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EXECUTIVE SUMMARY

Montana Resources, LLP is in the process of preparing a permit amendment application for
continued use of the Yankee Doodle Tailings Impoundment (YDTI) to provide for continued mining
beyond 2020. The proposed amendment considers the YDTI with embankments constructed to a
crest elevation of 6,450 ft and commencing operation of the West Embankment Drain (WED). The
amendment will provide for approximately 12 years of additional mine life.

Knight Piésold Ltd. has prepared this Design Basis Report in support of the design and permit
application to outline the basic criteria for the ongoing design, construction and operation of the
impoundment. This report includes the overall objectives of the design and summarizes the
guidelines and legislation, design philosophy, specific design criteria and other pertinent information
for continued use of the YDTI. The principle design objectives are to:

¢ Protect regional groundwater and surface waters from further impact.

e Provide secure tailings and operating pond storage.

e Progressively improve the surface reclamation potential of the YDTI and surrounding facilities.

The YDTI was originally constructed in 1963 and has been continuously constructed to EL. 6,400 ft

using rockfill from the Berkeley Pit (until 1982) and from the Continental Pit (beginning in 1986). The

YDTI comprises a valley-fill style impoundment created by a continuous rockfill embankment that for

descriptive purposes is divided into three embankment sections (North-South, East-West, and West).

The embankment design takes into account the following requirements:

e Staged development of the facility over the life of the project.

e Construction material provided by mining the Continental Pit to the maximum practical extent,
with the balance provided from external borrow areas, if required to meet engineering objectives.

e Constructed using similar techniques, equipment and construction methodologies that have
been adopted for past raises.

e The inclusion of monitoring features to confirm performance goals are achieved and design
criteria and assumptions are met.

The YDTI relies on storm storage capacity to manage the Inflow Design Flood (IDF) during
operations. The design flood will be the Probable Maximum Flood (PMF). The intent of adopting the
PMF as the IDF for determining storm storage freeboard is to provide a design storm volume that is
so great that it will not be exceeded, but not so great as to require excessive storage capacity. The
selected design storm event is a combination of the 24 hour Probable Maximum Precipitation (PMP)
combined with complete melt of the 1 in 100 year snowpack, and assuming full failure of the
upstream Moulton Reservoirs. The PMF runoff volume was determined to be 19,000 acre-feet.

A site specific probabilistic and deterministic seismic hazard analysis was conducted as part of the

YDTI engineering design work to demonstrate that the YDTI meets state-of-practice engineering

design standards. A Magnitude of 6.5 was selected for the design earthquake. The peak ground

acceleration (PGA) of the design earthquake was selected as follows:

e Median maximum credible earthquake (MCE) with a PGA of 0.45g for maximum normal
operating conditions.

e 84t Percentile MCE with a PGA of 0.84g for long-term closure conditions.
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This report provides a portion of the information supporting the continued use of the YDTI. The
information presented in this report should be considered along with the additional information A R2
provided in subsequent reports.
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1-INTRODUCTION

11 MINE LOCATION

Montana Resources, LLP (MR) operates an open pit copper and molybdenum mine located within
the northeastern part of Butte, Montana. The operation includes a mill throughput of roughly
50,000 short tons per day and a small-scale leach operation.

The project is located in Butte, Silver Bow County, in Sections 5 and 6 Township 3 North (T3N),
Range 7 West (R7W) and Sections 31 and 32 Township 4 North (T4N), Range 7 West (R7W) of the
Montana Principal Meridian. The site is bounded by Interstate 15 and the Continental Divide on the
east, Moulton Reservoir Road on the west, and Farrell Street, Continental Drive and Shields Avenue
to the south. The project location is shown on Figure 1.1.

1.2 PURPOSE AND SCOPE

This Design Basis Report outlines the basic criteria for the ongoing design, construction and
operation of the Yankee Doodle Tailings Impoundment (YDTI) at the MR mine in Butte, Montana for
the Design Document. The mine has the relevant operating permits for continued mining in the
Continental Pit, mine rock disposal areas and ancillary facilities with the exception of the YDTI. This
report, prepared by Knight Piésold Ltd. (KP), presents the overall objectives of the YDTI and
summarizes the guidelines and legislation, design philosophy, specific design criteria and other
pertinent information for the raising of the YDTI embankments to a crest elevation (EL.) of
EL. 6,450 ft.

All components related to the ongoing design, construction and operation of the YDTI will be
prepared in accordance with the most recent and applicable design codes and regulations, where
they exist. Other industry accepted guidelines and recommendations will be adopted, as appropriate.

1.3 INDEPENDENT REVIEW PANEL (IRP)

An IRP for the YDTI design has been selected. The IRP consists of three independent review
engineers or specialists, as stipulated by Montana Code Annotated (MCA) Title 82 Chapter 4 Part 3
Section 76. The members of the MR IRP are as follows:

e Dr. Dirk Van zyl.

e Dr. Leslie Smith.

e Mr. Jim Swaisgood.

1.4 ENGINEER OF RECORD

The requirement for an Engineer of Record (EOR) for the YDTI is described in MCA 82-4-375. The
EOR is required to be a Professional Engineer licensed in the State of Montana. The EOR for the
YDTl is currently Mr. Ken Brouwer, P.E., of Knight Piésold Ltd.

The EOR is responsible for the following:

e Review the design and other documents pertaining to the tailings storage facility.

o Certify and seal designs or other documents pertaining to the tailings storage facility submitted to
the Montana Department of Environmental Quality (DEQ).
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e Complete an annual inspection of the tailings storage facility.

¢ Notify the operator when credible evidence indicates the tailings storage facility is not performing
as intended.

¢ Immediately notify the operator and the DEQ when credible evidence indicates that the tailings
storage facility presents an imminent threat or a high potential for imminent threat to human
health or the environment.

15 COORDINATE SYSTEM

The design of the YDTI references the site coordinate system known as the ‘Anaconda Mine Grid’
established by The Anaconda Company (TAC) in 1957. The Anaconda Mine Grid is based on the
Anaconda Copper Company (ACC) Datum established in 1915. All elevations are stated in
Anaconda Mine Grid coordinates with respect to the ACC Vertical Datum unless specifically
indicated otherwise. The Montana Resources GPS Site Coordinate System is based on the
‘Anaconda Mine Grid’ and utilizes International Feet.

DESIGN BASIS REPORT 2 of 40 VA101-126/12-1 Rev 2
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1.6 GOVERNING STATE LEGISLATION AND REGULATIONS

1.6.1 Montana Code Annotated (MCA)

The legislation and regulations that govern the design and operation of tailings storage facilities in
the State of Montana are summarized below. These requirements are collectively referred to as the
Montana Regulations.

MCA is a codification and compilation of existing Montana state general and permanent law. MCA is
arranged topically and is continuously rearranged to maintain an orderly and logical arrangement.
The laws governing tailings storage facility design, operation and reclamation are contained within
Sections of Title 82 Chapter 4 Part 3 (MCA, 2015):
e Title 82: Minerals, Oil, and Gas.
o Chapter 4: Reclamation.
e Part 3: Metal Mine Reclamation.

The legislative intent (MCA 82-4-301) is that tailings storage facilities are designed, operated,

monitored, and closed in a manner that:

¢ Meets state-of-practice engineering design standards.

e Uses applicable, appropriate, and current technologies and techniques as are practicable given
site-specific conditions and concerns.

e Provides protection of human health and the environment.

MCA 82-4-376 describes the design document requirements for a tailings storage facility and is the
governing legislation for preparation of a design.

The jurisdiction for regulation of tailings impoundments resides with the Montana Department of
Environmental Quality (DEQ). Dams for tailings impoundments and water reservoirs subject to
permits issued by DEQ are specifically exempt from provisions of the Montana Dam Safety Act
(MCA 85-15-107), and therefore are not subject to dam hazard potential classification within the
state (MCA 85-15-209). Dam hazard potential classification is not required because the governing
legislation for new tailings storage facilities requires (unless approved otherwise by the IRP) that the
design be sufficient to manage:

e The Probable Maximum Flood (PMF).

e The Maximum Credible Earthquake (MCE) or 1 in 10,000 year return period event, whichever is

larger.

1.6.2 Administrative Rules of Montana (ARM)

The Administrative Rules of Montana (ARM) are department rules and regulations that implement,
interpret or set law or policy in the State of Montana. The laws codified in MCA provide that
departments charged with the responsibility of administering each part may from time to time
promulgate rules in order to implement its terms and conditions. The ARM are set by the state
agencies to implement the laws passed by Legislation.

Presently, the most applicable set of rules set by DEQ related to the project are ARM Chapter 17.24
Subchapter 1. These are the Rules and Regulations Governing the Hard Rock Mining Reclamation
Act (ARM, 2015). The rules are subject to change and reorganization, and this chapter should be
reviewed periodically to ensure compliance.
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1.7 FEDERAL REGULATORY ENVIRONMENT

1.7.1  United States Army Corps of Engineers (USACE)

Federal regulatory involvement was initiated through the National Dam Inspection Act (Public Law
92-367) dated August 8, 1972, which directed the USACE to conduct inspections of non-federal
dams and alert owners and the state to conditions that may constitute a danger to human life or
property. The USACE inspections led to the development of a National Inventory of Dams (NID).

A delegation from USACE inspected the Yankee Doodle Tailings Dam on May 11, 1978 and issued

their Phase 1 Inspection Report in February of 1980 (USACE, 1980). The operator of the YDTI at the

time of the inspection was the Anaconda Copper Company (ACC). The inspection classified the

impoundment as having a high downstream hazard potential due to the potential for loss of lives,

high property damage, and severe impacts to the mining operation in the event of dam failure. The

report recognized that there was no outlet capacity from the impoundment during a flood and

recommended that ACC:

o Immediately develop, implement, and test an emergency warning plan.

e Conduct an engineering study to determine the PMF runoff volume, and modify the YDTI storage
capacity to safely handle the PMF runoff.

e Conduct a thorough investigation and study of the embankment foundation conditions and install
piezometers in the embankment and foundation to measure pore pressure conditions.

e Conduct and maintain on file seismic stability analyses of the embankments and foundations.

These recommendations were enacted in 1981 by ACC through a geotechnical and hydrologic study
completed by International Engineering Company, Inc. (IECO, 1981). MR has periodically updated
these studies since purchase of the property by commissioning analyses with a series of engineering
consulting firms and completing a substantial amount of work in house with their own Engineering
and Geology Department (MR, 1999). The engineering consulting firms that were engaged on the
project since the USACE inspection included:

e Goldberg Geotechnical Consulting (Goldberg, 1990).

¢ Harding Lawson Associates (HLA, 1993).

e Knight Piésold Ltd. (2012 through present).

A series of re-authorizations have maintained the NID program. The most recent of these was
reauthorized as part of the Water Resources Reform and Development Act of 2014. The NID
includes the Yankee Doodle Tailings Dam (NID ID# MT01425) and indicates that it is a state
regulated dam that falls under the jurisdiction of the DEQ (USACE, 2015). The USACE has not
inspected the YDTI since the initial Phase 1 Inspection, and has not stated a regulatory interest since
the initial inspection.

1.7.2 Mine Safety and Health Administration (MSHA)

MSHA is responsible for administering the provisions of the Federal Mine Safety and Health Act of
1977 (Mine Act) and enforcing compliance with mandatory safety and health standards. The
Mine Act requires that the MSHA inspect surface mines at least twice per year.
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1.7.3 Federal Emergency Management Agency (FEMA)

The Federal Emergency Management Agency (FEMA) of the U.S. Department of Homeland Security
is the governing regulatory body responsible for preparing for, protecting against, responding to,
recovering from and mitigating all hazards in the United States. FEMA has published a series of
federal guidelines for dam safety. The guidelines provide recommendations for management practice
to improve overall dam safety but are not intended as standards for technologies or design and are
not mandated.

The Federal Guidelines for Dam Safety Risk Management (FEMA, 2015) provide recommendations
for failure modes identification, risk analysis, risk assessment and risk management that will be
considered for the YDTI.

1.8 INTERNATIONAL GUIDELINES

1.8.1 International Commission on Large Dams (ICOLD)

The International Commission on Large Dams (ICOLD) is a hon-governing international professional
organization dedicated to setting standards and guidelines to ensure that dams are built and
operated safely, efficiently, economically, and in a manner that is environmentally sustainable and
socially equitable.

ICOLD is the leading international resource in ensuring that dams are built without detrimental
effects on the environment. ICOLD publishes recommendations and technical bulletins prepared by
professional engineers, geologists and scientists to improve technical analysis and current design
technology.

Recommendations provided by ICOLD for dam design parameters including factors of safety, design
floods and seismic events, seepage control and runoff, risk analysis and performance monitoring are
a source of guidance of good international engineering practice that will be considered.

1.8.2 Canadian Dam Association (CDA)

The Canadian Dam Association (CDA) is a non-regulatory organization of dam owners, operators,
regulators and consultants. The CDA provides a forum for advancing the knowledge and practice
related to dam safety, public safety and protection of the environment. The CDA has published Dam
Safety Guidelines (CDA, 2013) that outline principles that are applicable to dams of all types,
including mining dams.

The CDA published a complementary technical bulletin in 2014 entitled Application of Dam Safety
Guidelines to Mining Dams (CDA, 2014). The bulletin was prepared by the CDA Mining Dams
Committee, which has members representing a broad range of the mining community in Canada.
Additional guidance (CDA, 2015) was provided subsequent to the initial release of the Mining Dams
Technical Bulletin, and provides revisions to guidance related to geotechnical criteria. The focus was
on the Canadian context, but the principles are generally applicable to mining dams in any
jurisdiction. The CDA guidelines are considered as another source of international guidance of good
engineering practice. It is understood that the CDA guidelines are currently under review and it will
be prudent to review these updated guidelines when they become available.
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1.8.3 British Columbia Mine Code and Guidance Document

A revision to the Health Safety and Reclamation Code for Mines in British Columbia (BC Mine Code)
was published in July 2016. The revision of the BC Mine Code includes reference to a standalone
Health Safety and Reclamation Code (HSRC) Guidance Document that provides additional guidance
and context to owners, engineers, regulators, consultants and auditors on applying the BC Mine
Code to tailings facilities. These documents are collectively referred to as the BC Regulations below.
The BC Regulations apply regionally within BC, and also point to the CDA guidelines as a source of
guidance that is updated regularly and generally reflects the standard of practice of the day. The
CDA guidelines tend to be better recognized and adopted more globally.

The BC Regulations are generally similar to the Montana Regulations. The following is a list of some

of the similarities between the requirements of the Montana and BC Regulations:

e Characterization of the geotechnical and hydrological conditions, and seismic hazard of a site.

¢ A minimum static factor of safety of 1.5 for normal operating conditions. Variances are allowed in
both jurisdictions with appropriate justification and approval.

e An analysis of various potential failure modes and loading conditions.

e An assessment of alternatives and risks.

e An instrumentation and monitoring plan with a list of quantitative performance parameters.

e Periodic independent safety reviews.

Additional items can also be considered when comparing the Montana and BC Regulations including

the following:

e The Montana Regulations do not require consequence classification to determine design flood
and seismic design criteria, but rather the Montana Regulations adopt the most conservative
approach at the outset for the design of tailings dams. Thus, the Montana criteria are more
conservative or equivalent to the BC criteria.

e The BC Regulations define a maximum steepness of the downstream slope angle for tailings
embankments as 2 horizontal to 1 vertical. The Montana Regulations do not identify a specific
geometric constraint for dam slopes. The design basis for the YDTI embankment slopes is
consistent with this BC requirement.

¢ The Montana Regulations identify an acceptable post-earthquake factor of safety and describe
tolerable earthquake deformation as the prevention of loss of containment. The BC Regulations
recognize and rely on the CDA guidelines. The Montana Regulations are generally consistent
with the CDA guidelines (CDA, 2014 and 2015) for post-earthquake factors of safety and seismic
deformation, and the BC Regulations do not specifically describe these conditions.

1.9 UNITS AND CONVERSIONS

1.9.1 Standard Units for the Project

The standard units for the design of the project will be the following U.S. Customary Units:
e Length: feet (ft).

e Diameter: inches (in).

e Area: acres.

¢ Volume: acre-feet (acre-ft).

e  Fluid volume: million US gallons (Mgal).
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Mass: short tons (tons).

Density: pounds per cubic foot (pcf).
Pressure: pound-force per square foot (psf).
Temperature: degrees Fahrenheit (°F).
Power: horsepower (hp).

Flow rate: gallons per minute (gpm).

1.9.2 Conversions to Other US Customary Units

Other U.S. Customary Units will also be used for preparation of the design. These units and
conversion factors from the standard units (unless otherwise indicated) will be the following:

Length: 1 ft =12 inches (in).

Length: 1 yard (yd.) = 3 ft.

Length: 1 mile (mi) = 5,280 ft.

Area: 1 acre = 43,560 square feet (sq. ft).

Volume: 1 acre-ft = 43,560 cubic feet (ft3).

Volume: 1 acre-ft = 1,613 cubic yards (yd3).

Fluid volume: 1 Mgal = 1,000,000 gallons (gal).

Mass: 1 ton = 2,000 pounds (Ibs).

