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1.0

INTRODUCTION AND BACKGROUND

An annual review of the Post-Closure Monitoring and Maintenance Plan (hereafter referred to as
the Monitoring Plan) is a requirement identified in Part G Item 3 of Water Licence W2014L80003 issued by the Wek’èezhìi Land and Water Board (WLWB) to Indigenous and Northern
Affairs Canada - Contaminants and Remediation Division (INAC-CARD) on January 30th, 2015.
Part G Item 3 requires the Licensee (INAC-CARD) to complete annual reviews of the Monitoring
Plan and to submit updates to the WLWB a minimum of 60 days prior to any proposed changes to
the approved Monitoring Plan. Annual reviews for previous years have been completed and
reported as part of the Annual Report for the Colomac Water Licence because no changes were
proposed in those years.
Remediation of the Colomac Mine has been completed for over five years, and the extensive
post-remediation monitoring has shown all remedial works to be functioning as designed. The
Colomac Performance Assessment Report (PAR), completed and submitted in 2018 as required
by Part G Item 6 of W2014L8-0003, described the results of post-closure monitoring and
provides general recommendations for reduction of scope for the Monitoring Plan.
This Water Licence Amendment Request and Justification for Post Remediation Monitoring
Reduction is being presented to the WLWB as part of the Monitoring Plan Annual Review to
supplement the analysis provided in the PAR and to explain, in detail, reasons why major
reductions in the scope of the Colomac Monitoring Program are justified. This reduction of scope
will not only affect commitments made as part of the Plan, but is also intended to reduce or
eliminate other monitoring requirements (e.g. water flow measurement, Surveillance Network
Program (SNP) sampling, etc.) that are outlined in the current Colomac Water Licence. This
Justification will review the site history and summarize the programs that make-up the on-going
monitoring. Each monitoring program will be examined, in detail, to determine whether
monitoring end-points have been reached. Finally, monitoring programs that have not reached
end-points will be reviewed and the continuing program will be described.
1.1

Site History and Legacy Impacts

The Colomac Mine is a former gold mine located approximately 220 kilometres north of
Yellowknife, Northwest Territories (NT). The mine was commissioned in 1990 with sporadic
production until late 1997, when the mine’s last owner, Royal Oak Mines Inc., placed the mine
into care and maintenance. In April 1999, Royal Oak went into receivership and the site reverted
to INAC. When INAC assumed responsibility for the mine, the mine site consisted of a main
mine facilities area on the eastern shore of Steeves Lake, three open pits, north and south waste
rock dumps, a tailings containment area (TCA), an airstrip, and various access roads including the
Kim-Cass Road connecting Colomac to satellite deposits several kilometres to the south.
When INAC assumed responsibility for Colomac, the site presented significant legacy issues
including: cyanide contaminated tailings water and solids; hydrocarbon impacted soil, bedrock
and lake sediments; extensive inventories of waste Petroleum, Oils and Lubricants and hazardous
chemicals; and abandoned mine infrastructure including buildings, dams, open pits, waste rock
dumps and quarries.
Remediation of the Colomac site was completed in several phases over the period between 2000
and 2012. Cyanide contaminated tailings were capped and water was treated; however, potential
tailings seepage, residual water impacts and mine water retention remained as issues to be
monitored. All accessible petroleum was remediated through treatment or isolation; however,
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inaccessible petroleum remained a potential environmental risk. Inventories of POL and
hazardous chemicals were removed from site and no longer represent an issue; however,
continued monitoring requires maintenance of a small inventory of petroleum as fuel for on-site
equipment. All mine infrastructure has been rehabilitated as planned; however, long-term
stability of the engineered infrastructure or engineered cover requires monitoring.
1.2

