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Executive Summary

Introduction

The Kudz Ze Kayah (KZK) project is located approximately 260 km northwest of Watson
Lake, 110 km southeast of Ross River and 24 km South of Finlayson Lake in southeast
Yukon, Canada.

In anticipation that some measure of water treatment will be desired at KZK in closure,
Contango Strategies Limited (Contango) undertook a feasibility assessment of conditions at
KZK to:
e Characterize the conditions of natural wetlands in the project area;
¢ Evaluate the natural treatment capacity of any natural wetlands in the project area;
e Evaluate the feasibility of the use of Constructed Wetland Treatment Systems
(CWTS) at the site; and
* Determine desigh parameters necessary for the conceptual design of potential
wetland areas and eventual costing of their implementation.

Approach

The CWTS feasibility site assessment was conducted on August 25 - 28", 2015. The site
assessment focused on natural wetland and creek areas at KZK. Sampling locations were
selected based on presence of potentially beneficial wetland plants, information from long-
term monitoring, in situ measurements, and other visible features (that suggested the
location might inform strategies for water quality improvement by CWTS). Eleven locations
were sampled in situ, and included the collection of 10 water, 5 soil, 9 vegetation, and 15
microbiological samples for off-site analytical testing. The native microbial communities
were characterized to identify site treatment potential. Plant species collected included the
emergent macrophyte Carex aquatilis (commonly known as aquatic sedge), and aquatic
bryophytes (aquatic moss) from multiple locations at KZK for comparison purposes.

Key Findings
%@ Passive and/or semi-passive water treatment is theoretically feasible at the KZK site.

@ Native plants and beneficial microbial communities were identified at multiple
locations at the KZK site that are capable of contributing to desirable water
treatment activities.

@ Wetland plant species C. aquatilis (water sedge) and aquatic mosses are abundant at
the KZK site, host natural beneficial microbes, and promote conditions conducive to
water treatment.

%A@ Wetland plant Schoenoplectus (bulrush) is abundant in the nearby area as a
secondary option if necessary.

%A Natural beneficial microbes were found in abundance in wetlands, seeps, and creeks
at the KZK site. These microbes are capable of water treatment processes such as
reduction of nitrate, nitrite, selenium, and sulphate.
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@ Further characterization and determination of final water chemistry and usage
objectives must be clearly defined in order to appropriately and accurately suggest a
CWTS design.

%@ Deterrence of local wildlife should be incorporated into the CWTS design given the
evidence of both beaver and moose at KZK wetland and creek areas.

@ Willows and alders may need to be considered in a long-term management plan as
they alter wetland hydrology by promoting channeling of water and could also
encourage beaver activity.

Recommendations

There is good theoretical potential for passive or semi-passive water treatment systems,
particularly CWTSs, to be considered as a component of a water treatment strategy at the
KZK site. Should BMC Minerals (No.) Ltd. (BMC) and the planning and design teams decide
to consider this potential further, there are some information gaps needing to be filled to be
able for more fulsomely consider these report findings. It is recommended that the following
information be developed, at a preliminary level at least, to support this further work:

& Quality, volume, and periodicity of water to be treated.
@ Receiving environment water quality objectives.

@ Site water balance and water management plans to develop plan most suitable to
passive closure water treatment.

@ Objectives for degree of operational passiveness and acceptable frequency and
intensity of long-term maintenance required.

% Periodicity or seasonality of treatment needed and capacity for water storage if
necessary.

& Project timelines, including date when needed to be online, and anticipated duration
of operation.

Once these key information gaps are addressed, conceptual CWTS designhs could be
developed. Conceptual designs are for planning purposes and ideally are followed by pilot-
scale testing and optimization to develop site-specific treatment rate coefficients and
operational boundaries, and to determine maximum extent of removal. Accordingly, sizing
estimates and performance expectancies would be refined as the planning for CWTS
progressed through phased development.

ﬁ Contango
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Abbreviations and Definitions

BMC Minerals - BMC Minerals (No.1) Ltd.

Carex - Genus of grassy plants, including aquatic macrophytes commonly known as sedges.
Carex aquatilis - A plant (emergent macrophyte) commonly known as water sedge.
Carex utriculata - A plant (emergent macrophyte) commonly known as beaked sedge.
Calamogrostis canadensis — Bluejoint reedgrass.

CCME - Canadian Council of Ministers of the Environment.

Contango - Contango Strategies Ltd.

CWTS(s) - Constructed Wetland Treatment System(s).

DNA (deoxyribonucleic acid) - is the hereditary material in almost all living organisms. This
can be used to identify organisms.

DO - Dissolved Oxygen.

Heterotroph(ic) - an organism deriving its nutritional requirements from complex organic
substances.

KZK - Kudz Ze Kayah Project.

Microbiome - the microbial community in a particular environment, which can be identified
through genetic studies.

Microbes - microscopic organisms which may be uni- or multi-cellular. Including algae,
bacteria, fungi, viruses, and yeast.

MPN (Most Probable Number) - a statistical value representing the viable population of
microbes in a sample through use of dilution and multiple inoculations.

ORP - Oxidation-reduction potential (in water), a measure of the tendency of a chemical
species to acquire or donate electrons, thus becoming reduced or oxidized, respectively,
measured in millivolts.

Oxidation - the loss of electrons, or increase in valence state, by a molecule, atom, or ion. Can
be driven by microbes. Process is complementary to chemical reduction.

Redox - Oxidation-reduction potential (in sediment), measured in millivolts.

Reduction (chemical) - the gain of electrons, or a decrease in valence state, by a molecule,
atom, or ion. Can be catalyzed by microbes. Process is complementary to chemical oxidation.

Salix - Genus of deciduous trees and shrubs, including willows.

Schoenoplectus - Genus of grassy plant, including aquatic macrophytes commonly known as
Bulrush.

SPC - Specific Conductivity is a measurement of electrical conductivity in water that is typically
expressed in us/cm.

Species - one of the basic units of biological classification and a taxonomic rank. Rank in the
classification of organisms below genus and above strain.

