road and determine eligibility under
75 meters (246 ft.) from Criterion D
Process Water Pond boundary. '
2aMEgps | Historic Road- Sheep |0 Not eligible under Criteria A-D,
Creek
2aMEg3e | Historic Road-Butte |0 Not eligible under Criteria A-D,
Creek
24ME940 Historic Homestead None Not eligible under Criteria A-D.
None; Diversion Channel and
Historic Cemented tailings Facility - o
24ME1104 Sheepherder’s Cairn approximately ¥ mile to the Eligible under Criterion C.
east.
Disturbance is possible as
24ME1105 lies 20 meters (66 Archaeological testing to
24ME1105 Lithic Scatter feet) fro.m th? Process Water determine eligibility under
Pond Diversion channel. o
- Criterion D.
Tintina may relocate channel to
avoid this site.
None; 300 meters (984 ft.) Archaeological testing to
24ME1106 Lithic Scatter from Cemented tailings determine eligibility under
Facility. Criterion D.
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Site

Possible Mine Feature/Facility

Site Type i NRHP Recommendations
Number Disturbance
Disturbance is possible as
Main Access Road lies 10 Archaeological testing to
24ME1107 Lithic Scatter meters south of 24ME1107. determine eligibility under
Tintina may alter road Criterion D.
alignment to avoid this site.
. Archaeological testing to
24ME1108 | Lithic Scatter Main Access Road moved to determinegeligibility Under
avoid 24ME1108. o
Criterion D.
An Access Road bisects this
site. Additionally, the Mill Pad Archaeological testing to
24ME1109 Lithic Scatter and Temporary Storage of determine eligibility under
Waste Rock will likely disturb Criterion D.
24ME1109.
Disturbance is likely as Access | Archaeological testing to
24ME1110 Lithic Scatter Road occurs eight meters determine eligibility under
(26.3 ft.) south of 24ME1110. Criterion D.
District area will be disturbed
with construction of the Adit,
Mill Pad, Temporary Waste Presence of intact, subsurface
2AME1111 Sheep Creek Surface | Rock Storage, Portal Pad, cultural deposit at 24ME163

Stone District

Ventilation Raises, Cemented
tailings Facility, Contact Water
Pond, Process Water Pond,
and Access Roads.

suggests NRHP eligibility
under Criterion D.
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2.10 Socio-economic Resources

2.10.1 Population

Meagher County is sparsely populated by both Montana and US standards. The land area is 2,391.82
square miles and the population density is 0.8 people per square mile, while the average for Montana in
2010 was 7.0 people per square mile. Table 2-30 shows the 2010, 2014, and 2010 — 2014 trends in
population, along with the population density (people per square mile) for Meagher County, the State of
Montana, and the US. The population in Meagher County has decreased slightly since 2010. The US
Census Bureau reports that migration out of the county is greater than migration into the county, and the
number of births has also decreased. These are the causes of the decline in population in the county.

Table 2-30. Meagher County, Montana, and US Population

Year Meagher County Montana us
2014 1,853 1,023,579 318,857,056
2010 1,891 989,415 308,745,538
2010 to 2014 -2.0% 3.5% 13.3%

Source: US Census 2015a, 2015b

Table 2-31. Population of Towns and Distance from Project Site
. . Distance
Town or City Population from White Sulphur Springs

White Sulphur Springs 925 0

Billings 108,869 164
Great Falls 56,690 64
Bozeman 41,660 95
Helena 29,943 91
Livingston 7,245 87
Lewistown 5,867 130
Townsend 1,942 57
Three Forks 1,903 92
Harlowton 974 82
Belt 604 35
Martinsdale 530 51
Ringling 45 36

2.10.2 Demographics

Table 2-31 lists the population of White Sulphur Springs and other nearby towns and their distance from
the Project site. Figure 1.1 shows locations of towns. More than 142,000 people live less than 100 miles
from the Project site.

Demographics is a characterization of the population. Table 2-32 shows the populations of Meagher
County, Montana, and the US by age group in 2009. Meagher County has a significantly higher proportion
of its population over the age of 65 compared to Montana and the US average.
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Table 2-32. Age Groups in Meagher County, Montana, and US Population

Age Group Meagher County | Montana us
Under 5 years old, percent, 2013 5.9% 6.0% 6.3%
Under 18 years old, percent, 2009 18.7% 22.1% 23.3%
65 years old and over, percent, 2009 25.0% 16.2% 14.1%

Data from US Census 2015a, 2015b

2.10.3 Employment by Industry

Meagher County is rural and the main industry is farming and ranching. Table 2-33 shows the industries
in the county and trends in employment between 2001 and 2011. In the census, this information is
provided by the proprietor. The total number of people employed in Meagher County in 2011 was 697.

Table 2-33. Meagher County Employment by Industry, 2001-2011

Total Employment (Number of Jobs) 2001 2011 Change 2001-2011
Farm 227 179 -48
Retail trade 76 107 31
Real estate and rental and leasing 8 37 29
Administrative and waste services 24 na na
Educational services 5 11 6
Arts, entertainment, and recreation 52 78 23
Accommodation and food services 109 84 -13
Other services, except public admin. 68 59 -9

Government 180 145 -35
Total Employment (%)
Farm 19.5% 13.5% -21.1%
Retail trade 6.5% 9.5% 34.2%
Real estate and rental and leasing 0.7% 8.1% 40.8%
Administrative and waste services 2.1% na na
Educational services 0.4% 0.8% 373.2%
Arts, entertainment, and recreation 4.4% 5.9% 42.9%
Accommodation and food services 9.4% 6.4% -13.7%
Other services, except public admin. 5.8% 4.5% -13.2%
Government 15.5% 14.1% -16.1%

Data from: US Department of Commerce. 2014.

2.10.4 Employment Rate

The unemployment rate is an indication of the potential available employees. Both Meagher County and
Montana reported lower than average unemployment rates for June 2015, compared to the US
unemployment rate of 5.3%. Table 2-34 indicates the unemployment rates for Meagher County and the

State of Montana.

Table 2-34. June 2015 Labor Force Non-Seasonally Adjusted Preliminary

Area Labor Force Employed Unemployed Unemployment Rate
Meagher County 944 911 33 3.5%
Montana 531,429 510,347 21,082 4.0%
Data from Montana Department of Labor & Industry 2015
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2.10.5 Income

Income is reported by the US Census as “per capita” and household. The per capita takes the total
income for the county, State, or country and divides it by the total population for an indication of the
income per person. The household income is reported as the median household income, which is where
half the households earn more and half the households earn less. Table 2-35 reports these numbers for
Meagher County, Montana, and the US, along with the percent of the population that is considered below
the poverty level. The usS Census definition of poverty
(http://www.census.gov/hhes/www/poverty/about/overview/measure.html) is complex. For example, one
person living alone over the age of 65 is considered in poverty if their income was less than $10,458 in
2010, as is a family of 4 (two children under 18) who earned less than $22,113 in 2010.

Table 2-35. Per Capita and Household Income

Income Level Meagher County Montana us
5-year (2009-2013) average per capita income in $20,288 $25,373 $28,155
past 12 months (2013 dollars)

Median household income, 2009-2013 $38,182 $46,230 $53,046
Persons below poverty level, percent, 2009 - 2013 13.6% 15.2% 15.4%

US Census 2015a, 2015b

2.11 Noise

Baseline ambient noise monitoring was conducted on September 10 and 11, 2013 in general accordance
with the American National Standards Institute (ANSI) S12.18-1994, Procedures for Outdoor
Measurement of Sound Pressure Level (ANSI, 1994). Details of the test apparatus, methods, and
guantification of noise data are provided in Appendix J (Big Sky Acoustics, 2013).

Noise measurements were taken at four locations ranging from 0.5 to 2 miles from the proposed mine
portal location (Figure 2.28). A 24-hour noise level measurement was completed at Location 1, the most
proximal monitoring site (i.e. the Bar Z Ranch). One 1-hour “daytime” (7 a.m. to 7 p.m.) noise level
measurement and one 15-minute “nighttime” (7 p.m. to 7 a.m.) noise level measurement were completed
at the remaining three locations (i.e. Castle Mountain Ranch, Strawberry Butte, and a location along Butte
Creek Road).

Noise levels at each of the four locations were typical for sparsely-populated rural areas (Harris, 1998).
Dominant noise sources during the daytime consisted of vehicles, haul trucks from the Black Butte Iron
Mine, ATVs, and occasional air traffic. Dominant nighttime noise sources included flowing water in Sheep
Creek, breezes, and traffic along U.S. 89. Average noise levels ranged from 22 to 48 dBA.
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2.12 Transportation Resources

2.12.1 Transportation Study Area and Methods

This section provides information on the means of transportation in the vicinity of the Project area, as
well as the city of White Sulphur Springs and major routes within Meagher County (Figure 2.29). The
following information sources were consulted for the baseline transportation study:

e Montana Department of Transportation (MDT) traffic maps and count data
¢ Montana State Rail Plan

¢ Montana Rail Link (MRL) and MDT railroad route maps

o Federal Aviation Administration (FAA) airport information

e Montana State Library (MSL) transportation framework

e Aerial photography

o U.S. Geological Survey (USGS) topographic maps

2.12.2 Roads

For the purposes of allocating government funds, Montana categorizes public highways and streets
according to a highway functional classification system (Table 2-36). Montana has both Federal- and
State-designated classification systems. Federally designated highway systems are the National
Highway System (NHS), which includes Interstates, and the Non-Interstate NHS, which are principal
arterial roadways other than Interstate highways. State-designated highway systems in Montana include
the Primary Highway System (roads that have been functionally classified as principal or minor arterials),
the Secondary Highway System (minor arterials or major collectors), the Urban Highway System
(arterials or collectors in cities with a population greater than 5,000 selected by MDT and the municipality
to be placed within the Urban Highway System), and the State Highway System (roads maintained by
MDT that are not part of the Primary, Secondary, or Urban systems (MDT, 2010)).

Table 2-36. Highway Functional Classification System

Functional A o
Definition and Characteristics Example
Class
Highest level of mobility at the greatest speed, with longest
. uninterrupted travel. Arterials are additionally categorized as either Interstate,
Arterials . . : .
principal or minor depending on the nature of the area they serve US Highways
(rural versus urban).
Lower degree of mobility at lower speeds for shorter distances.
Collectors are typically two-lane roads that gather and distribute State Highway,
Collectors ) i )
traffic from the arterial routes. In rural areas, collectors are defined County Road
as major or minor.
Lowest degree of mobility at slower speeds with highest degree of
Local access. Local roads connect residential and commercial City Streets
properties and funnel traffic to higher order roadways.

Source: MDT 2010
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U.S. Highway 89 (US-89) and county roads provide the primary access to the Project area approximately
15 miles (24 km) north of White Sulphur Springs (Figure 2.30). US-89 lies east of the Project area and is
the only paved road in the vicinity and County or U.S. Forest Service roads bound and traverse the
Project area. A small number of private roads, primarily in the form of two-track ranch access roads, are
present within the Project area (Figure 2.30). A more detailed description of these road networks is
provided below.

Within the Project area, approximately 22 miles (35 km) of unpaved roads traverse the property (Figure
2.30; as determined and digitized from aerial photography). The roads are a mix of established gravel
roads and less-frequented dirt or grass two-track roads. The established county gravel roads are located
in the north half of the Project area and include Sheep Creek Road, a northwest-southeast route, and
Butte Creek Road, which splits off of Sheep Creek Road to the southwest. There are two unnamed gravel
roads provide access to residential buildings in the northern portion of the Project site. The dirt and grass
two-track roads are fairly well distributed across the Project property; the central portion of the Project
area has fewer two-tracks than other areas.

U.S. Highway 12 (US-12) and US-89, both of which are classified as primary State highways (MSL 2013)
serve White Sulphur Springs (Figure 2.30). A secondary highway, Montana Highway 360 (MT-360),
heads west-northwest from White Sulphur Springs to Fort Logan. The town of White Sulphur Springs has
approximately 24 miles (39 km) of local (city-county) roads (MSL, 2015).

Highways US-89, US-12, and MT-360, along with secondary Montana Highway 294 (MT-294) comprise
the main highways in Meagher County (Figure 2.30). MT-294, a two-lane paved highway, connects US-
89 with US-12 and passes through the towns of Lennup and Martinsdale, MT. US-12, an east-west two
lane paved highway, connects from east to west the towns of Roundup, Harlowton, White Sulphur
Springs, and Townsend, MT. Within Meagher County, US-12 has one east bound lane and one west
bound lane, and has occasional passing lanes on steep grades. Highway US-89, a paved two-lane
highway (one lane for each direction of travel), connects from north to south the towns of Great Falls,
Belt, Neihart, White Sulphur Springs, Ringling, Wilsall, Clyde Park, and Livingston, MT. From Great Falls,
MT Highway US-89 enters Meagher County 30 miles (48 km) northeast of White Sulphur Springs and
exits approximately seven miles (11 km) south of Ringling, MT before continuing on to Livingston, MT.
Highways US-89 and US-12 overlap for approximately 12 miles (19 km) in the vicinity of White Sulphur
Springs.

The study used route maps and traffic count data from the MDT (MDT, 2015). The MDT collects traffic
data through short-term and permanent traffic count stations, which consist of automatic traffic recorder
(ATR) and weigh-in-motion (WIM) sites. Proportionally, the short-term traffic count stations provide the
bulk of traffic counts. The ATR and WIM stations mainly provide traffic volume data, but several also
provide information on vehicle length, classification, weight, and speed. The short-term stations provide
data on traffic volume only, and are deployed for a 36- to 48-hour period between April and September.
As a result, a seasonal adjustment factor is applied to the short-term counts to better represent traffic
conditions on an average day (MDT, 2015). Annual Average Daily Traffic (AADT) counts attained from
MDT’s interactive web map service and referenced below have received application of the adjustment
factor.
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There are no permanent ATR or WIM traffic monitoring sites in Meagher County. An ATR site is proposed
for installation east of White Sulphur Springs on US-12 near Checkerboard, MT and a WIM station is
proposed for US-12/US-89 approximately seven miles south of White Sulphur Springs (MDT, 2015).
Traffic data for the county is provided by several short-term traffic counting sites. Table 2-37 and Figure
2.31 provide the reported AADT value for select short-term traffic count stations in Meagher County in
the vicinity of the Project (MDT, 2015).