Density: 1 short ton per cubic yard (tons/yd?3) = 74 pcf.
Pressure: 1 pound-force per square inch (psi) = 144 psf.
Pressure: 1 kilopound per square inch (ksi) = 1,000 psi.

1.9.3 Conversions to International System of Units (SI)

Typical conversion factors to the International System of Units (SI) from the standard units for the
project are the following:

Length: 1 ft = 0.305 meters (m).

Length: 1 yd. =0.914 m.

Length: 1 mi = 1.61 kilometers (km).

Diameter: 1 in = 25.4 millimeters (mm).

Area: 1 acre = 4,047 square meters (m?2).

Area: 1 acre = 0.405 hectare (ha).

Volume: 1 acre-ft = 1,233 cubic meters (m3).

Volume: 1 yd3® = 0.765 m?.

Volume: 1 ft3 = 0.028 m3.

Fluid volume: 1 gal = 3.785 litres (L).

Fluid volume: 1 Mgal = 3,785 m3.

Mass: 1 ton = 907 kilograms (kg).

Mass: 1 ton = 0.907 tonnes (t).

Density: 1 pcf = 16 kilograms per cubic meter (kg/m?3).
Density: 1 pcf = 0.016 tonnes per cubic meter (t/m3).
Density: 1 tons/yd® = 1.19 tonnes per cubic meter (t/ms3).
Pressure: 1 psf = 0.048 kilopascal (kPa).

Pressure: 1 psi = 6.89 kilopascal (kPa).
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e Power: 1 hp = 746 watts (W).
e Flow rate: 1 gpm = 0.227 cubic meters per hour (mé/hr).
e Flow rate: 1 gpm = 0.063 litres per second (L/s).
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2 — DESCRIPTION OF MINE FACILITIES

21 YANKEE DOODLE TAILINGS IMPOUNDMENT (YDTI)

The YDTI is the tailings storage facility for the mine. The YDTI was originally constructed in 1963
using rockfill from the Berkeley Pit and has been continuously constructed to EL. 6,400 ft using
rockfill from the Berkeley Pit (until 1982) and from the Continental Pit (beginning in 1986). The YDTI
comprises a valley-fill style impoundment created by a continuous rockfill embankment that for
descriptive purposes is divided into three rockfill embankments according to the general geometry of
each limb of the continuous embankment. These embankments are the:

e North-South Embankment - The North-South Embankment forms the eastern to southeastern
limb of the YDTI and runs approximately north to south in orientation. The North-South
Embankment abuts onto the base of Rampart Mountain, forming the eastern battery limit of the
Montana Resources mine site.

e East-West Embankment - The East-West Embankment forms the southwestern limb of the YDTI
and runs approximately east to west in orientation. The East-West Embankment is constructed
upstream of Horseshoe Bend and Berkeley Pit.

e West Embankment - The West Embankment forms the western limb of the YDTI and runs
approximately north to south in orientation. The West Embankment is constructed into the side
of the West Ridge and forms the western battery limit of the facility.

2.1.1 Battery Limits

The scope of this Design Basis Report is the YDTI, including the North-South Embankment,
East-West Embankment and West Embankment. Other mine facilities are relevant to the YDTI and
have an impact on the design of the YDTI, but are not the subject of the present design unless
otherwise noted:

e Horseshoe Bend water collection pond (HsB Pond).

e Tailings Distribution System (TDS).

e Reclaim Water System (RWS).

e Silver Lake Make-up Water System.

e Continental Pit.

o Berkeley Pit.

e Concentrator.

e |Leach Pads.

o Water Treatment Plant (WTP).

e Access and Haul Roads.

The locations of these mine facilities are shown on Figure 2.1, and described in the sections that
follow.
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2.2 OTHER FACILITIES

2.2.1 Horseshoe Bend (HsB) Pond

HsB Pond is located immediately downstream of the East-West Embankment of the YDTI and is
utilized as the seepage collection facility for the impoundment. The area is shaped like an inverted
‘U’, bounded on both the east and west by historically leached mine rock. The east leach rock
disposal sites are still actively leached, while the west side disposal sites have been
decommissioned.

Seepage water flows through the free-draining rockfill embankments and discharges at the toe of the
downstream slope. The seepage flow discharge occurs as a number of small seeps along the length
of the toe of the East-West Embankment and North-South Embankment. The seepage flows are
collected in surface drainage ditches, which convey the seepage water to a single drainage ditch on
west side of the HsB area.

Several areas of smaller seepage flows discharge above the main HsB area on the bench at
approximately EL. 5,950 ft. These seepage flows (known as Seep 10) are attributed to a preferential
perched seepage flow path and began in approximately 1989. The seepage flow rate is
approximately 200 GPM and has been relatively constant since it began. The Seep 10 flows are
inferred to be from lateral drainage from the tailings into the more permeable rockfill, and ultimately
follow a historic mine haul ramp alignment that was used for a decade from roughly 1972 to 1982
before daylighting. The seepage is collected in a ditch and the Seep 10 collection pond, and
discharges from the collection pond over a v-notch weir (Seep 10 weir) into an HDPE pipeline. The
pipeline conveys the flow down the lower embankment bench slope and combines it with the main
HsB seepage flows.

The majority of the YDTI seepage collects in a single surface drainage ditch and flows south to the
Cell 10 pump. The pump conveys the flows to Cell 10 of the Precipitation Plant for processing. The
seepage is directed downstream of the pump into the HsB Pond after processing. HsB Pond is a
long, thin basin approximately 100 ft wide and 2,000 ft long. The seepage passes across a
rectangular flow monitoring weir at the end of the HsB Pond. A diversion structure at the south end of
HsB Pond directs the water (seepage) to the surge pond for the HsB water treatment plant (WTP).

The WTP effluent is conveyed to the Concentrator after treatment, and is pumped to the reclaim
water line and incorporated into the process water system.

2.2.2 Tailings Distribution System

The Tailings Distribution System (TDS) comprises tailings pumps, booster stations, and pipelines.
The TDS conveys tailings from the Concentrator to the YDTI. Four tailings pump stations are
presently operating: the Main Tailings Pump House, McQueen Booster Station, No. 2 Booster
Station, and No. 3 Booster Station. These stations provide the required pressure to pump the tailings
up to the YDTI, a total elevation increase of approximately 870 ft.

Three tailings distribution pipelines (two operational and one standby) transport tailings to the YDTI.
Approximately 17,000 ft (3.25 miles) of existing tailings distribution pipeline has been installed at the
project site, including sections of 22 in. steel pipe, and 24 to 26 in. high density polyethylene (HDPE)
pipe. The single walled tailings pipeline is installed on the ground surface and locally anchored with
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mounds of overburden or pipe support trestles. The tailings slurry flow rate is approximately
18,000 gpm with a solids concentration (by weight) between 33% and 37%.

The pipelines are routed up to the YDTI such that there is positive drainage back to each of the
pump stations, which are equipped with tailings drain-back discharge areas that are used if the
tailings pipelines need to be drained or flushed. Drainage from each of the drain-back discharge
areas is routed to flow into the site storm water drainage network.

Tailings were historically discharged into the YDTI at a single location at the southern point of the
impoundment near Station 8+00W on the East-West Embankment. The design contemplates
multiple discharge points to develop extensive drained tailings beaches adjacent to all three
embankments. The changes to the tailings distribution system were made between 2016 and 2017,
and eight discharge locations are presently operational.

2.2.3 Reclaim Water System

Supernatant water is reclaimed for reuse in the mill process from the north-east end of the YDTI
using floating barges. MR maintains two barge units in the supernatant pond. Each of the barges is
equipped with four vertical turbine pump units (three operational and one standby). The barge pumps
deliver approximately 14,000 gpm of reclaim water into a junction box 1,500 ft away (50 ft elevation
increase) using two HDPE pipelines. Reclaim water discharges by gravity to the Mill from the
junction box at an elevation decrease of approximately 810 ft over a distance of 5.1 miles.

The reclaim pipeline alignment follows the access road along the eastern edge of the YDTI. The
reclaim pipeline enters the site pipeline corridor, which extends from the Mill to the YDTI,
immediately south of the Tailings No. 2 Booster Station.

The reclaim water is initially transported from the junction box in two 36 in. diameter HDPE pipelines
(0.7 miles long). Water is conveyed into a single 42 in. diameter HDPE pipeline as the pipeline grade
increases. The final mile of reclaim pipeline (approximate) is downsized to a 36 in. steel pipeline for
conveyance to the Mill facilities. The reclaim water is delivered to two locations at the Mill: the
concentrator building for direct use in processing and the process water storage reservoirs.

2.2.4  Silver Lake Make-up Water System

Make-up and fresh water supply for the mine operations are taken from Silver Lake, which is located
approximately 40 miles east of Butte. Fresh water is stored near the mill adjacent to the process
water storage reservoirs. The mine operates in a water deficit condition and requires make-up water
from Silver Lake to maintain operational objectives, including the mine site water balance. The
volume of water contained in the YDTI pond at any time is affected by the amount of make-up water
imported from Silver Lake.

2.2.5 Continental Pit

The Continental Pit is located approximately 3 miles southeast of the YDTI. It is currently being
mined and is the primary source of rockfill for the YDTI embankments. The Continental Pit has
sufficient reserves and the relevant operating permits for continued mining until at least 2031.
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2.2.6 Berkeley Pit

The Anaconda Copper Mining Company began open pit mining at the Berkeley Pit in 1955 and
operation of the YDTI began in 1963. The Berkeley Pit is located approximately 2.5 miles south of
the YDTI. The initial YDTI embankment was constructed out of rockfill from the Berkeley Pit and was
placed using mine haul trucks in 30 to 100 ft end-dumped lifts. Leach pads were constructed along
the base of the east and west limbs of the embankment, and formed a buttress along the toe of the
embankment.

Mining activity in the Berkeley Pit was reduced in the early 1980’s due to low metal prices.
Operations within the Berkeley Pit ceased in April 1982. The lowest point around the Berkeley Pit rim
is at an elevation of approximately 5,500 ft.

The Berkeley Pit has gradually filled with groundwater and site runoff once mining operations
ceased. The water in the pit is acidic and contains high concentrations of metals. The US EPA and
the Montana Department of Health and Environmental Science prepared the Record of Decision
(ROD) for the Mine Flooding Operable Unit of the Silver Bow Creek/Butte Area National Priorities
List site in 1994. The ROD established a critical water level that marks the point where pumping and
treating of Berkeley Pit water will begin and continue in perpetuity. The critical water level was set at
5,410 ft (USGS datum). It is estimated that the critical water level will be reached in 2023.

2.2.7 Concentrator

The Concentrator where mineral ore is processed and the concentrate is shipped off site for smelting
is located approximately 3 miles south of the YDTI. Tailings are pumped from the mill location to the
YDTI as a by-product of processing, and reclaim water is pumped back to the mill for use as process
water.

2.2.8  Precipitation Plant and Associated Leach Pads

The project site has both active and decommissioned leach areas from current and historic leaching
activity. Active leach pads are located downstream from the North-South Embankment and are
actively used to recover copper from mineralized rock. The leach facilities include various ponds, and
the recovered copper is sent off site for refining. The leach pads are no longer loaded, but continue
to be leached for copper recovery. Decommissioned leach pads are located northwest of HsB Pond
and have been capped as a rock storage area, which also provides a downstream buttress for the
East-West Embankment.

2.2.9 Water Treatment Plant

The Water Treatment Plant (WTP) is located south of the HsB Pond and treats seepage water from
the YDTI before it is recycled to the mill.

2.2.10 Access and Haul Roads

Access and haul roads are used for vehicle access between mine facilities or as construction access
for new facilities. Numerous access and haul roads are located between the YDTI and mill location.
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3 — CLIMATE CONDITIONS

3.1 INTRODUCTION

The project area is situated along the northeastern corner of the city limits of Butte, Montana. The
mine site is bounded by the city of Butte to the south, Rampart Mountain to the east and the town of
Walkerville to the west. The area to the north (upstream) of the project site consists of the
catchments for Yankee Doodle, Dixie, and Silver Bow Creeks. The majority of the precipitation
(rainfall and snowfall) that occurs on these catchments drains into the YDTI. Precipitation occurring
in the Moulton Reservoir watershed (part of the large Yankee Doodle watershed) is collected in the
Moulton Reservoirs. These two reservoirs are part of the Butte public water supply system.

The climate inputs were developed using the data measured at the Bert Mooney Airport for the
period from 1895 through 2014, which are available from the Western Regional Climate Center
(WRCC) website and the National Oceanic and Atmospheric Administration (NOAA) Climatic Data
Center website. Annual snowpack data were obtained for on five regional snow survey sites that are
operated by the US National Resource Conservation Service (NRCS) in the general vicinity of the
YDTI, as shown on Figure 3.1. A summary of the available data is provided in the sections that
follow, and additional detail is provided in the following appendices:

¢ Mean Climate Parameters — William M. Schafer Memorandum - Appendix Al.

¢ Mean Climate Parameters — KP Memorandum - Appendix A2.

e Extreme Precipitation Estimates — KP Memorandum - Appendix A3.

e Estimates of Return Period Snowpack — KP Memorandum - Appendix A4.
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Location of Bert Mooney Airport and NRCS Snow Survey Sites
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3.2 MEAN CLIMATE PARAMETERS

3.2.1 Temperature

The mean daily temperature for the project site is estimated to be 39°F, with an extreme daily high of
104°F and low of -63°F. Highest temperatures generally occur between July and August, and lowest
temperatures typically occur between December and February. The estimated monthly distribution
for temperatures at the project site is shown in Table 3.1.

Table 3.1 Daily Temperatures
Parameter Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Mean 15.2 19.4 27.3 37.7 47.3 56.1 65.0 62.9 52.1 41.0 286.9 17.3 39.0
Temperature (°F)
Standard 76 | 67 | 59 | 41 | 35 | 35 | 31 3.0 38 | 39 | 57 | 6.1

Deviation (°F)

DailyMaximum | 55 | 357 | 449 | 483 | 574 | 660 | 72.0 | 695 | 60.0 | 495 | 402 | 316
Temperature (°F)

Daily Minimum | 117 | .06 | 142 | 221 | 390 | 485 | 553 | 557 | 400 | 321 | 87 | -1.1
Temperature (°F)

Extreme

Maximum 578 | 622 | 712 | 866 | 944 | 1022 | 1044 | 1044 | 97.8 | 888 | 722 | 678 | 1044
Temperature (°F)

Year 2005 | 1995 | 1994 | 1910 | 1919 | 1988 | 1936 | 2000 | 2000 | 2010 | 1999 | 1917 | 2000
Extreme

Minimum 588 | 634 | 456 | -234 | 44 | 188 | 256 | 200 | -22 | -312 | 522 | 634 | -634

Temperature (°F)

Year 1937 | 1933 | 1948 | 1982 | 1975 | 1916 | 1971 1992 1926 1991 1959 1983 1983

3.2.2  Precipitation

The long-term mean annual precipitation for the project was estimated to be 15.9 inches, as
presented in the memorandum “Reference Climatic Data for the Yankee Doodle Tailings Area near
Butte, Montana,” dated May 2, 2016 by William M. Schafer (included in Appendix Al). This estimate
is based on the Bert Mooney Airport data for the period from 1895 through 2014 and includes
monthly factors to translate the airport values to the higher site location. This value supersedes the
precipitation estimate of 12.7 inches presented in the KP memorandum “Mean Monthly Climate
Parameters” Ref. No. VA15-03327, dated February 1, 2016. The distribution of precipitation into
fractions of rainfall and snowfall was based on the long-term monthly average snowfall records
(1894 - 2000) and assuming a snow water equivalent (SWE) of 10%. Furthermore, it was assumed
that precipitation falls exclusively as rain from June through August and as snow from November
through March, and that a mix of rain and snow occurs during the months of April, May, September
and October. The monthly distribution for precipitation at the project site is shown in Table 3.2.

3.2.3 Sublimation

Sublimation is the process by which moisture is returned to the atmosphere directly from snow and
ice without passing through the liquid phase (Liston and Sturm, 2004). Sublimation can play a
significant role in the annual water balance in areas where winter precipitation comprises a large
proportion of annual precipitation. For example, Liston and Sturm (2004) estimate that sublimation

DESIGN BASIS REPORT 16 of 40 VA101-126/12-1 Rev 2
June 30, 2017



MONTANA RESOURCES, LLP Knight PiéSOld

YANKEE DOODLE TAILINGS IMPOUNDMENT CONSULTING

can result in the loss of 10% - 50% of the total winter snowfall in Arctic regions. The YDTI is not
situated in an Arctic region; however, snowfall does account for approximately 43% of the total
precipitation, and the YDTI may be subjected to high winds that often result in blowing snow, which
accordingly would aid sublimation. The sublimation for YDTI was therefore estimated to be
approximately 35% of the total winter snowfall, which equates to 2.5 in. per year, as presented in the
2016 Schafer Memorandum included in Appendix Al. Sublimation losses have been distributed
evenly from November through to March. Note that this estimate supersedes the values presented in
the memorandum “Mean Monthly Climate Parameters” Ref. No. VA15-03327, dated
February 1, 2016, which was prepared by KP and is included in Appendix A2.

