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EXECUTIVE SUMMARY

monitored over the summer months (June to September) in 2014 by the

Centre for Alternative Wastewater Treatment (CAW'T), a research facility of
Fleming College in Lindsay, Ontario. This wetland is used to treat the sanitary waste
and grey water generated at the Canadian Forces Station. The wetland in its present
location was commissioned in the summer of 2010. CFS Alert produces on average
approximately 100 m* of wastewater per day that is directed to the terraced wetland
for treatment. The current water licence (No. 3BC-ALT1015) issued in August 2010
to the Department of National Defence by the Nunavut Water Board stipulates that

T he performance of the terraced wetland located at CFS Alert, Nunavut was

treated wastewater effluent from the station should be equal to or less than 80 mg L-!
BOD,, 70 mg L' TSS, 5 mg L' oil and grease and have a pH between 6 and 9.

The four compliance parameters of the water licence mentioned above, along with
an additional 19 water quality parameters and 30 trace elements within the wastewater,
were monitored to assess the performance and treatment efficiency of the terraced
wetland. The assessment period began shortly after the initiation of the spring melt in
late June and continued until early September. Samples were collected from a defined
set of 18 locations strategically placed throughout the wetland to ensure adequate
monitoring at all major regions within the wetland.

Physical filtration and or entrapment of organic matter appear to be the major
treatment processes occurring within this wetland. This means that the organic portion
of the wastewater is being retained in the upper portions of the wetland with the result
that the wastewater exiting the wetland is lower in BOD,, volatile suspended solids
(the organic fraction of TSS), organic nitrogen (e.g., TKN + TAN) and the particulate
fraction of total phosphorus. Dissolved phosphorus (e.g., ortho-phosphate) appears to
be significantly removed from the wastewater, likely through the process of adsorption
onto particle and rock surfaces within the wetland.

The averaged summertime values of the treated effluent exiting the wetland indicate
that BOD; is reduced, with the final concentrations leaving the wetland around 76
mg BOD;, per L, which is below the compliance value of 80 mg BOD, per L. The
summertime average of total suspended solids (T'SS) exiting the wetland was 805 mg
L', a concentration above the compliance value of 70 mg TSS per L. However, it
appears that the majority (approximately 90%) of the T'SS burden exiting the wetland
is composed of inorganic particles likely generated from erosional forces occurring
during spring freshet where disturbed soils from the August 2012 re-modification
of the wetland are still being washed off the site. The organic portion of TSS (i.e.,
volatile suspended solids, VSS) exiting the wetland was 58 mg L'. The summertime
average of oil and grease leaving the wetland was approximately 23 mg L' which is
above the compliance criteria of 5 mg L'. The pH was well within compliance levels
with an average of approximately 7.8.

CFS Alert Wetland Report 2014 9



This was the fourth season the wetland was monitored by the CAWT and the
second field season after the major 2012 renovations. Significant remodelling of the
lower half of the wetland occurred once again, late in the 2014 season, with little
time remaining in the 2014 field season to assess the impacts of this action. While it
is generally believed that the 2012 renovations enhanced treatment, the magnitude
of enhancement is difficult to assess. Confounding the interpretation of these results
is the fact that the overall strength of the wastewater entering the wetland is variable
from year to year. This can be seen in Table A-1 which illustrates that in regards to
BOD, VSS, Fats/Oils/Grease, the overall strength of the wastewater was lower in 2013
compared to 2012 and higher in 2014 compared to 2013. The treatment performance
of the wetland expressed as a percent change between influent to effluent (e.g., negative
values represent a reduction in the concentration of a parameter) is tabulated for years
2011 to 2014 in Table A-2. Although year-to-year results are variable, the overall
magnitude of change for individual parameters is similar suggesting that for the most
part, the treatment performance of the wetland remains comparable between the four
years of monitoring.

Table A-1: Overview of individual wastewater constituents of the influent
entering the wetland. All values represent summertime averages expressed
as percent change from the summertime averages of the previous field
season.

2012 2013 2014
P % Change in % Change in % Change in
Conc of Influent Conc of Influent Conc of Influent
from 2011 from 2012 from 2013

BOD, mgL’ 56 -82 14
cBOD, mgl" 48 -62 60
TSS mg L 588 -66 61

VSS mg L’ 758 -68 39
FOG mg L 1315 -13 6

COD mg L 115 -48 44
TN mg L’ -7 -12
TKN mg L’ 36 -8 -1
TAN mg L -9 -23 -10
TP mg L’ 233 -26 -37
PO, mg L’ 1567 -43 -48
TC cfu/100mL 16567 -68 -65
EC cfu/100mL 8991 -66 -50

10 cawt.ca



Table A-2: Treatment efficiency expressed as a percent change in the

concentration between influent entering the wetland and effluent leaving
the wetland over the four years of assessment.

- 2011 2012 2013 2014
Parameter

% Treatment % Treatment % Treatment % Treatment
BOD, mg L’ -97 -85 -71 -50
cBOD, mglL’ -91 -76 -85 -74
TSS mg L 392 -63 418 340
VSS mg L’ 8 -83 -52 -58
FOG mg L™’ -10 -36 -73 -57
COD mg L -67 -45 -52 -47
TN mg L’ -46 -39 -28
TKN mg L’ -54 -46 -38 -29
TP mg L -47 -63 -62 -24
PO, mg L -100 -90 -74 -91

CFS Alert Wetland Report 2014



1.0 INTRODUCTION

Forces Station in Alert, Nunavut and its performance in the treatment of

domestic wastewater generated at the base in the summer of 2014. The
report summarizes the data collected at specified sampling points within the wetland
between the dates of June 10 and September 11. The performance of the wetland was
assessed by monitoring the changes in water quality and biological parameters of the
wastewater as it traversed the wetland. Treated wastewater exiting the wetland was
then compared to the compliance parameters stipulated in CFS Alert’s water licence
issued by the Nunavut Water Board (see below). Additional water quality parameters
along with physical and chemical properties of wetland soil were also analyzed to
provide greater insight into performance of the treatment wetland. Results from
similar studies in 2011, 2012 and 2013 were also compared with this current data to
assess yearly differences. This report also provides a list of recommendations intended

’ I \ his document provides a review of the terrace wetland located at the Canadian

to enhance the overall performance in future years.

1.1 Nunavut Water Board Licenced Water Quality Parameters

The Nunavut Water Board licence (No. 3BC-ALT1015) issued in August 2010 to the
Department of National Defence stipulates that treated wastewater effluent from the
station should meet the following criteria:

Parameter Maximum Concentration of any Grab Sample
BOD; 80 mg L

Total Suspended Solids 70 mg L

Oil and grease 5 mg L' and no visible sheen

pH between 6 and 9

1.2 Background

This study was undertaken by the Centre for Alternative Wastewater Treatment
(CAWT) at the request of the Canadian Department of National Defence (DND). The
CAWT is an applied research facility at Fleming College, Lindsay, Ontario, Canada
and has extensive expertise in the monitoring and assessment of treatment wetlands
located in Canada’s Far North. Of note was a research grant from the Canadian
government through the International Polar Year program (IPY award: 2007 — 2011)
to investigate the efficacy of northern treatment wetlands and to document efficiencies
in the treatment of municipal sewage received from six hamlets in the Kivalliq region

12 cawt.ca



of Nunavut. Subsequently, Environment Canada (Aquatic Ecosystem Management
Research Division) contracted the CAW'T to investigate the performance of seven
additional wetlands because of the CAW'T’s prior IPY experience and its demonstrated
capacity to conduct this type of research.

In December of 2008, DND contacted FSC Architects and Engineers (now Stantec)
to investigate options that could be implemented for the treatment of the domestic
wastewater generated at CFS Alert. It was decided that the wastewater could be treated
by an overland flow system that utilized terraces to trap and delay the wastewater
prior to entering Parr Inlet of the Arctic Ocean bounding CFS Alert. It was assumed
that water quality of the wastewater would be improved through the physical removal
of suspended material and by biological mechanisms as the wastewater flowed over
biofilms that had developed on the substrate of this site. For the purposes of this
document, the treatment area is referred to as a terraced wetland.

In 2010, the Nunavut Water Board, on behalf of the Nunavut Territorial government,
issued DND a water licence (No. 3BC-ALT1015) establishing the water quality
compliance criteria that must be met by DND in the management of the terraced
wetland. The water quality parameters stipulated in the licence include the five day
biochemical oxygen demand (BOD,), total suspended solids (TSS), oil and grease and
pH. In preparation for this licence, DND expressed the difficulty in having BOD,
analyzed within the short time frame required by this test since these samples need
to be shipped to larger centres in the south for analysis. DND expressed interest in
determining if a consistent relationship exists between BOD, and the chemical oxygen
demand (COD) of the wastewater. If a consistent relationship was found, then DND
would like to present this evidence to the NWB with the hope that the more easily
analyzed COD may be used as a surrogate for the more commonly used BOD, water
quality parameter. Data from the 2012 and 2013 field season failed to show any
consistent relationship between carbonaceous biochemical oxygen demand (cBOD,)
and COD. This comparison was examined once again in 2014 to determine if the
findings are consistent with the data from 2012, and 2013.