Table 2-37. Average Annual Daily Traffic (AADT) Counts in the Vicinity of the Project

MDSTitZrIanfIC AADT Highway Year Dlsiigrzel;?c:jr:;tlon Comment
30-2-1 390 us-89 2014 <1 mile, East Located at sharp bend east on US-89
30-3-9 510 Us-89 2014 14.5 miles, South | At split from US-12
30-3-4 820 | US-12/Uus-89 | 2014 16 miles, South East edge of town
30-3-14 1480 | US-12/US-89 | 2014 18 miles, South South edge of town
30-3-2 870 US-12/Us-89 | 2014 27 miles, South North of junction between US-12 & US-89
30-3-1 650 Us-12 2014 30 miles, South Before junction with US-89
30-3-8 630 us-89 2014 30 miles, South Before junction with US-12
30-4-1 310 us-12 2014 | 32 miles, Southeast | East of White Sulphur Springs
7-4-6 390 Us-89 2014 |13.5 miles, Northeast | Near county line

2.12.3 Railroads

This study reviewed various sources for railroad routes and carrier information, including the Montana
State Rail Plan (Cambridge Systematics, 2010), the Montana Rail Link (MRL) and Burlington Northern
Santa Fe (BNSF) websites and route maps, and Montana Department of Transportation railroad route
maps. Meagher County (MDT, 2015a) has lost the Milwaukee line and the WSS & YP line, and no longer
has any currently operating railroad lines. The nearest active railroad line to the Project area is a MRL
line 40 miles (64 km) west-southwest of White Sulphur Springs (via US-12) at Townsend, MT; locally this
north-south line connects the towns of Three Forks with Helena, MT (Figure 2.29). This segment of MRL
line is part of a longer southeast-northwest line that connects Huntley, MT and Sandpoint, Idaho (MRL,
2015) and also passes through the town of Livingston approximately 87 miles (140 km) south (along US-
89) of the Project area. In addition, a BNSF line lays 57 miles (92 km) (east of White Sulphur Springs
near Harlowton, MT. This BNSF line runs north-northwest from east of Laurel to Great Falls, MT (BNSF
2014). Great Falls is approximately 83 miles (134 km) north of the Project area along US-89. The town
of Armington Junction (just south of Belt) also lies along this route and is approximately 57 miles north of
the Project site along US 89. BNSF is a Class | railroad, that as of 2006, operated 1,942 miles (3,125
km) of track in Montana. MRL is a Class Il regional railroad that operates 875 miles (1,408 km) of track
within Montana (Cambridge Systematics, 2010).

2.12.4 Airports

This study acquired airport information from FAA records (FAA, 2015) from AirNav, LLC (2015), a private
enterprise which provides airport and navigation information to pilots via the internet, and from aerial
photography. One public airport is located three miles south of White Sulphur Springs on the west side
of MT Hwy 12/89, approximately 19 miles (31 km) due south of the Project area (Figure 2.29). The City
of White Sulphur Springs and Meagher County (FAA, 2015) jointly own the airport. Facilities at the airport
consist of one asphalt runway and one turf runway, measuring 6,100 feet (1,860 m) and 3,200 feet (975
m) (respectively) and a single hangar. Transient general aviation contributes sixty-two percent of
operations at the White Sulphur Springs airport between August 2013 and August 2014 and local air
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traffic contributes 38% to (AirNav, 2015). Great Falls, Helena, Bozeman, and Billings, MT all have
regional airports with scheduled passenger services suitable for travel to the Project area.

2.13 Land Use

Private citizens own all the property in the Project area which contains the Johnny Lee copper resource
and which Tintina needs to use for mine development (Figure 1.4 and Section 1.3). Land uses are
predominantly agricultural and include primarily livestock grazing and hay production. In addition, fishing
and big game outfitters use the Sheep Creek drainage for hunting and fishing.

The Bar Z Ranch and Short Ranch own 100% of the surface and mineral rights of the lands containing
the proposed mine and related facilities. Tintina has lease agreements with each of these owners (Figure
1.4) (Section 1.3) (Resource Modeling, Inc. 2010). The lease agreements allow only underground mining,
interfere with current uses as little as possible, and stipulate that after mining the owners can resume, as
much as possible, any interrupted land uses such as cattle grazing and hay production.

Vegetation resource investigations in the study area identified seven Conifer Forest and Woodland
habitat types (Table 2-28; Section 2.8.1). They are Douglas-fir, with less frequent occurrences of common
juniper and infrequent Engelmann spruce. Mature conifer stands occupy 502 acres (200 ha) or 15% of
the vegetation study area. Areas with previous logging activities or areas with encroachment by conifers
into grassland or shrub land, exhibit stands of immature conifers and comprise 235 acres (95 ha) or 7%
of the study area.

Rangeland productivity varies considerably among vegetation types in the study area, depending on
current conditions and the ecological sites involved. Hypothetical grazing capacity estimates calculated
for historic rangeland is 4,350 animal unit months (AUMs) (annually) for the entire baseline study area.

Hay, the only crop grown in the study area, covers 69 acres (28 ha) (2 % of the study area) and hay
cropland in the study area can produce approximately 3 to 5 AUMs per acre, depending on the soil.
Based on long term production data compiled by the NRCS (2015) the predicted yield of grass hay in the
study area can produce 3 to 5 AUMs per acre. In recent practice, ranchers’ cut grass hay and grass-
legume hay on the Sheep Creek floodplain once a year within the study area, and produce approximately
3 tons per acre annually on average (ranch manager, personal communication, 2015).
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3 OPERATING PLAN

3.1 Introduction

Section 3.0 describes the components, facilities and processes comprising the mine operations in detail.
Table 3-1 lists sections of this report that have supporting technical reports as appendices.

Table 3-1.  Reference Sections for Operating Plan

Document Section S_ection Detailed Technicgl
This Report Report as Appendix
Engineering Evaluation 3.5 K, and K-1
Waste and Water Management Facilities 3.6 K, and K-1
Water Management during Construction and Operations 3.4.2 K-2
Water Treatment 3.7.3 \%
Treated Water Disposition 3.74 E-1
Storm Water Management 3.7.5; Map Sheet 6 _
. 3.7.6; Figures
Erosion Control Methods and BMPs 351 and93.52 _
Water Balance 3.7.2 L

3.1.1 Mine Permit Boundary

The proposed mine permit boundary for the Project (Figure 1.2) encloses a total area of 1,887.7 acres
(763.9 ha) of private property, all within three tributaries of the upper Sheep Creek drainage. The
proposed mine permit area is located in Sections 24, 25 and 36 in Township 12N, Range 6E, and in
Sections 19, 29, 30, 31, and 32 in Township 12N, Range 7E (Figure 3.1). It encompasses all proposed
facilities (Figure 1.3) and surface disturbances associated with the Project. The permit boundary (Figure
3.1) specifically excludes the existing county road and follows topographic divides between tributary
drainages of Sheep Creek on the south, and the divide between Sheep Creek and Butte Creek to the
west. The south and west portions of the permit boundary include drainage sub-basins for surface water
run-on and run-off control, while remaining as close as possible to major facilities.

A county road (Sheep Creek Road) accesses the permit area approximately 1.5 miles (2.4 km) west of
its intersection with US Highway 89 (Figure 1.2). The permit boundary area consists of three separate
subareas (Figure 1.3). The main Project area to the south and west of the county road contains almost
all of the proposed major facilities and surface disturbances. A smaller area north of the county road and
Coon Creek encloses the collar areas of the four proposed underground ventilation raises, the potable
water supply well, and their respective largely existing and proposed access roads, several existing Bar-
Z owned structures and several existing monitoring wells. The third northeastern subarea lies to the east
of the county road along Sheep and Little Sheep Creeks. A four-strand barbed-wire fence will surround
a small portion of the mine permit boundary area south of the county roadways and enclose most of the
facilities. An additional barbed wire fence will enclose both sides of the main access road to avoid conflicts
between mine traffic and cattle. Other smaller fenced areas include the individual vent raises, water well,
and pumping station. However, these will allow unencumbered existing ranch road access. Eight-foot-
tall wildlife chain-link fencing will surround all water-bearing lined ponds.
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South Area UTM Zone 12N/ NAD83 Boundary Corner Coordinates

Boundary Easting Northing Longitude Latitude
Corner (m) (m) (DMs.8) (DMsS.s)
A1l 507,034.00 5,180,521.50 | W110° 54' 28.29" NO46° 46' 41.54"
A2 507,177.00 5,180,369.00 | W110° 54' 21.56" N046° 46' 36.59"
A3 507,397.50 5,180,189.00 | W110° 54' 11.17" NO4&° 46' 30.75"
Ad 507,916.00 5,180,043.50 | W110° 53' 46.73" NO46° 46' 26.02"
A5 507,916.00 5,180,022.00 | W110° 53' 46.73" NO46° 46' 25.32"
AB 507,991.50 5,180,022.50 | W110° 53' 43.17" NO46° 46' 25.34"
AT 508,051.00 5,180,005.50 | W110° 53' 40.37" NO46° 46' 24.78"
A8 508,918.00 5,180,007.50 | W110° 52' 59.48" NO46° 46' 24.81"
A9 509,141.50 5,179,982.00 | W110° 52' 48.95" N04&° 46' 23.97"
A10 509,360.50 5,179,788.00 | W110° 52' 38.63" NO46° 46" 17.67"
A1 509,580.00 5,179,701.00 | W110° 52' 28.29" NO46° 46" 14.84"
A12 509,467.50 5,179,340.50 | W110° 52' 33.62" N04&° 46" 03.17"
A13 509,466.50 5,179,133.00 | W110° 52' 33.69" N04&" 45' 56.45"
Al4 507,920.00 5,178,351.00 | W110° 53' 46.65" NO4&° 45' 31.19"
A15 506,926.50 5,178,072.00 | W110° 54' 33.50" NO4&° 45' 22.19"
A16 506,136.50 5,177,990.00 | W110° 55' 10.74" N04&° 45' 19.56"
A7 505,730.00 5,178,033.50 | W110° 55' 29.90" N04&° 45' 20.98"
A18 505,615.00 5,178,585.50 | W110° 55' 35.29" NO4&° 45' 38.87"
A19 505,620.00 5,179,273.00 | W110° 55' 35.03" NO4&° 46'01.14"
A20 506,026.00 5,179,750.50 | W110° 55' 15.86" N04&° 46' 16.60"
A21 506,263.00 5,179,969.00 | W110° 55' 04.68" NO4&° 46' 23.67"
A22 506,437.00 5,180,111.00 | W110° 54' 56.47" NO4&° 46' 28.26"
A23 506,720.50 5,180,265.00 | W110° 54' 43.09" NO46° 46' 32.92"
A24 506,848.00 5,180,434.00 | W110° 54' 37.07" N046° 46' 38.71"

Northwest Area UTM Zone 12N / NAD83 Boundary Corner Coordinates

Boundary Easting Northing Longitude Latitude
Comer (m) (m) (DM S.S) (D Ms.s)
B1 506,999.00 |  5,180,557.00 | W110° 54 29.94" | NO46E® 46' 42.69"
B2 50682050 |  5,180,467.50 | W110° 54'38.36" | NO46° 46 39.80"
B3 506,684.00 |  5180,277.00 | W110° 54 44.81" | NO46® 46 33.63"
B4 50644450 |  5,180,157.50 | W110° 54 56.11" | NO4E® 46 29.77"
B5 506,341.00|  5,180,088.50 | W110° 55' 00.99" | NO4E 46' 27.54"
B6 506,297.84 |  5180,050.72 | W110° 55 03.03" | N46° 46 26.61"
B7 50597428 |  5179,761.43 | W110° 55 18.30" | N46° 46 16.95"
B8 50631100 | 518124750 | W110° 55'02.35" | NO46® 47' 05.09"
B9 50671133 |  5181,247.83 | W110° 54 43.47" | NO46® 47 05.08"
B10 50671259 | 518109229 | W110° 54' 43.42" | NO46® 47 00.04"
B11 50689552 |  5,181,092.99 | W110° 54 34.79" | NO4E® 47 00.06"
B12 506,935.00 |  5,180,002.00 | W110° 54'32.94" | NO4E 46 53.87"
B13 506,934.00 |  5180,750.50 | W110° 54 33.00° | NO46° 46 49.25"

Northeast Area UTM

Zone 12N / NAD83 Boundary Corner Coordinates

Boundary Easting Northing Longitude Latitude

Corner (m) (m) (DMS.S) (DMS.S)
Cc1 507,035.50 5,180,583.50 | W110° 54' 28.22" NO46° 46' 43.55"
c2 506,978.50 5,180,805.00 | W110° 54' 30.89" NO46° 46' 50.73"
c3 506,977.00 5,180,901.00 | W110° 54' 30.96" NO46° 46' 53.84"
C4 506,885.00 5,181,222.00 | W110° 54' 35.28" NO46° 47' 04.24"
Cc5 507,215.50 5,181,222.00 | W110° 54' 19.69" NO46° 47' 04.23"
[¢3 507,487.50 5,180,756.50 | W110° 54' 06.89" NO46° 46' 49.14"
c7 507,650.00 5,180,370.50 | W110° 53' 59.25" NO46° 46' 36.62"
cs8 507,916.50 5,180,274.00 | W110° 53' 46.69" NO46” 46' 33.49"
co 507,916.50 5,180,086.00 | W110° 53' 46.70" NO46” 46' 27.40"
c10 507,659.50 5,180,171.00 | W110° 53' 58.82" NO46” 46' 30.16"
c1 507,483.50 5,180,204.50 | W110° 54' 07.11" NO46” 46' 31.25"
c12 507,387.50 5,180,254.00 | W110° 54' 11.64" NO46” 46' 32.86"
C13 507,209.50 5,180,399.00 | W110° 54 20.02" NO46° 46' 37.56"
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3.1.2 List of Facilities with Surface Disturbance Acres

Table 3-2 lists the Project’s facilities, features, and access roads (which are discussed below) and
presents the measured acres of disturbance associated with each facility. An additional 10% (or 26.9
acres; 10.87 ha) of the subtotal Surface Disturbance acres has been added to the final Total Disturbance
Acres (Table 3-2) to account for a Construction Buffer Zone or miscellaneous disturbances. The total
amount of proposed surface disturbance for the project is approximately 295.9 acres (119.7 ha). A more
detailed accounting of surface disturbance acres is presented in Table 3-13.