Areas of Environmental Concern Requiring Post-Remediation Monitoring

The extraction of Gold from the ore at Colomac was aided by the addition of cyanide during
processing. This cyanide became the primary contaminant in the tailings waste streams. Through
the Enhanced Natural Removal (ENR) process (addition of phosphorus fertilizer to cyanide
impacted water) treatment of Tailings Lake and Zone 2.0 Pit water was completed by 2006 and
2007 respectively.
Efforts then shifted to remediation of the TCA which was accomplished in 2006-2007 through the
placement of a 0.8 metre (m) thick rock cap on all exposed tailings. Control of the water
associated with the tailings was achieved through construction of a new dam (Dam 1B), spillway
in Dyke 7 and discharge channel at Dam 2.
Water in Tailings Lake and Zone 2.0 Pit has been monitored since INAC took control of the site.
Water quality of Tailings Lake consistently meets Effluent Quality Criteria (EQC), as outlined in
the Water Licence, at the point where the Lake drains to the surrounding environment. Water in
Zone 2.0 Pit meets EQC at the surface of the Pit-Lake, but concentrations of some parameters are
exceeded at depth. There is no known discharge from the Pit-Lake; however, discharge from the
top of the water column would not present a risk to the surrounding environment.
Through the ENR process, Tailings Lake water met the EQC by 2006. Residual contaminant
loading from the lake bed is ameliorated by seasonal stratification of the lake during summer
months. Biological activity in the uppermost strata is driven by remnant ENR nutrient mass
resulting in the breakdown of residual contaminants brought to the active layer each fall, when
cooler surface waters cool and sink and cause mixing or lake turn over. This annual cycling of
the upper and lower strata ensures continued bio-remediation of residual contaminant releases
from the lake bed. Long term monitoring will ensure that water quality in Tailings Lake
continues to improve through this cycling process.
As with Tailings Lake, Zone 2.0 Pit water quality met EQC in 2007. Deep water monitoring has
confirmed that Zone 2.0 Pit (unlike Tailings Lake) is weakly meromictic; that is, the pit does not
undergo complete circulation and is not completely mixed. The deep aeration programs in 2006
and 2007 effectively reduced the mass of key contaminants of concern (ammonia and
thiocyanate). There is potential for a gradual strengthening of the chemocline (pit water may
become more stratified), but this process is on-going. Another unknown is the final elevation of
the water in the pit. If the water elevation becomes much higher, increase exposure to winds
could change the degree of mixing. Long term monitoring will ensure that water quality in the pit
remains stable.
Petroleum Hydrocarbon (PHC) remediation started in 2005 with the demolition of the bulk tank
farm, excavation and treatment of contaminated soils, construction of a bio-remediation facility
and recovery of free product from bedrock. Petroleum from the tank farm has impacted the
underlying bedrock in the Tank Farm Area. Free Phase PHC had flow to the adjacent Steeves
Lake and contaminated Lake water and sediment. In 2010, remediation of the PHC impacts
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included restoration of Steeves Lake shoreline, excavation and treatment of PHC contaminated
soil and construction of Truck Lake Channel and other compensation areas.
Site-specific remedial objectives were developed for the PHC impacted soil, and all known
contaminated soil was excavated and treated on-site. Impacted sediments in Steeves Lake were
capped with a newly constructed shoreline. This capping isolated the impacted sediments and
provided a buffer between the impacted bedrock and Steeves Lake. In order to complete this
capping in the lake, other areas of the site were developed as fisheries habitat compensation in
accordance with a Fisheries Authorization (09-HCAA-CA6-00128). A sediment cap was
designed and constructed overlying the impacted sediments downgradient of the mill,
maintenance building, former tank farm, and camp. The cap area is approximately 750 m long
and between 20 and 35 m wide and includes a perimeter containment berm with a vegetated
surface trench forming the new shoreline, an attenuation cap of low-permeability silty sand
material overlain by a layer of peat, and a peat trench along the former shoreline. Re-vegetation
of the sediment cap was completed in 2010 and 2011. Sediment control and fish salvage
measures were implemented during construction in accordance with the conditions of the
Fisheries Authorization.
Throughout the mine complex area, free hydrocarbon product residuals were present within the
subsurface fractured bedrock and groundwater. An estimated 2,500 Litres of this product has
been removed by completion of remediation, but the nature of PHC impacts in bedrock precludes
the possibility of removal of all of the PHC. A continuing flux of dissolved PHC will enter
Steeves Lake, but a risk assessment performed in 2013 demonstrated that the quantity of PHC
entering the lake would not present a risk.
All remaining buildings, with the exception of the “Big Blue” warehouse (which was left
standing for future use by the Tlicho Government at their request), were decontaminated and
demolished in 2010. The Big Blue Warehouse had ownership transferred to the Tłı̨ chǫ
Government through a Memorandum of Understanding. Building demolition followed a stepwise
plan and involved building collapse, structure dismantling, and disposal of all non-hazardous
debris in the engineered landfill constructed in Zone 2.5 Pit. General site grading was completed
in several areas to provide positive drainage and eliminate physical hazards. All remaining
concrete slabs in the mine facilities area were covered with a layer of fill, and graded. Berms
were constructed at potential access points to the open pits and waste rock dumps to prevent
caribou passage through these areas, and rock barriers were installed around the Tailings Lake at
potential access points to prevent snowmobile access after site closure.
2.0

