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Executive Summary
Fortune Minerals Limited (FML) is planning to construct and operate a metals processing plant near Langham,
Saskatchewan. This facility will be called the FML Saskatchewan Metals Processing Plant (SMPP). It will purify
metal concentrates produced from FML’s NICO Gold-Cobalt-Bismuth-Copper (NICO) mining project in the Northwest
Territories (NWT). The proposed SMPP will use proven hydrometallurgical processes to produce cobalt, bismuth,
and copper cathode products, as well as bismuth ingots, gold doré, and a small amount of nickel precipitate.
Annually, the SMPP will process approximately 65,000 tonnes of metal concentrate produced from the NICO mine.
FML has prepared this Environmental Impact Statement (EIS) to obtain environmental approval to construct the
SMPP to meet global demands of high-value metal cathode products. On 19 July 2010, FML submitted an
Environmental Project Proposal for the proposed SMPP to the Saskatchewan Ministry of Environment (MOE). The
MOE determined that an EIS was required for the project. MOE released draft Project Specific Guidelines (PSGs) for
the development on 21 January 2011. The PSGs were finalized on 31 March 2011 after a review and input from the
public. This document addresses the items identified in the PSGs.
Numerous options and alternatives for the proposed SMPP project have been considered by FML. These include
alternatives for the selection of the site, processing facility and site layout, water supply, water and residue storage,
process solution disposal, and the metallurgical processes. FML is confident that the proposed plans to construct the
SMPP have considered all viable options to ensure that potential environmental impacts are avoided and/or
minimized. FML is committed to preventing or reducing adverse environmental effects associated with the project,
wherever possible. General mitigation measures planned for this project include the following:


Obtaining all required permits and approvals prior to construction;



Using best practice, environmentally sound construction methods (i.e. minimal clearing, salvaging topsoil,
etc.);



Construction of appropriate containment systems (i.e. berms, perimeter ditches, ditches and ponds with
engineered liners, etc.);



Use of best available technologies to reduce water, power, and energy use;



Use of best available technologies to reduce air emissions; and



Development and implementation of a site Environmental Monitoring Program.

These measures are intended to provide effective long-term containment and mitigation of environmental impact.
Residual effects, following the mitigation measures, are expected; however, these effects have an environmental
consequence rating of low to minor.
Residual impacts are predicted to occur, at the proposed site, to the terrain, air emissions, soils, vegetation, surface
water runoff, land use, and socio-economics. Impacts beyond the site boundaries are expected to be minimal. A
summary of the predicted environmental effects is provided in this EIS and continual environmental monitoring during
the facility operation and closure will ensure the appropriate mitigation measures are applied. Considering the
potential impacts of the SMPP on the surrounding environment, there are no predicted cumulative effects from the
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proposed project. The area immediately surrounding the proposed development is dominated by agricultural
activities and the processing of metal concentrates has a negligible effect on this surrounding land use.
FML acknowledges responsibility for all aspects of its operations. In keeping with this commitment, a
decommissioning plan will be developed prior to the facility being commissioned, which will include a conceptual
decommissioning plan, planned reclamation activities, and commitments to provide financial assurances for the
facility closure.
Since the selection of the proposed site, FML has diligently worked to keep government agencies and the public
informed about the proposed SMPP. Various meetings and interviews have taken place with landowners, residents
of Langham and Dalmeny, Rural Municipality (RM) representatives, and various media outlets to inform people of
FML’s plans to develop the proposed project.
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INTRODUCTION

This Environmental Impact Statement (EIS) describes the Saskatchewan Metals Processing
Plant (SMPP) proposed by Fortune Minerals Limited (FML) to be located in the Rural
Municipality of Corman Park (RM 344), 2.5 km east of Langham, Saskatchewan. The proposed
SMPP is a hydrometallurgical processing facility designed to process mine concentrates into
high-value metal products. The proposed facility will purify metal concentrates produced from
FML‟s NICO Gold-Cobalt-Bismuth-Copper (NICO) project in the Northwest Territories (NWT).
The EIS identifies the project objectives and examines the alternatives considered. It includes a
detailed description of the preferred options, including the construction, operation, and
decommissioning of the project. Details of the processing technologies under consideration are
also provided along with a description of the physical environment and a summary of the
potential for environmental impacts. The EIS also includes a description of the associated
benefits of the project to FML, local communities, and the Province of Saskatchewan and a
description of the community consultation undertaken to date. FML‟s policies with respect to
environmental management, climate change, emergency preparedness, occupational health
and safety, and community relations are also described.
This EIS and supporting information consists of three Volumes of material. The documents
associated with this EIS are:
Volume I – Main EIS Document;
Volume II – Appendices A-S; and
Volume III – Hydrogeological and Baseline Water Well Studies.

1.1

The Proponent

FML is a diversified Canadian resource company with a number of mineral deposits and
exploration projects in Canada. The company‟s primary focus is on the development of the
NICO gold-cobalt-bismuth-copper deposit in the NWT and the proposed SMPP. The company
also owns the Mount Klappan anthracite coal deposits in British Columbia, as well as the SueDianne copper-gold-silver deposit and other exploration projects in the NWT. Test mining and
pilot plant processing have been completed for both the NICO and the Mount Klappan projects.
FML has assembled an experienced team of professionals to develop, commission, and
manage the NICO project and the proposed SMPP. A well qualified team of managers,
scientists, and engineers lead the group responsible for the development of the SMPP facility.
FML headquarters are in London, Ontario with an office in Saskatoon, Saskatchewan. More
information on the company can be found at www.fortuneminerals.com.
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Corporate Body:
Fortune Minerals Limited
Suite 1902, 140 Fullarton Street
London, Ontario N6A 5P2
Executive Officer:
Robin Goad, M.Sc., P.Geo.
President and Chief Executive Officer
Fortune Minerals Limited
Suite 1902, 140 Fullarton Street
London, Ontario N6A 5P2
Tel: (877) 858-8188
Fax: (519) 858-8155
rgoad@fortuneminerals.com
Primary Contact for Environmental Assessment:
Dr. Richard Schryer, Ph.D.
Director of Regulatory & Environmental Affairs
Fortune Minerals Limited
Saskatoon, Saskatchewan
Tel: (306) 477-2114
Fax: (306) 477-2114
rschryer@fortuneminerals.com

2.0

PROJECT OVERVIEW

FML is proposing to construct, operate, and decommission a hydrometallurgical processing
plant to process high-value metal concentrate produced from the NICO mine in the NWT. The
company intends to do so in a safe, healthy, and environmentally sound manner to benefit all
stakeholders involved. The SMPP will use proven hydrometallurgical processes to produce
cobalt, bismuth, and copper cathode products, as well as bismuth ingots, gold doré, and a small
amount of nickel precipitate. Annually, the SMPP will process approximately 65,000 tonnes of
metal concentrate produced from the NICO mine.
The NICO deposit, located in the southern part of the NWT, 160 km northwest of the city of
Yellowknife, was discovered by FML in 1996 (Figure 2.1). This deposit is part of 5,140 ha
mining lease within the Tlicho First Nation Land Claim and is reported to contain near-surface
reserves of 31 million tonnes. At the expected production rate of 4,650 tonnes of ore per day
(approx. 1.7 million tonnes per year), the reserves will support a minimum 18-year mine life. Of
the estimated reserve, 16.4 million tonnes are proven and the remaining 14.6 million tonnes are
probable. Table 2.1 summarizes the composition of the NICO mineral reserve.
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Table 2.1 – NICO reserves of gold (Au), cobalt (Co), bismuth (Bi), and copper (Cu).

Underground Mineral Reserves
Proven
Probable
Total
Open Pit Mineral Reserves
Proven
Probable
Total
Combined Mineral Reserves
Proven
Probable
Total
Contained Metal

Tonnes

Au (g/t)

Co (%)

Bi (%)

Cu (%)

1,403,000
767,000
2,170,000

2.23
2.92
2.47

0.16
0.17
0.16

0.22
0.19
0.21

0.04
0.03
0.03

15,019,000
13,797,000
28,816,000

0.85
0.71
0.79

0.12
0.12
0.12

0.16
0.15
0.15

0.04
0.03
0.04

16,422,000
14,564,000
30,986,000

0.97
0.83
0.91
907,000
ounces

0.12
0.16
0.12
0.15
0.12
0.16
82 million 109 million
pounds
pounds

0.04
0.03
0.04
27 million
pounds

Reserve estimate by P&E Mining Consultants Inc., Eugene Puritch, P.Eng. & Fred Brown, CPG PrSciNat, Qualified
Persons as defined by NI-43-101

The NICO mine is planned to primarily be an open pit mine with underground mining in the first
two years of operations. This will provide early access to high grade ore which will improve the
project economics. A proposed waste storage facility at the site will contain co-mingled mine
rock and mill tailings. The infrastructure at the mine will be comprised of a plant site, a mill and
flotation concentrator, a power plant, an employee camp and ancillary buildings, access roads,
and an airstrip. The mill and concentrator will process the ores by conventional crushing and
grinding followed by simple flotation. Buildings and equipment have been purchased and
dismantled at the Golden Giant (Hemlo camp) facility in Ontario to reduce capital expenditure. It
is expected that there will be 130 permanent employees with a total of 230 employees expected
during underground operations.
Annually, the NICO mine is expected to produce an average of 1.8 million kg (4 million lbs) of
cobalt, 1.9 million kg (4.2 million lbs) of bismuth, and 349,000 kg (770,000 lbs) of copper. The
mine is also expected to produce 81,200 ounces of gold in each of the first two years of
operation and 27,840 ounces per year for the remainder of the mine life. These metals will be
processed at SMPP and final products will be transported by rail or trucks. Rail cars would be
loaded on-site and sealed for transport. CN Rail would pick up and drop off box cars. Truck
shipments would be completed by regular highway transport trucks, possibly tandem trucks.
Rail shipments are presently the preferred method to transport final products.
In 2006 and 2007, FML conducted two $10 million test mining programs, completing most of the
pre-production development for the underground part of the NICO mine. Participation from the
Tlicho First Nation has occurred for all on-site programs. In 2007, a definitive feasibility study
M2112-2840010
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was prepared by Micon International Limited. A $5 million pilot plant test was completed at SGS
Lakefield Research Limited in 2009. Using composite samples mined during sampling
programs in 2006 and 2007, the test verified mining conditions as well as the geometry and
grade of the deposit. The test also validated the process flow sheet from the mining of ore
through to the production of high-value metal products. It also showed improved recovery rates
for metals compared to earlier estimates. The pilot plant processing provided considerable
knowledge about the optimization of the process and about the waste streams that will be
produced at the metals processing plant.
The NICO mine is currently undergoing the second phase of an environmental assessment to
permit a combined open pit and underground mine. In 2009, FML received a draft terms of
reference from the Mackenzie Valley Environmental Impact Review Board (MVEIRB) for the
environmental assessment. FML and Golder Associates Limited have been conducting
environmental baseline work since 1998 including aquatic, vegetation and wildlife biology
surveys, as well as hydrology, hydrogeology, geochemistry, meteorology and archaeology
studies. An EIS for both the mine and the concentrating plant was submitted to MVEIRB on
20 May 2011. FML has 100% ownership of the NICO project and BNP Paribas has been
engaged to arrange up to $250 million (US) in project financing. The NICO mine is expected to
be operational in 2013.
Once commissioned, the SMPP will receive high-value metal concentrate (i.e. equal to
180 tonnes per day) from the NICO mine. The concentrate will be shipped by truck to a railway
terminus at Hay River, NWT, 450 km south of the proposed NICO mine site. From Hay River,
approximately 14 to 17 rail cars of metal concentrate will be delivered to the SMPP each week.
Specific delivery volumes may be variable and will depend on CN Rail‟s schedule and capacity.
In addition to the processing plant and a service complex, the SMPP site will include a rail spur
and road access improvements (Figure 2.2). The SMPP will require freshwater for processing,
water storage ponds, a waste water injection well, and a Process Residue Storage Facility
(PRSF), similar to an industrial landfill, to contain process residues.
Although processing of ore from the NICO mine will be the primary purpose of the proposed
plant, FML will be considering the feasibility of custom milling concentrates from other mining
projects and recycling rechargeable batteries, once the facility is operational. This could extend
the life of the SMPP and provide increased revenues and employment in the province.
Capital investment in the project is currently estimated to be in excess of $200 million. The
construction schedule for the SMPP will be based on the commissioning of the NICO mine, as
the mine will provide the bulk concentrate for processing at the SMPP. Construction of the
SMPP is anticipated to be initiated upon receipt of the mine permits and project financing for the
mine site.
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Fortune Minerals Limited Saskatchewan Metals Processing Plant - EIS

2.1

June 2011

Purpose of the Environmental Impact Statement

FML has prepared this EIS to obtain environmental approval to construct a hydrometallurgical
processing facility to meet global demands of high-value metal cathode products. On
19 July 2010, FML submitted an Environmental Project Proposal for the proposed SMPP to
MOE. The Minister of Environment determined that an Environmental Impact Statement was
required for the project. Project Specific Guidelines (PSGs) were issued on 21 January 2011
pursuant to the Province‟s Environmental Management and Protection Act (2002). The PSGs
were finalized in 31 March 2011 after a review and input from the public.
This EIS is being submitted for the purpose of assisting the Minister of Environment to
determine the acceptability of the project and to support the environmental assessment. It
includes information regarding the proposed SMPP site and is submitted in accordance with the
requirements of the Saskatchewan Environmental Assessment Act (2002) for the review and
approval of the project. Each requirement in the PSGs has been addressed and a table of
compliance has been created that refers to the sections in the EIS where each item has been
addressed. The table of compliance with the PSGs released by MOE is included in Section 2.7.

2.2

SMPP Location

The proposed metals processing plant will be located in central Saskatchewan, 30 km northwest
of Saskatoon and 2.5 km east of the town of Langham. The legal land description of the
proposed SMPP is the southeast quarter of Section 23 in Township 39, Range 07, West of the
3rd Meridian (SE¼ 23-39-07-W3) and N½ 14-39-07-W3. FML is in the process of purchasing
these lands and a rezoning process will be initiated soon. The proposed project is located in the
Rural Municipality of Corman Park (RM 344) as shown in Figure 2.3. The access roads to the
site are owned and maintained by the Rural Municipality and the provincial government.

2.3

Project Schedule

The SMPP project phases and key dates are:










Hydrogeologic Drilling Investigation
Geotechnical Drilling Investigation
Groundwater Resource Evaluation
Environmental Project Proposal Submission
Draft Project Specific Guidelines
Final Project Specific Guidelines
EIS Preparation
Biological Assessment
Heritage Assessment

February to March 2010
March to June 2010
May 2010
July 2010
January 2011
March 2011
May 2010 to May 2011;
Spring, summer, and fall 2010;
Summer 2010;
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Hydrology Assessment
Noise Assessment



Dustfall Assessment








Air Dispersion Modelling
Surface Water Sampling
EIS Submittal
Commencement of Construction
Operation
Closure and Decommissioning

June 2011

May to June 2010
Spring, summer, fall 2010, and
winter 2011
Spring, summer, fall 2010, and
winter 2011
November to December 2010
Spring, summer, and fall 2010
May 2011
2012 to 2013
2013 to 2031 and
2031 to 20XX.

Construction will coincide with construction at the NICO site when all necessary SMPP permits
and approvals are in place, so the SMPP is operational and can receive concentrate when
required. Construction is expected to take 18 months, with an anticipated start date in the fall or
winter of 2012 and reaching completion in 2013.
Operations are scheduled to continue for 18 years to match the known reserves at the NICO
mine. Continuing operations beyond 18 years would be dependent on obtaining additional
process material for the SMPP, either through the discovery of additional reserves at NICO or
by securing material from another source. However, this possibility is not within the scope of
this environmental assessment. Plans to operate the facility beyond 18 years would be subject
to all applicable approval processes required at that time. Current plans are to decommission
the facility at the end of the 18-year operating life, such that decommissioning will commence in
2031. Decommissioning will include rehabilitation of the land disturbed by the project.

2.4

Market Information

Cobalt and bismuth are both specialty metals with increasing world usage rates. Cobalt is a
high-strength, magnetic metal that is used in the production of high performance rechargeable
batteries for portable electronic devices and electric and hybrid-electric cars. Cobalt catalysts
are also used in petroleum refining, liquid natural gas, and the manufacturing of automobile tires
and plastics. Metallurgical uses for cobalt include super-alloys for the aerospace industry,
cutting tools, cemented carbides, and industrial magnets. Cobalt is also used in paint pigments,
audio recording tape, and as a food additive (i.e. Vitamin B12). Figure 2.4 illustrates the uses
for, and production of, cobalt.
Average annual production of cobalt from the NICO mine is expected to be more than
1.8 million kg (4 million pounds), representing 3% of the world market in 2009. Cobalt has had
a relatively steady 20-year increase in demand in both chemical and metallurgical processes.
The market for cobalt in 2009 was approximately 65,000 to 70,000 tonnes, with annual

M2112-2840010
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compounded growth at approximately 8% over five years (2004 to 2009). Usage of cobalt is
expected to nearly double to 120,000 tonnes in the next few years, as a result of Asian
economic growth and the demand for electric cars. The price for 99.8% cobalt cathode is
currently approximately US$ 43 per pound and prices in April 2008 reached more than US$ 50
per pound.

Batteries 23%
Pigments 9%
Recording Materials 2%
Adhesives and Dryers 8%
Superalloys 21%
Catalysts 11%
Magnets 7%
Hardfacing Alloys 8%
Carbides 11%

Recycling, Intermediate
and Small Producers 20%
OMG 14%

Xstrata 6%
Sherritt 5%
Umicore 5%
Chambishi 4%
Norilsk 4%
Vale Inco 3%
NICO 3%
Minara 3%
CTT 3%
BHP Billiton 2%
China 28%

Figure 2.4 – Cobalt uses and average forecast of NICO production vs. major 2008 producers.
M2112-2840010
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Bismuth is used in numerous pharmaceuticals and medicines, including bandage dressings,
cosmetics, and medical devices. It expands upon cooling and has a very high density and low
melting temperature. As a result, it is used in a variety of chemicals, fusible alloys, and
dimensionally stable alloys and compounds. Bismuth has similar physical properties to lead but
is non-toxic and is replacing lead in solders for plumbing and electronics, brasses, alloys used in
hot-dip galvanizing, paint pigments, ceramic glazes, ammunition, radiation shielding and freecutting steel. A growing use for bismuth is in the production of bismuth-tellurium alloys for heat
recovery from electricity generation and coatings on compact discs. Figure 2.5 illustrates the
uses for, and production of, bismuth.
Global bismuth usage is approximately 15,000 tonnes per year (t/y) with annual growth of
approximately 10%. Again, much of this growing demand has come from Asia. However,
supply constraints have been exacerbated by the fact that most bismuth production comes as a
by-product of lead mining. Therefore, bismuth is expected to remain in tight supply as lead
consumption is constrained by concerns over toxicity. Bismuth is currently selling for
approximately US$ 12.50 per pound and prices reached US$ 20 per pound in 2008.
It can be noted that, MCP Group SA, of Belgium, was the world‟s leading producer and
distributor of bismuth and bismuth chemicals. The company was recently acquired by 5N Plus
Inc., a Canadian company with headquarters in Montreal, QC. 5N Plus is a leading producer of
specialty metal and chemical products.
Gold is a significant co-product in the NICO deposit and is expected to be the largest source of
revenue in the early years of operation. The mine is expected to produce approximately
81,000 ounces of gold in each of the first two years of production and 27,840 ounces per year
for the remainder of the mine life. The price of gold is currently US$ 1,506 per ounce.
Copper can be used in plumbing, natural gas systems, electrical equipment, wire and cable,
architecture, roofing, cladding, and forgings. The NICO mine is expected to produce 349,000 kg
(770,000 lbs) of copper during its life span. The current price of copper is currently
US$ 3.97 pound.

M2112-2840010
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Metallurgical (steel, free
cutting, grease) 26.4%

Fusible Alloys (LMPA, Solder)
8.8%

Others 7.6%

Chemicals (electronics, lead
oxide replacement, pharma,
pigments, misc. chemicals)
57.2%

China 68%

Kazakinstan, Bolivia, Other 3%

Teck Cominco, Canada 1%

Recycled Metal 4%

Doe Run, Peru 5%

Penoles, Mexico 5%

NICO 13%

Figure 2.5 – Bismuth uses and average forecast of NICO production vs. 2008 world production.
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Project Management

The proposed project will be managed by the Fortune Minerals Limited Owner‟s Team. The
Owner‟s team will supervise the engineering, construction, health and safety, community, and
environmental components of the project. All work will be conducted in a manner to ensure
compliance with the provisions of the Occupational Health and Safety Act (1993) and The
Occupational Health and Safety Regulations (1996).

2.6

Consultants

Front-end engineering and design for both the NICO mine and SMPP is being completed by the
following groups:








Aker Metals Canada;
P&E Mining Consultants Inc.;
SGS Lakefield Research Limited;
Dan Mackie & Associates;
Hydroproc Consultants;
EHA Engineering Ltd.; and
Golder Associates Limited.

MDH Engineered Solutions Corp. (MDH) of Saskatoon, Saskatchewan has been contracted to
conduct a geotechnical and hydrogeological site investigation to provide geotechnical guidelines
for the project as well as recommendations for sourcing of groundwater. MDH is also providing
engineering and consulting services to design the PRSF and to obtain environmental approvals
for the proposed SMPP project.

M2112-2840010
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Table of Compliance

A table outlining the items raised in the PSGs with specific references to sections in the EIS that addresses each item has been
created (Table 2.2). This table will ensure that each item in the PSGs has been addressed. A copy of the PSGs can be found at the
provincial Environmental Assessment Branch website (http://www.environment.gov.sk.ca/2010-064FinalProjectSpecificGuidelines).
Table 2.2 – Table of compliance addressing items raised in the Project Specific Guidelines (PSGs).

Section 2.3.1 General Requirements
Generally, the EIS should include the following information:
project ownership;
project location, including map(s) showing exact location of proposed development with identifiable
geographic and environmental features, surface and ground water resources, current land use and nearby
communities, residences, and industries;
the purpose and need for the project;
description of proposed project (including project life, dimensions, plans);
alternative means of accomplishing the project;
construction materials and power supply requirements;
sourcing of construction/operation supplies and servicing;
project requirements for water, mill reagents, hazardous materials, etc.;
anticipated schedule for all phases;
estimated personnel, skill requirements and ongoing employment opportunities for local communities;
occupational health and safety considerations;
emergency measures/contingency plans and procedures;
technical issues and new technologies specific to the project;
a description of the potentially affected environment;
contaminant releases and their impact on the environment; and,
technically and economically feasible monitoring and mitigation measures.

Section in EIS
1.1
2.2
1.0
3.0
4.0
3.0
9.2
3.0
2.3
9.2
10.0
7.6 and 15.0
3.3
5.0
6.0
7.0 and 6.0

M2112-2840010
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Section 2.3.1 General Requirements Cont’d
A description of currently existing industrial facilities and mineral operation in the study area should be
included to provide a context for discussion of the potential project-specific and cumulative impacts of the
proposed expansion on environmental conditions.
Section 2.3.2 Site Plan and Operations
Mining

June 2011

Section in EIS
6.3

A brief description of the NICO mining project to supply ore concentrates to the SMPP project, including:
estimates of ore reserves, average and range of ore grades for the deposit;
geochemical characterization of ores identifying potential metal contaminants;
proposed ore production and mine life for the deposit;
ore processing methods at the mine site
transportation of ore concentrates from the mine site to the SMPP
chemical composition of ore concentrates
Processing
The EIS should include details on each of the mechanical and chemical processes used to isolate and purify
the metal products, including but not limited to:
design criteria for the process residues tailings facility, liner design, geotech and hydrotech data, and
operational plan
containment plans for storage of filter cake
detailed mass and energy balances for the treatment process, considering all inputs and outputs
chemical composition of process residues
any radionuclide presence in air emissions or waste products
detailed emergency response procedures
Waste Management
Waste management is one of the principal issues to be addressed in the EIS relative to this project. Details
are required on the process residues containment facility, including quantitative and qualitative
characterization of the residues to be contained, options for use if inert, or recycling to recover any other
minerals, long term storage and liability, options for long term disposal (e.g. backhaul to minesite).
detailed description of the means of transport of process residue from the processing facility to the PRSF

2.0 and Table 2.1
3.4.1
2.0
2.0
2.0
15.0

3.4
3.4
3.3
3.4.1 and
Appendix H
3.3.12 and 3.4.1
15.0

3.4
3.4.4
M2112-2840010
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Waste Management cont’d
description of all waste generation and disposal, including landfill waste
deep well injection model to assess capacity for disposal
efficiency of the cyanide destruction process
contingency plan if one or more wells doesn‟t function
domestic waste generation and disposal during construction and operation phases
treatment and disposal of sewage waste
Ancillary Operations and Facilities
The EIS should include descriptions of all additional infrastructure associated with the project, including
access roads, fences, rail sidings, domestic water treatment and wastewater facilities, if any.
Section 2.3.3 Objectives/Cost and Benefits
The EIS should clearly outline the need for the project and describe the associated benefits in contrast to any
potential environmental, social or economic costs as they may impact overall operations, the industry,
community, or the public.
Section 2.3.4 Project Options/Alternatives
The EIS should discuss, in detail, the criteria (environmental, engineering, economic) used by Fortune
Minerals to evaluate alternative means, locations and/or designs for the project and justify the preferred option
on environmental considerations.
Section 2.4 Description of the Existing Environment
The data in the EIS should satisfy the following criteria:
the baseline data will accurately describe the existing environment that will be potentially affected by the
project as proposed;
the data will provide a sound basis for comparative monitoring; and
the EIS will be complete, in terms of data availability and presentation, and should concentrate on those
issues of major environmental and social importance.

June 2011

Section in EIS
3.0
6.1.1.2
3.3.8
3.7
3.0
3.0
3.8, 3.9, 3.0, and
3.7

3.0 and 9.2

4.0

5.0
5.0
5.0

M2112-2840010
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Section 2.4.1 Climate, Meteorology, and Air Quality
The EIS should provide climatic, meteorological and air quality information, including dust, for the operational
area of the project. Any implications for the project e.g., effects on hydrologic balances, arising from on-site
conditions should be discussed. Any use of off-site data must be thoroughly discussed and qualified with an
understanding of local and regional variability and the geographic locations of on-site and off-site
meteorological stations.

June 2011

Section in EIS
5.4 and 5.3

The EIS must include air dispersion modeling, with particular reference to PM, NO2, CO, SO2, and VOCs.

6.1.5.1

Details on dust emission control is required.

6.1.5.2

The EIS should consider Climate Change, both in terms of the potential contribution of the project to climate
change through greenhouse gas emissions, and the potential effects of climate change on the project.

6.1.9

Section 2.4.2 Geology, Hydrogeology, and Soils
The EIS should contain a description of the geology and hydrogeology of the operational area of the project
sufficient to discuss the implications of the activities associated with the project. Relevant information on
surficial geology/geomorphology should be discussed in terms of any potential effects on the project e.g.,
ground stability, slumping and piping and material weathering and acid/metal release.

5.2

Any other geological features, such as faults, fractures, shears, seismic activity or hydrogeologic
characteristics e.g., artesian conditions, that may have an impact on project elements should be identified and
their significance described.

5.2

Groundwater information, including flow rates, quality and results of any groundwater contaminant transport
modelling and model sensitivity analyses, should be provided to evaluate any potential effects of the project
on surrounding aquifers and on surface waters.
The EIS should supply water balances, indicating quantities and qualities for each source and disposal
stream. It is recommended that the proponent plan seasonal sampling of third party wells to adequately
determine seasonal variability.
The EIS should consider prolonged drought conditions and the potential effects on water availability.
With respect to soils, the EIS should include baseline chemistry of agricultural and pasture soils in the project
area, particularly in high deposition areas as identified in the air emissions modelling

6.1.1.2

Appendix D
Volume III and
15.0
Appendix P
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2.4.3 Surface Hydrology and Water Quality
The EIS should discuss the surface hydrology and water quality of the operational area of the project and
include data on watershed areas, drainage patterns, flow rates and surface water quality in any watersheds
potentially affected by the project. The potential for interaction between surface water and groundwater
systems should be discussed for areas where construction and operations could impact the surface and
ground water regimes.
2.4.4 Noise
All potential noise-sensitive receptors (e.g. residences, schools, businesses, wildlife) and their locations
relative to the project area should be identified. Indicate the distance of the project to nearby sensitive
receptors, preferably including a map.
2.4.5 Aquatic and Terrestrial Resources
(The EIS should include a description of: )
hydrology, bathymetry and limnology of any potentially affected waters adjacent to project operations and
infrastructure;
numbers and characteristics of any potentially affected wildlife species e.g., aquatic and riparian furbearers,
avifauna, sensitive habitats, resident and migrant populations;
plant or animal species considered rare, endangered or threatened, (refer to Committee on the Status of
Endangered Wildlife in Canada (COSEWIC) - www.cosewic.gc.ca ); and
any potential impacts to benthic invertebrates, fish, wildlife and plants based on contaminant transport
modeling results.
Fortune Minerals must demonstrate that wildlife surveys optimized detection ability, that they were conducted
at the appropriate time (day, year, and under suitable weather conditions) and location (relative to the
ecological footprint of the development), and that sufficient effort was devoted to obtaining comprehensive
coverage of the potentially impacted area.
The EIS should include wildlife information maps of the vegetation/wildlife habitats for the wildlife species of
concern that are found in the study area and which may be affected by the development.
2.4.6 Heritage Resources
The project proposal states on Page 35 that heritage screening of the project site and area will be conducted
and submitted to Heritage Branch of the Ministry of Tourism, Parks, Culture and Sport. The results of this
screening should be reported in the EIS.

June 2011

Section in EIS
5.3

5.5

5.7.1
6.1.3
5.7.1
6.1.1.2
5.7.1
5.7.1

6.1.4
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2.5 Socio-Economic and Land Use Issues
The EIS needs to include a description of the existing land uses, community characteristics (residents,
communities,) and infrastructure within the socio-economic study area.

June 2011

Section in EIS
5.1 and 9.0

A baseline of information on the socio-economic characteristics should be provided in the EIS. Community
involvement is required to confirm the current socio-economic data and to gain a good understanding of the
social conditions that could be impacted by the development, and of the economy that supports the existing
population.

9.0

Values in the project area and transportation route, such as schools, churches, industry and business should
be identified. Fortune Minerals should ensure that the project site is appropriately zoned and that any
necessary development permits from the Municipality are obtained.