TSS - Total Suspended Solids.
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1. Introduction and Background

The Kudz Ze Kayah (KZK) project is located approximately 260 km northwest of Watson
Lake, 110 km southeast of Ross River and 24 km South of Finlayson Lake in southeast
Yukon, Canada. The KZK project is in the development planning and engineering design
stage. Design and permitting work was completed in the late 1990’s. This included water
chemistry characterization and water quality predictions. Closure water chemistry
predictions have not yet been updated, and as such, treatment needs for this site have not
yet been fully characterized. Despite this, it is possible to assess the latent potential for
passive and semi-passive treatment at the site, based on available biogeochemical
processes that can improve water quality through means such as a constructed wetland
treatment system (CWTS; also known as a treatment wetland). In anticipation that some
measure of water treatment will be desired at KZK in closure, Contango Strategies Limited
(Contango) undertook a feasibility assessment of conditions at the KZK site to:

* Characterize the conditions of natural wetlands in the project area;

e Evaluate the natural treatment capacity of any natural wetlands in the project area;

¢ Evaluate the feasibility of the use of CWTS at the site; and

* Determine design parameters necessary for the conceptual design of potential

wetland areas and eventual costing of their implementation.

In this study, vegetation, sediment, and associated beneficial microbes were explored in the
context of water chemistry ranges naturally present at the KZK site. This information
provides a conceptual framework for how existing processes in the natural environment at
KZK may respond to, and/or be beneficial to the long-term remediation and improvement of
water quality.

Should site conditions be amenable and the planning team decide to pursue further
evaluation of treatment wetland potential, information gathered through this CWTS
feasibility assessment would guide a phased approach to design and test passive water
treatment options that are likely to be successful in the context of the KZK site. Future
phases could include pilot-scale and demonstration-scale testing to ensure efficient,
predictable, and optimized, site-specific systems are developed.

ﬁ Contango
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2. Site Assessment Methods
Methods are briefly described here, with detailed information provided in Appendix A.

The CWTS feasibility site assessment was conducted on August 25 - 28™, 2015. Figure 1
depicts the current KZK project site map with proposed site facilities and indicates sampling
locations. Eleven locations were sampled in situ, resulting in the collection of 10 water, 5
soil, 9 vegetation, and 15 microbiological samples for off-site analytical testing (Table 1 and
Table 2; also outlined in Appendix A). The above ground biomass from emergent
macrophytes were collected for analytical because these are indicative of plant uptake, and
also because they are of concern to the cycling of elements and nutrients through
decomposition. The below ground biomass were sampled to assess associated microbial
populations to determine which plants host beneficial microbes. Plant species collected
included the emergent macrophyte Carex aquatilis (commonly known as aquatic sedge),
and aquatic bryophytes (aquatic moss) from multiple locations at KZK for comparison
purposes (Table 1).

A total of 15 microbial samples were collected (Table 1 and Table 2) and analyzed for
beneficial microbes in the context of water remediation in a CWTS to identify latent potential
for treatment associated with sampling sites. Microbial samples consisted of plant roots,
soils/sediments, mosses, and biofilms.

A YSI ProPlus meter was used in the field to measure temperature, dissolved oxygen (DO),
conductivity (and specific conductivity; SPC), pH, and oxidation-reduction potential (ORP).
Additionally, relative soil redox potential measurements (redox) were taken using platinum
tip probes and Calomel electrodes to measure the flux of electrons between the
sediment/soil/pore water and overlying water column (Faulkner et al., 1989; Huddleston &
Rodgers, 2008).

ﬁ Contango
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Table 1 — List of locations and collected samples

Corresponding

Location Water Soil Plant® Microbiology? Surface Water Easting Northing
Quality Site ©
KZ-G-creek Yes | No | No Yes Between KZ-7 | 414739 | 6819245
and KZ-9
KZ-NW Yes Yes Yes Yes - 414730 | 6819239
KZ-SW Yes No Yes Yes (2) - 414731 | 6819206
KZ-NE Yes No Yes Yes - 414739 | 6819267
KZ-SE Yes No Yes Yes - 414748 | 6819230
KZ9-shallow1 Yes Yes Yes Yes - 414722 | 6819696
KZ9-shallow?2 Yes Yes Yes Yes (2) - 414722 | 6819684
KZ9-deep Yes No Yes Yes (2) - 414722 | 6819672
KZ9 east seep Yes ¢ No No Yes KZ-9 Seep East | 414745 | 6819669
Kz22-DS Yes | Yes | Yes Yes (2) Dov}gs_tzr;am 417367 | 6827886
Pond Yes Yes Yes Yes - 415729 | 6816334
Quantity 10 5 9 15

*C. aquatilis above ground biomass was sampled in order to allow for comparison of similar vegetation between
diverse sites. Other wetland vegetation species such as C. utriculata were found only growing in small amounts at
the Pond (Figure 14), while Calamagrostis canadensis was abundant, but never submerged in water.

" See Table 2 for descriptions.

¢ Long-term surface water quality monitoring location

4 Only in situ water quality was tested (no sample for off-site analytical testing).

Table 2 — Descriptions of microbial samples

Location Sample Type
KZ-G-creek White, filamentous biofilm on rock in fast flowing water
KZ-NW C. aquatilis roots and surrounding sediment
Red/white biofilm columns
KZ-SW — - .
C. aquatilis roots and surrounding soil
KZ-NE C. aquatilis roots and surrounding soil
KZ-SE C. aquatilis roots and surrounding soil

KZ9-shallowl | C. aquatilis roots
Calcified moss containing orange precipitate

KZ9-shallow2

C. aquatilis roots

Aquatic moss
KZ9-deep quat

C. aquatilis roots
KZ9-east seep | Calcified moss from spring

Aquati
KZ22-DS quatic moss

C. aquatilis roots (growing in moss)

Pond C. aquatilis roots, surrounding soil, and aquatic moss

7 Contango
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3. Sampling Location Descriptions
The site assessment focused on natural wetland and creek areas at KZK. Sampling locations
were selected based on presence of potentially beneficial wetland plants, information from
long-term monitoring, in situ measurements, and other visible features (that suggested the
location might inform strategies for water quality improvement by CWTS).

The 11 areas sampled during the site assessment are indicated in Figure 1 and include:

1) KZ-G-creek - an area of Geona creek upstream of KZ9 monitoring location and
downstream of KZ7 monitoring location.

2) KZ-NW, KZ-SW and KZ-NE, KZ-SE - are locations located on the respective west and
east side of KZ-G-creek sampling site.

3) KZ9-shallowl, KZ9-shallow2, and KZ9-deep - three locations that receive seepage
from the KZ9-east seep groundwater monitoring location.

4) KZ22-DS - an area of Geona creek downstream of KZ22 monitoring location.

5) Pond - a wetland to the northeast of Geona Creek.