3.2.4 Evapotranspiration

Monthly potential evapotranspiration (PET) was estimated for Bert Mooney Airport using the
Penman-Monteith equation and the PET values were translated to potential pond evaporation at
YDTI using the monthly factors presented in the 2016 Schafer Memorandum, which is included in
Appendix Al. The estimated mean annual pond evaporation is 28.1 inches, which includes the
November to March sublimation estimate of 2.5 inches. Note that these values supersede the values
presented in the KP memorandum “Mean Monthly Climate Parameters,” Ref. No. VA15-03327,
dated February 1, 2016, which is included in Appendix A2.

The potential effects of climate change were not considered in the above analysis since historical
climate records do not necessarily represent possible future conditions.

Table 3.2 Mean Monthly Precipitation and Evaporation
Parameter Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Annual

Precipitation (in.) 12 | 10 | 11 | 15 2.1 22 | 15| 11 15| 11| 06 1.0 15.9

Rainfall Fraction (%) 0 0 0 30 80 | 100 | 100 | 100 | 90 54 0 0 -
Rainfall (in.) 0 0 0 05|17 | 22 |15 | 11 | 14 | 06 0 0 9.0
Snowfall (SWE in.) 12 |10 | 11 | 10 | 04 0 0 0 01 | 05| 06 | 10 6.9
Sublimation (in.) 05 | 05| 05 0 0 0 0 0 0 0 05 | 05 25
Snowmelt (%) 0 10 50 40 0 0 0 0 0 0 0 0 100

Pond Evaporation incl.

Sublimation (in.) 0.5 0.5 0.5 2.1 3.0 3.7 | 54 4.9 3.3 3.2 0.5 0.5 28.1

3.3 RETURN PERIOD EXTREME PRECIPITATION

3.3.1 24 Hour Extreme Precipitation Estimates

Annual extreme precipitation data for the YDTI were determined from daily precipitation data from
Bert Mooney Airport (1895 — 2014), which were available from the NOAA Climatic Data Center
website.

Estimates of extreme precipitation for 24 hour events with return periods of 2, 5, 10, 25, 50, 100,
200, and 1,000 years are summarized in Table 3.3. The various return period events were
determined using a Log-Pearson Type Il distribution. Extreme precipitation depths for 24 hour storm
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events were also obtained from the “Regional Analysis of Annual Precipitation Maxima in Montana —
Water Resources Investigation Report 97-4004,” as prepared by the U.S. Geological Survey
(USGS, 1997). The design rainfall depths for the project were selected as the maximum of the USGS
and Log-Pearson Type lll distribution curve values, and are summarized in Table 3.3.

The potential effects of climate change are not directly considered in the above analysis since
historical climate records do not necessarily represent possible future conditions. The general
scientific consensus is that climate change is likely to cause increased temperatures and an
increased frequency and intensity of rain storms in Montana (IPCC, 2007), which for the YDTI
translates into an increased likelihood of both heavy precipitation events and smaller winter
snowpack depths. Climate change is addressed by increasing the design storm depths by 15%, as
this is a generally recommended factor for accounting for climate change effects on peak flow
estimates (APEGBC, 2012).

The estimates discussed above are presented in the KP memorandum “Montana Resources —
Extreme Precipitation Estimates” Ref. No. VA15-03332, dated February 1, 2016, which is included in
Appendix A3. However, as discussed in Section 3.3.2, the latest mean annual precipitation (MAP)
estimate of 15.9 inches/year is based on transposing the value from Bert Mooney Airport to YDTI,
which accounts for potential orographic effects that previously were not considered in the KP
estimate of 12.7 inches/year. To be consistent with the MAP update, the extreme precipitation values
presented in VA15-03332 were similarly increased by the ratio of 15.9/12.7, in accordance with the
finding that annual and extreme 24 hour precipitation are highly correlated (Cathcart, 2001).

Table 3.3 Estimated Extreme 24 Hour Precipitation Events
. ;eutg :\r; yF>(e\;ieoadr N 2 5 10 25 50 100 200 1,000
L°9'Pear(i5n°.;‘ Typelll g0 | 14 | 27 | 20 | 23 2.6 2.9 3.7
USGS Re(ﬁ)r?.r)t 97-4004 | 1o | 15 | 17 - 2.3 2.5 2.8 3.4
YDTI Project® (in) 1.0 | 15 1.7 2.0 2.3 2.6 2.9 3.7
+ Climate Change (in) | 12 | 17 1.9 2.3 2.6 2.9 33 4.2
+ Site U(Fi’r']i_f)t Factor 15 | 21 | 24 28 3.3 3.6 4.1 5.3

NOTES:
1. YDTI Project precipitation selected as the maximum between the Log-Pearson Type Il and USGS Report 97-4004 values.

3.3.2 Probable Maximum Precipitation (PMP)

The Probable Maximum Precipitation (PMP) was determined according to procedures established by
NOAA and published in its Hydrometeorological Report (HMR) No. 57 (Hansen et al.,, 1994). An
24 hour PMP with a depth of 14.4 inches was selected as the basis of the design for the YDTI and
computed as described in Appendix B2. The purpose of the PMP and justification for selection of the
24 hour duration event is described further in Section 4.4.1 and Appendix B1.
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The Montana Department of Natural Resources and Conservation Dam Safety Program issued an
Extreme Storm Working Group Summary Report in December 2016 that presented the results of a
comprehensive review of the state of the practice for computing hydrology for dams. This report was
issued after the PMP was computed for the YDTI. KP has considered whether a site specific PMP is
necessary since the embankment for the YDTI is considered high hazard with a significant
downstream risk. KP concluded that the current PMP estimate based on HMR 57 is appropriate for
the design basis, and likely larger than what would be determined by a site specific PMP analysis.
Accordingly, derivation of a site specific PMP is not warranted. Additional detail is provided in
Appendix B2.

3.3.3 Return Period Snowpack

Estimates of return period snowpack were derived from historical maximum annual snowpack data
for the basin draining into the YDTI. There are five regional snow survey sites that are operated by
the US National Resource Conservation Service (NRCS) in the general vicinity of the YDTI. The
locations of these stations are shown on Figure 3.1. The most relevant station is Moulton Reservoir,
which is located at the approximate median elevation of the drainage basin of the YDTI (el. 6,850 ft).

The Moulton Reservoir station is located in the YDTI drainage near the mid-elevation point. It has a
long period of record, and the regional snowpack values are reasonably consistent through time and
by location. The Moulton Reservoir snowpack values were selected as representative of basin
average conditions in the YDTI basin. The computed mean (7.1 inches) and standard deviation
(2.1 inches) values were fit to an Extreme Value Type 1 distribution using a frequency factor
approach, with the factors selected according to the sample size of 40 years.

The estimated snowpack values are provided in Table 3.4 in terms of inches of snow water
equivalent (SWE).

Table 3.4 Return Period Snowpack Estimates for the YDTI Watershed
Return Period Frequency Factor Maximum Snowpack SWE (in)
2 -0.164 6.8
5 0.838 8.9
10 1.495 10.2
15 1.866 11.0
20 2.126 11.6
25 2.326 12.0
50 2.943 13.3
100 3.554 14.6
200 4.210 15.9
500 5.001 17.6
1,000 5.576 18.8
10,000 7.580 23.0

NOTES:
1. Snowpack values are provided in terms of snow water equivalent (SWE).
2. Frequency factors are for an Extreme Value Type 1 distribution with a sample size of 40.
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4 — YANKEE DOODLE TAILINGS IMPOUNDMENT DESIGN

4.1 PRINCIPLE OBJECTIVES

The YDTI will continue to provide secure storage of mine tailings resulting from on-going mine
operations. The principle design objectives for the YDTI are to:

e Protect regional groundwater and surface waters from further impact.

e Provide secure tailings and operating pond storage.

e Progressively improve the surface reclamation potential of the YDTI and surrounding facilities.

The design will take into account the following requirements:

e Staged development of the facility over the life of the project.

e Construction material provided by mining the Continental Pit to the maximum practical extent,
with the balance provided from external borrow areas, if required to meet engineering objectives.

e Constructed using similar techniques, equipment and construction methodologies that have
been adopted for past raises.

e The inclusion of monitoring features to confirm performance goals are achieved and design
criteria and assumptions are met.

4.2 STORAGE CAPACITY

The continued filling of the YDTI to an embankment crest of EL. 6,450 ft will result in a total facility
tailings and water storage capacity of approximately 900 million cubic yards (M yd?). This equates to
approximately 560,000 acre-ft or 24 billion cubic feet (Bft2). The relationship between the elevation of
the tailings, and the capacity and surface area of the YDTI is shown on Figure 4.1.

Combined Tailings Beach and Pond Surface Area (acres)
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Figure 4.1 YDTI Elevation-Area-Capacity Curves

The storage capacity was estimated using the three dimensional (3D) modelling tool, Muck 3D. The
model incorporated specified beach slopes, tailings discharge points and discharge elevations to
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determine the available storage capacity at various elevations. The capacity estimates were
completed at 10 ft tailings discharge elevation intervals to generate the total storage capacity. The
model was developed using the 2016 beach contours and pond bathymetry as a base surface, and
was extended to a maximum tailings discharge elevation of 6,445 ft.

Existing beach slopes were examined using the 2015 aerial imagery and pond bathymetry to
establish tailings beach slope criteria for modelling the storage capacity. The adopted beach slope
criteria used in the 3D model are included in Table 4.1

Table 4.1 Beach Slope Criteria
Tailings Surface Type Slope (%) Beach Length (ft)
. 1.2 400
Sub-Aerial
0.4 6,100
5 1,200
Sub-Aqueous - —
1.3 Until Termination

4.3 FILLING SCHEDULE

The nominal mill throughput (tailings production rate) for the mine is 50,000 short tons (tons) per day.
Tailings production on an annual basis has ranged between about 17 and 18 million tons (dry) since
2004. The continued use of the YTDI with construction of the embankments to a crest of EL. 6,450 ft
will create capacity for tailings storage until roughly Year 2031. A tailings production rate of 18 million
tons per year was adopted for development of the filling schedule.

An initial settled dry density of the tailings of 85 pcf (1.15 tons/yd?), which is equivalent to a saturated
bulk density of 115 pcf, was adopted for the filling schedule. This provides a reasonably conservative
estimate of storage capacity and subsequent filling rate for the YDTI. Long-term consolidation will
increase the dry density of the tailings above the initial settled density thereby increasing the
available storage capacity of the facility. Analysis of the CPT data collected between 2012 and 2015
indicates that the bulk density the consolidated tailings in the upper 300 ft is approximately 120 pcf
(KP, 2017b), which corroborates the values used in the filling schedule.

The operating pond in the YDTI has ranged between 15,000 acre-ft and 30,000 acre-ft since 2007
based on annual pond bathymetry. A nominal operating pond allowance of 25,000 acre-ft was
adopted for the purposes of the YDTI design layout. The target normal operating pond for the facility
will be defined in subsequent analyses; however, a target value of roughly 15,000 acre-ft is
anticipated in the long-term.

A filling schedule for the YDTI was developed considering the historical tailings production rate and
operating pond volumes, and the initial settled density of the tailings. The filling schedule for the
YDTlI is shown in Table 4.2.
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Table 4.2 Filling Schedule
Cumulative Tailings Storage @ Pond Allowance ®| Total Storage
vear Million tons Million yd?3 Million yd?3 Million yd?®
2017 @ 610.7 531.1 40.3 571.4
2018 628.7 546.7 40.3 587.0
2019 646.7 562.4 40.3 602.7
2020 664.7 578.0 40.3 618.3
2021 682.7 593.7 40.3 634.0
2022 700.7 609.3 40.3 649.6
2023 718.7 625.0 40.3 665.3
2024 736.7 640.6 40.3 680.9
2025 754.7 656.3 40.3 696.6
2026 772.7 671.9 40.3 712.3
2027 790.7 687.6 40.3 727.9
2028 808.7 703.2 40.3 743.6
2029 826.7 718.9 40.3 759.2
2030 844.7 734.5 40.3 774.9
2031 862.7 750.2 40.3 790.5
NOTES:

1. Includes storage for partial year from June 2017 aerial imagery until 2017 year end.
2. Tailings dry density for filling schedule development = 85 pcf (1.15 tons/yd3).
3. Supernatant pond allowance for filling schedule development = 25,000 acre-ft.

A filling curve shown on Figure 4.2 was developed for the YDTI using the filling schedule and the
capacity curve presented in Section 4.2. The figure shows the estimated tailings discharge elevation
and associated pond elevation for each year between 2016 and 2031.

The rate of rise of the tailings will be approximately 6 ft per year, which is consistent with historical
experience. The difference between the tailings discharge and supernatant pond elevation will
typically be in excess of 20 ft.
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Figure 4.2 YDTI Filling Curve
4.4 DESIGN FREEBOARD

4.4.1 Storm Storage Freeboard

The design freeboard will be comprised of storm storage freeboard and additional minimum
freeboard for wave run-up. The legislation (MCA 82-4-376) indicates that for the design of an existing
tailings storage facility of this size, the design must store or otherwise manage the probable
maximum flood (PMF) event with sufficient freeboard for wave action in addition to the maximum
normal operating water level of the facility, or that the design does not reduce the ability to store or
otherwise manage the original facility design storm or flood events.

The Inflow Design Flood (IDF) is the most severe flood that the YDTI will be designed to manage.
The IDF is defined as the flood hydrograph entering the reservoir that is used to design and/or
modify a specific dam and its appurtenant works; particularly for sizing the spillway and outlet works,
and for evaluating maximum storage, height of dam, and freeboard requirements (FEMA, 2013).

The YDTI relies on storm storage capacity to manage the IDF during operations. The IDF for the
YDTI is the PMF. The PMF is theoretically the largest flood resulting from a combination of the most
severe meteorological and hydrologic conditions that could conceivably occur in a given area. The
intent of adopting the PMF as the IDF for determining storm storage freeboard is to provide a design
storm volume that is so great that it will never be exceeded, but not so great as to require excessive
storage capacity.

A design storm evaluation was completed considering historical storm event analyses with several
alternative durations and methods for determining the PMF. The design storm event evaluation is
included as Appendix B1.
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The selected design storm event is a combination of the 24 hour PMP combined with complete melt
of the 1 in 100 year snowpack, and assuming full failure of the upstream Moulton Reservoirs. The
PMF runoff volume was determined to be 19,000 acre-ft.

The potential for climate change was addressed by increasing the PMF event for the closure phase
by 15%, according to generally accepted engineering procedures (APEGBC, 2012). No adjustment
was made to the PMF estimate for operations because of the relatively short period of operations.
Therefore, the PMF runoff volume for closure has been increased to 20,000 acre-ft.

4.4.2 Minimum Freeboard

A minimum freeboard requirement of 5 ft will be incorporated in the YDTI design for wave run-up
above and beyond the storm storage freeboard. Additional freeboard may be required to allow for
crest settlement and fault displacement during the design earthquake event.

The surface area of the YDTI is approximately 1,300 acres and will increase to approximately
1,800 acres in the ultimate configuration. The minimum freeboard creates additional capacity in
excess of 6,500 acre-ft. Embankment construction is completed staged lifts, and therefore the total
actual freeboard will tend to be larger than the design freeboard until just before operations cease.

4.5 EMBANKMENT LIFTS

The preliminary timing for development of the EL. 6,450 ft lift of the YDTI embankments has been
based on the filing schedule and the design freeboard requirements. Construction of the
embankments will be completed as a continuous activity when rockfill is available from mine stripping
operations. The delivery of embankment fill material will be scheduled to coincide with availability of
rockfill from the mine on an annual basis to meet the staged lift requirements. The lift schedule is
shown on Figure 4.3 for simplicity as an instantaneous lift completed by 2022.

The actual timing required for the completion of the lift will depend on the actual tailings production,
variability of the tailings density throughout the facility, final beach slopes, and the supernatant pond
area and volume. The filling of the YDTI will be monitored throughout operations, and construction
sequencing evaluated periodically to confirm agreement with the design assumptions.
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Figure 4.3 YDTI Embankment Lift Schedule

4.6 HISTORICAL PRACTICES AND PRECEDENT

Historically the YDTI has been constructed by progressively placing rockfill to form the free-draining
rockfill embankments. The rockfill comprises pit-run material end-dumped in 30 to 100 ft lifts and
traffic compacted with the mine haul fleet. Ripping of the embankment surface has been commonly
completed after the lift has been completed. The embankment design incorporated a zone of
fine-grained material (alluvium) placed on the upstream face of the embankment to limit tailings
migration into the rockfill.

The YDTI will continue to be constructed to elevation 6,450 feet with similar techniques and
construction methodologies that have been adopted for past raises.

The East-West and North-South embankments will continue to be constructed as free-draining
rockfill embankments. The embankments will continue to be constructed from pit-run rockfill material
end-dumped in 50 ft lifts and traffic compacted with the mine haul fleet.

The West Embankment incorporates a different design to the North-South and East-West
Embankments. The West Embankment is a zoned rockfill embankment dam that incorporates a
number of independent systems to contain seepage water within the YDTI. The seepage control
features are designed in the foundation to provide drained conditions within the West Embankment.
The design will maintain a groundwater piezometric surface similar to current conditions thereby
preventing seepage from the YDTI migrating west past the property boundaries.