9.1

2.6 Occupational Health and Safety
The EIS should identify the proposed programs for worker health and safety, monitoring, and training modules
for environmental instrumentation, protection and awareness. The programs should include information on
the management of worker health and safety related to malfunctions and accidents, and should consider both
construction and operational phases of the project.
2.7 Involvement Activities
Regional residents, organizations, and communities should be fully informed of the proposal to develop the
Fortune Minerals SMPP Project. The EIS should include a concise description of the scale and extent of
Fortune Minerals public consultation activities and describe the program for involvement with residents
regarding the metal processing project. Any issues or concerns raised during the involvement programs
should be documented in the EIS and their significance evaluated.
The involvement program should promote a broader understanding of both the potential impacts of the
project, environmental mitigation measures, monitoring programs and results and decommissioning and
reclamation procedures. Efforts should be made to involve the public in issue identification and problem
resolution.
All involvement activities and any concerns raised should be documented in the EIS along with methods that
will be used to address them. As interest in the development may extend beyond the project area, the
proponent should be prepared to provide project information to and address issues identified by persons
residing outside of the project area.

10.0 and 15.0

9.3, 11.0, and
Appendix S

11.2

11.0 and
Appendix S
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2.8 Conceptual Decommissioning and Reclamation Plan
Conceptual Decommissioning Plan

June 2011

Section in EIS

The EIS should provide a conceptual decommissioning plan for all elements of the SMPP project. The
operational plan will be required to determine financial assurance requirements, and should include:
decommissioning objectives;
alternative procedures for decommissioning site facilities;
proposed procedures for the decommissioning, reclamation and abandonment of all project elements;
identification of acceptable post-operational land use options for the project site;
environmental mitigation and reclamation measures e.g., contouring, waste stabilization and re-vegetation;
potential post-decommissioning contaminant loadings and impacts to the local drainage system and to
groundwater from all the decommissioned project facilities;
post-operational landforms and drainage systems; and,
proposed contingency measures.
The conceptual plan should reflect project impact assessment, mitigation and monitoring experience. The
plan should identify, to the extent possible:
environmental impacts which can be mitigated by post-decommissioning procedures;
impacts which cannot be mitigated - these impacts constituting irretrievable environmental losses accruing to
the province and to future generations; and
any potential opportunities for environmental enhancement.
Procedures to ensure that resources are available to implement the plan on mine closure, or at an
unscheduled time, should be discussed.
Reclamation
Reclamation planning concepts that should be included in the EIS are described in Ministry‟s draft document,
"Guidelines for Northern Mine Decommissioning and Reclamation, November 30, 2008, Version 6, EPB 381”,
which is available from the Environment website under “Programs and Services”, “Lands”.
All disturbed sites should be reclaimed as soon as possible after disturbance and operating procedures that
may minimize post-operational reclamation and abandonment requirements should be identified. Seed mixes
used for re-vegetation must be comprised of native plant species and be approved by the Ministry. Supporting
documentation for proposed reclamation and monitoring programs should be included in the EIS.

8.0
8.1
8.0
8.0
8.2 and 8.3
8.4
8.2
8.4

8.2
8.2
8.3
8.5

8.3

8.3 and 8.4
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Financial Assurance
If the project is approved, a condition of licensing would require that an estimate of the decommissioning cost
for the project be calculated and provided to the province for approval.
Abandonment and Institutional Control
The EIS should include proposed criteria for abandoning the project and associated infrastructure and
commitments for the monitoring of decommissioning success prior to final abandonment.
Provisions for the long-term institutional control should be discussed, including, but not being limited to:
record keeping or archiving that fully describes past operations, decommissioning plans and assessments,
final configurations, and release verification;
post-abandonment site monitoring and verification;
need for passive site management;
land controls; and,
long term financial liabilities for monitoring, care, and maintenance, or contingency remediation.
2.9 Impact Assessment and Mitigation
2.9.1 Project-Specific Impacts
Analyses should consider the severity (i.e., probability, magnitude, frequency, and duration) of predicted
impacts and the significance they will have for society. Impact analysis is done for each project phase,
including the potential impacts of any hazards or worst-case scenarios associated with the development.
Measures that will be implemented to minimize adverse impacts and enhance positive impacts should be
described. The EIS must document where project design, operational procedures or reclamation have served
to avoid, minimize or mitigate impacts. The methods and assumptions used to estimate the severity of
impacts should be clearly documented.
Any residual impacts which cannot be mitigated during construction, operation and decommissioning should
be identified and their significance discussed.
Specific to the proposed development, the following potential impacts and/or mitigation measures must be
addressed in the EIS:
interaction, planning, and upgrading of community emergency response teams;
potential impacts of construction and operation noise and lighting on area and residences;
potential impacts on the local and regional hydrogeology, such as potential metal contaminant species and
mass flux loadings to the groundwater regime;

June 2011

Section in EIS
8.5
8.0

8.1
8.4
8.0
8.1
8.5

Table 6.10

6.2

15.0
Table 6.8 and 3.0
6.1.1
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2.9.1 Project-Specific Impacts Cont’d
evaluation of the potential impacts on surface waters and local drainage patterns by the project
The EIS should have detailed description of water supply options, including the possibility of obtaining surface
water from the Saskatchewan Water Corporation, or utilizing surface runoff
evaluate capacity of Dalmeny aquifer to supply required volumes of water
proposed mitigation measures for any potential impacts to ground and surface waters;
contingency plans if contaminant migration predictions are not met;
quantify any potential disturbance to native prairie habitat, and describe mitigation or compensation
measures, if necessary;
potential effects on any use of lands, waters and resources in the project area, including impacts to
agricultural activities and property values;
monitoring programs for potentially-affected surface and ground waters;
potential effects of malfunctions/accidents/spills and contingency plans for mitigation and cleanup;
potential environmental impacts of the transportation of concentrates and products, specifically the projected
increase in truck traffic on Highways #16 and 305;
human health and safety with particular reference to schools and residences, in consideration of
transportation routes, air emissions, and spill containment
cumulative effects of dust deposition over the lifetime of the processing facility;
potential implications for wildlife and wildlife habitat;
potential contribution to greenhouse gas emissions by components of the project; and,
Impact assessment for the project should also be discussed in the context of criteria for the design of
operational monitoring programs and decommissioning, reclamation and abandonment planning.

June 2011

Section in EIS
6.1.2
4.3 and 6.1.1.2
Volume III
6.1.1 and 6.1.2
6.1.1.2
6.1.3
6.0 and Table
6.10
7.2 and 7.3
7.6
6.1.7
9.1
6.1.5.2
Table 6.8
6.1.5.1
8.0
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2.9.2 Regional/Cumulative Impacts
The EIS should assess and discuss whether existing environmental conditions, including other developments
in the area, might influence the development or its potential impacts. The discussion should address whether
the project-specific effects of the development combined with the impacts from the existing and planned
developments in the region will result in, or contribute to, any cumulative environmental effects or regional
effects in the short or long term. Where potentially significant adverse cumulative effects are identified,
additional mitigation measures may be necessary.
2.9.3 Impacts of the Environment on the Project
the EIS should consider the possible effects of long term climate change on the project, as well as severe
environmental conditions such as storms, winds, extreme rain events and above normal precipitation, land
slumping or subsidence, or severe temperatures
2.10 Monitoring
The EIS should identify the need for, and requirements of, any follow-up assessment or monitoring programs
for the project, particularly those related to management of wastes.
Although the detailed monitoring programs would be designed in consultation with regulatory agencies during
licensing and would be subject to periodic review during operations, the EIS should provide a description of
proposed programs e.g., parameters, locations, sampling frequency, methodology. The monitoring programs
should be scientifically robust and consistent with baseline data sampling methodology and be compatible
with the existing regional environmental database. It is suggested that monitoring programs follow the BACI
(before-after-control-impact) model.
The EIS should address:
monitoring programs for ground water and surface water quality in the operational area of the project over the
life of the project, including post-decommissioning;
commitments for operational response procedures to be followed should monitoring identify environmental
changes or unforeseen/unacceptable impacts e.g., changes to mill process or effluent treatment; and
monitoring programs for any potential environmental impacts, including potential contaminant loadings to
those plant and animal species that are significant in the food web or that are farmed in the area.
Monitoring not only should ensure compliance with regulatory requirements but also should allow the
systematic audit of the environmental impact assessment process, specifically the accuracy of predictions and
the adequacy of proposed mitigation measures. The monitoring programs, in verifying the environmental
impact predictions, should confirm the design criteria for reclamation and abandonment objectives and
planning procedures.

June 2011
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6.3

6.1.9 and 7.6

7.0

7.0

7.2, 7.3, and 8.4
7.1
7.0

7.0
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2.11 Ancillary Developments
Ancillary developments describe those developments whose planning, construction and/or operation are not
led by the proponent or are outside the scope of the project proposal. The EIS needs to provide a description
of ancillary developments anticipated as a result of the proposed development. Each ancillary development
must be described and analyzed in sufficient detail for the reader of the EIS to determine the environmental
and social significance of the proposed development and the major social, economic and environmental
implications as related to the development described in this EIS.
2.12 Commitments Register
The EIS must contain a summary table of the avoidance, mitigation and monitoring commitments made by the
proponent throughout the EIS that will be updated with any terms and conditions put forward by the Minister
should the Minister approve the development.

June 2011

Section in EIS

3.0, 3.8, and 3.9

15.0
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3.0

June 2011

PROJECT DESCRIPTION

The proposed SMPP is designed to process NICO mine concentrates into high-value metal
cathode products. It is estimated that approximately 65,000 tonnes of concentrate will be
shipped annually by rail from the NICO mine to the proposed facility. The metals processing
plant will produce high-value metal products including cobalt, copper, and bismuth cathode
products, bismuth ingots, gold doré, and a minor amount of nickel precipitate. The infrastructure
that will be required for the SMPP includes:











A processing plant building, including integrated reagent storage such as silos and
tanks;
A service complex, including warehousing, laboratories, change rooms, lunchroom,
offices, and workshops;
Process buildings including an oxygen plant building, a cobalt copper electrowinning
building, and a bismuth building;
A concentrate storage, receiving, and warming shed;
A modular Process Residue Storage Facility (PRSF) designed for containment levels
similar to an industrial landfill;
Storage ponds for process water, surface water collection, cobalt and brine solutions;
Water well(s) and related distribution infrastructure;
A waste water injection well(s) and related infrastructure;
Railway siding, access, and switching; and
On-site access roads, ditches, and other related infrastructure.

The preliminary site layout of the infrastructure described above is shown in Figure 2.2.
The production of gold and high purity cobalt, bismuth, and copper cathodes at the SMPP will
create waste water and process residues that will either be deposited by a waste water injection
well or within the PRSF. Residue generated as a result of this process is expected to be
produced at a rate of approximately 158,000 t/y. The process residue will be permanently
stored in the PRSF, which will include a number of individual containment cells separated by
internal and external dikes. This facility will have a capacity for 18 years of storage with a
footprint of approximately 43 hectares (ha). It was designed with an option to expand the facility
for 25 years of storage with a 58 ha footprint. Each storage cell will have a 2 to 2.5 year
capacity for the 18 year design and a 3.5 year capacity beyond 18 years. Each cell will have an
independent liner, leak detection system, and leachate collection system. The facility was
designed to have a low profile such that external dykes will be 2 m high. The cells will be
capped with an engineered cover once they reach storage capacity. Appendix A (Volume II)
provides a detailed description of the conceptual design of the PRSF with storage objectives
and containment strategies, while Section 3.4 provides a summary of the components of the
facility.
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Storage ponds for site runoff, process water, cobalt solution, brine solution, and a residue
storage collection pond will be constructed. The residue storage collection pond will be used to
collect any water from the PRSF during construction, residue placement, and any surface runoff
once the cell has been capped. MDH has conducted a geotechnical site investigation to
determine the design requirements for the storage ponds, as well as the need for surface water
controls and groundwater monitoring. A summary of these findings and a detailed description of
the storage facilities are provided in Section 3.5 and Appendix B (Volume II).
A waste water injection well will be used to inject up to 30 m3/hr (110 Imperial Gallons per
Minute (IGPM) of process solution into an underlying aquifer. MDH has developed a preliminary
design of the injection well based on the characteristics of the waste stream and the estimated
hydraulic properties of the receiving formation. More details regarding the waste water injection
well can be found in Section 3.7 and Appendix C (Volume II).
On-site sewage, non-hazardous garbage, and common recyclable material will be stored on-site
in approved containers before it is hauled off site by a local waste handling company. Sewage
will be stored in a septic tank(s) and garbage will be stored in regular industrial sized garbage
bins. The frequency of removal for both wastes will depend on the size of the storage
containers, with regular visits expected from a disposal service. The capacities of these storage
containers will be determined during the final design of the proposed SMPP.
A groundwater production well array will be required to meet the daily process water
requirements of approximately 50 m3/hr (183 IGPM) for regular usage and 80 m3/hr (293 IGPM)
for short-term use during start-up. A water balance for the overall operations and for specific
tanks and processes at the SMPP can be found in Appendix D (Volume II). A groundwater
sourcing study was completed in May 2010 with the installation of a groundwater production
well and completion of a pumping test (combined with numerical groundwater flow modelling) to
determine if the well is capable of providing the expected water usage. The testing also
determined what impact the well array would have on the selected aquifer. It was determined
that two production wells can supply the anticipated volume of water with an additional well to
provide back-up services, in the event that maintenance is required on any of the other wells. It
is anticipated that annual water usage at the proposed SMPP will be approximately 438,000 m3.
Groundwater requirements for the site may be decreased by using treated wastewater from the
Langham and Dalmeny storage lagoons. This option was investigated at the discretion of FML
and has been rejected for the short-term due to the unsuitable chemistry of the municipal
wastewater. Details of the groundwater sourcing study can be found in Volume III.
Additional inputs to operate the proposed SMPP will consist of vehicle fuel, natural gas,
electricity, and potable water. Vehicle fuel will be stored on-site for emergency requirements on
weekends or night shifts. One 70,000 L Enviro-tank, with a leak detection system, will be used
for fuel storage. This tank will be self-contained, double-walled, transportable, and will provide
dispensing at the unit. A specific location for this tank will be determined during the final design
of the proposed facility. It is expected that a maintenance truck will be used to fuel a low ground
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pressure dozer on the residue storage facility. Other equipment is expected to be fuelled with
diesel deliveries by truck.
Inputs of natural gas at the proposed SMPP are anticipated to be 2,000 m3/hr (1,800 GJ/d) in
the winter, with significantly lower values in the summer. Annual consumption of natural gas is
expected to be approximately 17.5 million m3/y. A natural gas line will enter the site at the
southeast corner of the facility. Required provincial approvals to supply natural gas to the
facility will be completed by TransGas. A screening report created by TransGas can be found in
Appendix E (Volume II). This report provides a description of the anticipated impacts and
possible mitigation to supply natural gas to SMPP by the construction of a new high pressure
steel pipeline. The pipeline is expected to be approximately 19.5 km in length with the proposed
route shown in Appendix E (Volume II).
The electrical requirement is expected to be 13.2 megawatts (MW) for the operation of the
SMPP. Construction and closure of the facility is anticipated to require 1 MW of electricity.
Electricity for the SMPP will be supplied by SaskPower from either an existing line or a newly
created line. A screening report, created by SaskPower, describing the line options, alternative
route selection methods, and potential environmental concerns can be found in Appendix E
(Volume II). An electrical substation and switchgear will be located on the west side of the
SMPP site to receive a permanent power line from the west side of the property. A switchgear
is a combination of electrical disconnects, fuses, and/or circuit breakers used to isolate electrical
equipment. It is FML‟s understanding that SaskPower will follow their normal business policies
and procedures, including routing, permitting and approval processes, to evaluate and confirm
the permanent supply service voltage level for the SMPP site and to confirm the timing, the
routing, and the configuration of the permanent electrical service to the SMPP site. FML will be
assisting SaskPower throughout this process as required.
The amount of potable water required is estimated to be 3 m3/hr. This value is included in the
total water (e.g. 50 m3/hr) requirements for the proposed facility. A mobile potable water
treatment facility (likely a reverse osmosis unit) will be obtained to supply on-site potable water
for employee use. This unit will be maintained by FML staff and subject to provincial regulations
to operate a potable water unit for human consumption.
Sufficient lighting is a requirement to protect the health and safety of workers under the
provincial Occupational Health and Safety Regulations (1996). However, excessive lighting can
cause light pollution that affects nearby residents and wildlife. The components of light pollution
are often combined and overlap each other and include the following:





Sky glow – the brightening of the night sky over inhabited areas;
Light trespass – light falling where it is not intended, wanted, or needed;
Glare – excessive brightness; and
Clutter – excessive grouping of light sources (IDA, 2009).
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Outdoor lighting at the SMPP will be mounted in a manner to minimize light trespass, glare, and
clutter. Light will be focused to where it is needed, with the use of shielded downward pointing
fixtures. Any unnecessary lighting will be turned off. If a complaint is received regarding
excessive lighting, an appropriate course of action will be determined.

3.1

Site Layout

The proposed plant and related buildings will house a number of unit operations that are joined
directly or through utility corridors. The overall area anticipated to be impacted from the primary
development is approximately 45,000 m2 (300 m x 150 m) (Figure 2.2). A 200 m buffer around
the infrastructure at the SMPP has been included in the site layout to reduce potential impacts
to local residents. This buffer, existing tree rows, and the low profile design of the PRSF will
reduce sight lines across the landscape. The main buildings that will be constructed for the
proposed SMPP and the activities occurring inside each building are shown in Table 3.1. The
largest building is the main process building, which will be approximately 59 m x 259 m and
10 m high at the furthest extent of the building. The dimensions of the buildings required on-site
are also compiled in Table 3.1. Each unit operation will be housed in steel-clad buildings with a
number of small stacks, mostly releasing steam. A detailed description of the process
emissions can be found in Section 3.3.12.
Table 3.1 – The main buildings, activities, and dimensions at the proposed SMPP.

Building

Activities

Dimensions (L x W x H)

Service Complex

Administration offices, security, first aid,
change rooms, lunch room, analytical lab,
warehouse, product storage, product
shipping, maintenance areas, etc.

73 m x 55 m* x 10 m

Main Process
Building

Concentrate receiving, pressure oxidation
and leaching, residue precipitation and
filtration, cobalt precipitation, ion exchange
columns, gold cyanidation and recovery,
gold product casting, water treatment, etc.

259 m* x 59 m* x 10 m

Oxygen Plant

Oxygen production

25 m x 32 m x 9 m

Cobalt and Copper
Electrowinning

Cobalt electrowinning cells, copper solvent
extraction, and copper electrowinning cells

90 m x 20 m x 15 m

Bismuth Building

Bismuth recovery by chloride leach and
electrowinning, bismuth product melting
and casting

65 m x 19 m x 15 m

* Dimension is the furthest extent of the building.
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The PRSF will be adjacent to the proposed plant site and extend northward. As previously
mentioned, this facility is expected to occupy approximately 58 ha at the end of its design life.
The facility storage ponds will be located within and to the east and north of the proposed plant
site (Figure 2.2). An area approximately 243,000 m2 in size has been set aside for future water
re-use or recycling opportunities. This land reserve can be found west of the proposed plant
site. There are no plans for its use in the near future. The proposed waste water injection wells
are nearby the plant site and have a 75 m buffer according to provincial regulations. An existing
production (water) well is east of the plant site and two proposed wells are located within and to
the west of the site (Figure 2.2).

3.2

Geotechnical Foundations

An investigation to provide geotechnical recommendations for shallow foundations, grade
supported slabs, pile foundations, and other general geotechnical engineering parameters
related to the plant building foundation was completed by MDH in June 2010. Ground resistivity
testing was also completed as part of the geotechnical investigation, to provide the necessary
information to install cathode protection (to ground electrical equipment or minimize lightening
strikes and/or corrosion) equipment at the site. A general description of the soils encountered,
the soil properties (including resistivity), anticipated behaviour of soils during construction, and
measured groundwater levels are also provided in the geotechnical investigation report
(Volume II – Appendix F). To complete the investigation, 8 boreholes were drilled, 16 test pits
were excavated, and 1 piezometer was installed to characterize the subsurface. A site plan
showing the location of all boreholes, piezometers, and test pits at the proposed SMPP site can
be found in Figure 3.1. This figure also shows the locations of the piezometers installed as part
of the hydrogeological investigation at the site. These piezometers were used to provide
additional groundwater levels the entire site. The foundation design parameters were derived
from calculations based on the Canadian Foundation Engineering Manual (2006) and other
relevant geotechnical references.

3.3

SMPP Process

Bulk concentrate will be shipped by rail from the NICO mine in double-lined super sac bags on
pallets. This ore concentrate will be a filter cake product containing approximately 8% moisture.
For most of the year, the bags of concentrate will be unloaded from rail cars and stored outside
the building, on an asphalt pad or a similar structure, prior to processing. The bulk concentrate
bags will not be stored directly on the ground. During colder months, the concentrate will need
to be warmed or thawed and a receiving and preparation facility will be constructed for this
purpose. The double-lined bags containing the bulk concentrate may also be stored in the rail
cars that transport the concentrate to the proposed site. Once the bags are no longer needed at
the SMPP, they will be washed and delivered back to the NICO mine site for re-use.
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EASTING

NORTHING

LAND DESCRIPTION

ID

TYPE

EASTING

NORTHING

LAND DESCRIPTION

M2112-01A

PIEZOMETER

371,117.26

5,802,190.77

SE9-14-39-07-W3

M2112-16

PIEZOMETER

370,356.07

5,802,617.47

SE14-14-39-07-W3

PIEZOMETER

371,116.93

5,802,188.84

SE9-14-39-07-W3

M2112-17

BOREHOLE

370,487.48

5,802,512.67

NW10-14-39-07-W3

PIEZOMETER

371,129.40

5,802,960.41

NE16-14-39-07-W3

M2112-18

BOREHOLE

370,241.34

5,802,560.41

NE11-14-39-07-W3

M2112-02B

PIEZOMETER

371,130.76

5,802,958.14

NE16-14-39-07-W3

M2112-19

BOREHOLE

370,578.27

5,803,226.18

NE2-23-39-07-W3

M2112-03A

PIEZOMETER

369,558.97

5,802,818.63

SE13-14-39-07-W3

M2112-20

PIEZOMETER

370,755.05

5,802,406.88

NW9-14-39-07-W3

M2112-03B
M2112-04A

PIEZOMETER
PIEZOMETER

369,557.40
370,331.48

5,802,817.39
5,803,004.27

SE13-14-39-07-W3
NE14-14-39-07-W3

M2112-21
M2112-22

PIEZOMETER
TEST PIT

370,779.73
370,900.16

5,802,988.00
5,803,174.21

NW16-14-39-07-W3
SE1-23-39-07-W3

M2112-04B

PIEZOMETER

370,331.40

5,803,005.83

NE14-14-39-07-W3

M2112-23

TEST PIT

370,700.80

5,803,427.80

SE7-23-39-07-W3

M2112-05A

PIEZOMETER

370,555.47

5,802,366.22

SE10-14-39-07-W3

M2112-24

TEST PIT

370,399.95

5,802,431.25

NW10-14-39-07-W3

M2112-38

TEST
PRODUCTION
WELL

370,562.21

5,802,433.56

NE10-14-39-07-W3

M2112-25

TEST PIT

370,281.41

5,802,424.27

NE11-14-39-07-W3

M2112-26

TEST PIT

370,187.15

5,802,406.73

SE11-14-39-07-W3

TEST PIT

370,030.94

5,802,346.30

SW11-14-39-07-W3

EASTING

NORTHING

LAND DESCRIPTION

M2112-28

TEST PIT

369,982.60

5,802,458.86

NW11-14-39-07-W3

M2112-06

PIEZOMETER

370,350.73

5,802,483.02

NE11-14-39-07-W3

M2112-29

TEST PIT

370,100.70

5,802,540.06
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3.3.1 Feed Preparation
Prior to processing, the concentrate will be removed from the bags and slurried with water. The
bulk concentrate slurry will be fed to a cyclone that operates in a closed circuit with a regrind
mill. After the concentrate slurry is ground to the appropriate size, froth flotation will be used for
the separation of the bismuth and cobalt containing minerals. Figure 3.2 illustrates the process
flow at the proposed SMPP. The process methods to produce high-value metal products at the
proposed SMPP have been tested and refined through research, laboratory, and pilot plant
investigations.

Fresh Water
Inputs

NICO Bulk
Concentrate
Receiving

Water
Treatment &
RO Package

Process Water
Cooling Pond

Cobalt
Concentrate
Pressure Acid
Leach Oxidation

Cobalt Recovery
Precipitation
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Brine Injection
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Cobalt Metal
Production

Copper Metal
Recovery

Concentrate
Regrind and
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Saline Aquifer

Cobalt Cathode
Product

Copper Cathode
Product

Residue Storage
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Gold (Doré)
Bars

Gold Recovery

Cyanide
Destruction
Process

Bismuth
Recovery Chloride Leach

Bismuth Metal
Production

Bismuth
Cathode
Product

Figure 3.2 – SMPP process flow diagram.

3.3.2 Froth Flotation
Froth flotation is a proven method to selectively separate water repelling (hydrophobic)
materials from water attracting (hydrophilic) materials. The hydrophobic particles of mineral
bearing ore avoid the water by attaching to air bubbles that are created by mechanical agitation
and the addition of reagent chemicals (i.e. MIBC or PAX). The bubbles rise to the surface
forming a foam or froth. The froth is removed and the concentrated mineral is further refined.
The addition of a reagent will allow specific types of minerals to become completely wet, while
M2112-2840010
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partially wetting other types, which allows bubbles to attach to them and lift them into a froth.
Flotation can be performed in rectangular or cylindrical cells, tanks, or flotation columns.
No effluent will be produced from the froth flotation circuit as both streams contain recoverable
metals. The bismuth stream will contain bismuth minerals and will have a high gold content (the
bismuth concentrate), while the cobalt stream will contain several minerals including cobalt, iron,
gold, and copper (the cobalt concentrate). Each stream will be dewatered prior to further
processing and the water will be recycled to slurry the next batch of NICO concentrate.

3.3.3 Pressure Acid Leach Oxidation of Cobalt Concentrate
The cobalt concentrate will be fed into a pressurized vessel (an autoclave) operating at a
temperature of 180°C and a pressure of 2,100 kilopascals (kPa). The retention time in the
vessel will be approximately sixty minutes. Oxygen, supplied by an on-site oxygen plant, will be
continually injected into the slurry. The autoclave will oxidize 85 to 90% of the sulphide
minerals, producing sulphuric acid to remove (leach) over 95% of the cobalt from the
concentrate. The cobalt, copper, and a number of other metals report to the liquid phase of the
slurry while gold remains in the solid phase. Under these conditions, iron, arsenic and oxygen
react to form scorodite, an environmentally stable form of arsenic mineral that also reports to the
solid phase.
The slurry will then be fed to a series of wash thickeners, filters, and clarifiers, separating the
soluble cobalt and copper from the insoluble gold and scorodite. Cobalt and copper will be
recovered from the solution stream while gold will be recovered from the insoluble stream.
These processes are described in the following sections.
Heat will be produced by the generation of acid in the autoclave. To maintain a constant
temperature and controlled conditions, cooling water will be injected into the autoclave. This
represents the majority of the site's process water requirements. As required, some of the
stream will enter a heat recovery unit to supply heat to the thawing shed or other process
vessels. The off-gases from the autoclave will be vented to a scrubber and released to the
atmosphere as steam.

3.3.4 Cobalt Recovery
The cobalt-rich solution will be pumped to a series of precipitation stages with increasing
alkalinity to reduce the solubility of various target metals. These stages include thickening or
filtering of the slurry for effective removal of the solid precipitates. The solutions will be fed to
the next stage for further processing. The precipitation stages are:
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Stage 1: Iron-Arsenic Precipitation
Lime will be used to increase the pH for the precipitation of copper and any remaining
iron-arsenic hydroxides. These solids will then be re-leached for copper recovery
(described in Section 3.3.6).
Stage 2: Copper Precipitation
Sodium carbonate will be used to increase the pH to remove any residual copper. The
solid precipitates will be dissolved by acid from the autoclave and recycled back to
Stage 1.
Stage 3: Cobalt Precipitation
Sodium carbonate will be used to precipitate cobalt as cobalt carbonate, along with a
small amount of impurities (zinc, copper, and nickel). This precipitate could be sold as a
cobalt carbonate if required, but the SMPP will include facilities to upgrade this
carbonate solid to a high purity cobalt metal. No powder of cobalt carbonate is
anticipated to be stored on-site as this material will have a moisture content of 35%.
Stage 4: Scavenger Precipitation
Sodium hydroxide will be used to increase the pH to precipitate any remaining metals.
The precipitates will be dissolved by acid from the autoclave and recycled back to
Stage 1 for a second pass recovery.
The remaining solution from this process will be recycled back to the pressure acid leach
oxidation step.

3.3.5 Cobalt Metal Production
The cobalt carbonate resulting from the Stage 3 precipitation will be re-dissolved in a sulphuric
acid solution in a closed circuit. An ion exchange (IX) system will be used to remove zinc,
copper, and nickel contaminates and electrowinning (EW) will be used to produce the cobalt
metal. This process is commonly referred to as ion-exchange/electrowinning (IX/EW).
The solution will be fed to a series of packed columns containing specific ion-exchange resins
for zinc, copper, and nickel. Ionic exchange resins immobilize target metals through the
exchange of hydrogen ions. Intermittently, the zinc, copper and nickel are stripped from the
ion-exchange resin using a sulphuric acid solution, and precipitated as a mixed carbonate.
These precipitates will be filtered, bagged, and prepared for sale.
The remaining high-purity cobalt solution will be processed in a cobalt electrowinning plant to
produce cobalt metal. In electrowinning, an electrical current is passed through a liquid
M2112-2840010
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containing dissolved metals causing the target metal to collect on the positive electrode (the
cathode). Spent solution containing reduced cobalt levels, will be continuously recycled to
dissolve the Stage 3 cobalt carbonate precipitate. Fully developed cobalt metal cathodes will be
produced over a five to six day period. The cobalt metal cathodes will be washed and sold as
high purity cobalt metal.