Table 3-2. Acres of Surface Disturbance Consolidated by Major Facility

Facility or Activity SurfaC((aA[élrs;éJ)rbance
New Access Roads 57.7
Direct Underground Mine Support 7.9
Temporary Waste. Rock Storage (WRS) and 121
copper-enriched rock stockpile
Contact Water Pond (CWP) 9.0
Mill / Plant Site 9.8
Process Water Pond (PWP) 28.7
Cemented Tailings Facility (CTF) 82.5
Non-Contact Water Reservoir (NCWR) 7.6
Water Supply 6.3
Underground Infiltration Galleries 14.4
Material Stockpiles 32.4
Other / Miscellaneous 0.6
Subtotal 269.0
Construction Buffer Zone / Misc. (10%) 26.9
Total Disturbance Acres 295.9

3.2 Underground Mine Operations and Mining Methods

3.2.1 Introduction

Underground mining requires the removal of both the metal resource (valuable copper-bearing rock) and
waste (non-mineralized and sub-economic mineralized rock). The two basic stages of underground
mining required for access to and/or mining of an underground copper deposit are development mining
and production mining. Development Mining typically involves excavation of uneconomic waste rock in
order to gain access to the valuable mineral deposit. Development mining is also referred to throughout
this document as pre-production mining. The pre-production time period refers to the activities and time
before the mill becomes operational. Production Mining involves mining of the actual copper-bearing
stopes or drifts to remove the profitable rock for subsequent mineral processing. Approximately
14,497,146 tons (13,151,590 tonnes) of copper enriched rock and 778,810 tons (706,525 tonnes) of
waste will be mined from both pre-production development and production mining over the operational
life of the mine (15 years).
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3.2.2 Tintina’s Underground Mine Plan

3.2.2.1 Johnny Lee Development Workings

Early pre-production development mining will take approximately 2 to 2.5 years to complete and
construction of surface support facilities will occur at the same time. Tintina plans to access the upper
and lower Johnny Lee deposit zones through a single 17-foot wide by 17-foot (5m x 5m) tall mine portal
(opening) at the surface. Approximately 18,800-feet (5,730 m) of declines (downward sloping access
tunnels) and access drifts (tunnels driven in non-ore-grade rock to access mining stopes) (Figure 3.2 and
Figure 3.3 will be developed beyond the surface portal for mining. A 5,398 foot long (1,645 m) 17-feet
wide by 17-feet tall decline with a slope of -15% will provide the access from surface to the upper copper
zone (Figure 1.7). The initial UTM Z12N NADB83 starting point coordinates of the approximate post-portal
excavation decline sill centerline are about E 507,114.6, N 5,179,868.4, Z 1,785.6 (all coordinates in
meters). The intersection of the bottom of the decline and the bottom of the upper copper zone lies at a
depth from surface of approximately 460 feet (140 m). From there the decline extends an additional 4,954
feet (1,510 m) (to reach the top of the lower Johnny Lee deposit zone, at a depth of 985 feet (300 m)
below the surface. The 8,448 long (2,575 m) lower copper zone access loop will provide access for
resource extraction, and drop in depth from approximately 985 feet (300 m) feet below surface to
approximately 1,640 feet (500 m) below the surface (the depth of the base of the lower copper zone).

The decline and ramps provide access for all personnel and materials to the working areas. Underground
trucks will carry all waste rock and copper-enriched rock up the decline to separate storage pads
immediately west of the portal pad (Figure 1.3). The temporary WRS pad will store waste rock for
approximately 2 years, which is equivalent to 453,642 tons (411,537 tonnes). The temporary waste rock
storage pad could hold as much as 551,156 tons (500,000 tonnes) of pre-production waste rock while
awaiting completion of the CTF. The completed CTF will receive all the waste rock from the temporary
waste rock storage pad as well as any new waste rock for co-disposal with the cemented tailings. Prior
to reclamation of the temporary WRS pad, a newly constructed 1.9 acre (0.8 ha) lined, copper-enriched
mill feed storage pad will be constructed immediately southeast of the WRS pad off the northwest corner
of the portal pad. This location was selected so that it would be closer to the jaw crusher that would be
used to feed copper-enriched rock to the mill. The copper-enriched mill feed stockpile pad will have
storage capacity for as much as 82,600 tons (75,000 tonnes) of mill feed. Any seepage from the
temporary waste and resource mill feed storage pads, and contact water from the portal pad and mill
facility will report via pipeline and HDPE-lined ditch to the CWP for subsequent treatment and discharge
(Figure 1.3) (described in Section 3.6.5.1) or alternatively used as make-up water in the mill. Underground
drill stations may be cut if infill development targeting is warranted.

There will also be four ventilation raises constructed from the underground mine workings and one will
be developed as a secondary escape way (Figure 1.3). The raises and escape way are discussed in
greater detail in Section 3.6.4.
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3.2.2.2 Johnny Lee Production Workings

Production mining will occur after the bulk of the development (pre-production) mining has taken place.
During production mining, Tintina will use a “drift and fill” mining method. Drift and fill mining has many
advantages:

1) Drift and fill operations are an expensive yet very selective method in which the copper-enriched
rock can be mined with minimal loss and dilution (mixing of the copper-enriched rock with adjacent
low-grade or barren rock, thereby lowering the overall grade mined).

2) The entire deposit can be mined (i.e., does not require leaving copper-enriched ground supporting
pillars).

3) The mined out opening is completely backfilled and supported with cemented tailings, therefore
there is no risk of future ground subsidence at the surface.

4) Incremental backfilling of the mine workings will replace the mined out voids with a very fine-
grained cemented tailings paste that has very low effective porosity and hydraulic conductivity (1
x 108 cm/s or 2.8x10°® ft./day) (Amec Foster Wheeler, 2015a). The permeability of the surrounding
host rock in the UCZ is at least three orders of magnitude higher than the paste backfill and the
LCZ is one to two orders of magnitude higher than the paste backfill. The large difference in
permeability will result in the majority of the water moving through this area traveling through the
host rock because groundwater generally takes the path of least resistance (Cedergen, 1997).
The little water that does move through the backfill material will travel at a very low rate.

5) The open space created by active working headings (where sulfide-bearing rock is exposed along
the walls) are of a limited volume, estimated at about 1% of the total mineral deposit at any one
time, before being backfilled with cemented paste tailings. Therefore only a small amount of
surface area is available to atmospheric oxygen at any time, and the location of these areas are
constantly changing.

6) Prior to backfilling the stopes or access drifts, a shotcrete wall will be built at the stope / access
drift entrance as a retaining wall against which to pump and confine backfill. The wall will remain
in place indefinitely, and will eliminate direct exposure of the cemented paste backfill to the open
mine workings operationally and to flooded workings in closure. These walls will prevent also
prevent direct in situ erosion and degradation of the cemented paste backfill by providing lateral
support and a chemical isolation across the wall.

7) Backfilling of the drifts and stopes also provides a safe underground working environment for the
miners.

Figure 3.4 and Figure 3.5 illustrate individual stopes (i.e., drifts in the resource) which are tunnels driven
into the mineral deposit. The resource stopes are typically inclined (maximum 1 to 2% grade), narrow but
long slices. The stopes in the upper copper zone will measure either 17 feet (5 m) wide by 17 feet (5 m)
high or 26 feet (8 m) wide by 17 feet (5 m) high, depending upon ground conditions and mineralization.
The 3,000 foot (920 m) by 1,500 foot (460 m) resource area will accommodate multiple active mining
stopes during mining of the entire deposit. The production drifts in the upper portion of the lower zone
will generally measure 11.5 feet (3.5 m) wide by 11.5 feet (3.5 m) high. However, production drifts in the
lowest portion of the lower copper zone will again reach dimensions of 17 feet (5 m) wide by 17 feet (5
m) high.
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The drift and fill mining proceeds as illustrated in Figure 3.4 and Figure 3.5. A drift driven from the ramp
to the opposite side of the mineralized zone allows access. Miners can then drive the stope along the
length of the mineralized zone. Cemented tailings fed to the underground mine via pipeline from a paste
plant on the surface (see Section 3.6.11 and Figure 3.43) will subsequently backfill this drift. Miners
simultaneously drive several other drifts parallel to the first drift (but spaced out some distance away),
and all sequentially receive cemented paste backfill. Once mining in an individual drift is complete and
the cement backfill has cured and reached its full strength (usually about a month), a new drift
immediately adjacent to the cemented paste backfilled drift is mined. Mining proceeds in this fashion until
the copper deposit at this drift level is completely mined out laterally. Miners subsequently develop a
second cut series of drifts on top of the underlying mined out backfilled area if the resource is thicker than
the 17-foot (5 m) tall mining drift. This process of mining drifts above previous backfilled drifts is called
overhand mining. This pattern of drifting and backfilling continues both laterally and vertically until the
entire resource is mined out.
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3.2.2.3 Geotechnical and Crown Pillar Stability of Underground Workings

Tintina is committed to developing an appropriate underground geostability monitoring program that
satisfies MSHA standards will be designed based on a geotechnical engineer’s assessment of the
underground conditions as they are exposed.

Mine Design Engineering, Inc. was retained by Tintina Resources to conduct a geotechnical and crown
pillar stability assessment for the Black Butte Copper Project (Appendix S, of this report). A crown pillar
is any rock mass that remains between an underground mining excavation and surface. Risk
considerations for crown pillar stability including remediation requirements are presented by Hutchinson
et al. (2002).

The rock mass quality (Q) is considered to be poor to fair for most mining units at the Black Butte Copper
Project using the classification scheme developed by Barton and others (1974). Adverse ground
conditions are expected in and around the Volcano Valley Fault (VVF), which generally exhibits very poor
rock mass quality.

Estimates of the modified Rock Mass Quality (Q’) for the geotechnical domains (by lithologic unit) relevant
to crown pillar stability are provided in Table 3-3 (see Appendix S). Geotechnical data indicates that the
USZ has slightly better rock mass quality than LSZ rock. As described earlier in Section 1.4.2, the UCZ
lies at a depth of approximately 90 to 625 feet (30 to 190 m) below ground surface. The LCZ occurs 985
to 1,640 feet (300 to 500 m) below the ground surface.

For assessment of crown pillar stability, the lower bound 30" percentile Q' has been applied for thin pillars
<130 feet (<40 m) bedrock cover) as it is reasonably expected that meteoric ground water has contributed
to some deterioration of the rock mass quality. For crown pillars > 130 feet (40 m) thick the lower bound
50" percentile Q' is utilized for analysis. It is assumed that the crown pillars will be predominantly
composed of Newland Shale.

Table 3-3. Modified Rock Mass Quality (Q’) Classification by Lithologic Unit

Lithologic Unit Q' mean Q' 30" Percentile
LSZ 3.4-6.8 2.0-4.0
usz 3.9-5.2 3.2-4.3
VVF 0.7-0.8 0.5-0.6
Ynl above the VVF 5.7-7.6 3.6-4.8
Ynl below the VVF 3.7-4.9 2.2-2.9

Notes: (1) Q' is the modified Rock Quality Index value as classified by Barton et al. (1974) which utilizes
the low and high (range) joint set number (Jn) values;
(2) lithologic unit abbreviations: LSZ = Lower Sulfide Zone; USZ = Upper Sulfide Zone;
Ynl = Lower Newland Shale; VVF = Volcano Valley fault;

The majority of the mine area is generally expected to have a shallowly dipping joint set parallel to
bedding and two mutually perpendicular sub-vertical joint sets, as well as random jointing (this random
jointing becomes more prevalent below the VVF).

The bulk of the crown pillars in the mine will be developed in the USZ and LSZ units. For the crown pillar
stability analysis, it is assumed that stopes will be backfilled to within roughly 1.6 feet (0.5 m) of the back
which is a conservative assumption since the cemented tailings paste fill is expected to be typically placed
with much less void. A second assumption assigns the bulking ratio of any material which caves from
stope backs to be 30%. The stability analyses use standard equations and empirical design methods
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presented in Appendix S of this report and estimate that the depth of the potential cave over the mined
out and backfilled LSZ and USZ orebodies could propagate a maximum of 5.6 feet (1.7 m) (vertically)
into the back (roof) before becoming choked off. This equates to less than 1% of the total crown pillar
thickness which is very small. It is assumed that cemented paste tailings backfill will have negligible long-
term consolidation. The only material that could be subject to consolidation from possible roof collapse
would be the zone immediately adjacent to the small 1.6 foot (0.5 m) thick void volume. A 1.6-foot (0.5
m) void is considered to be a very conservative worst case as it is reasonable to expect that operations
can easily achieve the timely placement of tighter fill with a well-managed backfill program.

The stability estimates for the long term risk of crown pillar failure in the LSZ unit to the surface is almost
completely negated by the placement of paste backfill. Therefore, Mine Design Engineering (2016)
recommends that no rehabilitation measures in the LSZ unit will be necessary.

The Upper Sulfide Zone (USZ) is very shallow with minimum depths from the topographic surface to the
top of the zone as small as 72 feet (22 m), and therefore has more potential stability issues relative to
the LSZ unit. The copper-enriched rock within the USZ is intended to be extracted by the drift and fill
mining method and so maximum open spans of 16 feet (5 m) and 26 feet (8 m) have been empirically
evaluated in the stability analysis for this unit assuming 328 feet (100 m) panel lengths to estimate critical
bedrock thickness over open stopes (excluding overburden cover).

The design guidelines for pillar acceptability/service life of crown pillars (see Appendix S) indicate that a
20% probability of failure is an acceptable standard for service life in the order of 1 year. A 20% probability
of failure is achieved for the following span to bedrock thickness ratios:

* 16 foot span: 50 feet bedrock thickness (5 m span:15 m)
* 26 foot span: 114 feet bedrock thickness (8 m span:35 m)
The risk of failure associated with this 20% probability criterion is mitigated by:
1) Ground support installed in stope backs (rock bolts, screen, mattes and shotcrete)

2) Rapid cycle time to minimize the necessary stand up time for critical crown pillar areas (60 day
maximum open time for mining stopes)

3) Continuous monitoring/instrumentation to provide safety factor for miners working in stopes

Iltems 1 and 2 above are the most significant means to controlling stability while stopes are open, and
both are included in the mine plan. Since ground support is designed to maintain excavation stability
during mine operations, it is very unlikely that a sinkhole or collapse to the surface will occur. However,
ground support and crown pillar design will have to be reviewed during the detailed project feasibility
study and monitored for effectiveness during early underground construction as additional geotechnical
data becomes available. Once paste backfill is placed in the mining stopes the probability of crown pillar
collapse (i.e., sinkhole development) is minimized to negligible (effectively zero) as there will be very
limited open volume for material to collapse into, and propagation of a collapse to the topographic surface
is unlikely.

3.2.2.4 Mine Dewatering

Based on hydrologic data, the first 1,700 feet (518 m) of decline will lie above the regional groundwater
table and will encounter very little or no water. Therefore, during underground development mining, two
6,000 gallon (22,700 liter) water tanks (Figure 3.20) will be constructed at the east end of the portal pad
for use in storing and supplying water required by underground mining methods or equipment. Any
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excess groundwater produced from the underground mine will be pumped to temporary storage in the
Contact Water Pond (CWP) and from there to the construction phase RO WTP (Section 3.7.3) for
treatment and discharge to underground infiltration galleries. As a safeguard, the underground infiltration
galleries (UIG) and the WTP will be available for use at the outset of development.

