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From: Monique Haakensen, Contango Strategies Ltd
Date: December 2015
Project: Casino
Subject: Review and Updates to the Conceptual Wetland Water Treatment Design for the
Casino Project
Document #: 005_1215_02B

1. Purpose
Contango Strategies Ltd (Contango) is providing this technical memorandum which
reviews the conceptual wetland design provided in the document “Technical Memo:
Wetland Water Treatment for the Casino Project (Clear Coast, 2013)”, and
describes subsequent analysis undertaken to refine the conceptual sizing for the
constructed wetland treatment systems (CWTS, also referred to as treatment
wetlands). This is part of a phased approach being taken for the development of
closure water treatment options for the Casino Project (Appendix A). Future work
is outlined to develop and implement the CWTS such that they will perform in a
robust, predictable, and sustainable manner and will consistently achieve
downstream water quality objectives. Additionally, an overview of the mine closure
plan, with contingencies available to the Proponent to mitigate sources of
contaminated water, or to improve water quality, are also discussed.
2. CWTS Design Selection
Benefits of CWTSs can include a decrease of total suspended solids (TSS),
treatment of total and dissolved metals, and neutralization of acidic waters. CWTSs
can be designed for seasonal or year-round water treatment, requiring varying
degrees of maintenance ranging from passive care to semi-active management.
CWTS can also be built into a treatment train with other passive, semi-passive, or
active technologies to achieve objectives and/or lower overall operational water
treatment costs. These options must take into account the water chemistry and
flows, but also the overall site objectives and goals for water treatment and
therefore, the CWTS.
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The ITRC (Interstate Technology and Regulatory Council) design tree for mining
impacted waters was used to aid in the selection of a CWTS as a preferred
treatment technology for the Casino Mine (ITRC, 2003). There are numerous
layouts and configurations that can be implemented for treatment wetlands, with
varied hydrology, performance parameters, and operation and maintenance
requirements.
For the modelling and sizing exercise described and discussed in this technical
memorandum, the most passive design possible was considered for the Casino
Mine. This design was chosen as the goal of final mine site closure is to ensure
long-term physical and geochemical stability and to minimize reliance on long-term
active treatment. To meet the requirements for water treatment with minimal
intervention, the selected passive treatment wetland design is one where there is
no operational management necessary, and only minimal periodic maintenance is
required, which could be performed by manpower (i.e., without machinery). Based
on these guiding objectives, the selected configuration at the Casino Mine is a
horizontal surface flow treatment wetland (Figure 1). It is acknowledged that there
are, other designs (e.g., subsurface flow, vertical flow) that could potentially
achieve treatment in a smaller footprint, but these would be associated with greater
operations and maintenance requirements. As such, these have been reserved as
possible contingency measures and are presented in Appendix B.

Figure 1. Conceptual diagram of horizontal surface flow wetland
Dotted arrows show flow path through wetland and into substrate and root zone. Vegetation in this
example includes both emergent macrophytes (e.g., Carex aquatilis, aquatic sedge), and bryophytes
(aquatic mosses), which have been found at the Casino site.
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3. Methodology for Conceptual Sizing and Water Quality Prediction
3.1.
Project Design
The Casino Project is a proposed Open Pit copper-gold-molybdenum mine in Yukon
Territory. The Project includes an open pit mine, heap leach facility for gold ore
extraction, process mill for copper and molybdenum concentrates, and tailings and
waste rock management facility. Following the cessation of milling and mining
activities, the tailings and waste rock will be stored subaqueously in the tailings
management facility (TMF) which eventually will discharge from the south end to
the receiving environment. Also, the open pit will fill with groundwater and
precipitation, and will also overflow into the north end of the TMF. Water quality
models predict that water from the TMF pond and the open pit may be elevated in
metals (e.g., copper), metalloids (e.g., selenium), and sulphate, compared to the
receiving environment, and as such, require treatment prior to discharge. The
contaminants are predicted to be present at relatively low concentrations (i.e., in
terms of excess over CCME and also treatability potential in a CWTS) and circumneutral pH, but at relatively high flows in consideration of the receiving stream (i.e.,
>100 L/s). These conditions favour the use of passive treatment technologies such
as CWTSs. Initial design of the CWTS was provided in a Technical Memo: Wetland
Water Treatment for the Casino Project (Clear Coast, 2013).
To evaluate the robustness of the initial CWTS design, and provide planning for
future testwork, Contango has conducted an assessment of the sizing and water
quality under the following Project considerations, which have been varied from the
original assessment provided in the 2013 technical memo (Clear Coast, 2013) as
outlined in Table 1.
Data used for conceptual sizing was derived from the Water Quality Model used in
the Casino Project Proposal for Executive Committee Review pursuant to the Yukon
Environmental and Socio-Economic Assessment Act Appendix A.7B (Casino Mining
Corp, 2014) and included the following water quality assumptions:
• North TMF Wetland: Data included both the median (P50) model output from
52 realizations of the model, and results from a single realization (R1) which
presents greater variability.
• TMF Pond entering the South TMF Wetland: Includes water quality
predictions for the R1 scenario outflow from a 12 hectares North TMF
Wetland, provided by Contango Strategies. The TMF pond is also modelled
for flows as a median (P50) model output from 52 realizations, and as a
single realization (R1) which presents greater variability.
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Table 1 - Comparison of Original Design and Updated Assessment Criteria