3.3.6 Copper Recovery
Copper is a major by-product of cobalt recovery. Marketable copper metal is recovered from
the Stage 1 precipitate by dissolving (re-leaching) the copper with dilute sulphuric acid.
Gypsum and iron-arsenic precipitates remain in the solid phase as stable precipitates. The
copper re-leach residue (i.e. primarily gypsum) will be filtered and stored in the PRSF. Solvent
extraction and electrowinning (SX/EW) will be used to recover copper from solutions generated
by the dissolution process.
A chemical extractant transported by kerosene will be used as a solvent to recover the copper
from solution. The solvent, containing the copper, will be transferred to a scrubbing stage and
will be contacted with a sulphuric acid solution to strip the copper from an organic phase, back
to the water phase. The scrubbing solution will then be transferred to an electrowinning circuit
for recovery as copper metal sheets, in a process similar to the one previously described for
cobalt. The organic phase of the precipitate, depleted in copper, will be recycled for reuse.

3.3.7 Bismuth Recovery
The recovery of bismuth at the proposed facility is an innovative process developed by FML and
its partners. It has been demonstrated successfully at the pilot plant scale. The process is
referred to as the chloride leach electro-recovery (CLER) process. Bismuth concentrate will be
leached in tanks using a concentrated ferric chloride solution. This chloride solution, produced
by mixing sulphuric acid and sodium chloride, will be contacted with the concentrate in two
stages to dissolve the iron and bismuth in the concentrate. After solid-liquid separation, the
solution containing the iron and bismuth is fed to a modified electrowinning circuit for the
production of high purity bismuth metal powder. The washed residue is processed for gold
recovery (described in Section 3.3.8) and the solution, containing iron, is recycled to the
leaching stage after reagent make-up. The bismuth metal may be sold as powder or a cast
metal ingot. Any bismuth powder that is stored on-site will be under water and/or argon.
A bleed stream from the primary electrowinning stage is removed from the circuit to maintain
circuit flow balance. This bleed stream is directed to a secondary stage electro-recovery circuit
based on the same design principles as the first stage circuit. Two waste streams will be
produced, the solution bleed and a stable precipitate. Residual concentrations of iron and
arsenic in the bleed solution will be removed by the addition of air or oxygen and lime to
precipitate iron arsenate. Gypsum will also be produced and the filtered solids will be stored in
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the PRSF. The remaining solution will contain elevated levels of chlorides suitable for deep-well
injection into an underground aquifer.

3.3.8 Gold Recovery
There are two gold recovery methods in the SMPP process, one for the bismuth residue and
one for the cobalt residue.
Bismuth Circuit Cyanidation: Following washing, gold will be recovered from the bismuth
process residue through cyanidation, a standard metallurgical process for extracting gold from
ore. The gold is dissolved into solution as a gold-cyanide molecule that can be concentrated
and/or treated for recovery to doré, the form of gold commonly recognized as a bar. To
minimize the amount of cyanide used, the residue produced each day will be treated in one of
four batch cyanidation tanks. After cyanidation, the slurry will be pumped from the tank to a
pressure filter for dewatering. The washed filter cake will be discharged for a second-pass gold
recovery along with the autoclave discharge solids (described below). The resulting filtrate is
very rich in gold. The solution will be directed to the gold electrowinning circuit to recover the
gold as a metal powder. The spent solution will subsequently be used to re-pulp new residue in
the system.
Cobalt Circuit Cyanidation: Following solid-liquid separation of the autoclave discharge, the
solids and slurry components will be treated for gold recovery along with the remaining solids
from the bismuth circuit cyanidation. The solids will be contacted with cyanide in a continuous
cyanidation process rather than the batch process. The slurry will then be filtered and washed
after cyanidation. A stable scorodite solid from the autoclave will remain and will be stored
permanently on-site in the PRSF. The gold-rich solution will be processed using the MerrillCrowe process, a common industrial process to remove gold from solution by cementation with
zinc dust. The zinc-gold dust particles will then be filtered from solution. The solids will be cast
into doré metal (gold bars) while the cyanide solution will be recycled in the process.
Any excess solution from the cyanidation process will be treated using a conventional cyanide
destruction unit, which utilizes hydrogen peroxide. This is standard industrial destruction
method, which is approximately 99.6% efficient at destroying cyanide (Marsden and
House, 2006). Any cyanide that is indirectly deposited into the PRSF has the potential to
continue reacting with residual hydrogen peroxide, forming ammonia and carbonate. It should
also be noted that natural degradation of free cyanide and metal–cyanide complexes in water
bodies open to the atmosphere occurs relatively rapidly (Li et al., 2005; Maprani et al., 2005)
and is predominantly a function of temperature, pH, and amount of sunlight (Smith and Mudder,
1991). FML has committed to handle cyanide according to an International Cyanide
Management Code. A description of this Code can be found in Section 6.1.8 and Appendix G
(Volume II).
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3.3.9 Process Residues
Waste residues from the recovery of metals will be deposited into an engineered containment
facility with primary and secondary containment, the PRSF. All solid waste residue streams will
be filtered to maximize water recycling and minimize reagent consumption. As described in the
process description above, there will be three residues which will require long term storage onsite:
1) Washed residue from the acid leach recovery of cobalt and gold cyanidation;
2) Copper re-leach iron/gypsum residue from the recovery of copper; and
3) Iron precipitate solids from the bismuth CLER circuit.
The PRSF and the residue characterization are further described in Section 3.4.

3.3.10 Water Recycling and Treatment Processes
FML will employ several methods to maximize the amount of aqueous solution that can be
recycled at the SMPP. Within each unit operation, solid-liquid separation is used extensively to
recycle water for reuse. The water treatment system will be comprised of media and cartridge
filters for removal of suspended solids and a reverse osmosis (RO) unit. Reverse osmosis is a
method to purify water by forcing it through a series of filters and/or membranes to remove
impurities. This treatment will remove chlorides from the water for reuse in the autoclave plant
and will minimize corrosion. The permeate from the reverse osmosis unit will be pumped
directly back to the process water tank.
Sodium hydroxide will be used to precipitate out any soluble metals in the reverse osmosis
effluent in two brine treatment tanks. The tank discharge will be pumped to a sediments
thickener for separation of any precipitated solids. The precipitated solids will be returned back
to a collection tank, contacted with acid from the autoclave, dissolved, and recycled to Stage 1
of the cobalt recovery process. Thickener overflow will be collected in an overflow tank and
combined with the cyanide destruction tank discharge and the high chloride brine from the
bismuth CLER process. The combined brine streams will then be disposed to an underground
saline aquifer (the Mannville Group). This injection stream will be the only liquid effluent
produced by the SMPP processing requiring deep well disposal. The anticipated concentrations
of the process solution requiring injection and the proposed injection well system is discussed in
Section 3.7.

3.3.11 Building Containment
Each building at the SMPP will be constructed to contain any and all spilled materials. Each
tank will have a sump pump located nearby and any spilled material will be washed into the
sump and deposited back into the tank. Spill cleanup kits will be located throughout each
building and will be used to contain any larger spills. A fire extinguishing system will be installed
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in each building with water being supplied by the process water pond. Hand held fire
extinguishers will also be located in the buildings according to fire protection codes.

3.3.12 Process Emissions
The proposed SMPP facility will have air emissions from 25 stack sources, vehicles used during
construction and operation, and an emergency diesel generator. A list of substances that may
be emitted from the proposed SMPP can be found in Table 3.2. It should be noted that the
PRSF will be capped with a store and release cover that includes a layer of topsoil, thereby
significantly reducing air emissions and dustfall from this facility.
Table 3.2 – Anticipated air emissions from the proposed SMPP facility.

Substance
Total Particulate Matter
Particulate Matter < 2.5 microns

Symbol
PMT
PM2.5

Nitrogen Oxides

NOx

Nitrogen Dioxide

NO2

Carbon Monoxide

CO

Sulphur Dioxide

SO2

Water Mist

H2 O

Carbon Dioxide

CO2

Volatile Organic Carbons

VOCs

Arsenic

As

Lead

Pb

Zinc

Zn

Manganese

Mn

Iron

Fe

Cobalt

Co

Nickel

Ni

Copper

Cu

Sulfur

S

Sulfuric Acid
Diesel Particulate Matter

H2SO4 mist
D.P.M.
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Process Residue Storage Facility

The process residue storage facility (PRSF) will be used to permanently store process residues
generated from the metals processing plant. It is expected that approximately 158,000 tonnes
of residue will be produced each year. The PRSF will be an engineered containment facility,
designed to minimize the potential impact to the surrounding environment. FML is planning to
construct the PSRF directly north and northeast of the proposed plant site (Figure 2.2). This
area of land is sufficiently large to allow for a sizable buffer zone around the PRSF.
The PRSF will be divided into cells to provide containment and storage of the process residue.
This cellular design minimizes the active footprint, will allow for liner repairs (if required), and
enable active decommissioning throughout the project life. Construction of the containment
cells will be in pairs with each cell capable of accommodating between 2 and 2.5 years of
process residue. Eighteen years of residue storage capacity is provided by PRSF Cells 1
through 8. An additional 7 years of storage capacity, for a total facility life of 25 years, can be
obtained from the construction of PRSF Cells 9 and 10, at the discretion of FML. The 18 year
facility covers 42.8 ha and accommodates 1.51 million m3 (Mm3) of residue. The 25 year facility
covers 57.9 ha and will contain 2.09 Mm3 of residue. These additional cells will have an
increased capacity to each store 3.5 years of process residue. Cell geometry will vary,
however, each cell consists of a 4.65 m deep excavation and 2 m high containment dykes. The
containment dykes are planned to be constructed from select material obtained from the cell
excavation. The containment dykes will be constructed with a 10 m top width, 3H:1V interior
side slopes, and 7H:1V exterior side slopes. The dyke top width and shallow exterior slopes
were designed to accommodate use by haul trucks from the plant site. Additional details
regarding the PRSF can be found in Appendix A (Volume II).
A „dry tomb‟ approach was selected for containment and long-term storage of the SMPP
residue, such that each cell is constructed above the groundwater table and capped with a
„store and release‟ engineered cover system after being filled with residue. A 0.5 m freeboard
allowance in the containment cells will be in place prior to construction of the cover system.
This cover system will control dust, limit water and oxygen ingress, and support vegetation.
Store and release covers may consist of single or multiple soil layers with a vegetated cover.
The cover soil acts to store moisture that is released back to the environment through
evaporation
and/or
transpiration
(evapotranspiration)
processes.
Storage
and
evapotranspiration then limits the net percolation of moisture into the subsurface. Additionally,
water stored in the cover soil will limit the amount of oxygen ingress through the saturated cover
system which may react with the stored waste.
Each SMPP cell will have a dual containment liner and a leak detection system (Figure 3.3).
The primary liner will be a composite liner consisting of a geomembrane placed directly over
approximately 0.45 m of compacted soil. Leak detection is provided by a geocomposite
material installed beneath the primary liner.
Secondary containment is provided by
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“Plastic” Liner
(geomembrane)

original ground surface

TOPSOIL

Layers of sand, silty clay and/or
clayey silt.

SILTS, SANDS AND CLAYS

Naturally low permeability material
made of a mixture of clay, silt and sand
with some gravel and rocks. Makes a
good natural barrier to vertical water
(and contaminant) flow.

Containment
Dyke

compacted soil
liner

original ground surface
TOPSOIL

TILL (13 m to 19 m thick)

Excavation
groundwater table
~ 5.5 m to 10 m bgs
(below ground surface)

min 0.45 m

Primary Composite
Liner

TILL

groundwater table

Leak Detection Layer
(geocomposite)

~ 15 m to 21 m bgs

Water source for local residents
and communities.

SILTS, SANDS AND
CLAYS

SAND (DALMENY AQUIFER)

SAND (DALMENY AQUIFER)

Secondary Liner

compacted soil
liner

min 0.2 m

Store and Release Cover
Containment
Dyke

Containment
Dyke

Containment
Dyke

Containment
Dyke

original ground

Geomembrane
(primary liner)

original ground

Leachate Collection:

Compacted Soil
(primary liner)

Containment
Dyke
original ground

Perforated drainage pipes with coarse
media cover. Gravity flow to sump for
removal.

PROCESS
RESIDUE

drainage
pipes

Leak Detection Layer
(geocomposite)

Containment
Dyke

Compacted Soil
(secondary liner)
groundwater table

groundwater table
groundwater table

Figure 3.3 – PRSF dual containment liner and leak detection system.
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approximately 0.2 m of a compacted soil liner under the geocomposite material. The primary
environmental receptor for the downward migration of contaminants from the PRSF is the
Dalmeny Aquifer (comprised of the Upper and Lower Floral Aquifers). There is approximately
9 m to 18 m of low conductivity till between the base of the PSRF and the Dalmeny Aquifer,
providing a high level of secondary containment for the process residue.
A leachate collection system was also provided for each cell to collect any fluid (i.e. leachate,
precipitation, snowmelt, etc.) that accumulates when the cell is open. This system sits directly
over the primary liner and consists of a perforated drainage pipe in a herring bone pattern with a
granular cover. The base of the cells will be graded towards a granular sump where access to
the leachate collection system will be provided through a perforated pipe.
Perimeter ditches around the PRSF facility and a runoff collection pond dedicated to the PSRF
will collect any runoff once the cells are capped, prior to the establishment of vegetation. This
collected runoff may be directed to the process water storage pond, for use in the facility, or
monitoring may indicate its suitability to be released to the environment. It should be noted that
this surface runoff from the capped PRSF cell will not be exposed to the process residue
beneath and may eventually be eliminated as the vegetation on the capped mounds will
intercept runoff.
The development of “ice lenses” in the residue is not considered a concern because:








The residue to be contained is essentially an “unsaturated” filter cake and ice lensing
requires a supply of water (like a water table) to occur. Ice lenses form when water
migrates in soils that are fine grained, with high capillary forces and do not have too low
of a hydraulic conductivity to restrict water movement. The residue is sufficiently fine
grained to be susceptible to ice lenses, but with a relatively low hydraulic conductivity
and unsaturated condition is expected to limit this condition;
There is an engineered leachate collection system in the PRSFs cells to collect and
transport fluid out of the cells, again limiting the ability of ice lenses to form;
Residue will be delivered to the PRSF at such a rate that lift surfaces will not sit exposed
to the atmosphere for extended lengths of time;
The impact, if lenses did form, is very low as there is no infrastructure or utilities to
disrupt. The impact would be primarily to usable storage volume and design of the end
cover system (to mitigate for potential long-term settlement); and
Technology has recently been developed by other mining companies in Saskatchewan
to remove ice lenses using Electroosmosis technology, or more accurately, the Electrical
Resistive Heating that occurs as part of the process. Should ice lensing occur, and
should ice lensing be deemed a problem, technologies are available to remediate the
problem.
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3.4.1 Process Residue Characterization
As previously mentioned, the process residue will consist of three components: 1) acid leach
recovery of cobalt and gold residue; 2) copper re-leach iron (Fe) and gypsum residue; and 3)
iron precipitates from the bismuth CLER process, in the ratio of 53:41:2, respectively
(Table 3.3). This information was taken from the geochemical characterization of the ore as
reported by Golder Associates (2009). The metal content, acid base accounting, and whole
rock analysis results are summarized in Appendix H (Volume II).
Table 3.3 – Mineralogical composition of the process residue components.

Pressure Acid Leach Oxidation;
Cyanidation

Process
Percent of Feed
% Solids (Filter Cake)

Chloride Leach
Electro-Recovery

53
75

45
60

2
60

Copper Re-Leach
Fe/Gypsum Residue

Iron Precipitates
from the Bi CLER
Process

100
-

94
3.6
2.5
-

Parameter

Units

Acid Leach
Recovery of Co and
Au Cyanidation
Residue

Graphite
Biotite
Talc
Gypsum
Siderite
Jarosite
Pyrite
Magnetite
Actinolite
Grossular
Claudetite
Scorodite
Whewellite

wt%
wt%
wt%
wt%
wt%
wt%
wt%
wt%
wt%
wt%
wt%
wt%
wt%

8.4
3.4
2.7
1.4
5.8
8.4
4.2
19.1
8.9
9
27.3
1.5

The three process residue components will be coarsely mixed during transportation to, and
placement in, the PRSF. Therefore, the final process residue will consist primarily of the
residue reporting from the pressure acid leach oxidation and cyanidation circuits. Geochemical
analyses results for these two main components indicate elevated levels of several elements
including arsenic (As). Previous leach testing conducted on the process residue indicated
maximum leachable As concentrations of approximately 34 mg/L (Golder, 2009). Additionally,
acid base accounting results indicated an acid producing potential for all three components.

3.4.2 Long-Term Storage
The analyses presented in Table 3.3 and Appendix H (Volume II) were conducted on the
pressure acid leach oxidization and cyanidation residues prior to undergoing a final cyanidation
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step. The addition of a basic cyanide solution will introduce additional alkalinity to the process
residue components, which will increase their overall neutralization potential and mitigate the
acid potential of the composite process residue reporting to the PRSF.
Mineralogical quantification of the residue from the leach recovery of cobalt and gold indicates
that scorodite, an iron-arsenate, is the main phase within the process residue. Iron-arsenate
phases have been shown to remain relatively stable in alkaline storage facilities (Moldovan et
al., 2003).
The PRSF cover system will reduce the infiltration of water into the process residue, mitigating
leaching of the process residue, while the liner system will reduce the infiltration rate to the
surrounding environment of any minor amounts of leachate generated.
A two dimensional (2D) coupled groundwater flow and contaminant transport simulation was
conducted to evaluate the engineered containment system proposed for the PRSF. Geo-Studio
2007 SEEP/W and CTRAN/W code were used to perform these coupled simulations for a 500
year period. A detailed summary of the solute transport modelling can be found in Volume III –
Appendix M. The results of the groundwater flow and containment transport modelling indicate
a negligible release of leachate to the environment from the designed PRSF.

3.4.3 Options for Long-term Disposal
The chemical and mineralogical composition of the process residue makes it unsuitable for use
as a construction material. The best option for long-term disposal of the process residue is for it
to remain in the PRSF. The feasibility of backhauling the process residue to the NICO mine site
was investigated and found to be economically unfeasible. There are no current plans for the
storage of additional process residue at the SMPP site. Any change in storage would be
subject to regulatory approval and is dependent on future alternative uses for the SMPP.

3.4.4 Residue Deposition
The process residue generated at the SMPP is a filter cake with approximately 31% moisture
content. Initial plans were to transport the residue to the PRSF using 20 tonne articulated haul
trucks. The haul trucks would travel along the crest of the containment dykes to access the
operating cells. Construction equipment (i.e. small dozers or tracked skid steers) would then be
used to move/spread the residue in the containment cells into lifts with a uniform thickness.
As a result of concerns from local residents during the town meetings for the project, FML is
working on a design and trade-off study for the transportation and placement of process
residue. This study will focus on using a small conveyor system with a radial stacker to
transport and place the process residue. This is being considered to reduce the potential for
dust generated by truck traffic at the PRSF and to reduce the noise and light issues associated
with truck haulage. No final decision has been made on the method of transportation of process
residue to the PRSF.
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Using heavy equipment to place and spread process tailings may also create a risk of damaging
the exposed geomembrane liner, along the slopes. A minimum 0.5 m thick layer of material
should be placed over the geomembrane before it can be travelled on by any equipment. This
will require the establishment of access ramp(s) for the spreading equipment to enter the
containment cell. The access ramp used to place the granular for the leachate collection
system may be used or new ramps may be established by end-dumping several loads of
residue at the edge of the dyke crest. This would provide access across the geomembrane to
the surface of the granular leachate collection layer. Residue will be placed in the containment
cells to a level approximately 0.5 m below the top of the containment dykes.
It is expected that the containment cells will be constructed in pairs on an as needed basis, as
previously mentioned. It is suggested that residue will be placed in both cells simultaneously to
facilitate consolidation of the residue and possibly add flexibility to the operation. Placing
residue in two cells simultaneously will also result in thinner lifts to be placed which will enhance
drying. It may also be beneficial to add a cover layer of sand or other suitable material (i.e.
ballast) to the geocomposite liner. Water collected in the open cells (i.e. precipitation,
snowmelt, etc.) may be retrieved from the leachate collection system and transported to the
SMPP for use in the process. Exposure of the geomembrane on the slopes of the cells should
not be an issue. Many geomembrane liners have ultraviolet chemical stabilizers as a part of
their makeup and warranties of up to 20 years can be obtained. For geomembranes that are
covered in a timely manner, UV exposure is not an issue (Koerner, 1999).

3.4.5 Leachate Collection and Disposal
The design of the sump allows for any leachate to be collected with a sump pump or vac truck.
A piping system could also be installed which would automatically collect and transport the
leachate to the storage ponds. The containment dykes were designed with a 10 m wide crest to
allow the manoeuvrability of leachate collection equipment or to provide room for a piping
system to be installed. The leachate collection points will be located in a centralized location for
multiple cells, as shown on Figure 2.2. Figure A4 (Volume II – Appendix A) presents a cross
section through the sump of a typical containment cell pair.

3.5

Storage Ponds

The operation of the SMPP requires the construction of five storage ponds for site runoff,
process water, brine solution, cobalt solution, and runoff from the PRSF. An additional effluent
water re-use pond was included in the design in the event that FML is able to implement
additional water re-use programs in the future. Preliminary sizing of these storage ponds has
been completed and final designs are pending.
A geotechnical investigation has provided sufficient information for the preliminary design of the
storage ponds for the SMPP. Eight test pits were excavated and eight boreholes were drilled
around the residue storage and ponds area with five piezometers installed to measure the
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shallow groundwater elevations. Geotechnical field tests and laboratory testing were conducted
on the samples collected. A report describing the geotechnical investigation for the proposed
storage ponds can be found in Appendix B (Volume II).
Each of the five ponds will be enclosed by a perimeter dyke with a design dyke height of 1.0 m.
The exterior dyke slopes are planned to be 3H:1V for construction and 1H:1V for postconstruction. These dykes are designed to be 1 m high, only. The interior dyke slopes and
excavation slopes vary depending on the storage pond. Containment dykes will provide the
ponds with freeboard allowance, while limiting excavation depths and providing a barrier around
the ponds, for safety purposes.
The process water, cobalt solution, and brine solution ponds were designed to accommodate
the following storage volumes:




Process water pond – 5,000 m3;
Cobalt solution pond – 300 m3; and
Brine solution pond – 125 m3.

These ponds were combined into one pond facility with three cells which will be located within
the plant site. The layout of these ponds is provided in Figure 2.2. The ponds will be
constructed using a composite liner consisting of geomembrane and compacted soil liners
similar to the PRSF containment cells. It is likely that the compacted soil liner will have a
sufficiently low permeability to prevent contaminates from migrating off-site during the life of the
SMPP in the event that the geomembrane liner is breached. The pipelines transporting fluids to
the cobalt and brine ponds will have double containment (likely a double walled pipe) to ensure
no releases occur. The pipeline transporting process water will be a regular pipe, as any
rupture will only result in the release of water coming from the groundwater production well.
The site runoff pond was designed to accommodate the runoff from a 1:50 year precipitation
event over the plant site area including the buildings, parking lot, and rail areas. Additional
storage was provided in the site runoff pond to accommodate supplementary runoff from
snowmelt. The additional storage will also prevent overflow in the case that a 1:50 year
precipitation event occurs and the pond is not completely empty. The site runoff pond will also
be constructed with a 0.45 m thick compacted soil liner. This pond is expected to collect runoff
from precipitation falling onto the plant footprint and building exteriors, only. As previously
mentioned, each building will be self contained with sumps depositing any spilled material back
into the tank it came from. A combination of site grading, ditches, and/or berms will direct
surface flows into the runoff pond. The site runoff pond will be located on the west side of the
plant site as shown in Figure 2.2. Water collected in this pond will be tested and suitable water
will be pumped into the site water system, to reduce the volume required from the primary
groundwater supply well. If the water is unsuitable for re-use, it may be disposed in the waste
water injection well or transported to an approved facility for disposal. It is anticipated that all
water collected in the site runoff pond will be suitable for use as process water.
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An additional runoff pond will be required to collect any water which comes from the PRSF, as
previously mentioned. This residue storage collection pond will collect all water from the area
during construction, residue placement, and once the cells have been covered. A series of
ditches will collect water from the area and divert flows to the pond which will be centrally
located. The pond was also sized to accommodate a 1:50 year precipitation event. The
additional storage required for snowmelt and required capacity when the pond is not empty
during a 1:50 year event will be provided by the ditches. The residue storage collection pond
will also be constructed with a 0.45 m thick compacted soil liner.
The provisional design for the water re-use pond, located in the land reserve for future water
re-use opportunities to the west of the plant site (Figure 2.2), includes a 0.45 m thick compacted
soil liner. This pond has a required storage volume of 110,000 m 3. The water re-use pond
would be constructed at a later date, once it is determined that it is needed.

3.6

Groundwater Supply

FML plans to use groundwater from the Upper Floral Aquifer (a regionally extensive and well
studied glacial blanket aquifer known locally as the Dalmeny Aquifer) to supply water to the
facility. A 24-hour constant rate pumping test and 3D saturated-unsaturated (confinedunconfined, respectively) finite-element groundwater flow modelling were used to evaluate
water production at the SMPP (discussed further in Section 6.1.1). Analysis of the pumping test
data indicated that the theoretical long-term yield from the primary production well (M2112-38) is
792 m3/d (121 IGPM). Therefore, the 183 IGPM of water required for facility operations will
need to be obtained from multiple wells. MDH recommended two wells (with a third backup
well) spaced at least 250 m apart. The location of these three production wells (M2112-38,
PW2, and PW3) is shown in Figure 2.2.

3.7

Waste Water Injection Well

The proposed SMPP facility has been designed with one active injection well (and one backup
injection well) installed in the sands of the Lower Cretaceous aged Mannville Group. The
Mannville Group is the primary target for completion of the well, as it is the first available aquifer
horizon that is saline, is not used as a potable water source, and has already been used as a
waste water injection horizon in the Saskatoon area. The Mannville Group is located at a depth
approximately 475 m below ground level and is approximately 50 m thick in the vicinity of the
SMPP site. An additional description of this injection horizon can be found in Section 5.2.2.
The injection well(s) will be used to inject brine solution process water. The brine solution
process water does not have significant heavy metal contents, but is high in the common ions
found in natural groundwater: sodium (Na+), magnesium (Mg2+), sulphate (SO42-) and chloride
(Cl-). The anticipated approximate total dissolved solids (TDS) concentration of this wastewater
is 47,500 mg/L, consisting primarily of sodium and sulphate ions with subsidiary magnesium
and chloride ions (Table 3.4). This wastewater is planned to be injected into the Mannville
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Group, which has an anticipated TDS content of 30,000 to 70,000 mg/L in the vicinity of the
SMPP.
Table 3.4 – Process/brine solution characteristics.
Stream Properties
Elemental Composition (mg/L)
Percent Solids
0.02
Na
12,930
Mn
0.00
As
Temperature (°C)
39
Mg
1,610
Fe
0.00
Cd
pH
10 - 11
Al
0
Co
0.01
Au
Specific Gravity
1.03
S
10,400
Ni
0.00
Pb
Cl
1,620
Cu
0.00
Bi
Ca
180
Zn
0.00

0.00
0.00
0.00
0.00
0.00

Note: Assuming sulphur (S) in solution exists as sulphate ion where 1 mg/L S is approx. 3 mg/L SO 42-.

The location of the proposed injection wells (IW1 and IW2) are shown in Figure 2.2. These
locations are based on the required 75 m buffer from above ground utilities, 40 m buffer from
below ground utilities, 200 m from the property line, and 100 m from any building, as outlined in
The Oil and Gas Conservation Act (1985) and The Oil and Gas Conservation Regulations
(1985).

3.8

Roadways and Traffic

The primary access to the proposed SMPP will be from Highway 16, Highway 305, and an
existing gravel road (Range Road 3071 or Schultz Road) (Figure 2.3). Highway 16 is a primary
highway and Highway 305 is a secondary highway within 15 km of the plant site. FML will be
able to haul primary weights on Highway 305 as long as the distance is less than 15 km from
Highway 16. Primary weights range from 5,500 kg to 62,500 kg (depending on the truck and
season) and all haul trucks transporting materials to and from the plant site will be within this
weight range. An explanation of the weight limits for each type of haul truck can be found in
regulations provided by the Government of Saskatchewan (2010). Schultz Road is a main farm
access road that is maintained and operated by the RM of Corman Park. It is currently
comprised of gravel. The segment of Schultz Road to access the plant facility from
Highway 305 is approximately 800 m long. Primary weights are only allowed on the municipal
road system if a permit is obtained from the RM.
MDH determined the surfacing structure required to accommodate the anticipated traffic loading
for the access roads to the plant facility. Details of the recommended surfacing structure
requirements are provided in Appendix I (Volume II). MDH used the Saskatchewan Ministry of
Highways and Infrastructure (SMHI) Surfacing Design Manual (2001) to develop the required
surfacing designs. MDH also completed a preliminary investigation, according to the SMHI
Design Manual, to determine if turning lanes would be required to provide an adequate level of
safety for vehicles turning on any provincial highways to access the proposed facility.
Traffic information regarding the anticipated types of trucks and traffic volumes is shown in
Table 3.5. This information was considered for two scenarios, nominal and peak traffic. The
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nominal traffic shows the estimated traffic if all product shipments leaving the plant and reagent
deliveries to the plant occur via CN Rail. This is the planned method for the transportation of
materials. Peak traffic considers the unlikely scenario that no rail service was available. The
nominal traffic has low volumes with a covered transport truck comprising the majority of the
traffic volume. The peak traffic had more vehicles with increased frequency. MDH used this
information to determine the axle group configurations and to estimate an Equivalency Factor
(EF) for each type of truck. Using the EF and the anticipated annual peak traffic volumes after
the proposed SMPP is built, the Equivalent Single Axle Load (ESAL) in 15 years was calculated.
As a result of the variable routes and low volumes of employee traffic to the proposed site,
employee traffic was not examined in this investigation. Vehicles transporting materials to and
from the proposed site are expected to have a larger impact to roadway infrastructure.
Table 3.5 – Expected traffic data, equivalency factors (EF), and the equivalent single axle load
(ESALs) at the proposed SMPP.