Once mining encounters the regional groundwater table (approximately 1,700 feet [518 m] in from the
portal, and about 220 feet (67m) below the ground surface), pumping will move excess water from the
underground workings and working faces to underground settling sumps, and from there to temporary
storage in the segmented CWP or directly to the water treatment plant. As mine development progresses
and thereafter during operations, the mine will be dewatered through a series of pumps and three to four
sumps located adjacent to the main access ramp decline or along underground working levels of the
mine. Their precise location will depend on where larger inflows of water into the mine are encountered
during mine development. Flocculants may be added to the sumps to assist in settling sediment if
necessary. If needed, hydrocarbon booms or oil skimming capability will remove any hydrocarbon
contamination from the underground settling ponds. Pumping will push water from the settling ponds
through a buried 6-inch (15.2 cm) HDPE pipeline either directly to the PWP as make-up water or to the
WTP located during construction on the mill pad for treatment to compliance with non-degradation criteria
and discharged to shallow permeable bedrock via the underground infiltration gallery system.

Numerical groundwater modeling efforts predict maximum groundwater flows into the mine in the range
of 420 to 500 gallons per minute (1,590 Lpm to 1,983 Lpm) during active mining. This assumes no inflow
controls have been constructed. Occasional short-term higher flows generated by rapid dewatering of
fracture systems encountered by mining could be as high as 1,000 gallons per minute. However, Tintina
plans to grout major water bearing fractures or faults as they are encountered. When mining encounters
significant inflows of water from water-bearing faults and/or fractured zones (>20 gpm; 75 Lpm), pressure
grouting techniques may be used to control the inflow of water into the mine. Pressure grouting is a widely
accepted standard practice in the mining industry. It involves injecting a grout material into fractured rock
to seal off waterways, and divert the water around the underground mine openings. Appendix T describes
common standard grouting methods likely to be used.

Each of the three or four underground sump pumps is capable of handling flows as large as 1,100 gpm
(3,785 Lpm). The pumping system from underground sumps does not run constantly, but rather cycles
on and off based on actual mine inflows and water levels in individual sumps. If the increased flows are
intermittent, then the pumps cycle on and off more frequently, which is fairly common. If there is a large
unexpected flow increase then the pumps will run longer or almost continuously until the inflow decreases
as fractures are dewatered (usually over a period of a day or less). During the initial construction period
mine inflow for years 0 to 1 is predicted at 0 gpm, year 1 to 2 will have gradually increasing flows to about
230 gpm (870 Lpm), and by year 2.5 (just prior to the completion of the PWP) the flow should be at about
300 gpm (1,136 Lpm). Should the volume of water produced from underground exceed the capacity of
the construction RO water treatment plant (which it should not), excess storage for water prior to
treatment exists in the CWP (9.8 million gallons; 37,000 m3, about 23 days at 300 gpm). Once the PWP
is completed (at about year 2.5), untreated water can be stored in the PWP that has an operational range
of storage capacity of 156,954 to 261,590 cubic yards (120,000 to 200,000 m3, about 125 days at 300
gpm, 1,136 Lpm) of water.

Dewatering of the underground mine workings will produce all water needed for consumptive use by
mining operations (about 210 gallons (790 Lpm) per minute or 0.47 cubic feet per second). A table of
estimated values for consumptive use of groundwater by component is provided as an inset to Figure
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3.44. This water will be pumped from the mine to the PWP for use as make-up water. Water pumped
from the mine in excess of the PWP maximum design operating capacity (approximately 261,600 cubic
yards, 58,843,410 gallons, or 200,000 m3) will receive treatment to non-degradation standards in the
water treatment system and be discharged to the underground infiltration gallery system. Tintina plans to
control the flow of water into the mine to a maximum of about 500 gallons per minute (1,893 Lpm). The
water treatment system design is optimized in the range of 500 gallons per minute (1,893 Lpm) of
continuous flow, with maximum annual average inflow rates of about 588 gallons (2,226 Lpm) per minute.
The water treatment system will have a backup 250 gpm module which will allow for a maximum capacity
of 750 gpm (2,839 L/min.), which is 1.27 times the average inflow rate. It is estimated that a small quantity
of water, approximately 15 to 30 gpm (57 to 114 Lpm) will be required for the actual mine operations,
which includes mobile equipment fleet water usage and delineation drilling needs.

3.2.2.5 Mining Rates and Schedules

The underground mine will begin development after four to six months of basic site preparation and
construction of an access road, portal pad, underground mine utilities, surface support facilities,
temporary WRS area, and the CWP. These activities will run concurrently with major surface facilities
construction activities. It is anticipated that major site preparation and support facility construction for
overall operations will require 24 to 36 months to complete. These facilities are discussed in the surface
support facility section (Section 3.6).

During the first four years of mining (including the first approximately 2 to 2.5 years of pre-production
mining), a mining contractor will drive primary development ramps and development cross-cuts or access
drifts (these are tunnels typically driven in waste rock) to access the mining stopes. After approximately
2.5 years of development mining, Tintina mining crews will start mining larger amounts of copper-
enriched rock from upper Johnny Lee deposit production drifts. Copper-enriched rock mined prior to year
2.5 and the projected completion of the copper-enriched rock stockpile, will be stored either underground
in access stopes or stockpiled in a segregated area on the WRS pad. In all, the total main access ramp
length will be approximately 18,800 feet (3.6 miles) (5,730 m), the access drifts total approximately 47,900
feet (9 miles) (14,600 m), the mining drift length in copper-enriched rock would be approximately 366,400
feet (69 miles) (43 km) and the total ventilation raise shaft length would be approximately 2,263 feet (690
m).

Figure 3.6 presents a detailed mineralized rock / waste rock / tailings material balance over the life of the
mine. Approximately 14.5 million tons (13.2 Mt) of copper-enriched rock and 0.77 million tons (0.7 Mt) of
waste rock and 12.9 million tons (11.7 tonnes) of tailings will be produced. The overall mine production
rate will approximate 1.3 million tons (1.2 million tonnes) per year during the peak years of active mining,
with about three quarters of that yield from the upper copper zone of the Johnny Lee deposit (2,760 tons
per day; (2,500 tonnes/day) and about one quarter (880 tons per day; 800 tonnes/day) from the lower
copper zone of the Johnny Lee deposit. The design production rate of 3,640 tons per day (3,300 tonnes
per day) requires approximately 18 active mining stopes (headings) (Table 3-4).

Figure 3.6 also shows that the CTF has been engineered / designed to accommodate all of the life of
mine waste rock and 55% of the total tailings (equivalent to 7,117,979 tons or 6,457,324 tonnes).
Approximately 45% of the total tailings or 5,828,061 tons (5,283,266 tonnes) generated from the mill will
be returned back underground as paste backfill in the mine workings.
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Total Tonnage Mined (Copper-Enriched Rock + Waste Rock) from Tables 3-5 and 3-6
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Schematic Chart Showing Copper-enriched Rock, Waste Rock, and Tailings Quantities
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Stope lengths in the Johnny Lee upper copper zone average approximately 230 feet (70 m), and in the
lower copper zone average approximately 165 feet (50 m). Four crews will mine two headings each to
maintain production and minimize the quantity (42,475 m?3) of sulfide-bearing rock exposed to
atmospheric oxygen at any one time. A maximum of 1.5M cubic feet of production headings will be open
at any given time. The entire mine plan for the two copper zones calls for a total of approximately 118M
cubic feet (3,341,388 m?®) of production drifts within the deposit zones. Therefore, only about 1% of the
mining stopes will be exposed to atmospheric oxygen and underground weathering conditions for about
60 to 90 days each at any given time in the entire mine life.

Table 3-4. Number of Open Active Mining Headings by Type, at Any One Time.

. Upper Copper Zone Lower Copper Zone
Fleanliag e Number of Headings Number of Headings
Development 2 2
Production 6 3
Paste Backfill 3 2
Sub-total 11 7
TOTAL 18

In the first two years of underground mining, the mine will produce approximately 453,642 tons (411,537
tonnes) of waste rock. The design capacity of the WRS pad is 551,155 tons (500,000 tonnes). This
material will be placed upon the temporary WRS pad. The development plan schedules completion of
the Cemented Tailings Facility (CTF) by the end of the second year of construction. At that time a portion
of the mine waste rock from the temporary stockpile will be transferred to the CTF. Approximately 52,911
tons (48,000 tonnes) of pre-production waste rock will be crushed and placed on top of the HDPE liner
system of the WRS pad and the copper-enriched rock stockpile to form a protective layer (sub-grade
bedding layer). The remaining 400,731 tons (363,537 tonnes) of potential pre-production waste rock
stored on the temporary WRS pad will subsequently (about two years later, once the CTF HDPE liner is
in place) be placed over the protective layer overlying the CTF HDPE liner system to make up the
drainage layer of the CTF basin drain system and to help construct the haul ramp access into the CTF.
Reclamation of the WRS pad will commence after transfer of all remaining waste rock to the CTF. A
smaller 82,600-ton (75,000-tonne) pad will then be constructed off of the northwest corner of the portal
pad and will serve as a mill feed resource stockpile pad for the remaining life of the mine. The CTF will
receive any future mined waste rock, and this will be covered by and co-deposited with cemented paste
backfill. The volume of all waste rock comprises approximately 10% of the total material (waste and
tailings) that will be deposited in the tailings impoundment, and almost 70% of material (waste and
tailings) that will be placed in the tailings impoundment during the first year of its operation. Table 3-5
presents the projected production schedule for the life of the mine in tons and Table 3-6 in tonnes. Figure
3.6 is a schematic chart showing copper-enriched rock, waste, and tailings quantities over the life of the
mine.
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Table 3-5. Copper-rich Rock and Waste Rock Mine Production Schedule (in tons)
Year Copper-enmenes Waste Tons Total Tons
Rock Tons
1 0 103,656 103,656
2 11,429 349,986 361,415
3 433,542 214,560 648,102
4 1,018,607 93,745 1,112,352
5 1,294,347 1,294,347
6 1,276,871 1,276,871
7 1,307,971 1,307,971
8 1,277,480 1,277,480
9 1,311,726 16,863 1,328,589
10 1,298,461 1,298,461
11 1,349,008 1,349,008
12 1,318,149 1,318,149
13 1,297,095 1,297,095
14 1,039,008 1,039,008
15 262,347 262,347
Total (tons) 14,496,040 778,810 15,274,850
NOTES:
(1) The life of mine plan includes both development (pre-production mining) and production mining;
(2) The individual tonnage values (in tons) do not specifically add up to the total based on minor conversion
rounding errors.

Table 3-6. Copper-rich Rock and Waste Rock Mine Production Schedule (in tonnes)
Year CEPEr-EmEies Waste Tonnes Total Tonnes
Rock Tonnes

1 0 94,035 94,035
2 10,368 317,502 327,870
3 393,303 194,646 587,948
4 924,065 85,044 1,009,109
5 1,174,212 1,174,212
6 1,158,358 1,158,358
7 1,186,572 1,186,572
8 1,158,911 1,158,911
9 1,189,978 15,298 1,205,276
10 1,177,944 1,177,944
11 1,223,800 1,223,800
12 1,195,805 1,195,805
13 1,176,705 1,176,705
14 942,573 942,573
15 237,997 237,997

Total (tonnes) 13,150,590 706,525 13,857,115

NOTE: This table includes development (pre-production) and production mining.

3.2.2.6 Mining Equipment

Rubber tired, diesel-powered equipment (including three 7 cubic yard Load-Haul-Dumps [LHDs] and two
5 cubic yard LHDs) will haul all rock mined from the Johnny Lee copper zones to the main underground
haulage ways. From there, six, 44- to 66-ton (40- to 60-tonne) diesel trucks will haul all rock to the surface.
This equipment will be fueled and serviced at the repair shop/maintenance facility on surface. This facility
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will also house offices for engineering, geology, and supervisory personnel. Diesel-powered mobile
underground equipment will use low-emission engines that comply with Mine Safety and Health
Administration (MSHA) underground air quality regulations. A shop with simple service bays will be
constructed underground. Dedicated maintenance and fuel/lube trucks will provide maintenance and
fueling underground for all drills, bolters, scissors trucks, an ammonium nitrate / fuel oil (ANFO)- loader,
a grader, fork-lifts, LHDs, and other underground-only equipment. Section 3.6.3 discuss the requirements
and design of all surface shops, their associated equipment, and their utilization by equipment operators.
Section 3.6.5 and 3.3.2 discuss re-handling of rock from the temporary waste rock storage facility and
shipping from the concentrator respectively.

Table 3-7 lists the equipment anticipated for use in mine development and production during year 6 of
mining (the largest fleet size year) and the utilities required to advance underground mining. Table 3-8
lists mobile equipment to be used on surface in support of underground mining and for activities at other
surface facilities.

Table 3-7. Underground Equipment Fleet

Equipment Upper Zone
2 Boom Jumbo
Mechanized Bolter

7 yd® LHD

Scissor Truck

44-ton Haul Truck
ANFO Loader

Total Upper Zone

-
Y IS

Equipment Lower Zone
2 Boom Jumbo
Mechanized Bolter

7 yd® LHD

5yd® LHD

Scissor Truck

40-tonne Haul Truck
ANFO Loader

Total Lower Zone

RINININ(FP NP

-
[N

Shared Upper/Lower Zone Equipment
Raise Bore, Alimak

Forklift

Boom Truck

Grader

Transmixer

Shotcrete Sprayer

Pressure Grouting Equipment
Fuel/Lube Truck
Underground Light Truck
Maintenance/Elec Trucks
Supervisor Vehicles
Engineering/Geology

Total Shared

Total Mine Equipment Fleet

a1 N
wa-b-b-bl—‘l—‘l\)l\)l—‘l\)l—‘l—‘
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Mining operations will require various types of surface construction equipment. Table 3-8 lists the types
and numbers of this equipment. The year-round operational schedule requires snow plowing during the
winter. A snowplow/sanding truck assisted by a road grader, dozer, and truck-mounted snow blower (if
necessary) will be used.

Table 3-8. Surface Equipment in Support of Underground Mining.

Equipment Number

Excavator

Dozer

Grader

Loader

Haul/Service Trucks

Dust Suppression Truck
Forklifts
Boom Truck -20T

Man Lifts
Passenger/Crew Van

=3 SN B RSN N NG VI N BN S

[EEY
(6]

Pickup Trucks

Air Compressor (1100 cfs)

Vacuum Truck

HDPE Fusion Machines
Light Plants

Fuel & Lube Truck
Maintenance Trucks

Snowplow/Sander
Cranes (90T)
Ambulance

Fire Truck

TOTAL

RrlRr|IN|P|lOw|R|M|Rr|R]|R

(o2}
o

3.2.2.7 Operational Underground / Surface Support Mine Workforce and Work Schedule

Underground mining will follow a schedule of two 12-hour shifts per day, seven days per week, and 365
days per year. The personnel required to support and conduct both the surface and underground
operation includes a total of 240 Tintina hourly employees and salaried staff. These employees will
conduct underground production mining tasks and day-to-day operations. A limited staff will be needed
beginning in year 2 of the 15 year construction and production schedule of the proposed mine life. Table
3-9 presents the various positions and number of employees from various internal company support
groups, as well as mining and milling personnel. Note that while Table 3-9 includes a total Tintina work
force of 243, there will normally be 104 people on-site during day shifts, 41 onsite during night shifts, and
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the remaining 98 employees will be on days off during the normal operations schedule in years 4 through
15.