A description of each sampled location, as well as rationale for selection follows.

3.1. KZ-G-creek

This sampling location is part of Geona Creek. KZ-G is between surface water monitoring
locations KZ9 and KZ7. This location will allow for comparisons to long-term monitoring of
water quality data. KZ9 and KZ7 are part of the routine monitoring program and were
sampled 25 and 24 times since 1995, respectively with eight (KZ7) and ten (KZ9) samples
occurring in April through November of 2015, respectively (Appendix B). Several inactive
beaver dams are also present at this site. Figure 2 indicates the sampling location at a fast
flowing (2-5 m/s) channel, approximately 0.5-2 m deep and 2-3 m wide. Water samples
were taken from this location for analytical testing (Table 1). Rocks were present in this
channel with thick, white and filamentous microbial biofilm attached, which were sampled
for microbial analysis (Table 2). There were no plants growing in the water channel.
However, various sedges, including the wetland plant Carex aquatilis (water sedge) and
grasses which like moist areas such as Calamagrostis canadensis (bluejoint reedgrass) were
growing along the banks. Peat-like soil was found in this fast moving channel as well,
whereas finer silt was found in slower moving pools surrounding the channel (Figure 2).

ﬁ Contango
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~+Rock bed

}

Figure 2 — KZ-G-creek
Sampling location label in the figure indicates the KZ-G-creek sample collection area.

3.2.KZ-NW

KZ-NW is a small puddle approximately 10 - 15 cm deep produced by a seep and is located
on the west side of the sampling location of KZ-G-creek (Figure 1) and to the north of a
groundwater monitoring well. KZ-NW was selected for sampling because C. aquatilis, C.
canadensis, Chamerion angustifolium (fireweed) and moss species were present.
Additionally, there was a fine, red precipitate/silt with a gelatinous consistency (suggesting
biofilms) at the sediment-water interface and around the roots of the plant specimens.
Underneath this precipitate was black silt (Figure 3). The water, C. aquatilis roots and
surrounding red sediment were collected for analytical testing (Table 1). The roots of C.
aquatilis and surrounding red sediment were sampled for analysis of beneficial microbial
communities (Table 2).

ﬁ Contango
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Figure 3 - KZ-NW
Growth of plants in red sediment biofilm with gelatinous consistency.

3.3. Kz-SW

KZ-SW is a seep on the west side of Geona creek to the south of KZ-NW. This seep was
deeper than the other nearby sampled site KZ-NW, ranging between 5 cm at the water line
to 1.5 m deep, with no visible flow. This site was selected for sampling because along one
side of the seep there was no vegetation and the bank was instead rocky and covered in
peat (Figure 4), while the other side had moss and Salix (willow) as well as C. aquatilis
species growing with roots extending in water beyond a depth of 20 cm. Water samples and
C. aquatilis roots were collected for analytical testing (Table 1). Of greatest interest at this
site were the underwater reddish columns or “clouds”, of microbial biofilm growth (Figure
4). Microbiological samples were taken of the columnar biofilms as well as the C. aquatilis
roots and surrounding soil (Table 2), as these specimens may harbour beneficial microbial
populations.

ﬁ Contango
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Biofilrﬁ/algae
growth

\ ¥,
Figure 4 - KZ-SW
Underwater columns of microbial biofilm growth, with C. aquatilis, mosses, and Salix growth on some surrounding
edges.

3.4. KZ-NE

KZ-NE is a pool on the east side of Genoa creek approximately 2 m deep that appeared
stagnant, however, may have low in and out flow. This site was of interest for sampling
because there was evidence of an old beaver dam, with very abundant, tall C. aquatilis
plants, indicating these plants as being very mature. The C. aquatilis was growing into the
water, at depths between 1 — 10 cm (Figure 5). Willow (Salix) was also growing in this area.
The water had an oily/organic surface layer, with areas of a red precipitate or film both on
the water surface and the sediment/water interface. Water and C. aquatilis roots were both
collected for analytical testing (Table 1). In deeper water, there were reddish “cloudy”
columns of growth that could potentially be microbial biofilms or algae formations (Figure 5
and Figure 6). The fine sediment along the edges of the water and the C. aquatilis roots
growing in them were taken as microbial samples for analysis (Table 2).

ﬁ Contango
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Sampling
Location

Figure 5 — KZ-NE Sampling Location
Erosion of organics where the inactive beaver dam has deteriorated, with mature plant growth on embankments.
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i Croudy. underwater
growth _

Figure 6 — KZ-NE microbial biofilms
Underwater blooms of microbial growth with mature plant growth on embankments.

3.5. KZ-SE

KZ-SE is a pooled seep and tributary on the SE side of Genoa creek (to the SE of the KZ-G-
creek location Figure 1). This site was approximately 30 cm deep with no measurable flow
(potentially small in and out flow; Figure 7). This site was selected for sampling because in
addition to the presence of cloudy and floating red precipitate on the water surface, there
were also bubbles rising to the surface and the smells indicative of reducing conditions
(e.g., sulphides, methane). Further, the soil was red on top, but black approximately 1 cm
below and very fine (Figure 8; top panel). C. aquatilis were present, at approximately 20 cm
depth, and other Carex grass species were growing along with C. canadensis higher up
away from the waterline. C. aquatilis roots in this sediment were also black. These
observations taken together suggest that the plant species present are capable of creating
conditions conducive to sulphate reduction and/or support sulphide-producing microbes.
Thus, the C. aquatilis plant roots and the red organic sediment were collected for analysis of
microbial populations (Table 2), and the C. aquatilis roots and water were collected for
analytical testing (Table 1).
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Figure 7 — KZ-SE
Photograph depicts the red microbial biofilm growth floating on top of the water and at the water line, as well as the
presence of plant growth.

Figure 8 — KZ-SE sediment
This site features black sediment indicating sulphides present below the shallow red top layer.
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3.6.KZ29-east seep

KZ9-east seep is present near lower Geona creek (Figure 1). KZ9-east seep is part of the
routine monitoring program and was sampled three times in June through October of 2015
(Appendix B). This site is of interest to potential CWTS design as the sediment of the seep is
bright orange, and there are C. aquatilis and aquatic mosses growing in the water that flows
from the seep (Figure 9). The seep daylights in a small pool approximately 20 cm deep and
there is consistent production and appearance of bubbles at the surface of the spring and
hard/calcified moss. The moss was collected for microbial analysis (Table 2). In situ water
chemistry was tested, however no sample was collected for further analytical testing.