The terrace wetland was established in the summer of 2010 and has operated since.
The daily volume of wastewater can range from approximately 70 cubic metres per
day during winter months to a high of approximately 120 cubic metres per day in
the summertime, which is reflective of the fluctuation in the number of personnel
stationed at the base. Water is constantly allowed to bleed through the collection and
distribution systems to prevent freezing; therefore wastewater is constantly flowing
to the terraced wetland. This wastewater is a combination of bleed water, garburated
food wastes, along with grey water and sanitary sewer waste. This means that the
consistency of the wastewater can be quite variable and range in strength from very
dilute to moderately strong, depending on the time of day or the type of activities
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occurring at the station.

Late in the summer of 2010, the CAW'T spent a week at the newly constructed
terraced wetland mapping the site, establishing sample collection sites and performing
alimited number of analyses on the wastewater. In 2011, the CAW'T visited the terraced
wetland for approximately one month to monitor its performance in the treatment of
the wastewater. The field season in 2012 and 2013 was extended to a little more than
three months. In 2014 the CAW'T once again visited the wetland for approximately
three months to monitor wetland performance. Portions of the terraces (often called
berms in this report) were eroded between the 2011 and 2012 site visits and most
likely occurred in the early spring of 2012 during freshet. Because of erosion, a major
reconstruction/modification of the terraced system was undertaken in late August of
2012. At the end of the 2014 field season the lower portion of the wetland was once
again modified, however, because of time, no performance sample could be taken and
thus an assessment of how this impacted overall treatment will have to wait till the
2015 field season.

1.3 Overview of Treatment Processes Operative in Wetlands

Many of the processes (biochemical, chemical, physical) operating in the treatment of
municipal sewage / effluents are common to both wastewater treatment plants and to
treatment wetlands. In brief, the treatment of municipal sewage and effluents can be
summarized as: i) oxidizing organic and chemical constituents to harmless products,
ii) the removal of viable pathogens, and iii) removal of suspended solids along with
inorganic and or organic contaminants associated with the solids. Performance
standards for wastewater effluents are currently in transition within Canada as
the federal government is developing national performance standards (NPS) for
municipal wastewater effluent. In 2009, the Canadian Council of Ministers of the
Environment (CCME) released the final draft of the Canada-wide Strategy for the
Management of Municipal Wastewater Effluent which details regulatory changes to
be implemented through the Canadian Fisheries Act. The intent of the strategy is
to ensure there are no deleterious effects to the water bodies receiving the treated
effluent, particularly with regard to fish health and or fish habitat. This strategy has
identified specific national performance standards for effluent of Canadian wastewater
treatment facilities at 25 mg L' for the parameters of cBOD; and TSS, 1.25 mg L
for un-ionized ammonia expressed as NH,-N @ 15°C+1°C and a standard of 0.02
mg L of total residual chlorine (ITRC) (Canadian Council of Ministers of the
Environment, 2009). The Federal Government recognizes that conditions in portions
of Canada’s Far North (Nunavut, Northwest Territories, and regions located north
of the 54th parallel in Quebec and Newfoundland and Labrador) are unique and as
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such national performance standards have not yet been determined for these areas.
A five-year research period was initiated in 2009 to determine what NPS (treated
effluent concentration levels) would be appropriate in the Canadian north (Canadian
Council of Ministers of the Environment, 2009). At the end of the five year period,
federal and territorial governments determined that more work was needed and there
is now a movement to work towards developing a risk level approach were risk level
criteria may be implemented at specific sites rather than a single national performance
standard applied to all locations (CCME 2014).

BOD refers to the amount of oxygen that is consumed during the microbial
degradation of organic matter within the sewage or effluent. The underlying concern
is related to the potential for significant oxygen depletion to occur in receiving waters
when sewage or effluent is poorly treated before its release to the environment and thus
has the potential to significantly reduce oxygen levels in the receiving environment as
microbial degradation continues. If the oxygen depletion in the receiving environment
is significant and occurs for an extended period of time, then there is the potential to
negatively affect the biota of that region. The ability of the wetland to mediate this
process before effluents are released to the environment can be influenced by several
factors including mechanical filtration (removal) of organic matter readily oxidized
by microorganisms, temperature and contact time. Microbial action is known to be
influenced by temperature. In addition, BOD is also influenced by the contact time
between the microorganisms and the effluent’s organic constituents. If the contact
time is too short or too long, this treatment process can be impeded. To date, little is
known about the rate that effluent flows through the Alert terraced wetland. This rate
is linked to the hydraulic retention time (HRT) of the wetland and it is a function of
both the rate of flow and the water holding capacity of the wetland. The HRT provides
an estimate of the volume of water that the wetland can hold at any one time and how
quickly that defined volume of water changes over. HRT is therefore a measure of how
long the microbial population is in contact with a unit of wastewater.

It is generally known that municipal sewage and effluent have the potential to
contain pathogens in significant quantity and virulence to cause harm to humans if
released to the environment through the contamination of drinking water or country
foods or to impact biota directly or through a reduction of habitat quality. Several
indicator organisms exist to provide an indication that human pathogens potentially
exist within municipal effluents, with E. co/i generally being the organism most often
used for surveillance purposes, along with the surveillance of fecal coliforms which
is an indicator of fecal contamination (animal or human). In conventional municipal
wastewater treatment plants, strong oxidants such as chlorine (or its various forms)
are used as a disinfection technique designed to significantly reduce the number of
harmful organisms. Wetlands can often achieve disinfection levels similar to what is
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achieved through chlorination or other chemical means. The mechanisms of action
are, however, more through the entrapment of harmful organisms on biofilms within
the wetland or through the filtration of suspended particles which the pathogens
have attached themselves. Once trapped, these microorganisms are often eliminated
through a variety of mechanisms such as bacteriophages or consumption by nematodes
or natural death. Once again, many of the pathogen elimination processes operative
in treatment wetlands can be influenced by temperature, HRT, and other biological/
chemical/physical processes which can be both unique to the site and easily influenced
by natural and human events.

Wetlands can be effective in the removal of suspended solids contained within
municipal effluents. The removal process is usually one of entrapment within
the matrices of the wetlands substrate or attachment to biofilms and the force of
gravitational pull causing solids to fall out of solution. Some of the prime factors
affecting a wetland’s effectiveness in reducing the concentration of total suspended
solids (TSS) are water velocity, HRT, and the size and volume of the interstitial spaces
through which the effluent flows. The release of high concentrations of suspended
solids to the receiving environment can have deleterious effects on natural habitats
or biota through the burial of vital habitat components or through the co-transport
of other harmful contaminants or pathogens. The potential for wetlands to reduce
'T'SS provides a surrogate measure for the removal of other potentially more harmful
contaminants attached to suspended solids such as trace elements, pathogens, nutrients
like phosphorus and other chemicals. Thus removal of the suspended solids often
correlates to a reduction in the concentration of these contaminants within the treated
effluent.

Nitrogen constituents are often monitored during the treatment process since
some nitrogenous forms like un-ionized ammonia (NH,-N) can be quite toxic to
certain aquatic biota, while other nitrogen forms can also consume oxygen during
transformation of nitrogen species. As with the other water quality parameters,
treatment efficiencies are often influenced by many factors intrinsic to the individual
wetland.

1.4 Study Location

CFS Alert is a weather/military station located on the northeastern tip of Ellesmere
Island in Nunavut (82°30°05”N 62°20°20”W), approximately 817 km from the
geographic North Pole (Figure 1-1). The topography is characterized by rocky hills
and valleys composed of shale and slate. The station is bounded to the east and south
east by the Arctic Ocean. The mean daily temperature is -33°C in January and 3° C in
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July and pack ice is present year round.

The terraced wetland is located to the south east of the main buildings on a rocky
hillside with a moderate slope to the ocean. The landscape has been altered by the
placement of five berms to create a terraced area where wastewater is diverted in a
zigzag fashion as it travels to Parr Inlet of the Arctic Ocean. The berms were created
from the local gravel/rock overburden and are intended to retard the velocity of the
wastewater as it is forced to travel a winding path between the berms. The purpose
of this pattern is to enhance the settling of larger particles in the wastewater and to
also function as a mechanical sieve as a portion of wastewater permeates through the
detention berms.

The wastewater is delivered from the main building of the station to the wetland via
a heated pipe (utilidor) where the wastewater is allowed to discharge into a collection
depression lined with larger rocks (Figure 1-2). A series of sampling stations have
been geo-referenced to the site. These stations follow the primary flow path of the
wastewater. Additional ephemeral flow paths have developed at different times in
response to increased volumes during the spring freshet and in erosional areas where
berms have been temporarily breached. Additional stations have been added to some
of these ephemeral flow paths, however the number of times they were sampled
depended on times they had a significant flow through them.

The down slope portion of the wetland flattens out in the shore zone of the inlet
where a silt fence has been installed to intercept residual silt. Station 14SH-3 was
positioned to capture the major flow of treated effluent originating from berm #4
and for the purpose of this study is considered to be the primary site for sampling of
the treated effluent prior to its release into Parr Inlet. Stations 14SH-1, 14SH-3c¢ and
14SH-3e sampled additional flow paths of lesser volumes that originated from the ice
sheet of winter-accumulated wastewater which was released during spring melt. Flow
paths were changeable over the course of the field season due to changing conditions
of the ice sheet.

