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PLAIN ENGLISH SUMMARY
This Closure and Reclamation Plan (CRP or Plan) serves to provide a plan for the effective closure and
rehabilitation of the Prairie Creek Mine site
This CRP is based on a “design for closure” approach, with the ultimate goal being a “walkaway” design. The
closure and reclamation of this Project will be conducted in accordance with the terms and conditions of the
anticipated MVLWB Land Use Permit and Water Licence and accepted closure and reclamation practices in the
NWT. This CRP is consistent with the Guidelines for the Closure and Reclamation of Advanced Mineral
Exploration and Mine Sites in the Northwest Territories (MVLWB/AANDC, 2013).
The general reclamation goals are to:


Protect public health and safety;



Minimize adverse effects of the Project on the environment;



Establish conditions that lead to acceptable long-term physical and chemical stability of the reclaimed
areas;



Establish conditions that are appropriate for the surrounding environment and identified end land uses;
and,



Return the affected areas around the Project to technically viable and, where practicable, self-sustaining
ecosystems that are compatible with a healthy environment.

These goals will be supported by the four closure principles of physical stability, chemical stability, no long-term
active care requirements, and future uses (including aesthetics and values).
The primary reclamation activities will be as follows:


Place all of the tailings from the Mill underground in paste form, and backfill and seal all mine workings
and entrances;



Place all waste rock and inert scrap in an engineered pile, and cover the pile at closure to minimize
infiltration and seepage, and promote revegetation;



Remove all buildings, and either break-up and bury foundations or transport them to the waste rock pile;
and,



remove non-natural materials and breach the dykes of water storage ponds.

The above activities are expected to result in site surface water and groundwater discharges that will not cause
receiving water metals concentrations to exceed objectives that are protective of aquatic life. A contingency
groundwater pump-and-treat system is provided for post-closure which will operate until discharge expectations
can be verified.
After closure and reclamation, monitoring and inspections will occur over a thirteen-year period, with a declining
frequency of visits after three years and eight years, respectively.
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LIST OF ACRONYMS
Acronyms/Abbreviations

Definition

AANDC

Aboriginal Affairs and Northern Development Canada

ARD

Acid Rock Drainage

ASR

All Season Road

CRP

Closure and Reclamation Plan

CZN

Canadian Zinc Corporation

Lands

GNWT Department of Lands

DFO

Department of Fisheries and Oceans

DMS

Dense Media Separation

EA

Environmental Assessment

ENR

GNWT Department of Environment and Natural Resources

km

Kilometre

KP

Kilometre Post

LKFN

Liidlii Kue First Nation

M

Metre

M

Million

Mine

Prairie Creek Mine

NDDB

Naha Dehe Dene Band

NNPR

Nahanni National Park Reserve

MVRB

Mackenzie Valley Environmental Impact Review Board

MVLWB

Mackenzie Valley Land and Water Board

NWT

Northwest Territories

WSP

Water Storage Pond

WTP

Water Treatment Plant

WRP

Waste Rock Pile

iv

GLOSSARY
Access Road

A 170 km long road from the Nahanni Butte access road to the Mine site that is used for
the purpose of moving mineral concentrates to markets and to resupply the Mine with
operating supplies and fuel.

Berm

A mound of wall, usually of earth, used to retain substances or to prevent substances from entering
an area.

Closure

When a mine ceases operations without the intent to resume mining activities in the future.

Closure Criteria

Detail to set precise measures of when the objective has been satisfied.

Dense Media
Separation rock

Gravel-sized, low density rock separated from mineralized rock in a dense media
separation (DMS) circuit.

Monitoring

Observing the change in geophysical, hydrogeological or geochemical measurements over
time.

Off-site
Infrastructure

All facilities located outside the immediate proximity of the Mine site, and include the Access Road
and the Fort Nelson load out facility.

On-site
Infrastructure

All facilities located in the immediate proximity of the Mine site that support the operation of the
mining and processing activities.

Permanent Closure

When a mine exhausts its ore reserves and ceases operations without the intent to resume mining
activities in the future.

Premature Closure

When the Mine shuts down permanently prior to the projected life of the mine without the intent to
resume mining activities in the future.

Process Plant

A facility, also known as the Mill, which recovers valuable minerals in the form of
concentrates from unmineralized silt to sand sized particles, called the Tailings, via
processes of crushing, milling and flotation.

Progressive
Reclamation

Action that can be taken during operations before permanent closure to take advantage of cost and
operating efficiencies by using resources available from ongoing operations. Enhances
environmental protection and shortens the time frame for achieving reclamation objectives.

Reclamation

The process of returning a disturbed site to its natural state or one for other productive
uses that prevents or minimizes any adverse effects on the environment or threats to
human health and safety..

Tailings

Material rejected from a mill after most of the recoverable valuable minerals have been
extracted.

Temporary Closure

When a mine ceases operations with the intent to resume mining activities in the future. Temporary
closures can last for periods of weeks, or for several years, based on economic, environmental,
political or social factors.

Waste Rock

All rock materials, except ore or tailings that are produced as a result of mine and mill
operations.

Waste Rock Pile

A specifically designed storage facility to store Waste Rock from the underground mine and
demolition waste

Water Storage
Pond

A pond with two cells that separately stores mine water and Process Plant water.

Water Treatment
Plant

A facility that removes contaminants from water.
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1.0

INTRODUCTION

Canadian Zinc Corporation (CZN) plans to operate the Prairie Creek Mine, subsequent to the construction of an
all-season road (ASR). This Closure and Reclamation Plan (CRP or Plan) serves to provide a plan for the
effective closure and rehabilitation of the site.