Z9-east seep

il

-

Figure 9 — KZ9-east seep
KZ9-east seep with characteristic orange sediment. Nearby sites of KZ9-shallow1, KZ9-shallow2, and KZ9-deep are

indicated. Green moss can be seen growing at the seep (above the KZ9-east seep arrow in picture), and C. aquatilis
at bottom left of picture and where KZ9-shallow1 label is written.

3.7. KZ9-shallow1
This area is found on the outskirts of the KZ9-east-seep (Figure 9) and is approximately 1 -
5 cm deep with no visible flow (Figure 10); however, a flow direction was suggested by the

ﬁ Contango

STRATEGIES LTD 028 1215 01D Page 19 of 42



KZK CWTS Site Assessment Report May 2016

depth gradient and distance from the seep/spring at KZ9-east seep. This location was of
interest because it received water directly from KZ9-east seep, and had C. aquatilis plants
growing in the water. The orange-white calcified precipitate growing in between the plant
roots further suggested that the water was likely to be mineralized. Water, C. aquatilis roots
and sediment were all collected from this area for analytical testing (Table 1). It should be
noted that these C. aquatilis are shorter than those in other sampled areas, and have begun
to turn yellow, suggesting the plants may be stressed; however, it is unclear what the cause
may be (e.g., could be water chemistry, or perhaps the area is intermittently dry). The
water chemistry in the area at the time of sampling was not beyond expected toxicity
thresholds of the plants; however, plant stress tolerance can be both multifactorial and
cumulative, and as such it is not possible to directly ascertain the relative contributions in
the field. If determined to be relevant to closure water treatment, plant tolerance to a
range of water chemistry, drying, or other stress-related factors could be tested in a
controlled setting at pilot-scale. The plant roots growing in the precipitate were collected
for microbial analysis (Table 2).

Figure 10 — KZ9-shallow1
C. aquatilis growing in orange precipitate of the shallow area receiving water from seep.
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3.8. KZ9-shallow2

The KZ9-shallow2 area is located a few meters south of the KZ9-shallowl location (Figure
9) and was 2 - 10 cm deep. Like KZ9-shallowl, no water flow was visible; however, a flow
direction was suggested by the depth gradient and distance from the seep/spring at KZ9-
east seep. This location was selected for sampling because it received water directly from
KZ9-east seep, and was similar to KZ9-shallowl with C. aqguatilis growing in an orange-
white precipitate. Water, the orange-white sediment and C. aquatilis roots were collected for
analytical testing (Table 1). Very hard (calcified) moss containing this orange precipitate
was also growing in this area. Samples of moss containing the orange precipitate and C.
aquatilis roots were collected for microbial analysis (Table 2).

3.9. KZ9-deep

This pool is located a few meters south of KZ9-shallow2 (Figure 9), was 50 cm deep with
steep sides, and fed by the same KZ9-east seep as the other KZ9 locations. This site had no
discernable flow; however, a flow direction was suggested by the slope of the hill and the
distance from the seep/spring at KZ9-east seep. This site was selected for sampling as C.
aquatilis with black roots and aquatic moss were growing in the edges of the water and into
deeper areas than the other locations at KZ9. There was also an orange/white precipitate
present in between the plants and a thick orange/white “biofilm” floating near the edges of
the seep. Water samples and the black C. aquatilis roots were collected for analytical testing
(Table 1), and moss and the C. aquatilis roots were collected for analysis of microbial
populations (Table 2).

3.10. KZ22-DS

Site KZ22 runs into Finlayson Creek downstream of East Creek (Figure 1). KZ22 is part of
the routine surface water monitoring program and was sampled four times in April through
September of 1995 and again in April through November of 2015 (Appendix B).
Interestingly, one of the tributaries to this area is a natural subsurface flow wetland, with
rocks and underwater moss, and very clear water (Figure 11). A location slightly
downstream of the KZ22 site (KZ22-DS) was selected for sampling because the channel was
full of deep aquatic moss (> 1 m) (Figure 12). The moss alongside the creek had C.
aquatilis growing through it with a fine red precipitate/sediment trapped between plant
specimens. In contrast to all other locations where C. aquatilis was rooted in the soil, at the
KZ22-DS location C. aquatilis was rooted only in the moss and the roots did not make
contact with the underlying soils. Water, plant root and sediment samples were all collected
for analytical testing (Table 1). The C. aquatilis roots and the moss were sampled for
microbial analysis (Table 2).
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Figure 11 — Natural subsurface flow wetland tributary of KZ22-DS
Example of naturally occurring subsurface flow wetland system occurring at KZK.
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Figure 12 — KZ22-DS
Clear water in KZ22-DS channel with C. aquatilis plants growing in underwater moss. This location is downstream
of natural subsurface flow wetland system in Figure 11.

3.11. Pond

The “Pond” is located south of Geona Creek and southeast of KZ-G-creek sampling location
(Figure 1). This site was of interest given the presence of abundant aquatic mosses and tall
(i.e., mature) C. aquatilis growing far into the water. The moss and sediment samples were
located in approximately 20 cm of water with no visible flow (Figure 13). Further, several
isolated stands of C. utriculata, and Calamagrostis (Bluejoint grass) were growing in the
wetland (Figure 14). Underwater, stringy moss that appeared blue-green out of the water
was taken for analytical and microbial sampling. White C. aquatilis roots and surrounding
soil/peat, which covered a white clay base, were also sampled (Table 1 and Table 2). Water
samples were also collected for analytical testing (Table 1). The depth of the pond appears
to have fluctuated over a long period of time, as there are exposed beaches with what used
to be submergent aquatic vegetation, and also what seemed to be drowned Alder plants
(Figure 13 and Figure 14). There was evidence of moose grazing plants in the water.
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C. utriculata

C. aquatilis

-

“Pond’” sgmpling location

T

-

Figure 13 — Pond sampling location
Exposed beaches with dried aquatic vegetation and drowned alder plants in foreground suggest water depth
fluctuations have occurred. C. utriculata is same as in Figure 14.

—

Drowned Alders

Figure 14 — C. utriculata at Pond site
Closer view of recently exposed beaches and drowned alders. C. utriculuata is same as in Figure 13.
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4. Results and Discussion
Results of water, plant, hydrosoil, and microbial analyses are presented in this section.