In 2010 at the time of the wetland’s construction, a weir box was installed near the
shoreline of Parr Inlet. The weir box was positioned in such a manner as to intercept a
significant portion of the flow as it left the treatment wetland and discharged into the
ocean. The weir box was considered in the NWB licence as the final sampling point
of the wetland and was to provide a designated site from which wastewater samples
could be taken and analyzed to assess the performance of the wetland. Unfortunately,
the bulk of the wastewater flow changed direction within that first year, moving more
to the east leaving the weir box dry. Sample site 14SH-3 has been considered by the
CAW'T to be a more representative discharge location for analyzing the wastewater as
it exited the terraced wetland in 2014. Similar locations located in close proximity to
14SH-3 were used in the 2011, 2012 and 2013 field seasons.
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Figure 1-1: CFS Alert, located on the northern tip of Ellesmere Island.
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Figure 1-2: The discharge pipe delivering wastewater to the wetland.

1.5 Purpose

The purpose of this report is to:

* Assess the performance of the terrace wetland during the summer of 2014 in
reference to the NWB licence compliance values for BOD, TSS, Oil and Grease,
and pH.

* Compare the performance of the terrace wetland in the summer of 2014 with the
performance in 2013, 2012 and 2011.

* Review the data to determine if there is a consistent relationship between COD
and BOD; that would allow COD to be used as a surrogate for BOD..

* Provide recommendations on how the wetland could be modified or operated to
enhance overall treatment.

CFS Alert Wetland Report 2014 19



2.0 METHODOLOGY

2.1 Site Reconnaissance

The start of the CAWT field season at the Alert terraced wetland began in early June
2014. At this time much of the winter’s wastewater that had accumulated as ice was still
frozen and most of the wetland was covered in ice and snow. The frozen accumulated
wastewater had already started to melt by the start of the 2014 field season. Much of
the melted wastewater, however, flowed along the ground underneath the ice and was
therefore difficult to access and sample. The wetland was walked by foot to observe
and record how the wetland had changed from the previous year. The most frequently
encountered changes involved the formation of new preferential flow paths that
differed slightly from the previous field season. The team also located the sampling
sites that were used in the 2011, 2012 and 2013 field seasons and found that many of
these sites could still be used as the primary sampling sites for the 2014 period, thus
allowing greater sampling consistency between the four years. Additional sampling
sites were established on an as-needed-basis to capture preferential flows that were
more ephemeral by nature and often disappeared later in the season as the wetland
became drier. These additional sampling sites are identified in the site map (Figure
2-1) and site photo (Figure 2-2), both of which also identify the primary sampling sites
that followed the dominant flow path of the wastewater.

20 cawt.ca
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Figure 2-1: Location of sampling sites at the Alert terraced wetland during the 2014 field season.
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2.2 Primary Flow Path

The primary flow path throughout the summer was directed to Parr Inlet and because
of this, all observations used to assess the functioning of the terraced wetland utilized
the following collection sites in the sequential order presented below:

Berm 1:
* 14B1-1 (Influent)
* 13B1-4
Berm 2:
* 13B2-4
Berm 3:
* 13B3-3
Berm 4:
* 14B4-1
Slope
* 14SL-1
* 14SL-2
* 14SL-3
Screeslope
Shoreline
* 14SH-1 (from screeslope through SL-3 and silt fence-intermittent)
* 14SH-2 (ephemeral exit during spring freshet)
* 14SH-3 (Effluent) and primary exit to Parr Inlet
* 14SH-3b (ephemeral exit during spring freshet)
* 14SH-3c (from screeslope through SL-3 and silt fence-ceased mid-July)
* 14SH-3d (from screeslope through SL-3 and silt fence)
* 14SH-3e (from screeslope through SL-3 and silt fence-moderate flow)
* 14SH-3f (from screeslope through SL-3 and silt fence)
Reference site (Downs Bridge — Skm south of Alert station)

The primary flow path was from berm 1 to berm 2, to berm 3 and along the screeslope
to berm 4, past the radiators and through the silt fence to Parr Inlet. A secondary
path originated during the spring freshet during a period of thick ice on the terraced
wetland. This secondary path was rerouted from berm 3 to berm 4, thus bypassing the
screeslope. The flow temporarily bisected berm 4 as it travelled to Parr Inlet.
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2.3 Surface Water Sampling

The surface water samples were collected from surface flow or preferential flow
locations. Surface samples were often collected into the sample bottle by submerging
the sampling container below the water surface; where water depth is shallow, syringes
were used. The use of syringes minimized the disturbance of sediment that could have
been collected inadvertently in the sample bottle.

The chemical and biochemical water quality parameters surveyed in surface waters
are summarized in Table 2-1. Likewise, physical and ionic parameters of surface water
samples are summarized in Table 2-2 with the trace elemental parameters identified
in Table 2-3. In addition, surface water temperature was recorded during the site
visit with the placement of a HOBO® tidbit data logger into the surface water of
the wetland in one location. Air temperature was also logged during this time by the
suspension of one HOBO® tidbit data logger at one location in the wetland.

Table 2-1: Chemical and biochemical water quality parameters surveyed in
surface waters collected from the CFS Alert wetland (2014).

Ammonia (NH_-N) Phosphate (PO,)

Nitrite (NO_-N) Dissolved Organic Carbon (DOC)

Nitrate (NO3—N) Dissolved Oxygen (DO)

Total Kjeldahl Nitrogen (TKN-N) Chemical Oxygen Demand (COD)

Total Coliforms (TC) Biochemical Oxygen Demand - 5 Day (BOD,)

Escherichia coli (EC) Carbonaceous Biochemical Oxygen Demand 5-Day
(cBOD,)

Total Phosphorus (TP) Fat, Oil and Grease (FOG)

Table 2-2: Physical chemistry and ionic parameters surveyed in surface
water samples collected from the CFS Alert wetland (2014).

Temperature Total Suspended Solids (TSS)
Conductivity Volatile Suspended Solids (VSS)
pH
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Table 2-3: Trace elements surveyed in surface water samples collected from
the CFS Alert wetland (2014).

Aluminum (Al) Copper (Cu) Selenium (Se)
Antimony (Sb) Iron (Fe) Silver (Ag)
Arsenic (As) Lead (Pb) Sodium (Na)
Barium (Ba) Lithium(Li) Strontium (Sr)
Beryllium (Be) Magnesium (Mg) Thallium (TI)
Boron (B) Manganese (Mn) Tin (Sn)
Cadmium (Cd) Mercury (Hg) Titanium (Ti)
Calcium (Ca) Molybdenum (Mo) Uranium (U)
Chromium (Cr) Nickel (Ni) Vanadium (V)
Cobalt (Co) Potassium (K) Zinc (Zn)

2.4 Quality Assurance / Quality Control

HDPE bottles were used for the collection of all water samples. Each sample bottle
was labeled with the sample location and Fleming College and packed with ice packs
in appropriate coolers. Together, with a chain of custody form identifying each bottle
and the analyses required, the bottles were shipped to the appropriate lab for analysis.
On average the shipment of samples took approximately 24 to 48 hours.

A series of measures were adopted to ensure that all water samples collected in the
wetland had not been contaminated by poor handling, or pre-assessment contamination
of sampling bottles.

Nutrient parameters were also preserved with acid at the site of collection prior to
being shipped for analysis.

2.5 Statistical Analysis

Water quality parameters were analysed using the Welch’s unpaired t-test designed for
unequal sample sizes and unequal variances (p < 0.05) using the statistical functions
provided by GraphPad, an online statistical package (http://www.graphpad.com/
quickcales/ttestl.cfm accessed March 11, 2014). Comparisons were made between
only the influent flowing into the wetland (e.g., site 14B1-1) and the effluent leaving
the wetland (e.g., site 14SH-3).
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2.6 Analytical Laboratories Utilized

The City of Peterborough Environmental Protection Laboratory (EPL) was contracted
to analyze the influent and effluent of the CFS Alert wetland for BOD,, cBOD,, oil
and grease, TC, EC and all wastewater samples for T'SS, VSS, COD, dissolved organic
carbon (DOC), TKN, NH,, NO,, NO,, TP, PO,, and trace elements. The EPL is
ISO 17025 certified and has been accredited with the Association for Laboratory
Accreditation (CALA) since 2004 and is licenced by the Ontario Ministry of the
Environment for drinking water testing.

The CAW'T performed additional testing at the Alert site for QA/QC purposes
and to augment the number of samples tested to increase the understanding of the
wetland’s performance. Test conducted by the CAWT at the CFS Alert site included
dissolved oxygen, conductivity, pH, BOD,, cBOD,, TC and EC.