1.1

Company Location and Mailing Address
Head Office:
Suite 1710-650 West Georgia Street, Vancouver, BC, V6B 4N9
Phone: 604-688-2001
Fax: 604-688-2043
Email: David.Harpley@norzinc.com
Prairie Creek Mine:
604-724-2512

1.2

Purpose and Scope

The purpose of this plan is to demonstrate how the Mine site is to be reclaimed.
The permanent Prairie Creek Mine Closure is divided into three separate phases. These are:
Phase I – The demolition and site rehabilitation of all facilities, except for contingency facilities required for
post mine closure water management and monitoring.
Phase II – The operation of the contingency water management and monitoring facilities for an estimated
period of 6 years, if required, at which time it has been estimated that no further treatment will be
required.
Phase III – The demolition of the water management and monitoring facilities and the final rehabilitation of
the site.
The CRP is linked to a number of other CZN environmental management plans including:


Engagement Plan



Waste Management Plan



Spill Contingency Plan



Tailings Backfill Management Plan



Water Management Plan



Aquatic Effects Management Plan

1.3

CZN Environmental Policy

It is CZN's policy to achieve and maintain a high standard of environmental care in conducting its business as a
resource company, and through its developments, contribute to sustaining society’s material needs. Canadian
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Zinc’s approach to environmental management seeks continuous improvement in performance by incorporating
evolving scientific knowledge and community expectations into its operations.
Specifically, it is CZN's policy to:


Comply with and adopt the spirit of all applicable laws, regulations and standards, and where laws do not
adequately protect the environment, apply standards that minimize any adverse environmental impacts
resulting from its operations, products and services.



Communicate openly and in a timely manner with government on environmental issues, and contribute to
the development of policies, legislation and regulations that may affect CZN and its operations.



Recognize local communities as stakeholders and engage with them in a process of open consultation
and timely communication regarding environmental management issues and impacts and seek to involve
them in decision making and implementation.



Ensure that employees and suppliers of goods and services are informed about this policy and that they
are aware of their environmental responsibilities in relation to CZN’s business.



Develop and implement management systems to identify, control and monitor potential environmental
risks arising from operations, and be prepared to respond to adversity.

1.4

Closure and Reclamation Plan Goal and Principles

1.4.1 Closure Goal
This CRP is based on a “design for closure” approach, with the ultimate goal being a “walkaway” design. The
closure and reclamation of this Project will be conducted in accordance with the terms and conditions of the
anticipated MVLWB Land Use Permit and Water Licence and accepted closure and reclamation practices in the
NWT. This CRP is consistent with the Guidelines for the Closure and Reclamation of Advanced Mineral
Exploration and Mine Sites in the Northwest Territories (MVLWB/AANDC, 2013).
The general reclamation goals are to:


Protect public health and safety;



Minimize adverse effects of the Project on the environment;



Establish conditions that lead to acceptable long-term physical and chemical stability of the reclaimed
areas;



Establish conditions that are appropriate for the surrounding environment and identified end land uses;
and



Return the affected areas around the Project to technically viable and, where practicable, self-sustaining
ecosystems that are compatible with a healthy environment.

These goals will be supported by the four closure principles of physical stability, chemical stability, no long-term
active care requirements, and future uses (including aesthetics and values).
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1.4.2 Closure Principles
This closure goal will be supported by the four general closure principles outlined in MVLWB/AANDC (2013):


physical stability



chemical stability



no long-term active care requirements



future uses (including aesthetics and values).

1.4.2.1

Physical Stability

Consistent with the guidelines, the Mine site will be modified at closure to be physically stable and not pose a
hazard to humans, wildlife, aquatic life, or environmental health and safety.

1.4.2.2

Chemical Stability

No risks to water quality, wildlife or human environmental health and safety are expected to remain following final
closure and reclamation of the Mine site.

1.4.2.3

No Long-Term Active Care

CZN will strive to achieve a closure condition that will not require long-term active care and maintenance. Thus,
any post-closure monitoring is expected to be limited to a defined period of time.

1.4.2.4

Future Uses

CZN will strive to achieve closure conditions that are compatible with the surrounding lands and water bodies
upon completion of the closure activities. CZN is committed to engaging with the potentially-affected Indigenous
groups and applicable regulators and land managers to seek their input regarding future uses in relation to the
Mine site and the closure thereof.
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2.0

PROJECT DESCRIPTION

Canadian Zinc Corporation is planning to operate the Prairie Creek Mine. The Mine is located at approximately
61o 33’ north latitude and 124o 48’ west longitude adjacent to Prairie Creek, a tributary of the South Nahanni
River, NWT (Figure 1). Existing site infrastructure is shown in Figure 2.

2.1

History of the Site

The Prairie Creek Mine (the Mine) is 100% owned by CZN and already contains significant infrastructure,
including a processing plant (Mill), office buildings, workshops and accommodations, all constructed in the early
1980’s by Cadillac Explorations Ltd. (Cadillac).. Cadillac received permits to operate the Mine and an access road
to the Liard Highway, but never commenced operations. CZN acquired the property in 1993, and has since
completed numerous exploration, engineering, and environmental programs and studies.

2.2

Pre-Mining and Reference Environmental Conditions

Extensive environmental data has recently been collected in the area of the Mine to update and add to the
information that was collected previously. Sixteen years of flow data were recorded on Prairie Creek previously.
There is now an extensive database on water quality, stream flows, local climate, and the habitats and relative
abundance of fish and wildlife in the area.

2.3

Mine Development

Mineralization consists of Vein and Stratabound style base metal deposits, contained in limestones, dolostones
and shales. The current resource to be mined totals over 5 million tonnes, contains the metals lead, zinc, silver
and copper, and will be mined over 14 years. The mine will operate year round to produce lead and zinc
concentrates from on-site flotation. The concentrates will be transported from site via the access road.