4.1.Results of Consultation with Design Team Members

4.1.1. Specific project objectives and goals
The guiding objectives and goals of this site assessment and initial CWTS feasibility analysis
are to evaluate the natural conditions and water treatment capacity. The data will inform
the decision making process for water treatment options for the reclamation and closure
plan associated with the KZK project.

The goal of this report is to inform the closure water treatment planning process with
respect to the consideration and potential development of passive water treatment for the
site. Once predicted site water quality and flows are updated, this report can contribute to
water treatment technology selection and conceptual passive treatment design by informing
about the plants, microbes, and conditions observed at the KZK project site that would be
beneficial to treating potential constituents of concern.

4.1.2. Timelines

Timelines for the overall KZK project have been identified at a preliminary level, but closure
schedules and water treatment needs remain undefined. As such, timelines for passive or
semi-passive water treatment implementation such as a CWTS are uncertain. Therefore, it
is presently assumed that the CWTS will be required for closure, and to operate in
perpetuity. It may also be beneficial to the project to have functional CWTSs contributing to
water treatment during mining operations. Regardless of the implementation period (closure
vs operations), consideration of development of the CWTSs should be undertaken as early
as is both feasible and appropriate, should the site meet criteria that make it a good
candidate for the use of these systems. For example, adequately modelled water chemistry
is necessary for pilot-scale testing, and on-site demonstration-scale testing requires water
of similar chemistry to that predicted for treatment to be available.

In general, progression from site assessment through to bringing the full-scale CWTS
online normally takes between 2 - 6 years to complete. In some cases, certain phases are
not deemed necessary due to site-specific considerations and the timeline may be
shortened, or in other instances, may require multiple iterations, thereby increasing the
time for development beyond the usual estimate of 6 years.

4.1.3. Site-specific restrictions
The KZK site is home to several natural ponds, wetlands, and aquatic vegetation in creeks.
It is therefore expected to be generally conducive to the implementation of treatment
wetlands. The KZK site is hilly, and therefore the catchment areas often result in formation
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of creeks rather than large flat wetland areas. However, there are several examples of
large natural wetlands in the area (e.g., “"Pond” site).

Beaver dams were observed at KZK, with numerous inactive (no longer inhabited) dams
along Geona Creek. Beavers will need to be considered in the CWTS design and long-term
maintenance for the KZK site. For example, the desigh may consider building multiple
treatment systems in parallel instead of a single treatment system (in case a beaver builds
a dam on one), or a plan may be developed for removal of potential construction sources in
the vicinity of the treatment wetlands (e.g., woody plants).

4.2.Characterization of water in context of CWTS
Several sampling locations selected in this assessment had relevant long-term monitoring
data available. This monitoring data allows for comparison of the current study’s samples to
evaluate whether water chemistry was within ranges established from Ilong-term
monitoring. For this comparison, monitoring data was available for location(s):

e KZ-22 which is upstream of KZ22-DS;

e KZ-7 and KZ-9, which are upstream and downstream of KZ-G-creek, respectively;

and
e KZ9-East seep which feeds KZ9-shallowl, KZ9-shallow2 and KZ9-deep.

Analysis of water samples collected in this assessment (i.e., between August 25" - 29" of
2015) fall within ranges and trends of long-term monitoring that has occurred from 1995 -
2015 (Alexco Environmental Group, 2015). A comparison is provided in Appendix B. Results
of in situ field measurements and selected analytical testing for water collected during this
study are provided in Tables 3 through 6. Full results are provided in Appendix C.

All locations were purposefully selected to be shallow (i.e., <1 metre, to be representative
of potential areas where passive treatment could occur). The overlaying surface waters at
all sites tested in this assessment are invariably oxidizing (i.e., positive ORP; Table 3).
These waters are also naturally low in sulphate and most metals, although six of the nine
samples contained iron concentrations above the Canadian Council of Ministers of the
Environment (CCME) guidelines for the Protection of Freshwater Aquatic Life (>0.3 mg/L;
Table 5) (CCME, 2015). Temperatures ranged between +5°C to +12.2°C. Tables 4 through
6 have an abbreviated list of constituents, which are important in the context of passive
water treatability.

Most locations were pH, with the exception being KZ9-east seep which was slightly lower at
pH 5.74, but quickly neutralized by reaching the nearby KZ9-shallowl (7.12), KZ9-shallow2
(6.61), and KZ9-deep (6.35) sampling locations (Table 3).
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Table 3 — In situ Water Measurements

Site Temp (°C) DO (mg/L) (uss;tc::m) pH ORP (mV)
KZ-G-creek 7.1 10.7 276.1 7.65 +200.3
KZ-NW 8.1 6.8 215.8 7.31 +238.1
KZ-SW 7.5 6.6 263.3 6.96 +237.3
KZ-NE 9.1 5.3 244.5 6.66 +154.6
KZ-SE 8.7 4.6 282.9 6.34 +127.2
KZ9-shallow1 10.5 8.3 1252 7.12 +274.1
KZ9-shallow?2 12.2 7.6 1429 6.61 +259.8
KZ9-deep 6.5 7.3 1206 6.35 +298.9
KZ9-east seep 5.0 4.2 1558 5.74 +209.5
Kz22-DS 7.0 7.1 630.0 7.78 +200.0
Pond 11.1 7.6 133.7 7.64 +217.2

DO - Dissolved Oxygen; SPC — Specific Conductivity; ORP — Oxidation-Reduction Potential;
NT — Not Tested
* Relative Redox values as mV; oxidation-reduction potential in soil.

Table 4 — Results of Water Laboratory Analyses

Site TSS Alk NH; | NO; TKN SO, TOC COD
KZ-G-creek 2.6 | 108 | 0.028 | 0.0397 | 0.060 | 30.8 | 1.9 | <10
KZ-NW 3.8 | 104 | 0.050 | 0.0038 | 0.295 |0.71 | 5.7 | 18
KZ-SW 3.6 | 135 | 0.043 | 0.0080 | 0.313 | 5.04 | 5.6 | 20
KZ-NE 8.0 | 121 | 0.045 | 0.0051 | 0.426 | 4.53| 7.9 | 27
KZ-SE 12.3 | 124 | 0.036 | 0.0055 | 0.323 [ 8.13 | 3.3 | <10

KZ9-shallow1 12.5 | 712 | 0.0087 | 0.0042 | 0.047 | 20.7 | 0.96 | <10
KZ9-shallow2 33.5 | 822 0.036 1.17 <0.020 | 19.8 | 1.3 | <10

KZ9-deep <1.0 | 687 0.044 | 0.0742 | 0.153 | 16.9 | 3.0 | <10
KZ22-DS <1.0 | 169 0.042 | 0.0129 | 0.115 | 27.2 | 2.4 | <10
Pond 16.8 | 60.7 | 0.046 | 0.0216 1.09 <0.5| 12 46

All values reported as mg/L. Table includes abbreviated list of constituents which are important in the context of passive water
treatability. Data from all constituents tested at all sites is provided in Appendix C.