MONITORING OVERVIEW

The long term monitoring program at Colomac is intended to ensure that the remedial efforts
implemented over the project’s twelve year history remain effective and that site conditions do
not deteriorate over time. A secondary objective of the long term monitoring at Colomac has been
to support ongoing research in the fields of hydrology and hydro-geology (open pit lakes), bioengineering (re-vegetation) and contaminant in bedrock fate and transport (residual
hydrocarbons).
2.1

Drivers for Site Monitoring

Monitoring recommendations were initially established in the 2004 Colomac Site Remediation
Plan (or Remedial Action Plan – RAP). INAC’s Project Closure Guidelines also provides
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guidance on long term monitoring programs. Regulatory drivers include ensuring continued
compliance with the Mackenzie Valley Resource Management Act, NWT Waters Act, Territorial
Lands Act, Fisheries Act and the Canadian Environmental Protection Act.
The continued collection of monitoring data must be completed with specific objectives for the
data. All collected data must be intended to build a database that shows the monitored feature is
stable (steady state) and not a risk to the surrounding area. It is anticipated that steady state
conditions will be achieved for all monitored components in the next few years. Steady state is
defined as the observation of monitoring results for mine related Contaminants of Concern
(CoCs) that fluctuate within a seasonal set of parameters, but that do not show increasing or
decreasing data trends. The relation to mine related CoCs is especially important as other
environmental factors, such as long range transport, might affect concentrations of measured
parameters; however, these changes are not within the scope of post-remediation monitoring.
After 5 years of monitoring, specific components of the Colomac Monitoring Program have either
reached steady state and/or sufficient data has been collected to conclude that potential discharges
are not going to occur. Steady state status has not yet been achieved for other monitored features,
but it is anticipated to be reached for all measured components within the next 5 years.
2.2

Monitoring End Points

Specific monitoring end points will be described for each monitoring component in section 3.
The monitoring endpoint for any given monitoring component can be considered the measured
dataset that represents the establishment of steady state conditions. For most monitoring, this will
represent several consecutive years of data that show no discernible trend that would be different
than that which would be observed at an analogous undisturbed area.
2.3

Performance Assessment Recommendations

The recommendations from the 2018 PAR are provided for each monitoring program. The PAR
was completed with the focus of the review on identifying whether all components of the
monitoring program were working as planned, whether site conditions demonstrated
improvement at or beyond the expected rate and whether there were redundancies that would
suggest reductions to the program. This review considered whether there were opportunities for
reduction in some or all components of the program rather than a detailed review of analytical
data at specific monitoring points. The potential reduction in the program is driven on the macro
level for observable macro trends. Comment on monitoring endpoints has been provided
particularly where they are not sufficiently defined to provide accurate assessment of having
achieved a specific end point.
3.0

MONITORING COMPONENTS

The Colomac Monitoring Plan was developed to continue previously conducted monitoring,
complete regulatory dictated monitoring and outline monitoring required to prove the
effectiveness of remedial works. The Monitoring Plan consisted of the Adaptive Hydrocarbon
Management Program (AHMP), Geotechnical Monitoring, the Habitat Compensation Monitoring
Program (HCMP), Hydrology Monitoring, Re-Vegetation Monitoring, the SNP and Terrestrial
and the Aquatic Monitoring Program (TAMP). The monitoring at Colomac is intended to be
risked-based, with the scope of the monitoring program reflective of the degree of residual risk
associated with the monitoring components.
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This Annual Review will analyze all work associated with the Colomac Monitoring Plan. Each
monitoring component will be reviewed. Background will be provided for each component to
explain the need for the monitoring component. The monitoring end point or points, or
anticipated outcomes that show the success of the remediation for the long-term, will be
reviewed. The PAR recommendations, based on the high level review of the Colomac data for
each component, will then be summarized. An in-depth analysis of the basis for Colomac
monitoring will then be conducted, with details on the origin of the monitoring components and a
detailed review of analytical data at specific monitoring points, as necessary. Finally, the
intended scope of future monitoring for the component, as it would be presented in an amended
Colomac Monitoring Plan, will be provided.
3.1

Adaptive Hydrocarbon Management Program (AHMP)