Table 3-9. Total Number of Tintina Employees

Total Employees On-site per Shift Off-site

Department Employees Dayshift Nightshift Oncl):;?ys
General and Administration 22 18 2 2
Maintenance and Surface 48 20 6 22
Mill 51 20 10 21
Mine 122 46 23 53
Total 243 104 41 98

3.2.2.8 Other Major Components of Underground Mining
Other major components or elements of underground mining include the following.

Ground Control: The underground workings will be rock bolted to provide basic ground support and
shotcrete, steel mats, and wire screen mesh will be used as necessary to assist with support in areas
with more intense fracturing or poor ground conditions.

Underground Mine Power Supply: The maximum estimated operating electrical load for mining and
milling of the Johnny Lee deposit is approximately 9 to 12 MVA (Mega Volt Ampere, a measure of the
amount of power estimated for project needs). Site substations located on the mill pad will carry power
to an underground substation located in an excavation off the lower extent of the decline (approximately
3,250 feet (1 km) from the portal). Back-up generators will provide power to essential equipment during
power outages. These diesel generators will be located near the mill building, and consist of two one-
megawatt generators.

Grouting and Groundwater Inflow Control: Pilot holes drilled ahead of the advancing mined face will test
for likely water inflow rates in the vicinity of anticipated water-bearing geologic structures. Large amounts
of water encountered in a pilot hole will require installation of a packer to seal the hole followed by
directional grouting prior to advancing the decline. Pressure grouting will be the primary means of
minimizing and controlling the amount of water flowing from water-bearing faults and/or fractures into the
mine workings. It involves injecting a grout material into fractured rock. The grout is a cement-based or a
solution-based chemical mixture. It could extend under pressure into the wall rock as much as 100 feet
(30.4 m) depending on fracturing. Grouting can both strengthen rock and reduce water flow through rock,
and is a widely accepted standard practice in the mining industry. Grout and shotcrete will be mixed in a
small portable batch plant near underground locations where underground grouting or shotcrete is
needed. Should a temporary shotcrete plant be needed it would likely be during the underground
development stage of mining and would be located near the temporary cement mix batch plant at the
west end of the construction laydown area, west of the Mill facility (Figure 3.9).

The initial mine access decline will pass approximately 90 feet (27.4 m) below the Coon Creek tributary
of Sheep Creek, approximately 2,312 feet (705 m) map distance in from the portal (Figure 1.3). This is
the closest proximity of the decline to the surface once beyond the portal. Shallow bedrock at test well
PW-3 (located along the decline trend adjacent to Coon Creek (Figure 2.3), encountered minimal
groundwater in its upper 75 feet (23 m), suggesting that dewatering of the deeper decline will have
minimal impact on Coon Creek flow. Pumping tests of PW-3 and PW-4 showed no impacts to Coon
Creek, or in piezometers installed in associated wetlands (Figure 2.3). Water producing fracture zones
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encountered at the decline level in the area underlying Coon Creek will be subject to inflow control
measures (i.e., grouting). The objective will be to eliminate all significant fracture-controlled inflow to the
decline within a distance of approximately 200 feet (61 m) on either side of the creek.

Blasting Agents: If mining encounters no substantial groundwater inflow to the workings (as indicated by
inflow modeling), ammonium nitrate / fuel oil (ANFO) will be the primary blasting agent. Miners will load
blast holes with ANFO from an explosives truck. To minimize the effects of nitrate and ammonia explosive
residues on water quality, blasters will make a concerted effort to limit the use of blasting agents to only
those necessary for rock breakage, and to minimize spillage. Exceptional “good housekeeping” efforts
can significantly reduce on-going water treatment costs. If wet conditions are encountered, miners will
use an emulsion-based powder or other less water-soluble explosives. Emulsion-based powder is
available in both stick form and pumpable forms, and many mines use this to control the release of
nitrogen by-products produced by explosive residues. In addition to minimizing nitrogen input at the
source, Tintina will remove nitrogen to below non-degradation standard with the water treatment system.

During the drive of the main decline Tintina will monitor ground vibration or shaking when the underground
workings are within 300 feet (90 m) of any landowners’ structure. Tintina mining engineers will coordinate
with its explosives supplier to develop a plan to ensure ground vibrations are at safe levels for public
structures, which could include modifying blasting practices.

Presently the only structures proximal to the trace of the main decline are those on the Hanson Bar-Z
ranch property located west of the intersection of Butte Creek Road with Sheep Creek Road. The
structures currently in place include a ranch house, bunk house, an A-framed cabin, and five out buildings
(see Figure 3.2). Only the bunk-house and one outbuilding of the existing eight structures fall within a
300 foot radius of the decline, which occurs at a depth of about 140 feet below the surface and about 225
lineal feet to the west of the nearest building. However, Tintina mining engineers have committed to
working with the explosives supply company and the landowner to ensure that ground vibrations or
shaking is monitored, and controlled appropriately to safe levels for all of these ranch structures. It is in
this area that Tintina will monitor for ground vibrations or shaking during the main decline drive.

Powder Magazines: A temporary powder magazine will initially be located on surface (Figure 1.3). It will
subsequently be moved underground (Figure 1.3) to a safe working distance from the portal after the
decline advances a sufficient distance. Development mining will establish appropriate sites for powder
magazines further underground as the decline and development workings advance towards the resource
areas. Explosive storage magazines and practices will comply with all MSHA rules and regulations. A
forklift will deliver explosive filled totes from surface to underground storage areas. Tintina will educate
and train employees and subcontractors on nitrogen by-product issues, proper housekeeping, spill
cleanup, and explosives management practices to minimize the potential release of nitrogen by-product
to waste rock and mine water.

Underground Sumps: Underground settling ponds (sumps) initially constructed approximately 500 feet
(152 m) from the portal will service the mine prior to intersection of the regional groundwater table.
Pumping will lift accumulated water from deeper mine sumps to these pond(s) where booms will skim
any oil and fuel residue from the water. In addition, sufficient retention time in these sumps, with or without
the use of flocculants, will allow partial removal of suspended sediment from underground mine waters
prior to pumping to the WTP clarifiers located in the mill.

Additional underground settling ponds (sumps) locations include one at the bottom of the upper copper
zone, one midway through the lower copper zone, and one at the bottom of the lower copper zone. All
will be connected in series. Smaller sumps and pumps will transfer water from any additional low areas
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in the mine to the main dewatering piping. Accumulated mine water will gravity feed from one sump to
another typically via a pipe or ditch (less frequently using a borehole) before final pumping from the lowest
elevation sumps to the near-surface sumps.

3.3 Mineral Production

3.3.1 Processing Method

The mill design is based upon industry standard processing methods that will separate and concentrate
the copper minerals. Both a copper concentrate and a tailings or waste stream will be produced from the
milling process. The tailings will be managed on site by storing a portion underground as cemented
backfill to provide ground stability, and the remainder as cemented paste tailings in a tailings storage
facility(i.e., the CTF).

The approximate copper production tonnages contained in the Project's Johnny Lee mineral deposit
come from both an Upper Copper Zone and a Lower Copper Zone. These tonnages are summarized in
Table 3-10.

Table 3-10. Summary of Proposed Production Tonnage

Metric tonnes US Customary Tons | Copper Content Cu - %
13,150,590 14,496,040 3.04

A “flotation” process will liberate fine-grained copper minerals from the bulk of the mined rock to form the
copper concentrate. The water-based flotation processes rely upon the chemical interaction between
fine-grained mineral particles and hydrocarbon-based reagents to separate specific minerals into
concentrates. Copper minerals adhere to bubbles formed during agitation of the slurry of water and finely
ground rock in a flotation cell, and the bubbles carry the copper minerals to the fluid surface, forming a
copper mineral-rich surface froth. Skimming the froth effectively separates the copper minerals away
from the slurry, and the skimmed froth routes to a thickening and filtering circuit to remove the water.

Figure 3.7 is a photograph of copper flotation concentrate produced in a laboratory-scale flotation cell
using Black Butte Copper Project materials. The copper minerals concentrate in the froth formed on the
fluid surface of the flotation cell. This separation forms the basis of the flotation process. This fine-grained
high-grade concentrate is suitable for sale in the world market.

Tintina Montana, Inc. 158 July 14, 2017



Black Butte Copper Project Mine Operating Permit Application (Revision 3)

Figure 3.7. Photograph of Copper Concentrate Bench Scale Flotation Cell

The flotation process uses suspension of finely ground rock in water, typically at water to solids weight
ratios of about 2:1. Mixing and agitating this slurry in flotation cells maintains suspension of the solids in
the mixture. During flotation the slurried solids pass through a number of cleaning stages that are required
to optimize recovery of copper minerals into a final saleable concentrate. Multiple stages of flotation
require sizing of flotation cells depending upon their role in the various stages of cleaning. The Project
process plant flotation cells will range from 65 cubic yards (50 m?3) in size to approximately 6.5 cubic
yards (5 m®), depending upon which stage of the process the cell is employed.

The flotation process requires addition of trace amounts of reagents (measured in ounces per ton or
grams per tonne, to alter the surface chemistry of copper minerals, and allow the copper minerals to
‘float’ to the surface froth of the flotation cell. The ability to attach a mineral particle to an air bubble forms
the basis of the mineral separation used to produce a copper concentrate. Qils or hydrocarbons form the
basis of copper flotation reagents, and typically work best if added to the water and rock slurry at rates
of 0.7 to 3.5 ounces per ton (20 to 100 grams per tonne (g/t)) of solids being processed. A typical copper
flotation process uses lime to maintain a high pH which significantly improves the effectiveness of the
separation of copper minerals from the slurry.

The operation will dispose of solids that do not report to the copper concentrate (i.e., tailings) back to the
underground mine workings as cemented backfill in mined out stopes, or as cemented paste tailings to
the CTF.

Copper concentrates produced from the Project will contain approximately 20 to 28% copper, depending
upon the mineralized zone producing the concentrate. These concentrates will represent 10 to 15% of
the total mass of the mined material. Table 3-11 shows a typical metallurgical balance for the lower
copper zone resource based upon recent metallurgical test work.
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Table 3-11.

Process Stream

Percentage of Mass
%

Copper Content
%

Flotation Feed 100 4,59
Flotation Concentrate 13.9 30.8
Flotation tailings 86.1 0.36

Metallurgical Balance for Lower Zone Copper Concentrate Production

The flotation milling facility is designed to process up to 3,640 tons of copper-enriched rock per day (3,300
tonnes/day) during two 12-hour shifts. It will operate 365 days per year. This results in a calculated annual
process rate of 1,327,734 tons/year (1,204,500 tonnes/year).

Figure 3.8 is a flow sheet showing the major components of the mineral processing required to produce
the copper concentrate from the Project resource. The following sections provide more comprehensive
descriptions of the mill facility, milling and flotation process, and the equipment, ancillary facilities, and
reagents required.

Run of Mine Copper-enriched Rock

Crushing

v

Grinding

A

Rougher Flotation

A 4

Regrinding

A4

>l
<

\4
Tailings

Cleaner Flotation

v

Concentrate

Figure 3.8.

Simplified Process Flowsheet Showing Key Unit Operations

3.3.2 Processing Facility
3.3.2.1 Mill Facility Footprint

Figure 3.9 illustrates the major structural features and components of the mill facility. The facility will

require a footprint of approximately 9.8 acres (4.0 ha) which will include about 1.7 acres (0.7 ha) for a
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mill laydown area east of the mill facility, and an additional 3.9 acres (1.58 ha) for a construction laydown
area (Figure 3.9) at the west end of the mill facility area. The ground at this higher elevation provides a
sound bedrock foundation upon which to build. The depth to the groundwater table in this area is
approximately 34 feet (10 m) below the mill pad elevation based on Figure 1.3, Figure 2.8, and Figure
3.21 and monitoring well number SC15-198, which lies inside the mill pad footprint.

Facility preparation will include removing topsoil and subsoil where necessary and transporting it to
storage areas. The facility area will have sheet-flow drainage to its outside edges, where storm water will
drain into perimeter ditches. During the construction stage and prior to any milling, any storm water that
falls on this area will be treated as non-contact water. Ditches and piping will redirect storm water to
infiltration basins associated with natural drainage systems. Surface water management will use BMPs
to mitigate sediment and run-off controls. As construction on the mill area facilities advances, and when
the CWP and water treatment system reach completion, and during the entire mining operations period,
operations will treat any water from the mill pad as contact water. This water will be routed in perimeter
ditches which convey it to the CWP for pumping to the water treatment system. The contact water ditches
and culverts will convey the 200 year 24-hour rain event on top of the 200-year snow melt peak flow
event without overtopping. A HDPE geomembrane will line the contact water ditches.

The mill pad will contain an internal network of roads and a surface parking area sized for approximately
100 vehicles. The areas within the mill facility footprint adjacent to concrete foundations of buildings and
other structures will have a gravel surface. During operations, the mill pad, surface area drainage will
collect in drain ditches and perimeter ditches which direct it into the CWP.

Employee vehicles and all supply deliveries including fuel, and lubricants, cement, slag, replacement
parts and trucks with ore concentrate (in sealed containers), access the mine / mill site along the main
access road and all pick-up and delivery traffic accesses the mill site along the south side of the mill pad
as shown on Figure 3.9. Clean, over-the-road ore concentrate trucks will pick up concentrate in sealed
containers from the construction laydown area located on the west end of the mill pad, using the access
road along the south side of the mill pad. Employee parking is located south and east of the mill. These
designated parking areas and access routes are designed to separate clean on-road traffic (confined to
south, southeast and west ends of the mill) from potential PAG contaminated haul routes located north
of the mill. Therefore any possible tracking of PAG materials into clean traffic areas is eliminated.
Drainage from the access road will route this non-contact water to nearby sediment traps and into storm
water infiltration basins.