TSS — Total Suspended Solids; Alk — Alkalinity; Alkalinity is reported as total CaCO;; NH; — Total Ammonia as N; NO; -
Nitrate as N; TKN — Total Kjeldahl Nitrogen; TOC — Total Organic Carbon; COD — Chemical Oxygen Demand.
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Table 5 — Results of Water Laboratory Analyses for Total Elements
site® Al cd Cu Fe  Mn Pb s se Zn

KZ-G-creek |0.00727| 0.0000730 | 0.000634 | 0.154 |0.0233| 0.0000840 (11.2| 0.000711 | 0.0106

KZ-NW 0.0085 | 0.0000420 | 0.00105 | 0.14 |0.0105| <0.000050 | <15| 0.000063 | 0.0058
KZ-SW 0.0089 | 0.0000220 | 0.00105 | 1.75 | 0.459 | 0.000050 |<15| 0.000091 | 0.0038
KZ-NE 0.0163 | 0.0000730 | 0.00143 | 2.46 | 0.528 | 0.000141 |<15| 0.000175 | 0.0118
KZ-SE 0.0145 | 0.0000330 | 0.000247 | 5.70 | 0.591 | 0.0000740 | 3.6 | 0.000107 | 0.0129

KZ9-shallowl| 0.0163 | 0.0000150 | 0.000214 | 2.24 1.55 | 0.0000620 | 7.7 | <0.000040 [0.00641

KZ9-shallow2| 0.0222 | 0.0000300 | 0.00038 | 1.65 | 0.796 | <0.000050 | <15| <0.000040 | 0.0161

KZ9-deep 0.0096 | 0.0000140 | 0.00070 |0.0423|0.0549| <0.000050 | <15| 0.000158 | 0.0050

KZ22-DS 0.00253| 0.0000330 | 0.000994 | 0.126 {0.0157| 0.0000120 | 9.6 | 0.000547 |0.00069

Pond 0.0656 | 0.0000080 | 0.00066 | 1.10 | 0.185 | 0.000121 |<15| 0.000140 | 0.0040

All values reported as mg/L. Table includes abbreviated list of constituents which are important in the context of passive water treatability. Data from all constituents tested at all
sites is provided in Appendix C. Cells shaded in grey indicate values that surpass the CCME Water Quality Guidelines for Protection of Freshwater Aquatic Life (CCME, 2015).
*KZ-G-creek, KZ-SE, KZ9-shallow1, and KZ22-DS were processed with ICPMS Low Level (which does not include digestion) for total elements, while all others were processed
by ICPMS Low Level Digested by Maxxam Analytics (Appendix C).
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Table 6 — Results of Water Laboratory Analyses for Dissolved Elements
site® Al cd Cu Fe  Mn Pb s Se | zn

KZ-G-creek |0.00477| 0.0000590 | 0.000728 | 0.115 (0.0210| 0.0000310 |11.6| 0.000687 |0.00982

KZ-NW 0.00601| 0.0000400 | 0.000690 | 0.106 {0.0133| 0.0000230 |<3.0| 0.000050 |0.00563
KZ-SW 0.00477| 0.0000140 | 0.000647 | 0.429 | 0.430 | 0.0000280 |<3.0| 0.000079 |0.00175
KZ-NE 0.00953| 0.0000440 | 0.000915| 1.52 | 0.850 | 0.0000580 [<3.0| 0.000190 |0.00786
KZ-SE 0.00943| 0.0000150 | 0.000185 | 0.420 | 0.582 0.000124 3.6 | 0.000083 [0.00915

KZ9-shallow1|0.00428| 0.0000100 | 0.000061 [0.0526| 1.60 0.0000130 | 7.4 | <0.000040 [0.00488

KZ9-shallow2|0.00938| 0.0000240 | 0.000181 | 0.387 | 0.725 | 0.0000540 | 7.0 | 0.000041 | 0.0105

KZ9-deep 0.00734| 0.0000120 | 0.000529 |0.0239|0.0530| 0.0000160 | 6.0 | 0.000157 |0.00451

KZ22-DS 0.00233| 0.0000170 | 0.000674 |0.0474|0.0107| <0.0000050 | 9.4 | 0.000530 |0.00070

Pond 0.0140 | <0.0000050 | 0.000196 |0.0802|0.0136| 0.0000200 [<3.0| 0.000105 |0.00157

All values reported as mg/L. Table includes abbreviated list of constituents which are important in the context of passive water treatability. Data from all constituents tested at all
sites is provided in Appendix C.
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4.3. Characterization of Soils in the Context of CWTS
In some situations, the natural soil chemistries can be used as guidelines for bounds of
acceptable elemental loading to sediments, or even to determine appropriate plant habitat.
Moreover, the characteristics and properties of the soil can be assessed in the context of
beneficial microbes. They can suggest preferred habitats and conditions to encourage
specific biogeochemical processes and incorporate these into the CWTS design.

There were notable differences in the color of precipitates and sediment layers. The KZ9-
east seep and associated sites (KZ9-shallowl, KZ-shallow2) have bright orange precipitate,
calcifications and sediment (Figure 9 and Figure 10). This colour is presumed to be related
to oxidized iron (e.g., ferric iron as oxyhydroxides) as concentrations at these sites are
elevated in both the water and soil (Table 5 and Table 7).

KZ-SE water is also elevated in iron (Table 5) and the top layer of sediment is red;
however, immediately underneath the sediment was black (Figure 7), suggesting a coupled
biogeochemical process of iron oxidation and sulphate reduction (to black sulphides). It is
also possible that the black colour is oxidized manganese; however, there was a sulphidic
smell associated with the exposure of the black colouration.

At the Pond site (Figure 13), a peat layer covers a fine white clay base, possibly explaining
why the pond retains water despite being perched above the water level of Geona Creek.
This location demonstrates the ability of C. aquatilis to grow in both peat and clay soils as
the roots extended far below the peat-clay interface.

