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Constructed Treatment Wetland Questions and Answers
What is a constructed treatment wetland?
This is a generic term used to describe a wetland designed and constructed to
treat water. These are distinctly different from wetlands that provide habitat for
wildlife or are intended to compensate or reclaim/restore impacted wetlands.
Instead, a treatment wetland is an effective water treatment system designed
and constructed specifically to remove compounds from water. In a treatment
wetland, water is treated by natural processes that typically do not require
energy, which is ideal for remote mining sites such as Casino.
How do constructed treatment wetlands work?
Treatment wetlands can be designed to clean water using plants, microbes, and
soils that are natural to the site. It is the naturally present, helpful microbes
that do much of the work in treating the water, and the plants and soils give
them a place to live and do their work. The types of plants and soils for the
treatment wetland are selected based on which are best for encouraging
naturally present microbes to be more active or productive. This information is
gathered through a site assessment. In many cases, the helpful microbes
change the contaminants in the water back in to minerals in the soil. This
natural process cleans the water by removing the contaminants, and at the
same time changes the compounds to safe forms that are stable in the soils.
Where do the metals go?
Treatment wetlands can be designed to transfer contaminants from the water
back into natural and safe forms of minerals in the soil. When these processes
occur, there is also minimal uptake of metals by the wetland plants. This is
important for the sustainability of treatment wetlands, because when plants are
used for uptake, they can re-release contaminants when they decay.
Why are plants used in treatment wetlands?
The plants provide several important functions to the wetlands, but are not
directly relied upon for treatment. Instead, the plants in a treatment wetland
provide functions to a wetland such as filtration, and provide habitat for
beneficial microbes. Plants also increase the treatment area of a wetland by
drawing water down to their root zones so that more water comes in contact
with the helpful microbes that are naturally living in the soil and on the roots of
the plants.
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What can be treated with a constructed treatment wetland?
Constructed treatment wetlands can be designed to treat a wide range of
contaminants in water, including metals and other mining residuals like
ammonia and nitrate. The most important thing to remember is that it is the
water quality, constituents of concern, and performance objectives that matter,
rather than the origin of the water. While different metals can have their own
mechanisms of removal, the biogeochemistry for a given compound remains the
same regardless of where it comes from. However, the total water chemistry
must be considered in order to be able to account for different elements or
constituents that could possibly interfere with one another. These constituents
can then be managed in a sequential order, where interfering compounds are
removed first, to achieve treatment of all compounds in the water needing
treatment.
How are constructed treatment wetlands integrated into the Casino
Project’s water management and treatment plans?
Treatment wetlands have been used for centuries as a proven means of water
treatment around the world. This includes at mines and in cold climates. The
approach that is being taken for constructed treatment wetlands at the Casino
Project is to identify areas that are the key sources of contaminants, and then
incorporate constructed treatment wetlands in these areas to remove the
contaminants as close to the source as possible. This approach gives additional
layers of contingency, with multiple treatment points, each ensuring the
downstream receiving environment achieves water quality objectives. By having
multiple treatment points leading to one another, there are opportunities to
adjust wetland sizes and designs to have the most effective water treatment
management for the project.
Do constructed treatment wetlands work in cold climate?
There are many examples of wetlands functioning in cold climates, so many that
entire review papers and textbooks have been written on the topic. Of course,
some key considerations need to be made when designing treatment wetlands
for cold climates, including freezing, thawing, and spring melt. When the
wetland is frozen, the water is also frozen, and so there is no water discharging
to the environment. Depending on the water chemistry, the act of freezing can
form carbonates (as can sometimes be seen as white flakes from melted ice
cubes in a glass of water). These carbonates are one of the mechanisms that
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help remove metals from the water during spring melt. In fact, freezing then
thawing can be beneficial to the function of treatment wetlands, aiding in plant
decomposition which provides food for the helpful microbes to eat.
It is also important to remember that the principals of chemistry and physics
apply worldwide. Differences in temperature therefore simply need to be taken
into account when designing treatment wetlands. Treatment wetlands that are
designed for, and operate in, cold temperatures perform much better at treating
water in cold temperatures than a warm-climate wetland that just happens to
get cold for a little while. In northern latitudes, there is also the added benefit
of long daylight hours in the summer when the water is free flowing and will be
treated. The long daylight hours provide maximal opportunity for water
treatment by a wetland.
What are the steps for implementing constructed treatment wetlands
for the Casino Project?
Because every mine site is different, a phased approach is used to test and
optimize site-specific treatment wetland designs at several scales. The phases
consist of:
Phase 1: Information Gathering and Site Assessment
This includes gathering information about the site and characterizing the water
that will need to be treated. The Casino Project site will be evaluated to
determine if natural remediation processes are already occurring on site, to
either mimic these processes or enhance them in a constructed wetland. This
will also determine which naturally occurring plants and soils are best for
encouraging beneficial microbes that are needed for treatment.
Phase 2: Off-site pilot-scale testing and optimization
Once information is assembled regarding the types of plants and soils available
for use in a constructed treatment wetland, several designs can be tested at a
small scale to determine which is the most effective at removing constituents of
concern from the water. Because it is performed at a small-scale in indoor
temperature-controlled facilities, it is possible to test a range of designs through
“system upsets” (e.g., changes in temperature, flow rate, water chemistry).
Testing these types of scenarios in advance allows for a robust and predictable
treatment wetland to be developed for the site. Data from the pilot-scale testing
is also used to refine preliminary size estimates for the full-scale treatment
wetlands based on the removal rates for each compound needing treatment.
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Phase 3: On-site demonstration-scale implementation and monitoring
With information gathered through Phases 1 and 2, an on-site demonstrationscale treatment wetland is designed and constructed to monitor treatment
performance at the site at a scale smaller than the full-size system. This Phase
allows for final site-specific optimization of the design before building the fullscale system, including refining the parameters needed for accurate full-scale
sizing, and evaluating treatment performance over multiple years. This Phase
can be performed once water that is similar to that which will need treatment is
available at the site.
Phase 4: Full-scale implementation
With information gathered through Phases 1-3, the full-scale constructed
treatment wetland is designed, sized, and built appropriately to achieve the
defined goals. Once the full-scale system has been built, there is a period of
wetland acclimation and maturation to allow the plants and microbes to
establish. During this period, frequent monitoring is performed to assess
treatment performance and prevent deviations from the optimal treatment
design. Because “system upsets” were tested at smaller scales, a decision
matrix is also available for adaptive management of the system.

Constructed Treatment Wetlands Questions and Answers

4