3.1.1 Background
Significant volumes of diesel and other petroleum products were spilled at Colomac during mine
operation. These spills primarily occurred between the camp and the south end of the mill, with
the majority occurring in the tank farm. In order to quantify the potential impact of residual
hydrocarbon in the Colomac sub-surface, the sub-surface conditions were analysed over the last
several years of the remediation project. The Colomac subsurface environment was found to be
dynamic and complex due to the interaction of ice/liquid groundwater and free-phase/aqueous
phase hydrocarbon within the bedrock fracture network. This fracture network was complex,
with three intersecting fracture sets but also with areas where the rock was competent up to the
overburden/bedrock contact. This fracture zone was responsible for the majority of the
contaminant flux (free and aqueous phase) due to the expected low primary porosity in the
underlying bedrock matrix. Additional details on Colomac bedrock fractures are available in
Northwest Territories Geoscience Office (Falck), 2009.
After removal of all known impacted soil and collection of as much free phase PHC as was
practical, residual risk posed by the remaining PHC in the bedrock is associated with free phase
and dissolved phase PHC release to Steeves Lake. Construction of the Steeves Lake Shoreline
not only capped the impacted sediments; it also placed an impediment for free phase PHC
migration from the bedrock to the Lake. All known PHC seepage locations are blocked, such that
any future release of free phase PHC will be to the surface of the new shoreline and will result in
visual indications of impact. These surface impacts, should they occur, will be easily cleaned up
with absorbents currently stored on the site.
Dissolved phase PHC can transport through the fracture network of the bedrock into Steeves
Lake. The movement of fluids in the fracture network of the bedrock at Colomac is highly
variable throughout the year due to the seasonal effects of freezing and thawing fronts that are
generated by the air temperature at surface that then move through the subsurface. For the
purpose of conceptualizing the site, the subsurface environment can be divided into three main
segments: the active zone of groundwater flow, the impermeable zone and the areas of talik. The
active zone extends from the ground surface to the impermeable bedrock at depth. The active
zone is either thawed or frozen, depending on the time year. The impermeable zone is below the
active zone. The talik is associated with heat sources on site (such as Steeves Lake) and remains
thawed year-round. Additional detail on PHC transport at Colomac can be found in AECOM
2012; Colomac Adaptive Hydrocarbon Management Program: Data Compilation and Review
Summary.
Groundwater in the active zone is present in the fractures of the bedrock and, in some locations
(dependant on the water table level), in the overburden. PHC in the bedrock is expected to be
Annual Review: Post Closure Monitoring and Maintenance Plan
May 2018
GCDOCS # 7391781