2.4

Description of Mine Facilities

The Mine. All mining will be underground. Underground workings already exist on three levels inside the
mountain. Future workings will include three new deeper levels.
The Mill. In the Mill, the ore will be processed to separate the metal bearing minerals (concentrates) from the
waste (gravel-sized rock, and silts called tailings). The ore is first crushed to a gravel size. Metal bearing rock will
be separated from waste rock in a new dense media separation (DMS) plant. The metal bearing rock is then
ground down to flour and processed in tanks of water, called flotation cells. Concentrates of lead and zinc (each
containing silver and copper) are produced from successive cells, leaving residues of tailings and process water.
The concentrates are to be placed in sealed containers to be hauled out over the access road.
After processing, the residue tailings will be filtered to remove process water, and then sent to a backfill plant
where they will be mixed with a small amount of cement and water to make a paste. The paste will then be taken
underground to backfill mining voids.
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Waste Management. All of the tailings, and potentially some DMS rock, from the Mill will go underground in the
backfill mix. The majority of the DMS rock together with waste rock from the mining of access tunnels
underground will be placed in an engineered Waste Rock Pile (WRP), located in a small valley west of Harrison
Creek, a tributary of Prairie Creek.
Other site waste that is free of contaminants (e.g scrap metal) will be buried in the WRP. Hazardous waste will be
taken off-site for disposal. Camp domestic waste will be incinerated. Camp sewage will be treated in a plant onsite, with sludge stored on-site for use in reclamation.
Water Management. There will be two main sources of water to be managed during mine operations: mine
water, including runoff from stockpiles, and process water from the Mill. Both water sources will contain metals,
although the process water will contain a greater variety of metals at higher concentrations plus residues from the
Mill reagents.
A large pond was originally built on site with dykes and a clay lining for tailings disposal. This pond will be reengineered as a Water Storage Pond (WSP). After the pond was originally built, the backslope slumped, raising
concerns about stability. Construction of the new WSP will include slope stabilization works, and a new
geosynthetic liner in addition to the existing clay liner.
During operations, the WSP will store mine water and process water from the Mill in two separate cells. Each cell
will supply feed water to the Mill, and excess water to a Water Treatment Plant for discharge to the environment.
Mill process water can be recycled to the Mill after temporary storage to allow mill reagents to degrade.
Most of the mine water will be treated year round in a new treatment plant to reduce metal concentrations,
primarily zinc, and then released to Prairie Creek. Process water not recycled will also be treated in the new plant.
Treated sewage water and seepage collected from the WRP and other stockpiles will also be sent to the WSP,
but the flows will be comparatively small. Runoff from rainfall and snowmelt will be channelled through existing
ditches and a collection pond before discharge to Prairie Creek, as occurs at present. The WSP will have upslope
diversion ditches which will divert runoff to Prairie Creek. Potable water for the Camp will be supplied by wells.
Site Infrastructure. The existing buildings will be upgraded and modernized. New facilities will include a
kitchen/accommodation block, concentrate load-out, power generation units, and an incinerator. The existing
surface water management system, including the flood protection berm, Catchment Pond for site runoff, and
runoff ditches, will be retained.

2.5

Acid Rock Drainage/Metal Leaching Potential

pHase Environmental Inc. (pHase) undertook a broad geochemical study during 2005/06 with analyses on
mineralized rock samples, tailings and concentrates. The following conclusions were made:


all host rock units are non-potentially acid generating (non-PAG), due to generally low amounts of
contained sulphur (less than one percent of total sulphur) and the substantial effective buffering capacity
provided by reactive carbonates, the latter reflecting the carbonate-rich nature of the host rock material;



vein and stratabound mineralization are classified as potentially acid generating due to an abundance of
sulphide mineralization (although pHase’s kinetic test data to December 2006 suggests that it may take a
substantial amount of time for acidity to be generated, due to the significant amount of buffering capacity
available from the carbonate host rocks);
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DMS rock is non-PAG and contains relatively low sulphur values;



flotation tailings are classified as non-PAG and contain sufficient buffering capacity to maintain neutral
conditions under laboratory conditions;



sulphide concentrates are classified as potentially acid generating due to slightly elevated pyritic sulphur
content and very little neutralization capacity; but



as a result of substantially higher neutralization potential, lead oxide concentrate is classified as having
uncertain acid generation potential.

pHase also carried out metal leaching tests as part of their 2005/06 study program. The following conclusions
were made:


mineralized material and waste/host rock have the potential to release soluble Cd, Cu, Hg, Pb, Sb and Zn
at neutral pH conditions, mainly as a result of metal carbonate dissolution and, to a lesser extent,
sulphide oxidation. The rates of soluble metal release were considered to reflect a worst case scenario,
because the waste samples were taken from the wallrocks of the mineralized Main Zone vein, in which
wall rocks elevated metal contents typically exist; metal release rates in waste/host rock appear to be
predominantly related to metal carbonate dissolution; and, waste/host rock in areas remote from
mineralization contain fewer metal carbonates and are, therefore, less likely to generate soluble metal
loads at problematic levels in the absence of management controls, DMS rock could release elevated
concentrations of a number of metals of environmental concern (As, Sb, Cd, Cu, Pb, Hg, Se, Au and Zn),
under neutral pH conditions;



the results of humidity cell tests (that pHase considers to be more reliable than leach tests) on 930 metre
Level (mL) and 870 mL indicate that DMS rock leach rates are lower than those of mineralized vein
material;



tailings are likely to produce As, Cd, Cu, Pb, Hg, Se and Zn at levels of potential environmental concern,
under neutral pH conditions, at humidity leach rates that the preliminary results suggest are generally
similar to the release rates from DMS rock material;



dissolved metals are typical for flotation supernatant, insofar as a comparison of total metal
concentrations with the maximum authorized monthly averages defined by the Metal Mining Effluent
Regulations showed that total As, Cu, Pb and Zn exceeded the regulated levels.

Because all mine materials tested by pHase have the potential to leach metals at neutral pH, CZN incorporated
management measures into its operations and closure planning.

2.6

Current Environmental Conditions

Water Quality. Studies have shown that the historical discharge of untreated mine drainage prior to 2006 has had
no significant impact on downstream Prairie Creek water and stream sediment quality, or aquatic life.
Nevertheless, CZN’s water management strategy for operations and closure will minimize the potential for
impacts.
Fish. Bull trout and mountain whitefish are found in Prairie Creek near the Mine, however numbers are low.
Spawning trout were found in Funeral Creek, a tributary of Prairie Creek upstream of the Mine. No evidence of
trout spawning has been found downstream of the Mine.
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Wildlife and Vegetation. Dall’s sheep lamb on high ground in the area in the spring. Dall’s sheep, woodland
mountain caribou, moose and grizzly bear are important local species.
Terrain and Stability. No large-scale landslide features are evident near the Mine, and the risk of major slope
failure was assessed to be low.