3.3.2.2 Mill Building

The pre-engineered steel-sided process plant (or mill building) will measure approximately 275 feet (84
m) long by 120 feet (36 m) wide by 66 feet (20 m) high. It will be taller and larger than any other building
in the mill area (Figure 3.9). A dust collection system will capture fugitive dust from various areas inside
the process plant, but for the most part, the treatment system is a wet process and requires little dust
collection. The building will have insulation for heat retention and noise dampening. The mill and mill area
will contain areas for the following processes, described in greater detail in Sections 3.3.2.3 through
3.3.2.6:

e Grinding
e Flotation
e Regrinding

e Concentrate dewatering and handling
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e Reagent handling
e Paste backfill (separate building to east of mill building)
¢ Tailings thickening (adjacent to the paste plant and mill building)

The mill building will contain the assay and metallurgical laboratories which will have all the laboratory
equipment necessary for metallurgical grade testing and control. The laboratories will have all appropriate
heating, ventilation, and chemical disposal equipment as needed. Reinforcement of the facility floor will
accommodate specialized equipment.

3.3.2.3 Crushing and Grinding

The crushing and grinding stages of the milling process liberates copper minerals to allow for their
effective separation during the flotation process, which forms the copper concentrates. Typically a
number of stages of size reduction optimize the energy inputs to efficiently liberate the copper minerals.

Resource material trucked from the underground mining operations will be dumped directly onto
stationary and vibrating grizzlies (screen) with steel gratings that allow the smaller material to bypass the
jaw crusher. Rock captured by the grizzlies proceeds into the jaw crusher which will reduce the largest
size of rock contained in the discharge from the jaw crusher to approximately 5 inches (12.7 cm) (Figure
3.9 and Figure 3.10). Alternatively, rock can be placed onto the 82,600 ton (75,000 tonne) surface
stockpile for later crushing and milling. From the jaw crusher, a conveyor will move the crushed material
to a surge bin (Figure 3.9 and Figure 3.10) in preparation for further size reduction in the grinding mills.
The surge bin will have a capacity of approximately 2,755 tons (2,500 tonnes). A dust control system
(including a dust collector) will control fugitive dust emissions from the crushing operation. Sound-
insulating material and baffles will control noise, as well as enclosing the crushing and grinding facilities
inside of a largely closed building.

Crushed material will be conveyed to the grinding circuit from the surge bin (Figure 3.9 and Figure 3.10).
Effective liberation of copper minerals from the host rock requires grinding to the point where 80%
measures smaller than 30 microns in diameter (<0.001 inches). The grinding plant will employ three
stages of grinding, which crush and grind copper-enriched rock sequentially to complete the grinding
process (Figure 3.10). The first stage of grinding is semi-autogenous grinding (SAG), followed by ball mill
grinding, and finally stirred milling in a tower mill. Each of the mills will operate with a cyclone classification
circuit to manage particle sizes of the ground material between mills, and ultimately to control the particle
size sent to the flotation process.

Process water added at the SAG mill and at other points within the processing plant will maintain slurry
densities of approximately 65% to 75% solids, consistent with the requirements of the grinding and
flotation processes. Steel balls will be added as necessary to the SAG and ball mills to maintain optimum
grinding efficiency, and will serve as the grinding media in the grinding circuit. The equipment location
inside a sound and temperature insulated steel (mill) building will reduce noise from the grinding circuit.

3.3.2.4 Flotation Circuits

The Project will use a flotation process (Figure 3.10) to recover and upgrade copper values in order to
produce a saleable copper concentrate. Material from the grinding circuit will be very fine (less than 0.001
inches, <30 microns).

Ground material from the crushing and grinding circuit will flow by gravity into the rougher flotation circuit
comprised of 65 cubic yard (50 m®) flotation cells. Copper will be recovered in a froth, and transferred to
subsequent upgrading stages within the processing plant. The tailings will be sent to a paste plant
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thickener where it will be dewatered and cement will be added, and then to either the CTF, or
underground, as cemented backfill. Liquid residue will be pumped to the PWP.

Concentrate from the first cleaner flotation circuit will be routed to two stirred mills to be reground) before
being sent to the second cleaner flotation stage. The final cleaner concentrate produced by the third and
fourth cleaner circuit will be sent to a thickener for dewatering. Liquid residue will be sent back to the
milling circuit.

The reagents proposed for use in this process are common for copper flotation. They include sodium
isopropyl xanthate (SIPX) and Aerophine 3418A as copper mineral collectors and methyl isobutyl carbinol
(MIBC) as a frothing agent. The pH will be managed by the use of lime, added at various points in the
process, with the flotation pH typically in the range of 10 to 11.5 s.u. This reagent list may be modified
operationally to optimize copper recovery.

Tailings from the rougher circuit and the first and second cleaner circuits will be sent directly to a tailings
thickener (Figure 3.10). Tailings from the third and fourth cleaner circuits will be recycled through the
preceding cleaner circuit, before being routed to the tailings thickener. Water and flotation solutions
separated during the thickening process will be stored in the PWP and recycled for use in the mill in
future flotation operations.
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3.3.2.5 Copper Concentrate Dewatering and Handling

The final copper cleaner flotation concentrate will be thickened in a high-rate thickener (Figure 3.10)
where a flocculent (a chemical that causes colloids to form, and other suspended particles in liquids to
aggregate, forming a floc) will be added to improve the settling rate of the copper concentrate. Additional
dewatering by a pressure filter will reduce the moisture content to approximately 10%. The dewatered
copper concentrate will be conveyed and stored in the covered and enclosed concentrate storage facility
(Figure 3.9) prior to being loaded into sealed concentrate shipping containers. The containers will be
sealed and mechanically locked. The sealed containers will be transported by truck to a nearby railhead
in Montana, and then by rail and / or possibly by ship to a smelter. The sealed containers eliminate dust
issues during concentrate transport and also eliminate multiple stages of handling normally associated
with concentrate shipping. In addition, the containers are strong and rugged enough that they are unlikely
to release concentrate during shipping accidents or mishandling. The concentrate will be packaged and
transported in full compliance with all applicable Federal and State regulations. The concentrate handling
area will be equipped with a dust collection and control system. Tailings Dewatering and Paste Handling
Methods

Tailings from the milling process will be dewatered using a separate high-rate thickener and flocculent
to initially achieve a solids density of 60%. The tailings will be further dewatered to 70-85% solids using
a pressure filter. Thickened tailings will be sent to a paste plant (Figure 3.9 and Figure 3.10) where
cement, slag and / or fly ash may be added as binders. Then the cemented paste tailings will either be
used for structural backfill in the underground workings or placed in the CTF. The paste tested to date is
fully described in Appendix K-5 and in Section 3.5.9 and contains binder that is a 50 / 50% blend of
Lafarge grade 100 NewCem (slag) from Asia and Lafarge Portland type /1l cement (from Missoula, MT).
Therefore, the mix with 2% binder has 1% slag plus 1% cement and the mix with 4% total binder has 2%
slag plus 2% cement. However, Tintina may seek to optimize performance of the cement and binder
additions over time operationally. Other binders and different ratios of binders may be used. Binder
content is used to provide strength characteristics in underground applications and to provide a mass
with non-flowable characteristics in the surface CTF. Chemical constituents of the materials used remain
locked in the rock mass in underground stopes or within a HDPE lined facility and the seepage from both
facilities is treated.

RO brine can be added to the tailings thickener as means of brine disposal. This will control the brine
addition prior to entering the paste thickener. The effect on concrete properties from high concentrations
of chloride, sulfate, and other deleterious ions in the brine would be expected to be minor and will have
no effect on the final strength or structure of the cemented tailings. However, the preferred method for
brine disposition will be returning it to the PWP for reuse in the mill with ultimate salt disposal with the
cemented paste either underground or in the CTF. Experimental laboratory testing of Black Butte Copper
tailings material evaluated a range of percent solids in the tailings (approximately 79 to 80% is optimum
for the Project tailings), and varying ratios of cement, fly ash, and slag. A pumpable tailings mix, with
optimum flow conditions and the best setting properties for both the underground and surface tailings
mixes was developed. Paste tailings deposited in the CTF will have a total binder content of 0.5 to 2%,
whereas cemented paste used as structural backfill underground will have a binder content of
approximately 4% in order to provide the necessary additional strength to stand up as walls in the
underground workings. Binder of fly ash and slag are available that meet the chemical requirements of
ASTM standards for use in cement (i.e., ASTM C618 for a fly ash for use in concrete). Figure 3.11 and
Figure 3.12 show the effects of the addition of binder and cement on the slump testing of tailings

Tintina Montana, Inc. 166 July 14, 2017



Black Butte Copper Project Mine Operating Permit Application (Revision 3)

(flow/strength characteristics), conducted immediately after mixing and pouring into molds) using 79.5%
solids in cylinder with no binder in the example in Figure 3.11, and 2% binder in the example Figure 3.12.

Figure 3.11. Actual Tailings with 79.5% Solids and No Binder
This cylinder of wet tailings has collapsed and flattened with a slump of 1.4 inches (38 mm).

Figure 3.12. Actual Tailings with 79.5% Solids and 2% Binder
This cylinder of wet tailings remains largely intact (little slumping) with a slump of 0.55 inches (14 mm).
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The cement and fly ash will be shipped to the Project by self-unloading bulk truck trailers, and uploaded
into separate silos located in the mill area (Figure 3.9) by the truck’s pneumatic unload system. The silos
will be equipped with a dust collecting system to control dust emission.

3.3.2.6 Reagent Use, Handling and Storage

Reagents used for the copper-enriched rock milling process will include hydrated lime as a pH maodifier,
sodium isopropyl xanthate (SIPX) and Areophine 3418A as copper collectors, and methyl isobutyl
carbinol (MIBC) as a frothing agent. Chemicals used may be varied during the optimization process. The
collectors will be added to the flotation process slurry streams to modify the chemical and physical
characteristics of mineral particle surfaces, and to enhance the floatability of copper minerals. Flocculent
will be used as a settling aid during concentrate and tailings thickening. Anti-scalant will be added as
required to protect pipelines and process equipment from caking and mineral precipitates.

Table 3-12 summarizes the estimated chemical and reagent usage at the mill. Although many of these
chemicals would be removed via precipitation, sorption, or other mechanisms during processing at the
mill, some residues could enter the water treatment system or the tailings stream as defined below. The
RO system is capable of removing both inorganic and organic constituents; however, hydraulic fluids and
fuel must be removed by skimming and adsorption prior to entering the RO circuit as they can clog the
RO filters.

Table 3-12. Estimated Milling Reagent Consumption

Reagent Daily Consumption, tons /day | Annual Consumption, tons / year
Hydrated Lime 111 3,758

Sodium Isopropyl Xanthate (SIPX) 0.61 209

Aerophine 3418A 0.13 44

Methyl Isobutyl Carbinol (MIBC) 0.19 66

Flocculent 0.22 77

Anti-Scalant 0.06 22

The major reagents that are anticipated to be used at the mill include those discussed below.

Hydrated Lime (Ca(OH).) will be used within the mill to help control pH of process solutions at the
estimated rate of 11.1 tons per day (1,500 to 2,500 grams per tonne of processed mill feed). Hydrated
lime will be residual in the tailings solutions and will report to the tailings stream and maintain the tailings
solutions to a pH of 7.0 to 9.0. Additional lime will also be released by the tailings backfill plant into the
tailings, as hydrated lime is a significant component of the cement. The cement binder used to make the
cemented tailings paste also contains hydrated lime. Quick lime (CaO) is expected to be shipped to the
mine site by self-unloading bulk truck trailers. The lime will also be uploaded into a silo by a pneumatic
unloading system. The silo will be equipped with a dust collecting system to control dust emission. The
quick lime will be slaked (mixed with water) to generate a 15% hydrated lime slurry by weight. The lime
slurry will be stored in a holding tank and distributed to various addition points through a closed pressure
loop.

Sodium Isopropyl Xanthate (SIPX) is a copper mineral collector used in the flotation of copper minerals
and will be used at an approximate rate of 0.61 tons per day (40 to 80 grams per tonne of processed mill
feed). SIPX tends to attach to copper minerals and is expected to be concentrated within the copper
concentrate that is shipped off site. Some residual SIPX will be present in the tailings solutions, but it is
estimated that 99.9% of the added SIPX will be attached to copper minerals or other mineral surfaces.
This brings estimates of concentrations of SIPX in tailings solutions into the range of 0.02 mg/L to 0.04
mg/L. SPIX is expected to be shipped to the mine site in solid form in steel drums. A 20% by weight
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solution will be prepared by dissolving the SIPX with fresh water in a mixing tank prior to storage in a 5-
foot (1.50 m) diameter by 5-foot (1.50 m) high holding tank. The solution will be added to the various
addition points by metering pumps.

Aerophine 3418A is a copper mineral collector used in the flotation of copper minerals and will be used
at an approximate rate of 0.13 tons per day (25 to 50 grams per tonne of processed mill feed). Similar to
SIPX, Aerophine 3418A reports to the copper concentrate at very high recovery rates. Residual levels of
this reagent are estimated at approximately 0.0125 mg/L to 0.025 mg/L in the tailings solutions.

Methyl Isobutyl Carbinol (MIBC) is a frothing agent used in the flotation process and residual levels will
be observed in the tailings solutions. This reagent is an alcohol and is very easily lost to the atmosphere
via evaporation or volatilization. It is added to the process at approximately 10 to 30 grams per tonne of
processed mill feed and it is expected to be difficult to detect in tailings solutions. Aerophine 3418A and
MIBC are expected to be shipped to the plant as liquids in reusable containers of approximately 500
gallon (2,000 liter) capacity. These reagents will be pumped to selected points of addition in the process
circuit in undiluted form using metering pumps.

Flocculants are used at an estimated rate of 0.22 tons per day (50 to 70 grams per tonne of processed
mill feed) as a settling aid during concentrate and tailings thickening and will be attached to mineral
surfaces. Flocculants will be residual in tailings solutions, but are expected to be at very low
concentrations and likely below 0.001 mg/L. Flocculants will be prepared in a mixing system to a dilute
solution of approximately 0.2%. The solution will be stored in a holding tank prior to being pumped by
metering pumps to the thickener feed points.

Anti-scalant will be added to protect pipelines and process equipment from caking and mineral
precipitates and will be used at an estimated rate of 0.06 tons per day. Some anti-scalant will remain in
the aqueous phase in the tailings but only in very minor quantities since very little of this chemical is used
on a daily basis. Anti-scalant will be delivered in undiluted liquid form and added to the process water
tank.

A mixing, holding and dosing system will be provided to occasionally test any new reagents that may
improve the metallurgical performance and enhance metal recovery.

The reagent preparation and storage facility will be located within a containment area designed to
accommodate 110% of the volume of all tanks. This will ensure containment in the event of an accidental
spill. The storage tanks will be equipped with level indicators and instrumentation to ensure that spills do
not occur during normal operation. Appropriate ventilation, fire protection, fire and mixing safety
protection and Safety Data Sheet (SDS) stations will be provided in the area. These reagents will be
handled in accordance with SDS requirements and any unused test reagents will be returned to the
suppliers for disposal.