4.7 LEGACY CROSS SECTION CONVENTION

The design drawings included in this report reference a series of legacy cross section locations that
have been historically used for the project. The cross sections most likely align with a historical
setting out line for the embankments that is no longer consistent with the current design; however the
legacy cross sections will be used for the on-going design in the interest of consistency for as-built
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drawings and annual reporting. The convention begins with Station 0+00 at the interface between
the North-South and East-West Embankments, and increase in station number in both directions.
The stationing convention will use a directional suffix (e.g. N or W) to describe the location of the
cross section (e.g. 8+00 N for 800 ft along the North-South Embankment). The actual stationing
measured along the current setting out line (SOL) will not be equal to the stationing as referenced on
the cross section due to differences in the historical and current setting out lines.

4.8 LAYOUT CRITERIA

4.8.1 North-South Embankment

The North-South Embankment will be constructed in a maximum lift thickness of 50 ft lift using the
downstream embankment construction method. The SOL for the EL. 6,450 ft crest elevation will be
aligned with the downstream edge of the structural portion of the crest. The upstream slope will be at
angle of repose (1.3H:1V) and the downstream slope will be 2H:1V or flatter. The minimum
embankment crest width will be 230 ft measured perpendicular from the SOL towards the
impoundment at each lift. The zone of embankment fill generated by these layout criteria will
comprise the structural portion of the embankment. A typical section showing these layout criteria is
shown on Figure 4.4.

A rock disposal site will be progressively developed over the existing leach pad areas located at the
downstream toe of the North-South Embankment.

48.2 East-West Embankment

The East-West Embankment will be constructed in a maximum lift thickness of 50 ft using the
centerline embankment construction method. The SOL for the EL. 6,450 ft crest elevation will be
aligned with the downstream edge of the crest. The upstream slope will be at angle of repose
(1.3H:1V) for each stage and the overall downstream slope will be 2H:1V or flatter (or 2.5H:1V in
some areas). The minimum embankment crest width will be 230 ft measured perpendicular from the
SOL towards the impoundment at each lift. The zone of embankment fill generated by these layout
criteria will comprise the structural portion of the embankment. A typical section showing these layout
criteria is shown in Figure 4.4.

An allowance for additional rockfill placement in the area upstream of this zone will be included in the
design to allow for placement of lower strength rockfill in a non-structural zone of the embankment.

The North-South and East-West Embankment lifts will be comprised of the following zones:

e Zone U - Rockfill: Zone U will be constructed in a manner that promotes free draining behavior.
Zone U rockfill will be hauled and end-dumped by 240 ton haul trucks in approximately 50 ft thick
horizontal lifts. Segregation will occur as the rock is end-dumped at the crest of each lift. The
finer particles tend to accumulate near the top of the lift and the cobbles and boulders roll further
down the slope and accumulate at the toe. Therefore, a segregated cobble and boulder layer
typically forms at the bottom of each lift.

e Zone F - Earthfill: Zone F embankment fill will be placed to construct a separation zone
between the tailings and the Zone U rockfill along the upstream face of the embankment. Zone F
material will consist of variable alluvium to limit tailings migration into the rockfill.
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4.8.3 West Embankment

The West Embankment will be constructed in one stage by the downstream embankment
construction method. The SOL for the EL. 6,450 ft crest elevation will offset 70 ft between Station
58+00 NW and 63+00 W to align with the interface between Zone U and Zone D1. The upstream
slope will be at angle of repose (1.3H:1V) and the downstream slope will be 3H:1V or flatter. The
minimum embankment crest width will be 230 ft measured perpendicular from the downstream edge
of the crest towards the impoundment at each stage. The downstream edge of the crest will be
maintained a minimum of 70 ft from the SOL at the completion of the EL. 6,450 ft lift. A typical
section showing is shown on Figure 4.5. The typical section exceeds the minimum layout criteria
described above.

The West Embankment raises will be comprised of the following zones:

e Zone U — Rockfill: Zone U will be constructed in a manner that promotes free draining behavior.
Zone U rockfill will be hauled and end-dumped by 240 ton haul trucks in approximately 50 ft thick
horizontal lifts. Segregation will occur as the rock is end-dumped at the crest of each lift. The
finer particles tend to accumulate near the top of the lift and the cobbles and boulders roll further
down the slope and accumulate at the toe. Therefore, a segregated cobble and boulder layer
typically forms at the bottom of the lift.

e Zone D1 - Rockfill: Zone D1 rockfill will be used to construct the downstream zone of the West
Embankment. The design function of Zone D1 is to act as an impediment to horizontal migration
of perched seepage flow towards the downstream face of the embankment and to encourage
free draining behavior in Zone U such that seepage flows are ultimately collected in the West
Embankment Drain.

e Zone D2 - Earthfill: Zone D2 embankment fill will be placed to provide a capping layer on the
downstream slope of the embankment to promote runoff of meteoric water. Zone D2 material will
typically consist of non-acid generating alluvium.

e Zone F — Earthfill: Zone F embankment fill will be placed to construct a separation zone
between the tailings and the Zone U rockfill on the upstream face of the embankment. Zone F
material will consist of variable alluvium to limit tailings migration into the rockfill.
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5 - DESIGN EARTHQUAKE

5.1.1 General

The design earthquake has been selected to meet the obligations as stipulated in MCA 82-4-376 (2),

(m), (i) and (I). The legislation requires a probabilistic and deterministic seismic evaluation for the

area and assessment of peak horizontal ground acceleration. The legislation requires either of the

following for an existing tailings storage facility:

e An analysis showing the proposed embankment configuration meets the minimum design
requirements for a new tailings storage facility.

e An analysis showing the proposed embankment configuration does not reduce the original
design factors of safety and seismic event design criteria.

The requirement for a new tailings storage facility is for an analysis showing that the seismic
response of the tailings storage facility does not result in the uncontrolled release of impounded
materials when subject to the ground motion associated with the 1 in 10,000 year event, or the
maximum credible earthquake (MCE), whichever is larger.

The seismic event design criteria for the YDTI have been updated periodically. The latest criteria
preceding the recent seismic hazard assessment described below were developed by HLA
(HLA, 1993). HLA prepared a deterministic estimate of the MCE for movement along the Continental
Fault. The study defined the MCE as a Magnitude 6.5 event with a peak bedrock acceleration of
0.6 g.

MR chose to update the seismic event design criteria although it was not required by the legislation
the permit amendment application. An updated seismic hazard analysis was considered prudent at
this time to demonstrate that the YDTI meets state-of-practice engineering design standards due to
the close proximity of the Continental Fault and developments in seismic hazard assessment
methods since HLA completed their analysis in 1993.

5.1.2 Seismic Hazard Assessment

A site specific probabilistic and deterministic seismic hazard analysis was conducted as part of the

YDTI engineering design work. The report (Al Atik, L. and Gregor, N., 2016) is included in the Site

Characterization Report (KP, 2017a). The study included derivation of the following seismic

response spectra:

e Probabilistic spectra with return periods of 475, 1,000, 2,475, and 10,000 years.

e Deterministic 50" (median) and 84t percentile response spectra for the MCE scenarios on the
Continental fault with rupture distances of 1.2 and 0.1 km.

The resulting peak ground accelerations of the seismic hazard analyses are summarized in
Table 5.1, and the horizontal design spectra for the YDTI are shown in Figure 5.1.
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Table 5.1 Summary of Probabilistic and Deterministic Seismic Hazard Analysis
. Deterministic PSA Deterministic PSA
Probabilistic @) @)
UHS PSA (9) Reup = 1.2 km Rrup = 0.1 km
Return Period . 84th . 84th
(Years) 475 1,000 | 2,475 | 10,000 | Median Percentile Median Percentile
PGA 0.08 0.12 0.20 0.37 0.42 0.78 0.45 0.84
NOTES:

1. Peak ground accelerations are for rock site conditions (Vsz, — 760 m/s).
2. Source: Table 6-2 of Al Atik, L. and Gregor, N., 2016.

Figure 5.1 shows the horizontal design spectra for the YDTI. The deterministically derived MCE
spectra exceed those for the probabilistically derived 1 in 10,000 year event. The MCE was therefore
selected as the design earthquake. The MCE with a rupture distance of 0.1 km produces spectral
accelerations that are greater than the MCE with a rupture distance of 1.2 km. Therefore, the MCE
based on a rupture distance of 0.1 km was conservatively chosen as the design earthquake.
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NOTES:

1. Source: Figure 6-2 of Al Atik, L. and Gregor, N., 2016.

Figure 5.1

Probabilistic and Deterministic Horizontal Design Spectra
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The legislation requires that the earthquake design ground motion is the larger of the 1 in
10,000 year return period or the MCE. The legislation does not provide additional direction related to
how the MCE shall be defined. Recent federal seismic design provisions developed as part of the
National Earthquake Hazard Reduction Program (NEHRP) and released by FEMA (FEMA, 2009) for
new buildings and other structures define the MCE as the level of one standard deviation above the
median (the 84t percentile). The FEMA guideline is an example of current practice for major building
structures, but does not apply to dams.

ICOLD revised their guidelines for selecting seismic parameters for large dams in 2010
(ICOLD, 2010). These guidelines introduce the state of practice for high consequence dams as the
greater of the MCE at the 84t percentile level or the 1 in 10,000 year return period event for what the
guidelines term the safety evaluation earthquake. The ICOLD guidelines establish the safety
evaluation earthquake as the earthquake for which there shall be no uncontrolled release of water,
which is consistent with the performance requirements described in the Montana legislation. The
ICOLD guidelines are source of guidance of good international engineering practice, and were
considered in the selection of the design earthquake.

A Magnitude of 6.5 was selected for the design earthquake. The PGA of the design earthquake was
selected as follows:

e Median MCE with a PGA of 0.45 g for maximum normal operating conditions.

e 84" Percentile MCE with a PGA of 0.84 g for long-term closure conditions.

The analysis demonstrating the seismic response of the facility, and describing the loading
conditions, the relevant design earthquake for the analysis and methods of analysis is provided in
the Stability Assessment Report (KP, 2017b).
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6 — FACILITY DEVELOPMENT

6.1 GENERAL

Phased general arrangements of the YDTI were prepared to show the planned configuration of the
YDTI with an embankment crest of EL. 6,450 ft relative to the other mine facilities during key years in
the life of the facility. The beach surfaces and pond extents shown on the general arrangements
were estimated using the Muck3D computer software package. The modelling work used to
demonstrate the long-term tailings deposition plan is described further in Appendix C. The design
drawing package supporting the Design Document is included as Appendix D.

The long-term development of the tailings beaches will be achieved using a discharge configuration
plan that is progressively expanded to eight discharge points. Initially, additional discharge locations
will be constructed along the West Embankment to allow tailings to fill in the low areas (below the
current supernatant pond) in the northwest end of the impoundment, and create a tailings beach
adjacent to the West Embankment. Development of the tailings beach along the West Embankment
will push the pond towards the North-South Embankment. Tailings will also being discharged from
the North-South Embankment to prevent the supernatant pond from approaching the embankment.
The beach will be progressively converted from a uniform fan to a U-shape configuration around the
YDTI embankments. The transition between these configurations commenced in 2016 and will occur
over a period of three years.

6.2 YEAR 2018

The Year 2018 arrangement shown on Figure 6.1 represents the end of the transitional period to the
new configuration with eight discharge points. The embankments will be fully constructed to EL.
6,400 ft, and No. 3 Booster Station will be operational to convey tailings to the far ends of the North-
South and West Embankment. The tailings discharge elevation will have reached EL. 6,372 ft and
the pond will rise to approximately EL. 6,349 ft.

A jetty may be initiated as a contingency measure near the north end of the North-South
Embankment to help manage the extents of the tailings beach in the northeast end of the
impoundment. The jetty will be progressively developed as necessary to reduce the potential for
sanding issues in the reclaim barge area. Jetty construction would continue concurrently with tailings
deposition as the beach and pond levels rise in the impoundment. Other alternatives to manage the
tailings beach and reduce the potential for sanding in the reclaim barge area may also be considered
once beach development commences.

6.3 YEAR 2022

The Year 2022 arrangement shown on Figure 6.2 represents the completion of the embankment
crest lift to EL. 6,450 ft. The tailings discharge elevation will have reached EL. 6,394 ft and the pond
will be approximately EL. 6,374 ft. The extensive beaches will be maintained, and the beach
configuration will lengthen from the discharge points incrementally. Development of the rock disposal
site located at the toe of the North-South Embankment will commence.
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6.4 YEAR 2031

The Year 2031 arrangement shown on Figure 6.3 represents the completion of filling of the
impoundment. The embankment crest will remain at EL. 6,450 ft with tailings discharge along the
beaches at EL. 6,445 ft. The extensive sloping beaches will provide freeboard and the pond will be
near EL. 6,428 ft. The rock disposal site downstream of the North-South Embankment will be fully
constructed filling the majority of the area between the embankment and natural ground to the East.
Final reclamation and closure activities will be underway to transition the facility to achieve end land-
use objectives.
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Memorandum ISChafer

May 6, 2016
To: Mzt. Mark Thompson, Montana Resources LLP.
Bob Anderson, Hydrometrics
Roanna Stewart, Knight Piesold
Adrianne Yang, Golder
From: William M. Schafer, Schafer Limited LLC
Re: Reference Climatic Data for the Yankee Doodle Tailings Area

near Butte, Montana

Purpose and Scope

The purpose of this Memorandum is to describe the basis for selection of reference climate
information used to characterize the Montana Resources LLP (MR) mine area near the Yankee
Doodle Tailings (YDT). The YDT is located at an elevation of about 6,300 amsl (Figure 1)
and is just northeast of Butte, Montana. The purpose of the climatic information is to assess
potential hydrologic effects of the mine during operations and after closure. Methods used to
assess hydrologic effects include but are not limited to water balance models, models
evaluating the performance of soil Evapotranspiration or ET covers constructed on mine
facilities to reduce infiltration of meteoric water, and calibration of groundwater and surface
water flow models. Sufficient climate data is required to assess both historical and future
variations in daily average precipitation, precipitation that occurs as snow, temperature, and
potential evaporation and transpiration.

Climate Data Sources

Several sources of climate information were consulted as part of this effort including public
data from the Western Regional Climate Center (WRCC 2016), and a water balance study
performed by the Montana Bureau of Mines and Geology for MR in 2001 and 2002 (MBMG
2002). WRCC publishes data for most weather stations operated by the Federal government
in the western US. Principal data sets acquired from WRCC included daily rainfall, snow, and
maximum and minimum temperature from the Bert Mooney Airport (1895 to present) and
Moulton Reservoir (1980 to 1986). More intensive data were obtained from a BLM station in
Whitehall (2001 to present) for daily precipitation, maximum and minimum temperature plus
relative humidity, solar radiation and wind speed. A summary of limited pan evaporation data
was available for a few stations (Bozeman, Dillon and Canyon Ferry). The MBMG water
balance provided the best available on-site evaporation data.

Two climate models were used to extrapolate climatic data in space and time: PRISM (2016)
and CLIMGEN (WSU 2016). The PRISM model was developed at Oregon State University
as a tool to spatially average meteorological data accounting for orographic and rain-shadow
effects. PRISM was used to account for location adjustments in precipitation data between
the airport and Butte and the YDT, a distance of a few miles and about 1,000 feet in elevation
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gain. CLIMGEN was developed at Washington State University and allows site-calibrated
meteorological data to be extrapolated in time, creating a continuous long-term synthetic data
set.

\
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Figure 1. Location of climatic stations referenced in this report.

Approach

Development of a long-term climate data set for the YDT consisted of three steps,

e creation of a combined data set for the Bert Mooney Airport containing each of the
necessary meteorological observations. Data were either collected at the airport
location (precipitation and temperature) or were based on observations at nearby
stations (solar radiation, relative humidity and wind from Whitehall),

A1-2 of 7



Reference Climatic Data for the Yankee Doodle Tailings Area May 6, 2016
William Schafer Page 3

e forecasting a long-term (200 year) synthetic data set (in CLIMGEN) representing daily
average observations at the Airport, and

e adjusting the precipitation and evaporation estimates using PRISM to the YDT
location.

Combined Climate Data for the Bert Mooney Airport

Daily average precipitation and maximum and minimum temperature data for January 1, 1915
to December 3, 2015 from the Bert Mooney Airport (Table 1) were combined with solar

radiation, minimum and maximum relative humidity and wind speed from Whitehall for May
2001 to December 3, 2015. This combined data set was then modeled to extrapolate the data
in time and spatially to adjust for elevation differences between the airport and the YDT area.