2.7

Permits and Authorizations

CZN applied to the MVLWB in June, 2008 for a Water Licence and land use permit (LUP) to operate the Mine.
The applications were referred to the Mackenzie Valley Review Board (MVRB) for Environmental Assessment
(EA) in August, 2008. The MVRB issued Terms of Reference (TOR) for a Developers Assessment Report (DAR)
in June, 2009 and included use of the access road in the EA.
In June 2009, the Nahanni National Park Reserve (NNPR) was officially expanded. The Mine area is now
surrounded by the expanded park but is not part of the park, and approximately half of the length of CZN’s access
road crosses the park.
LUP MV2008D0014 for mine and mill operations was issued in June 2013. The companion Water Licence
MV20008L2-0002 was issued in September 2013.
CZN currently also holds Water Licence MV2019L2-0006 and LUP MV2019C0011 for underground exploration.
In 2014, CZN applied for permits for an all season road. Following EA, LUP’s MV/PC2014F0013 and Water
Licences MV/PC2014L8-0006 and MV2019L8-0002 were issued in November
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3.0

TEMPORARY CLOSURE

3.1

Definition of Temporary Mine Closure

Temporary mine closure is when the mine ceases operations with the intent to resume mining activities in the
future. Temporary closures can last for periods of weeks, or for several years, based on economic, environmental,
political or social factors.

3.2

Temporary Closure and Reclamation Plan

3.2.1 Temporary Closure Objectives
The Temporary Closure of the Underground Mine is guided by the following objectives:





To minimize operating and maintenance problems associated with the restart;
To prevent flooding of the underground workings;
To maintain water management structures and continue water treatment and water monitoring;
To ensure safety of humans and/or wildlife (by preventing access to mine openings);

The Temporary Closure of the Process Plant is guided by the following objectives:





To minimize operating and maintenance problems associated with the restart;
To eliminate freeze damage to equipment and piping;
To eliminate reagent spills;
To facilitate an orderly transition from Temporary Closure to permanent Closure should an election be
made to permanently close the mine.

The Temporary Closure of the mine site infrastructure is guided by the following objectives:


To put those mine site infrastructure components that are not required to be operated during Temporary
Closure in a condition whereby they do not pose a potential restart, safety or environmental concern and
are able to be monitored effectively.

3.2.2 Temporary Closure Activities
Waste Rock Pile
Activities planned for the Waste Rock Pile during temporary mine closures include continued collection and
management of seepage, maintenance of diversion ditches, and monitoring.
Underground





Conduct the backfilling of mined areas with available fill material;
Examine open faces to decide whether temporary support is necessary;
Ensure that all areas where there are water flows have systems to drain these flows to the sumps at
water pumping stations;
Monitor the operation of underground pumps and key sumps to provide data on water levels;
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Ensure all explosives and detonators are removed from temporary storage areas and placed in the
secure magazines on surface.
Remove all mobile, electrical and other equipment, not required during the shut-down, to surface or other
safe area; and,
Review ventilation requirements to assess what reductions can be implemented;
Install temporary plugs, fences, berms, etc. to prevent access to portals and any ventilation openings.

Process Plant







All process equipment, tanks and piping will be emptied to prevent problems on restart.
Process water will be sent to the Water Storage Pond.
All ore in surface stockpiles and the fine ore bin ore will be processed through the Process Plant prior to
Temporary Closure.
All concentrates within the processing circuit will be filtered, bagged and stored in the Concentrate
Storage Shed.
For extended Temporary Closures, the ball mill will be jacked up off its trunnion bearings.
Reagents removed or safely stored.

Water Storage Pond
The WSP will continue to receive water mainly from underground and the Waste Rock Pile. The Process Plant will
not be producing Process Water. The WSP will be kept in balance by seasonally sending water to the Water
Treatment Plant.
Water Treatment Plant
The mill process water circuit in the WTP will be shut down in a scheduled manner in order that all liquid reagent
mixing and storage tanks will be emptied. All reagent distribution lines will be blown down with compressed air to
prevent freeze damage. All isolation valves at the acid storage tank will be closed and all acid lines between the
acid storage tank and the Water Treatment Plant will be drained.
The mine water circuit in the WTP will remain at full operational status and will be operated seasonally as required
to maintain the Water Storage Pond water level within the prescribed range.
Onsite Infrastructure
All facilities of onsite infrastructure that are not required to operate and manage the site during Temporary
Closure will be taken off line in a manner that they do not require day-to-day operation but only periodic
monitoring.
The Sewage Treatment Plant and the incinerator will be kept operational to support camp activities during
Temporary Closure.
Offsite Infrastructure
The ASR would be maintained as usual, although maintenance would be less with less traffic.
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3.2.3 Temporary Closure Management and Accountability Structure
During Temporary Closure, at least 3 staff will remain on-site to maintain systems and continue monitoring. The
site management and reporting function will revert to CZN’s executive offices, as at present during the existing
Care and Maintenance period.

3.2.4 Temporary Closure Monitoring, Maintenance and Reporting Program
All statutory monitoring and reporting programs will continue during the temporary closure period. Maintenance
and inspections will be undertaken, as necessary, to allow rapid re-start. WCB safety requirements will apply.

3.2.5 Temporary Closure Schedule
The orderly shutdown of the mining and milling complex and the onsite infrastructure as described herein will be
completed within a one week period with the exception of the time required to ship the residual concentrate.
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4.0

PREMATURE AND PERMANENT CLOSURE AND RECLAMATION

4.1

Definitions of Premature and Permanent Closure

Premature Closure: When the mine shuts down permanently prior to initially projected life of the mine without the
intent to resume mining activities in the future.
Permanent Closure: When a mine exhausts its ore reserves and ceases operations without the intent to resume
mining activities in the future.
The closure and reclamation strategy is the same for both closures. The difference between the two is principally
associated with the magnitude of the WRP closure and Post Closure Monitoring and Treatment.