The typical decant water chemistry of the tailings filter cake (prior to paste mixing) is reported in Appendix
K-5 (K5-B). This water is recycled for future use in the mill and stored in either the PWP or the process
water tank in the mill. Any water from the PWP needed to offset consumptive use will be treated in the
RO water treatment plant prior to discharge to the underground infiltration galleries.

3.3.2.7 Air Supply System

Two separate air supply systems will service the process plant. Low-pressure air for the flotation cells
will be supplied by air blowers. High-pressure air for the overall process plant will be supplied by plant air
Compressors.
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Instrumentation service air will be provided by plant air compressors. Compressed air will be dried and
stored in air receivers for distribution to various instruments. Filtration air will also be provided from plant
air compressors.

3.3.3 Mill Support Facilities
3.3.3.1 Truck Shop and Administration Building

The mill area will accommodate a number of support facilities within its footprint. These include: a truck
shop/administration building; process, potable, and fresh/firewater tanks; a concentrate building; a WTP;
a bermed fuel storage and fuelling station area; a substation with emergency back-up generators; a staff
parking area and a construction laydown area. A gate house and scale will be constructed on the access
road at the southeast corner of the mill pad. A second scale will be constructed in the concentrate building.

The truck shop complex will consist of a 130 feet (40 m) long by 65 feet (20 m) wide pre-engineered steel
frame and steel sided building. It is designed to accommodate facilities for repair and maintenance of
heavy surface and underground mine equipment and other light vehicles. The facility will also contain
warehouse storage space for spare parts and consumables; an emergency vehicle storage area with a
first aid station; designated training areas, and offices for the site supervisors, mine engineers, and
General and Administrative (G&A) staff. Mine dry (change) facilities will also be provided in this complex.

The truck shop/administration complex will be located east of the process facilities. The service bays
inside the truck shop area will consist of:

e Four heavy vehicle repair bays
¢ One light vehicle service and welding bay, and
e Emergency vehicle bay.

The heavy vehicle repair bays will be designated for service and repair of major equipment. These will
include automatic hose reels for dispensing engine oil, transmission fluid, hydraulic oil, air, solvent, diluted
coolant, and grease. Hose reels will be supplied by delivery pumps located in the lubrication storage
tanks. Waste lubricant recovery systems will pump used oil and coolant to holding tanks located at the
lubrication storage building for recycling.

One bay will be used for servicing and maintaining light vehicles. All small equipment required for wheel
alignment, balancing and tire repair, automotive testing, and diagnostic purposes will be available in this
bay. The light vehicle bay will also be used for welding work. Ventilation fans and flash shields will be
provided for personal protection.

A medicalffirst aid station, ambulance, fire truck, and spill response truck/equipment will be located in a
dedicated bay area in the truck shop. Patients requiring evacuation will be transferred to the local hospital
in White Sulphur Springs, MT.

3.3.3.2 Fuel Storage and Dispensing

The fuel storage and fueling area will be 100 feet (30 m) long by 50 feet (15 m) wide and located
immediately southwest of the staff parking lot in the mill area. A one-week supply of diesel fuel will be
kept on site. Freight trucks will transport diesel fuel to the mine. Fuel will be pumped from the trucks into
above-ground fuel storage tanks (ASTs). Two 13,000 gallon (approximately 50,000 L) double-walled fuel
ASTs will be erected during the construction stage. The fuel tank farm spill containment area will be lined
with HDPE liners and protected by safety berms placed along the perimeter. The spill containment
capacity will be no less than 110% of the total tank storage. Fueling areas will be on pads adjacent to the
fuel storage areas, and a fueling station will be housed in a modular container with automatic shut-off
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mechanisms to prevent over-fueling and spillage. Manual fire suppressant equipment will be installed at
the fueling station.

3.3.3.3 Lube and Oil Storage and Dispensing

The lube and oil storage area will consist of refurbished cargo containers with a gross floor area of 120
square yards (100 m?). It will be located approximately 40 feet (12 m) from the truck shop. This distance
allows fire safety separation between the truck shop and the lube and oil storage area. The lubricant
storage facility will house tanks with a two-week supply of lubricants and coolants. Waste oil from the
mining and plant support equipment fleet will also be stored in this area. A separate HDPE-lined and
bermed exterior storage facility will be provided for waste oil and spent coolants prior to being picked up
by a third-party contractor for recycling or disposal. The lubricant storage building will be furnished with
loading / unloading arms and pumps. This storage facility will also contain air-operated transfer pumps
for supplying lubricants to the dispensing reels located in the truck shop service bays.

3.3.3.4 Construction Laydown Area and Container Storage

A 3.9 acre (1.58 ha) construction laydown area will be provided on the west end of the mill facility. A
temporary construction concrete batch plant will be located on the northwest corner of this pad. Sealed
concentrate containers may be stored on this pad while awaiting shipment during operations. Spare parts
and materials that do not require protection from the elements will also be stored in the laydown area.

3.3.3.5 Water Supply, Storage, and Treatment Locations

Three separate water supply systems consisting of a process water supply, fresh water supply, and
potable water supply will be used to meet the water supply needs of the Project. Supply tanks containing
these different types of water are located on the east side of the mill building as illustrated on Figure 3.9.
Recycled water from the PWP to the process water tank will be the primary water source for the milling
operation. Make-up water will be provided directly by dewatering of the mine, or from the WTP. Fresh
water (for the fresh / fire water tank) will be obtained from the WTP, and will be used for other milling
purposes. Potable water (from the potable water tank) will be derived from a public water supply (PWS)
well at or adjacent to Pumping Well 6 (PW-6, Figure 1.3). It will be treated as necessary and supplied for
human consumption at various locations throughout the mine site. It could also be used for pump gland
lubrication in the mill.

The WTP will be located on the southwest corner of the mill pad. The treatment process will have various
components including an oil and grease skimmer, clarifier, and reverse osmosis system (RO) to remove
contaminants. Brine from the RO system will be disposed of in the PWP. The Water Management Section
(Section 3.7) provides more details on the water supply and treatment system.

3.3.3.6 Staff and Equipment Parking

Approximately 100 staff parking spaces will be located after entry through the security gate south and
east of the truck / shop complex. It is assumed that many staff will car pool. The parking area will be
graded to positively drain to the contact water ditch system surrounding the mill pad. The surface will be
graveled and designed for the anticipated traffic loads which will generally be passenger vehicles, vendor
suppliers, and concentrate trucks. Equipment parking for mine and surface support vehicles will be
located north of the truck / shop complex.
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3.4 Mine Site - General Construction, Erosion Control and Engineering Studies

3.4.1 Overview and Disturbance Acres

The location of on-site facilities and infrastructure were carefully designed to avoid or minimize impacts
to wetland, riparian, and forested areas to the extent possible. They were then engineered to reduce the
horizontal distances between individual facilities. This reduces the disturbance footprint and the length of
haul roads, and pipelines between facility sites. In addition, Tintina commits to marking by flagging and / or
staking all disturbance boundary limits for construction of surface facilities to prevent inadvertent disturbance of
land surfaces that should not be impacted during project implementation.

A map of surface mine support facilities and a more detailed table of surface disturbance acres for
individual facilities are presented in Figure 1.3 and Table 3-13, respectively. All surface facilities are
located on privately-owned land. The total amount of proposed surface disturbances associated with the
Project is 295.9 acres (119.7ha).

Table 3-13. Complete List of Surface Disturbance Acres

Construction Surface
Facility or Activity Linear Feature Disturbance .
. Disturbance
Width

Lineal feet Feet Acres
New Access Roads Sub-total 57.7
Main Access road to Mill Site 7,973 84 154
Contractor Access Road Butte Creek
Road to CTF Road 1,178 98 35
CTF Road — Portal to CTF 4,223 164 11.8
Power-line Corridor Parallel to main 7,256 20
Access Road (overlap with main access 4.5
road removed)
Truck road to Waste Rock Storage Pad 305 98 0.7
Service Road - Truck Road to Sail
Stockpiles (Includes Road to PWP) 4,490 %8 [
Service Road — Main Access to CWP Already . .

disturbed
Service Road - CTF to NCWR 6,594 98 13.4
Ventilation Raises New Access Roads 1.081 49 0.7
Direct Underground Mine Support Sub-total 7.9
Portal Pad, Including Support Facilities 984 410 6.9
Ventilation Raise Collar Areas (4)
(100 x 100, 0.3 acres each) 100 100 *4 0.9
6-foot Chain Link Fence
Pumping Lines to Portal to PWP 992 undisturbed 5 0.1
Pumping Lines to Portal to WTP 2300 5 Already disturbed
Temporary Waste Rock Storage (WRS) Sub-total 12.1
Temporary Waste Rock Storage 820 591 10.2
Copper-enriched Rock Storage Pad 295 295 1.9
Drainage Piping WRS to CWP 550 20 Already disturbed
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. L . anstruction Surface
Facility or Activity Linear Feature Disturbance .
Width Disturbance
Lineal feet Feet Acres
Contact Water Pond (CWP) Sub-total 9.0
Contact Water Pond (CWP) 656 656 8.9
CWP Pump back Piping to WTP 2,328 5 Already disturbed
CWP Pump-back Piping to PWP 989 undisturbed 5 0.1
CWP 8-foot Wildlife Fence 2600 5 included
Mill / Plant Site Sub-total 9.8
Plant Site (includes Mill, Laydown
Area, Substation, Truck / Shop /
Admin, 1,312 492 9.8
Paste Backfill Plant, and Water
Treatment Facilities, etc.)
Primary Crusher and Conveyor included
Process Water Pond (PWP) Sub-total 28.7
Process Water Pond (PWP) 23.9
PWP Foundation Drain Pond 0.4
Pump Back Piping to PWP? 50 20 0.0
PWP Diversion Channel 3.7
Piping PWP to Mill 1,548 20 0.7
PWP 8-foot Wildlife Fence included
Cemented Tailings Facility (CTF) Sub-total 82.5
Cemented Tailings Facility (CTF) 71.9
CTF Foundation Drain Pond 0.7
CTF Foundation Drain Pond to WTP? 420 20 0.2
2,350 20 already disturbed
CTF Pump back Piping to PWP* 2,628 20 1.2
Tailings Pumping Supply Mill to CTF 4,423 20 2.0
CTF Diversion Channel 1,002 20 6.5
CTF 8-foot Wildlife Fence included
Non-Contact Water Reservoir (NCWR) Sub-total 7.6
Noncontact Water Reservoir (NCWR) 4.7
NCWR Diversion Channel 1,252 2.1
NCWR Spillway Channel 286 0.5
NCWP Piping to Spillway Channel 738 20 0.3
8-foot Wildlife Fence included
Water Supply Sub-total 6.3
Public Water Supply Well and Pipeline
(100 x 100’ Pad , 0.3 Acres Includes 0.3
Water Tank)
Pipeline Well to WTP 5,913 20 2.7
Powerline Well PW-6 to substation Same as above 2.7
Water Tanks (Mill) Distribution Lines 1,320 20 0.6
UIG areas Sub-total 14.4
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. L . anstruction Surface
Facility or Activity Linear Feature Disturbance .
Width Disturbance
Lineal feet Feet Acres
Underground Infiltration Gallery 29,800 20 13.7
Underground Infiltration Gallery to 1,500 20 0.7
Sheep Creek Alluvium 2,940 20 Already disturbed
Stockpiles Sub-total 32.4
Top Soil 492 525 8.0
Subsoil 1,083 558 7.0
Excess Reclamation Stockpile (North) 623 492 7.10
Excess Reclamation Stockpile (South) 7.5
Temporary Construction Stockpile 2.8
Other/ Miscellaneous Sub-total 0.6
Septic System 0.2
Temp. Powder Magazine 0.4
8-foot Chain Link Fence included
Barbed Wire Fencing of Active Mine included
New Monitor well and Piezometer Sites included
Subtotal 269.0
Construction Buffer Zone / Misc.? (10% of s.u.ptotal, and 26.9
includes 25 ft perimeter around all facilities) '
Disturbance Acres Total ‘ 295.9

1. Much of this pipeline is constructed on ground disturbed by a facility; the amount shown is additional
disturbance.

2. Includes: chain link and barbed wire fences, monitor wells and piezometer locations, storm water ponds, storm
water ditches outside of disturbed areas, rock roll and erosion control berms, etc.

3.4.2 Construction of Surface Facilities

A number of activities and components are required for all facility construction. These are presented
below in the General Construction Section (Section 3.4.2.1). A discussion of construction BMPs can be
found in Section 3.7.6. Collaring of the mine portal and decline mining will be initiated and continue
throughout this phase of surface construction.

3.4.2.1 General Construction Including Facility Embankments

Earthworks construction will include access roads, borrow area preparation, borrow excavation,
foundation preparation, subgrade preparation, embankment fill placement and compaction, liner bedding,
transition filter material processing and placement, installation of the geotextiies and HDPE
geomembranes throughout the basin footprints of the waste rock or water storage facilities, and
installation of instrumentation. Additional construction activities will include installation of pumps and
pipelines, surface water diversions, and storm water management structures. Tintina commits to QA /
QC and Quality Control testing of construction and materials testing including embankment construction,
material compaction and liner installation by third party independent contractors where appropriate, and
in particular where specified by requirements adopted by SB-409 (a revision to the Montana metal mining
laws having to do with tailings storage facilities adopted by the Legislature in 2015).
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Embankments will be constructed with fill material excavated from the facility basins as part of the cut /
fill construction and impoundment shaping. The majority of this fill will be shale, with minor amounts of
granodiorite (intrusive) rock fill and overburden. Heavy truck roads connecting the facilities will be built
early in the construction phase to provide access for the construction fleet. The cemented tailings facility
(CTF) basin has been designed such that its cut will provide excess construction material for subsequent
supplementary use in the other facility embankments as needed. A site-wide cut / fill balance for major
facilities is provided in Section 3.4.2.7 and Table 3-14.

Embankment fill materials will consist of hard, durable, fresh to moderately weathered rock fill with a
maximum particle size of 0.98 feet (300 mm) and placed in 1.64 feet (500 mm) thick lifts within the main
embankment zone as identified in the Knight Piésold design section drawings (2017a; 2017c) in design
drawing C0003 in Appendix K. The material shall be free of clay, loam, tree stumps or other deleterious
organic matter. The embankment material will be placed and spread in horizontal lifts by a dozer.
Compaction of the embankment material will be to 95% Modified Proctor laboratory density with a smooth
drum vibratory roller.