Temporal Extrapolation of a Synthetic Daily Climate Record

The CLIMGEN model uses statistical algorithms to simulate daily and seasonal rainfall and
temperature distributions and can then use the site-specific statistical coefficients to
extrapolate long-term climate records. All climatic parameters had an adequate period of
record to facilitate analysis in CLIMGEN. A 200 year daily data set was created in CLIMGEN
representing conditions at the Bert Mooney airport. Monthly precipitation matched closely for
the airport data and the synthetic data (Figure 2). The distribution of annual rainfall for 100
years of actual data at the airport were compared to the synthetic data series in Figure 3. The
annual rainfall quantities were ranked from smallest to largest and were normalized as a
cumulative frequency distribution. The minimum (7 inches) maximum (20 inches) annual
precipitation and the median (12.5 inches) were similar for actual and synthetic data. The
synthetic data had fewer dry (< 10 inch) and wet (15 inch) rainfall years than the actual record.
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Comparison of Butte and Synthetic Precipitation
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Figure 2. Comparison of monthly precipitation at Bert Mooney Airport to synthetic
data.
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Figure 3. Comparison of annual precipitation at Bert Mooney Airport to synthetic data.
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Spatial Adjustment of Climatic Data to YDT Area

The PRISM model was used to correct precipitation data by assessing predicted monthly
precipitation at the airport versus the YDT area for a 20-year period of record. Estimated
precipitation at YDT was divided by the Butte estimates to develop monthly correction
coefficients (Table 1). Average annual precipitation at the YDT was found to be 15.92 inches
compared to 12.47 inches at the airport. Differences were greatest in winter when frontal
weather systems dominate and were smallest in summer when most rainfall occurs from
convective storms. PRISM does not provide a means of adjusting evapotranspiration so ET
calibration is discussed in the next section.

Estimating Reference Evapotranspiration

Direct observations of pan evaporation were only available from stations that were more than
60 miles from Butte and were not considered representative. On-site evaporation data
collected from MBMG were infrequently recorded for a single year and did not provide
adequate temporal detail to create a long-term daily climate record. Therefore, the Penman-

Monteith equation (PME, Eqn [1]) was used to predict annual reference evapotranspiration for
the Butte airport (FAO 2000).

The PME is widely used to estimate monthly evapotranspiration from a reference surface
consisting of well-irrigated grass maintained at a canopy height of 12 cm. Evapotranspiration
from irrigated grass will differ from pan evaporation or evaporation from a pond so
adjustments are usually required. Since the magnitude of differences vary seasonally, monthly
coefficients are often used to equate PME estimates to free water loss from ponds or lakes.

AR,-G) + P, pr
I
AET =

A +y(1+r—5J
I3

where Rn is the net radiation, G is the soil heat flux, (es - e,) represents the vapor
pressure deficit of'the air, p, is the mean air density at constant pressure, ¢, is the
specific heat of the air, A represents the slope of the saturation vapor pressure
temperature relationship, y is the psychrometric constant, and rs and r, are the
(bulk) surface and aerodynamic resistances.

[1]

Estimated annual ET was 44 inches using the PME, which is slightly higher than the regional
pan evaporation stations which averaged 36.8 inches from April to October. Pan evaporation
data was not recorded for November through March and water loss for these months was
estimated to be about 0.5 mm/d or 0.5 inches per month (Allen 1996). Data from Allen for
snow cover conditions were mostly used to derive estimated sublimation.
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MBMG also installed a Class A Evaporation Pan just north of the YDT, which recorded 36.6
inches of evaporation for March 2001 to October 2002. Class A pans are known to over-
predict evaporation from lakes and reservoirs due to temperature and humidity effects. A pan
coefficient of 0.7 is often used to adjust pan readings (Dunne and Leopold 1978) (Table 1).
An estimated sublimation rate of 0.5 inches per month was used for the November-March
time frame. Monthly coefficients were developed to adjust from the PME estimates to
estimate estimated free water surface loss. The coefficients are low in winter and spring and
increase through the summer and early fall time frame (Table 1). This seasonality is attributed
to gradual warming of the pan through the year that tends to increase evaporation rate. The
adjusted free water annual evaporation for the YDT area is 28.1 inches

Monthly average solar radiation, minimum and maximum relative humidity and wind speed are
provided in Table2. A spreadsheet containing daily estimated values for precipitation, free
water evaporation, temperature, solar radiation, relative humidity and wind speed are available
upon request.

Table 1. Monthly average precipitation and evaporation for Bert Mooney Airport and
YDT.

Month Butte Multiplier Estimated | Poten- | Multiplier Potential
Airport derived Average | tial ET to adjust Free Water
Precipita- | from PRISM | Precipit- from | Potential ET | Evaporation
tion (in) to convert ation (in) PME from PME | adjusted to
1915-2015 | from airport at YDT (in) to Free YDT (in)
to YDT Water Loss
at YDT
Jan 0.55 224% 1.22 1.48 34% 0.5
Feb 0.48 200% 0.96 1.73 29% 0.5
Mar 0.77 138% 1.06 2.65 19% 0.5
Apr 1.10 133% 1.47 3.72 57% 2.12
May 1.82 117% 2.14 5.06 58% 2.95
Jun 2.17 103% 2.22 6.02 61% 3.70
Jul 1.26 121% 1.53 6.86 79% 5.43
Aug 1.27 87% 1.11 5.97 83% 4.93
Sep 1.13 135% 1.52 4.32 77% 3.34
Oct 0.74 144% 1.06 3.00 105% 3.16
Nov 0.62 101% 0.63 1.87 27% 0.5
Dec 0.57 174% 0.99 1.41 35% 0.5
Annual 12.47 15.92 44.08 28.13
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Table 2. Monthly average temperature, solar radiation, relative humidity and wind
speed for YDT area.

Month Daily Daily Average Average Average | Average
Maximum Minimum Daily Maximum | Minimum Wind
Temperature | Temperature Solar Relative Relative Speed
(Celsius) (Celsius) Radiation | Humidity | Humidity (m/s)
(MJ/m?) (%) (%)

Jan -1.0 -14.7 6.7 95.2 30.5 3.6
Feb 1.6 -12.3 10.4 93.5 31.2 3.3
Mar 5.1 -8.4 14.8 91.1 31.1 3.5
Apr 10.4 -3.5 19.3 90.4 33.2 3.2
May 15.8 1.2 22.0 88.5 34.2 2.8
Jun 20.5 5.0 24.7 85.1 32.8 2.6
Jul 26.2 7.6 25.7 80.6 26.0 2.3
Aug 26.0 6.9 21.9 79.3 23.5 2.2
Sep 19.9 2.3 17.4 82.6 26.7 2.3
Oct 12.9 -2.8 11.5 87.4 29.6 2.8
Nov 4.4 -9.1 7.4 90.5 31.0 3.3
Dec -0.3 -13.7 5.6 94.7 30.8 3.2
Annual 11.8 -3.4 15.6 88.2 30.0 2.9
Average
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MEMORANDUM
To: Mr. Daniel Fontaine Date: February 1, 2016
Copy To: Mr. Ken Brouwer File No.: VA101-00126/12-A.01
From: Alana Shewan Cont. No.:  VA15-03327
Re: Mean Monthly Climate Parameters

This memorandum has been prepared to present the average climate conditions for the Yankee Doodle Tailings
Impoundment (YDTI) that will be used for the Montana Resources (MR) Amendment 10 Design Document
application. The climate inputs were developed using the data measured at the Butte Bert Mooney Airport
(1895 — 2014), which are available from the Western Regional Climate Center (WRCC) website and the National
Oceanic and Atmospheric Administration (NOAA) Climatic Data Center website. The Butte Bert Mooney Airport
is located approximately 5.5 miles south of the YDTI at an elevation of approximately 5,500 ft (NOAA). The
climate conditions at the airport are assumed to be representative of the climate conditions at the YDTI due to
their close proximity and being in the same geographical setting, therefore orographic effects are expected to be
minimal.

The mean and extreme monthly temperature values are presented in Table 1.

Table 1 Mean and Extreme Temperatures

Parameter Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Mean
o 15.2 19.4 27.3 37.7 47.3 56.1 65.0 62.9 52.1 41.0 26.9 17.3 39.0
Temperature (°F)
Standard

Deviation (°F) 7.6 6.7 5.9 4.1 3.5 3.5 3.1 3.0 3.8 3.9 5.7 6.1 -

Daily Maximum | 55 | 357 | 419 | 483 | 574 | 660 | 720 | 695 | 600 | 495 | 402 | 316 -
Temperature (°F)

Daily Minimum | 147 | 06 | 142 | 221 | 390 | 485 | 553 | 557 | 400 | 321 | 87 | -1.4 -
Temperature (°F)

Extreme

Maximum 57.8 62.2 71.2 86.6 944 | 102.2 | 104.4 104.4 97.8 88.8 722 67.8 104.4
Temperature (°F)

Year 2005 | 1995 1994 1910 1919 1988 1936 2000 2000 2010 1999 1917 2000
Extreme

Minimum -58.8 | -63.4 | -45.6 | -234 4.4 18.8 25.6 20.0 -2.2 -31.2 | -52.2 -63.4 -63.4

Temperature (°F)

Year 1937 | 1933 | 1948 | 1982 | 1975 | 1916 | 1971 1992 1926 1991 1959 1983 1983

The mean monthly precipitation and evaporation values are presented in Table 2.
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Table 2 Mean Monthly Precipitation and Evaporation

Parameter Jan Feb Mar Apr May | Jun Jul Aug Sep Oct Nov Dec Annual

Precipitation (in) 0.6 0.5 0.8 1.1 1.9 2.3 1.2 1.2 1.1 0.8 0.6 0.6 12.7
Rainfall Fraction (%) 0 0 0 30 80 100 100 100 90 54 0 0 -

Rainfall (in) 0 0 0 0.3 1.5 2.3 1.2 1.2 1.0 0.4 0 0 8.1
Snowfall (SWE in) 0.6 0.5 0.8 0.8 0.4 0 0 0 0.1 0.4 0.6 0.6 4.7
Sublimation (in) 0.13 | 013 | 0.13 | 0.13 0 0 0 0 0 0.13 | 0.13 | 0.13 0.9
Snowmelt (%) 0 10 50 40 0 0 0 0 0 0 0 0 100
Pond Evaporation (in) 0 0 0.2 1.1 2.5 3.6 4.8 4.2 2.5 1.2 0.1 0 20.2

The long-term mean annual precipitation is estimated to be 12.7 in. The fractions of rainfall and snowfall to
precipitation were based on the long-term monthly average snowfall records (1894 — 2000) and assuming a
snow water equivalent (SWE) of 10%. It was assumed that precipitation falls exclusively as rain from June
through August, as snow from November through March, and that a mix of rain and snow occurs during the
months of April, May, September and October.

Sublimation is the process by which moisture is returned to the atmosphere directly from snow and ice without
passing through the liquid phase (Liston and Sturm, 2004). In areas where winter precipitation comprises a large
proportion of annual precipitation, sublimation can play a significant role in the annual water balance. For
example, Liston and Sturm (2004) estimate that sublimation can result in the loss of 10% - 50% of the total
winter snowfall in Arctic regions. The YDTI is not situated in an Artic region; however, snowfall does account for
approximately 37% of the total precipitation, and the YDTI may be subjected to high winds that often result in
blowing snow, which accordingly aids in sublimation. The sublimation for YDTI was therefore assumed to be
20% of the total winter snowfall and is equal to 0.9 in per year. Sublimation losses have been distributed evenly
from October through to April.

The potential evapotranspiration (PET) was calculated using the empirical Thorthwaite equation and the long-
term measured temperature record for Butte airport (1895 — 2015). The mean annual PET, which is considered
to be approximately equal to pond evaporation, was calculated to be 20.2 inches. Previously, the Draft Remedial
Investigation Report for the Butte Mine Flooding Operable Unit (BMFOU) Remedial Investigation presented the
annual evaporation for the mine site as 23.75 in (Canonie Environmental Services, 1994). This information was
based on only six months of measured evaporation pan data for the Moulton Reservoir from the Montana
College of Mineral Science and Technology (Canonie Environmental Services, 1994). The Thorthwaite estimate
is based on long-term measured data and was therefore selected to represent the long-term PET for the YDTI.
The corresponding monthly calculations are presented in Table 2.

The potential effects of climate change are not considered in the above analysis since historical climate records
do not necessarily represent possible future conditions. The purpose of this memorandum was to characterize
existing climate conditions; therefore a climate change analysis was not completed.
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We trust that this information is suitable for providing mean monthly estimates of climate data for the
Amendment 10 Design Document application. Please contact the undersigned if you have any questions or
concerns.
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Investigation/Feasibility Study — Draft Remedial Investigation Report. Prepared for ARCO.
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MEMORANDUM
To: Mr. Daniel Fontaine Date: February 1, 2016
Copy To: Mr. Ken Brouwer File No.: VA101-00126/12-A.01
From: Alana Shewan Cont. No.:  VA15-03332
Re: Montana Resources — Extreme Precipitation Estimates

This memorandum presents the methodology used for estimating the extreme precipitation events for the
Yankee Doodle Tailings Impoundment (YDTI) that will be used for the Montana Resources (MR) Amendment 10
Design Document application. This document presents values for 24 hr events with return periods of 2, 5, 10, 25,
50, 100, 200, and 1,000 years only — the probable maximum precipitation (PMP) estimations are presented in
Knight Piésold’s (KP) letter titled “Review of the PMF Estimate for the Yankee Doddle Tailings Impoundment”
(KP, 2015).

Annual extreme precipitation data for YDTI were determined from daily precipitation data from Butte Bert Moody
Airport (1895 — 2014), which are available from the National Oceanic and Atmospheric Administration (NOAA)
Climatic Data Center website. The daily values were converted to equivalent 24 hour events using a standard
scaling factor of 1.13 (Miller et al., 1973) and then plotted on Figure 1. This was done since daily precipitation
accumulations represent a fixed 24 hour observation interval; therefore, these data may underestimate the
precipitation that can accumulate in any 24 hour period. The result is a mean annual 24 hour extreme
precipitation of 1.13 inches with a standard deviation of 0.43 inches.
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Figure 1 Annual 24 Hour Extreme Precipitation

The various return period 24 hour precipitation events were determined using a Log-Pearson Type Il distribution
and are summarized in Table 1. The Log-Pearson Type Il probability curve and the observed data are shown on
Figure 2.
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Table 1 Estimated Extreme 24 Hour Precipitation Events

2yrs | 5yrs |10yrs | 25yrs | 50yrs | 100 yrs | 200 yrs | 1000 yrs
Log-Pearson Type lll
(inches) 1.0 14 1.7 2.0 2.3 2.6 2.9 3.7
USGS Report 97-4004 10 | 15 | 17 i 2.3 25 2.8 3.4
(inches)
YDTI Project(1) (mches) 1.0 1.5 1.7 2.0 2.3 2.6 29 3.7
+ Climate Change (inches) | 12 | 17 | 19 2.3 2.6 2.9 3.3 4.2
NOTES:
1. YDTI Project precipitation selected as the maximum between the Log-Pearson Type lll and USGS Report 97-4004 values.
Return Period (yrs)
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Figure 2 Log-Pearson Type lll Frequency Distribution

It can be noted on Figure 2 that the four largest events on record all plot above the 95% confidence limit, which
suggests that the curve may underestimated the larger return period events. However, the plot on Figure 1
indicates that all four events occurred in a relatively short 33 year period between 1911 and 1943, inclusive, and
that the largest three events, which all register as having return periods of at least 100 years, all occurred in a
17 year period between 1911 and 1927. This clustering of the events, and the fact that they all occurred
relatively early in the data record when data collection techniques were more rudimentary than they are today,

suggests that one or more of them may be erroneous.

Extreme precipitation depths for 24 hour storm events were also obtained from the “Regional Analysis of Annual
Precipitation Maxima in Montana — Water Resources Investigation Report 97-4004” prepared by the U.S.
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Geological Survey (USGS, 1997). These values are also summarized in Table 1. The design rainfall depths for
the project were selected as the maximum between the USGS and Log-Pearson Type Il distribution curve
values, and are summarized in Table 1.

The potential effects of climate change are not directly considered in the above analysis since historical climate
records do not necessarily represent possible future conditions. The general scientific consensus is that climate
change is likely to cause increased temperatures and an increased frequency and intensity of rain storms in
Montana (IPCC, 2007), which for the YDTI translates into an increased likelihood of both heavy precipitation
events and smaller winter snowpack depths. Climate change is addressed by increasing the design storm
depths by 15%, as this is a generally recommended factor for accounting for climate change effects on peak flow
estimates (APEGBC, 2012). The various return period 24 hour precipitation events accounting for climate
change and are summarized in Table 1.

We trust that this information meets your current requirements. Please contact the undersigned with any
questions or comments.
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MEMORANDUM
To: Mr. Daniel Fontaine Date: February 2, 2016
File No.: VA101-00126/12-A.01
From: Jaime Cathcart Cont. No.:  VA16-00129
Re: Montana Resources — Estimates of Return Period Snowpack

This memorandum presents the methodology used to estimate return period annual maximum snowpack values
for the basin draining into the Yankee Doodle Tailings Impoundment (YDTI). The estimated snowpack values are
provided in Table 1 in terms of inches of snow water equivalent (SWE).