5

mostly trapped in fractures. Liquid flow, as groundwater or Light Non-Aqueous Phase Liquid
(LNAPL), will be governed by the fracture pattern of the bedrock, the temperature of the ground
and the groundwater elevation. PHC are able to dissolve (to a limited extent) in the water, and
this aqueous phase dissolved hydrocarbon can moves as a plume, according to groundwater flow
dynamics, towards Steeves Lake. Flow through unfrozen overburden would be in accordance
with standard hydrogeology, i.e. from high to low groundwater elevation. Flow through the
bedrock can only follow established fractures, and can only flow if unimpeded by ice or other
blockage. This means that a well can have a significantly lower groundwater elevation than an
“up-gradient” well and can be between that “up-gradient” well and the receiving water body, but
there will be no flow between the wells if there are no fractures that connect the wells. The
majority of monitoring wells (MWs) at Colomac are measuring groundwater that is in bedrock.
Historically, petroleum has day-lighted in seepage areas where the water table intercepts the
ground surface at the location of declining topography. Two of these seepage areas have been
identified at Colomac. These locations remain of greatest interest for the AHMP as they have
shown past bedrock fracture connectivity between areas of LNAPL impact and the shoreline.
At the conclusion of the Colomac remediation, the Departmental Representative planned the
AHMP as a short term environmental monitoring program designed to gather information
required for determining the fate and transport of the remaining petroleum hydrocarbon and the
potential impact of the remaining hydrocarbon on the surrounding environment. The objectives
of the AHMP included:
 Supplement existing knowledge about the groundwater quality and flow systems on-site;
 Supplement existing knowledge about surface water quality at the seep areas and within
Steeves Lake;
 Evaluate the geothermal and climate regime based on the recent site changes, and how it
might impact hydrocarbon migration;
 Develop monitoring triggers in the event of new product outbreaks; and
 Identify potential monitoring end points.
Additional detail on the AHMP can be found in AHMP reports by AECOM and Stantec.
3.1.2 AHMP End Points
The AHMP will continue at Colomac until steady state conditions are achieved in the well-field
and shoreline. Evidence of steady-state conditions that are considered for the AHMP includes:
 No observation of LNAPL in wells that had never contained product and that are on the
periphery of the well field;
 Steady or decreasing concentrations of dissolved PHC in the sentinel wells;
 Return to a cyclical freeze/thaw cycle, as measured by the thermistors, for the ground
temperature at the site; and
 No observed LNAPL or sheen on the Steeves Lake shoreline cap.
3.1.3 PAR Recommendations for the AHMP
The PAR noted that a significant effort has been made to understand and monitor the
hydrocarbon contamination at the site. The aim is for the AHMP to reach “steady state”
conditions, which is the observation of monitoring results that fluctuate within a seasonal set of
parameters, but that do not show increasing or decreasing trends. The Monitoring Plan does not
explicitly outline the criteria under which these conditions need to be met, but 3 to 5 consecutive
years was considered reasonable.
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Further refinement of the definition of “steady state conditions” for the Colomac AHMP is
required to define if/when the site has reached “steady state”. It was recommended that further
work be conducted to more specifically define the criteria and conditions which would be
considered steady state. The monitoring program should continue until those defined steady state
conditions are reached, and then a scope reduction should be considered. It was recommended
that the same timeframe as the hydrological monitoring program (3 – 5 consecutive years) be
adopted as the length of time to show steady state.
Complete and accurate meteorological, ground temperature and groundwater data year-to-year
would assist in efficiently monitoring the progress towards plume stability. Currently, no
measurements of on-site winter precipitation are possible due to the removal of the winter
precipitation adapter from the meteorological station. A replacement winter precipitation
instrument is recommended to allow for the capture of year-round precipitation data, accurate
site-specific water balance calculations, and interpretation of groundwater data. Repair and
maintenance of the thermistor network would also allow for complete and accurate ground
temperature and groundwater data year-to-year.
Only a small number of wells were sampled consistently between 2011 and 2016. Establishing a
consistent set of wells be monitored and sampled would assist with accurately tracking trends and
identifying when steady state conditions are reached.
The installation of remotely accessible monitoring equipment would enable the reliable
acquisition of indicator parameters for physical parameters (levels, product thickness, temperature
etc.) and would provide a database of information that could be modeled to establish trends and
variability (seasonal and long-term) within a few years.
3.1.4 Basis for Current Monitoring
Petroleum impact in bedrock is known to persist for many years or decades, with the free phase
product trapped in cracks and fissures. The volume of PHC that remains in the bedrock at
Colomac is not known or quantifiable. PHC in bedrock is often no longer mobile, so it remains
as a trapped layer. The AHMP was established to provide a scientifically defensible model of the
sub-surface conditions at Colomac that recognizes that complete removal of free phase product
from the bedrock is not possible, but that it is possible to protect the environmental receptors that
are near the impacted area.
The AHMP outlined in the current Monitoring Plan consists of the following Tasks:
 Task 1: Setup and Operation of Field Equipment and Instrumentation;
 Task 2: Recovery of Data from the Colomac Monitoring Well Network;
 Task 3: Monitoring of Steeves Lake Shoreline;
 Task 4: Monitoring of Steeves Lake and B/C Pond Water Quality;
 Task 5: Collection of Thermistor Data;
 Task 6: Collection of Meteorological Data; and
 Task 7: Maintenance of On-site Equipment.
There are six tasks associated with the AHMP (Tasks 1 to 6 noted above). Task 7 is equipment
maintenance (truck all-terrain vehicles, etc.). It is generally listed with the AHMP because, at the
start of monitoring following the remediation of the site, there were 3 to 4 different consultants
collecting the data at Colomac. The equipment maintenance was assigned to the consultant doing
the AHMP program. This task will continue as part of monitoring support, but it will no longer
be considered part of the AHMP.
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The remaining six tasks associated with the AHMP have contributed to the collection of evidence
of steady state conditions. The status of the six tasks are discussed herein.
Task 1 - Set-up and Operation of Field Equipment and Instrumentation
The objective of the field equipment and instrumentation work was to allow for continuous
monitoring of water and product levels and meteorological data. Continuous monitoring of water
and product levels in selected monitoring wells was suggested to supplement the routine