26 cawt.ca



3.0 RESULTS

3.1 NWB Licences Parameters

The water licence issued to CFS Alert by the Nunavut Water Board stipulates that the
effluent exiting the treatment wetland should meet the following criteria: BOD_ = 80
mg LY 'TSS = 70 mg L Oil and Grease = 5 mg L' with no visible sheen and pH in
the range of 6 to 9. Of the four criteria, the summertime mean values for BOD, and
pH were in compliance, while TSS and Oil and Grease were out of compliance. The
average summer time BOD, concentration of the treated effluent was 79 mg L' (station
14SH-3). The BOD, concentration in a smaller adjacent flow path (14SH™) was lower
at 19 mg L. The pH of the treated effluent sampled at these same two final stations
(14SH-3 and 14SH-1) was similar at 7.9 and 8.0, respectively. The mean summer
concentration of TSS exiting the wetland (14SH-3) was elevated to approximately 805
mg L, a value well above the 70 mg L-' compliance target. The volatile suspended
solids (VSS) portion of TSS was, however, only 58 mg L' which is below the NWB
target. It is suspected that the majority inorganic portion of the TSS (e.g., 747 mg L")
was likely generated from erosional processes within the wetland and does not reflect
the suspended solids originating from the wastewater. The summertime average of Oil
and Grease in the treated effluent measured at station 14SH-3 was 23 mg L' which is
above the NWB target of 5 mg L.

3.1.1 Biochemical Oxygen Demand (5 day)

The concentration of BOD, entering the wetland (influent) fluctuated during the
duration of the summer collections. These fluctuations are illustrated in Figure 3-1,
which captures the fluctuation of BOD, both entering the wetland (collection site
14B1-1) and at the last point of collection (14SH-3) prior to discharge into Parr
Inlet. Although sampling of the influent began on June 10th, samples of the effluent
leaving the wetland could not be obtained until July 24th due to the thick layer of
ice still covering the wetland at this location. The data collected does not show a
strong seasonal trend in the concentration of BOD entering the wetland except for
the unusually high value for August 5th. The fluctuations in concentration of BOD,
exiting the wetland generally mimic the same pattern as the influent. Although the
mean summertime concentration of BOD, exiting the wetland was lower than the
mean influent concentration, the difference between the means was not significant
(p = 0.333) primarily due to the relatively small sample size and high variability in
the data. The overall reduction in the concentration of BOD; is best illustrated in
Figure 3-2. The data points in Figure 3-2 represent the averaged (arithmetic mean)
BOD; concentration measured during the field season (means include data from
both the Peterborough laboratory and the data analyzed on site by the CAWT). The
vertical bars bracketing the data points represent the maximum and minimum BOD
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concentrations recorded during this time period. As shown in this figure, BOD,
concentrations entering the wetland and persisting until near berm 4 were quite
variable. BOD, concentrations tend to be less variable beyond berm 4 and into the
slope area; and the average BOD, concentrations at and beyond 14SL-3 are at or
below the compliance value of 80 mg BOD, per L of effluent.

It should also be noted that the influent at site 14B1-1 consisted of grab samples,
and as such may have missed the periods of peak wastewater strength. The strength of
the wastewater exiting the discharge (utilidor) pipe is known to be quite variable and
reflective of recent activities on the military base. An explanation for higher BOD, at
12B1-4 and beyond, in relationship to the mean BOD; for the influent, may be that

greater pooling and retention of organic material could be occurring at these sites and
thus resulting in elevated BOD, concentrations.

o Effluent (145H-3) M nfluent (14B1-1)

2

3

100

BOD5 {mg L)
g

Sample Dates =

Figure 3-1: Weekly concentrations of the 5-day biochemical oxygen demand

(BOD,) within the influent and effluent sampled during the 2014 study
period.
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Figure 3-2: Mean concentrations of the 5-day biochemical oxygen demand
(BOD,) within wastewaters taken from sample sites within the Alert wetland
during the 2014 study period. The blue horizontal line indicates the NWB
compliance value of 80 mg BOD, per litre.

3.1.2 Total Suspended Solids

The concentration of TSS entering the wetland (influent) over the duration of
the field season is generally lower in comparison to the TSS concentrations of the
effluent leaving the wetland, particularly during mid-to-late July when most of the
accumulated ice on the terraced wetland was rapidly melting. As shown in Figure 3-3,
the concentration of TSS leaving the wetland diminishes significantly at the end of
July 2014, suggesting that the high concentrations of solids were likely mobilized by
the high volumes of melt water. A review of Figure 3-4 illustrates that the greatest
concentration of T'SS was observed in the lower portions of the wetland where the
cumulative concentration of suspended solids would be anticipated to be the greatest.
A closer look at the composition of the TSS, as outlined in Figure 3-5, reveals that
the majority of the suspended load at the stations with high TSS concentrations is
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composed of inorganic material (e.g., fine silts, clays). This trend is opposite to what
is seen at the upstream end of the wetland where most of the T'SS is composed of an
organic fraction (e.g., volatile suspended solids) which is more likely reflective of the
organic nature of the wastewater generated by the Canadian Forces Station. Figure 3-5
shows that the organic portion of the TSS decreases as the wastewater flows through
the wetland and at the point of discharge into Parr Inlet; the organic fraction is 58 mg
L% a value below the NWB compliance target of 70 mg L.

Effluent (145H-3) ® Influent (14B1-1)

Sample Dates

Figure 3-3: Weekly concentrations of the 5-day biochemical oxygen demand
(BOD,) within the influent and effluent sampled during the 2014 study
period.
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Figure 3-4: Mean concentrations of total suspended solids (TSS) within
wastewaters taken from sample sites within the Alert wetland during the

Sample Location

2014 study period. The blue horizontal line represents the NWB compliance
value of 70 mg TSS per litre.
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Figure 3-5: The proportion of total suspended solids composed of volatile
suspended solids (VSS) and inorganic suspended solids within wastewater
collected from sites within the Alert wetland during the 2014 study period.
The tan coloured horizontal line represents the NWB compliance value of 70
mg TSS per litre.

3.1.3 Oil and Grease

The influent (14B1-1) entering the wetland and the effluent (14SH-3) exiting the
wetland were monitored weekly for fats, oil and grease (FOQG). The sample site 14SH-
1 was monitored four times, to provide additional information on the removal of
FOG. Figure 3-6 illustrates how the concentration of FOG in the influent entering
the wetland and the effluent exiting the wetland varied weekly over the course of the
study period. In most cases the general trends entering and exiting the wetland were
similar except for a general lowering of FOG in the wastewater as it traveled through
the wetland. The concentrations of FOG (Figure 3-7) leaving the wetland exhibited a
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mean value of approximating 23 mg L'; a value above the NWB compliance value of
5 mg L. The concentration of FOG exiting the wetland was not statistically lower (p
= 0.108) than the concentration of FOG entering the wetland (e.g., 53 mg L"), despite
the fact that summertime concentrations leaving the wetland were overall lower (e.g.,
23 mg L"). Figure 3-7 indicates that the variability of FOG in the influent is high and
likely reflective of the fact that most of the samples consisted of a single weekly grab
sample, as opposed to a 24 hour composite sample. The concentration of FOG in the
effluent of the wetland is lower and less variable, suggesting that moderate treatment
of FOG is occurring despite the fact that the NWB licence limit was not achieved.

Effluent (145H-3) B influent (14B1-1)

Sample Dates

Figure 3-6: Weekly concentrations of fats, oils and grease (FOG) within the
influent and effluent sampled during the 2014 study period.
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Figure 3-7: Mean concentrations of fats, oils and grease (FOG) within
wastewaters taken from sample sites within the Alert wetland during the
2014 study period. The blue horizontal line represents the NWB compliance
value of 5 mg FOG per litre.
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3.1.4 pH

The pH of the wastewater entering the wetland (14B1-1) varied moderately (range:
7.1 — 8.9) with a mean value of 7.8, while the pH of the wastewater exiting the wetland
(14SH-3) was somewhat less variable with a mean value of 7.8 (well within the NBW
compliance range of 6 to 9 for pH (Figure 3-8)). The pH difference between the
influent in and effluent out of the wetland was not significantly different (p = 0.850).
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Figure 3-8: Mean pH values within wastewaters taken from sample sites
within the Alert wetland during the 2014 study period. The two blue
horizontal lines represent the NWB compliance value of for pH indicating
that sample pH should be between a value of 6 and 9.

CFS Alert Wetland Report 2014 35



3.2 Additional Water Quality Parameters Measured for Interpretive
Purposes

The following water quality parameters were not required by the NWB for compliant
purposes. These parameters were monitored by the CAWT to provide additional
information into the functioning and performance of the terraced wetland; therefore
there is no treatment requirement stipulated by the NWB that must be achieved. The
list of additional water quality parameters monitored during this study period includes:

Nitrogen Compounds

* Total Kjeldahl Nitrogen (TKN)

* Total Ammonia Nitrogen (NH,-N)

* Total Nitrogen (the sum of organic nitrogen + NH,-N + oxidized nitrogen (NO, /
NO,)

Phosphorus
* Total Phosphorus (TP) [non-filtered]
* Ortho-Phosphate (PO,-P) [0.45 ym filtered]

Chemical oxygen demand and carbonaceous biochemical oxygen demand
* Chemical Oxygen Demand (COD)
® 5-day Carbonaceous Biochemical Oxygen Demand (cBOD))

Microbial indicator organisms
¢ Total Coliform (TC)
e Escherichia coli (E. coli)

Dissolved trace elements
* Al, Sb, As, Ba, Be, B, Cd, Ca, Cr, Co, Cu, Fe, Pb, Li, Mg, Mn, Hg, Mo, Ni, K, Se,
Ag, Na, Sr, T1, Ti, Sn, U, V, Zn

3.2.1 Total Kjeldahl Nitrogen

The weekly concentration of TKN entering the wetland (14B1-1) was relatively stable
over the majority of the summer and then decline within the last weeks of the study
period. The weekly concentrations exiting the wetland (14SH-3) were generally lower
than the concentration of the influent, but did exhibit a slight increasing trend during
this same period (Figure 3-9). The change in the mean TKN concentration as the
wastewater traveled through the wetland is best illustrated in Figure 3-10 which shows
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that the concentration of TKN varies between approximately 15 to 30 mg L' in the
upper portion of the wetland (e.g., berms 1 to 4) and decreases to around 11 mg
L when it exits the wetland (14SH-3), however the difference between influent and
effluent were not significant (p = 0.301).

o Effluent (145H-3) B Influent (14B1-1)

‘gbﬂ 15\_':‘"" t,\-{j" ,& 1'1' ..ILQ."!A-
e
Sample Dates ot

Figure 3-9: Weekly concentrations of total Kjeldahl nitrogen within the
influent and effluent sampled during the 2014 study period.
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Figure 3-10: Mean concentration of total Kjeldahl nitrogen (TKN) within
wastewaters taken from sample sites within the Alert wetland during the
2014 study period.