4.2

Permanent Closure and Reclamation Plan

4.2.1 Reclamation Objectives and Closure Criteria
Objectives
1. Physical Stability: At closure the remaining physical structures will be the backfilled underground
workings, the WRP and the remnants of the WSP. The primary physical stability objectives are that the
site is reclaimed without promoting instability in local slopes, and that major structures will remain stable
in the long-term and do not pose a safety concern. Reclaimed surfaces should also not be prone to
erosion, subsidence and sediment production.
2. Chemical Stability: Chemical stability relates primarily to the mine wastes, specifically the backfill mix
placed underground and the rock in the WRP. These sources are expected to produce limited flows
containing dissolved metals that should not be sufficient to require treatment. However, a contingency
pump and treat scheme to treat mine water is provided for, until such time that it can be confirmed that
discharge will not occur such that receiving water quality objectives protective of aquatic life will be
exceeded.
.
3. Future Use and Aesthetics: The CRP assumes that there will be very limited future use of the site as the
mine area will be absorbed within the Nahanni National Park Reserve and will become a wilderness area.
Other future uses of the site are possible, which might involve leaving site infrastructure. This will be
determined through consultations with Parks Canada staff and First Nations during the mine life. It is
assumed that in any event, the airstrip will be left for emergency landings. If the site is completely
reclaimed, the intent will be to restore the landscape to its pre-mining natural setting as much as possible.
Closure Criteria:
1. Mine waste disposal locations must be physically stable so that no maintenance or restoration is required
after closure.
2. Surface water quality objectives will be assumed that will be protective of resident species downstream.
3. Reclamation will attempt to restore the landscape to a pre-mining landscape as much as is practical.
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Acid Rock Drainage and Metal Leaching
Objectives
The objectives to limit acid rock drainage (ARD) include minimizing the access of air and/or water to sites of
potential acid generation. As with any lead-zinc deposit, there is potential for neutral drainage metal leaching. This
leaching will be minimized by placing material in locations where the flow of oxygenated water is limited.
Pre-Mine Planning
Geochemical testing confirmed that underground wall rocks could generate ARD but have a high neutralization
potential. Testing showed that tailings, rock from the mill and development rock from underground will not
generate ARD, but could leach metals. Pre-mine planning included placement of tailings and some of the DMS
rock underground in a backfill mix to minimize contact with oxygenated water, avoid tailings placement on the
Prairie Creek floodplain with a consequent long-term risk of exposure and leaching, and help seal the mine and
limit mine drainage. The remaining DMS rock will be deposited in the WRP. Placement of a cover material on the
WRP to sufficiently limit infiltration and poor quality seepage is also planned.
Revegetation
Objectives
Reclamation objectives for revegetation are to promote the revegetation of reclaimed surfaces with local species
and without exotic species, with emphasis on ground cover in riparian areas to limit sediment dispersal.
Pre-Mine Planning Options
The high-elevation, northern location of the mine, and absence of soil cover in many areas, means revegetation
will be difficult, and/or may take many years to occur. Observations indicate that natural invasion of native species
is an effective process (old drill pad access roads) and should be fostered. The introduction of seed mixes is not
favoured because of the difficulty of eliminating exotic species. Exposed soil surfaces near watercourses may
need to be stabilized by coarse material until vegetation can develop.
Physical Stability
Contaminated soils
A contaminated site investigation program will be undertaken prior to closure to determine soil and groundwater
quality, and define the need for, and scope of, a remedial program, which might involve soil removal and
consolidation in the WRP, for example.

4.2.2 Consideration of Community Values
Input from local communities has been requested to determine the desired long-term use of the site, composition
of the final mine closure plan, and the objectives for reclamation. No feedback has been received to date.
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4.2.3 Breakdown of the Project into Specific Reclamation Components
Phase I – The demolition and site rehabilitation of all facilities, except for the contingency post mine closure water
management (pumping, conveyance, treatment) and monitoring facilities.


Underground Mine



Waste Rock Pile



Process Plant



Water Storage Pond



Onsite Infrastructure



Access Road

Phase II – The operation of the contingency water management and monitoring facilities for an estimated period
of 6 years, if required, at which time it has been estimated that no further treatment will be required.


Mine Water Management

Phase III – The demolition of the water management and monitoring facilities and the final rehabilitation of the
site.

4.2.4 Specific Reclamation Components and Possible Reclamation Activities
General
Due to the remote location of the Mine, only a portion of the mine assets are expected to have sufficient salvage
value at mine closure to warrant transport off site to a suitable market. The majority of the assets are expected to
be placed in the WRP.
Waste Rock Pile
The WRP has been specifically designed by Golder Associates to store up to 620,000 m3 of waste rock with an
additional 35,000 m3 of inert solid waste storage for the specific purpose of providing scrap disposal volume. The
following solid waste components will be placed in the WRP following removal of all contaminants:
1.
2.
3.
4.
5.

All mobile equipment;
All stationery equipment;
All building structural materials;
All construction materials; and,
All other solid materials.

At the completion of mine demolition, the scrap disposal location within the WRP will be covered with a minimum
one-metre thick layer of waste rock. The final cover for the WRP will be designed to promote runoff and minimize
infiltration and the generation of leachate. A study (O’Kane Consultants, 2010) attached as Appendix A,
recommended a 1-2 m thick ‘till’ (clayey soil) layer be applied.
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The selected cover design will be based on data from seepage monitoring during the mine life, and predictions of
cover behaviour, long-term waste rock seepage, and the resulting groundwater and surface water quality.
Water Storage Pond
When the WSP is no longer required for mine operations or reclamation activities, it will be reclaimed as follows:
1. Pond water will be processed through the Water Treatment Plant and discharged;
2. Sediment in the WSP will be dredged, pumped to the Backfill Plant and deposited either underground or
in the WRP;
3. When the WSP is free of contaminated solids and water, the geosynthetic liner will be removed and
placed in the WRP;
4. The WSP embankment will be breached in two places to prevent the structure from impounding water.
The outlets to Prairie Creek will be stabilized as necessary.
Underground
The intent is to backfill the underground workings and all access tunnels. The workings and portal access tunnels
will be sealed.
There is expected to be groundwater movement along the edges of the backfilled mine workings, within the
workings where gaps remain between the backfill mix and the roof that could not be filled or where the mix has
settled, and in fractures in the bedrock immediately adjacent to the backfilled area. The mineralized vein is
currently a conduit for flow, hence after backfilling, little flow will occur and groundwater movement and discharge
of metals is not expected to be significant. However, a contingency pumping system will be installed, if necessary,
to pump mine water to the WTP for treatment and discharge. A Best Estimate prediction (Robertson
Geoconsultants Inc September 2012) attached as Appendix B, indicates that pumping might be required for four
to eight years (until initial metal leaching stabilizes). During mine operations, further study of the mine water
hydrology will better define if such a system is required, and the water treatment requirements.
Mine Equipment:
All contaminated mine equipment will be removed from underground before mine closure. Equipment and
material that is salvageable will also be removed. Equipment and material that has no salvage value will be
decontaminated and moved to the WRP.
Process Plant and Onsite Infrastructure
All surface facilities including the Process Plant, Paste Plant, Water Treatment Plant, Administration, Camp,
Sewage Treatment Plant and Tank Farm will be reclaimed as follows:





Evaluate and store for removal by waste type all wastes that do not qualify for disposal in the WRP.
Dispose of all of the waste types that do not qualify for disposal in the WRP off-site pursuant to regulatory
disposal practice.
Dismantle the qualified equipment and building structure, reduce the material to manageable pieces, and
remove them to the WRP.
Clean concrete from foundations and walls will be crushed and used as clean backfill material where
needed.
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For the post closure mine water management and monitoring, the mine water treatment section of the WTP will
remain along with reduced camp facilities, fuel storage and warehouse facilities.
Offsite Infrastructure
The off-site infrastructure at the road camps will be removed and salvaged, taken to the mine for disposal, or
taken to a suitable off-site disposal location. The sites will be reclaimed in conjunction with the ASR.