Table 1 Return Period Snowpack Estimates for the YDTI Watershed
Return Period Frequency Factor Maximum S(?:)w pack SWE

2 -0.164 6.8

5 0.838 8.9

10 1.495 10.2

15 1.866 11.0

20 2.126 11.6

25 2.326 12.0

50 2.943 13.3

100 3.554 14.6

200 4.210 15.9

500 5.001 17.6
1,000 5.576 18.8
10,000 7.580 23.0

NOTES:

1. SNOWPACK VALUES ARE PROVIDED IN TERMS OF SNOW WATER EQUIVALENT (SWE).

2. THE FREQUENCY FACTORS ARE FOR AN EXTREME VALUE TYPE 1 DISTRIBUTION WITH A SAMPLE SIZE OF 40.

3. THE COMPUTED VALUES WERE DERIVED ON THE BASIS OF HISTORICAL MAXIMUM ANNUAL SNOWPACK DATA FOR THE
MOULTON RESERVOIR SNOW SURVEY STATION.

Historical maximum annual snowpack data from five snow survey sites operated by the US National Resource
Conservation Service (NRCS) in the general vicinity of the YDTI were examined to determine maximum
snowpack values for the YDTI watershed. The locations of these stations are shown on Figure 1. The most
relevant station is Moulton Reservoir, which is located in the drainage basin of the YDTI at an elevation of
6,850 feet. This is the approximate median elevation of the basin. All of the regional stations shown are located
at elevations between 6,600 feet and 7,700 feet.
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Figure 1 Regional Snow Survey Sites

A summary of the regional snowpack values is shown in Table 2. The data at all the stations are generally
consistent, with the mean annual snowpack values ranging from approximately 6 to 11 inches. There appears to
be a strong correlation between snowpack and basin elevation, with the highest station having the greatest
snowpack and the lowest station having the smallest. The period of record values are very similar to those for
the most recent 30 year climate normal period, although there is some indication of a slight trend of decreasing
snowpack.

Table 2 Regional Annual Maximum Snowpack
Station Annual Maximum Snowpack Statistics (SWE)
. . Period of Record 1981-2010 Normal
Name Number Elevation | Period of
(ft.) Record mean stdev cv mean stdev cv
(in.) (in.) (in.) (in.)

Moulton Reservoir 12C20 6,850 1976 - 2015 7.1 2.1 0.30 7.1 22 0.31
Copper Mountain 12C21 7,700 1961 - 2015 1.7 3.0 0.26 11.0 2.8 0.25
Nez Perce Creek 12C22 6,600 1961 - 2015 6.8 2.3 0.34 5.9 1.8 0.31
Berry Meadow 12C23 7,000 1961 - 2012 7.5 25 0.33 6.4 1.7 0.27
Bull Mountain 12D08 6,600 1974 - 2015 6.2 2.3 0.37 5.7 2.1 0.37
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Given that the Moulton Reservoir station is located in the YDTI drainage near the mid-elevation point, that it has
a long period of record, and that the regional snowpack values are reasonably consistent through time and by
location, the Moulton Reservoir snowpack values were selected as the most appropriate basis for estimating
basin average snowpack conditions in the YDTI basin. The computed mean (7.1 inches) and standard deviation
(2.1 inches) values were fit to an Extreme Value Type 1 distribution using a frequency factor approach, with the
factors selected according to the sample size of 40 years. This distribution is commonly applied to extreme event
datasets for hydrometeorological parameters including flow, rainfall and snowpack. The results indicate a
10 year annual maximum snowpack value of 10.2 inches and corresponding 100 year and 10,000 year values of
14.6 inches and 23.0 inches, respectively.
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March 10, 2016 File No.:VA101-00126/12-A.01
Cont. No.:VA15-03210
Mr. Mark Thompson e seo121
Environmental Manager OHS 550122

Montana Resources, LLP
600 Shields Avenue
Butte, Montana

USA, 59701

Dear Mark,
Re: Review of the PMF Estimate for the Yankee Doodle Tailings Impoundment

BACKGROUND AND SUMMARY

Montana Resources, LLP (MR) is required by State law (MCA 82-4-376) to prepare a design document to
support the proposal to expand the Yankee Doodle Tailings Impoundment (YDTI). The design document must
include an evaluation of a design storm event for operations and closure conforming to engineering best
practices for the type of facility proposed, including:

A rationale for the selection of the design storm event

The magnitude of the design storm event

The magnitude of the runoff generated by the design storm event to and around the impoundment, and

e Evidence that the dynamic nature of climatology was considered.

The legislation indicates that for the expansion of an existing tailings storage facility of this size, the design must
store or otherwise manage the Probable Maximum Flood (PMF) event with sufficient freeboard for wave action in
addition to the maximum operating water level of the facility, or that the expansion does not reduce the tailings
storage facility’s ability to store or otherwise manage the original facility design storm or flood events.

A design storm event evaluation was completed that considered historical storm event analyses and several
alternative durations and methods for determining the PMF. The selected design storm event was the 24 hour
Probable Maximum Precipitation (PMP) combined with complete melt of the 1 in 100 year snowpack, and
assuming full failure of the upstream reservoirs. The evaluation determined the PMF runoff volume to be
19,000 acre-ft, and concluded that this value was suitably conservative for determining the storm storage
allowance for the YDTI.

The potential for climate change was addressed by increasing the PMF event for the closure phase by 15%,
according to generally accepted engineering procedures (APEGBC, 2012). No adjustment was made to the PMF
estimate for operations because of the relatively short period of operations. The PMF runoff volume for closure
was increased to 20,000 acre-ft.

DESIGN STORM EVENT EVALUATION

The existing YDTI is not equipped with an emergency spillway during operations but rather relies on storage to
manage the Inflow Design Flood (IDF). The IDF is defined by FEMA (2013) as “The flood hydrograph entering
the reservoir that is used to design and/or modify a specific dam and its appurtenant works; particularly for sizing
the spillway and outlet works, and for evaluating maximum storage, height of dam, and freeboard requirements.”
State law (MCA, 2015) prescribes that for the expansion of the YTDI, the IDF should be the PMF. There is no
strict regulatory standard specifying how the PMF should be determined, other than that it should involve the
PMP, with consideration of coincident snowmelt, if applicable.
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The most recent design flood evaluation for the YDTI was completed in 2013 as part of the Failure Modes
Analysis Information Summary Report (KP, 2013). The report summarized three different estimates of the PMF
volume that had been developed for the YDTI over the years, as presented in Table 1, and suggested that
increasing the design flood storage requirement from 16,500 acre-ft to 22,000 acre-ft may be appropriate.

Table 1 Previous PMF Volume Estimates
Study PMF Basis Basin Runoff Volume Additional Total Comment
Date Area Volume PMF
Volume
1981 24 hour PMP + 30 day melt of 2 x total = 9.5in x 8832 acres Failed 14,820 There appears to be a
(IECO) | mean annual snowpack 8,832 +10.5 in x (8832- reservoirs acre-ft slight error in the
24 hour PMP =9.5in acres 768) acres 540 acre-ft calculated volume, but it
30 day melt of 2 x mean annual pond = = 14,048 acre-ft is immaterial.
snowpack = 16.2 in 768
net snowmelt = 16.2in - 5.7 in acres
(infiltration and evapotranspiration) =
10.5in
2010 | 24 hour PMP + 30 day melt of 2 x not 15,960 acre-ft Failed 16,500 A substantial increase in
(MR) mean annual snowpack available reservoirs acre-ft the PMP resulted in only
24 hour PMP = 16.5 in 540 acre-ft a minor increase in the
net snowmelt = 10.5 in PMF volume.
Using the 1981 areas
would result in a volume
of 19,740 acre-ft.
2012 24 hour PMP + complete melt of 10 yr | total = 21,460 acre-ft Failed 22,000 No distinction was made
(KP) snowpack 7,907 reservoirs acre-ft between snowmelt on the
24 hour PMP = 14.4 inches acres 540 acre-ft basin and on the pond.
10 yr snowpack = 18 inches pond = Assumed 100% runoff.
1,536
acres
NOTES:

1. IECO = International Engineering Company Inc.; MR = Montana Resources; KP = Knight Piésold Ltd.
2. All snowpack values are provided as snow water equivalent (SWE).

The three estimates in Table 1 all followed the commonly accepted deterministic procedure of calculating the
PMF based on the 24 hour PMP plus snowmelt. However, the estimated PMF volumes are substantially different
due to differences in estimated basin areas and how the PMP and snowmelt values were determined. For
instance, the PMP for the 1981 analysis was determined according to procedures established by NOAA and
published in its Hydrometeorological Report No. 43 (HMR 43) (USWB, 1966), while for the 2010 and 2012
analyses it was determined according to procedures in Hydrometeorological Report No. 57 (HMR 57) (Hansen et
al., 1994), which supersedes HMR 43. The 2010 and 2012 PMP values are different because of differences in
how the PMP isohyetal map in HMR 57 was interpreted. For the snowmelt values, the 1981 and 2010 analyses
used a different criterion than the 2012 analysis; they used twice the mean annual snowmelt less monthly
infiltration and evapotranspiration, while the 2012 analysis used the melt of the 10 year snowpack.

There is a lack of agreement in professional practice about the appropriate duration of the PMP and the
appropriate magnitude of the snowmelt that must be considered in determining the PMF. The duration of the
PMP event is of concern since longer durations generally produce greater inflow volumes, and without a spillway
and its associated discharge capability, this equates to greater pond volumes. A 48 hour PMP has a greater
depth than a 24 hour PMP, and a 72 hour PMP has a greater depth than a 48 hour PMP, but there is no clear
directive as to what storm duration is most appropriate. Similarly, the magnitude of the snowpack is of concern
because a larger snowpack generally produce larger melt volumes.

The intent of adopting the PMF as the IDF is to provide a design storm volume that is so great that it will never
be exceeded, but not so great as to require excessive storage capacity. Historical rainfall and streamflow
datasets were evaluated in this assessment in an effort to address the question of design storm adequacy and
reasonableness. Probabilistic estimates were compared with the deterministic PMF flood volume estimates of
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24 and 72 hour durations to see if there was any consistency in the values. This methodology was adopted to
provide some historical context to the theoretical and deterministic PMP/PMF values. The computed values are
summarized in Table 2, with all design storm volumes assuming 100% runoff from all areas. The catchment
areas used in the analysis are delineated on Figure 1.

A brief description of each case is as follows:

e Case 1 is the 2012 PMF analysis by KP. It resulted in a design storm volume of 22,000 acre-ft. The
snowpack estimate has since been updated (see Case 2) and the 2012 analysis is now considered obsolete.

e Case 2 includes an updated assessment of the 10 year snowpack snow water equivalent. A detailed review
of the regional SNOTEL snowpack records (NRCS, 2015) and their relevance to the project site, particularly
with regards to elevation, resulted in a substantially lower 10 year snow pack estimate and a corresponding
reduction in the PMF volume.

e Case 3 uses the 100 year snowpack, rather than the 10 year snowpack, since the 100 year value is more
commonly used. The 100 year value was estimated on the basis of the updated snowpack assessment, and
it resulted in a 17% increase in the PMF volume relative to Case 2.

e Cases 4 and 5 use the 72 hour PMP rather than the 24 hour PMP, and are directly comparable to Cases 2
and 3. As discussed previously, the 72 hour PMP is sometimes used for determining storm freeboard for
high hazard dams, but there is no strong rationale for its use in preference to the 24 hour PMP, other than it
is more conservative from a dam safety perspective. Use of the 72 hour PMP results in an approximate
15% to 20% increase in the design storm volume over use of the 24 hour PMP.

e Case 6 represents an alternative method for computing the IDF, which emphasizes the snowmelt
component as opposed to the rainfall component. The Canadian Dam Association’'s (CDA) Dam Safety
Technical Bulletin: Hydrotechnical Considerations for Dam Safety (2007), suggest that the Spring PMF
should be computed as the maximum of two cases:

o PMF computed with the spring PMP and snow accumulation with frequency of 1/100 year.
o PMF computed with the Probable Maximum Snow Accumulation and a rainstorm with a frequency of
1/100 year.

Note that there are no common methodologies for estimating the probable maximum snow accumulation, so the
10,000 year snowpack was computed as a surrogate. The design storm volume from this event is notably lower
than those determined using the PMP.

e Case 7 represents a long duration low probability rainfall event. Despite the long duration, the storm volume
amounts to only 30% to 40% of the PMF based estimates.

e Case 8 represents a long duration low probability runoff event. This runoff was calculated from the most
applicable regional historical streamflow records available, and the range represents values from different
streams. The values, which are all from the spring freshet period, are relatively low compared to the rainfall
and snowpack values, and thereby suggest that abstraction and evaporation losses are extensive during
extended high flow periods and that snowpack coverage is likely quite variable (primarily with elevation)
throughout the regional watersheds.

e Case 9 represents the amount of runoff that could be expected in a year, with only a 1 in 1,000 year
probability of occurrence. The upper end of the estimated range of this very unlikely event is 50% to 65% of
the PMF based estimates.

e Case 10 represents the amount of precipitation that could be expected in a year, on average, and it
assumes that 100% of it is converted into runoff and collects in the YDTI, which is not possible because of
initial abstraction and evapotranspiration losses. This volume amounts to 40% to 50% of the PMF based
estimates.

e Case 11 represents the amount of runoff that could be expected in a year, on average. Even the upper end
of the regional range amounts to only 20% to 30% of the PMF based estimates.
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Table 2 Comparison of Design Storm Volumes
Type | Case Design Storm Basis Basin Area | Runoff Volume | Additional Volume | Design Storm Volume
24 hr PMP + complete melt of 10 yr Failed )
snowpack (2012 analysis) total = 7,907 y ailed reservolirs y
1 24 hr PMP = 14.4 inches acres 21,460 acre-ft 540 acre-ft 22,000 acre-ft
10 yr snowpack = 18 inches
24 hr PMP + complete melt of 10 yr
snowpack (updated analysis) Failed reservoirs -
2| 24 hr PMP = 14.4 inches 15,580 acre-ft 540 acre-ft 16,000 acre-ft
10 yr snowpack = 10.2 inches
24 hr PMP + complete melt of 100 yr Failed )
) snowpack y alled reservoirs - g
g 3 24 hr PMP = 14.4 inches 18,360 acre-ft 540 acre-ft 19,000 acre-ft
% 100 yr snowpack = 14.6 inches
i 72 hr PMP + complete melt of 10 yr
= snowpack g Failed reservoirs - g
& | 4 | 72hrPMP = 19.7 inches 18,940 acre-ft 540 acre-ft 19,500 acre-ft
10 yr snowpack = 10.2 inches
72 hr PMP + complete melt of 100 yr ) )
snowpack 21.720 i Failed reservoirs 22 000 M
5 | 72 hr PMP = 19.7 inches ;720 acre- 540 acre-ft ~22,000 acre-
100 yr snowpack = 14.6 inches
24 hr 100 yr rainfall + complete melt Failed )
of 10,000 yr snowpack total = 7,600 ailed reservoirs _
6 24 hour 100 year rainfall = 2.5 inches acres 16,150 acre-ft 540 acre-ft 17,000 acre-ft
10,000 yr snowpack = 23.0 inches
i Failed reservoirs
7 1’900 yr 30 day rainfall 5,830 acre-ft ~6,500 acre-ft
@ P =9.2 inches 540 acre-ft
g 1,000 yr 30 day unit runoff 760 acre-ft Failed reservoirs ~1,500 acre-ft
© 8 R=1.2to 7.5 inches to 540 ft to
i (range of regional values) 4,750 acre-ft acre- ~5,500 acre-ft
% 1,000 yr annua_l unit runoff 3,360 acre-ft Failed reservoirs ~4,000 acre-ft
S 9 R =5.3 to 16.0 inches to 540 ft to
[< (range of regional values) 10,130 acre-ft acre- ~11,000 acre-ft
o
] ipitati Failed reservoirs
§ | 10 | Mean annual precipitation 8,110 acre-ft ~8,500 acre-ft
5 =12.8 inches 540 acre-ft
o Mean annual unit runoff 1,580 acre-ft . . ~2.000 acre-ft
T 1 R = 2.5 10 6.9 inches o Failed reservoirs 0
(range of regional values) 4,370 acre-ft 540 acre-ft ~5,000 acre-ft

DESIGN STORM EVENT SELECTION

These comparisons indicate that the PMF based volume estimates are extremely large relative to historical
probability based rainfall and runoff event volumes, even for events of very long duration. For instance, the PMF
volume for Case 3 is approximately equal to three times the volume of the 1 in 1,000 year 30 day rainfall and
more than double the volume of the mean annual precipitation. It is therefore reasonable to conclude that the
Case 3 volume, which was computed according to the essential de facto basis for estimating a PMF, provides a
sufficiently conservative storm freeboard volume for the YDTI, provided the YDTI continues to be operated
without an emergency spillway.

The selected design storm event was based on the 24 hour PMP combined with complete melt of
the 1 in 100 year snowpack, and the assumption that the upstream reservoirs fail. The runoff volume for the PMF
is 19,000 acre-ft. It is worth noting that although this volume is substantially less (3,000 acre-ft) than the previous
design storm volume of 22,000 acre-ft, the reduction is not due to a lessening of the design criteria, but rather
due to an update in the analysis of the snowpack estimate and a more accurate determination of the drainage
area. In fact, the design criterion associated with this volume is more stringent than that used previously, since it
involves the 100 year snowpack rather than the 10 year snowpack.
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ADDRESSING CLIMATE VARIABILITY IN CLOSURE

Climate variability is considered in the determination of the design storm volume by using historical regional
climate and snowpack records as the basis of the determination. However, the potential effects of climate
change are not directly considered since historical records do not necessarily represent possible future
conditions.