3.2.2 Total Ammonia Nitrogen (NH,-N)

Ammonia can exist in both an un-ionized form (NH,) and an ionized form (ammonium
NH, ). The proportion of these two forms is both pH and temperature dependant
with higher percentages of NH, favoured with higher pH values. The un-ionized from
(NH,) is toxic to aquatic life forms and as such CCME has set a national performance
standard (NPS) for the concentration NH, (measured as N) at 1.25 mg L' for southern
treatment plants. A NPS guideline for northern communities is currently under review.

The ammonia concentrations expressed in this report are recorded as the
concentration of total ammonia nitrogen expressed as NH,-N, however, the nitrogen
measure from the NH,-N form does not accurately represent the toxic form of NH,
found in the original environmental sample. The effluent sample in its natural state
would contain a fraction of both the un-ionized form (NH,) and the ionized form
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(NH,,). The effluent sample is analyzed under a basic environment which forces all of
the NH, into the NH, form. Thus what is expressed in the value NH,-N is actually
the nitrogen from both the un-ionized and ionized forms; a better expression of this
value is a term called “total ammonia nitrogen” or TAN for short. In order to approach
the NPS of 1.25 mg L' of the toxic un-ionized form (NH,), “total nitrogen ammonia”
(TAN) concentration would need to approach 100 mg L' in an environment with
a pH of 8 and a temperature of 5°C. Thus, the proportion of the TAN in the toxic
un-ionized form of Alert wetland samples is expected to be well below the CCME
standard of 1.25 mg L.

The weekly TAN values for the influent (14B1-1) are variable and the concentration
of TAN leaving the wetland (14SH-3) is relatively similar to the concentration entering
the wetland (Figure 3-11). The general trends of highest values for TAN being found
at the mid-section of the wetland is similar to what was observed for TKN (Figure
3-10) and likely represent organic matter being retained in this portion of the wetland.
Opverall, the net loss of TAN is not statistically significant (p = 0.910).

Effluent (145H-3) W Influent (14B1-1)

Total Ammonia Nitrogen(mg L)

Sample Dates

Figure 3-11: Weekly concentrations of total ammonia nitrogen (NH,-N)
within the influent and effluent sampled during the 2014 study period.
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Figure 3-12: Mean concentrations of total ammonia nitrogen (NH.-N) within
wastewater collected at sample sites within the Alert wetland during the
2014 study period.

3.2.3 Total Nitrogen

"Total nitrogen (TN) is the sum of organic nitrogen, ammonia (i.e., TAN), and oxidized
nitrogen (e.g., NO,-N + NO,-N). Organic nitrogen was derived by subtracting NH,-N
from TKN. The averaged concentrations of total nitrogen at each sampling location
are presented in Figure 3-13. As shown in this figure, the average concentration of
total nitrogen decreases as the wastewater travels through the wetland from a high of
approximately 15 mg L' (14B1-1) to near 11 mg L' atit leaves the wetland (14SH-3). A
closer look at the changing composition of the total nitrogen values suggests that most
of the TN loss may be attributed to an overall decline in the concentration of organic
nitrogen which declines by approximately 50% from the start of the wetland to the
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end of the wetland. Ammonia levels appeared to change relatively less (approximately
20%) as the wastewater traversed the wetland (Figures 3-12 and 3-13). Near the exit
of the wetland (e.g., sites 14SH-1 and 14SH-3e) the presence of oxidized nitrogen
was observed (Figure 3-13), however, the overall concentration of these compounds is
minimal and is attributable primarily to NO,-N, with very little NO,-N present. The
a lack of increase in ammonia and oxidized nitrogen suggests that most of the loss in
organic nitrogen is likely due to particulate matter (high in organic nitrogen) being
settled out or physically removed as the wastewater traverses the wetland. The high
removal rate of volatile suspended solids as seen in Figure 3-5 provides support to this
assumption.

35
Mote:THN =(COrg N} + [NH3- N)+ (Oxidized N)

30
|| W Oxidized N (NO2Z + NO3 mean)
MH3-N (mean)
95 W Organic Nitrogen (mean)
20 —

=
L

Total Nitrogen(mg L}

Ln

D ] M e el M
wﬁ'\r Nﬁ'\r Nﬁw '\-& '\-& '\5"@
Sample Location

Figure 3-13: The mean concentrations of total nitrogen within wastewaters
collected at sampling sites within the Alert wetland showing the proportion
of organic nitrogen, ammonia nitrogen and oxidized nitrogen that
contribute to the total nitrogen concentration during the 2014 study period.
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3.2.4 Phosphorus

The weekly changes in the concentration of total phosphorus (TP) are illustrated in
Figure 3-14. As evident in this figure, the overall concentration of total phosphorus
entering the wetland (14B1-1) is variable and averages approximately 1.9 mg L-'. The
TP concentration exiting the wetland (14SH-3) is also variable and averages around
1.4 mg L', A closer look at the values for TP (Figure 3-15) illustrates a trend seen with
other parameters where the greatest concentrations are typically in the mid portion of
the wetland, suggesting that particulate material is being trapped in these locations.
The difference between the TP entering and exiting the wetland was not statistically
significant (p = 0.411).

"Total phosphorus includes both particle-bound and dissolved forms. While there are
several dissolved forms of phosphorus, the greatest portion of dissolved phosphorus is
often in the form of ortho-phosphate (PO,-P). Figure 3-16 illustrates the proportion
of total phosphorus that was measured in the dissolved form of PO,-P and the non
ortho-phosphate form which is most likely phosphorus that is particle-bound or

Effluent (145H-3) B Influent (14B81-1)

Total Phosphorus (mg L)

Sample Dates

Figure 3-14: Weekly concentrations of total phosphorus (TP) within the
influent and effluent sampled during the 2014 study period.
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incorporated into particulate matter. As seen in Figure 3-16, the non-dissolved, non-
PO,-P is the dominate fraction of the total phosphorus concentration at all sampling
stations. This presumably particulate fraction undergoes a relatively steady decline
as the wastewater traverses the wetland. It is assumed, but not confirmed, that the
removal mechanisms for the particulate fraction are likely influenced from physical
removal of particulate matter while the dissolved fraction is likely through adsorption
processes onto metal oxides naturally found within the wetland matrix. The difference
between the mean PO ,-P of the effluent was not statistically different (p = 0.057) than
the mean influent.
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Figure 3-15: Mean concentrations of total phosphorus (TP) within
wastewaters collected at sample sites within the Alert wetland during the
2014 study period.
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Figure 3-16: The mean concentrations of total phosphorus in wastewater at
sampling sites within the Alert wetland showing the proportion of ortho-
phosphate (PO,-P) and non ortho-phosphate that contribute to the total
phosphorus concentration during the 2014 study period.

3.2.5 Chemical oxygen demand and carbonaceous biochemical oxygen
demand

The analysis of the carbonaceous biochemical oxygen demand is a five-day test.
Water samples collected for cBOD, must be analyzed within 24 hours after collection.
Laboratories certified for the analysis of cBOD, or BOD, do not exist in Nunavut and
therefore samples must be flown south to larger centres such as Calgary, Winnipeg,
or Ottawa. The biochemical oxygen demand is a measure of the microbially
mediated oxidation of carbonaceous and nitrogenous compounds. In most cases,
oxygen consumption from the oxidation of carbonaceous compounds exceeds the
consumption from the oxidation of nitrogenous material. The oxygen demand from
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only the carbonaceous compounds can be achieved through the analysis of cBOD,,
which in essence is a BOD test with the addition of a chemical additive that suppresses
the oxidation of nitrogenous compounds present in the sample.

The chemical oxygen demand is also an indirect measure of the oxidizable compounds
within the wastewater. In this test however, oxidation is accomplished through the
addition of a strong chemical oxidant and does not involve microbial oxidation. This
test can be used to provide a more complete understanding of all oxidizable compounds
within the wastewater, including those that are not readily oxidized microbially. Since
this test does not involve microbially mediated processes, it can be accomplished within
minutes, rather than days, and does not require the use of an incubator as do the BOD,
and cBOD, tests, and thus can be routinely performed in lesser equipped laboratories.