Original Design (Clear Coast, 2013)
Regulated flow from the Open Pit to the North TMF
wetland
Bioreactor treatment of draindown from the heap
leach facility
Treatment wetlands at North and South TMF
TMF pond water quality included W43 adit
discharge, inaccurately contributing excess
cadmium to TMF pond in the post-closure period
Controlled discharge of the South TMF wetland
through the spillway, in relation to discharge from
the water management pond
Assumed no freezing of Open Pit, TMF, or
treatment wetland water in winter

Updated Assessment Criteria
Unregulated/uncontrolled flows at all
points
Heap leach facility (HLF) has no
treatment during draindown while
reporting to Open Pit
No change
TMF pond water quality has updated
background runoff concentrations (i.e.,
from Brynelson Creek)
South TMF wetland outflow modelled
assuming no flow control
No change

3.2.
Site Investigation
Following years of site-specific data analysis and information gathering using
baseline studies and water quality modelling, a CWTS site feasibility assessment
was conducted by Contango at the Casino site on August 11-13, 2015 to fill in
remaining information gaps. The objectives were to determine feasibility of CWTS
implementation, identify potential borrow sites for plants and hydrosoil substrate,
evaluate natural remediation processes occurring on site, and collect plants for
future pilot-scale CWTS testing.
The results from the site assessment are reported in Document #005_1215_01B
(Contango, 2015) and briefly summarized here:
• The predicted closure water quality for the Casino Mine is amenable to water
treatment by CWTSs.
• Wetland treatment capacity could be improved beyond what is naturally
observed at the site by using soils with better hydrology and microbial
habitat properties.
• Four types of wetland plants were identified as potential candidates for
CWTS, including Carex aquatilis (aquatic sedge), Carex utriculata (beaked
sedge), Calamagrostis canadensis (bluejoint reedgrass), and aquatic
bryophytes (mosses).
• Natural and passive beneficial processes were identified at the Casino site.
These include microbially catalyzed sulphide production associated with soils,
plant roots, and mosses, which can remove metals from water as sulphide
minerals.
Additionally, uranium-, selenium-, and molybdenum-reducing
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•

•
•

microorganisms were found to be abundant in numerous samples from the
site. Beneficial microbes were found to be capable of living in more than 14.7
mg/L dissolved copper.
Mosses were found to host a broad range of beneficial microorganisms and
have high sorption/uptake, and are recommended for co-planting in the
CWTS along with emergent macrophytes (i.e., Carex).
Results from pilot-scale CWTSs will be required to further refine
recommended sizing and outflow predictions.
The beneficial microorganisms and plants were natural to the Casino site,
and therefore capable of withstanding the climatic and chemical fluctuations
experienced in the watersheds of the area.

3.3.
Assumptions
The following assumptions were incorporated into the CWTS modelling:
•

The water is near neutral pH and net alkaline.

•

The water balance model assumed no freezing in winter, which in Northern
environments is an exceptionally conservative estimate given the location
and climate of the Casino Mine. Therefore, the models may predict higher
concentrations of constituents of concern in the downstream receiving
environment than is likely to occur under freezing conditions.

•

Sizing of CWTSs are typically driven by parameters that are elevated
compared to water quality objectives, and also by accessory compounds that
are either required for, or interfere with, treatment. For the Casino CWTSs,
aluminum, cadmium, copper, fluoride, selenium, sulphate, uranium, and zinc
were elevated in the model predictions. Other than fluoride, these
constituents can be targeted for treatment through a CWTS. Sulphate is
addressed in Section 5. Based on predicted concentrations and rates of
removal, aluminum and zinc are not expected to be factors for sizing and are
easily treated by a CWTS, and hence cadmium, copper, selenium, and
uranium were used in the CWTS model to develop conceptual sizing. Copper
was selected because it is a key constituent of concern at the Casino Mine,
while cadmium, selenium, and uranium were selected as they tend to either
have low rate coefficients, or low targeted levels, both of which result in a
larger wetland size requirement for treatment. Because the removal of most
elements in a treatment wetland abides by a first order rate kinetic, lower
target concentrations require exponentially larger sizing.

005_1215_02B
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•

Rate kinetics were used for water of approximately +4 to +10°C, which is
similar to water temperatures recorded at the site during the CWTS feasibility
assessment.

•

The treatment wetland is conceptually designed to incorporate features that
make it less prone to temperature fluctuations. These include beneficial
cold-loving (psychrophilic) bacteria that have been found to associate with
the roots of wetland plants at the Casino site, and also the incorporation of
aquatic bryophytes (mosses) into the planted area such that there will be an
annual balance between sorption (cold months) and remineralization and
sedimentation of the sorbed elements via microbial sulphate reduction in
warmer months.