ESAL Calculation - Nominal Traffic
Estimated
EF

Weekly
Traffic

Weeks
Per Year

Annual
ESALs

ESALs in
15 Years

Covered Transport trucks

7.5

3

52

1.17E+03

1.76E+04

Armoured Car

1.8

1

52

9.57E+01

1.44E+03

Total

1.27E+03

1.90E+04

Vehicle Type

ESAL Calculation - Peak Traffic
Estimated
EF

Weekly
Traffic

Weeks
Per Year

Annual
ESALs

ESALs in
15 Years

Oxygen Truck

7.5

35

2

5.25E+02

7.88E+03

Soda Ash and Lime Trucks

6.1

11

52

3.50E+03

5.25E+04

Caustic and Sulphuric Acid Trucks

8.4

3

52

1.31E+03

1.96E+04

Covered Transport trucks

7.5

5

52

1.95E+03

2.93E+04

Metal Shipment Trucks

8.4

3

52

1.31E+03

1.96E+04

Maintenance Crane

8.4

1

2

1.67E+01

2.51E+02

Armoured Car

1.8

1

52

9.57E+01

1.44E+03

Total

8.70E+03

1.30E+05

Vehicle Type

Note: Nominal traffic is the expected number of vehicles if product shipments and reagent deliveries occur via CN
Rail and peak traffic is the expected amount of traffic if no rail service was available.

Highway 16 is designed to accommodate the anticipated truck volumes as long as the trucks
meet the current regulations for vehicle weights and dimensions. Oversize and/or overweight
trucks may still be used on Highway 16 as long as a permit is obtained from SMHI. The amount
of additional truck traffic generated by this facility is very small compared to the total number of
trucks already on Highway 16.
The average annual daily traffic is estimated to be
6,960 vehicles from Langham to Saskatoon (SMHI, 2008). As a result, there should be no
requirement for FML to consider upgrading the structural capacity of Highway 16.
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Current traffic from Highway 16 to the proposed plant site provides a total ESALs of 3.25 x 105.
Adding the traffic generated by the proposed facility, the total design ESALs will be 3.44 x 10 5
for nominal traffic and 4.55 x 10 5 for peak traffic. Vehicles that are expected to operate within
the proposed plant site (i.e. residue trucks) only were not considered in the above investigation.
Roads that remain gravel will have annual dust suppression activities carried out, if warranted.
No watering of these roadways is expected. A map showing which roadways will be comprised
of compacted gravel within the proposed SMPP can be found in Appendix J (Volume II). The
associated report provides traffic analyses, surfacing recommendations, and cost estimates for
on-site gravel roads, internal truck haul roads, parking lots, and pavement for pedestrians and
small mobile equipment.
Activities to build rail line infrastructure will be coordinated by FML. Eight test pits were
excavated, during the geotechnical investigation, along the proposed rail alignment at SMPP to
characterize the subsurface. This will contribute to design of the railway siding to maintain
CN Rail standards. The location of these test pits can be found in Figure 3.1. FML has met
with CN Rail to discuss the proposed plans to ship materials to and from various suppliers,
distributors, and end users. Maintenance of the railway siding will likely be shared between
FML and CN Rail. Details regarding the maintenance and construction of the railway siding and
additional rail infrastructure will be finalized once more detailed designs of the proposed facility
are complete. Lighter rails and few, if any, signals will be installed for the rail sidings, as a result
of lower speeds and/or less heavy traffic.
No environmental assessment for the proposed railway siding is expected as the Canadian
Environmental Assessment Agency (CEAA) has completed an environmental screening of the
project and has stated that no comprehensive study is required (Appendix K). Required permits
to operate and construct the rail infrastructure will be obtained by CN Rail, according to their
normal operating procedures.

3.9

Hazardous Substances and Waste Dangerous Goods

Hazardous substances and waste dangerous goods that will be stored at the proposed SMPP
are listed in Table 3.6. This list is a preliminary estimate of the quantities of reagents
anticipated to be used at the SMPP. These quantities of reagents may be subject to vendor
required order quantities and delivery schedules. A final list of hazardous substances and
waste dangerous goods stored at the proposed SMPP will be provided during facility permitting.
Tank numbers will also be determined at this time. Storage of these substances will be reported
to and approved by applicable provincial regulators annually. All reagents delivered in bulk
transportation will be unloaded to contained storage units (i.e. tanks, bins, etc.). All other
reagents will be stored inside on-site buildings or outside on covered asphalt pads.
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Table 3.6 – Hazardous substances and waste dangerous goods expected to be stored at the
SMPP.

Reagent Name/Substance
Ammonium Hydroxide
Anti-scalant (used in RO unit)
Argon (compressed cylinders)
Colorado sand
Cyanide
Diesel fuel
Glycol
Hydrochloric Acid
Hydrogen Peroxide (H2O2; 60% w/w)
Kerosene
Ketoxime (LIX)
Lead Nitrate
Lignosol
Lime
Manganese Sulphate
Methyl Isobutyl Carbinol (MIBC)
Nitrogen
Oxygen
Sodium Carbonate (Soda ash)
Sodium Chloride
Sodium Hydroxide
Sodium Hypochlorite
Sodium Metabisulphite
Sodium Nitrate
Sulphuric Acid
Xanthate (PAX)
Zinc Dust

4.0

On-site Storage
200 L
1.5 t
140 m3 (approx. 15 cylinders)
To be determined
20 t
70,000 L
To be determined
1,800 L
400 L
48 t
8t
200 L
10 t
200 t
800 L
200 L
12 cylinders
Will be produced on-site (no
additional storage vessels)
183,000 L
45 t
90,000 L
To be determined
To be determined
To be determined
80,000 L
1t
200 L

PROCESS AND PROJECT ALTERNATIVES

FML considered a number of alternatives related to the location of the SMPP, the site layout,
water supply, storage of water and residue, the processing technologies to be used, and a
number of other components of the proposed facility. These alternatives are described in the
following sections.
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Site Selection

Originally, the minerals processing plant was to be constructed at the NICO mine site in the
NWT. The decision to relocate the metals processing plant to southern Canada was based on
the opportunity for significant capital and operating cost reductions. High energy costs in the
NWT, the cost of transporting raw materials and finished product, and the lack of available
specialized technical labour in the local communities contributed to the decision not to construct
the processing plant at the proposed mine site. A summary of the specific factors contributing
to the decision to locate the SMPP in southern Canada includes:











A significant reduction in the amount of process and construction materials to be
transported to the NWT during construction;
Lower labour and travel expenses and fewer camp facilities required at the NICO site;
Lower operational power costs with electricity rates in the NWT projected to be more
than $0.20 per kilowatt hour (/kW h) compared to rates as low as $0.04/kW h in the
south;
Reduction of reagent transportation costs which will offset approximately half the cost of
transporting metal concentrates to the SMPP;
Acceleration of construction at the mine site as the most technically advanced part of the
process plant will be less constrained by weather and access issues;
Simplification of the management of waste rock and tailings at the mine site and
reduction of treatment, monitoring, and bonding costs;
Accommodation of aboriginal concerns about potential water quality impacts;
Mitigating the risk of employee turnover as engineers and chemical plant operators from
southern Canada will not be required to work at a remote site; and
Decreased power requirements at the mine site will align the power requirements with
existing and planned hydroelectric generation in the NWT.

In considering alternative locations for the metals processing plant, FML conducted a rigorous
internal assessment and considered the following locations:







Langham, Saskatchewan;
Belle Plaine, Saskatchewan;
North Battleford, Saskatchewan;
Whitecourt, Alberta;
Eli, Manitoba; and
Brandon, Manitoba.

Based on a cost benefit analysis and the evaluation of a large number of criteria, Saskatchewan
was chosen as the best location. Electrical power in Saskatchewan is relatively inexpensive
and readily available in comparison to the other locations considered. The cost of transportation
in Saskatchewan was determined to be cheaper than Manitoba, but slightly higher than Alberta,
while labour costs in Saskatchewan are competitive with other provinces.
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In particular, the site near Langham provides convenient access to both the Trans-Canada
Highway (Highway 16) and the CN Rail line, providing alternative major corridors for the
transportation of materials to and from the proposed plant site. In addition, the proposed site
provides access to resources such as natural gas, water, reagent sources, and the City of
Saskatoon, which will have a pool of skilled chemical plant workers, trades people, and
engineers to staff the facility. The proposed site is also conducive for a large buffer area around
the facility, making it too large to locate the facility in an urban industrial park.

4.2

Processing Facility/Site Layout

The following alternatives were considered to optimize the layout of the site and the operations
at the SMPP:







Evaluating trade-offs of the orientation of the buildings, scrubber stacks, electrical
service, electrical rooms and process ponds, and the location of the oxygen plant, to
minimize the effects of wind on air emissions and noise;
Evaluating trade-offs of topographic berms to reduce sightlines and noise impact from
the plant;
Optimizing the freight delivery by rail and the number of deliveries of concentrate and
reagents per week;
Producing power on-site through co-generation; and
Heating concentrate in bags during the winter months.

The chosen layout provided the best suitable access to the rail line, it had the required buffer
area, and met FML‟s design criteria.

4.3

Water Supply

FML has considered the following alternatives to meet the water supply requirements of
50 m3/hr (183 IGPM) for regular usage and 80 m3/hr (293 IGPM) after any shutdown,
maintenance, or on the first day of operations:




Sourcing water from the Saskatchewan River, versus sourcing groundwater from the
Dalmeny Aquifer using a production well array;
Connecting the plant to the City of Saskatoon water supply; and
Using treated lagoon water from the rural municipalities of Langham and Dalmeny.
o This option was rejected due to the high chloride content of the municipal
wastewater from either Langham or Dalmeny. FML has set aside a portion of the
buffer zone for potential use of municipal wastewater should an economically
viable solution be found.

Groundwater was chosen as the proposed water source for the SMPP because:


Acceptable water chemistry for process;
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It is a more stable and constant water source;
No treatment is necessary;
Decreased pipeline costs;
Potential impact to sensitive environment along the river; and
Removal of regulatory complications associated with permitting an intake structure with
the Department of Fisheries and Oceans, etc.

Water and Residue Storage

Alternatives related to the method of residue deposition, the type of liner, and the location of the
storage facilities have all been considered. Specific design details of the PRSF and water
storage ponds are discussed in Sections 3.4 and 3.5. The following alternatives for water and
residue storage were considered:






Deposition of process residues into a single water flooded sub-aqueous residue storage
facility, versus single adaptive construction and reclamation using a filtered residue
storage facility;
Construction of ponds and residue storage cells using locally sourced compacted soil
liners, versus use of geosynthetic membranes for storage of residues;
Using single liners, versus composite liners for the construction of ponds and residue
storage facilities; and
Optimization of the size and height of the PRSF to maintain a buffer area and minimize
the aesthetic impact.

The chosen design for the storage ponds considers the best practise for water and residue
containment at the site and exceeds current standard practises in the province.

4.5

Process Solution Disposal

Alternatives considered for the process solution disposal included the discharge of water from
the site to the North Saskatchewan River and land application methods. Of the following
disposal methods considered, deep well injection has been chosen as the most appropriate.
Choosing to inject the brine solution was due to the significantly reduced chance of negative
environmental impacts associated with this disposal method compared to surface disposal
alternatives. A description of the waste water injection well is provided in Section 3.7.

4.6

Metallurgical Processing

FML considered a number of processing alternatives for various general metallurgical strategies
through research, laboratory, and/or pilot plant investigations including, but not limited to:



Whole ore leaching for recovery of gold and cobalt;
Pressure oxidation and roasting for oxidation of both cobalt and bismuth concentrates;
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Production of high purity cobalt sulphide and cobalt carbonate, versus the production of
cobalt cathodes by electrowinning;
Production of rudimentary bismuth cement, versus the production of bismuth cathode
powder by electrowinning;
Sale of bismuth cathode powder, versus the production of refined metal bismuth ingots;
The order (and method of recovery) of gold removal from the cobalt and bismuth
concentrates (including carbon-in-pulp, carbon-in-leach, Merrill Crowe, and batch
cyanidation processes); and
Production of a copper cathode by cementation, direct electrowinning, and SXEW
circuits.

The pilot plant investigation included optimization of various circuits, considering the technical
feasibility (including percent recovery or loss, scale-up, operability, reagent consumption, and
long-term flexibility) of the circuit. Some of the more important components evaluated in detail
were:











Residence time and reagent addition rates within the bismuth flotation circuit;
Pressure, temperature, residence time, and oxygen consumption of the pressure acid
leach oxidation circuit (autoclave);
Cobalt recovery and loss profiles of the 4-stage precipitation circuit;
The use of IX resins within the main precipitation circuit for the removal of copper, nickel,
and zinc, versus the recovery of impurities from the leachate of cobalt carbonate;
Manganese concentration requirements within the cobalt electrowinning circuit;
Cathode and anode materials of construction (cobalt and bismuth electrowinning);
Current density determination (cobalt and bismuth electrowinning);
Bismuth leach residue cyanidation conditions including temperature, oxygen addition,
and residence time;
Reagent re-circulation and recovery; and
Water treatment options for the removal of chloride, including reverse osmosis and
electrodialysis.

During front-end engineering, a number of alternative technologies were evaluated against more
traditional solutions. Some of the more important alternatives evaluated are outlined below.
Recommendations were made due to cost, hygiene, industry best practices, or input from
vendors:




The use of stirred media detritors, versus vertical stirred mills for grinding bulk
concentrates below 14 micrometers (µm);
The recovery of heat from the autoclave flash tank steam and gas for heating the
process and warming sheds;
The completion of coupon tests to confirm the applicability of use of explosion clad
titanium in autoclave construction, versus carbon steel and use of ceramic bricks;
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The use of centrifuges, versus filtration for the recovery of cobalt carbonate;
The use of anode bags in the cobalt electrowinning circuit;
The use of smaller continuous cascade IX resin vessels, versus larger batch columns;
The integration of sulphuric acid purification membranes in IX resin elution circuits;
The use of carbon-in-pulp, versus Merryl Crowe for the recovery of gold from the
pressure acid leach residue;
The use of cyanide recovery, versus destruction;
Evaluation of materials for use in the bismuth ferric-chloride leach circuit, including use
of glass lined vessels and pipe, as well as PVDF and other exotic materials; and
The use of induction furnace technology, versus more traditional gas-fired pots.

FML continues to evaluate a technology that is similar to the use of ionic exchange for the direct
recovery of copper, cobalt, and nickel from the solution product stream from the autoclave. If
successful, this technology would replace the unit operations related to the multiple-stage
precipitation circuit. Copper and cobalt/nickel would be recovered in separate adsorption
circuits, with little to no pH treatment, followed by the precipitation of the iron, arsenic, and
remaining metals with lime, for storage in the residue storage facility. This technology
complements the up-front and back-end flow sheet, and potentially reduces reagent
consumption, water consumption, and energy. FML has demonstrated this technology in the
summer of 2010, and is in the process of determining whether the circuit will be modified.
FML continues to evaluate technologies that may assist in the recovery of minor metals that are
associated with the concentrates produced from NICO. These minor metals of interest are
tellurium, selenium, and antimony.
Subject to confirmation of the wash characteristics of the bismuth ferric-chloride leach residue,
FML will be evaluating the recycling of the bismuth leach residue to the autoclave for blending
with the cobalt concentrate. This would eliminate the need for batch cyanidation of the residue,
reduce reagent consumption (cyanide), and produce crystalline iron arsenic oxide from the
bismuth residue, instead of the less stable amorphous form.
The process alternatives under consideration by FML have the potential to provide reductions in
the required resources to process NICO concentrates, which adds value to the process itself
and the products created at the proposed SMPP.
FML has also considered cogeneration and alternative energy sources (e.g. solar power) in the
design of the SMPP. These alternatives were not economically feasible at this time but could
be reconsidered in the future once the facility is operational.
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EXISTING ENVIRONMENT

Aspects of the physical environment discussed in the following sections include land-use
information, the geological and hydrogeological setting, surface water hydrology, air quality and
soils, the biophysical environment, and heritage screening.
The SMPP site is located in the Waldheim Plain Landscape Area within the Aspen Parkland
Ecoregion of the Prairie Ecozone (Acton et al, 1998). The habitat within this region is
dominated by farmland with small interspersed areas of native mixed-grass and aspen (Populus
tremuloides) vegetation. The Aspen Parkland is considered transitional between the boreal
forest to the north and the grasslands to the south. Open stands of trembling aspen and shrubs
occur on most sites, generally occupying the moist lower, mid, and north-facing slopes.
Grasslands occupy the drier upper and south facing slopes. The landscape in this region is also
characterized by several small tree-ringed lakes and ponds that provide habitat for waterfowl
and other animals.
The Aspen Parkland Ecoregion is comprised of a broad plain with deep valleys and hilly
uplands. Glacial and post-glacial deposits cover this area and the landscape is relatively flat to
undulating. Hummocky moraines and till plains dominate the landscape and are intersected
with small glaciofluvial channels and flat glaciolacustrine basins. The climate in the Aspen
Parkland is described as humid continental, which is cooler and wetter than grassland
ecoregions to the south and west, but warmer and slightly drier than boreal ecoregions to the
north and east. Black Chernozemic soils are prevalent throughout the Aspen Parkland. Dark
Brown soils occur on prominent south-facing slopes where more arid conditions result in
reduced plant growth. Dark Gray Chernozemic and Dark Gray and Gray Luvisols occur on
prominent north-facing slopes and at higher elevations.
The proposed location of the SMPP has soils that are developed in shallow, sandy and silty,
glaciolacustrine deposits formed in sediments of former Glacial Lake Saskatchewan (Acton and
Ellis, 1978). They are characterized as Chernozemic soils formed under grassland vegetation
within the Black soil zone of Saskatchewan. The Oxbow and Meota Associations are the
dominant soils in the area and consist of sandy to sandy loam glacial till. A detailed description
of the soils in the proposed SMPP can be found in Section 5.6. The North Saskatchewan River,
located approximately 7 km northwest of the proposed SMPP, is the dominant hydrologic
feature in the area. The elevation of the SMPP site is approximately 502 meters above sea
level (masl) with only minor topographic variation across the site.

5.1

Land Use Information

The land use in the proposed project area is dominated by cropland (Figure 5.1). Small
scattered areas of aspen stands and wetlands are also present within and surrounding the
project area. Shelter belts (rows of trees) were planted many years ago within the project area
to provide shelter from the wind and prevent soil erosion. The sandy to sandy loam soils in the
M2112-2840010
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project area would have been highly susceptible to erosion under summer fallow, which would
have been the common farming practice when the shelter belts were planted. With the
introduction of zero till farming practices, many of the shelter belts are being removed because
they are no longer needed. The proposed project area also contains roadside rights-of-way and
a rail line, which will influence surficial drainage patterns.

5.2

Geology and Hydrogeology

Stratigraphic and hydrogeological data provided in this document were acquired from the
groundwater sourcing investigation and hydrogeological drilling and instrumentation
investigations (Volume III).
This information was supplemented with readily available
information from third party water well borings that have geophysical log signatures. In general,
the Water Well Drilling Record number (WWDR) provided by the Saskatchewan Watershed
Authority (SWA) was used to identify existing third party boreholes for groundwater
investigations. Only those 3rd party boreholes with a combination of driller‟s logs and
geophysical signatures were used in the interpretation. It is noted that the existing boreholes
were rarely engineered (i.e. no geologist, technologist, or engineer was on-site to provide
lithologic logs) and the stratigraphy reported on the logs is based on drillers descriptions, which
can be unreliable. An interpretation of the stratigraphy at each existing borehole was created
using the geophysical signatures supplemented with the driller‟s notes. This is the best
interpretation of the stratigraphy and hydrogeology based on the available information. While
third party boreholes may be subject to error, they have been used to extend the stratigraphy
beyond the area directly investigated and are the only information available to supplement site
specific investigations completed for the proposed SMPP.

5.2.1 Regional Geological Setting
Successive marine transgression and regression in the Upper Cretaceous Period deposited a
thick, complex sequence of marine silt and clay deposits across central Saskatchewan. The
Upper Cretaceous aged Lea Park Formation shale provides stratigraphic control for the site and
constitutes the base of “freshwater” exploration in the study area. This formation is composed
of non-calcareous, grey, marine clay and silt (“shale”) found across the study area. There are
no known receptors for contaminant transport below the Lea Park Formation.
Marine regression in the Upper Cretaceous Period resulted in the deposition of calcareous and
non-calcareous stratified sands, silts, and clays over the Lea Park Formation shale. These
stratified sands, silts, and clays are formally named the Judith River Formation. This unit is
interpreted to exist west and south of the proposed SMPP site. It is not interpreted to exit
beneath the site.
The preglacial Tyner and Battleford Valleys are dominant bedrock features in the vicinity of
Saskatoon, Saskatchewan. The project site sits to the south of the pre-glacial Battleford Valley
and to the west and north of the Tyner Valley. These valleys were cut into the bedrock surface
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before the first glaciation. During the preglacial period, they carried melt-water, depositing
significant accumulations of clastic deposits within the lowland. The Tyner Valley runs from
southwest to central Saskatchewan and the Battleford Valley runs from northwest to central
Saskatchewan. These valleys merge north of the project area. These valleys are complex
stratigraphic features, with numerous tributaries, mesas, and plateaus.
Prior to glaciation, erosion and subsequent alluvial and colluvial deposition of sediments filled
these valleys. These sediments are generally comprised of preglacial quartz and chert sands
and gravels, interbedded with organic rich silts and clays. Millions of years of deposition
resulted in these preglacial deposits partially infilling these valleys. The stratified preglacial
sediments deposited between the bedrock surface and the glacial sediments are formally called
the Empress Group (Whitaker and Christiansen, 1972). These preglacial sediments sit
unconformably on the bedrock surface and have been informally called the lower unit of the
Empress Group. The sediments from the bedrock surface to the ground surface are collectively
called “drift”. They are divided into preglacial and postglacial drift.
Over the past 2 million years, Saskatchewan has undergone at least eight periods (and possibly
ten periods) of significant glacial advance. The final deglaciation occurred in the Pleistocene
Epoch between approximately 17,000 and 10,000 years ago (Christiansen, 1979). Glaciation in
the Pleistocene resulted in a complex arrangement of proglacial and glacial sediments
interbedded with non-glacial stratified sediments (i.e. fluvial, lacustrine, etc.) deposited between
glaciations and during interstadal deglaciation. Erosional valleys produced during interglacial
periods were intermixed with preglacial valleys forming complex stratigraphic arrangements.
The alluvial and colluvial sediments that were deposited during preglacial and interglacial
periods in the valleys were covered by tills during the final stages of glaciation, forming deep
buried valley aquifer systems that are often flanked by more regionally extensive blanket aquifer
systems. These systems are now buried with deposits from subsequent glacial and non-glacial
periods, with limited indication of their presence at depth. They form the most significant
freshwater aquifers in the province.
The complex arrangement of glacial, glaciofluvial, and glaciolacustrine deposits within the study
area are formally divided into two primary groups: 1) The Sutherland Group and 2) The
Saskatoon Group (Christiansen, 1992). These units are further subdivided into formal
formations (Battleford Formation, Floral Formation, Warman Formation, Dundurn Formation,
and Mennon Formation). Both the Saskatoon Group and the Sutherland Group are primarily
comprised of unsorted till formed by glacial erosion and reworking of Precambrian igneous and
metamorphic rocks, Paleozoic limestones, and Cretaceous marine shales during glacial
advance. Significant intratill and intertill stratified deposits also comprise the Quaternary
deposits.
The oldest till units of the Sutherland Group have a higher clay content compared to the
overlying Saskatoon Group tills, due to a higher percentage of marine shale being incorporated
into the matrix of the till. Similarly, the Saskatoon Group tills have higher carbonate contents as
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a result of the incorporation of Paleozoic limestones and dolomites into the matrix. The
lithological compilation, combined with carbonate content signatures, can be used to help
identify each formation in the Quaternary aged sequence. The stratified deposits between
these two groups, and between the individual till formations, represent the major aquifers across
the site.
Melting of the last glacier (around 17,000 to 10,000 years ago) deposited a till plain
characterized by a hummocky topography of kettles and eskers, covered with glacial and
glaciofluvial/glaciolacustrine deposits and postglacial sediments (Surficial Stratified Deposits).
These features form the surface topographic features in the area.
The complex stratigraphic arrangements of the Tertiary and Quaternary deposits were further
complicated by extensive faulting due to either the dissolution of the deep evaporite deposits
beneath the area, and subsequent collapse of near surface sediments (Christiansen and Sauer,
2001), or by continental tectonic extension in the Cenozoic possibly combined with melting of
gas hydrates during glacial retreat (Gendzwill and Stauffer, 2006). These depressions were
infilled (generally with till) during subsequent glaciations, often resulting in discontinuous and
hydraulically isolated accumulations of valley infill (aquifer) deposits. Delineation of these
collapse structures is important as they are often significant enough to displace aquifer units,
resulting in lateral connectivity disruptions and significant aquifer boundary effects during water
production. There are no known dissolution collapse features that truncate the Dalmeny
Aquifer.
A stratigraphic column of the Cretaceous and Quaternary units within the study area is provided
in Figure 5.2. This provides the age, stratigraphy, lithology, and corresponding identification
symbol used for this investigation. The stratigraphy of interest and corresponding symbols in
the study area (in ascending order) are:
1)
2)
3)
4)

The Lea Park Formation (Klp);
The Judith River Formation (Kjr);
The Empress Group (QTe);
The Sutherland Group:
a. The Mennon Formation (Qm);
b. The Dundurn Formation (Qd);
c. The Warman Formation (Qw);
5) The Saskatoon Group:
a. The Floral Formation (Qf);
b. The Battleford Formation (Qb); and
c. The Surficial Stratified Deposits (Qssd).
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5.2.2 Mannville Group Waste Injection Horizon
The Mannville Group (Km) is the primary target for completion of the waste water injection well,
as it is the first available aquifer horizon that is saline, is not used as a potable water source,
and has already been used as a waste water injection horizon in the Saskatoon area. The
Mannville Group is comprised of a complex arrangement of stratified sediments, including
channel sands, blanket sands, coal, and shale. These sediments sit uncomformably on the
underlying Paleozoic sediments and are overlain by the shales of the Joli Fou Formation. The
Mannville Group disposal horizon is encountered at approximately 45 masl, or about 475 meters
below ground level (mbgl). The thickness of the Mannville Group disposal formation (Mannville
Group and Success Formation) at the southern edge of the SMPP was determined to be
approximately 140 m (125 m + 15 m), placing the lower surface at approximately -95 masl or
615 mbgl.

5.2.3 Environmental Hydrogeology
Deposits of silts, sands, gravels, and cobbles form relatively high hydraulic conductivity units
that form the paths of least resistance for groundwater flow and solute transport. These units
are called aquifers and have hydraulic conductivities greater than approximately 1x10 -7 m/s.
Good aquifers have hydraulic conductivities in excess of 1x10-5 m/s. Conversely, silt and clay
rich deposits form low hydraulic conductivity units that impede groundwater flow and solute
transport. These units are called aquitards and have hydraulic conductivities of less than
1x10-7 m/s. Good aquitards have hydraulic conductivities of less than approximately 1x10 -9 m/s.
The spatial arrangement of the aquifers and aquitards form the hydrogeology of a site. When
combined with the physical characteristics of the stratigraphic units, an overall view of the
hydrogeology can be determined.
The aquifers and confining aquitards overlying the Cretaceous sediments constitute the
environmental hydrogeology at the site. Five mappable “freshwater” aquifer horizons were
identified beneath the SMPP area. This includes the shallow oxidized Saskatoon Group
sediments, which is considered a poor quality “aquifer,” but has been included because it is a
potential pathway for shallow solute migration from the proposed PRSF. In ascending order,
the mappable aquifer units encountered beneath the site were:
1)
2)
3)
4)
5)

The Lower Dundurn Aquifer (Qd-ls);
The Upper Dundurn Aquifer (Qd-us);
The Lower Floral Aquifer (Qf-ls);
The Upper Floral Aquifer (Qf-ms); and
The “Surficial” Aquifer.

The stratigraphic column (Figure 5.2) shows the relative position of these mappable aquifer
horizons in the geological sequence.
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5.2.3.1 The Upper Floral Aquifer
The Upper Floral Aquifer was considered the most important aquifer with respect to
groundwater sourcing and vulnerability to waste storage at surface. This was the only
potentially-major aquifer encountered in significant thicknesses (>20 m) beneath the proposed
site. The Upper and Lower Floral Aquifers form an important aquifer in the Saskatoon area,
formally named the Dalmeny Aquifer. This aquifer was encountered at depths of 14.9 m and
greater, but on average is at a depth of approximately 18.4 m beneath the proposed facility.
This aquifer is characterized as confined-unconfined (the water level within the aquifer is above
or below, respectively, the top of the aquifer) in the study area.
A groundwater flow divide is interpreted to the south of the site. On the south side of this divide
groundwater flows toward the west, south, and southeast. On the north side of the divide,
where the FML site is located, groundwater flows in a north/north-easterly direction within this
aquifer to where it discharges along the banks of the North Saskatchewan River. The vertical
component of groundwater flow is downward toward the Upper Floral Aquifer at the FML
piezometer stacks. Infiltration of meteoric water through the upper Saskatoon Group sediments
recharges the Upper Floral Aquifer.
A constant-rate pumping test was completed to determine the aquifers hydraulic properties
(transmissivity, hydraulic conductivity, and storage coefficients) and to characterize the aquifer
system. The mean transmissivity, storativity, and hydraulic conductivity of the Upper Floral
Aquifer were estimated to be 5.0x10 -3 m2/s, 7.3x10-4, and 2.1x10-4 m/s, respectively. Response
testing completed on piezometers installed in the Upper Floral Aquifer indicated minimum,
mean, and maximum hydraulic conductivities of 1.0x10 -5 m/s, 2.7x10-5 m/s, and 7.6x10-5 m/s,
respectively.
Available groundwater from the Upper Floral Aquifer at the site is characterized as calciummagnesium-sulphate type water to calcium-magnesium-sulphate-bicarbonate type water, typical
of water derived from meteoric water infiltrating through glacial deposits. The total dissolved
solids (TDS) concentration of groundwater from the Upper Floral Aquifer ranged from
1,240 mg/L to 2,120 mg/L. Sulphate, total coliforms, iron, manganese, and total aluminum
concentrations in sampled water have exceeded CCME and/or Saskatchewan drinking water
objectives. Treatment is required before human consumption.