Some sampling locations had concentrations of Cd, Cu and Zn that are above the interim
sediment quality guidelines (ISQGs) set forth by the CCME for the protection of freshwater
aquatic life (Table 7) (CCME, 2015). However, these levels are all still below the probable
effect level (PEL) outlined by CCME, which indicates that adverse biological effects are
unlikely to occur (CCME, 2015).

Synthetic Precipitation Leachate Procedure (SPLP) analysis was performed to understand
the availability of metals in soils. Overall the concentrations of leachable elements in soils
were low throughout the KZK site with the exceptions of KZ-NW which had elevated
concentrations of leachable Fe, Pb, and Zn, and KZ22-DS which had elevated leachable Fe
(Table 8).

Wetland treatment capacity could be significantly improved over that naturally observed at
the KZK site by using soils with better hydraulic conductivity and microbial habitat
properties. For example, a treatment wetland could be built with sand to improve hydraulic
conductivity, and amended with organic material to promote microbially catalyzed sulphate
reduction and associated metals treatment and alkalinity generation.
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Table 7 — Results of Soil Laboratory Analyses

Relative
Redox ?
Units NT % Toe(% ds/m ma/kg

KZ-NW -185 8.1 37 0.57 14 140 8900 100000 | 2.90 25 62000 18 260 1800 | >4 450
KZ9-

+313 1.2 35 0.33 <5 42 290000 1500 0.47 <4 84000 | <2.0 | 9800 | 1200 | <2.0 | 140
shallow1
KZ9-

NT 1.8 49 0.39 <5 87 230000 3200 0.89 <4 96000 | <2.0 | 24000 | 940 | <2.0 | 240
shallow?2
KZ22-DS NT 32.0 74 0.77 11 1700 14000 5800 1.10 12 32000 2.4 750 4600 | <2.0 | <40
Pond +138 18.0 47 0.56 130 270 13000 2500 0.34 43 4400 4.4 180 1800 | <2.0 | 41

TOC — Total Organic Carbon; CEC — Cation Exchange Capacity; NO; — Available Nitrate as N; P — Available Phosphorus; K — Available Potassium; SAR —
Sodium Adsorption Ratio; Cond — conductivity as saturated paste. Cells shaded in grey indicate values that surpass the CCME Sediment Quality Guidelines for
Protection of Freshwater Aquatic Life (CCME, 2015).

Table 8 — Results of Soil Laboratory Analyses for Elements Leachable by Synthetic Precipitation Leachate Procedure (SPLP)

KZ-NW 11.5 0.068 0.000167 0.0035 6.64 0.0498 0.0453 <0.0010 0.388
KZ9-shallow1 56.0 <0.020 | <0.0000020 | <0.0020 0.684 0.0016 0.267 <0.0010 <0.010
KZ9-shallow2 50.1 <0.020 | <0.0000020 | <0.0020 0.412 <0.0010 0.0542 <0.0010 <0.010
KZ22-DS 15.2 0.027 0.000364 <0.0020 1.49 0.0018 <0.0050 <0.0010 <0.010
Pond 7.6 0.087 <0.0000020 | <0.0020 0.077 <0.0010 0.0185 <0.0010 <0.010

Concentrations reported as mg/L.
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4.4.Potential Plant Species for use in CWTS

Wetland plant Carex species, and specifically C. aquatilis, was thriving at all sites sampled,
with only the Pond site having growth of C. utriculata (Figure 14). Carex roots generally
have low radial oxygen loss and can promote reducing zones even at water depths of 20-30
cm (Haakensen et al., 2015). They are also known to be peat forming, with high accretion
rates, thus trapping minerals within the soils, decreasing bioavailability and preventing
resuspension. As the dominant emergent macrophyte at the KZK site, C. aquatilis above
water biomass (leaves) were sampled for comparison in future Phases of CWTS
development, should they be pursued (Appendix C). Additionally, C. aquatilis was found
growing in water with flows ranging from stagnant to rapidly flowing (Geona Creek), and in
a range of soil substrates, including peat, clay, aquatic moss, sand, cobble, and abandoned
beaver dams. These plants have previously been shown to be host to beneficial microbes
and can naturally promote conditions for mineralization of a range of elements, with very
little plant uptake (Haakensen et al., 2015).

Aquatic mosses have a high sorption and uptake rate of cations (such as copper and zinc)
and is also a relatively benign sink for these elements (i.e., is not a food source for
invertebrates or higher animals and as such does not contribute greatly to bioaccumulation
(Haines & Renwick, 2009; Longton, 1997; Suren & Winterbourn, 1991). Moreover, mosses
have a low decomposition rate, and therefore can help prevent toxic accumulation of metals
in a wetland, through accretion and therefore peat formation. The presence of aquatic
mosses at sites of KZ-SE, KZ9-deep, KZ22-DS, and the Pond, all which all have diverse
water quality and sediment characteristics, supports the potential utility of these on-site
mosses in a CWTS design.

Carex species and aquatic mosses naturally form wetlands in concert with one another.
Most notably, at KZ22-DS the aquatic mosses have formed a floating substrate in which the
C. aquatilis have colonized and established a robust community, which in turn provides
structure and stability to the moss through its root structure (Figure 12).

In addition to C. aquatilis and less abundant C. utriculata identified at the KZK site,
Schoenoplectus sp. (bulrushes) were found nearby at Coffee Lake (km 350 of Robert
Campbell Highway) and on the access road to Ross River from the highway. Schoenoplectus
sp. are of interest for CWTS design as they have a greater water depth tolerance than
Carex, and thus may provide a greater variety of design options. Because they were off the
KZK site, the Schoenoplectus sp. and associated water and sediments were not sampled as
part of this assessment, but could be included at a future time.

Willow (Salix) and alder (Alnus) were ubiquitous at KZK and can vegetate moist areas and
tolerate periodic flooding of short durations. These species are of particular note as they
tend to cause channeling of water within treatment wetlands. These may need to be
considered as part of a long-term maintenance program to ensure they do not affect
hydrology of CWTSs in closure. Maintaining sufficient water depth to prevent germination
and establishment may prevent colonization of CWTS by these potentially harmful plants. As
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a contingency option, they may also be managed by physical removal (e.g., pulling out by
hand when young). Evidence of inactive (historical) beaver dams were found at sites
associated with willow and alder (especially KZ-NE), which is a plant type beavers use in
their construction, and thus the removal of these plants may be a method of beaver
management in the vicinity of CWTS.