•

Because naturally psychrophilic (cold loving), copper-tolerant, and sulphideproducing bacteria have been confirmed to exist at the Casino site
(Contango, 2015), lower temperatures are not expected to result in a
decreased performance rate. Moreover, owing to the stoichiometry of the
predicted water chemistry, sulphides are expected to be produced in orders
of magnitude excesses through warmer temperature months, such that
sulphide production is not rate limiting during colder months.

3.4.
Removal Rate Coefficients and Calculations
An important factor for wetland design is the rate of treatment, also known as the
treatment rate coefficient (k). The treatment rate coefficient is based on the
treatability of a specific compound and the hydraulic retention time of the system,
both of which are site-specific based on water chemistry, wetland designs, and
characteristics of the system. A treatment rate coefficient (k) was applied for Cd,
Cu, Se, and U, in order to develop a conceptual size for the Casino Project CWTSs
and determine which elements and load sources were key for treatment (Table 2).
Based on experience from other treatment wetlands in the Yukon, the treatment
rate coefficient (k) applied for Se follows a zero-order reaction kinetic, while the
rate coefficients for Cu, U, and Cd follows first-order kinetics. The treatment rate
coefficients for Cu and Se were derived from pilot-scale systems vegetated with
Carex aquatilis that were tested for another site in the Yukon for treatment of these
elements. Meanwhile, the coefficients for Cd and U were from pilot-scale testing
that has been conducted for a mine in the Northwest Territories. The water
chemistry in both cases is similar to that predicted for the Casino mine, as they are
also low in iron, which depresses treatment rates.

005_1215_02B
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In Equations 1-4, Cf is final concentration, Ci is initial concentration, V is volume of
water in the system, and Q is flow rate. Using the removal rate coefficients (k) in
Table 2 and Equations 1-4, parameters can be rearranged to solve for those of
interest, such as the volume needed, that in turn determines the area of wetland
required which is dependent upon the design. In order to determine the area
required, a conceptual water depth of 80 cm was used, which is calculated from the
assumptions of a horizontal surface flow wetland with 30 cm of free water at the
surface and 1.5 meters of substrate with an expected 33% pore space filled with
the water.
The treatment rate coefficients applied here are intended to be a conservative
estimate for conceptual sizing purposes, and will need to be refined through pilotscale (off site), and demonstration-scale (on site) testing, as removal rate
coefficients are highly site-specific and must be developed in a site-specific manner,
for each element of interest. While they may sometimes be applied in a conceptual
manner to other situations/sites (as was done here), caution should be taken in
applying a removal rate coefficient developed for one design and water chemistry to
a very different chemistry or design basis. It is also often the case that k must be
calculated and applied for different ranges of certain constituents, which can be
further refined with pilot-scale and demonstration-scale testing.
Table 2 – Elements considered in treatment wetland models, with respective CCME
guidelines and treatment rate coefficient (k) values

Element
Cd
Cu
Se
U

CCME guideline (mg/L)
0.00037
0.004
0.001
0.015

1

k

2

0.008
0.0488
0.0001
0.008

1

CCME guidelines are based on predicted hardness of 357 mg/L for the North TMF wetland and 493
mg/L hardness for the South TMF Wetland, and long-term concentration guidelines for the protection
of aquatic life
2
All treatment rate coefficients are for first-order reaction kinetics except for selenium which is a
zero-order reaction rate kinetic.

Equation 1. Equation for calculation of first-order removal rate coefficient.
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Equation 2. Equation for calculation of first-order removal rate coefficient, rearranged to
solve for volume of water in the system.

Equation 3. Equation for calculation of zero-order removal rate coefficient.

Equation 4. Equation for calculation of zero-order removal rate coefficient, rearranged to
solve for volume of water in the system.