4.2.5 Uncertainties and Information Needs
Waste Rock Pile
The quality and quantity of seepage that will emanate from the WRP after cover placement will be determined
during mine operations. Post-closure monitoring will confirm performance.
Underground
The quantity and quality of groundwater that will emanate from underground via the vein structure at the
completion of mining activities will be predicted during operations. This, together with post-closure monitoring, will
determine the need for any ongoing water treatment requirements.

4.2.6 Monitoring, Maintenance and Reporting Program
The previously described contingency minewater pumping/treatment system will be operated for 6 years after the
water level in the mine area has rebounded to the 865 m level. During this period, the monitoring work described
below will be done by the operating staff.
Post-closure monitoring will include inspection of mine access barricades, the WRP cover and runoff controls,
observation of reclaimed surfaces for erosion, and the collection of water samples. Samples will be collected from
Harrison Creek and Prairie Creek, and a limited number of groundwater wells. Three locations on Harrison Creek
(one upstream and two downstream), three locations on Prairie Creek (one upstream and two downstream) are
envisaged. The number and location of groundwater wells to be included will be determined during operations.
For the first 3 years after closure and reclamation, monitoring and inspections will occur monthly over the period
March to November. In the following 5 years, monitoring and inspections will occur bi-monthly from May to
September. In the final 5 years, monitoring and inspections will occur once a year in July (post-freshet). The intent
of monitoring is to track the revegetation and stabilization of surfaces, and confirm that water quality is as
expected.

4.2.7 Contingency Program
Post-closure monitoring programs will be designed to determine whether closure conditions are as expected, and
whether any follow-up changes are needed, such as unforeseen erosion repair. Water quality issues have already
been addressed above. A limited supply of equipment will be maintained after closure to be used in potential
repair works.
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4.3

Progressive Reclamation

Three elements of site operations can include progressive reclamation:




Inert waste (metal etc.) will be placed within the WRP footprint to be ultimately buried within the WRP;
the process of backfilling the underground workings; and.
Grading and placement of the cover on the WRP as the pile develops.

Reporting on the status of progressive reclamation will be included in updates to the Final Closure and
Reclamation Plan during operations.

4.4

Reclamation Schedule
Year

0

1

2

3

4

5

6

7

8

9 10 11 12 13

Mining Ceases
Monitoring
Phase I - Onsite and Offsite Reclamation of Unrequired Facilities
Phase II - Post Closure Minewater Treatment
Phase III - Reclamation of Post Closure Facilities

4.5

Projected Environmental Conditions After Permanent Closure and
Reclamation

The reclaimed site is expected to acquire the same landscape as the surrounding area progressively with time,
characterized by rocky terrain with areas of sparse vegetation. There will be no waste on the Prairie Creek
floodplain. The covered WRP will blend into the hillside.

4.6

Assessment of Post-Reclamation Risks to Human and Environmental
Health.

Post-reclamation risks to humans will be negligible as all mine openings will be sealed. Environmental health will
be suitably protected since post-closure activities will only cease when it is demonstrated that pre-determined
receiving water quality objectives will be met.
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ROBERTSON GEOCONSULTANTS INC.
Consulting Engineers and GeoScientists for the Mining Industry

A Robertson Group Company

Suite 900, 580 Hornby St., Vancouver BC, Canada V6C 3B6
Phone (778) 331-5060 Fax (604) 684-8073
www.robertsongeoconsultants.com

September 24, 2012
RGC Project No: 148003/1
Canadian Zinc Corporation
Suite 1710 – 650 West Georgia Street
Vancouver, B.C.
V6B 4N9
Attention:

Dave Harpley

RE: REV 1 - Prediction of Post-closure Contingency Pumping, Prairie
Creek Mine, NWT
Dave,
This letter report summarizes preliminary estimates of rates and duration of post-closure
contingency pumping for the Prairie Creek mine site in the event that the water quality in
the mine pool after mine reflooding does not meet discharge criteria. These estimates
were prepared in support of costing of the pump-and-treat contingency option at the prefeasibility level (completed by others).

1

Background & Design

Canadian Zinc (CZN) is currently completing a pre-feasibility assessment for its Prairie
Creek Mine, NWT. This process requires costing of mine closure activities, including any
contingencies to control mine water during the early stages of mine reflooding and postclosure.
Potential mitigation measures available to control mine water at the Prairie Creek mine
post-closure (if required to protect surface water quality) are discussed in a response to
the second round of information requests (RGC, 20111). Briefly, the following potential
mitigation measures were considered:
 Maintain partially dewatered mine workings plus
o controlled (seasonal) release and/or
o pump & treat
1
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 Full flooding plus seepage interception using
o Pumping wells in MQV/Vein fault
o Pumping wells in HCAA, and/or
o Pumping wells in PCAA
In general, the first mitigation option (i.e. controlled flooding by active pumping), is
preferred over the second option (i.e. full flooding plus seepage interception) because it
offers a better source control and minimizes the potential for seepage into the receiving
environment. Hence, for the purpose of pre-feasibility costing, option 1 (“controlled
flooding”) was adopted as the preferred contingency measure for post-closure mine water
control.
The following additional design specifications were adopted for the purpose of prefeasibility costing (see RGC, 2011):
 The mine water level in the partially flooded (backfilled) mine workings will be
maintained at < 865m amsl, i.e. at the groundwater elevation in the PCAA to
prevent seepage to Prairie Creek (and Harrison Creek)
 The mine water level will be controlled by pumping from pumping well(s) which
intersect the highly permeable Vein Fault in the southern (downgradient) portion
of the mine (see Figure 1 for approximate location)
 All mine workings (including stopes, shafts, ramps, tunnels) are backfilled with
cemented backfill (except for access to the collar of the pumping well(s))
 Operation of the pumping well(s) will be year-round.
If required, the collected mine water would be treated prior to discharge into Prairie
Creek. During the period of active post-closure mine water treatment, the flood level and
the water quality in the partially flooded mine would have to be monitored. Once water
quality in the partially flooded mine has reached acceptable levels, the mine could be
allowed to flood to its natural post-closure level.
The remainder of this letter report provides further details on the proposed post-closure
contingency pump & treat (P&T) option, including estimates of the volume of mine water
to be treated and the duration of post-closure P&T.
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Assessment of Controlled Flooding