During construction it is anticipated that a contractor will be responsible for foundation preparation, basin
shaping, liner bedding placement, geomembrane installation, and the installation of instrumentation,
sumps, pumps, and pipelines. Durable, weathered to fresh granodiorite bedrock excavated from the CTF
and PWP basins will be used for liner sub-grade bedding material below all of the lined facilities as shown
in Table 3-14b. The sub-grade bedding material as identified in the Knight Piésold design section
drawings (2017a; 2017c) will have a maximum particle size of 1-inch (2.54 cm) and placed in 0.98 foot
(300 mm) thick lifts on the basin surface and upstream side of any embankment. The material shall be
free of clay, loam, tree stumps, or other deleterious organic matter. The material will be placed and spread
in horizontal lifts by a dozer. Compaction of the sub-grade bedding material will be to 95% Modified
Proctor laboratory density with a smooth drum vibratory roller.

During construction, it is anticipated that a contractor will also be responsible for preparing and placing
drainage gravel for construction of the CTF and PWP drainage sumps and foundation drains. The
drainage gravel material as identified in the Knight Piésold design section drawing C0003 in Appendix K
will consist of free draining durable crushed rock with a maximum particle size of 1-inch (2.54 cm) and a
minimum size of 3/8-inches (0.95 cm) and will be generally placed in 1.64 foot (500 mm) thick lifts. The
material will be spread by a dozer or manually placed using an excavator. The drainage gravel shall be
free of clay, tree stumps, or other deleterious or organic matter.

Prepared materials used for drainage gravel in the construction of the CTF and PWP drainage sumps,
foundation drains, and sub-grade bedding material used above and below HDPE liners for all facilities
will be sourced from granodiorite rock material present in a minable configuration, in tonnages greater
than 500,000 tonnes (250,000 m?3) in the CTF and PWP excavation footprints. Tintina has committed for
these construction materials to be prepared by selectively crushing and screening the unweathered
granodiorite bedrock (see Table 3-14b) to meet the material specifications as stated in Design Drawing
C0003 in Appendix K.

The temporary construction material preparation and stockpile area shown on Figure 1.3 and Map 1 will
be used to temporarily store (during the two and a half years of facility construction), crush and screen
granodiorite excavated from the PWP and the CTF excavation footprints and will be located northeast of
the CTF and east of the CTF haul road. It will be approximately 150 m by 75 m, 1.1 ha (492 ft. by 246 ft.,
2.8 acres) in size. Prepared construction material stockpiles are expected to be small as materials will be
processed as they are needed for use as sub-grade bedding materials and drainage gravel rock for
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various facility construction. The precise location of the stockpiles and the locations for the mobile crusher
and screening plan will be finalized later by the contractor during the detailed design stage.

Construction of the waste and water management facilities will likely begin at the start of site construction.
The temporary WRS pad and the CWP will be constructed first to store waste rock produced during
excavation of the mine adit and brine generated from the WTP, respectively. The PWP construction will
be completed within 12 to 16 months after start of construction in order to store water pumped out of the
underground mine workings and the CWP brine beginning in year two. Completion of the basin floor of
the CTF will be prioritized so that waste rock from the temporary WRS pad and other required
construction materials can be used to construct the basin drain system concurrently with construction of
the remainder of the CTF.

A complete set of engineering drawings (layout plans and cross-sections) and construction material
specifications (Drawing #C0003) are contained in an engineering report on mine support facilities by
Knight Piésold (2017a) (Appendix K). Select drawings are presented in the main text of this document.

As-built drawings of the mine’s surface facilities and workings will be provided to DEQ in electronic format
as part of the annual report for the Project. A copy of the as-built drawings will be maintained in an up-
to-date condition and be available at the Project site.

3.4.2.2 Topsoil, Subsoil and Excess Reclamation Materials Handling (Stockpiles)

Shrubs and other vegetation will be mowed or chipped and harvested with topsoil prior to construction
activities in all proposed disturbance areas. Non-merchantable vegetation will be salvaged and stockpiled
with topsoil. Merchantable timber will be harvested for use or sold by the landowner.

Salvaged topsoil and sub-soil will be stored in separate stockpiles located south of the PWP and west of
the CTF (Figure 1.3). Tintina will have a soils specialist on-site to oversee initial soil salvage activities
and establish guidelines for topsoil and subsoil salvage depths on various landforms. The amount of
subsoil removed will be limited to that required by excavations for the specific facility. Topsoil and subsoil
stockpiles will have appropriate signage regarding the contents of the stockpile, will be surrounded by silt
fences at their bases, and will be graded and revegetated using an approved seed mixture (Section
7.3.5). This will reduce soil and moisture loss, minimize erosion from water and wind, and minimize weed
invasion. Diversion ditches will be installed uphill from each of the facilities to intercept non-contact water
surface drainage, and convey it to existing drainage outlets. Additional silt fences will be installed
downstream as required to prevent release of sediment to the environment. Additional soil stockpile
information is described in Section 3.6.10 below.

Tintina will salvage (reuse during concurrent construction reclamation, or stockpile) all soils from the
diversion ditch footprints associated with facilities, roads and storm water drainage. These soil quantities
are minor relative to the other stockpiled salvage soil quantities, and will either be stored adjacent to the
diversion ditches during construction, or placed on out-slopes adjacent to ditches as part of the
concurrent reclamation program. Salvaged soils and channel excavation materials associated with the
PWP and NCWR diversion ditches and most of the other storm water diversion ditches will be placed
adjacent to the diversion channels, spread in individual layers, and revegetated a for use in later
reclamation of the entire diversion ditch footprint that will be completed as part of mine closure. The
salvaged soils from the CTF diversion ditch footprints will be placed on the CTF ditch perimeter slopes
(at a slope of 2:1) since these ditches will remain in closure. These berms will be seeded and will remain
as a part of the permanent drainage features. Excess soils from diversion ditches may also be placed on
the CTF embankment slope. All diversion ditch salvage soils are included in the lower part of Table 7-4
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of the MOP Application. Excavated rock fill from the CTF diversion channel will be stored in reclamation
materials stockpiles for use in site-wide closure.

Two excess excavation (reclamation) material stockpiles will be constructed: a northern stockpile located
to the west of the temporary WRS facility, and a southern stockpile located to the west of the CTF (Figure
1.3). These materials will largely come from the WRS and CTF basin excavations, respectively. The
reclamation materials stockpile located west of the WRS will be used in year two or three to mostly reclaim
this WRS facility (see Section 3.6.5) but materials from this stockpile will also be used in closure to reclaim
the other northern mine facilities. The southern reclamation material stockpile located west of the CTF
will be used for various mine closure requirements, but principally for the closure cover on the CTF and
closure of the southern mine facilities as described in detail in Table 3-14c and Section 7.3.3.

Contemporaneous reclamation of disturbances will be a priority during the construction period.
Maintaining reclaimed areas will be an ongoing Project focus. Surface disturbances related to cut and fill
slopes associated with roads, ditches, embankment faces, and the disturbed perimeter of facility
footprints will be reclaimed immediately where possible after final grades have been established.
Reclamation includes: grading, slope stabilization, drainage control, topsoil and subsoil placement, and
seeding. It is expected that these reclaimed areas will be fully revegetated within two to four years
following construction.

BMPs will be used to minimize erosion, sedimentation and to control surface and storm water run-off
during the construction phase. BMPs and the site-wide water management plan are described further in
Section 3.7.6. Removal of vegetation and soil layers will require the use of dozers, excavators, loaders,
scrapers and trucks.

3.4.2.3 Foundation Characteristics

Site investigations have been conducted to characterize the subsurface conditions and estimate
foundation preparation requirements as described below in Section 3.5.1. Twenty-four geotechnical holes
were drilled to evaluate foundation and hydrologic conditions. Forty-four test pits were also dug to
determine the types of overburden present, characterize its physical properties, determine depth to
bedrock, and measure overburden and shallow bedrock infiltration rates. The Property contains a thin
veneer of topsoil overlying subsoil and weathered, rippable bedrock to depths ranging from 6 to 62 feet
(2 to 20 m). The topsoil and subsoil layers typically have 1.5 to 3 feet (0.5 to 1 m) combined thickness,
with topsoil typically being no more than approximately 8 inches (0.2 m) thick. These units will be stripped
and stockpiled separately as described above prior to foundation excavation and grading.

The basins to be excavated for facilities with the excavated material used for embankment construction
are underlain by Ynl A and locally thick interlayered granodioritic (Tgd) intrusive sills (tabular intrusive
bodies interleaved with rock and injected along bedding planes). The Ynl A and Tgd portions of the
bedrock has been tested in humidity cells for acid generation and metal mobility and is considered
suitable for use as general fill material in embankments. This is true even though the average sulfide
content of Ynl A was 2.67%, as it is well buffered by calcareous shales and dolomites.

Geotechnical drilling evidence indicates that the upper 20 m of the Ynl is highly fractured, oxidized and
deeply weathered. As a result, this material has been leached (Section 2.4.4; Figure 2.19). Near surface
Ynl has average sulfide contents less than 0.28% (by weight) and HCT test results indicate that these
materials are unlikely to generate acid (Section 2.4.4; Figure 2.19). Ynl rock released only low
concentrations of selenium that exceeded surface water standards (but not groundwater) in early weeks
of testing. The granodiorite intrusive sills (Tgd) contain less than 0.06% sulfides and HCT results indicate
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that this material is net neutralizing and released no metals above any relevant groundwater or surface
water standard (Section 2.4.4).

These near surface bedrock materials will be excavated and used for embankment fill. Granodiorite will
be selectively excavated and prepared into sub-grade bedding material for use as protective layers above
and below HDPE liners and for drain rock for use in foundation drains and UIG trenches.

3.4.2.4 Basin Excavation, Shaping, and Subgrade Preparation Including Foundation Drain
Construction

The CWP, PWP, and CTF facility basins will be graded and shaped in preparation for the installation of
the geomembrane. This includes ripping, drilling, and blasting of bedrock (if required), and placement of
fill (i.e., crushed weathered bedrock) in areas within the basin. This will achieve the grades and surfaces
required for the installation of the geomembrane.

It is anticipated that the CTF cut, and possibly (but not likely) the PWP cut, will locally extend below the
groundwater table and care will need to be taken during design, layout, and construction of the foundation
drains to control site drainage (Knight Piésold, 2016a and Appendix K-2). Erosion control including
surface water diversions and dewatering measures will be implemented on an as needed basis to
manage groundwater seepage into the construction site. The CTF and PWP foundation drains that
underlie the embankments and the basin floors, need to be constructed first because the embankments
(made up of embankment fill) and other construction materials (i.e. sub-grade bedding) comprising the
facilities will require the materials to be sourced from the individual facility excavations.

The CTF and PWP foundation drains flow to separate foundation drain collection ponds located adjacent
to the facilities. Details of the CTF and PWP foundation drains and drain collection ponds are described
in the individual facility discussions below. The topsoil and subsoil from most of the facility excavation
sites (other than the stockpile sites themselves) will be salvaged as shown in Table 7-5 with the majority
placed in the appropriate topsoil or subsoil stockpiles as shown in Figure 1.3. At the NCWR construction
site, only the footprint of the NCWR embankment will be stripped of topsoil/subsoil in preparation for
construction of the lined embankment. No basin preparation at the NCWR is required as the basin itself
will not be lined. Grading plans for each of the facilities are included in individual facility discussions
below.

3.4.2.5 Sub-grade Bedding Placement, and Geomembrane and Geonet Installation

After excavation of the CWP, PWP, and CTF facility basins, after construction of any required foundation
drains, after construction of the embankments, and prior to installation of the geomembrane and geonet
(i.e. HDPE liner system), sub-grade bedding material will be placed as per the specifications shown in
Drawing C0003 in Appendix K over the floor of the basin excavation. The sub-grade bedding material
acts as a protective layer for the HDPE liner system. In all of the aforementioned facility basins, the sub-
grade bedding material will consist of granodiorite sourced from either the CTF or the PWP excavations.

Two 100-mil HDPE geomembranes will be placed over the entire footprint of the basin and on the
upstream embankment and side slopes of the CWP, CTF and the PWP. The HDPE geomembrane panels
will be welded together by thermal methods. Non-woven geotextile will be placed below and above the
geomembrane to protect it.

A high drainage capacity geonet liner will be placed between the two HDPE geomembrane layers at the
PWP, CTF, and brine storage section of the CWP. The geonet liner will collect any seepage through the
upper liner and deliver this to a sump for removal. Quality Assurance and Quality Control (QA/QC)
procedures implemented during construction will minimize the potential for construction defects.
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3.4.2.6 CTF Basin Drain System and CTF Water Reclaim System

After placement of the sub-grade bedding layer above the CTF basin excavation (below the HDPE liner
system), and installation of the CTF HDPE liner system within the basin as described in the previous
section, an upper layer of sub-grade bedding will be placed above the CTF HDPE liner system and a
drainage layer will be constructed above the sub-grade bedding layer that will comprise the internal basin
drain system. The drainage layer will be constructed using pre-production waste rock as shown in Section
“A” of Drawing C2003 (Figure 3.36 in the MOP Application) and in Section “1” of drawing C2006 of
Appendix K. It is assumed that the waste rock will have the same material specifications as the
embankment fill material (prior to compaction of the embankment materials, based on its also being
drilled and blasted from rocks sourced from the same geologic unit lithologies) as shown in Drawing
C0003 in Appendix K, and therefore will act as a free-draining material. The CTF floor will be graded at
a minimum of 0.5% towards the CTF wet well sump (i.e., water reclaim system and seepage collection
sump) shown in Figure 3.38. The CTF basin drain system will be integrated with the reclaim sump to
promote flow to the sump. Excavated granodiorite will be used to construct the sub-grade bedding layer
below the CTF HDPE liner system, while excavated granodiorite (Tgd), excavated Ynl Ex, and/or
preproduction waste rock will be utilized to construct the sub-grade bedding layer above the CTF HDPE
liner system. In addition, pre-production waste rock will be used to construct the drainage layer in the
basin drain system and to partially construct the CTF haul ramp into the CTF. Additional details of the
construction of the CTF basin drain system and the CTF water reclaim system (including the seepage
collection sump) will be described in the individual CTF facility discussion below. Volumetric details of
the materials used to construct the CTF basin drain system and the other facilities, including the sources
of the materials, are described in detail in Table 3-14a and 3-14b below.

3.4.2.7 Cut/ Fill Material Quantities

Conceptual cut/ fill material balance quantities for construction materials sourced from all of the proposed
mine facility excavations are presented in Tables 3-14a and 3-14b. Table 3-14a presents the overall total
cut and fill volumes for the construction materials (i.e. bedrock) and excludes pre-production waste rock
fill volumes. The cut volumes in Table 3-14a only represent the excavated bedrock volumes from the
individual facility excavation footprints; in other words the upper topsoil and subsoil volumes are not
included in the listed volumes. The soil volumes salvaged from each facility are listed 