3.5.
Sensitivity Analysis
While flow regulation was included in the original Project Design, the post-closure
objectives include minimizing on-site activities, which may include maintenance of
those flow regulation systems. Therefore, the treatment wetlands were evaluated to
determine the impact of no flow regulation. The original wetland sizes proposed
(Clear Coast, 2013) were assessed to determine if they would be capable of
treating the water with variable (i.e., natural instead of controlled) flows.
Sensitivity analysis was conducted by testing the P50 and R1 water quality and
flows in a model for each of the four elements on a month to month basis. The
wetland sizes originally proposed resulted in an improvement of water quality;
however, especially in periods of high flow, the decrease in concentrations of
constituents of concern is less than would be desired. As such, a second round of
sensitivity analysis was conducted for both the North and South TMF treatment
wetlands to determine what size would be able to meet a specified outflow
concentration without flow regulation.
The original sizing and outflow predictions for each treatment wetland at Casino
proposed outflow concentrations meeting CCME guidelines (Clear Coast, 2013). As
such, Contango compared outflow concentrations of the treatment wetlands to
CCME guidelines for reference purposes. However, the treatment wetlands are not
necessarily required to meet CCME at the outflow. Rather, an appropriate outflow
concentration will need to be determined once site-specific water quality guidelines
are developed for the receiving environment downstream of the treatment wetlands
outflow (e.g., the W4 or W5 monitoring points). Once the downstream water
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quality objectives are set, outflow objectives can be set for the South TMF. At that
time, the treatment wetlands sizing, placement, and design can be revisited to
ensure appropriate outflow concentrations are being achieved according to seasonal
receiving capacity of Dip Creek and/or Casino Creek, to meet compliance at the
monitoring point. Although a treatment wetland can be designed to ensure a
maximum outflow concentration is not exceeded, the actual outflow concentrations
will vary according to inflow volumes and chemistries. Therefore, an additional
sensitivity analysis on the receiving environment should be performed to assess
assimilative capacity and identify critical times where the lowest outflow
concentrations are needed from the treatment wetlands.
3.6.
Treatment Wetland Sizing
First, the North TMF treatment wetland was assessed, to determine plausible
outflow concentrations reporting to the TMF with different wetland sizes and no flow
control of the water from the open pit. Once the North TMF was sized, then the TMF
water quality was re-calculated with this new inflow water quality from the North
TMF wetland flowing naturally to the TMF.
Subsequently, the same exercise was conducted for the South TMF wetland, to first
assess the size that would be needed to meet CCME concentrations at outflow
without flow regulation, and secondly to determine a realistic conceptual size that
could be constructed.
The results of this modeling are provided below.
4. Results
Conceptual sizing based on the calculations and sensitivity analysis is provided in
Table 2 and Table 3. The sizes in Table 2 are the treatment area needed in
hectares, and does not include berms and access points, for which 10-25% should
be added to the treatment size. The wetland size for the North TMF (12 ha) was
selected to decrease metal loads to the TMF in order to lessen the reliance on the
South TMF treatment wetland (Table 4). The South TMF wetland size of 12
hectares was selected such that the outflow concentrations would be at or below
CCME guidelines in all average and median cases (Table 5). The sensitivity analysis
found that the treatment is more greatly affected by moderate concentrations at
high flow volumes, than by elevated concentrations with low flow volumes.
Uranium drives the wetland sizing for the South TMF wetland (Table 3), and this will
be examined further to identify loading sources to the TMF for further mitigation
and treatment.
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Table 2. Conceptual sizes (in hectares) for North TMF treatment wetland with no flow
regulation to meet CCME guidelines in the discharge (as per Table 1).
Cadmium

Size

Copper

Selenium

Uranium

P50

R1

P50

R1

P50

R1

P50

R1

Maximum

33

60

17

32

7

11

19

33

Average

7.0

8.5

3.6

4.5

1.3

1.5

4.0

4.8

Median

2.6

2.7

1.3

1.4

0.6

0.5

1.5

1.5

Conceptual Size Selected

12

Table 3. Conceptual sizes (in hectares) for South TMF treatment wetland with no flow
regulation to meet CCME guidelines in the discharge (as per Table 1).
Cadmium

Size

Copper

Selenium

Uranium

P50

R1

P50

R1

P50

R1

P50

R1

6

19

13

47

7

25

25

95

Average

0.7

1.0

4.1

6.2

1.5

2.4

7.8

11.7

Median

0.4

0.3

3.0

3.0

1.0

1.1

5.6

5.6

Maximum

Conceptual Size Selected

12

Table 4. Conceptual outflow concentrations for 12 hectare North TMF treatment wetland
with no flow regulation.
Size: 12 ha

Cadmium

Copper

Selenium

Uranium

P50

R1

P50

R1

P50

R1

P50

R1

Maximum

0.001526

0.00207

0.03317

0.30443

≤0.001

≤0.001

0.0237

0.0321

Average

≤0.00037

≤0.00037

≤0.004

0.00506

≤0.001

≤0.001

≤0.015

≤0.015

Median

≤0.00037

≤0.00037

≤0.004

≤0.004

≤0.001

≤0.001

≤0.015

≤0.015

Table 5. Conceptual Outflow concentrations for 12 hectare South TMF treatment wetland
with no flow regulation.
Size: 12 ha