The calibrated groundwater flow model for the Prairie Creek mine site (RGC, 20102 )
was used to assess the performance of the controlled flooding contingency option,
including:
 Feasibility of hydraulic control of mine water
 Volume of mine water to be treated (per season)
 Duration of pump & treat (P&T)
2.1

Modeling Assumptions

The calibrated groundwater flow model was run in steady-state mode to assess the
performance of the controlled flooding option. The following key assumptions were
made for these model simulations:
 The hydraulic conductivity values of the preliminary calibrated flow model
(NM15Tr) were adopted, including a hydraulic conductivity (K) of 5*10-5 m/s for
the Vein fault zone and K=3*10-8 m/s for the surrounding bedrock
 The mine workings (RGC 20123) are backfilled with cemented backfill (98%
backfill in stopes and 90% backfill in mine development)
 The effective hydraulic conductivity of the backfilled mine workings and
associated Vein Fault structure (at closure) is equal to KBF=5*10-5 m/s; in other
words, partial sealing of the fault structure by low-K backfill is offset by residual
mine void space (not backfilled) and increased permeability of bedrock/fault
zone(s) due to stress relief
 Pumping from the backfilled mine workings (and associated Vein fault) was
implemented by using a constant head at elevation 865m amsl (see Figure 2 for
location of pumping well in FEM model)
 Natural (average) recharge to the groundwater system is 200 mm/yr over the
mine area and 100 mm/yr over the remainder of the model domain (RGC, 2010)
The performance of the controlled flooding option will depend significantly on the
(assumed) effective hydraulic conductivity of the backfilled mine workings and
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associated Vein Fault structure. Additional sensitivity runs were completed using an
upper bound scenario (KBF =1*10-3 m/s) and a lower bound scenario (KBF =2.5*10-5 m/s)
to evaluate the sensitivity of the performance of the partial dewatering option to this
parameter.
2.2
2.2.1

Modeling Results
Hydraulic Control

The groundwater flow model suggests that a single pumping well maintaining a pumping
level at 865m amsl at the proposed location will be adequate to control the mine water in
the backfilled mine for all cases studied.
Figures 3 to 5 show the predicted (steady-state) flow field for a cross-section aligned with
the permeable Vein fault between the south end of the mine and Harrison Creek valley
for the best estimate (KBF =5*10-5 m/s), upper bound (KBF =1*10-3 m/s) and lower bound
(KBF =2.5*10-5 m/s). The alignment of the cross-section is illustrated in Figure 1.
For all cases studied, mine water flowing along the permeable Vein fault is captured in
the pumping well, i.e. no by-pass of potentially impacted mine water towards Harrison
Creek Alluvial Aquifer and/or Prairie Creek Alluvial Aquifer is predicted. This suggests
that the flood level in the backfilled mine and associated Vein fault can be controlled by a
single pumping well intersecting the Vein fault.
2.2.2

Pumping Rates

Table 1 summarizes the predicted pumping rates required to maintain the mine water
level at 865m amsl. Our best estimate of the required steady-state pumping rate is 5.8 L/s
(for KBF =5*10-5 m/s). In practice, the pumping rate can be expected to vary seasonally
from a minimum of about 3 L/s during the winter months (Dec – Apr) to a maximum of
about 10 L/s during the summer months (Jul-Aug).
As illustrated in table 1, the predicted pumping rate is influenced by the assumed
effective hydraulic conductivity of the backfilled mine and associated Vein fault (KFB).
The upper bound post-closure pumping rate is predicted to be 9.5 L/s (with a maximum
seasonal high of ~18 L/s). However, this upper bound is very conservative and is not
likely to occur provided the mine workings are almost completely backfilled as planned.
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Table 1. Predicted Performance of Post-Closure Contingency Pump&Treat (P&T)
Hydraulic
Control

Yearly Average
Pumping Rate
(L/s)

Required Duration
of Pump&Treatb
(yrs)

Lower Bound (LB)

Yes

4.8

5 to 9

Best Estimate (BE)

Yes

5.8

4 to 8

Upper Bound (UB)

Yes

9.5

2 to 5

a

Scenario

Notes:
a) BE: KBF=5*10-5 m/s; LB: KBF=2.5*10-5 m/s; UB: KBF=1*10-3 m/s
b) Assuming a volume of impacted mine water of 110,000 m3 and a required flushing of 5-10 pore
volumes

We recommend that our best estimate scenario (w/ average Q = 5.8 L/s) be used for
costing of the post-closure contingency pump & treat option.
2.2.3