In this study the relationship between COD and ¢cBOD; was evaluated to determine
if COD could be used as a surrogate for the biochemical oxygen demand test. Finding
a consistent relationship may provide an indirect measure of BOD. If a relationship
existed, then this might help with compliance testing at the Alert site and mitigate the
challenges associated with finding a suitable location for the analysis of BOD. The
NWSB licence stipulates that BOD, be one of the treatment performance measurements,
as do most other regulatory bodies.

A comparison of the COD results with the cBOD, values (Figure 3-17) generated
from the same wastewater samples illustrates that there is a general lack of relationship
between COD and cBOD, indicating that at the Alert wetland, COD would not be a
reliable surrogate for the measurement of BOD..

It should be noted however that the mean cBOD of the effluent was not statistically
(p = 0.188) lower than the mean cBOD; of the influent.
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Figure 3-17: The concentration of COD compared to the concentration of
cBOD,, from wastewater collected at sites within the Alert wetland during
the 2014 study period illustrating that the relationship is variable and not
consistent.

3.2.6 Microbial

The density of microbial indicator organisms, expressed as the number of colony
forming units per 100 mL of sample (cfu/100 mL), was monitored at the collection
sites for both total coliforms and E. coli. Total coliforms (TC) are often used as an
indicator of fecal contamination and although this indicator group can also contain
genera which do not originate from fecal contamination, it has been used in this study
as a general indicator of microbial contamination originating from the discharge of
wastewater to the wetland. E. co/i (EC) does originate from fecal contamination and it
has been used as an indicator for the possible presence of human pathogens. In both
cases, these microbial groups are used primarily to monitor the change in the density
of microbial organisms within the wastewater as it travels through the wetland.
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Figures 3-18 and 3-19 illustrate the changing densities of total coliforms and E.
coli, respectively. Total coliform densities were typically ten times greater than the
densities of E. co/i. In both cases the densities at the sample locations vary widely
throughout the study period. Microbial population densities entering the wetland
were approximately 4x10° for T'C and 5x10° for EC. These densities declined over
distance, but this reduction was generally close to one log unit for both TC and EC.
Final densities exiting the wetland were approximately 1x10° for TC and 1x10° for
EC. The decline in cfu/100 mL was statistically significant (p = 0.017) for T'C but not
statistically significant (p = 0.063) for EC.
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Figure 3-18: The mean concentration of total coliforms (expressed as colony
forming units per 100 mL of wastewater) at sample sites within the Alert
wetland during the 2014 study period.
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Figure 3-19: The mean concentrations of Escherichia coli (expressed as
colony forming units per 100 mL of wastewater) at sample sites within the
Alert wetland during the 2014 study period.

3.2.7 Dissolved trace elements
Calcium (Ca), magnesium (Mg), potassium (K), sodium (Na), aluminium (Al) and iron
(Fe) were all found in low mg L' (ppm) concentrations, with all other elements in
the range of pg L' (ppb). Of the six elements in the ppm range, Al and Fe are of
greatest interest in terms of their potential impact upon biota, since the remaining four
elements Ca, Mg, K and Na are more easily tolerated by organisms.

The concentration of both Al and Fe increase as the wastewater travels through the
wetland. As shown in Figure 3-20, the concentration of Al entering the wetland was
approximately 0.27 mg L (e.g., 270 pg L") and exited the wetland at approximately
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6.9 mg L' (e.g., 6886 pg L) with a maximum mean concentration of 18.5 mg L
(e.g., 18500 pg L) at sample site 14SL-3. Environment Canada does not provide
a water quality guideline for the protection of marine health but does indicate that
within freshwater environments the water quality guideline for Al is set at 0.10 mg
L. The trend is similar for Fe (Figure 3-21) in that the average concentration of Fe
entering the wetland was 0.35 mg L and 14.0 mg L exiting the wetland with the
highest mean value of 36.9 mg L' at site 14SL-3. The increase in Al and Fe between
the inflow and outflow of the wetland was not significantly different for Al (p = 0.076)
due to low sample size and high variability, however, it was statistically significant
for Fe (p = 0.044). Note, for the ease of graphing, the results shown in Figures 3-20
and 3-21 are expressed in units of pg L' or ppb. Likewise, there is no Environment
Canada guideline for Fe within a marine environment; however, the value set for
aquatic environments is 0.30 mg L.
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Figure 3-20: Mean concentrations (ug L) of aluminium (Al) observed in
wastewater collected at sample sites within the Alert wetland during the
2014 study period.
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Figure 3-21: Mean concentrations (ug L) of iron (Fe) observed in
wastewater collected at sample sites within the Alert wetland during the
2014 study period.
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4.0 DISCUSSION

4.1 General Overview

Overall, the wetland’s performance in the treatment of NWB water licence compliance
parameters was better in 2013 than in 2012, with the exception of TSS. With TSS,
2014’s performance was slightly poorer than last year’s (2013) but still better than 2012
(prior to the wetlands renovation at the end of the 2012 field season) (Table 4-1). It is
speculated that the major wetland design modification that took place in late August
of 2012 has influenced the mobilization of inorganic fines off of the disturbed sections,
resulting in increased levels of TSS in the last two seasons, particularly during the
periods of rapid snow and ice melt. As described in Section 3.1.2, most of the TSS
is composed of an inorganic fraction, suggesting that the majority of the TSS was
generated within the wetland and not related to the wastewater influent. Although
unknown, it is suspected that the inorganic fraction of the TSS will decline in the
following years as the disturbed soils become more stabilized.

The concentration of Oil and Grease was once again elevated above the compliance
target; however, removal was generally improved in comparison to the 2012 field
season. The overall patterns of Oil and Grease concentrations with effluent leaving
the wetland appeared to mimic the patterns observed in the influent entering the
wetland. The effluent patterns (response) were delayed by approximately one week
(see Figure 3-6) suggesting that it takes approximately one week for the effluent to
traverse the wetland.

Table 4-1: Water quality of the treated wastewater exiting the Alert wetland in the 2011,
2012, 2013 and 2014 site visits for the licenced compliance parameters stipulated by the
Nunavut Water Board.

NWB Licenced 2011 mgL' 2012mgL’ 2013mgL’ 2014mglL"’

Value mg L’ (range) (range) (range) (range)
BOD, 80 15 (10 to 23) 112 (64 to 39 (12 to 86) 76 (19 to
190) 138)
TSS 70 241 (12to 124 (2to490) 590 (38to 805 (58 to
742) 1860) 3980)
Oil & Grease 5 37(<1to7.4) 36(13to72) 13(<1to41) 23(<10to57)
pH 6to9 8.2(8.0t08.2) 75(6.0t07.9) 7.5(6.8t07.8) 7.8(7.5t08.0)

The hydraulic retention time (HRT) of the wetland is unknown. The HRT provides
an estimate of the volume of water that the wetland can hold at any one time and how
quickly that defined volume of water changes over (i.e., is replaced). This measure
includes the volume of water retained in the interstitial spaces of the substrate plus the
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volume of surface water. Once the volume is defined, an estimate can be made of the
HTR by dividing the water holding capacity of the wetland by the volume of water
entering the wetland on a daily basis. For example, if the wetland could hold 600 m?
and the daily volume entering the wetland was 200 m* d!, then the HRT would be 600
m’ /200 m* d' = 3 days.

The rocky nature of the wetland, changing preferential flow paths, and a changing
porosity due to freezing of the substrate, make it difficult to estimate the water holding
capacity of the wetland and in turn complicates the determination of HRT. Adding to
this issue is the fact that much of the wastewater is retained in the upper portions of
the wetland as ice during the winter months. The wastewater stored as ice undergoes
a rapid melt during the early portions of summer, resulting in flow rates that would be
much faster than the normal rate at which wastewater is generated. This melt of frozen
wastewater in the early summer would inevitably lower the HRT significantly within
a wetland that, in all likelihood, already has a short HRT. The CFS Alert produces on
average 100 m® of wastewater per day. A significant portion of this volume accumulated
in the wetland as ice during the frozen months. Most of this frozen wastewater is
typically released over a period of 4 to 6 weeks resulting in an increased flow rate
greater than the typical 100 m’ per day generated by the facility.

It is assumed the overall improved treatment of BOD, during the 2013 field season
was likely related to two factors. Firstly, the 2012 modifications probably improved
the detention of the wastewater and significantly reduced the short-circuiting of the
berms. A slower flow of the wastewater through the wetland (i.e., a higher hydraulic
retention time) is consistent with an improved removal of BOD, since the microbial
oxidation of organic matter is time dependent. A longer contact time between the
organic matter and microorganisms would result in more material being microbially
oxidized. Secondly, the overall strength of the wastewater entering the wetland in
2013 appeared to be slightly lower than observed in 2012 (see Section 4.2 below).
Interestingly, the overall strength of the wastewater entering the wetland was slightly
stronger in 2014 in comparison to 2013. Likewise, the concentrations of measured
parameters leaving the wetland were corresponding higher than observed in the
previous year.