Cadmium

Copper

Selenium

Uranium

P50

R1

P50

R1

P50

R1

P50

R1

Maximum

≤0.00037

0.000418

0.00533

0.04905

≤0.001

0.00376

0.02703

0.03973

Average

≤0.00037

≤0.00037

≤0.004

≤0.004

≤0.001

≤0.001

≤0.015

≤0.015

Median

≤0.00037

≤0.00037

≤0.004

≤0.004

≤0.001

≤0.001

≤0.015

≤0.015

5. Sulphate
Sulphate was not included in the modelling for CWTS sizing. In general terms,
sulphide (reduced form of sulphate) is necessary for metals treatment, but in turn,
metals (cations) are required to remove sulphide from solution.
Based on
stoichiometry, the ratio of sulphide mineral forming metals and metalloids in the
water (e.g., Fe, Cu, Cd, etc) to sulphide suggests that there is a molar ratio of
several orders of magnitude excess sulphate compared to cationic metals. The
predicted closure water chemistry at the Casino Mine therefore suggests that
removal of metals and metalloids from the water should be consistently
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accomplished with little impacts of seasonal variation; however, it also implies that
only very minimal sulphate treatment will be achieved passively for these waters
(e.g., decreases of <10mg/L in most cases).
That is to say, the reason that sulphate concentrations are not expected to
decrease greatly in the treatment wetlands is because there are low concentrations
of metals to be treated in general. While this is not ideal for sulphate treatment,
this does mean that there are sufficient concentrations of sulphate in the water to
safeguard against fluctuations of influent metal concentrations.
It should be thoroughly evaluated what the downstream water quality objectives
will be for sulphate, as well as whether or not sulphate treatment will be required in
order to meet those objectives.
If deemed necessary, sulphate treatment can be achieved by semi-passive methods
which are being evaluated as contingency options. For example, the system could
remain operationally passive with only an increase of periodic maintenance
requirements by incorporating iron bearing rock into treatment wetland substrates
or conveyance channels to balance cationic requirements for sulphate removal.
These would periodically require replenishment. If necessary, semi-passive
approaches that require a greater degree of management could be considered,
including bioreactors, or metering liquid organic carbon sources into the treatment
wetlands to provide additional electron sources equivalent to the magnitude of
sulphate reduction that is required.
6. Contingencies
Treatment performance of the wetlands will be further refined through site-specific
pilot-scale and demonstration-scale testing and optimization (Appendix A). In
addition, alternatives and contingencies continue to be explored as alternative or
additional options to further improve water quality, and minimize potential risk
during closure of the Casino Mine. This will be an ongoing exercise throughout
planning and the active mine life. This is expected to be achieved not only through
the direct improvement of the treatment wetland performance (through pilot- and
demonstration-scale testing and optimization), but also through integration of other
potential treatment areas and mechanisms. A list of contingencies to be considered
is provided in Appendix B, which is a living document intended to remain
evergreen.
One such contingency is the implementation of CWTSs at additional sources of high
metal water at the mine site, most notably the area downstream of the TMF
embankment, where seepage under the embankment is collected.
With the
treatment wetland in place at the South TMF, the seepage discharge has the
005_1215_02B
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highest loading of constituents of concern to Casino Creek. This is currently
mitigated through a seepage collection and discharge system (i.e., the Water
Management Pond (WMP) that collects seepage in the winter, and discharges it in
spring and summer. To provide additional protection of the receiving environment,
it may be prudent to install a secondary treatment wetland in the area of seepage
discharge, to further reduce the load being discharged to Casino Creek and to
minimize flow control. Therefore, the seepage collection area is under consideration
for an additional treatment wetland, should it prove to be feasible for construction
and water management.
Alternatively, other semi-passive water treatment
technologies (e.g., bioreactors) may be considered in the WMP area.
Whichever contingencies are explored, this must be done in the context of both the
site water management plan, and predicted effects on the downstream receiving
environment. Before further modelling is performed to optimize the conceptual
treatment wetland design and layouts, a receiving water quality objective (e.g., W4
or W5) should be set for constituents of concern. Looking again at Equations 1-4,
they can be rearranged to solve for a desired Cf (outflow concentration).
Therefore, if a targeted concentration objective is set, the treatment wetlands (or
alternative contingency technologies if necessary) can then be designed to achieve
that downstream water quality objective.
Examples of contingencies being considered include:
§ Incorporate treatment wetland at the WMP area. Design the South TMF
treatment wetland and WMP treatment wetland to jointly meet downstream
water quality objectives.
§ In pit treatment during/through early closure, prior to release from pit.
§ Addition of HLF wetland to decrease loads or interfering compounds (nitrate)
to the South TMF wetland.
§ Enhancing wetland treatment by dosing of electrons (e.g., ethanol, methanol,
straw, wood chips).
§ Incorporation of materials with iron in conveyance channels and wetland
construction materials to promote sulphate treatment.
§ Strategic co-management of water sources.
§ Incorporation of spillways/conveyance channels to promote glaciation in
winter months.
7. Recommendations and Next Phases of Work
The conceptual sizes recommended at this time are 12 hectares of treatment
wetland at both the North TMF and South TMF. This sizing is conceptual, and the
size, location, and design will continue to be refined and optimized through a
phased program throughout the Project design and during construction and
005_1215_02B
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Appendix A – Phased CWTS Development
1. Introduction to phased CWTS development
The following is a general outline of the steps required to develop an effective CWTS
with predictable and robust performance. The phases for CWTS development
incorporate information gathered from a site assessment and several scales of
testing which may include bench/laboratory-scale, pilot-scale (controlled
environment and/or outdoor cold-climate at Contango’s dedicated CWTS facilities),
and demonstration-scale (smaller scale than full-size, on-site). The purposes of each
testing scale are outlined in Table A1. Phase 1 has recently been completed and is
reported in Contango Document #005_1215_01B. A description of Phase 2 and
Phase 3 is provided in the following sections.
Phase 1: Information Gathering and Site Assessment (revisited as needed
throughout all phases)
1. Characterization of water for treatment
2. Evaluation of water reuse options (or discharge and mixing points)
3. Site assessment to:
a) Determine feasibility of CWTS implementation
b) Identify targeted constituents and performance goals
c) Identify borrow sites for plants and hydrosoil substrate
d) Evaluate natural remediation processes occurring on site
e) Collect plants for pilot-scale CWTS testing
4. Conceptual design of pilot-scale CWTS based on information gathered (one or
more designs may be tested in Phase 2)
Phase 2: Off-site Pilot-scale Testing and Optimization
1. Assembly of pilot-scale CWTS at Contango (indoors and/or outdoors)
2. Performance monitoring and stress testing using simulated influent
Phase
1.
2.
3.