The general scientific consensus is that climate change is likely to cause temperatures and the frequency and
intensity of rain storms to increase in Montana (IPCC, 2007), which for the YDTI translates into an increased
likelihood of both heavy precipitation events and smaller winter snowpack depths. These two effects are directly
relevant to the determination of the design storm volume, since they correspond to a possible increase in the
PMP and a possible decrease in the snowpack runoff. It is not possible to quantify these effects with any
confidence; however, since they are offsetting and because the design storm volume has considerable
uncertainty, it seems reasonable to conclude that no climate change adjustment need be applied to the design
storm volume.

Alternately, if a more conservative approach is desired during the closure phase of the project, it is
recommended that the PMP component of the design storm volume be increased by 15%, as this is a generally
recommended factor for accounting for climate change effects on peak flow estimates (APEGBC, 2012). This
change would result in an increase of the Case 3 volume by increasing the 24 hr PMP from 14.4 inches to
16.6 inches, with a respective increase in storm storage volume of 1,000 acre-ft and a corresponding total storm
storage volume of 20,000 acre-ft.

We trust that this information is suitable for your purposes. Please contact the undersigned if you have any
questions or concerns.

Yours truly,
Knight Piésold Ltd.

0 4. I /
Prepar&" Reviewed: \ :// J/{Z

Jaime Cathcart, Ph.D., P.Eng. Daniel Fontaine, ¥ Eng.
Specialist Hydrotechnical Engineer | Associate Senior Engineer

Approval that this document adheres to Knight Piésold Quality System<
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Montana Resources, LLP
600 Shields Avenue
Butte, Montana

USA, 59701

Dear Mark,

Re: Review of PMF Estimate in Light of Recommendations in the Extreme Storm Work Group
Summary Report

Introduction

The Montana Department of Natural Resources and Conservation (DNRC) Dam Safety Program issued an
Extreme Storm Working Group Summary Report (ESWGSR) in December 2016 that presented the results of “a
comprehensive review of the state of the practice for computing hydrology for dams.” This report was issued
after the Inflow Design Flood (IDF) was computed for the Yankee Doodle Tailings Impoundment (YDTI) for
Montana Resources, LLP (MR). It was considered prudent at this time to evaluate the adequacy of the Probable
Maximum Flood (PMF) estimate in light of the recommendations in the ESWGSR. The following summarizes the
results of that evaluation.

PMF for the YDTI

The design storm evaluation for future development of the YDTI was presented in letter VA15-03210 (KP, 2016),
which is included as Appendix B1 of the Design Basis Report (KP, 2017a). The IDF for the YDTI is the PMF, and
was computed as the runoff volume from the 24 hour Probable Maximum Precipitation (PMP) combined with
complete melt of the 1 in 100 year snowpack, and assuming full failure of the upstream reservoirs. The PMP
used to calculate the IDF was determined following the standard of practice established in Hydrometeorological
Report (HMR) No. 57, which is one of a series of HMR reports that were developed by the US Army Corps of
Engineers (USACE). HMR 57 constitutes the current standard basis for determining PMP values in the Pacific
Northwest of the United States.

The PMP was computed according to the procedure specified in HMR 57 (USACE, 1994). The 24 hr PMP of
14.4 inches was computed by adjusting the all season 24 hr PMP value of approximately 17 inches for Butte,
Montana (from Map 3 — SE, an isohyetal map of PMP) by an April/May seasonal factor of 85%. The seasonal
factor was interpreted for Butte from Figure 15.5 of HMR 57. Selection of the April/May seasonal period
produces the maximum possible PMF runoff depth from the seasonal PMP and snowmelt combined.

Extreme Storm Working Group Summary Report

The summary report states that “The Group concluded that HMRs continue to provide the best information
available and are a reasonable means for computing PMP depths in Montana for evaluating the capacity of
existing dams to pass the IDF.”"However, it also states that “For design of new, or rehabilitation of existing, high
hazard dams with significant downstream risk, a site specific PMP should be considered.”

KP has considered whether a site specific PMP is necessary since the embankment for the YDTI is considered
high hazard with a significant downstream risk. We have concluded that the current PMP estimate based on
HMR 57 is appropriate for the design basis, and likely larger than what would be determined by a site specific

Knight Piésold Ltd. | Suite 1400 — 750 West Pender St, Vancouver, BC Canada V6C 2T8 | p. +1.604.685.0543 f. +1.604.685.0147
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PMP analysis. Accordingly, derivation of a site specific PMP is not warranted. This conclusion is based on the

following:

e The PMF flood volume, which is the result of the HMR 57 derived PMP combined with the 100 year
snowpack, is extremely large. The discussion in KP letter VA15-03210 presents this flood volume in the
context of extremely improbable climatic and runoff events, such as the 24 hr 100 year rainfall plus complete
melt of the 10,000 year snowpack or the 1,000 year 30 day rainfall, and demonstrates the enormity of the
‘PMF flood volume.

e The discussion of site specific PMP values in the ESWGSR suggests that a site specific PMP is likely to be
smaller than an HMR based PMP value. This is evident in the following text: “As a consequence of failure
increases (e.g., the design precipitation depth approaches the PMP), the engineer may determine that a site
specific PMP is warranted... Factors such as the consequence of failure, the potential for a PMP based IDF
to limit the number of alternatives that may be available at a specific site, and the potential for a PMP based
IDF to result in a configuration that exceeds available funding shall be considered when evaluating the need
for a site specific PMP study.” These statements imply that a site specific PMP should be particularly
considered when an HMR derived PMP results in an IDF that is challenging to accommodate.

e A review of various site specific PMP documents (Tomlinson, 2012; USNRC, 2015; AWA, 2014) indicates
that site specific PMPs are generally smaller than HVIR based PMPs.

e The YDTI is able to accommodate the derived PMF without any undue challenges, so the costs and
potential difficulties associated with deriving a potentially lower PMP value are not merited at this time.

We trust that this discussion demonstrates that the PMF estimate for the YDTI is consistent with the
recommendations presented in the Montana DNRC’s Extreme Storm Working Group Summary Report.

Yours truly,
Knight Piésold Ltd.
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Prepared:
Jaime Cathcart, Ph.D., P.Eng. Daniel Fontaine, P.Eng.
Specialist Hydrotechnical Engineer | Senior Civil Engineer | Associate
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Vice President - Environmental Affairs
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600 Shields Avenue

Butte, Montana

USA, 59701

Dear Mark,
Re: Yankee Doodle Tailings Impoundment — Long-Term Tailings Deposition Plan

1 —INTRODUCTION

Montana Resources, LLP (MR) operate the Yankee Doodle Tailings Impoundment (YDTI) as part of their open pit
copper and molybdenum mine operations in Butte, Montana. The YDTI has been used for mine tailings storage
since 1963.

This letter describes the long-term tailings deposition plan for the YDTI from 2017 through 2031. The embankment
is currently constructed to a crest elevation of approximately 6,400 ft. The deposition plan considers the YDTI with
embankments constructed to a crest elevation of 6,450 ft, which provides a total facility tailings and water storage
capacity of approximately 24 B ft3. The plan was designed to develop extensive beaches around the impoundment
and to manage the supernatant pond location away from the embankments. Beach development will be crucial to
manage the location of the supernatant pond to prevent pond water from approaching the embankments.

2 — DEPOSITION MODELLING

Three-dimensional tailings deposition models were prepared using the Muck3D computer software package, which
models tailings deposition using specified beach slopes, tailings discharge points, and tailings volumes. The
models were developed using the June 2016 beach contours and bathymetric survey of the tailings pond as a
base surface, and the conceptual design of the YDTI embankments with a crest elevation of 6,450 ft. All model
iterations considered a nominal supernatant pond storage volume of 25,000 acre-ft.

The deposition modelling was completed on an annual basis from 2017 to 2021, and at five year intervals from
2021 through 2031. The model intervals were completed using the deposition volume beginning in June of the
previous interval to June of the modelled year.

The approximate tailings storage volume at each interval was estimated based on the tailings throughput rate of
50,000 short tons per day and an initial settled dry density for the tailings of 85 pounds per cubic foot (pcf). The
beach slopes were defined using two sub-aerial and two sub-aqueous beach slopes. The slopes were selected to
be consistent with current deposition behaviour observed in the impoundment. The tailings discharge elevation,
beach extents, and resulting supernatant pond configuration for each interval were modelled using these inputs.

3 — TAILINGS DEPOSITION PLAN

The key objective of the tailings deposition plan is to provide extensive beaches to isolate the supernatant pond
from the YDTI embankments. The deposition model was developed based on the existing MR tailings discharge
expansion plan. The MR expansion plan incorporates a progressively expanded discharge configuration, which
commences with three discharge points and increases to eight in 2018.

Knight Piésold Ltd. | Suite 1400 — 750 West Pender St, Vancouver, BC Canada V6C 2T8 | p. +1.604.685.0543 f. +1.604.685.0147
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A maximum of eight discharge points were applied in the deposition model, however additional discharge locations
may be implemented in the future with minimal impact on the development of the tailings beach. Table 1 presents
the number of discharge locations and the approximate discharge elevation at each model interval. The discharge
configurations are described further in the sections below.

Table 1 Discharge Location Summary

Year (June of) 2017 | 2018 | 2019 | 2020 2021 2026 2031

Number of Discharge
Locations

Tailings Discharge

Elevation (ft) 6,358 | 6,361 | 6,369 | 6,375 | 6,382 6,413 | 6,445

3.1 CURRENT CONFIGURATION - THREE DISCHARGE LOCATIONS

The model assumes the existing three discharge locations will be utilized throughout 2017 until construction of the
additional five distribution locations is complete in 2018. The beach development during this period is shown in
Figure 1 — June 2017.

A discharge elevation of 6,358 ft is required to meet the tailings storage requirements during 2017. Beach
development will follow the existing configuration and a consistent beach length from the discharge location will
be maintained. The use of three discharge points will isolate the supernatant pond from the East-West
Embankment and North-South Embankment. Maintaining or decreasing the current supernatant pond volume is
the most crucial factor to the tailings beach development plan during this period.

3.2 FINAL CONFIGURATION — EIGHT DISCHARGE LOCATIONS

The final discharge configuration between 2018 and 2031 utilizes a total of eight discharge locations. The elevation
of the tailings discharge locations were modelled increasing annually until 2021 and every five years thereafter
until 2031, to meet the ongoing storage requirements while maintaining the planned tailings beach configuration.
The approximate discharge elevations are shown in Table 1. The ultimate arrangement of the tailings beach
around the impoundment is shown on Figure 3 — June 2031. Beach development extents for each interval in Table
1 are shown in Figures 1 through 3.

The northwest and northeast discharge locations will initially operate for a greater duration to develop beaches in
existing low areas. Tailings discharge frequency will be become more evenly distributed between the discharge
locations as the tailings beach develops. The volume and duration of tailings discharged from each location will
vary depending on the year and beach conditions. Construction of the embankments will require periodic
adjustment of the tailings pipeline route.

The sub-aerial beach area is expected to increase by approximately 30% during the filling of the impoundment
due to the new eight-point discharge configuration. The beach length will initially decrease to approximately
2,500 ft in 2018 as the shape of the supernatant pond adjusts to the new tailings discharge configuration. The
beach length will then gradually increase to 4,200 ft by 2031 and become more uniform around the impoundment
embankments as tailings accumulate at the eight discharge locations. Comparison of Figures 1 through 3 shows
the development and distribution of the beach between 2017 and 2031.

4 - CONCLUSIONS

The long-term tailings deposition plan presented in this letter was designed to develop extensive beaches around
the impoundment and to manage the supernatant pond location away from the embankments. The plan
demonstrates the required changes to the tailings discharge configuration and estimates beach development for
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the YDTI constructed and filled to 6,450 ft. The resulting tailings beach configuration was based on defined tailings
slopes and fixed deposition points. Beach development will be monitored to confirm continued agreement with the
modelling assumptions.

Eight discharge locations will provide adequate beach deposition during construction of the YDTI embankment
raises, reliable beach development along the embankment, and increased operational flexibility without excessive
capital costs or management requirements. Five additional discharge locations will be added to the existing three
locations by the summer of 2018. Additional discharge locations may be implemented during tailings deposition
without significant effects on beach development around the facility.

We trust this information meets your needs at this time. Please contact the undersigned with any questions or
comments.

Yours truly,
Knight Piésold Ltd.
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Figure 1 Rev 0 Tailings Deposition Plan — June 2017 — June 2019
Figure 2 Rev 0 Tailings Deposition Plan — June 2020 — June 2026
Figure 3 Rev 0 Tailings Deposition Plan — June 2031