Estimated Duration of Pump & Treat

Experience at other flooded mine workings has shown that mine water quality will
gradually improve as the residual mine water is flushed from the system by unimpacted
groundwater and recharge from precipitation. The biggest improvement in mine water
quality is usually observed within the “first flush” (i.e. after one pore volume is flushed).
However, several pore volumes may be required for complete flushing because of
incomplete mixing in mine voids and/or slower release of impacted pore water from the
backfill and/or oxidized bedrock.
For the purpose of this cost estimate it was therefore conservatively assumed that postclosure pump&treat would have to be continued until 5 to 10 pore volumes of potentially
impacted “mine voids” and dewatered mineralized Vein fault have been flushed. The
latter volume was included in this estimate as the mineralized bedrock exposed in the
Vein fault is an additional potential source of metals: the fault would have been
dewatered during mining and mineralized bedrock would be subject to oxidation and
potential metal leaching.
Table 2 lists the estimated volume of mine rock (mine development and stopes) removed
during mining of the Prairie Creek mine. Also listed are the computed volumes of mine
void remaining in the stopes and mine development after all backfilling is completed. For
this estimate, a 98% backfill efficiency was assumed for stopes (Frank Palkovits, pers.
Comm.) and a 90% backfill efficiency for mine developments such as tunnels, raises etc
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(Dustin Smiley, pers. Comm.). Using these assumptions, the total volume of residual
mine void located below the 865m flood level is estimated to be 41,000m3 (or 66% of the
total mine void).
The void space in the dewatered mineralized Vein fault (not mined and hence not
backfilled) is estimated to be an additional ~100,000 m3. Hence the total void space
potentially requiring flushing after reflooding to the 865m flood level is estimated to be
about 141,000 m3.
Table 2. Estimated volumes of mine rock removed and mine void after backfilling.
Mine Rock Volumea (m3)
Item
Mine development
Stopes

<865m amsl

>865m amsl

Total

149,818

115,129

264,947

1,291,129

482,142

1,773,271

Mine Void after backfill (m3)
<865m amsl

>865m amsl

Total

Mine development (90% backfilled)

14,982

11,513

26,495

Stopes (98% backfilled)

25,823

9,643

35,465

TOTAL

40,804

21,156

61,960

Notes:
a) Volume of Mine rock removed during mining (from Dustin Smiley, Canadian Zinc)

The time required for pump & treat was estimated as the number of pore volumes to be
flushed divided by the average pumping rate. Table 1 summarizes the estimated time
required for flushing 5-10 pore volumes for the three scenarios simulated (assuming the
volume of mine water after flooding to the 865m level is 141,000 m3). The best estimate
scenario will require an estimated time of pump & treat of about 4-8 years. Note that the
estimated time required for pump & treat is inversely proportional to the estimated mine
inflow rate (=pumping rate).
For costing of the post-closure contingency pump & treat option, we recommend
assuming continuous pump & treat for six (6) years.
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Estimated Time for Reflooding

At the end of mining, the mine workings would be dewatered to the deepest mine level.
Once mining has been completed and all backfill placed underground, the mine can be
allowed to flood by natural groundwater inflow and recharge from precipitation.
The volume to be flooded includes the remaining mine voids (41,000m3), the dewatered
Vein fault (~100,000 m3) and any drained bedrock below the 865 flood level. The void
space in the bedrock dewatered during active mining is estimated to be in the order of
250,000 m3. Assuming a conservative (low) inflow rate of 25 L/s during reflooding
(based on predicted mine inflow rates, see RGC, 2012) the backfilled mine would flood
to the 865m level in about half a year.
For costing purposes, it should be assumed that pump & treat (if required at all) will start
within the first year of reflooding.

3

Recommended Specifications for Pumping Well

Figure 1 shows the approximate location of the proposed pumping well. It is
recommended that the pumping well(s) be drilled from the existing underground
workings to reduce (i) the depth of drilling and (ii) the required pumping head. Two
suitable options were considered for access to the pumping well: the 870 tunnel and the
930 level workings.
Access from the 930 level is the preferred option because of (i) shorter underground
access (allowing complete backfilling of the 870 tunnel with paste backfill) and (ii)
reduced hydraulic head (pressure) on the bulkhead to be placed after final closure at the
930 portal.
The following design specifications for the pumping well are recommended for costing at
the pre-feasibility level:
 a 100m deep cased pumping well (collar elevation 930m; bottom elevation 830m)
 submersible pump with pump intake about 20m below target pumping level of
865m (to allow for well losses and some temporary storage)
 maximum pump capacity: 15 L/s (to be used for sizing of pump and well ID)
 maximum head for pumping: 930-845m = 85m head
In order to produce the pumping yields required to maintain the flood level in the
backfilled mine workings at (or below) 865m amsl, the post-closure pumping well will
have to intersect the high-yielding Vein Fault and/or well-connected (open) mine
workings. Consideration could be given to deliberately maintaining some open mine
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workings at elevations 845 to 865m amsl as targets for the post-closure pumping well to
facilitate post-closure pumping.
It is recommended that a second pumping well be drilled at a nearby location to provide a
backup to the active pumping well.

4

Follow-Up Monitoring & Final Design

Our assessment of post-closure contingency pump & treat to control mine water (if
required) is based on the initial calibration of a transient flow model to observed mine
water discharge (RGC, 2010). The information available to date is considered adequate
for pre-feasibility costing but will require updating prior to final design.
As mining proceeds, additional monitoring data should be collected to further evaluate
the requirements for post-closure mine water control and, if required, suitability of
different mitigation options.
To this end, we recommend that the following monitoring data be collected and evaluated
during active mining:
 Volume of water pumped from the mine workings during initial dewatering and
subsequent active mining;
 Water quality of mine water pumped from the underground workings during
dewatering and active mining;
 Drawdown of groundwater levels in Vein fault and bedrock mass surrounding
mine workings during dewatering and active mining;
 Discharge rates and water quality of mine water discharging from selected
backfilled stopes;
 Discharge rate and water quality of groundwater discharging from the exposed
Vein fault (prior to contact with mine water);
 Discharge rate and water quality of groundwater discharging from the
surrounding bedrock mass.
This additional monitoring data should then be analysed to determine whether postclosure pump & treat is in fact required and if so, to finalize the mitigation design.
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Closure

We trust that the information provided in this memo meets your requirements.
Please contact the undersigned if you have any questions regarding the content of this
report or require further information.
Best Regards,

ROBERTSON GEOCONSULTANTS INC.

Christoph Wels, Ph.D., M.Sc., P.Geo.
Principal and Senior Hydrogeologist
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Figurre 2. Impleementation of
o pumping well (as coonstant headd node in rred) in Finitte
Elem
ment Mesh (y
yellow areas indicate bacckfilled minee workings).
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Figure 3. Simulated flow field for best estimate scenario (KBF =5*10-5 m/s). See figure 1
for alignment of cross-section.
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Figure 4. Simulated flow field for upper bound scenario (KBF =1*10-3 m/s). See figure 1
for alignment of cross-section.
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Figure 5. Simulated flow field for lower bound scenario (KBF =2.5*10-5 m/s). See figure
1 for alignment of cross-section.