collection of groundwater data.
Based on a preliminary review of the March 2011 monitoring data, leveloggers and a barologger
were suggested for improving data collection at Colomac. Continuous monitoring of water and
product levels in selected monitoring wells on site was intended to aid in the establishment of
post-remediation baseline conditions and capture of data from extraordinary climatic events (such
as heavy rainfalls) that occur when personnel are not on site. This monitoring was to be achieved
using leveloggers, and a barologger. These instruments were installed in select wells and onsite
locations. Leveloggers and the barologger have been installed seasonally in the spring and then
removed at the end of the summer field program. It was determined that 17 leveloggers were
reasonable to cover and obtain data from the well field. To correct for fluctuations in barometric
pressure, which can impact water levels and potentially cause temporary changes in groundwater
flow direction and flow velocity, a barologger was installed in one of the monitoring wells on
site. The response characteristics to barometric shifts allowed for calculating and correcting the
temporal effects of barometric pressure fluctuations to groundwater levels, so that average, longterm groundwater flow can be determined.
Rain gauges were installed in three locations to measure and record precipitation data. The
meteorological station has been installed in the former Tank Farm Area since 2012, and has
continually recorded standard meteorological data.
The objective of installation of this field equipment was to provide better spatial coverage of
groundwater level trends across the site. These instruments have been set up, maintained and
operated each field season from 2012 to 2017.
Commissioning and
decommissioning/winterization have been completed each year. Results from the leveloggers and
barologger have been combined with data recovered from the routine monitoring of the Colomac
MWs to provide annual figures showing water level gradients. As will be discussed in the next
Task, these charts provide elevations but do not reflect actual directions of groundwater flow.
Water flow direction figures produced for Colomac over the last 6 years have shown minimal
variation in water elevations. Groundwater elevation Figures for Colomac are provided in
Figures 1 and 2 for 2011 and 2017 respectively. The red line on Figures 1 and 2 shows the
approximate separation where wells to the north measure groundwater in bedrock and wells to the
south measure groundwater in overburden.
Given that the information being gathered from these units are of little to no value (as will be
discussed in more detail in Task 2) and the units could be made available for use in other CARD
locations, CARD intends to not commission the leveloggers and barologger for future monitoring.
The meteorological station and rain gauges collects data that is used for every program at the
Colomac site. CARD intends to keep these units operational for the near future.
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Figure 1 – Groundwater Flow Contours June 21st, 2011
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Figure 2 – Groundwater Flow Contours June 27 to 29th, 2017
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Task 2 - Recovery of Data from the Colomac Monitoring Well Network
Between 1999 and 2011, 270 MWs were installed in the Colomac well field. In 2017, 171 wells
were abandoned. Of the 99 wells that were not abandoned, 13 wells were frozen and could not be
abandoned, 32 wells could not be located, and 54 wells were retained for future monitoring.
Table 1 lists the wells in the Colomac Well field. Figure 3 shows the locations of the current and
former wells in the Colomac well field while Figure 4 shows only the current wells.
The objective of the data collection from the monitoring well network has been to track
fluctuations in the free product and groundwater levels that might affect the transport of free
product towards Steeves Lake. Additionally, monitoring of hydrocarbon concentrations in the
groundwater was intended to permit analysis of the changes in the distribution of the free phase
petroleum product plume. In combination with the levelogger data described in the previous
section, water elevations could be plotted based on the data collected through this task.
Monitoring of the wells has been performed every year since 2007. Product levels, water levels,
and depth of hole (depth to the end of the hole) have been measured using an interface probe at
groundwater monitoring wells. Depth to end of hole is often the depth to an ice plug, which has
been shown to correspond to the 0º C isotherm in the ground.
Measurements of LNAPL thicknesses in the monitoring well network do not directly correlated
with the true thickness of LNAPL in the formation because the MWs effectively act as sumps that
drain the fractures intercepted by the well when the water table fluctuates. Detection of LNAPL
as a layer in a well provides information on hydrocarbon distribution across the site but thickness
does not indicate volume. Wells with greater LNAPL thickness measurements generally have
been in locations of known historical petroleum releases, indicating that dispersion appears
somewhat slow. During active recovery of LNAPL from wells in areas that historically
demonstrated the greatest thicknesses of LNAPL, a general reduction in the thicknesses of
LNAPL measured in wells on the site was observed, but there was no clear reduction in the
number of wells where product was observed. Product recovery was discontinued when little
further product was being recovered. The consistent LNAPL thickness and number of wells with
product indicate that residual hydrocarbon remains trapped in the bedrock fracture network and is
limited in its ability to migrate. No impact has been noted in wells that previously had no
LNAPL impacted. This indicates that the end-point of no observation of LNAPL in wells that
had never contained product and that are on the periphery of the well field, which refers to the
limitation of migration, has been achieved. Additional detail is available in AECOM 2012d.
Starting approximately in May of each year, air temperatures consistently increase to above 0°C
and a thawing front can begin to travel downward through the subsurface. Before the overburden will thaw, the snow/ice on the ground surface will melt and flow to natural low spots
(often lakes). As the over-burden is still quite cold, water that penetrates the surface would freeze
and seal the ground from significant water penetration. Once the ground surface becomes clear of
snow and ice, then the thaw front will progress downward through the over-burden. By this time
much of the winter snow accumulation will have already reported to surface water bodies. The
PAR recommended installation of equipment to quantify winter precipitation; however, based on
the lack of apparent penetration to affect groundwater levels and the lack of need for this
information for any other monitoring program, CARD does not intend to accept this PAR
recommendation.
Summertime precipitation has historically caused flushing of LNAPL at Colomac. Rain gauges
will continue to be installed and monitored at the site.
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Table 1 – List of Colomac Monitoring Wells
MW#
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