5.2.3.2 Shallow Oxidized Saskatoon Group Sediments (Surficial “Aquifer”)
The Surficial “Aquifer” is comprised of shallow oxidized till of the Saskatoon Group (Floral
Formation and Battleford Formation), Battleford Aquifer, and Surficial Stratified Deposits. The
thickness of this unit varies between 7.9 m and 20.4 m at the site. The oxidized till of the
Battleford Formation and Floral Formation, although clay rich, act as poor “aquifers”. These
shallow oxidized tills are conduits for the lateral movement of solutes from the site. The
average depth of this unit is approximately 15.2 m. An engineered containment system will be
M2112-2840010
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used to mitigate potential contamination of these sediments (and the Upper Floral Aquifer)
beneath the proposed PRSF.
Groundwater flow within the surficial deposits and shallow oxidized till will be strongly
topographically focused around local sloughs and depressions. The hydraulic conductivity of
the oxidized till of the Battleford Formation and the Floral Formation is generally higher than the
unoxidized till, due to numerous freeze-thaw, wet-dry cycles, combined with glacial disturbance.
The oxidized till of the Floral Formation is often fractured, and can act as a conduit for relatively
rapid migration of subsurface contamination. The permeability of both tills can be significantly
improved through reworking and compaction, and can be moulded into a reasonably
hydraulically tight liner material for waste containment.
The TDS concentrations measured in the shallow till deposits during this investigation ranged
between 442 mg/L and 2,630 mg/L. Some of the sampled water was relatively “fresh” and
some was very hard and sulphate rich. The water is indicative of both short and long residence
time in the groundwater flow system. Trace metals analysis indicates the shallow groundwater
is often high in manganese and iron. Dissolved uranium exceeded the CCME maximum
acceptable concentration (MAC) in water samples from two piezometers. Total metals analysis
on sampled groundwater shows that the CCME MAC for aluminum, cadmium, chromium, lead,
and uranium were exceeded at some of the shallow piezometers (Volume III –Table 4.4).

5.2.3.3 Aquitards
The silt and clay rich till of the Sutherland Group and the Saskatoon Group form the major
aquitards for the area, and will be the primary barriers to subsurface migration. No insitu testing
of the hydraulic conductivity of the unoxidized till was completed during this investigation. In
MDH‟s experience, these tills typically have a hydraulic conductivity ranging between 1x10-9 m/s
and 1x10-11 m/s.
In-situ testing of hydraulic conductivity was conducted at the
oxidized/unoxidized till of the Saskatoon Group sediments in the vicinity of the proposed facility.
Response testing completed on piezometers installed at the oxidized/unoxidized contact of the
upper till unit of the Floral Formation indicated minimum, mean, and maximum hydraulic
conductivities of 2.2x10-8 m/s, 1.5x10-7 m/s, and 3.7x10-6 m/s, respectively. The hydraulic
conductivity measured in the lab for the shallow Saskatoon Group till ranged from 2.0x10 -10 m/s
to 5x10-11 m/s (four samples). In general, a wide range of hydraulic conductivities can be
expected from the shallow Saskatoon Group sediments due to the oxidized and highly fractured
nature of the deposit.

5.2.4 Groundwater Quality
FML carried out a survey of the domestic water wells in the vicinity of the proposed SMPP
(Figure 5.3). The purpose of this work was to obtain pre-development baseline information on
well usage, water levels, and water quality for existing water users. The study occurred within a
4.5 km radius of the proposed SMPP facility to encompass an area approximately 64 km2
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Results from the investigation can be found in Volume III –

Hydrology

A regional and local hydrological assessment was completed for the proposed SMPP project
based on the American Railway Engineering and Maintenance-of-Way Association drainage
recommendations (AREMA, 2003). The hydrology assessment includes a study and description
of the dominant hydrological processes, topography, hydrological features, soils and land use
within and surrounding the proposed development area. The study also includes an
assessment of the impacts of the proposed project on the hydrological processes and water
features within and around the proposed project location. The hydrology assessment can be
found in Appendix L (Volume II). An overview of the hydrology assessment is provided below.

5.3.1 Hydrology Baseline Assessment
The proposed SMPP project area is situated within a non-contributing drainage area, Rice Lake
Watershed, in the semi-arid region of the Canadian Prairies. The Rice Lake Watershed is a
sub-basin of the North Saskatchewan River Watershed. Delineation of regional and local
drainage basins was completed using Digital Elevation Models (DEMs) for the project location.
Based on the drainage basins, regional and local study areas with an approximate 40 km and
4 km radius from the proposed SMPP site were identified. The North Saskatchewan River, the
South Saskatchewan River, and Rice Lake are the dominant hydrological features within the
regional study area. The dominant surface drainage direction of the area within and around the
proposed SMPP site is in a southern/southwestern direction towards Rice Lake (Figure 5.4).
Intermittent streams and wetlands are also present.
Data from the Saskatoon climate station (approximately 24 km southeast of the SMPP site) was
used to represent climate conditions for the study area (Environment Canada, 2010). The
average annual precipitation in the study area is approximately 350 mm with 27% occurring as
snowfall. A summary of rainfall amounts for several return periods is presented in Table 5.1 for
1 hour and 24 hour rainfall durations. These values were derived from Intensity-DurationFrequency (IDF) curves at the Saskatoon climate station. Annual potential evaporation is
approximately 900 mm within the regional study area (AAFC, 2002).
Significant runoff events occur in the spring (as snowmelt) and early summer, during high
intensity rainfall events. To assess the runoff contribution of the watersheds in the study area,
stream flow data of the nearby major hydrologic features, rainstorm data, land use, and soil
characteristics were examined. Land use around the proposed project area is a mixture of
annual cropping, hayland, and wetlands. In addition, the regional soils have poor infiltration
capabilities. Runoff estimation was carried out using the SCS-CN method presented by Chow
et al. (1988). Table 5.2 presents the estimated potential runoff contribution of the rural
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catchment areas surrounding the proposed SMPP area. The runoff contribution varies from
0 mm to 31.4 mm for 1 hour and 24 hour duration rainstorms with corresponding rainstorm
return periods ranging from 2 years to 100 years.
Table 5.1 – Extreme events of rainfall (mm) at the Saskatoon climate station (1970-1990).

Return
Period
(Years)

Duration
1 Hour

24 Hour

1 in 2

16.0

38.4

1 in 5

28.0

52.8

1 in 10

35.0

62.4

1 in 25

45.0

74.4

1 in 50

52.0

86.4

1 in 100

59.0

93.6

Table 5.2 – Potential regional runoff (mm) surrounding the SMPP site.

Return
Period
(Years)
1 in 2
1 in 5
1 in 10
1 in 25
1 in 50
1 in 100

Duration
1 Hour

24 Hour

0.0
1.0
2.5
5.5
8.1
10.9

5.6
9.8
13.5
20.4
26.6
31.4

The local drainage basins representing pre-development and post-development conditions for
the proposed SMPP site are presented in Appendix L (Volume II). An estimated gross drainage
area of 22.2 ha was identified north, east, and west of the proposed SMPP site (Volume II –
Appendix L – Figure 4.8). This drainage area flows towards the proposed perimeter ditches of
the PRSF facility, under post-development conditions.
Although intermittent streams and wetlands are present within and around the regional study
area, the proposed development location is at a significant distance from any major hydrological
feature (Figure 5.4). No continuous and defined watercourses were identified in the study area.
Most of the area located within and around the proposed SMPP site does not contribute to the
regional runoff of Rice Lake or the North Saskatchewan River, rather the runoff flows into local
wetlands. Discussion on the impacts of the proposed project on surface water is presented in
Section 6.1.2.
M2112-2840010
Page 67

Fortune Minerals Limited Saskatchewan Metals Processing Plant – EIS

5.4

June 2011

Air Quality

5.4.1 Baseline Dustfall Monitoring
Dustfall monitoring was conducted around the proposed SMPP site to collect ambient dustfall
levels for analysis of deposition rates of settleable particulate matter. This baseline data can be
used for comparison once the SMPP is operational. Monitoring was conducted in the spring,
summer, and fall of 2010 and in the winter of 2011 to measure the quantities of dust deposited
at seven locations near the proposed project. The locations were selected according to
dominant wind directions, proximity to an adjacent rail line, and the desire to minimize disruption
to agricultural activities. The sampling locations are shown in Figure 5.5.
Dustfall refers to aerosols with a diameter equal to or greater than 10 microns (μm), having the
capability to settle down after temporary suspension in air. Dust settles out of the atmosphere
quickly because of its high gravitational settling velocity. It is distinguished from suspended
particles which settle so slowly they may be considered to remain in the atmosphere until they
are removed by precipitation (De Nevers, 2000). Dustfall is a typical primary pollutant and its
composition is seldom constant. It is a complex material with an extremely variable
concentration of trace metals. Dustfall sampling is therefore conducted over a longer period
(one month) to allow for a sufficient sample size for analysis while providing an indication of
longer-term air quality trends.

5.4.2 Sampling Methods and Data Analysis
Dustfall collection and measurement was conducted according to the methods described in the
Standard Test Method for Collection and Measurement of Dustfall (Settleable Particulate
Matter) (ASTM D1739). Dustfall canisters, used to collect ambient dustfall, were placed 2 m
above the ground in a metal stand for a minimum of 30 days (Photograph 5.1). As per the
ASTM standard, a wind shield was installed to avoid the collection of dust picked up by wind
eddies. A wire bird ring was also used to deter birds from perching on the apparatus. Three
stands were set out at each of the seven locations (Figure 5.5), resulting in 21 samples for
analysis. Samples were then analyzed for soluble and insoluble total particulates and trace
metals. Metals analysis was completed for one sample for each of the summer, fall, and winter
sampling periods.
Winter dustfall samples were collected as snow cores and the ASTM lab analysis methods
(D1739) were used to obtain soluble and insoluble total particulate levels. A Meteorological
Service of Canada (MSC) Snow Sampler Type ESC-30 was used to collect the snow cores.
Three snow cores were taken at each of the dustfall locations and samples were analyzed for
soluble and insoluble particulate and trace metals. Due to the different methods of collection,
the winter results were not compared to those from the spring, summer, or fall. The results from
the snow cores are expressed as a concentration of soluble and insoluble particulate (mg/L) and
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soluble and insoluble metals (µg/mg particulate) and can be used for comparison to future snow
core measurements.

Photograph 5.1 – Dustfall collection stand (left) and three stands at one location (right).

5.4.3 Baseline Dustfall Levels
The results of the dustfall analysis are summarized in the figures below. Figure 5.6 illustrates
the total particulate deposition for each sample for the spring, summer, and fall. These levels
are compared to the recreational objective (53 mg·100 cm-2·30d) from the Alberta Ambient Air
Quality Objectives and Guidelines (2010). This objective was used as a reference since there is
no comparable objective in the province of Saskatchewan. The graph illustrates that the
majority of the measurements are below the recreational objective and all of them are well
below the industrial objective of 158 mg·100 cm-2·30d. The average deposition rates for the
spring, summer, and fall were 36.9, 13.8, and 14.3 mg·100 cm-2·30d, respectively. However, as
can be seen in Figure 5.6, the deposition rates are quite variable. Figure 5.7 shows the results
of the soluble and insoluble trace metals and inorganic ion analysis for the summer and fall
sampling sessions. The highest concentration of trace metals and ions occur in sodium (Na)
and calcium (Ca) levels followed by magnesium (Mg), insoluble iron (Fe), and potassium (K)
levels, all of which are common in the surrounding soils. The concentrations of these analytes
in micrograms per milligram of total particulate are shown in Table 5.3. All results from the
chemical analyses can be found in Appendix M (Volume II).
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Figure 5.6 – Baseline dustfall levels (spring, summer, and fall) surrounding the proposed SMPP
location at sampling points A to G.
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Figure 5.7 – Soluble and insoluble metals analysis (summer and fall) at one dustfall collection location (M2112 – C3).
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Table 5.3 – Concentrations (µg/mg) of dustfall material obtained from sampling locations
surrounding the SMPP.

Aluminum
Calcium
Iron
Magnesium
Potassium
Sodium

Summer
Soluble
Insoluble
0.4
5.9
35.1
18
0.2
7.9
10.2
7.2
7.6
3.9
23.3
55.7

Fall
Soluble
0.4
34.4
0.4
5.7
8.4
18.8

Insoluble
10.1
50.7
16.1
21.2
6
87.6

Winter
Soluble
Insoluble
*
8.7
30
40.5
**
**
6.3
14.4
24.3
7.5
101.8
171.2

Notes:
* Value below detectable limit.
** Analysis not completed for this analyte.

5.5

Noise

A Noise Impact Assessment (NIA) was completed to assess the noise effects associated with
the operation of the proposed SMPP. The NIA predicts the noise effects of normal operations of
the SMPP on receptors nearest to the proposed site to determine if further management or
mitigation measures are required. The Alberta Noise Control Directive (EUB, 2007) was used
as a guideline for the completion of the NIA, as Saskatchewan does not currently have
guidelines to conduct a noise impact assessment.
The noise assessment included baseline sound monitoring at four locations (R1, R2, R3, and
R4) surrounding the proposed SMPP site, determination of the expected noise emission
sources from the proposed SMPP, noise modelling to predict the sound propagation from those
sources and the resultant sound levels at the receptors, and a comparison of those levels to the
Permissible Sound Levels (PSLs), according to the EUB guidelines.
Monitoring was conducted in the spring, summer, fall, and winter to collect baseline data to
characterize the existing noise environment around the proposed site. During the 24-hour
monitoring, a sound level meter (SoundPro SE) was used to record the 1-minute Leq sound
levels (the energy averaged A-weighted sound level captured during each 1 minute interval) for
each monitoring location. The captured data was analyzed to determine the baseline daytime
and nighttime Comprehensive Sound Levels (CSLs). Wind speed and direction was monitored
simultaneously (using a R.M. Young wind monitor and a Campbell Scientific data logger) and
the resultant wind roses are included in the NIA report (Volume II – Appendix N). The daytime
and nighttime baseline CSLs are presented in Table 5.4. A more detailed description of the
baseline conditions can be found in the NIA report (Volume II – Appendix N).
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Table 5.4 – Summary of measured baseline Comprehensive Sound Levels (CSLs) at receptors
near the SMPP.
Measured CSLs
Receptor

Date

Start time

Run length

R1
R2
R3
R4

23-Jul-10
26-Jul-10
27-Jul-10
28-Jul-10

11:20:01
12:11:39
13:20:06
14:27:37

48:00:00
24:29:33
24:11:23
24:06:43

5.6

Daytime
(dBA Leq[15])
46.5
43.0
44.7
42.8

Nighttime
(dBA Leq[9])
44.6
37.2
35.4
43.1

Soils

The proposed SMPP project area is located in the Waldheim Plain, a physiographic subsection
of the Saskatchewan Rivers Plain, the “second prairie steppe” (Acton et al., 1978). It is
comprised of undulating to gently rolling, shallow, sandy and silty glaciolacustrine plains and
glacial till plains. The Waldheim Plain has no external drainage, with some drainage flowing to
large internal lakes.
The Oxbow Association is dominant soil type in the proposed SMPP project area, with the
Meota Association also present (Acton et al., 1978). Figure 5.8 shows the soil associations
within and surrounding the proposed SMPP site. Soils of the Oxbow Association have
developed on medium to moderately fine textured, moderately to strongly calcareous, unsorted
glacial till. Soils of the Meota Association have developed on coarse to moderately coarse
textured, slightly to moderately calcareous, sandy glacio-fluvial and lacustrine deposits. Both
soil associations consist of a group of Chernozemic Black soils formed under grassland
vegetation (Figure 5.9).
In the proposed SMPP location, the Oxbow Association is dominantly Orthic Black soils with
significant Calcareous Black Chernozemic soils. These soils are dominantly a medium textured
loam combined with a moderately coarse textured sandy loam. Most Oxbow soils are
considered to have a Class 3 agricultural capability because of moderately severe growing
limitations due to low moisture holding capacity. According to Acton et al. (1978), the limitations
of Class 3 soils restrict the range of crops or require special conservation practices. The
agricultural capability of these soils may be further limited by unfavorable topography and
excessive stones. They are also considered to be less agriculturally suitable than the
dominantly Orthic Black Chernozemic soils due to the presence of shallow soils on upper
slopes. An explanation of the capability classes of Saskatchewan soils can be found in
Appendix O (Volume II).
The soils of the Meota Association in the area are Orthic Black Chernozemic soils, underlain
within 1 m to 2 m of glacial till, with a sandy loam texture. Gently and roughly undulating and
gently rolling, knoll and depression glacio-fluvial and lacustrine landforms are usually associated
with these soils (Acton et al., 1978). They are the most suitable agricultural soils of the Meota
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Association, in land capability Class 3 with moderately severe limitations. Unfavorable
topography and salinity may further limit the capability of these soils. The area is slightly to very
stony.

Figure 5.9 – Orthic Black Chernozemic soil profile showing the uncultivated surface horizon (Ah),
B horizons, and the calcareous C horizon with lime-carbonate.

A shallow soil investigation and analyses occurred in November 2009, during the initial site
investigation on the suitability of the site for the proposed SMPP. Personnel from GSW Project
Managers Inc. drilled sixteen 6 inch auger holes within the proposed location of the SMPP.
Grab samples were obtained at various depths to document soil types and chemical
components. Parameters that were examined in this shallow investigation (maximum depth
was 3.25 m) were soil salinity, nitrate, total organic carbon (TOC), calcium carbonate, metals,
mercury, and total sulphur. A list of the metals examined and laboratory results can be found in
Appendix P (Volume II). It should be noted that all holes were dry during the sampling and left
open for a minimum of 2 hours to determine the presence of water seepage. At the completion
of the sampling, all holes were backfilled and stakes marking the holes were removed.

5.7

Terrestrial and Aquatic Resources

The proposed project is located in the Aspen Parkland Ecoregion of the Prairie Ecozone, as
previously stated. Regionally, wheatgrasses (Agropyron spp.) and speargrasses (Stipa spp.)
are the dominant grass species intermixed with blue grama grass (Bouteloua gracilis) on the
upper slopes and rough fescue (Festuca scabrella) and Hooker‟s oat grass (Helictrotrichon
hookeri) on the lower slopes. Trembling aspen is the dominant tree species and is typically
found around wetlands. Aspen bluffs generally have an understory of western snowberry
(Symphoricarpos occidntalis), prairie rose (Rosa arkansana), Canada violet (Viola canadensis),
smooth aster (Symphotrichum laeve), and showy aster (Eurybia spectabilis). Provincially
tracked plant species within the region are listed in Table 2.1 – Volume II – Appendix O.
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Upland habitat supports a variety of wildlife, including white-tailed deer (Odocoileus virginianus),
mule deer (O. hemionus), moose (Alces alces), coyote (Canis latrans), red fox (Vulpes vulpes),
striped skunk (Mephitis mephitis), white-tailed jackrabbit (Lepus townsendii), porcupine
(Erethizon dorsatum), and Richardson‟s ground squirrel (Spermophilus richardsonii). Bird
species in the upland habitats include savannah sparrow (Passerculus sandwichensis), horned
lark (Eremophila alpestris), western meadowlark (Sturnella neglecta), American robin (Turdus
migratorius), song sparrow (Melospiza melodia), house wren (Troglodytes aedon), mourning
dove (Zenaida macroura), black-billed magpie (Pica pica), American crow (Corvus
brachyrhynchos), great-horn owl (Bubo virginianus), and red-tailed hawk (Buteo jamaicensis).
Wetland habitat in the region is dominated by shorebird and waterfowl species, including redwinged blackbird (Agelaius phoeniceus), yellow-headed blackbird (Xanthocephalus
xanthocephalus), Canada goose (Branta canadensis), mallard (Anas platyrhynchos), bluewinged teal (Anas discors), northern shoveler (Anas clypeata), green-winged teal (Anas crecca),
and gadwall (Anas strepera). These birds will use the wetlands in the region for breeding and
staging areas.
A detailed assessment of the biological resources was completed in spring, summer, and fall of
2010 at the site of the proposed SMPP. A report was prepared that provides a detailed
summary of the assessment including a description of the field surveying, species lists, and
maps of biophysical features in the study area (Volume II – Appendix O). The field surveys
were completed to identify rare plants, bird, mammal, reptile, and amphibian species of special
concern that might be impacted by the proposed project. Environmental impacts were also
identified and mitigation measures recommended.

5.7.1 Biological Assessment
The assessment of biological resources for the proposed SMPP site was conducted in June,
August, and September 2010. The survey area is shown in Figure A2 (Volume II - Appendix O)
and consists of a complex of wetland and cropped areas, previously seeded rail and roadside
right-of-ways, an abandoned homestead, aspen groves, and shelter belts.
The protocols recommended by the Saskatchewan Conservation Data Centre (SKCDC) for rare
flora surveys were followed. Requirements for the survey included advance planning, pre-field
preparations, examining air photos, selecting a survey type, and documenting and reporting
pertinent information. The survey was conducted by a qualified biologist with a background in
plant taxonomy, experience as a field botanist, and knowledge of local flora and regulations
regarding rare species in the area. The survey identified all species within the study area
(floristic survey).
A total of 115 plant and 20 wildlife species were identified within the study area examined for the
proposed SMPP project. The study area extended beyond the location for the proposed SMPP
to include biophysical features in the surrounding landscape. The proposed project area will be
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comprised of approximately 80 ha of the 194 ha examined in the study area. No patches of
native grassland vegetation were observed within the proposed project footprint.
The proposed SMPP location is typical of Saskatchewan farmland that has been impacted by
agricultural activities and seeded right-of-ways. The cultivated cropland had weed control
activities (herbicide applications, tillage, or a combination of the two) carried out so only the
seeded crops and small annual weeds were actively growing. The roadside and rail line rightof-ways were generally dominated by a grass cover of smooth brome grass (Bromus inermis).
The ditches in the right-of-ways had been mowed and sometimes had open water from adjacent
wetlands or excess precipitation. Treed areas were remnant patches located along edges of
croplands or wetlands, shelterbelt windrows, or areas within the abandoned homestead.
Caragana (Caragana arborescens) shrubs and Manitoba maple (Acer negundo) trees were
planted in three large shelterbelts running north-south on the NE¼ of 14-39-7-W3.
No rare or uncommon plant species or federally or provincially tracked animals were observed
in the study area.
There were temporary and seasonal wetlands within the proposed project area according to
Stewart and Kantrud (1971). The wetland type is based on the community structure of the
zones of vegetation surrounding the wetland, which are closely related to water permanence. A
more detailed description of the wetland types can be found in Appendix O (Volume II). All
wetlands within the study area were shallow (< 2 m) and had no surficial drainage or inputs to
larger water bodies. The wetlands appear to only have a local surficial connection to each other
within the topographical confines of the landscape; therefore, there is very little to no potential
for fisheries habitat.

5.8

Heritage Resources

The proposed location of the SMPP was screened by Western Heritage to identify the existence
of historic records and the potential for heritage features at the site. This screening also
determined the need for, and scope of, a heritage resource impact assessment (HRIA). To
complete the screening the following factors were considered: 1) the presence of previously
recorded heritage sites; 2) the area‟s overall heritage resource potential; 3) the extent of
previous land disturbance; and, 4) the scope of the new proposed land development. The
heritage screening report for the proposed SMPP area is presented in Appendix Q (Volume II).
The screening tools used included the Government of Saskatchewan Tourism, Park, Culture
and Sport (TPCS) Developers‟ Online Tool, which was searched to assess the area‟s overall
heritage potential. The provincial archaeological inventory database was searched to determine
the presence of previously recorded heritage sites near or within the proposed project. The
Saskatchewan Cemeteries Index and the Saskatchewan Homestead Index were also searched
for the presence of known cemeteries and homesteads in the proposed project. Google Earth
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imagery combined with 2008 SPOT satellite imagery was examined to determine the extent of
previous land disturbances within the proposed project area.
A historical overview of the SE¼ 23-39-07-W3 and N½ 14-39-07-W3 indicates no evident
historical features. Township maps from 1885 and 1903 show that there are no trails, telegraph
lines, or other historic features to indicate prior use of the area. The historic trails map provided
in Richards and Fung (1969) also served as a source as recommended by Dale Russell, a
noted historian. Furthermore, the Encyclopaedia of Saskatchewan (http://esask.uregina.ca)
was examined for the location of First Nations Residential Schools in the region. There are no
known residential schools in the Langham and surrounding area.
The TPCS Developer‟s Online Tool indicates that each of the quarter sections planned to be
used by FML are not considered to be heritage sensitive. The results from online tool indicate
that it is not necessary to submit the project to the Heritage Resources Branch for further
screening. Furthermore, the screening of the proposed SMPP area by Western Heritage did not
indicate the presence of known cemeteries in the area. There is one homestead record for the
NE¼ 14-39-07-W3 and two records for the NW¼ 14-39-07-W3. The SE¼ 23-39-07-W3 does
not have any homestead records. There are no recorded archaeological sites in direct conflict
with the proposed SMPP.

6.0

IMPACT ASSESSMENT AND MITIGATION

FML seeks continuous improvement in environmental performance by establishing
comprehensive environmental management programs to ensure that environmental effects are
being adequately addressed, controls are in place to ensure compliance with policies and
procedures, environmental activities are supported by adequate resources, and plans are in
place to protect the environment for future generations. A commitments register is provided at
the end of this document that outlines monitoring and mitigation commitments that will be
conducted.
A significant amount of work has been completed by, and on behalf of FML to study the surface
and subsurface environment, develop conceptual containment designs, and create
environmental impact mitigation plans. The containment system for the PRSF includes
perimeter dykes and ditches, a dual containment liner, a leak detection and leachate collection
system, and a runoff collection pond. A conceptual representation of the proposed containment
system is shown in Figure 2.2. A groundwater contaminant transport model was developed for
the proposed project area to predict contaminant transport from the PRSF. Analytical and
numerical models were created to simulate the effect of groundwater production on the aquifer
and other users. Biological, heritage, and surface water assessments were conducted for the
proposed SMPP area. Noise and air emission modelling studies were also conducted to
estimate potential environmental impacts of the proposed project. The investigations and
assessments completed for the proposed SMPP identified mitigation requirements and/or
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recommendations.
A summary of potential environmental issues, proposed mitigation
measures, and predicted residual effects are presented at the end of this section.

6.1

Potential Impacts and Mitigation

6.1.1 Groundwater
Effects on groundwater due to the proposed project have been assessed according to baseline
data collection, analysis, and detailed modelling studies. Hydrogeologic drilling,
instrumentation, and testing programs were combined with numerical modelling to determine
impacts to the groundwater in the major aquifers beneath the proposed facility. Analytical
models were also used to evaluate the potential effects of the injection of the brine solution
process water on the deep well injection horizon, the Mannville Group.

6.1.1.1 Applicable Guidelines and Regulations
Groundwater Wells and Groundwater Production
The Saskatchewan Watershed Authority (SWA) is a provincial Crown corporation that has been
established to manage, administer, develop, control and protect the water, watersheds and
related land resources of Saskatchewan. Included in this mandate, the SWA has the
responsibility of administering the approval process for construction and operation of wells and
other groundwater works and the right to use groundwater. This authority is derived from The
Saskatchewan Watershed Authority Act (2005) and The GroundWater Regulations under that
Act.
SWA‟s regulatory approval process for development of a groundwater source has two parts.
The proponent of a proposed groundwater development is required to obtain:
1) Groundwater Investigation Permit; and
2) Approval to Construct and Operate Works and Water Rights Licence to Use
Groundwater.
Injection Wells
An “Application for a Waste Water Disposal Well” must be submitted to Saskatchewan Ministry
of Energy and Resources (SER) to construct and operate a waste water injection well. This
application must be approved prior to construction. A well license can only be obtained after the
approval of the “Application for a Waste Water Disposal Well” (PNG Guideline 6). To secure a
well license, permission must be obtained from all mineral rights holders that may be adversely
affected by the proposed waste water injection.
The regulatory requirements for the drilling, completion, and installation of a waste water
disposal well are controlled by SER. The Oil and Gas Conservation Act (1985) and The Oil and
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Gas Conservation Regulations (1985) form the primary body of Saskatchewan Legislation that
regulates the operation of injection wells. The “Minister‟s Orders pursuant to Section 17.1 of the
Oil and Gas Conservation Act,” under which injection is permitted in the Province of
Saskatchewan, normally specify a maximum wellhead injection pressure (WHIP) measured at
the surface. MDH recommends the use of Directive 51 from the Alberta Energy and
Conservation Board (ERCB) as a guideline for the injection well construction because this
Directive provides more specific guidelines for injection and disposal wells, as it includes well
classifications, completion, logging and testing requirements in greater detail than the SER Oil
and Gas Conservation Regulations. Based on available data, it is anticipated that one active
injection well will be sufficient. According to ERCB, the maximum allowable well head pressure
should be approximately 3,300 kPa (480 psi) at this location even though the pump should be
able to inject at pressures slightly higher than this, if necessary. Deep well injection is a proven
technology regulated by SER and potential impacts to the environment are expected to be
minimal (if any); this is further discussed in Section 6.1.1.2.

6.1.1.2 Assessment of Potential Effects
Groundwater Production
Three dimensional (3D) groundwater flow modelling was completed to determine the long-term
effect of pumping of the Upper Floral Aquifer (e.g. the Dalmeny Aquifer) on surrounding users.
The anticipated water requirements of the facility are 50 m3/hr for long-term pumping and
80 m3/hr during start-up (initial 24 hours). A numerical model capable of simulating confinedunconfined conditions was required since unsaturated conditions during pumping are
anticipated in the vicinity of both the FML and the Town of Langham (Langham) well fields.
Details of the groundwater flow modelling are provided in Appendix L of Volume III.
FEFLOW (DHI-WASY GmbH, 2010), a 3D finite-element software package developed for
modelling saturated/unsaturated groundwater flow was used to simulate historic and assumed
future water production by Langham (287 m3/d) and proposed water production from FML
(1,200 m3/d). The following inputs and assumptions were used to do this modelling.
1) The Lower Floral Aquifer was not modelled to provide conservative “worst-case”
predictions. The Lower Floral Aquifer appears to be hydraulically connected to the
Upper Floral Aquifer in the study area. Together they form the Dalmeny Aquifer in the
Saskatoon area. By ignoring this probable connection, available water will only be
produced the Upper Floral Aquifer in the model. This is considered a conservative
assumption for the conceptual model. The modelled hydrostratigraphy includes surficial
silt and sand, shallow Saskatoon Group till, and the Upper Floral Aquifer.
2) The northeast and eastern portion of the southwest edge of the modelled mesh
correspond to outflow boundaries within the Upper Floral Aquifer. The northwest edge
and the western portion of the southwest edge approximate interpreted physical
boundaries of the Upper Floral Aquifer (Figure L1 – Appendix L – Volume III). These
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boundaries roughly match previous interpretations of the areal extent of the Dalmeny
Aquifer. The Upper Floral Aquifer is interpreted to thin and/or “pinch-out” along the
northwest edge of the model, such that the aquifer does not daylight to the North
Saskatchewan River Valley within the model domain.
The southeast edge of the model is also simulated as a no-flow boundary. Since the
actual areal limits of this aquifer are much further to the east, this is a considered a
conservative design assumption that will result in the simulation of more drawdown in
the vicinity of the well fields. The modelled areal limits of the Upper Floral Aquifer
appears to represent the natural groundwater flow patterns observed within the model
domain.
The hydraulic properties applied to the model are provided in Table 6.1 (Volume III).
Specified head, specified flux, and distributed sources/sinks boundary conditions were
applied to obtain an initial solution that was then roughly calibrated for the 1995-2010
period by adjusting the initial condition, boundary conditions, and hydraulic material
properties.
Infiltration rates of 3.4x10-9 m/d (~0.001 mm/y) to 3.4x10-5 m/d (~12 mm/y) were applied
to materials at surface to represent net annual infiltration across the model domain.
Table 6.1 – Hydraulic properties and parameters used in numerical model.