Copy To:  Josh Shutey
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Monitoring Monitoring
Plane Location Piezometer ID Type Easting Northing Elevation/Interval Installed Plane Location Piezometer ID Type Easting Northing Elevation/Interval Installed
(feet) (feet)
VW1 Vibrating Wire - In Drillhole 6144 Yes VW1 Vibrating Wire - In Drillhole 6142 Yes
82+80 W DH15-05 Vw2 Vibrating Wire - In Drillhole 130540 145048 6209 Yes 95+00 W DH15-02 VW2 Vibrating Wire - In Drillhole 130226 146367 6282 Yes
VW3 Vibrating Wire - In Drillhole 6269 Yes VW3 Vibrating Wire - In Drillhole 6342 Yes
82+80 W DRAIN POD #2 VWP-DP2 Vibrating Wire - In french 130693 145117 6324 Yes VW1 Vibrating Wire - In Drillhole 6053 Yes
82+80 W MW12-11 - Standpipe 129596 144633 6387 - 6321 Yes VW2 Vibrating Wire - In Drillhole 6093 Yes
VW1 Vibrating Wire - In Drillhole 6243 Yes 95+00 W DH15-06 VW3 Vibrating Wire - In Drillhole 129435 145752 6157 Yes
87+40 W DH15-07 VW2 Vibrating Wire - In Drillhole 130556 145500 6321 Yes VW4 Vibrating Wire - In Drillhole 6283 Yes
VW3 Vibrating Wire - In Drillhole 6366 Yes VW5 Vibrating Wire - In Drillhole 6393 Yes
VW1 Vibrating Wire - In Drillhole 5872 Yes VW1 Vibrating Wire - In Drillhole 5866 Yes
VW2 Vibrating Wire - In Drillhole 6012 Yes VW2 Vibrating Wire - In Drillhole 5970 Yes
87+40 W DH15-14 VW3 Vibrating Wire - In Drillhole 129473 145824 6093 Yes 95+00 W DH15-10 VW3 Vibrating Wire - In Drillhole 129456 146314 6083 Yes
VW4 Vibrating Wire - In Drillhole 6218 Yes VW4 Vibrating Wire - In Drillhole 6223 Yes
VW5 Vibrating Wire - In Drillhole 6368 Yes VW5 Vibrating Wire - In Drillhole 6374 Yes
VW1 Vibrating Wire - In Drillhole 6020 Yes VW1 Vibrating Wire - In Drillhole 6198 Yes
VW2 Vibrating Wire - In Drillhole 6071 Yes 95+00 W DH15-12 VW2 Vibrating Wire - In Drillhole 131122 146329 6248 Yes
gr+doW DH16-01 VW3 Vibrating Wire - In Drillhole 145499 130544 6111 Yes VW3 Vibrating Wire - In Drillhole 6298 Yes
VW4 Vibrating Wire - In Drillhole 6191 Yes 95+00 W EXTRACTION BASIN VWP-EB1 Vibrating Wire - In trench 130953 146431 6313 Yes
VW1 Vibrating Wire - In Drillhole 6084 Yes 95+00 W MW12-16 - Standpipe 129460 146011 6354 - 6297 Yes
87+40 W DH16-02 VW2 Vibrating Wire - In Drillhole 145500 129551 6169 Yes 95+00 W MW 15-02 - Standpipe 129436 146315 6342 - 6284 Yes
VW3 Vibrating Wire - In Drillhole 6326 Yes 95+00 W MW15-03 - Standpipe 129412 146003 6152 - 6098 Yes
VW1 Vibrating Wire - In Drillhole 5799 Yes 95+00 W MW15-07 - Standpipe 129014 146038 6315 - 6262 Yes
VW2 Vibrating Wire - In Drillhole 5841 Yes VW1 Vibrating Wire - In Drillhole 6128 Yes
87+40 W DH16-03 VW3 Vibrating Wire - In Drillhole 145360 129723 6009 Yes 108+40 W/ DH15-03 VW2 Vibrating Wire - In Drillhole 129989 147449 6198 Yes
VW4 Vibrating Wire - In Drillhole 6099 Yes VW3 Vibrating Wire - In Drillhole 6258 Yes
VW5 Vibrating Wire - In Drillhole 6177 Yes VW1 Vibrating Wire - In Drillhole 6117 Yes
VW1 Vibrating Wire - In Drillhole 5674 Yes 108+40 W DH15-09 VW2 Vibrating Wire - In Drillhole 130401 147474 6187 Yes
VW2 Vibrating Wire - In Drillhole 5817 Yes Vw3 Vibrating Wire - In Drillhole 6247 Yes
VW3 Vibrating Wire - In Drillhole 6026 Yes 108+40 W DRAIN POD #1 VWP-DP1 Vibrating Wire - In trench 130134 147613 6312 Yes
gr+a0W DH16-04 Vw4 Vibrating Wire - In Drillhole 145471 130284 6206 Yes 108+40 W MW 12-13 - Standpipe 128736 148088 6349 - 6290 Yes
VW5 Vibrating Wire - In Drillhole 6324 Yes 108+40 W MW12-17 - Standpipe 128888 147529 6323 - 6278 Yes
VW6 Vibrating Wire - In Drillhole 6376 Yes 108+40 W MW12-18 - Standpipe 128871 147524 6397 - 6358 Yes
VW1 Vibrating Wire - In Drillhole 5621 Yes Off plane CPT13-05 VW1 Vibrating Wire - In CPT probe hole 132803 142965 6234 Yes
VW2 Vibrating Wire - In Drillhole 5754 Yes Off plane CPT13-06 VW1 Vibrating Wire - In CPT probe hole 132989 143119 6300 Yes
VW3 Vibrating Wire - In Drillhole 5870 Yes VW1 Vibrating Wire - In CPT probe hole 6248 Yes
87+40 W DH16-05 VW4 Vibrating Wire - In Drillhole 145518 129197 5955 Yes Off plane CPT15-08 VW2 Vibrating Wire - In CPT probe hole 132987 143084 6273 Yes
VW5 Vibrating Wire - In Drillhole 6129 Yes VW1 Vibrating Wire - In Drillhole 6214 Yes
VW6 Vibrating Wire - In Drillhole 6210 Yes Off plane DH15-01 VW2 Vibrating Wire - In Drillhole 131599 143505 6283 Yes
VW7 Vibrating Wire - In Drillhole 6339 Yes VW3 Vibrating Wire - In Drillhole 6338 Yes
87+40 W MW 15-01 - Standpipe 129461 145503 6334 - 6274 Yes VW1 Vibrating Wire - In Drillhole 6153 Yes
87+40 W MW15-04 - Standpipe 129975 145875 6273 - 6216 Yes Off plane DH15-04 VW2 Vibrating Wire - In Drillhole 131191 143705 6221 Yes
87+40 W MW15-08 - Standpipe 129461 145503 6393 - 6363 Yes VW3 Vibrating Wire - In Drillhole 6281 Yes
87+40 W MW16-01 - Standpipe 129461 145548 6024 - 5983 Yes VW1 Vibrating Wire - In Drillhole 6214 Yes
87+40 W MwW16-02D - Standpipe 129730 145508 6018 - 5946 Yes Off plane DH15-08 VW2 Vibrating Wire - In Drillhole 130901 144460 6249 Yes
87+40 W MW16-02S - Standpipe 129730 145508 6262 - 6233 Yes VW3 Vibrating Wire - In Drillhole 6334 Yes
Off plane MW12-12 - Standpipe 129116 146996 6317 - 6276 Yes VW1 Vibrating Wire - In Drillhole 6177 Yes
Off plane MW12-14 - Standpipe 129104 146991 6387 - 6327 Yes Off plane DH15-11 VW2 Vibrating Wire - In Drillhole 130209 147971 6242 Yes
Off plane MW12-15 - Standpipe 129303 143689 6371 - 6319 Yes VW3 Vibrating Wire - In Drillhole 6302 Yes
Off plane MW 15-05 - Standpipe 128912 147317 6289 - 6227 Yes VW1 Vibrating Wire - In Drillhole 6256 Yes
Off plane MW15-06 - Standpipe 128909 147284 6133 - 6069 Yes Off plane DH15-13 VW2 Vibrating Wire - In Drillhole 130272 146801 6311 Yes
VW3 Vibrating Wire - In Drillhole 6361 Yes
NOTES: - DISCLAMER — . o 7
IS DRAWING WAS PREPARI KNIGHT PIESOLD
1. mﬁgg:ﬂvms F’SLFA/:‘le BE READ WITH ACCOMPANYING DRAWINGS AND CONSTRUCTION “‘32 e X vnzﬁm;?&zmgﬁmv; o Kn l gh t Ple Sol d
O e NEORMATION. AVACABLE 16, 1 TSk CONSULTING
2. ADDITIONAL DETAILS INCLUDING GROUND SURFACE ELEVATION AT THE TIME OF INSTALLATION AND  [TIME OF PREPARATION. ‘ANY USE WHICH A TR
Qéggug: AND DIP FOR INCLINED INSTALLATIONS ARE PROVIDED IN THE SITE CHARACTERIZATION MONTANA RESOURCES, LLP
3. COORDINATE GRID IS ANACONDA MINE GRID.
THE MONITORING INTERVAL OF MONITORING WELLS CORRESPONDS TO THE LOCATION OF THE N KEE DOODLE TAI LINGS IM Pou N DM ENT
N OT F 0 R C 0 N ST R U CT I o N SAND PACK FILTER AS INDICATED ON INSTALLATION LOGS. INSTANCES IN WHICH THIS
INFORMATION WAS UNAVAILABLE, THE MONITORING INTERVAL WAS ASSIGNED BASED ON THE
' SCREENED INTERVAL PROVIDED BY MONTANA RESOURCES. WEST EMBANKMENT
g 6450 CREST
% INSTRUMENTATION DETAILS
-] MR-C2010 | WEST EMBANKMENT - 6450 CREST - INSTRUMENTATION PLAN 0 | 30JUN'17 | NOT FOR CONSTRUCTION JDz mic | ODE 1_//3‘
E DRG. NO. DESCRIPTION REV DATE DESCRIPTION DESIGNED DRAWN REVIEWED | APPROVED JREV DATE DESCRIPTION DESIGNED DRAWN REVIEWED | APPROVED DWNG NO. m
i
i REFERENCE DRAWINGS REVISIONS REVISIONS VA101-126/12 MR-C2911 0
g

TR




1

MW
g " =
= (&) o z -4 m
2 S M E i
5 ~z| - s 3 N
g 14 SHE £ 2|9
3] W 4 R.
2 T ISL O N—Io .
z o 4 q«N= [ =
2 (/2] =35 o W=
2 £ Z |9 s &g
S 3z ) 2|l v EC—I K
g 8 5 @) No | W —QZ
£ g 2] sh [0 nou
=] w > < C © g < T =
y : £ . Z 205 [~
. < 5 3 g g (14 S | 2 2 | =
: B o) e |2 E & |8
8 = : £ 8 Q 4 z2 | %
m EEEEE W m F = w - a.l
& S 3z & 3 2 z mw m
: Z >

W :.::5

,¢¥ 43

LEGEND:

REVISIONS

136 000 E

. o YANKEE DOODLE e
. - | TAILINGS IMPOUNDMENT | -

134000E

REVISIONS

FOR WEST EMBANKMENT

SEE DRAWING MR-C2910

REFERENCE DRAWINGS

- ESEYFERIIESEIEEES
SLINOOW '02620-HIN ‘WY 0Z:Sv:6 L10Z/0€/9 :03LNI¥d SLLNOOW ‘ NV 96:82:6 LL0Z/0€/9 ‘14 02620-HIN\0Z620-HIN\SOMA\PEIVIV\Z L\GZLOO\L OV “03AVS



NOTES:

1. THIS DRAWING SHALL BE READ WITH ACCOMPANYING DRAWINGS AND CONSTRUCTION
MANAGEMENT PLAN.

2. THE COMPLETION DETAILS FOR MW14-02 ARE UNCERTAIN, THIS TABLE ASSUMES THE MONITORING
INTERVAL OF THE WELL IS LOCATED IN THE LOWER 20 FEET.

3. ADDITIONAL DETAILS INCLUDING GROUND SURFACE ELEVATION AT THE TIME OF INSTALLATION ARE
PROVIDED IN THE SITE CHARACTERIZATION REPORT.

4. COORDINATE GRID IS ANACONDA MINE GRID.

5. THE MONITORING INTERVAL OF MONITORING WELLS CORRESPONDS TO THE LOCATION OF THE
SAND PACK FILTER AS INDICATED ON INSTALLATION LOGS. INSTANCES IN WHICH THIS
INFORMATION WAS UNAVAILABLE, THE MONITORING INTERVAL WAS ASSIGNED BASED ON THE
SCREENED INTERVAL PROVIDED BY MONTANA RESOURCES.
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Monitoring
Plane Location | Piezometer ID Type Easting Northing Elevation/Interval Installed
(feet)
0+00 W DH-A - Vibrating Wire - In Drillhole 136600 138569 TBD No
0+00 W DH-B - Vibrating Wire - In Drillhole 136600 139313 TBD No
0+00 W DH-C - Vibrating Wire - In Drillhole 136600 140146 TBD No
0+00 W DH-D - Vibrating Wire - In Drillhole 136600 140700 TBD No
0+00 W DH-G - Vibrating Wire - In Drillhole 136600 139760 TBD No
0+00 W DH-11 - Standpipe 136623 138126 5606 - 5596 Yes
VYW1 Vibrating Wire - In Drillhole 5608.6 Yes
0+00 W | DH15-S1 VW2 Vibrating Wire - In Drillhole 136606 138123 5640.6 Yes
VW3 Vibrating Wire - In Drillhole 5652.6 Yes
VW1 Vibrating Wire - In Drillhole 5600.0 Yes
0+00 W | DH15-S2 VW2 Vibrating Wire - In Drillhole 136286 138060 5620.0 Yes
VW3 Vibrating Wire - In Drillhole 5640.0 Yes
8+00 W 93-4 - Standpipe 136010 138141 5668 - 5658 Yes
8+00 W 94-1 - Standpipe 135716 138061 5678 - 5660 Yes
8+00 W 94-11 - Standpipe 135773 138619 5668 - 5632 Yes
8+00 W | CPT14-01A VW1 Vibrating Wire - In CPT probe hole 135697 140370 6264 Yes
VW1 Vibrating Wire - In CPT probe hole 6060 Yes
8+00 W | CPT15-03 VW2 Vibrating Wire - In CPT probe hole 135808 140587 6167 Yes
VW3 Vibrating Wire - In CPT probe hole 6268 Yes
VW1 Vibrating Wire - In CPT probe hole 6011 Yes
8+00 W | CPT15-04 VW2 Vibrating Wire - In CPT probe hole 135808 141462 6166 Yes
VW3 Vibrating Wire - In CPT probe hole 6264 Yes
8+00 W VW1 Vibrating Wire - In CPT probe hole ) 6016 Yes
and CPT15-05 VW2 Vibrating Wire - In CPT probe hole 135810 142344 6158 Yes
28+00 NW VW3 Vibrating Wire - In CPT probe hole 6256 Yes
8+00 W. DH-F - Vibrating Wire - In Drillhole 135800 140700 TBD No
8+00 W DH-H - Vibrating Wire - In Drillhole 135800 139712 TBD No
8+00 W | DH15-S3 VW1 Vibrating Wire - In Drillhole 135802 138498 5611 Yes
8+00W | DH15-s4 VW1 Vibrat?ng Wfre -In Drfllhole 135801 139288 5625 Yes
VW2 Vibrating Wire - In Drillhole 5725 Yes
VW1 Vibrating Wire - In Drillhole 5666 Yes
Vw2 Vibrating Wire - In Drillhole 5848 Yes
8+00W | DH15-S5 VW3 Vibrating Wire - In Drillhole 135979 140102 6023 Yes
VW4 Vibrating Wire - In Drillhole 6213 Yes
8+00 W [ MW14-01 - Standpipe 135735 140037 6358 - 5653 Yes
12+00 W 94-5 - Standpipe 135435 138410 5683 - 5659 Yes
12+00 W DH-I - Vibrating Wire - In Drillhole 135400 139553 TBD No
12+00 W DH-J - Vibrating Wire - In Drillhole 135400 138456 TBD No
12+00 W :
and DH-S - Vibrating Wire - In Drillhole 135400 140695 TBD No
18+00 NW
18+00 NW DH-T - Vibrating Wire - In Drillhole 134376 139836 TBD No
18+00 NW| DH12-03A VW1 Vibrating Wire - In Drillhole 134973 140399 6147 Yes
28+00 NW| CPT13-01 VW1 Vibrating Wire - In CPT probe hole 134393 141175 6161 Yes
28+00 NW| CPT13-02A VW1 Vibrating Wire - In CPT probe hole 134567 141334 6192 Yes
VW1 Vibrating Wire - In CPT probe hole 6154 Yes
28+00 NW| CPT15-06 VW2 Vibrating Wire - In CPT probe hole 134597 141303 6248 Yes
28+00 N\W| DH-O - Vibrating Wire - In Drillhole 134063 140902 TBD No
28+00 NW| DH-P - Vibrating Wire - In Drillhole 133671 140573 TBD No
43+00 NW| CPT13-03 VW1 Vibrating Wire - In CPT probe hole 133531 142222 6187 Yes
43+00 NW| CPT13-04 VW1 Vibrating Wire - In CPT probe hole 133644 142393 6289 Yes
VW1 Vibrating Wire - In CPT probe hole 6152 Yes
43+00 NW| CPT15-07 VW2 Vibrating Wire - In CPT probe hole 133663 142371 6200 Yes
43+00 NW| DH-Q - Vibrating Wire - In Drillhole 133153 141967 TBD No
43+00 NW DH-R - Vibrating Wire - In Drillhole 132800 141670 TBD No
Off Plane | CPT14-02 VW1 Vibrating Wire - In CPT probe hole 137447 141062 5936 Yes
Off Plane | DH12-04 VW1 Vibrating Wire - In Drillhole 134728 140773 6195 Yes
Off Plane | DH12-04A VW1 Vibrating Wire - In Drillhole 134654 140851 6246 Yes
Off Plane | MW12-01 - Standpipe 137371 141038 5961 - 5856 Yes
Off Plane | MW 14-02 - Standpipe 137447 141060 5921-5901 Yes
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NOTES:
1.

THIS DRAWING SHALL BE READ WITH ACCOMPANYING DRAWINGS AND CONSTRUCTION
MANAGEMENT PLAN.

THE COMPLETION DETAILS FOR MW14-02 ARE UNCERTAIN, THIS TABLE ASSUMES THE MONITORING
INTERVAL OF THE WELL IS LOCATED IN THE LOWER 20 FEET.

ADDITIONAL DETAILS INCLUDING GROUND SURFACE ELEVATION AT THE TIME OF INSTALLATION ARE
PROVIDED IN THE SITE CHARACTERIZATION REPORT.

COORDINATE GRID IS ANACONDA MINE GRID.
THE MONITORING INTERVAL OF MONITORING WELLS CORRESPONDS TO THE LOCATION OF THE
SAND PACK FILTER AS INDICATED ON INSTALLATION LOGS. INSTANCES IN WHICH THIS

INFORMATION WAS UNAVAILABLE, THE MONITORING INTERVAL WAS ASSIGNED BASED ON THE
SCREENED INTERVAL PROVIDED BY MONTANA RESOURCES.

NOT FOR CONSTRUCTION

LTD. FOR THE ACCOL

0.
[THIS DRAWING. THE MATERIAL ON IT REFLECTS]
[KNIGHT PIESOLD’S BEST JUDGEMENT IN THE_LIGHT|

Monitoring
Plane Location | Piezometer ID Type Easting Northing Elevation/Interval Installed
(feet)

13+00 N - Vibrating Wire - In Drillhole 137965 140534 TBD No
13+00 N | CPT 14-02 VW1 Vibrating Wire - In CPT probe hole | 137447 141060 5936 Yes
13+00N | MW12-01 - Standpipe 137371 141038 5961 - 5856 Yes
13+00N | MW12-03 - Standpipe 137675 140804 5907 - 5807 Yes
13+00 N | MW12-06A - Standpipe 138457 140112 5886 - 5866 Yes
13+00N | MW13-02 - Standpipe 139230 139426 5888 - 5828 Yes
13+00 N | MW14-02 - Standpipe 137447 141060 5921 - 5901 Yes
28+00 N - Vibrating Wire - In Drillhole 138414 142175 TBD No
28+00 N - Vibrating Wire - In Drillhole 139008 141846 TBD No
43+00 N - Vibrating Wire - In Drillhole 139090 143365 BD No
43+00 N - Vibrating Wire - In Drillhole 139651 143054 TBD No
43+00 N | MWO05-03 - Standpipe 139664 143356 6051 - 6013 Yes
43+00 N | MW12-04 - Standpipe 139190 143452 6071 - 6039 Yes
53+00 N - Vibrating Wire - In Drillhole 139479 144435 TBD No
53+00 N | MW12-05 - Standpipe 139834 144238 6214 - 6194 Yes
Off plane | MWO05-4 - Standpipe 138588 140926 5933 - 5886 Yes

E Off plane | MW12-02 - Standpipe 137987 141261 5961 - 5856 Yes

§ Off plane | MW13-03 - Standpipe 139714 140266 5969 - 5949 Yes
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