MW#
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100

MW#
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150

MW#
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200

MW#
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
13A
14PVC
24PVC
32A
33PVC
160B
161B
162B
163B
164B
165B
1001
1002
1003
1004
1005
1006
1007
1008

MW#
1009
1010
1011
1012
1013
1014
1015
1016
1017
1018
1019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1029
1030
1031
A1
A1 black
A2
A3
A3 black
A4
BC1
BC1 black
BC2
BC3
BC4
BC4 black
BC5
DPA1
DPA2
DPA3
DPA4
DPA5
DPA6
DPBC1
DPBC2
DPBC3
DPBC4
DPBC5
DPBC6
P1
P2

MW#
P3
P4
P5
P6
P6PVC
PH1
PH2

Wells without shading remain at Colomac. Grey shaded wells have been decommissioned. Yellow shaded
wells are to be decommissioned later and orange shaded wells could not be located in the field and are
considered destroyed.
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The variability in LNAPL recovery and thickness trends highlights the complexity of LNAPL
contamination in fractured bedrock. The seasonal fluctuation in water table, fracture ice content
and fracture connectivity all contribute to LNAPL migration and distribution in the bedrock.
Each of these factors are controlled by numerous variables, making predictions of groundwater
flow, LNAPL migration and distribution of a dissolved petroleum plume very questionable based
on the data that can be collected.
This highlights the importance of the downgradient Steeves Lake Shoreline Cap and peat trench,
which is designed to attenuate any migration of LNAPL from the former mine facilities area as it
moves to Steeves Lake. With this engineered system in place, the value of the data being
collected from the monitoring well network is low as data shows that areas of concern drain to the
capped shoreline. Therefore, it is recommended that scheduled monitoring of all monitoring
wells, except those on the cap, should be eliminated. Remaining wells in the up-gradient well
field will only be monitored after unusual events such as LNAPL appearance on the cap or
ground surface or after periods of significant precipitation.
Routine groundwater sampling of monitoring wells in the well field was only started in 2011.
According to the 2011 AHMP report, the Consultant recommended the sampling to “to assess the
dissolved phase concentrations on site”. Analysis of other non-petroleum parameters, such as
metals, are assumed to have been to provide a better profile of the groundwater, but the
concentrations of these parameters were never considered beyond cursory comparisons to
Canadian Council of Ministers of the Environment (CCME) guidelines.
Sampling of petroleum parameters in a groundwater matrix in an area with LNAPL is of
questionable value because the concentration of dissolved PHC below the free phase is dependent
on many factors such as temperature, salinity, etc. The fact that there is sufficient product for
phase separation renders the measurement of dissolved phase concentrations immaterial.
Groundwater cannot be used for a drinking water source, dissolved phase PHC have not defined
the PHC impacted area and complete removal of PHC is not practical, so concentrations of PHC
in the well field have no bearing on the risk to the surrounding environment.
Measured hydrocarbon concentrations in the sentinel wells (MW227 to MW231) are used to
calculate mass loading to Steeves Lake. Hydrocarbon concentrations in all other wells have no
associated meaning or action. Based on these considerations, INAC requests that groundwater
sampling of non-peripheral wells in the Colomac wellfield be discontinued.
Monitoring well ground water sampling will continue be necessary from the sentinel wells. The
sentinel wells define the boundary across which the mass loading from the bedrock to Steeves
Lake is estimated. The sentinel wells (MW 227 - MW 231) should be monitored as these are
drilled along the shoreline on the constructed berm and spaced relatively evenly between Seepage
Area A and Seepage Area B/C.
Task 3 - Monitoring of Steeves Lake Shoreline
The objective of the Steeves Lake shoreline monitoring has been to verify that visible signs of
petroleum impact (free product or surface water sheens) are not apparent anywhere along the
shoreline, and especially in the areas of historical product seepage. A visual inspection of the
Steeves Lake shoreline cap and seepage zones will continue to be completed during every site
visit. No observed LNAPL or sheen on the Steeves Lake shoreline cap is a defining AHMP endpoint. Although there has been over 5 years without observed LNAPL, INAC intends to continue
this monitoring. The form of the monitoring may change from twice a year to opportunistically;
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it is also possible this monitoring will be completed remotely using Earth Observation
Technology.
Prior to the construction of the Steeves Lake Shoreline Cap in 2010, a lake boom was deployed
every summer to protect Steeves Lake from hydrocarbon seepage from the former bank of the
Lake. Remedial actions in 2010 have been sufficient to eliminate the seepage from this area so