The data, however, for VSS (Figure 3-5), organic nitrogen (Figure 3-13) and the
particulate form of total phosphorus (Figure 3-16) all suggest that organic material
originating from the wastewater was being effectively retained in the upper portions
of the wetland. Thus it is difficult to determine if the primary factor lowering the
concentration of BOD is related to physical filtration (detention) of organic matter
from the waste stream or if it is primarily via microbial oxidation. It is suspected the
loss of BOD; is both physical and microbial, with physical likely being the greater
influence based on the fact that there was little evidence of microbial oxidation of
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nitrogen compounds.

A review of the T'SS data (Figure 3-5) suggests that the suspended solids entering
the wetland are composed primarily of organic matter, most likely garburated food
waste and sanitary waste. The organic portion of the TSS (i.e., VSS) dominates the
composition of suspended solids measured in the upper portion of the wetland. At and
below site 14SL-2, the inorganic portion of TSS dominates and the prominence of
VSS is less. This suggests the organic portion of the TSS (i.e., VSS) is retained in the
upper portions of the wetland and it is this fraction that is likely a truer representation
of the suspended solids attributable to the domestic waste of the CFS Alert. The
majority of the inorganic portion of the suspended solids is probably generated within
the wetland from the erosional forces of the wastewater as it flows through the wetland
and in particular during the spring freshet. The average concentration of TSS at the
last sample point (14SH-3) prior to Parr Inlet was 805 mg L', of which 747 mg L'
was composed of inorganic matter. The average concentration of the organic portion
of the TSS was 58 mg L, a value below the NWB compliance value of 70 mg L.
Therefore, of the 747 mg TSS L', approximately 58 mg L originated from the
domestic wastewater, with the remainder likely being generated within the wetland.

The pH of the wastewater entering the wetland was not significantly different than
the pH of the wastewater leaving the wetland. There was some variability in the
average pH values in the upper portion of the wetland (e.g., berm 1 and 2) but these
variations dampen and the final pH exiting the wetland was 8.1, which is a value well
within the compliance limits set out by the NWB.

A review of the nitrogen data supports the suggestion that a large fraction of the
organic portion of the total suspended solids (i.e., VSS) is being retained within berm
1 to berm 4. A review of the organic nitrogen fraction (see Figure 3-13) indicates
a greater concentration within these detention berms (1-4) suggesting that organic
matter high represented as organic nitrogen is being detained within these berms.

The ammonia concentrations in the wastewater (Figure 3-12) vary little over the
course of the wetland; ranging from a summer time average of 8.0 mg L' at the
inflow to the wetland (14B1-1) to 5.6 mg L' at the outflow (13SH-3) of the wetland.
Ammonia levels do increase between the influent (14B1-1; TAN = 8.0 mg L) to
around berm 4 (14B4-1; TAN = 13.4 mg L") suggesting that there is some conversion
of organic nitrogen to ammonia (e.g., ammonification) occurring. The overall level
of total nitrogen (e.g., Organic Nitrogen + TAN + Oxidized Nitrogen) also declines
after berm 4 with some evidence of nitrification occurring (e.g., oxidized nitrogen
species), suggestive of some microbial activity occurring in these sites. The suggestion
of microbial activity is stronger than what was observed in 2013, however, most of the
loss of total nitrogen still appears to be related to the detention of organic nitrogen
within the berms (Figure 3-13).
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In terms of phosphorus, it appears there are two dynamics occurring at the Alert
wetland. First, the dissolved fraction of phosphorus (e.g., PO,-P) declines as the
wastewater travels through the berms. This loss is most likely related to adsorption
of the dissolved phosphorus onto metal oxides of the soil particles or trapped organic
material. However, the particulate associated phosphorus appears to be increasing
in concentration as the wastewater passes through the berm portion of the wetland
and onto the slope region (e.g., 14SL-2 and 14SL-3); once again suggesting that soil
particles are migrating from higher elevations in the wetland.

The density of total coliforms was approximately ten times more abundant that E.
coli. This is to be expected since E. coli is a subset of total coliforms. The decline in total
coliforms was significant (p = 0.017) between the influent and effluent of the wetland;
however, the decline in E. co/i was not significant (p = 0.063). In both microbial groups
the loss in the number of colony forming units was only around one log unit (i.e., ten
times). This reduction value is lower than what has typically been observed by the
CAWT in other northern wetlands where the log unit removal can be closer to 2 to
3 log units. However, the other northern wetlands investigated by the CAWT were
tundra wetlands and different from the terraced wetland at CSF Alert. Filtration and
entrapment is one of the main mechanisms for the removal of microorganisms from
wastewater and it is anticipated this process would be more effective in vegetative
wetlands where dense root masses exist.

Aluminium and iron, and to a lesser extent magnesium, were the three trace elements
that were elevated to mg L' concentrations in the wastewater. The concentrations
of Al (influent 0.272 mg L; effluent 6.89 mg L) and Fe (influent 0.345 mg L;
effluent 14.0 mg L") in wastewaters, however, increase as the wastewater traverses the
wetland, suggesting that these elements are being leached out of the wetland soils. In
both cases, Al and Fe leaving the wetland are elevated above the Environment Canada
water quality guidelines for the protection of aquatic health. Guidelines for marine
environments such as those at Alert, have not been determined and are not available.

The rising levels of Al and Fe further into the wetland do raise the question as to
where the elements are originating. One possibility is that these elements could be
originating from the wetland itself. Legacy landfill material and soil contamination
is a distinct possibility — barrels, legacy metal garbage and other materials have been
uncovered during construction phases and site 14SL-2 is located at an erosional breach
of berm 4 which appears to be located near one of the old legacy landfill sites.
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4.2 Comparison of Wetland’s Performance in 2014 with Performance in
2013

Table 4-2 summarizes the mean summertime water quality parameters monitored from
both the wastewater entering the wetland (influent) and exiting the wetland (effluent),
during the summers of 2011, 2012, 2013 and 2014. The effluent leaving the wetland
in 2014 suggests treatment was slightly poorer in 2014 in comparison to 2013, but still
better than what was observed in 2012.

A comparison of the water quality parameters of the raw wastewater flowing into
the wetland (influent) reveals that strength of the 2014 influent was slightly stronger
than the strength of the 2013 influent, particularly in terms of BOD,, ¢cBOD; and
VSS. At this stage it is difficult to determine if the apparent difference in wastewater
strength is real or not or if it is just an artifact of sampling and more indicative of the
non-homogenous nature of raw effluent. In 2012, the influent sample (12B1-1) was
a 24 hour composite sample that utilized an automated composite sampler to collect
a subsample once every hour over a 24 hour period. The influent samples collected
during 2012 may better represent an “averaged” daily concentration, whereas, the
2013 and 2014 influent samples represent one grab sample within a 24 hour period.
In addition, the intake hose for the composite sampler in 2012 was positioned within
a pool of the slash pad. If organic matter concentrated in this pool, then the 2012
influent samples may be expected to be somewhat elevated in comparison to grab
samples. The difference in wastewater strength between the sample years may not
be as great as it would first appear and it may be more of a function of the sample
collection method and the inherent heterogeneous nature of raw wastewater samples.

There are many factors in addition to the strength of the raw wastewater that can
influence the performance of a treatment wetland. One of the main factors is the
August 2012 modification and the impact this likely had on increasing the hydraulic
retention time (HRT). It also appears that the 2012 modification has increased the
efficiency of the wetland (in 2013 and 2014) to retain organic material; despite the
fact that the transport of suspended solids via erosional forces was increased. The
microbial oxidation and transformation of organic material may have been temporarily
disrupted from the 2012 modifications since the nitrogen data suggests very little
microbial oxidation was occurring in 2013 but may have slightly increased in 2014;
perhaps from a maturing of the microbial community. It will be interesting to see in
future years if both the loss of transport of TSS slows and microbial activity increases
as soils become more stable and biofilms develop. During the last weeks of the 2014
field season the wetland was once again physically altered in an attempt to redirect
the wastewater flow away from the breach in berm 4 (i.e., close to 14SL-2) with the
hope of redirecting it closer to the originally intended path near 14SL-3. This attempt
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appeared to be successful in redirecting the flow path, however, approximately one
week later the modification was reversed by physically altering the shape of the land
which resulted in the flow once again being directed towards the original breach in
berm 4 near 14SL-2. The physical modifications in the last weeks of the 2014 field
season were not directed by the CAW'T and it is not fully known why the changes were
made and then reversed.

The wetland is still young and because of this, the historical record of its performance
is correspondingly short. At this stage there is not enough information to understand
the natural variability of the wetland’s performance and so it is difficult to determine if
the differences seen in performance between 2011, 2012, 2013 and 2014 are within the
natural range of variability or if they are related to operational parameters resulting
yearly damage from ice and melt waters. In all likelihood it is probably a combination

of the two, however, at this stage it is difficult to identify the dominant factor.

Table 4-2: Comparison of influent and effluent values for 2011, 2012, 2013 and 2014 field seasons.