4.5.Assessment of Latent Remediation Potential at KZK

Microbes can be considered the driving force of many treatment pathways that are found in
CWTSs and other passive and semi-passive water treatment systems. The beneficial
microbes in these systems catalyze biogeochemical cycles for remediation of specific
constituents of concern. Careful design of water treatment systems can mimic the
environmental conditions needed to enhance the abundance and metabolic activity of
beneficial microbes. Accordingly, complimentary methods of genetic and growth-based
testing were used to characterize the microbial populations associated with a range of
microbial habitats (e.g., soils, biofilms, aquatic mosses, and plant roots) in relevant aquatic
environments at the KZK site.

Natural microbes that are potentially beneficial to treatment of mine-influenced waters were
found in all samples from the KZK site. These were in particularly high abundance on C.
aquatilis roots, and even moreso when C. aquatilis and aquatic mosses were growing
together. A summary of the microbial analyses results for the KZK site assessment is
provided in Appendix D, with key findings outlined in the following sections.

4.5.1. Sulphide production

As anticipated through the Cominco water quality predictions of the late 90s, and as the
KZK site is a zinc-copper-lead deposit, it is a reasonable expectation that there will be
elevated levels of these elements in mine-associated waters during operations and/or
closure which will require treatment prior to release from the site. One potential treatment
mechanism for these constituents is complexation as insoluble, stable metal-sulphides,
which are then filtered or precipitated from water and have low bioavailability. As such,
formation of sulphides is a key biogeochemical treatment mechanism of interest. Sulphides
can be created by beneficial microorganisms through the reduction of sulphur-containing
compounds, such as sulphate, sulphite, thiosulphate, and elemental sulphur. Sulphides can
also complex with other aqueous cations such as cadmium, copper, iron, molybdenum,
nickel, lead, and zinc, and are thus a removal mechanism for a variety of elements that
might require treatment.

Genetic and growth-based analyses were performed to assess presence, abundance,
identity, and diversity of sulphide-producing organisms (including sulphate-reducing
bacteria) naturally found at the KZK site (Figures 15 through 17). All samples tested were
found to contain bacteria capable of producing sulphides, with the highest proportions of
sulphide-producing bacteria associated with the C. aquatilis root samples from KZ9-shallowl
and KZ22-DS (Figure 15).
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A greater diversity of sulphate-reducing bacteria can be regarded as a measure of
robustness, as the different bacteria will be able to carry out the beneficial reaction under a
wider range of conditions than a lower diversity of organisms would be capable of. The
highest diversity of sulphate-reducing bacteria was associated with samples collected from
C. aquatilis roots and surrounding soil samples (Figure 15 and Figure 17).

4.5.2. Selenium

Despite very low concentrations of selenium in the water at all sampled locations (< 0.0008
mg/L; Appendix C), selenite- and selenate-reducing organisms were found associated with
all sample types based on most-probable nhumber (MPN) growth analyses (Figure 18).
These beneficial organisms can remove soluble oxidized selenite and selenate from water by
creating insoluble elemental selenium which is then sequestered in the soils. If treatment of
selenium in water is deemed necessary for the KZK site, these natural beneficial microbes
are associated with both plant types that are of interest for further CWTS testing, and can
be fostered to have greater abundances or activity with environmental conditions according
to the wetland design.

4.5.3. Nitrate and nitrite

Nitrate is sometimes a constituent of concern during operations and early closure owing to
residuals from blasting activities. Even if not in exceedance of water quality guidelines in
terms of receiving environment objectives, nitrate often requires attention in order to
achieve treatment of other constituents. The presence of nitrate can interfere with the
treatment of certain elements in water (such as selenium). MPN analysis was used to profile
the number of organisms capable of reducing nitrate (NO3) to nitrite (NO,), and also those
capable of fully reducing nitrate to nitric oxide (NO), nitrous oxide (N,O), dinitrogen (N;)
(Figure 18). Results of the MPN assay indicate that all sites harbor microbial populations
capable of reducing nitrate, and the majority of sites have capacity to participate in full
nitrogen cycling, removing both nitrate and nitrite from the water.
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Figure 15 — Comparison of identified sulphide-producing bacteria (top) and sulphate-reducing bacteria

(bottom) in different sample types according to genetic analyses
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Figure 16 — MPN of sulphide-producing bacteria per gram of sample
Number of organisms are provided per gram of sample, based on growth analyses for total heterotrophic organisms,

adjusted by percentage of community that are key sulphide-producing organisms as determined by genetic methods.
All samples are ordered according to sample type. In the context of this figure, sulphide-producing organisms are
those that can reduce sulphate, sulphite, thiosulphate, or elemental sulphur to sulphide. Names of organisms are
either genus (g) or family (f) level classification.
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Figure 17 — MPN of sulphate-reducing bacteria per gram of sample
Number of organisms are provided per gram of sample, based on growth analyses for total heterotrophic organisms,

adjusted by percentage of community that are key sulphate-reducing bacteria as determined by genetic methods. All
samples are ordered according to sample type. Names of organisms are either genus (g) or family (f) level

classification.
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Figure 18 — Results of growth-based ‘most-probable number’ (MPN) assay for selenium and nitrate reducing

organisms in each sample
The detection range is approximately 270 to 1,121,300,000 MPN/g for both assays. SelV — organisms capable of

reducing selenite; SeVI — organisms capable of reducing selenate; Nitrate to Nitrite — organisms capable of reducing
nitrate to nitrite; N2 production — organisms capable of reducing nitrate to nitric oxide, nitrous oxide, or dinitrogen

gas.
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5. Summary
The findings of this site assessment suggest that passive or semi-passive water treatment is
feasible at the KZK site. Native plants and beneficial microbial communities were identified
at multiple locations at the KZK site that are capable of contributing to desirable water
treatment activities.

This study provided a comprehensive assessment of the latent natural capacity for passive
water treatment KZK

Highlights of the CWTS feasibility assessment for the KZK site include:

ﬁ

ﬁ

ﬁ

Passive and/or semi-passive water treatment is theoretically feasible at the KZK site.

Native plants and beneficial microbial communities were identified at multiple
locations at the KZK site that are capable of contributing to desirable water
treatment activities

Wetland plant species C. aquatilis (water sedge) and aquatic mosses are abundant at
the KZK site, host natural beneficial microbes, and promote conditions conducive to
water treatment.

Wetland plant Schoenoplectus (bulrush) is abundant in the nearby area as a
secondary option if necessary.

Natural