Hydrostratigraphic
Unit

Saturated
Hydraulic
Conductivity

Porosity

Residual
Water
Content

Surficial Sand
Surficial Silt
Shallow Saskatoon Group Till
Upper Floral Aquifer

1.0E-05
1.0E-06
1.0E-07
4.4E-05

(m/s)

(%)

(%)

35
35
39
30

van Genuchten Curve Air Entry Specific
Fitting Parameters
Value
Storage
a
n

14
14
18
6

(m-1)

0.80
0.80
0.86
0.76

1.6
1.6
1.3
1.6

(m)

1.5
6.3
11
1.5

(m-1)

2.3E-04
2.3E-04
3.0E-04
2.0E-05

The summary and conclusions of the modelling are as follows:
1. Under both scenarios (two-wells vs. three wells at the FML site), unconfined conditions
remained within the FML site boundary and in the vicinity of the pumped wells.
Unconfined conditions are present at the Langham site before production of water by
FML.
2. After 18 years of continuous pumping from the Upper Floral Aquifer, the maximum
drawdown simulated at the closest third party well (52078) was <4m.
3. Using a two-well array appears to be slightly better than using a three-well array, based
on the proximity of the western most FML well to 52078. The eastern most FML wells
should be used, with the western most well used as a back-up.
4. Continued production at Langham results in continued drawdown and a simulated
expansion of unconfined conditions in the aquifer.
5. The aquifer recovers to within 2.2 m to 2.3 m at the FML site under both scenarios.
Recovery at the FML site is muted by continued water production by Langham.
6. It is noted that variability in aquifer yield and pumping rates with time will affect the
amount of drawdown and degree of interference between active wells over time.
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The results of the modelling indicate that use of the Upper Floral Aquifer as a water source for
the facility will have minimal impact. Given the available confined head in the Upper Floral
Aquifer (approximately 8 m) in the vicinity of the FML site, coupled with a maximum predicted
drawdown of <4 m at the closest third party water well after 18 years of continuous pumping
from the FML well field, any impact to third party users of this resource by FML can likely be
mitigated by lowering the respective pump assemblies. Piezometers at the site can be used to
monitor drawdown with time in this aquifer, to assess and mitigate potential impacts to third
parties before they occur.
Solute Migration from the Process Residue Storage Facility
A two-dimensional (2D) coupled groundwater flow and solute transport simulation was
conducted to evaluate the engineered containment system proposed for the PRSF. The GeoStudio 2007 SEEP/W and CTRAN/W code were used to perform the coupled groundwater flow
and solute transport simulations for a 500 year period. A detailed description of the solute
transport model, methodology, and results is provided in Volume III – Appendix M.
The purpose of this analysis was to identify relative breakthrough times through the leak
detection layer and underlying tills. The travel times corresponding to the arrival of different
concentration fronts for each simulation are provided in the following results:
 t1% is the travel time for concentration threshold defining breakthrough (the
dispersive/diffusive front). It represents 1% of the assumed source concentration for
saturated brine; and
 t50% is the advective travel time corresponding to the time for the concentration to reach
50% of the source concentration. This travel time is independent of the mechanical
mixing and diffusive processes (hydrodynamic dispersion).
Breakthrough of the source arsenic concentration into the leak detection layer, Battleford Till,
and oxidized Upper Floral Till (t1%, t25%, and t50%) are summarized in Table 6.2.
Figure 6.1 shows the simulated plume development after 5 years, 50 years, and 500 years. The
elapsed times for breakthrough of the concentration front at t 1% and t25% for the leak detection
layer were 0.7 years and 35 years, respectively. The t1% and t25% times were 2 years and
65 years, respectively, for the Battleford Till. After 500 years, the t1% front has not significantly
penetrated the oxidized Upper Floral Till which is unsaturated and therefore less permeable
than the assigned 2x10-7 m/s saturated hydraulic conductivity.
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Table 6.2 – Summary of 2D numerical model results.

Breakthrough
Time to Unit
(years)

Material
Leak
Detection
Layer

Battleford Till

Top of Upper
Floral Till

t1%

0.7

t25%

35

t50%

> 500

t1%

2.0

t25%

65

t50%

> 500

t1%

15

t25%

> 500

t50%

> 500

Based on the results, travel of potential contaminants from the PRSF to the Upper Floral Aquifer
was predicted not to occur within 500 years. The front shows no significant downward progress
into the unsaturated oxidized Floral Till after 500 years. The composite liner system virtually
eliminates infiltration of precipitation through the PRSF, resulting in an unsaturated zone and a
net inward gradient of shallow groundwater beneath the storage cells. The unsaturated zone
has reduced permeability which further protects deeper groundwater.
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Figure 6.1 – Predicted contaminant concentrations from the PRSF after 5, 50, and 500 years.

Deep Well Injection
The PSG‟s issued from MOE specified that the EIS should include a deep well injection model
to assess capacity for disposal. An analytical model was used to investigate the capacity of the
Mannville Group disposal horizon, during the operation of the facility. The modelling work
establishes that the disposal horizon is capable of accepting the predicted brine volume of
30 m3/hr (110 IGPM or 720 m3/d) from one injection well for the operational period of the SMPP
(18 years). Details of the analytical modelling are provided in Appendix C (Volume II).
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The model was used to calculate the well head injection pressures for every combination and
permutation of variable design parameters. The most critical parameter is transmissivity. For
the highest transmissivity (1x10 -3 m2/s), the predicted WHIP ranges from -283 kPa to 303 kPa.
A negative WHIP means the fluid can be gravity fed with no pumping at the high end of the
transmissivity range with a well-developed well completion. For the lowest transmissivity
(1x10-4 m2/s), the predicted WHIP ranges from 1,090 kPa to 1,820 kPa. These pressures are
substantially less than the allowable pressures based on the ERCB regulations (3,300 kPa),
even when a clogged well is modelled. It is concluded that using the range of assumptions
made for the analytical modelling, the Mannville Group is capable of readily accepting fluid
injection at rates of 720 m3/d with the WHIP no greater than 1,820 kPa (260 psi).
Injection wells are designed with multiple barriers of protection to prevent brine inflows to “fresh
water” aquifers, such as the Dalmeny Aquifer, and the stratigraphic units overlying the Mannville
Group. Protection of the shallow formations is achieved using multiple cemented outer casings
with internal concentric tubing which carries the injected fluid. For corrosive injection fluids, the
annulus between the casing and the tubing can be filled with a slightly pressurized inhibiter fluid
which both acts as a leak-detection mechanism and protects the outer casing from corrosion.
Safety design features in injection wells include:







Multiple casing strings grouted into place;
Pressure tested seals certified with geophysical methods (i.e. temperature logs, cement
bond integrity logs, radioactive tracer surveys, oxygen activation logs, etc.);
Injection tubing inhibitor (usually diesel);
Leak monitoring, instrumented to record pressures and flow rates;
Geologic seal (bedrock shale); and
Cathodic protection.

Continuous monitoring and annual testing assures that the integrity of the well is maintained.

6.1.2 Surface Water
No impact of surface water outside the proposed project boundaries is anticipated as a result of
the proposed SMPP development. The proposed development does not intersect any
watercourses; therefore, a surface water diversion structure is not expected to be required. No
regional flood plains were identified that may cause flooding within the proposed site area.
The proposed project is also not anticipated to have an impact on the flow or water quality of the
North Saskatchewan River, Rice Lake, or other creeks and rivers in the area. No surface
contaminates are expected to be released into the surrounding natural drainage basins as a
result of the proposed project. The use of an engineered drainage collection system (i.e. storm
water collection systems) and proven spill containment procedures will ensure there is no
contaminate release. Any gas and diesel fuel, oils, and oil filled transformer stations at the
proposed SMPP site will be stored within separate secondary containment areas.
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The proposed development is not expected to significantly impact the regional surface water
runoff. The surface drainage from the area around the proposed development flows away from
the facility, except for a 22.2 ha area to the west, north, and east of the PRSF. The remaining
area around the SMPP drains into nearby wetlands. Consequently, the only anticipated impact
to the regional watershed is the loss of runoff from a 102.4 ha area (80.2 ha SMPP facility area
and 22.2 ha surrounding drainage area), which will no longer contribute runoff to Rice Lake or
the North Saskatchewan River. Based on the potential runoff estimation presented in Table 5.2,
the runoff is approximately 27 dam3 for a 1 in 50-year return period rainstorm with a 24 hour
duration. This runoff event is inconsequential as the drainage area represents approximately
0.08% of the gross drainage area contributing runoff to the Rice Lake Watershed.
The post-development conditions will decrease the evaporation due to the increase in the
impervious surface area; however, this will be negligible on a regional scale. A negligible
portion of the precipitation would have become deep infiltration during pre-development
conditions; therefore, the project impact on infiltration will be negligible.
FML may elect to install culverts and divert surface water runoff into the natural drainage
course, if there are significant drainage volumes during the life of the SMPP. Appropriate
provincial regulations will need to be followed. Mitigative measures for sediment and erosion
control are also recommended at locations where eroded materials may enter surface drainage
features and other wetland areas, during construction.

6.1.3 Biological Resources
The cropland, treed, homestead, and right-of-way habitats have previously been impacted by
agricultural uses and/or land clearing; therefore no mitigation is recommended for these
habitats.
As a result of increased precipitation throughout the province in 2010, several wetlands that are
normally dry in the fall continued to have surface water. This may instigate the transition of
wetland types at the proposed SMPP; such that additional wetlands are found at the site. This
was observed at the site during the fall surveying and can be expected to occur again in 2011.
A pre-construction survey of the wetlands at the site may be required to provide the most
accurate wetland extent. This survey would involve the complete characterization of wetlands
including its class, areal extent, depth, vegetation and surrounding upland vegetation.
There was approximately 6.7 hectares of wetlands within the proposed SMPP area in 2010.
Although the wetlands have been impacted by the surrounding agricultural uses, the function of
these areas is locally important. The wetlands provide hydrological, water quality, and habitat
benefits for the inhabitants of the area. Mitigation for the loss of wetland habitat is
recommended firstly through avoidance, then through minimization and/or compensation.
Minimizing impacts would involve installing silt fencing around nearby wetlands to reduce the
amount of sediment entering the wetland. If wetland areas cannot be avoided and are lost as a
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result of the proposed development, the proponent can enhance an existing wetland within the
region or create a new wetland area. Wetland enhancement can be accomplished through a
conservation easement or though installing structures (e.g. artificial duck nests) that will
enhance wildlife habitat. If wetland replacement is the only option, an appropriate replacement
ratio will be negotiated between FML and MOE.
The impacts to the North Saskatchewan River are negligible as the wetlands within the study
area have no direct surface connection to the river. The potential for fisheries habitat in
wetlands within the study area is also negligible. Reduced water depths, a lack of a direct
connection to fish bearing waters, and barriers to migration have diminished the potential for
fisheries habitat.
It should also be noted that the topsoil within the proposed SMPP site is a resource that will be
stripped and stockpiled prior to construction. Additional topsoil would be used at the discretion
of FML.

6.1.4 Heritage Resources
No heritage resources were identified at the proposed SMPP site as understood under The
Heritage Property Act (1980) of Saskatchewan. The screening results indicated the proposed
SMPP is not heritage sensitive and according to the TPCS on-line tool, it is not necessary to
submit the project to the Heritage Conservation Branch for screening. Therefore, no mitigation
for heritage resources for the proposed SMPP site is required.

6.1.5 Air Quality
6.1.5.1 Air Dispersion Modelling
MDH completed air dispersion modelling (ADM) to estimate pollutant concentrations (or ground
level Point of Impingement (POI) concentrations) for the proposed facility air emissions. These
estimated POI concentrations, beyond the property boundary, were added to background air
quality data and compared with Regulatory Ambient Air Objectives (RAAOs) to determine if the
proposed development requires any additional mitigative measures. Air dispersion models
SCREEN 3 (EPA, 1995) and AERMOD (EPA, 2004) were used to complete the modelling
study. The SCREEN 3 model was used to complete the screening phase (Phase I) of the
assessment while AERMOD was used to conduct the advanced or refined portion (Phase II) of
the assessment.
Alberta ADM guidelines (AENV, 2009a) were used, as Saskatchewan has no specific ADM
guidelines for industrial developments. These guidelines indicate that the air dispersion
modelling should have an initial screening (Phase I) and if the RAAO‟s are not met, refined or
advanced modelling (Phase II) should be conducted. Details on the methodology of the air
dispersion modelling can be found in Appendix R (Volume II). Alberta guidelines also
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recommend using at least one year of air emission data collected in the vicinity of the proposed
development or from a representative site. No monitored background data was available for the
proposed SMPP location; therefore, background air quality data from air monitoring stations
nearby Saskatoon was acquired from NAPS (2010) and WISSA (2006). RAAOs were acquired
from the Canadian Council of Ministers of the Environment (CCME) and regulatory agencies in
the following jurisdictions: Saskatchewan, Alberta, Ontario, and Texas (Table 6.3). For air
emission parameters that have no Saskatchewan standards, the lesser of the available RAAOs
from the aforementioned sources were used.
Table 6.3 – Regulatory Ambient Air Objectives (RAAO) examined for the air dispersion modelling.

Parameter

Saskatchewan
Environment (2007)

Alberta Environment
(2009b)

Ontario Minister of
Environment (2005)

CCME (1999)

1 hour 24 hour Annual 1 hour 24 hour Annual 1 hour 24 hour Annual 1 hour 24 hour Annual
PMT

120

70

400

PM2.5
NO2

400

CO

15,000

100

400

100

120

30

30

200

60

450

VOCs

400

200

36,200

0.1*

Pb

5

Zn

120

Mn

0.01*

70

15
400

200

15,000

6,000

100

0.3
0.5

1.5

120
2*

0.2*

2.5

Fe

4

Co

0.1

Ni

6*

0.05*

50

2
50

S
H2SO4

120

5**

As

Cu

60

5
10

5

Highlighted standards are used in the study; * Alberta refers to Texas objectives; ** This objective is based on Texas requlatory
standards and considers a minimum air quality standard among Kerosene (lowest) and LIX-84i components' objectives.

Air Dispersion Modelling Results
Air dispersion models were developed by using topographical, land use, and surface and upper
air meteorological data acquired from various sources. The models use standard estimates,
where necessary, that are generally considered to be worst-case scenario emission levels.
Total Particulate Matter (PMT) emissions include particulate matter of all sizes and were
evaluated in Phase I to be in compliance with the RAOOs. As the particular size distribution
was not available in the study, all the PMT emissions were conservatively considered to be
PM2.5 emissions. Based on the Phase I modelling results (Table 6.4), all the facility emissions
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except PM2.5 and Cobalt (Co) emissions were in compliance with the RAAOs. Advanced
modelling (Phase II) was completed to further evaluate these two facility air emissions. The
estimated concentrations in Phase II are summarized in Table 6.5.
Table 6.4 – Summary of Phase I air dispersion modelling results (µg/m3).

Parameter

Facility
Modelled

Saskatoon
Background

Total

Requlatory
Objective

Is Objective Met ?

PMT

20.82

69.80

90.62

243.48

Yes

PM2.5

20.82

17.45

38.27

36.52

No

NOx

41.07

153.80

194.88

400

Yes

CO

1.44

752.59

754.03

15,000

Yes

VOCs

0.11

52.59

52.70

64

Yes

As

0.01

0.003

0.01

0.10

Yes

Pb

0.02

0.04

0.06

1.22

Yes

Zn

0.01

0.04

0.05

292.17

Yes

Mn

1.19

0.05

1.24

2.00

Yes

Fe

0.01

1.26

1.27

9.74

Yes

Co

0.62

0.014

0.63

0.24

No

Ni

0.00

0.02

0.02

0.64

Yes

Cu

0.08

0.01

0.09

121.74

Yes

S

0.14

1.60

1.73

63.51

Yes

H2SO4 Mist

1.30

1.00

2.30

10.00

Yes

Table 6.5 – Summary of Phase II air dispersion modelling results (µg/m3).
Tier 2 Assessment with AERMOD Model using 24-hour averages (μg/m3)
Parameter
PM2.5
Co
PM2.5
Co
PM2.5
Co

Averaging
Period
1-Hour

24-Hour

Annual

Facility
Modeled

Saskatoon
Background

Total

7.25

17.45

24.70

0.30

0.014

0.31

1.24

7.17

8.41

15.00

In Compliance

0.06

0.006

0.07

0.10

In Compliance

0.15

3.40

3.55

0.01

0.006

0.02

Regulation Limit

Conclusion

No Regulatory Limits Available

No Regulatory Limits Available
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The air dispersion modelling results are summarized below:









The estimated concentrations of PM2.5 and Co (combined with background data)
beyond the property boundary are lower than regulatory ambient air objectives;
As the proposed development is located in a rural area and the available background air
quality data was taken from the largest city in the province (Saskatoon), background air
quality at the proposed SMPP site will have lower total concentrations of air pollutants;
RAAOs for 1-hour and annual averages for the pollutants PM2.5 and Co were not
available. However, the estimated concentrations for the facility emissions are not
expected to be significantly high;
Dominant Green House Gases (GHG) from the proposed facility includes CO2, water
vapour, and NOx. The GHG emission rates and the corresponding concentrations from
the facility are not expected to have significant impact on regional/global GHG levels
(Volume II – Appendix R); and
Sulphur Dioxide (SO2) emissions from the proposed facilities will be minimal and are not
expected to cause any significant impacts on environmental or human health conditions.

Air Emission Control Measures
The project air emission control measures include bag houses, demisters, and scrubbers with
single and double stages. In addition, the following measures are being evaluated by FML:


Minimize dust emissions during construction and operation of the proposed project by:
o

Wetting waste piles, exposed surfaces, and garbage, and using cover or dust
suppressants;

o

Managing traffic to reduce driver exposure time; and

o

Reducing construction time of unpaved ground.



Any expansion and modification to the SMPP facility that may change the plant
emissions will be examined using a detailed air dispersion model; and



An Emergency Response Plan (ERP) will be developed with mitigative measures for
potential emissions that occur accidently and may cause significant impact to
environment and human health conditions.

6.1.5.2 Dust Control Mechanisms
The dust emissions from the activities at the SMPP will result in the deposition of some airborne
dust out of the atmosphere. The main dust generation sources will likely be from wind erosion
and movement of vehicles and large equipment on-site. There could also be some fugitive dust
emissions from the transport of the process residue to the PRSF and the placement of the
residue in the containment cells. However, due to the larger particle size and high gravitational
settling velocity, the dustfall will be deposited near the source and therefore it is not expected to
be dispersed far from the SMPP site.
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Dust control mechanisms will be implemented as needed. For any roads that remain gravel,
dust suppression will be carried out if emissions from the movement of vehicles and equipment
are significant.
The process residue generated at the SMPP is a filter cake with approximately 31% moisture
content. The moisture content will help to minimize fugitive dust emissions from the placement
of the residue. Once a containment cell is filled with residue, the „store and release‟ cover
system will be constructed. The cover system will prevent dust emissions from the capped
cells, as well as limit oxygen and water ingress, and support vegetation. As result of the
moisture content of the process residue and the placement of a cover system on the PRSF, no
additional mitigation for dustfall is recommended, at this time. Any cumulative impact of dustfall
is also negligible as precipitation will mitigate any dustfall accumulation over time.

6.1.6 Noise
Permissible Sound Levels (PSLs) determined for each receptor location were compared to the
ambient sound levels plus the expected development sound level from the proposed SMPP, to
determine the potential noise impact of the proposed project. If the logarithmic sum of the
ambient and the estimated sound levels from the proposed facility are above the PSLs,
appropriate mitigation measures should be implemented to attenuate the noise impact to nearby
residences.
PSLs are calculated by determining the Basic Sound Level (BSL) and adding any relevant
adjustments. Adjustments may be applied when wintertime complaints are received, ambient
monitoring is not representative, and/or the duration of the activity is considered temporary.
BSLs are determined based on the dwelling unit density per quarter section of land and the
proximity of the dwelling to transportation corridors (i.e. major roadways, rail lines, increased air
traffic). The measurements of ambient sound levels were comparable to the BSLs provided by
the EUB (2007). None of the adjustments were applicable to the PSL determination; therefore,
the nighttime PSLs are equal to the BSLs, and the daytime PSLs are 10 dBA higher, according
to EUB guidelines. The PSLs determined for the three receptors nearest to the proposed site
are summarized in Table 6.6.
Table 6.6 – Calculated daytime and nighttime Permissible Sound Levels (PSL) at the proposed
SMPP.
Receptor
R2
R3
R4

Nighttime
BSL

Dwelling unit
density per
quarter section

Proximity to
transportation
(Category)

(dBA L eq[9])

Class A
adjustments
(dBA)

1-8
1-8
1-8

Category 1
Category 2
Category 2

40
45
45

0
0
0

Class B
Daytime
Nighttime PSL
adjustments
adjustments
(dBA)
(dBA)
(dBA)
0
0
0

40
45
45

10
10
10

Daytime PSL
(dBA L eq[15])
50
55
55

SoundPLAN (Braunstein + Berndt GmbH, 1996) software was used to complete the noise
modelling, for comparison of the predicted noise emissions from the proposed SMPP to the
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determined PSLs. SoundPLAN software incorporates algorithms from the International
Organization for Standardization (ISO) Standard 9613-2 (1996). This standard has been
accepted by the EUB (2007) for noise assessments. A complete description of the modelling
parameters is included in the NIA (Volume II – Appendix N).
The parameters used in the noise model were selected to ensure a worst case scenario was
examined. The noise model incorporated details related to the following items:






Terrain information was used to generate a digital ground model (DGM) of the site and
surrounding area;
The site layout of the proposed SMPP, including building characteristics and locations of
expected noise sources;
Ground cover of the SMPP site and surrounding area;
Meteorological parameters; and
Emission criteria of the noise sources related to operations of the proposed SMPP.

The results of the NIA indicate that the daytime limit is below EUB guidelines at each of the
receptor locations, and the PSL for nighttime is exceeded slightly at R2 and R4. The modelling
results are summarized in Table 6.7. However, since actual noise levels are expected to be
lower than those predicted in this study, due to the worst case modelling inputs, further noise
monitoring will not be completed at this time. MDH recommends that further monitoring be
conducted once the proposed facility is operational to confirm the actual noise coming from the
SMPP and to determine if any further mitigation measures are required. According to the EUB
guidelines, ongoing noise monitoring is complaint driven. Therefore, in the event that a noise
complaint is received, further monitoring may be required. FML is committed to responding to
any such complaint effectively and in a timely manner.
Table 6.7 – Predicted noise levels from SMPP operations.

Receptor

Predicted sound level
contribution from the
SMPP
Day

Night

dBA L eq[15] dBA L eq[9]
R2
R3
R4

41
39.4
44.5

41
39.4
44.5

Average rural ASL

Day
dBA

Night
dBA

45
50
50

35
40
40

Combined facility and
ambient noise level
Day

Night

EUB permissible
sound level
Day

Night

dBA L eq[15] dBA L eq[9] dBA L eq[15] dBA L eq[9]
46.5
50.4
51.1

42.0
42.7
45.8

50
55
55

40
45
45

Meets EUB
guideline limit

Day

Night

Yes
Yes
Yes

No (2)*
Yes
No (0.8)*

NOTE: * Brackets indicate the amount by which the PSL is exceeded (dBA).

Minor amounts of noise are expected to be generated during SMPP construction and operation.
As such, increased noise, compared to background conditions, is anticipated. Noise emissions
will occur from operation of heavy equipment during construction. Heavy equipment will be
outfitted with mufflers to dampen noise pollution. Local residents are only expected to
experience a short-term noise disturbance from construction activities and adjacent landowners
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will be advised of the construction activities. Construction noise is not expected to significantly
add to the existing ambient noise levels from equipment used for agricultural activities.
Given the existing noise emissions within the project area from agricultural, rail, and road
maintenance activities, wildlife is expected to have become habituated, or tolerant to increased
noise and activity levels.
Saskatchewan‟s Environmental Management and Protection Act (2002) has stipulated that the
Lieutenant Governor in Council may make regulations in controlling, restricting, or prohibiting
any actions of any person for the purpose of abating noise or controlling noise levels. Although
regulations may be made to control noise, Saskatchewan does not currently have regulations
that govern noise levels associated with industrial activities. However, should noise complaints
be received, FML will consult with the complainant and with regulatory agencies to determine an
appropriate response to the complaint.

6.1.7 Roadways
Based on the SMHI Design Manual and limited traffic information, MDH expects that a left turn
lane will be required for eastbound traffic on Highway 305 to access the proposed plant site.
MDH recommends constructing a flared intersection at the intersection of Highway 305 and
Schultz Road.
Information of the existing surfacing structure on Highway 305 was obtained from historic SMHI
construction logs. Additional surfacing structure is required to support the existing truck traffic.
MDH has estimated the surfacing material and thickness, using the Saskatchewan Method, to
accommodate the current traffic (Volume II – Appendix I). The truck traffic produced by the
proposed SMPP will not require any change to the recommended surfacing thicknesses.
The segment of Schultz Road between Highway 305 and the SMPP access road should also be
upgraded. There is no existing traffic information available for the road and based on the
nominal and peak traffic volumes anticipated from the plant site, MDH has recommended the
thickness of granular structure that will be required. Geometric upgrades will likely be expected
to improve traffic safety. Both structural and geometric information of the existing Schultz Road
is required to refine the surfacing design. This information will be collected for the design of the
roadway to properly construct the roadway for its intent purposes. FML will only be able to haul
primary weights on Schultz Road if a permit is issued by the RM.
MDH recommends entering into negotiations with SMHI and the local RM for the structural and
traffic safety improvements to Highway 305 and Schultz Road. MDH understands that FML will
also discuss issues regarding hauling construction loads to the SMPP site with SMHI and the
local RM, once a gravel pit, construction contractor, etc. have been identified.
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As no impacts to Highway 16 are expected, no mitigation for Highway 16 is recommended, at
this time.

6.1.8

Cyanide Usage and Transportation

FML is committed to the responsible management of cyanide and will be using The International
Cyanide Management Code (ICME, 2011). This code is a voluntary initiative administered by
The International Cyanide Management Institute to enhance the protection of human health and
reduce the potential for environmental impacts. The Code addresses production, transport,
storage, the responsible use of cyanide, and the decommissioning of cyanide facilities
(Volume II – Appendix G). It also includes requirements related to financial assurance, accident
prevention, emergency response, training, public reporting, stakeholder involvement, and
verification procedures.
The code is comprised of nine broad principles and considers the following aspects of cyanide
management: 1) production, 2) transportation, 3) handling and storage, 4) operations, 5)
decommissioning, 6) worker safety, 7) emergency response, 8) training, and 9) dialogue.
Principles are followed by standards of practice to identify performance goals and objectives to
comply with each principle. Principles and practices applicable to cyanide production and
transportation are included in separate verification protocols and in order to receive certification
under the code, facilities must ensure suppliers and transporters adhere to them.
Companies seeking pre-operational certification are audited on-site within one year of receiving
cyanide and every three years after to maintain certification. Certification documentation is
posted on the institute‟s website, including audit reports and reports of any necessary corrective
actions.
Cyanide will be delivered to the SMPP as compressed sodium cyanide briquettes. The
briquettes are a solid within a sodium hydroxide matrix, so that when they are placed in water,
they will not produce a gas. The cyanide briquettes are transported in double lined super sac
bags, with a disposable protective membrane. The super sac is placed in a wooden box and
transported on a pallet. At no time during the delivery process will the bags be stored directly
on the ground. The boxes contain 20 sacs per load (20 tonnes) in a satellite tracked truck. It is
expected there would be approximately four deliveries per year. Personnel will be required to
wear the appropriate personal protection equipment (PPE) when handling the bags. There is a
covered lean-to on the side of the SMPP to store this inventory. Drainage from this area flows
into the process water pond.
Even though there is no precedent for a catastrophic release of cyanide, procedures will be in
place to contain and clean up any release to the environment. If a release were to occur,
personnel would put on their PPE and immediately clean up the material (i.e. shovel up the
briquettes).
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6.1.9 Impact of Climate Change
Climate change research related to Saskatchewan generally refers to the prairies as a region.
Due to the uncertainty of climate predictions, it is not possible to predict with any certainty how
climate change will impact the region surrounding the proposed project site, specifically.
However, research does seem conclusive that the climate in southern and central
Saskatchewan is changing (Sauchyn et al., 2009).
Changes in the climate of Saskatchewan could potentially impact the hydrology of the area
surrounding the SMPP site. Decreasing runoff as the result of less precipitation and increased
temperatures could impact surface water supplies and groundwater recharge. Extreme weather
events, as well as increased fluctuations and changes in the temporal distribution of
precipitation would also have an impact on the local hydrology.
Possible effects of climate change on the proposed SMPP site could relate to the quality and
quantity of source water, the concentration and volume of process residue in un-capped storage
cells due to flooding or changes in evaporation rates, and changing storage or injection capacity
requirements. However, given the timescale of these climate predictions, it is unlikely that these
potential effects would have any significant impact on operations at the proposed SMPP facility
over its 18 year production life.

6.1.10 Summary of Issues, Mitigation, and Residual Effects
Various components of the environment were examined to identify potential project impacts. A
summary of potential environmental issues, proposed mitigation, and residual effects of the
proposed project are provided in Table 6.8.
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Table 6.8 – Summary of potential environmental issues, proposed mitigation, and predicted residual effects.
Component

Terrain

Air Quality

Noise

Potential Issue

Disturbance to wetlands.

Proposed Mitigation

Predicted Residual
Effect
Limited loss of wetlands.