Parameter | 2011 | 2012 | 203 | 2014
Influent _Effluent | Influent _Effluent | Influent _Effluent |

BOD, mg L 471 15 734 111 133 39 151 76
cBOD, mg L 251 22 371 88 142 22 227 58
TSS mg L’ 49 241 337 124 114 590 183 805
VSS mg L 36 39 309 52 99 48 138 58
pH 7.0 8.2 7.0 7.5 7.2 7.5 7.8 7.8
FOG mg L’ 4.1 37 58 37 50 14 53 23
CcoD mg L 223 74 479 262 248 120 358 191
™ mg L’ 19.1 10.4 17.8 10.9 15.6 11.2
TKN mg L 14.0 6.5 19.1 10.4 17.5 10.8 15.6 11.1
TAN mg L’ 12.7 3.6 11.5 7.4 8.9 9.4 8.0 7.7
NO, mg L <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
NO, mg L’ 0.11 1.99 0.10 0.50 <0.05 0.17 <0.05 0.09
TP mg L’ 1.20 0.64 4.00 1.50 297 1.12 1.87 1.43
PO, mg L’ 0.15 0.00 2.50 0.26 1.42 0.37 0.74 0.07
TC cfu/100mL  2.40E+05 4.50E+04 4.00E+07 3.90E+06 1.28E+07 4.61E+05 4.44E+06 1.18E+05
EC cfu/100mL  3.30E+04 1.40E+05 3.00E+06 2.90E+05 1.02E+06 3.48E+04 5.08E+05 1.11E+05
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4.3 Recommendations

The modifications made to the wetland in 2012 appear to have improved the overall
performance of the CFS Alert wetland. The initial modification late in 2014 appeared
to have had some success in diverting the wastewater flow away from the erosional
breach in berm 4. However, subsequent modifications made a week later seem to have
undermined these corrective measures. It may be to DND’s advantage to discuss
future modifications of the wetland with the CAWTT, not for their approval, but more
from the insight they may have gained during the course of their investigations that
could help in the decision process.

Wetland performance may also be improved by establishing a vegetative cover in
key areas. The introduction of plants (most likely a locally available species of sedge
(Carex spp.) or grass (Poa spp.) would improve soil stability, enhance the entrapment
of suspended solids, and provide root mass to support microbial populations necessary
for biological treatment. The production of a vegetative cover would likely take
several years (perhaps five years) of repeated plantings before the cover was dense
enough to be effective. Some initial scoping attempts have been made by transplanting
locally available plants in previous years. It appears that many of the transplants do not
survive; however, enough do take root to suggest that with a concerted effort it may be
possible to vegetate portions of the wetland. More investigation would be needed to
better determine how much of the wetland may be suitable for vegetation.

The recommendations are as follows:

1. Monitor the performance of the wetland in the summer of 2015 in order
to better understand the natural variability inherent in the wetland and to monitor
performance and assess how modifications to flow paths impact overall treatment.

2. Survey the wetland in the spring of 2015 to assess how many of the plants
transplanted in 2010 and 2011 survived and to assess which areas of the wetland may
be suitable for future plantings. Based on these results it could be determined what
portions of the wetland could be planted, the approximate cost for planting and an
estimate of the cost for planting in terms of man-hours and supplies. Perhaps one of
the best locations to start plantings is in areas where organic matter is being retained
(e.g., screeslope).

3. Conduct a tracer study early in the season and again late in the season to better
determine the rate at which the wastewater is travelling through the wetland. This
will help to better assess the wastewater detention ability of the wetland and to better
assess seasonal variability. A tracer test can be accomplished with the input of a known
mass of potassium bromide and a composite sampler that samples hourly at the end of
the wetland (this would require battery power).
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5.0 SUMMARY

ollectively, these results suggest that one of the prime mechanisms of

treatment operating in the wetland is the removal of organic matter from the

wastewater through: i) detention of water velocities and physical filtration/
entrapment of particulate matter. This was evident by higher concentrations in the
upper portions of the wetlands (particularly in berm 1 and 2) of:

* the organic fraction of suspended solids (e.g., VSS);
* the particulate fraction of nitrogen (e.g., organic nitrogen and total phosphorus).

The data also suggest that little microbial oxidation of carbonaceous or nitrogenous
compounds were occurring in the wetland, with some data suggesting that microbial
activity maybe starting to increase slightly as biofilms mature.

Lastly, aluminium and iron are elevated above other trace elements of concern in
both the wastewater and soils. It is difficult to tell from the data whether the elevated
levels are a result of metal accumulation originating from the wastewater or if the
elevated levels are a result of these elements leaching from the wetland strata; the
latter is suspected.

The modifications made to the wetland in late August 2012 generally improved the
overall functioning of the wetland by enhancing: filtration and trapping of organic
material from the wastewater, detention of flow rates as evident by better defined
flow paths, the armoring of erosion-prone areas, and the installation of scree slopes to
enhance the growth of biofilms.
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7.0 APPENDICES

The raw data has been appended in the order listed below:

60

Sample locations (2014)

BOD, B
cBOD, Cd
TSS Ca
FOG Cr
pH Co
Temp Cu
DO Fe
COND Pb
DOC Li
CcoD Mg
NH.-N Mn
NO, Hg
NO, Mo
TKN Ni
TP K
PO,-P Se
VSS Na
TC Sr
EC Tl
Al Sn
Sb Ti
As U
Ba V
Be Zn
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Sample Sample Location | Sample Descoipton
Idenufication LA LA
Essting | N, Tilg
14E1-1 SOEESS. 35 2150584 15 |Influcnt Located lm south of outfall PjPE ta allow for mixing.
14E1-4 SOCESS. S0 £150515.75 |After radiator, north cnd aof berm 1. Beginning of screc slope numning to 14B1-4
14E2-4 SOORSE. 50 g180518 75 |Located in contre of Borm 2 breach at comflumes of Sowpaths. Begitming of screc slope
ruming to 14B3-2
14E3-2 Soeciz 41 5051082 (Mocting Paj.utaf:,:r:vz 51.:|1:|: and Berm 3: canflucnes of ﬂmr]_: athe into singls chammel.
14E3-3 S0CDTI.57 218053803 |Dircctly above Borm 3 scrcczlope and Berm 3 breach, fimal point of conflucnes before stroams
pamancatly diverge.
14B4-1 150587 48 |Located directy below Berm 5 breach where flow mects Berm 4.
1450-1 5150552.27 |Located kalfway betwoon 14E4-1 and 1450-2.
1450-2 510043, 12 S1E051E73 |Sample paint in Berm 4 breach, rumming over scveral cxposcd fucl drums from ald landfll
1450L-5 SI00ED. TS £150535.85 |Earlyscason sampling locaton, initial paint of discharge from ice sheet fod by serec slope
bdow Berm 5. Dy 2 of late July.
Screcalope SID0TE.CE g160806,57 |Sample paint located at bottom of sorec slops below Berm 3, where screc slope mects Berm 5.
Eablished following wetland modificatinns in carly Scptamber.
145F1-1 S40125.00 ois0a22 28 |Alert Inlet discharge point, fed from Screcalope through S1-3 and silt fence. Northormmost
5-l:|:|:|P].i1:|.n: Paj.ul: anah-arﬂ.Lu:: intrrmittent How throughout scason
145F1-2 o18092E.12 |Alat Inlet discharge point.
145E-3 218035002 |Alart Inlet discharge point. Highly consistent discharge location fram carly though late scason.
Fzd from strcam nmning through SL-2. Strcam initdally ran through thick ice covwerages, cotire
Howpath to this point clear of i by ety August ) - -
145F1-5b £150a75.22 |Alart Inlet discharge point, fod from SL-2. Consistent but low volume discharge.
145H-5¢ 215050428 |AlartInlet discharge point, fed from Screcslope through SL-5 and silt fenec. Flow ccascd in
mid-July.
1455-34 S10101.54 o180a58 57 |Alart Inlet discharge point, fod from Screcalope through 51-3 and silt fence. Initially high
valume, flow diminished to trace by cnd of =caszon
145]‘1-3: S101C5 51 el e AlatInlet :]E:J:urg:: Puj.'l:l.l:: fed from 5::::51;41:: I'J:Il'ﬂu!:]:l. 5L-5 and =it fence. Contimacd
moderate flow through cnd of scason
145FH-5f Si0133.78 sispaza o |Alort Inlet discharge point, fed from Screcalope through S1-5 and sile fenee. Next
narthcrnmost sampling point after 1458-1. Modorate flow.
Bofcrencs SOESST.RD g156045.30 |Roforence strcam sampling point, located ar Diowns Brides, approx. Skm south of Alert Station.
Legend
14 for 2014
Bl Berm 1
E2 Bcrm 2
B3 Berm 3
E4 Berm 4
Bi Berm 3
5H Shorclin:
FL Powoline
5F Silt fenec
SCREE Screelopes/tricke] fileer
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&\% Centre for Alternative
—— Wastewater Treatment

Vision

The Centre for Alternative Wastewater Treatment (CAWT) at the
School of Environmental and Natural Resource Sciences, Frost
Campus, Fleming College is an internationally recognized research
institute committed to excellence in research and education.

The CAWT conducts research in the areas of water and wastewater
treatment science and communicates results in high quality
publications. The Centre continues to expand research capacity and
productivity over time.

The Centre fosters collaborative research partnerships with
universities, government agencies, non-governmental
organizations, and the private sector; and engages in opportunities
to enhance student learning through the integration of applied
research activities in student curricula.

The CAWT provides leadership to Fleming College in the expansion
of research and innovation activities in other areas of the College.
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