3: On-site demonstration-scale design and monitoring
Design of on-site demonstration scale CWTS
Construction of demonstration scale CWTS at site
Performance monitoring

Phase
4.
5.
6.
7.
8.
9.

4: Full-scale implementation
Design of full-scale CWTS
Construction bids, permit and initiation
Construction and post-construction monitoring
Planting and/or maturation
Acclimation and initial monitoring
Ongoing operation and periodic monitoring of CWTS

005_1215_02B

Page A1 of A3

Casino Project – Review & Updates to Conceptual Wetland Water Treatment Design
Appendix A
December 2015

Table A1: Stages of CWTS testing and optimization
CWTS Scale
Phase 2
Bench/
Pilot
Lab
(off site)

Aspects and Parameters

Test various chemistries

+

+

Test different sediment makeups

+

+

+

+

+

+

Test different plant efficacies/properties
Environmental parameter control

1

Develop flow rates and water depths (and
resultant hydraulic retention time)

+

Develop rate coefficients and kinetics

+

Acquire proof-of-concept

+

Phase 3
Demo
(on site)

Phase 4
Full

+

+2

Determine parameters for proper sizing

+

+

Measure removal extent

+

+

+

Evaluate cold weather performance

+

+

+

Compare demo/full- and pilot-scale data

+

+

Confirm removal rates/extents

+

+

Intensive monitoring

+

1

if performed in facility with controlled environment.
intensive monitoring on-site may or may not be possible depending on
circumstances.
2

1.1.Phase 2 CWTS Development: Pilot-scale Testing and Optimization
Successful CWTS design incorporates site-specificity, appropriate piloting and
optimization, and a detailed understanding of microbial processes. When a design
has been established for a CWTS, it needs to be tested to verify successful operation.
To start this process, a series of bench- and/or pilot-scale experiments are initiated
to confirm specific treatment mechanisms, and since these are conducted at a
smaller scale, making corrections and adjustments to the design, uncovering
unforeseen complications, and other unexpected problems can be remedied very
quickly and cost-effectively. This facilitates the scaling-up process and potential
troubleshooting when demonstration- or full-scale CWTSs are implemented.
Depending on the site-specific considerations and characteristics of the water (Phase
1), the recommended number of pilot-phase (Phase 2) iterations may be one or
multiple. It must be recognized that a single site with more than one type of water
requiring treatment may accordingly require multiple passive treatment systems,
each with their own design, testing, and implementation plans. In certain cases,
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Phase 2 can be split into Phases 2A and 2B, where the first pilot-scale CWTS is
tested in indoor greenhouse facilities, followed by Phase 2B which is constructed
outdoors to test a cold climate environment.
Pilot-scale systems are typically built using large tubs or tanks to represent individual
wetland treatment cells, which enables removal rate coefficients to be developed
across a range of concentrations as treatment occurs and subsequently, the rate
coefficients can be used for appropriate sizing of the full-scale system. A simulated
version of the water requiring treatment is used in the pilot-scale study, where the
entire water chemistry is reflected in order to be representative of actual treatability
(i.e., not just be comprised of the key elements of concern for treatment). This also
provides the opportunity to test a range of water chemistries that mimic different
scenarios (e.g., worst-case, predicted long-term water quality, etc) and/or water
sources. Flow rate fluctuations can also be imposed and system upsets triggered
purposefully (e.g., drought or flooding) to test the effects on treatment.
For the Casino site, in addition to developing rate coefficients for effective sizing of
full-scale systems, other design aspects for the CWTS need to be tested at a pilotscale, such as optimal plant selection, and organic amendments for the substrates.
Plant-specific attributes are also evaluated, such as suitability for transplanting,
effects on water flow (i.e., short circuiting of water), uptake of constituents of
potential concern, natural plant density achieved, effects of plant species on soil
redox, tolerance to variations in water depth, and biomass production (organic
carbon production for following year). A period of three or more months is often
necessary for pilot-scale testing not only for plant acclimation, but also to observe
actual treatment within a system beyond that which is attributable to sorption. The
loading of constituents of concern into the sediment is also determined at the end of
pilot-scale testing.

1.2.Phase 3 CWTS Development: On-Site Demonstration-scale Design
and Monitoring
Following pilot-scale testing, an on-site demonstration-scale wetland is
recommended. The purpose of the on-site demonstration-scale wetland is to confirm
the functionality on site, and make adjustments to rate coefficient calculations
required for full-scale sizing. In many cases, the on-site demonstration system can
become a part of the full-scale system. For example, it may be the first of two or
three parallel systems that will comprise the full-scale design. Other times, the onsite demonstration is a stand-alone system that is decommissioned prior to the
construction of the full-scale system.