There are 6.7 hectares of wetlands within the proposed project area
that may be lost due to the development; FML intends to mitigate loss
of wetlands in consultation with appropriate regulatory agencies.



An additional pre-construction survey is planned to provide a revised
estimate of impacted wetlands specific to the year which construction
occurs.

Alteration to slope profiles.



None. Terrain in the proposed SMPP area is generally flat.

None.

Decreased air quality as a result
of construction
activities/equipment.



Construction will be completed in a timely manner.

None.



Equipment will comply with provincial and federal emission standards.



Construction vehicles will be maintained regularly.



Air emissions generated by construction equipment will be
comparable to typical farm implements used for cultivation in the area.

Decreased air quality as a result
of operation of facility.



The relative impact of the proposed SMPP is not considered to be
significant. Annual stack testing will continue to monitor emission
levels.

Increased noise levels during
construction.



Local land owners will be informed of construction activities.



Heavy equipment will be outfitted with mufflers to dampen noise.



Construction activities will occur in a rural area.



The relative impact of the proposed operations is not considered to be
significant, with expected sound levels below or slightly above
permissible sound levels.

Increased noise levels during
SMPP operation.

Emission of particulates
and GHGs.
None.

None.
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Potential Issue

Soils

Disturbance to the soil profile
(i.e. soil loss and surface
drainage changes) as a result of
construction activities.
Increased erosion potential.

Proposed Mitigation







Soil contamination from spills
and wastes during construction.







Soil contamination associated
with on-going operation.

June 2010









Transport of equipment/material will be postponed during adverse
weather or wet ground conditions to minimize disturbance, if feasible.
Topsoil from construction areas will be stripped and stockpiled prior to
construction.
Maximum use of existing access roads to transport construction
equipment to limit new disturbance corridors and associated potential
increase in soil erosion.
Appropriate erosion control measures and best construction practices
will be used during construction.
Equipment will be routinely inspected for leaks and repairs will be
made.
Any spills will be isolated and cleaned up immediately.
Spill response equipment will be readily available.
A soil remediation program will be implemented that addresses sitespecific conditions.
A contingency plan will be prepared prior to start of activities and
followed in the event of an emergency.
Septic system will be a closed system with no release to the
environment.
The on-site storage ponds will be lined to protect dyke slopes from
erosion.
Groundwater sampling and monitoring at licensed monitoring wells to
detect the presence of leachate and trend any migration.
Berms and containment structures will be visually inspected regularly
with an annual 3rd party visual inspection performed.
Instrumentation to be installed (including but not limited to
piezometers) and monitored as part of the site environmental
monitoring program.
Contingency plans will be in place to address potential releases of
regulated products.

Predicted Residual
Effect
Minor alteration of field
drainage.

Increase in erosion
potential until vegetation
regenerates.

None.

Migration of effluent in
the soils is not expected.
Monitoring of the
subsurface will identify
potential leachate
migration.
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Component

Potential Issue

Surface Water
Hydrology and
Water Quality

Disturbance to surface drainage
patterns.



Surface drainage flowing towards the proposed SMPP area will either
be diverted into natural watercourses, once tested for suitability, or
into storage ponds and possibly used in the SMPP process, if
suitable.

None.

Water contamination from
wastes and spills during
construction.



Safe storage and handling practices (for chemicals and hazardous
materials) to be followed.

None.



An Emergency Response Plan will be finalized that addresses
potential spills and recommended clean-up procedures.



Construction areas are at a significant distance from any significant
hydrologic features.



Spill response equipment to be readily available.



An Emergency Response Plan will be finalized.



Construction areas are at a significant distance from any significant
hydrologic features.



Berms and containment structures to be visually inspected regularly
rd
with an annual 3 party visual inspection performed.



Instrumentation to be installed (including but not limited to
piezometers) and monitored as part of the site environmental
monitoring program.

Groundwater contamination from
spills and wastes during
construction.



Spill response equipment to be readily available.



An Emergency Response Plan will be finalized.

Groundwater contamination
associated with on-going
operation.



Spill response equipment to be readily available.



An Emergency Response Plan will be finalized.



Instrumentation to be installed (including but not limited to

Water contamination associated
with on-going operation.

Groundwater

Proposed Mitigation

Predicted Residual
Effect

None.

None.

None.
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June 2010
Proposed Mitigation

Predicted Residual
Effect

piezometers) and monitored as part of the site environmental
monitoring program.
Vegetation

Wildlife and
Habitat

Loss/alteration of vegetation
communities.



The SMPP area is primarily cultivated cropland.

Loss of plant species
considered common and
weedy.



No native prairie was identified within or near the SMPP area.

Loss of listed, rare or
endangered plant species.



The SMPP area is primarily cultivated cropland.



No provincially tracked plant species were observed to occur within
the project footprint.

Loss or alteration of habitat.



The SMPP area is primarily cultivated cropland that is annually
disturbed.

Loss of nesting sites.



The SMPP area is primarily cultivated cropland. Loss of wetlands will
be mitigated in consultation with appropriate regulatory agencies.

Increased fire hazard during
construction.



Contingency plan to address fire response.



Standard safety measures to be employed.

Temporary displacement of
wildlife due to construction
activities (i.e. noise, light, etc.).



The SMPP area is surrounded by cultivated cropland and wildlife is
expected to be habituated to a certain level of activity.

None.

Habitat fragmentation.



The SMPP area is primarily cultivated cropland.

None.

Physical barriers to wildlife
movement.



The SMPP area is primarily cultivated cropland.



Animals will continue to move across roadways and access wetlands

Minor alteration to wildlife
movement.

Disturbance to listed, rare or
endangered wildlife.



No provincially or federally tracked animal species were observed to
occur within the project footprint.

None.

None.
Loss of local wetlands.
None.

None.

M2112-2840010
Page 100

Fortune Minerals Limited Saskatchewan Metals Processing Plant – EIS
Component

Water Use

Electricity Use

Land Use

Potential Issue

Increased water demand.

Increased electrical demand.

Disruption to land use.

June 2010
Proposed Mitigation



Water will be taken from the Dalmeny Aquifer which has an extensive
supply of water.



No significant negative impacts to the Dalmeny Aquifer are
anticipated.



Methods to reduce future water usage have been and will be
considered in the future.



New substation.



Additional electrical power to be purchased from SaskPower.



The SMPP area is primarily cultivated cropland.



The buffer zone surrounding the facility will continue to be cultivated.

Heritage
Resources

Loss or disruption of historical
and/or archaeological sites.



Heritage screening indicated the SMPP site is not heritage sensitive.

Aesthetics

Loss or disruption of natural
aesthetics.



The SMPP area is primarily cultivated cropland.



SMPP designs include low profile dykes, decreased process residue
heights, and ongoing reclamation of PRSF cells.



Buildings were kept to specific heights to reduce impact to the skyline.



Downward facing lights will minimize lighting impact



85 new positions to be created at the SMPP site.



Additional requirements for contract operating and maintenance jobs.

Light pollution

Socio-economics

Employment.

Predicted Residual
Effect
None.

Increased import
electrical demand.
Loss of cropland from the
SMPP footprint.
None.

Buildings will provide a
slight obstruction during
operations.

Increased employment in
the region.
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Residual Impacts

Residual impacts are effects that remain after applying the proposed mitigation. Residual
impacts are predicted to occur, at the proposed site, to the terrain, air emissions, soils,
vegetation, surface water runoff, land use, and socio-economics. Impacts beyond the site
boundaries are expected to be minimal (i.e. low). To assess the significance of these residual
effects, a number of factors/criteria must be considered: direction, magnitude, duration,
frequency, and area. Each criterion has a relative ranking scheme associated with it, as
described in Table 6.9.
The relative consequence of the impact can then be determined as a function of the criteria
listed above. The rating will be somewhat subjective, and professional judgement is necessary
to rate the consequence of the impact as low (best), minor, moderate, or high (worst):







Low – potential impacts are not discernable above background conditions, or are within
natural variation, finite in duration (construction phase only), and baseline levels
subsequently re-establish.
Minor – potential impacts are minor in severity, limited in duration (short- or mediumterm), and restricted in extent to the project area.
Moderate – potential impacts are moderate in severity, short-, medium- or long-term in
duration and local to regional in extent. Impact levels are stable after project closure and
into the foreseeable future.
High – potential impacts are moderate to severe, long-term in duration and/or regional in
extent. Impacts are serious and should be a management concern.

Table 6.10 presents a summary of the environmental consequences related to the proposed
project.
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Table 6.9 – Description of criteria used to assess residual impacts.
Criteria

Direction

Magnitude

Duration

Frequency

Probability

Area

Description
The direction of the effect with respect to the impact on the environment:


positive, neutral, or negative.

A measure of the significance or scale of the impact:


negligible (no measurable effect);



low (above background conditions, but within established criteria or acceptable natural
variation);



medium (substantially above background conditions, but within established criteria or
acceptable natural variation); and



high (likely to exceed established criteria and acceptable natural variation).

The length of time over which the effects occur:


finite (occurring only during construction);



short-term (lasting longer than construction, but less than the project life);



medium-term (lasting the life of the project); and



long-term (remaining after project closure and decommissioning).



The frequency of occurrence of the impact over the specified duration: one-time, sporadic, or
continuous.



The probability of occurrence of the impact: none, unlikely, likely, very likely.



The geographic area potentially affected, whether site-specific, local or regional.
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Table 6.10 – Summary of predicted environmental consequences.

Predicted
Residual Effect

Direction

Magnitude

Duration

Frequency

Probability Area

Predicted
Environmental
Consequence

Loss of wetlands

Negative

Low

Mediumterm

Periodic

Very Likely

Sitespecific

Minor

Particulate
emissions

Negative

Low

Mediumterm

Continuous

Very Likely

Local

Minor

GHG emissions

Negative

Low

Mediumterm

Continuous

Very Likely

Local

Minor

Alteration of field
drainage patterns

Neutral

Low

Long-term

Periodic

Unlikely

Local

Minor

Increase in erosion
potential until
vegetation
regenerates

Negative

Low

Short-term

Sporadic

Unlikely

Sitespecific

Low

Residue migration
beneath the PRSF

Negative

Medium

Long-term

Continuous

Likely

Sitespecific

Minor
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Predicted
Residual Effect

Direction

Magnitude

Duration

Frequency

Probability Area

Predicted
Environmental
Consequence

Loss of plant
species in the
project area

Negative

Low

Mediumterm

One-time

Very Likely

Sitespecific

Low

Loss of wildlife
habitat

Negative

Low

Mediumterm

Periodic

Very Likely

Sitespecific

Low

Increased electrical
demand – to be
supplied by
SaskPower

Negative

Low

Mediumterm

One-time

Very Likely

Sitespecific

Low*

Loss of agricultural
use of land in
project area

Negative

Low

Long-term

Periodic

Very Likely

Sitespecific

Minor

Impacts to property Negative or Low
values in the project positive
area

Long-term

Continuous

Very Likely

Sitespecific

Low

Loss or disruption
of historical sites

Long-term

Not applicable

Unlikely

Sitespecific

Low

Negative

Negligible

*Any potential issues to be addressed by SaskPower.
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Regional/Cumulative Assessment

The cumulative effects of the proposed SMPP are positive when considering the benefits of the
project. The SMPP will process metal concentrates from the NICO mine and be part of an
operation that permanently employees 85 people in Saskatchewan and up to 250 employees in
NWT.
The design of containment facilities and the implementation of proven spill clean-up procedures
associated with the project will limit potential environmental impacts. Waste residue materials
will have long-term storage within a dual lined containment facility with a leak detection and
leachate collection system. The proposed development is not expected to release any surface
contaminates into the surrounding natural drainage basins and therefore no impact to surface
water outside of the proposed project boundaries is anticipated. Extensive environmental
monitoring will be in place to identify any potential impacts to nearby surface water features and
subsurface contamination at the SMPP site. Procedures from transportation companies are in
place to reduce the potential for accidental spills associated with transporting the metal
concentrate and chemical reagents to the SMPP facility and provide effective clean-up, if
necessary.
The residual impacts of the proposed development are considered to be low or minor. These
potential impacts are not discernable above background conditions or are minor in severity,
limited in duration (short- or medium-term), and either have no effect beyond baseline
conditions, over time, or are restricted to the project area. Other aspects of the surrounding
environment examined (i.e. heritage resources, the occurrence of provincially listed plants and
animals, air quality, noise impacts, and impacts of climate change) do not appear to be
impacted by the proposed project. The water use associated with the SMPP will be authorized
by SWA and no long-term regional impact is anticipated.
Considering the potential impacts of the SMPP on the surrounding environment, there are no
predicted cumulative effects from the proposed project. The area surrounding the proposed
development is dominated by agricultural activities and the processing of metal concentrates
has a negligible effect on this surrounding land use. The nearest industrial facilities are located
in Saskatoon approximately 30 km southeast of the proposed SMPP (Enterprise Sask., 2010).
These facilities are regulated to the environmental standards that will be imposed on the
proposed development. Overall, the regional impacts of the proposed SMPP will be minor.

7.0

ENVIRONMENTAL MONITORING AND PLANNING

7.1

Introduction

FML environmental monitoring programs are conducted to comply with the requirements of
Saskatchewan‟s The Environmental Management and Protection Act and Regulations (2002)
and The Clean Air Act and Regulations (2003). Results of environmental monitoring will be
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reported annually to MOE in accordance with the approval to operate. The results of monitoring
conducted throughout the year will be compiled in an annual environmental report, submitted to
MOE. Data will be collected in a manner that complies with industrial, federal, and provincial
standards to ensure data collection is consistent and information is representative of the
conditions that exist at the site.
As part of the reporting, a summary and discussion of any potential impacts to the environment
surrounding the facility and PRSF area from SMPP operations will be required. A summary of
the action FML proposes to take as a result of any potential impacts will also be required for
submission to MOE. The collection of baseline environmental data at the proposed site,
ongoing site monitoring, and the ability to monitor regional environmental receptors (i.e. wells,
surface water, vegetation, etc.) will provide an effective method to determine if the proposed
SMPP is impacting the surrounding environment.
A commitments register is provided at the end of this document that outlines monitoring and
mitigation commitments. The following sections describe the environmental monitoring, based
on the BACI (before-after-control-impact) model, that is presently proposed for the facility.

7.2

Groundwater Monitoring

FML will measure groundwater levels and conduct geochemical analyses on the existing
piezometers at the SMPP site (Figure 7.1). Some of the existing piezometers at the site may
need to be decommissioned as the construction of site infrastructure will occur on top of this
instrumentation. New instrumentation will be installed as required.
Monitoring the leak detection system installed in the PRSF will provide the first indication of
leakage through the constructed liner system. This will occur by monitoring the leak detection
monitoring wells. Chemical analysis of the groundwater will ensure that any changes to the
water chemistry or water table will be noticed and the proper actions can be taken in a timely
manner. After construction of the cell cover, the leachate collection system can be used to
monitor net percolation. Monitoring wells may also be installed in the covered deposits to
determine chemistry and fluid levels in the residue. These monitoring wells can also ensure that
the leachate collection system is functional. As previously mentioned, if leachate collects within
the leak detection monitoring well, it will be collected with a sump pump and re-used in the
proposed SMPP or with a vac truck for disposal at an approved facility.
Each fall for the first five years of operations, groundwater samples will be collected and
analyzed for routine analysis and trace metals. Based on the results of this sampling, the
frequency of sampling beyond five years of operations may be reduced.
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Routine water chemistry will include total alkalinity, bicarbonate, hydroxide, carbonate, chloride,
pH, conductivity, nitrate-N, nitrite-N, ion balance, total dissolved solids (TDS), hardness,
calcium, potassium, magnesium, sodium, and sulphate. Total and dissolved trace metals water
chemistry analyses will provide low level concentrations of a broad suite of metals including Ag,
Al, As, B, Ba, Be, Bi, Ca, Cd, Co, Cr, Cu, Fe, Hg, Pb, Mg, Mn, Mo, Na, Ni, Sb, Se, Sr, Ti, Tl, Sn,
U, V, and Zn.
Water levels will be acquired seasonally from all instrumentation and pressure transducers will
be installed within all piezometers installed within the Dalmeny Aquifer to enable detailed
monitoring of depressurization due to groundwater production.

7.3

Surface Water Monitoring

Baseline surface water sampling points have been established around the proposed facility.
Continued monitoring will be completed in the spring and fall at four locations (SW #3, #4, #6,
and #7) within the immediate vicinity of the SMPP facility, as shown in Figure 4.6 (Volume II –
Appendix L). Annual fall monitoring is proposed for the remainder of the baseline locations
surrounding the SMPP. If a sampling location has no surface water at the time of collection, it
will be noted and re-visited during the next round of sampling. If a location continually has no
surface water, a new sampling location in the vicinity will be selected. The locations of the
proposed sampling locations are provided in Figure 7.1.
Water samples will be analyzed for routine chemical testing, trace metals (total and dissolved),
and possibly cyanide to alleviate potential public concerns. These samples will be collected
every year for the first five years of operations. The frequency of sampling beyond five years of
operations may be reduced based on the results of the initial sampling.
Runoff from the PRSF will also be collected and monitored prior to its release to ensure that no
contaminates exit the facility. This monitoring will also examine routine chemical testing, trace
metals (total and dissolved), and possibly cyanide.

7.4

Air Emissions

Air emissions will be visually monitored on a daily basis. Major air emission control circuits may
need to have their operating parameters electronically monitored in real time, with high and low
level alarms set for the various parameters. On an annual basis, a third party contractor will be
commissioned to conduct stack sampling.
Dust migration should also be monitored from the site and PRSF; however, due to the moist
condition of the process residue during placement, dust generation is expected to be negligible.
This monitoring is proposed to occur bi-annually for the first five years and may be reduced
based on the results of the initial monitoring events.
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Containment Dykes

A visual inspection of the PRSF dykes will be completed daily by site personnel. A more
detailed inspection of the dykes will be completed monthly by site personnel. Monthly
observations will be recorded and filed, with any required work being completed as soon as
possible. On an annual basis, an independent Professional Engineer will be commissioned to
conduct a comprehensive visual dyke inspection. The annual visual dyke inspection report will
be forwarded to MOE.

7.6

Contingency Plan

FML will annually update emergency plans, if necessary, for general spill reporting, PRSF
contingency plans, berm/dyke failure, and other emergency situations at the site. The
procedures will be amended as required to reflect the addition of new process and activities at
the proposed SMPP.
A preliminary Emergency Response Plan (ERP) has been created for the proposed SMPP and
will be finalized during the construction permitting process. This plan identifies the following
procedures that FML is planning to implement at the SMPP facility:






Response organization and reporting procedures, including:
o prevention, organization and responsibility, communication, training objectives
and practises;
Spill contingency, including:
o spill prevention, initial action, response and mitigation, substance specific
measures, requirements of spill kits, site restoration, documentation and
reporting; and
Emergency response, including:
o natural incidents, severe weather, human caused incidents, and vehicle
Incidents.

The preliminary ERP is intended to provide general guidance for emergency response and spill
contingency planning at the SMPP site, during the construction and operational phases of the
project. This plan will be finalized and updated with consultation from provincial regulators to
incorporate requirements addressed during the environmental assessment processes and
conditions outlined within the operating license. Provincial requirements for the SMPP
decommissioning and closure, as they arise, will also be incorporated into all updated ERPs.

8.0

CONCEPTUAL DECOMMISSIONING AND RECLAMATION PLAN

FML acknowledges responsibility for all aspects of its operation and is committed to working
with the Province of Saskatchewan to address and resolve environmental issues. In keeping
with this commitment, a detailed decommissioning plan that restores the SMPP location to an
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environmentally stable condition will be developed. It is expected this plan will be subject to a
five year revision cycle, where FML will be required to incorporate information regarding new
technologies for decommissioning and any changes to FML operations at the proposed SMPP.
A conceptual decommissioning plan will provide a general guideline for FML intentions to
provide the necessary resources to allow full decommissioning, reclamation, and monitoring
after closure. It is FML‟s decommissioning objective to restore the location to conditions similar
to those that existed prior to the project development. It is anticipated that the site would be
very similar to existing conditions except for the mounds created by capping the PRSF.

8.1

Conceptual Decommissioning Plan

At the time of facility closure, all buildings not required for decommissioning services will be
demolished. All salvageable material (i.e. equipment and motors) will be reused, sold, or
recycled. The remaining materials will be removed from site and disposed in an approved
facility. On-site utilities will be isolated, rendered safe, and left in place. Roads not required will
be removed and the ground will be contoured to restore natural drainage. Additional practises
that FML may use to facilitate site closure include (but are not limited to) the following:












Evaluation of the use of the facility for alternative economic uses;
Identification and deposition of all process residues to the Process Residue Storage
Facility;
Identification and removal of all hazardous materials for recycling or disposal;
Sorting of building materials (i.e. steel, aluminum, copper/electrical conduit, titanium,
electronic materials, plastic (HDPE), and glass) for sale as scrap;
Plugging and capping of all wells;
Removal and crushing of all foundation pedestals and walls including those below subgrade;
Crushing of any foundations removed for recovery of re-bar for recycling;
Examination of disturbed non-farming areas for possible contamination;
Re-contouring of the plant site and roads;
Re-vegetation of the plant site and roads; and,
Sale of non-Process Residue Storage Facility lands, undisturbed areas, and noncontaminated areas of land.

Surface structures, such as the storage ponds, will be decommissioned at the end of facility life.
The process water pond, cobalt solution pond, and brine solution pond will be drained and filled
to grade with suitable backfill, and capped with fresh soil. All fluids removed from the ponds will
be tested and assessed against applicable criteria and disposed of appropriately.
The PRSF will be built in a modular fashion, resulting in incremental construction,
decommissioning, and reclamation over the life of the facility. Each containment cell within the
PRSF will be capped with an engineered cover system once filled. The construction of a cover
over the containment cells will greatly reduce the potential for dust generation at the site.
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Timing of the construction of the cover systems will depend on the properties of the placed
residue. The cover system will be placed over the residue when consolidation of the residue
has slowed to a reasonable rate and it can support construction equipment. It is anticipated that
the residue can be covered shortly following placement since the material is initially placed at a
relatively low moisture content.
Implementation of a store and release cover system with a capillary barrier should greatly
reduce the amount of water and oxygen entering the storage cell. Vegetation will be
established on the cover soil. The combination of water storage in the cover soil, evaporation,
and transpiration from the vegetative cover will reduce the amount of net percolation and
oxygen entering the containment cell. Appropriate storage design of the cover system will
ensure that the net percolation can be reduced particularly during snowmelt events and heavy
rainstorms. Runoff from the PRSF will be collected by perimeter ditches and diverted to a pond
where it can be monitored prior to any planned release to the environment. These ditches will
be maintained after the facility closure until it is determined that they are no longer needed or
are detrimental to dyke stability. This may occur when the cover system is functioning as
designed with an established vegetative cover and negligible surface runoff occurs from the
capped PRSF.
All activities associated with the SMPP closure, decommissioning, and reclamation will be
documented.
Records of decommissioning, remediation, and restoration work will be
maintained by the company completing the work and shall be made available to new owners, if
the site is sold, and to appropriate regulatory agencies upon request.
The timeline for the implementation of a detailed decommissioning plan will be determined
during the facility operations permitting. It is expected that decommissioning portions of the
PRSF will begin within approximately three years of residue deposition and continue until the
SMPP is no longer operational. The expected life span of the proposed SMPP is 18 to 25
years, which is initially dependant on the NICO ore body life span and thereafter on any new
sources of material to enrich or new technologies/processes (i.e. battery re-cycling) that permit
an extended use of the proposed facility.

8.2 Projected Impacts of the Decommissioning Plan
No impact is expected on the surface environment at the proposed plant site since the ditches
and runoff and storage ponds used for containing runoff and drainage from the SMPP will be
filled and contoured to match existing terrain and drainage patterns. It is expected that
vegetation will begin to re-establish at the site soon after decommissioning. The low profile of
the PRSF (2 m high containment dykes) may facilitate return of the site to agricultural or other
recreational use. Rezoning the land from an industrial site may be required to use the
decommissioned facility for other purposes. Continued monitoring of the storage cells will be
required to ensure no contaminants are escaping the facility.
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Drainage and injection infrastructure used at the SMPP will be maintained during and after
facility operations. This strategy will minimize the potential residue footprint while allowing
natural flushing to mitigate impacts within the surficial and subsurface soils. Heavily impacted
areas will be small and localized and are expected to support early successional vegetation, as
plant communities are allowed to naturally develop. If these areas do not vegetate naturally, a
reclamation plan will be developed.
Vegetated mounds of the PRSF will remain in place at the site for long-term disposal of process
residue. As previously mentioned, the low profile of the PRSF with 2 m high containment dykes
may facilitate return of the site to agricultural or other recreational use. The long-term storage of
process residue at the proposed site will require long-term monitoring and will be subject to
provincial regulations. Additional details on the monitoring of the decommissioned PRSF can
be found in Section 8.4.

8.3 Reclamation
Reclamation will occur at the SMPP site on an ongoing basis as the portions of the PRSF will be
capped and vegetated while the facility is in operation. This will provide a “working model” to
identify potential concerns and problems while FML is at the site, to ensure all issues are
identified and any adjustment to the design can occur, if needed, before additional cells are
constructed.
Once the SMPP facility ceases operations, reclamation will generally consist of re-contouring,
replacing topsoil, and re-vegetating to restore the land surface to as near as possible to the
original conditions. Surface drainage conditions will be restored similar to conditions before site
construction. All ditches will be filled in and contoured to blend with the pre-development terrain
and drainage patterns. Salvageable topsoil from site decommissioning and possibly facility
construction will be used to re-contour the landscape, where applicable. Plant species selected
to provide a vegetative cover on each cap will be compatible with the surrounding vegetation.
This will ensure that the established vegetation will provide a self-sustaining vegetative cover,
according to the cover system design criterion. The establishment of a permanent vegetative
cover should include appropriate pre-field preparation, site preparation, revegetation, and post
planting management.

8.4

Post-Decommissioning Monitoring

Long-term monitoring of the site, including the cover systems and monitoring wells, will occur
following the closure of the plant and the capping of the containment cells. This monitoring will
likely consider surface and groundwater chemistry, dyke stabilities, and permanent cover of
vegetation. A detailed plan to monitor the site after decommissioning will be developed in
consultation with the provincial government. It may be necessary to install further monitoring
wells over time to comply with MOE environmental regulations.
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The PRSF at the SMPP will remain in-place, along with associated leak detection monitoring
wells. This will require monitoring to occur for a period of time required by provincial regulators,
after the site is decommissioned. Initially monitoring events are planned to occur biannually
until minimal change is detected. Annual monitoring will occur thereafter. If significant
environmental changes occur during annual monitoring, the monitoring will revert to a biannual
frequency until any trend stabilizes. According to provincial guidelines, once it is determined
that the decommissioning and reclamation at the SMPP is successful and closure objectives
and requirements are met, FML may apply to have the site placed into provincial custody.
A contingency plan, specific to post-decommissioning, will be developed to determine
appropriate courses of action and contact people to inform in the event of an accidental release
to the environment.

8.5

Anticipated Decommissioning Costs

A detailed decommissioning and reclamation plan will be developed once the project designs
are finalized. An estimate of the decommissioning cost will be included in the plan. Financial
assurances will be determined in consultation with MOE during the permitting of the proposed
project. It can be expected that some form of an assurance fund (i.e. dedicated trust fund,
irrevocable letter of credit, or term deposit) will be determined by FML and the appropriate
regulatory agency.

9.0

SOCIO – ECONOMIC AND LAND USE ISSUES

9.1

Existing Infrastructure

The proposed SMPP will be constructed on three quarter sections of land (approximately
480 acres) that is currently commissioned to be purchased by FML. The infrastructure,
including the site buildings, storage ponds, rail spur, and residue storage area, will occupy an
area of approximately 80 acres, allowing for a buffer zone of approximately 400 acres. The site
is bound by a gravel road (Schultz road) on the east and a summer road on the west (Range
Roads 3071 and 3072, respectively). The site is approximately 800 m north of Highway 305.
Canadian National Railway tracks cut through the southern end of the property in a southeastnorthwest direction. The rail line will be used to receive concentrate and reagents for
processing and possibly for shipment of finished products. The area is comprised of a mixture
of cropland and trees, as described in the biological assessment (Volume II - Appendix O).
The predominant land use in the area is agricultural (limited crops, cattle grazing and poultry),
with widely spaced farm dwellings. A regional site plan showing land classification and land use
is shown in Figure 5.1. Additional drawings showing biophysical features in the proposed
construction location are included in the biological assessment in Appendix O (Volume II). A
regional map showing the location of domestic groundwater wells found in the Saskatchewan
Watershed Authority (SWA) database, in conjunction with air photographs and RM maps is
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shown in Volume III – Appendix K. This map identifies 90 third party water wells within a 4.5 km
radius of the proposed facility, including 20 wells within the town limits of Langham. An
additional 19 wells were identified during the site visits, for a total of 109 domestic wells in the
area.
The town of Langham is the closest community to the proposed SMPP and is located northwest
of Saskatoon on Highway 16. The town has a population of just over 1,100 people and is
located approximately 2.5 km west of the proposed SMPP site (Figure 2.3). The Town of
Dalmeny is located on Highway 305, approximately 9 km southeast of the site and has a
population of approximately 1,500 people.
Given the site‟s proximity to Saskatoon, Highway 16 will not experience any significant traffic
increase due to the employees and contractors coming to the site. According to SMHI (2008),
the average annual daily traffic on Highway 16 from Saskatoon to Langham is 6,960 vehicles. It
is expected that approximately 25 to 30 cars will travel to the plant at shift change and reagents
will be delivered to the plant by railcar. Any anticipated increase in traffic volumes on Highways
12 and 305 will not have a significant impact. As previously stated, additional surfacing of the
road structure on Highway 305 is required to support the existing (pre-construction) truck traffic.
The truck traffic produced by the proposed SMPP will result in no change to the required
surfacing thicknesses of Highway 305.
The farm buildings, located in the NW¼ of 14-39-07-W3, will be removed from the site prior to
construction, as they are not heritage sensitive (Volume II - Appendix Q). These buildings are
no longer in use and the project footprint will occur on top of these abandoned buildings.
A SaskTel fibre optic line will need to be avoided during the construction of a portion of the
proposed access road from Schultz Road into the proposed SMPP. This line runs along the
CN Rail line right-of-way that crosses the southern portion of the project boundary (Figure 3.1).
Near the junction of the rail line and Schultz Road, the fibre optic line turns northward along
Schultz Road, crosses this road in the SW¼ of 23-39-07-W3, and continues eastward. The
fibre optic line will also need to be avoided when the railway siding is constructed, as both
connections of the siding to the existing rail line will cross the fibre optic line.
No natural gas or electrical lines are known to be located within the project boundaries. No
other valued infrastructure (i.e. schools, churches, industry, business) are located within the
project area or the transportation route. The transportation of reagents and re-fined products
will occur along existing transportation routes.