005_1215_02B

Page A3 of A3

Casino Project – Review & Updates to Conceptual Wetland Water Treatment Design
Appendix B
December 2015

Appendix B – Addressing risks and uncertainties
through Contingencies
1. Risks and uncertainties associated with passive treatment for Casino Project
There are many cases where passive treatment has been successfully applied. Some of
these cases were recently reviewed by the Yukon College (2014). Fortunately for learning
purposes, there are also cases where passive treatment has not been successful. These
serve as an opportunity to identify risks and uncertainties with such systems, and
retrospectively develop mitigation strategies to address these on future applications.
Generally speaking, unsuccessful passive treatment designs are typically lacking sitespecificity, appropriate piloting and optimization, and a detailed understanding of microbial
processes (Haakensen et al, 2015a; Table 1). Based on review of the proposed plan for
passive treatment at the Casino Project as outlined in Brodie 2013, Contango has identified
risks and uncertainties associated with the proposed passive treatment for the Casino
Project (Table 2). Each of these risks or uncertainties can be addressed through a processdriven phased approach for CWTS design, as outlined in Appendix A.
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Table 1 - Features of successful CWTS designs
*Modified from Haakensen et al, J. Environmental Solutions for Oil, Gas, Mining, vol. 1: 59-81, 2015a.
Design Aspect

Risks

Steps Towards Success

Design is based only on calculations from
other sites or text book

Design incorporates consideration of data and experience from other
sites with site-specific data

Site-assessment has not been performed
Site-specific
Water characterization is focused only on
parameters needing treatment, and does
not consider total water chemistry that will
affect treatability
Implemented based on calculations only

Appropriate
process-driven
piloting and
optimization

Pilot CWTS implemented directly on site

Natural attenuation/treatment at site has been evaluated and
characterized (e.g., testing through areas receiving effluent or seepage)
Information regarding site-specific design aspects has been gathered
(e.g., constructability, snowfall, freshet, growing season, storm events)
Detailed water characterization has been performed in the context of
passive treatment
Potential treatment pathways have been identified in context of entire
water chemistry (not just constituent of concern)
Calculations form a conceptual basis, but are revisited through phases of
piloting and optimization
Phased approach taken to piloting, allowing for optimization of design
prior to implementation
Often would involve bench and/or pilot-scale testing in a controlled
facility, pilot/demonstration on site, then full-scale implementation
Sufficient length to test actual treatment beyond initial sorption capacity
of system

Short duration (<3months)

Timeline allows for plant acclimation and system maturation
Plant uptake is considered main treatment
mechanism
Detailed
understanding of
microbial
processes

‘Common culprits’ listed, but no
microbiological testing performed

Plant uptake should be minimized in most cases, actual uptake
quantified, and subsequent cycling evaluated to prevent re-release
through decomposition
Most-probable number growth-based testing for processes of interest
(e.g., reduction of iron, molybdate, nitrate, selenate, selenite, sulphate;
oxidation of ammonia, iron; decomposition of organic compounds)
Baseline testing of microbial communities to identify diversity and
robustness of natural community capable of performing treatment
reactions
Key plants at site have been characterized for associations with
beneficial microbes for needed processes
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Table 2 - Risks and uncertainties with proposed passive water treatment wetlands for Casino Project (order in table does
not hold relevance)
Risk/Uncertainty

1

2

3

Outflow concentration
objectives and ability to
meet these at ranges of
flows, concentrations,
and temperatures

Range of element
concentrations that local
wetland plant species are
able to thrive in
Plant selection for
wetlands, ensuring other
plants do not invade
treatment wetland and
alter operation

Addressed during
Phase

Addressed By

(1) Information
Gathering
(2) Pilot-scale testing
(off-site), (3)
demonstration-scale
testing (on-site)

- Analysis of literature for outflow concentrations
of similar passive treatment systems.
- Reassessing wetlands sizing with refined water
quality models, using kinetic-based removal rate
coefficients.
- Consideration of wetland locations and sizes in
context of load contribution.
- Evaluate wetland objectives in context of goal
for outflow concentration vs load reduction (i.e.,
meeting a wetland outflow objective vs meeting a
downstream receiving environment objective),
with consideration for evaporation and
evapotranspiration rates in wetlands sizing and
effects on concentration.
- Pilot-scale design and optimization program to
develop site-specific removal rate coefficients and
thermodynamic minimums for relevant water
chemistry predictions.
- Demonstration-scale optimization and testing
program on site to confirm and refine above
designs, analyses, and calculations.

1, 2

1, 3

- Site-assessment comparing water and soil
elemental concentrations to locations where
plants of interest are naturally growing
- Testing at pilot-scale.
- Site assessment to identify most abundant and
early colonizing plants at site.
- On-site demonstration-scale wetland built early
in operations and monitored for non-desired plant
species.

005_1215_02B

Conceptual Contingency Measures
- The revised recommendations for
conceptual treatment wetland sizes
should be larger than expected to be
needed, providing additional footprint for
construction if additional treatment area
needed.
- Control of flow from open pit with solar
powered valve.
- Treatment of HLF draindown by
bioreactor.
- In-pit treatment.
- Added treatment wetland for HLF
seepage to TMF.
- Construction of demonstration-scale
treatment wetland at WMP early in
operations.
- Enhancing wetland treatment by dosing
of electron donors (e.g., ethanol,
methanol, straw, wood chips).
- Incorporation of materials with iron in
conveyance channels and wetland
construction materials to promote
desired cation-anion balance.
- Strategic co-management of water
sources.
- Application of bioreactors or in pit
treatment for partial pre-treatment.
- Monitoring and maintenance schedule
includes survey for and removal of nondesirable plant species.
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Risk/Uncertainty

4

Understanding of natural
microbial potential
associated with
environments at Casino
Project

5

Stability of sequestered
constituents in wetland
sediments

6

7

Return of treatment
performance after
freeze-thaw and
functionality during
freeze-up and freshet.

North TMF wetland
becoming operational
after open pit has filled
(anticipated ~95 yrs
after mining has ceased)

Addressed during
Phase

1, 2, 3

2, 3

1, 2, 3

1, 3

Addressed By
- The site assessment will identify environments
that encourage beneficial microbial communities
(e.g., plant species, water flow and depth).
- These will be compared with pilot and
demonstration scale wetlands to determine if the
designs were successful in promoting robust
microbial treatment capacity.
- Pilot-scale testing will outline the fate and
distribution of elements (mass balance);
sequential ICP will determine the stability of
elements in the sediment.
- Confirmation with on-site demonstration-scale
wetlands.
- Literature search of comparable systems and
relevant testing.
- Freeze-thaw testing with pilot-scale system
plants and sediments (Haakensen et al., 2013).
- On-site demonstration-scale systems will test
the operational efficacy of treatment through
freezing and thawing.
- Final sizes of full-scale wetlands will be based
on findings from Phase 1-3 to achieve necessary
treatment in all months/conditions.
- Assess if in-pit treatment is feasible during
closure, with North TMF as a contingency should
open pit water not stratify or respond to in-pit
treatment.
- Evaluate loading and treatment potential of
other water sources contributing to TMF.
- Evaluate stability of demonstration-scale
wetland during mine-life.
- Evaluate performance of South TMF wetland to
determine whether it is likely to have the
additional treatment capacity available to treat
TMF water with open pit water incorporated at
year 95 or if North TMF wetland remains
potentially needed.
- Consider pros/cons of constructing North TMF in

005_1215_02B

December 2015
Conceptual Contingency Measures

- Multiple wetland designs may be tested
to achieve operating parameters
necessary to optimize robustness and
performance.

- Multiple wetland designs may be tested
to achieve operating parameters
necessary to optimize mineral forms for
stability.
- The revised recommendations for
conceptual treatment wetland sizes
should be larger than expected to be
needed, providing additional footprint for
construction if additional treatment area
needed.
- Incorporation of spillways/conveyance
channels to promote glaciation in winter
months.

- Bioreactor to treat HLF draindown
water prior to release to open pit in
order to decrease loading.
- Addition of HLF wetland to decrease
loads to South TMF wetland.
- In-pit treatment during/through early
closure, prior to release from pit.
- Addition of WMP wetland to improve
downstream water quality, decreasing
reliance on North and South TMF
wetlands.
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Phase

Addressed By
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Conceptual Contingency Measures

early closure vs prior to open pit overflow.

8

9

10

11

Valve operation for Open
Pit

Performance of proposed
bioreactor for HLF
draindown discharging to
open pit
Effects of water from HLF
toe seepage after
draindown on treatability
of TMF water (e.g.,
nitrate)
Compatibility of proposed
treatment methods

1

- Sizing of North TMF based on unregulated
release of water from Open Pit (i.e., for scenario
with no valve)

- North TMF wetland will be sized to
achieve treatment needed for maximum
uncontrolled flows, based on
concentrations needed for downstream
receiving environment and treatability in
South TMF wetland.
- Receiving capacity of the TMF and
contingency treatment by South TMF
wetland.
- Addition of HLF wetland to decrease
demands on South TMF wetland.

1, 2

- Investigate possibility of repurposing HLF as an
in situ bioreactor.
- Testing through phased research program such
as that for wetlands at a pilot-scale.

- Bioreactor itself is a contingency
measure.
- In-pit treatment of water in open pit.

1, 2, 3

- Investigate treatment wetland options for HLF
toe seepage and surface runoff to treat nitrate in
early closure and reduce loads of other elements
to TMF after draindown.

- This item is itself a contingency.

Ongoing

- Address through integrative planning, ensuring
that any active treatment or new developments
for treatment take into consideration effects on
downstream treatment plans

- Consider the passive treatment of the
whole site as a treatment train. Assess
any changes or implementation of
contingency methods in context of
effects on downstream treatment.
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