9.2

Employment and Suppliers

The proposed facility is expected to employ 85 people over an 18 to 25 year period based on
the anticipated life of the NICO deposit. The SMPP will generate significant royalties and taxes
annually for the provincial and local governments. The potential for custom processing and
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metals recycling could extend the life of the facility and provide increased revenues and
employment over a longer timeframe. Capital investment in the plant is estimated to be
$200 million and construction is anticipated to commence in 2011, upon receipt of the mine
permits and project financing for the NICO mine site. Sourcing of construction and operational
supplies and servicing will be kept to local and/or provincial suppliers, except when speciality
materials or services require interprovincial, national, or international suppliers. It is estimated
that the SMPP project will require a maximum of 400 workers for 18 months of construction for
the site facilities.
As a result of the project, the communities surrounding the SMPP will experience growth to
support the new families moving to the area for employment, and local businesses (particularly
hotels and restaurants) will benefit from contractors working in the area during construction of
the SMPP. It should be noted that FML cannot require employees to live in Langham, such that
employees and contractors may commute to the proposed site from surrounding communities.
It is also anticipated that many more employment opportunities will be created indirectly in the
communities surrounding the SMPP and across Saskatchewan.

9.3

Local Community

FML is committed to ensuring positive relations with the surrounding community. The company
has conducted noise, dustfall, and aquifer drawdown testing to determine any necessary
mitigative measures. FML has also conducted a baseline study of all third party wells within a
4.5 km radius of the site. As part of the study, staff from FML visited and interviewed all the well
owners and submitted water samples to an accredited lab for testing. Use of treated sewage
effluent from the town of Langham lagoon is being considered to reduce the groundwater
requirements at the site. Also, aside from the deep well injection of waste water into the
Mannville aquifer and possibly surface runoff from capped PRSF cells, no other water is
planned to be released to the environment. FML has also attended town meetings regarding
the project and hosted open houses in both Langham and Dalmeny with a presentation about
the proposed project. Additional activities to keep local residents informed and updated on the
project are discussed in Section 11.1.

10.0

OCCUPATIONAL HEALTH AND SAFETY

FML is committed to preventing the accidental loss of any of its resources, including employees
and physical assets. In fulfilling this commitment to protect both people and property,
management will insist on and maintain a safe and healthy work environment, in accordance
with industry standards and in compliance with legislative requirements, and will strive to
eliminate any foreseeable hazards which may result in property damage, accidents, or personal
injury or illness.
FML recognizes that the responsibility for health and safety is shared. All employees will be
equally responsible for minimizing accidents within all FML facilities and on FML work sites.
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Safe work practices and job procedures will be clearly defined in the company‟s Health and
Safety Manual for all employees to follow. Accidental loss can be controlled through good
management in combination with active employee involvement.
Safety is the direct
responsibility of all managers, supervisors, employees, and contractors.
The right to refuse unsafe work is a legal right of every worker in Saskatchewan. FML fully
supports this law and encourages employees to immediately speak to their supervisor if there is
a reason to believe that any equipment or physical condition of the workplace is likely to
endanger an employee or a co-worker or is in contravention of occupational regulations.
All management activities will comply with company safety requirements as they relate to
planning, operation, and maintenance of facilities and equipment. All employees will be trained
to perform their jobs properly in accordance with established procedures and safe work
practices. The SMPP facility will have a comprehensive orientation and training program to
ensure workers are properly trained in their duties. Monthly safety meetings will provide
opportunities for refresher training. Safety incidents will be investigated and corrective actions
will be taken, if necessary. Staff and hourly employees will be required to participate in regular
documented safety observations to promote safe work practices and to ensure that safe
workplace conditions are maintained. The facility will provide orientations for contractor workers
who work on-site, to ensure that they are aware of site specific safety requirements and
emergency procedures.
The proposed SMPP facility is expected to be subjected to a number of inspections conducted
by various provincial and national regulators such as Transport Canada, SaskPower, the
Technical Safety Authority of Saskatchewan, the Occupational and Health Division of the
Ministry of Labour Relations and Workplace Safety, etc. In addition, third party inspections of
critical systems will likely be arranged annually by insurance carriers and brokers, as part of
FML‟s continuing effort to reduce risk and minimize loss.

10.1

Occupational Hygiene

Occupational hygiene is the discipline of anticipating, recognizing, evaluating and controlling
health hazards in the work place with the objective of protecting worker health and well-being
and safeguarding the community at all times. The goal of occupational hygiene is to prevent
occupational diseases among employees and minimize environmental health hazards in the
workplace. Occupational hygiene staff are trained to anticipate, recognize, evaluate, and work
to alleviate adverse working conditions that may cause illness or impair the health of workers.
Such conditions may include excessive noise or the presence of dust, vapours, chemicals, and
other potentially hazardous materials common to industrial work settings.
To achieve the highest standard in occupational hygiene, FML will hire professional and
competent personnel to continually assess occupational hygiene standards to ensure the safety
and well-being off all workers at the SMPP. A health, safety, and environment (HSE)
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coordinator will keep contractors and labour groups informed of federal, provincial, and local
health guidelines and requirements. They will prepare hazard communication sheets and
computer programs to ensure that workers understand the dangers of the chemicals and
equipment they use. The occupational hygienist may also coordinate FML staff to clean and
maintain ventilation systems, lighting, thermal conditions, toilet facilities, personal washing,
clothing, change and shower facilities, eating and smoking areas, drinking water, to reduce
and/or eliminate exposure to infectious materials and organisms. All of these areas require
monitoring and must be controlled to correctly operate a safe and healthy working environment.
The HSE coordinator will be responsible to ensure the Saskatchewan Occupational Health and
Safety Act (1993) is followed at SMPP.

11.0

PUBLIC INVOLVEMENT

FML strives to maintain good public relations in their community. There have been several
forums and opportunities for feedback from the public on the proposed project. Direct
notification was provided to the municipal government and local landowners in the immediate
vicinity of the proposed SMPP site. A RM map showing the landowners surrounding the
proposed SMPP site is shown in Figure 11.1. FML published advertisements in community
newspapers and handed out pamphlets (door to door) in Dalmeny and Langham regarding open
houses on 7 and 8 February 2011, respectively. Neighbouring landowners and the general
public were invited to review and provide feedback regarding the proposed project. Public
notice of the EIS will be provided in local papers by MOE and on the internet.
Supporting information from public consultation activities is provided in Appendix S (Volume II).
This information includes copies of advertisements, newspaper articles, and a summary of the
feedback and meeting minutes from the various public forums.

11.1

Public Consultation Activities

FML personnel have worked closely with Enterprise Saskatchewan, Saskatchewan Regional
Economic Development Association (SREDA), and representatives from the towns of Langham
and Dalmeny to keep government agencies and the public informed about the proposed SMPP.
Various meetings and interviews have taken place from April 2009 to the present day with
landowners, residents of Langham and Dalmeny, RM representatives, and various media
outlets to keep people aware of FML‟s plans to develop the proposed project. Meetings at the
homes of seven surrounding landowners occurred in November 2009, to introduce the project
and discuss their concerns. These concerns and feedback became part of FML‟s continuous
improvement for the project. Representatives from the Rural Municipality of Corman Park met
with FML personnel on 24 June 2009 and 10 June 2010 to discuss the SMPP project and any
updates on the project. The meeting provided a chance for the RM to voice their comments,
concerns, and questions to FML, if any. The project was received favourably by the RM.
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In August 2010, FML published a “frequently asked questions” pamphlet which they distributed
to Enterprise Saskatchewan, landowners, and posted on their company website. Several
meetings also occurred in April 2010 with surrounding residents with water well(s) within 4.5 km
of the proposed project. Personnel from FML informed people of the SMPP project and
obtained well usage information and permission to collect samples to obtain baseline water
chemistry. Appointments were offered to well owners to accommodate their personal
schedules.
Once the SMPP is operational, FML plans to distribute a newsletter twice a year to update the
local residents on any changes regarding the facility. They may also hold yearly town meetings
to address any concerns or questions about the facility and to provide updates. FML will have
an open door policy when it comes to dealing with any questions or concerns from the public. A
public relations officer will be designated to answer any questions on a daily basis. Contact
information for this person will be widely distributed. FML may also sponsor local events
(i.e. charity events, ball or hockey tournaments, community fundraisers), although the exact
level of sponsorship cannot be detailed at this time.

11.1.1 Open Houses
Open house public meetings were held on 7 February 2011 (Dalmeny) and 8 February 2011
(Langham) to inform the public about the proposed project and collect feedback. Direct
notification of the public meeting was provided to the RM, nearby municipal governments, and
local land owners. FML also published advertisements in community newspapers regarding the
open house public meeting. All community members were invited to attend.
Posters, a presentation, and handouts were used to present information regarding the project
and company in general. FML and MDH personnel were available to speak with attendees and
answer any questions. Attendees were invited to provide their feedback regarding the SMPP
and to request further information, if interested. Reporters from the local newspapers were
present to ask questions and document the event. Approximately 71 and 115 members of the
public attended the Dalmeny and Langham open houses, respectively.
A questionnaire was provided so that attendees could comment on the planned project and
make requests for additional information. Supporting information from public consultation
activities is provided in Appendix S (Volume II).
This information includes copies of
advertisements, newspaper articles, and a summary of the feedback from the various public
forums. Five questionnaires and a written document were returned and are presented in this
Appendix.

11.2

Public Feedback and Response

The RM of Corman Park heard concerns about the proposed SMPP from nearby residents at a
regular council meeting in April 2011. Concerns about the transportation of chemicals, the
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storage of residue, and impacts to the quality and quantity of water in the Dalmeny aquifer were
raised during this meeting. Several newspaper articles, along with a flyer, have also expressed
the concerns of a group of residents that oppose the proposed project. All newspaper articles, a
flyer, and a letter sent to FML are provided in Appendix S (Volume II). It is FML‟s intention to
proceed with the provincial review process before having additional open house meetings. The
open house meetings conducted in February 2011 addressed each concern above, providing
the public an opportunity to ask questions and understand the planned activities for the
proposed SMPP. Personnel from FML have given various interviews to local media to provide
additional information on how potential impacts will be avoided and/or minimized. FML‟s
Director of Regulatory & Environmental Affairs (Rick Schyer) and President and CEO (Robin
Goad) also attended an on-camera meeting with the RM of Corman Park Council on
6 May 2011. Two presentations were given at this meeting and each concern brought forward
by the public, to FML‟s knowledge, were addressed. It FML‟s intention to attend additional RM
meetings, hold their own meetings, and/or meet one-on-one with concerned residents, once the
EIS has been reviewed and commented upon by provincial regulators.
Overall, the project was received favourably by those in attendance of the open house
meetings. Recent concerns have been documented and are included in Appendix S
(Volume II). Feedback obtained from the meeting questionnaires was all positive, and local
business owners and local town administrators are pleased to see the area prosper. A table of
issues is included in Appendix S (Volume II) that lists all the public comments and questions
received by FML and the section in this EIS where each item is addressed.
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SUMMARY AND CLOSURE

The SMPP consists of the construction of a processing plant, a service building and laboratory
facilities, storage ponds, a process residue facility, a rail spur, water production wells, and waste
water injection wells. This Environmental Impact Statement (EIS) was prepared to summarize
the costs and benefits of the SMPP, including the potential impacts and mitigation measures of
the proposed project. A description of the natural environment of the study area was presented
that included the geology and groundwater setting, surface water, biological resources, and
heritage resources. Based on the work completed as part of this study, no significant long-term
negative environmental impacts are anticipated for the project.
This EIS is submitted in accordance with the requirements of the Saskatchewan Environmental
Assessment Act (1980) for the review and approval of the project.
FML will provide employment and substantial taxation revenues to the Province of
Saskatchewan. The proposed SMPP will provide FML with an opportunity to provide specialty
metals with increasing world usage rates. The facility is part of a mining project that will extract
ore from the NICO mine near Yellowknife, NWT. Construction of the SMPP is therefore
dependent on the commissioning of the NICO mine and is proposed for the 2012, 2013, and
possibly 2014 construction seasons.
This project will create both long-term and short-term economic benefits for the local area as
well as the province of Saskatchewan. In addition to the socioeconomic benefit realized during
the initial construction, the project will provide 85 new full-time positions at the facility and
numerous opportunities for suppliers and maintenance contractors. This will provide several
royalty and tax benefits to the Province of Saskatchewan.

MDH Engineered Solutions Corp.

Association of Professional Engineers and
Geoscientists of Saskatchewan
Certificate of Authorization Number 662

Wade Sumners, M.Sc., P.Ag.

A. Karvonen, M.Sc., P.Eng., P.Geo.
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GLOSSARY OF TERMS

AERMOD – the current United States Environmental Protection Agency short-range regulatory
air dispersion model that was developed by AERMIC.

AERMOD is a next-generation air

dispersion model that incorporates concepts such as planetary boundary layer theory and
advanced methods for handling complex terrain.
Air Emissions – release of contaminants into the air from a source of contaminant.
Ambient Air (Air) – open air not enclosed in a building, structure, machine, chimney, stack or
flue.
Ambient noise – all noises that exist in an area and are not related to a facility. Ambient noise
includes sound from other industrial noise (i.e. agriculture), transportation services, animals, and
nature.
Ambient Sound Level (ASL) – a sound level that is a composite of different airborne sounds
from many sources far away from and near the point of measurement. The ASL does not
include any energy-related industrial component and must be measured without it and under
representative conditions. Representative conditions are those that portray typical conditions
for the area and do not constitute the absolute worst-case conditions.
Anthracite coal deposits – a shiny black, hard, metamorphic coal that contains a low
percentage of volatile matter and burns with a smokeless flame.
Aquifer – an underground layer of water-bearing permeable rock or unconsolidated materials
(gravel, sand, silt, or clay).
Aquitards – a geologic formation that inhibits the flow of groundwater.
Average annual daily traffic – the average twenty-four traffic volume for one year.
A-weighted sound level – the sound level measured on a sound level meter using a setting
that emphasizes the middle frequency components similar to the frequency response of the
human ear. The use of this weighting filter is denoted by dBA.
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Ballast – a material that gives stability (i.e. coarse gravel or crushed rock laid to form a bed for
roads or railroads).
Baseline conditions – data that depicts conditions prior to development or disturbances.
Bedrock – the native consolidated rock underlying glacial deposits.
Borehole – an exploratory drill hole used for the classification and sampling of geological layers
and aquifers.
Borehole annulus – the space between the casing in a borehole and the wall of the hole, or
between concentric strings of casing, or between casing and tubing.
Botanist – a specialist in the branch of biology that deals with plant life.
Brine – water saturated or nearly saturated with salts and other soluble minerals.
Calcareous – containing calcium carbonate; when it applies to the name of a rock, it implies
that as much as 50% of the rock is calcium carbonate.
Cast metal ingot – a mass of metal, such as a bar or block, that is cast in a standard shape for
convenient storage or shipment.
Chernozemic soils – soils with dark surface horizons that are high in organic matter that
generally form under grassland areas.
Chloride – an ion (Cl-1) created when the element chlorine picks up an electron, forming a
negatively charged ion.
Clay – soil particles smaller than 0.002 mm (ISO 14688). These materials also have plasticity
properties.
Composite Liner – a low permeable layer in engineered landfills.
Comprehensive Sound Level (CSL) – the sound level that is a composite of different airborne
sounds from many sources far away from and near the point of measurement. The CSL does
include industrial components and must be measured with them, but it should exclude abnormal
noise events.
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Conservation easement – a voluntary, legally binding agreement that limits certain types of
uses or prevents development from taking place on a piece of property now and in the future,
while protecting the property‟s ecological or open-space values.
Contamination – to make impure or unclean by contact or mixture.
Contour – a mapping tool used to show differences in elevations or concentrations over a
spatial area for a given parameter.
Contoured – to build (i.e. a road, rail line) in conformity with the natural elevations of the land.
Copper Cathode – an electrode through which electric current flows out of a polarized electrical
device which is made of copper.
Cretaceous – time period from 145.5 million years ago (mya) to 65.5 mya.
Cyanidation – a method of extracting metals, chiefly gold and silver, from ores and
concentrates by dissolving them selectively in solutions of alkali-metal cyanides.
Daytime – defined as the hours between 07:00 and 22:00.
dB (decibel) – a unit of measure of sound pressure that compresses a large range of numbers
into a more meaningful scale. The decibel is a linear weighting and can be used when referring
to differences in weightings.
dBA – the decibel (dB) sound pressure level filtered through the A filtering network to
approximate human hearing response at low intensities.
Deep well injection – a process used to environmentally dispose of brine from mining
processes. Brine is pumped underground so that the earth can remediate it for future use.
DEM – Digital Elevation Model.

Digital files that contain terrain elevations typically at a

consistent interval across a standard region of the Earth‟s surface.
Density per quarter section – refers to a quarter section of land with the affected dwelling at
the centre. For quarter sections with various land uses or with mixed densities, the density
chosen is factored for the area under consideration.
Dispersion – to separate and move apart in different directions without order or regularity.
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Dispersion Model – a group of related mathematical algorithms used to estimate (model) the
dispersion of contaminants in the atmosphere due to transport by average wind attributes and
small scale turbulence.
Drift – a general term for all rock material transported by glaciers and deposited directly from
the ice or through the agency of melt water.
Dwelling unit – any permanently or seasonally occupied residence with the exception of an
employee or worker residence, dormitory, or construction camp located within an industrial plant
boundary.
Dyke – a man made earthen wall used for the containment of surface material in a specified
area.
Electrodialysis – uses electricity with filter membranes to remove impurities from water.
Electrowinning – the electrochemical recovery of metals from their dissolved state. It involves
the application of electrical current between two electrodes immersed in a metal-bearing
solution (known as electrolyte). Under the correct conditions, the dissolved metal will plate on to
the negative electrode (cathode).
Equivalency Factor – a factor that relates various axle load combinations to the standard
single axle load (e.g. 18,000 lbs).

In highway studies, equivalency factor determination is

dependent upon the pavement type and the pavement structure.
Evapotranspiration – the process of transferring moisture from the earth to the atmosphere by
evaporation of water and transpiration from plants.
FEFLOW – a computer program for simulating groundwater flow, mass transfer, and heat
transfer in porous media. The program uses finite element analysis to solve the groundwater
flow equation of both saturated and unsaturated conditions as well as mass and heat transport,
including fluid density effects and chemical kinetics for multi-component reaction systems.
Filter Cake – formed by the substances that are retained on a filter. Filter cake grows in the
course of filtration, becomes "thicker" as particulate matter is being retained.
Freeboard – the vertical distance from the water level to the top of a dyke/berm.
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Fusible Alloys – a metal alloy capable of being easily fused (melted together) at relatively low
temperatures.
Geocomposite Material – consists of a combination of geotextiles, geogrids, geonets and/or
geomembranes in a factory fabricated unit.
Geology – The study of the planet earth; the materials of which it is made, the processes that
act on these materials, the products formed.

Also, a concentration of mineral matter or

sediment in a layer, vein, or pocket.
Geomembrane Liner – a kind of geosynthetic material. They are impermeable membranes
used widely as cut-offs and liners.
Glacial till – deposits of boulders, sand, silt and clay from the stagnation of glaciers.
Glaciofluvial – pertaining to meltwater streams flowing from glaciers or to the deposits made by
such streams.
Glaciolacustrine – pertaining to, derived from, or deposited in glacial lakes.
Gold Doré – gold metal that is often formed into a rectangular shape (a bar).
Gravel - any loose rock that is larger than 2 millimeters and no more than 63 millimeters.
Grouting – the injection of cement slurry into fissured, jointed or permeable rocks to reduce
their permeability or increase their strength; the infilling of a space with low permeability
material.
Head – the elevation to which water rises at a given point as a result of reservoir pressure.
Horizons – an interface that indicates a particular position in a stratigraphic sequence.
Hybridize – to breed or cause the production of crosses between populations, breeds or
cultivars within a single species.
Hydraulic conductivity – ease with which water can move through pore spaces or fractures in
a medium.
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Hydrogeology – the study of the distribution and movement of groundwater in the soil and
rocks of the Earth's crust, commonly in aquifers.
Hydrometallurgical – the treatment of metal or the separation of metal from ores, ore
concentrates, and recycled or residual materials by liquid processes, such as leaching,
extraction, and precipitation
Hydrophobic – repelling, tending not to combine with, or incapable of dissolving in water.
Infiltration – the seepage of water into soil or rock.
In-situ – within a structure/feature (e.g. within the ground).
Interbedded – said of beds lying between or alternating with others of different character.
Jarosite – a basic hydrous sulphate of potassium and iron with a chemical formula of
KFe3+3(OH)6(SO4)2. This sulphate mineral is formed in ore deposits by the oxidation of iron
sulphides.
Limestone – sedimentary rock primarily composed of the mineral calcite.
Lithology – the description of rocks on the basis of such characteristics as color, mineralogical
composition, and grain size.
Loam – soil composed of a mixture of sand, clay, silt, and organic matter.
masl – meters above sea level.
Metallurgy – the science that deals with procedures used in extracting metals from their ores,
purifying and alloying metals, and creating useful objects from metals
Meteorology – the science that deals with the phenomena of the atmosphere especially
weather and weather conditions. In the area of air dispersion modelling, meteorology is used to
refer to climate data needed to run an air dispersion model including wind speed, wind direction,
stability class, and ambient temperature.
Mitigation – to reduce or moderate the severity of an environmental impact.
MOE or Ministry – the Saskatchewan Ministry of the Environment.
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Moisture content – the amount of moisture in a given material, expressed as total weight
divided by oven-dried weight, multiplied by 100 to give a percentage.
Nickel Precipitate – the formation of a solid (nickel) in a solution or inside another solid during
a chemical reaction or by diffusion in a solid. When the reaction occurs in a liquid, the solid
formed is called the precipitate.
Nighttime – the hours between 22:00 and 07:00.
Noise – generally associated with the unwanted portion of sound.
Noise impact assessment (NIA) – an NIA identifies the expected sound level from a facility
measured 15 m from the nearest or most impacted permanently or seasonally occupied
dwelling. It also identifies the permissible sound level.
Occupational Hygiene – the art and science dedicated to the anticipation, recognition,
evaluation, communication, and control of environmental stressors in, or arising from, the work
place that may result in injury, illness, impairment, or affect the well being of workers and
members of the community.
Ore – the material mined and removed from the ground for cleaning and purification.
Organic – pertaining or relating to a compound containing carbon, especially as an essential
component; organic compounds usually have hydrogen bounded to the carbon atom.
Oxidized – the portion of soil that has been previously exposed to air; reacted with oxygen.
Permeability – the capacity of a porous rock, sediment, or soil for transmitting a fluid; it is a
measure of the relative ease of fluid flow under unequal pressure.
Permissible Sound Level (PSL) – the maximum sound level that a facility must not exceed at
a point 15 m from the most impacted dwelling unit.
Piezometer – a small diameter water well used to measure the hydraulic head of groundwater
in aquifers. Also allows access for sample collection and monitoring of contaminant transport
through aquifers.
Plant taxonomy – the science or technique of plant classification.
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PM2.5 – particulate matter less than 2.5 micrometers (µm) in diameter.
POI – Point of Impingement, a location beyond the property boundary, with maximum predicted
ground level concentrations for a given air emission.
Potable – water that is safe and palatable for human consumption.
Proponent – a person who puts forward a proposition or proposal.
Pumping test – a test to determine hydrologic properties of an aquifer, involving the withdrawal
of measured quantities of water from, or additional of water to, a well and the measurement of
resulting changes in head in the aquifer both during and after the period of discharge or
addition.
Rail Spur – a railroad track on which railcars are left for loading and unloading. Spurs can also
used for railcar storage.
Reagent – a substance or compound that is added to a system to bring about a chemical
reaction or is added to see if a reaction occurs.
Reclamation – the process of converting disturbed land to its original contour, use, or condition.
Resistivity (referring to soil property) – a measurement of how well a soil passes electric
current. Soil passes electric current in varying levels; the higher the resistivity of a given soil,
the less electric current passes through. Resistivity of soil varies with moisture and
temperature, and the resistivity of a given soil varies throughout the year.
Response testing (Hydraulic) – a method of determining in-situ hydraulic conductivities of
geologic layers, typically in aquifers.
Reverse Osmosis – a process by which a solvent such as water is purified of solutes by being
forced through a semi-permeable membrane through which the solvent, but not the solutes,
may pass.
Saline – of, relating to, or containing salt.
Sand – soil particles larger than silts, with diameters greater than 0.063 mm and less than 2 mm
in diameter.
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Scorodite – an environmentally stable form of arsenic mineral that also reports to the solid
phase. Its chemical formula is FeAsO4·2H2O.
Shale – a fine-grained sedimentary rock whose original constituents were clay minerals or
muds.

Characterized by its thin laminate breaking with an irregular curving fracture, often

splintery and usually parallel to the often-indistinguishable bedding plane.
Silt – soil particles larger than clay but smaller than sand particles. Defined by ISO 14688 as
particles between 0.002 and 0.063 mm in diameter.
Slurry – suspension of solids (i.e. tailings) in a liquid medium (i.e. brine) for the purpose of
transport.
Sodium chloride – common table salt, (NaCl).
Sound level meter – an instrument designed and calibrated to respond to sound and to give
objective, reproducible measurements of sound pressure level.
Standpipe piezometers – a piezometer with a tip that has a slotted PVC screen protected by a
filter material.
Stratigraphic – a field of geology that studies rock and soil layers and layering. The newest
deposits are on the top of older ones.
Surficial Stratified Deposits – on or near surface layered deposits.
Till – unstratified drift, deposited directly by a glacier without reworking by meltwater and
consisting of a mixture of clay, silt, sand, gravel, and boulders ranging widely in size and shape.
Transpiration – a process where water contained in plants is converted to vapour and released
to the atmosphere.
Tributaries – any stream that contributes water to another stream.
Unoxidized – no contact with oxygen (i.e. not oxidized).
Unstratified – not formed or deposited in layers.
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Well Array – An arrangement or configuration of wells (hole in the ground used to extract/inject
material).
Wind Direction – the direction from which a wind originates. It is usually reported in cardinal
directions or in azimuth degrees.
Wind rose – a diagram showing the frequency and intensity of wind from different directions.
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COMMITMENTS REGISTER

Reference
number

Project phase
Prior to
Approval

Design

Preconstruction

Construction

Operations

Commitment
type

Description

Source reference

Responsibility

Action required
by

Action
date/project
milestone*

1

x

Construction

Construct the SMPP

EIS

FML

Pending
Environmental
Approvals

late 2011 - 2013

2

x

Construction

Consult with landowners regarding
construction activities and periods
of noise and heavy traffic in area

EIS

FML

Pending
Environmental
Approvals

Ongoing during
construction phase

3

x

Construction

All contractor staff will receive a
site safety orientation

Site Policy

FML/Contractor

Fortune Minerals
Limited Initiatives

Ongoing during
construction phase

4

x

x

x

x

x

Monitoring

Annual monitoring of groundwater
quality and licensed wells
surrounding the project

Operating permit

FML

Annual Operating
Permit

Ongoing during
operation and
decommissioning

5

x

x

x

x

x

Monitoring

Annual environmental monitoring
including surface water and
groundwater

Operating permit

FML

Annual Operating
Permit

Ongoing during
operation and
decommissioning

6

x

x

x

x

x

Monitoring

Annual visual dyke inspections of
all existing dykes

Operating permit

FML

Annual Operating
Permit

Ongoing during
operation and
decommissioning

x

Monitoring

Monitoring of containment system
performance

Operating permit

FML

Annual Operating
Permit

Ongoing during
operation and
decommissioning

Monitoring

Proper well and borehole
decommissioning to limit future
environmental impact

EIS

FML

Pending
Environmental
Approvals

Ongoing during
construction phase

x

Management

Maintain an Environmental
Monitoring Quality Assurance
Program for field and laboratory
procedures

Operating permit

FML

Annual Operating
Permit

Ongoing during
operation and
decommissioning

x

Monitoring

EIS

FML

Annual Operating
Permit

Ongoing during
operation

Ongoing during
operation

7

8

x

9

10

x

x

x

11

12

13

x

x

x

x

Continued monitoring and
management of PRSF

x

Management

Compensation to mitigate wetland
loss

EIS

FML

Pending
Environmental
Approvals

x

Management

Develop Decommissioning and
Reclamation Plan

EIS

FML

Pending
Environmental
Approvals

Prior to project
commission

x

Management

Update any Emergency Response
Plans, as required

EIS

FML

Annual Operating
Permit

Ongoing during
operation

Actual
close out

Comments

An appropriate
replacement ratio will
be negotiated
between FML and the
regulators
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Project phase
Reference
number

16

Prior to
Approval

Design

Preconstruction

x

22

x

x

x

x

x

Responsibility

Action required
by

Action
date/project
milestone*

Complete design and trade-off
study for the transportation and
placement of process residue

EIS

FML

Fortune Minerals
Limited Initiatives

Prior to project
commissioning

Management

Prevent the accidental loss of
resources, including people and
physical assets

Site Policy

FML

Fortune Minerals
Limited Initiatives

Ongoing during
operation

Management

Provide additional groundwater
production modelling to simulate
drought conditions

EIS

FML

EIS

Prior to project
commissioning

EIS

FML

Pending
Environmental
Approvals

Prior to project
commissioning

EIS

FML

Pending
Environmental
Approvals

Prior to project
commissioning

EIS

FML

Pending
Environmental
Approvals

Prior to project
commissioning

FML

EIS/Fortune
Minerals Limited
Initiatives

Prior to construction
approval and
ongoing during
operations and
decommissioning

Management

x

x

Source reference

Research

Management

21

Description

Operations

x

19

20

Construction

x

17

18

Commitment
type

x

Hold meetings with First Nations
groups during the Environmental
Assessment Branch review
process
Determine the storage capacities
of on-site sewage, non-hazardous
garbage, and common recyclable
material

Management

Provide a finalized chemical
composition of ore concentrates (in
mg/L)

Management

Provide a finalized Emergency
Response Plan (ERP) and update
plan when necessary

EIS

Actual
close out

Comments

*Dates are approximate and subject to change depending on market conditions and technological advances
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