far, but there remains a potential that seepage could re-established over time, especially from an
extraordinary climatic event such as a heavy persistent rainfall. Should seepage be observed on
Steeves Lake or the shoreline cap, a response will be required to maintain the integrity of the
protective constructed shoreline and to contain and recover any product.
Task 4 - Monitoring of Steeves Lake and B/C Pond Water Quality
The objective of surface water monitoring was to evaluate potential impacts to Steeves Lake
originating from dissolved PHC from the hydrocarbon impacted areas. In addition to Steeves
Lake, the wetland adjacent to seepage area B/C was identified as a potential conduit to Steeves
Lake that should also be sampled. Samples were to be collected on a semi-annual basis.
The AHMP monitoring of Steeves Lake has consistently been confused with the SNP sampling at
station 1563-42. SNP station 1563-42 was implemented in 2005, prior to construction of the cap,
to measure petroleum concentrations outside of the protective oil containment boom that used to
be placed in Steeves Lake every year. See section 3.5.4 for additional information on 1563-42.
Sampling for the AHMP program was intended to focuses on the water column near the lake
bottom (0.1 – 0.5 m from base of lake) in order to try to detect the dissolved plume seepage into
Steeves Lake. However, concentrations within the sentinel wells are not high and the dissolved
phase in the sentinel well represents the PHC concentration before dilution in the lake. In order
to detect hydrocarbon concentrations in the open water of Steeves Lake, sampling would have to
occur immediately beside (within centimetres) a fracture connected to the well field. The
likelihood of finding a fracture is very low and this sampling would be very difficult to reproduce
as samples would have to be obtained from exactly the same location or they would be subject to
different dilution by the lake. Therefore, INAC requests that sampling of Steeves Lake for
petroleum products be discontinued. This applies equally to the SNP location 1563-42 (see
3.5.4).
Samples will continue to be obtained from the cap wetland.
Task 5 - Collection of Thermistor Data
The objective of collecting thermistor data was to monitor the ground temperatures that
significantly influence product migration. Thermistors record temperature variation at depth on a
continual basis, providing a detailed temporal assessment of sub-surface conditions. Ground
temperature monitoring had been considered especially important given the changes to site
conditions following building demolition and site re-grading, and it was not known how these
changes would affect LNAPL distribution at the site. Return to a ground temperature cyclical
freeze/thaw cycle in modified areas of the site was considered an end-point for AHMP
monitoring.
Ground temperature data obtained prior to the remediation activities in 2011 confirmed
permafrost ground conditions at a few locations at Colomac; however, these locations were
primarily located in the shadows of site features. Collection of thermistor data was considered
very important through the first years of the AHMP (after remediation) as the new thermal
equilibrium would have been established during this period due to the changes from removal of
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buildings and regrading of the ground surface after excavations and back-fillings. This new
thermal equilibrium would have been established, and all effects on the LNAPL migration, would
have occurred within the first few years (i.e. by 2015). The failure of the ground temperature
program equipment combined with the shallow depth of more recently installed thermistor strings
have greatly limited the value of post-remediation temperature monitoring. See thermal regime
discussions by Biggar et al, van Stempvoort et al and Holubec.
Buildings at Colomac were removed and the shoreline was constructed by 2011. The winter of
2011-2012 would have bene the first year of the new cyclical freeze/thaw cycle. Although
establishment of vegetation might have had a small effect on annual cycles, subsequent cyclical
freeze/thaw cycle would have been dictated by natural temperature variability and not by site
factors. There have been seven full freeze/thaw cycles since this infrastructure change; this
would be more than sufficient to establish the new ground thermal regime. The reason for
monitoring this change in ground temperature was to explain and react to potential changes in
LNAPL distribution. The new cyclical freeze/thaw cycle had no apparent effect on LNAPL
distribution as LNAPL has not been observed at the Steeves Lake Shoreline in new or former
seepage locations. Although return to a cyclical freeze/thaw cycle, as measured by the
thermistors, for the ground temperature at the site was considered a measurable end point,
problems with the installed thermistors resulted in this occurring without being recorded.
Seven years after the changes to the surface of the Colomac site in the area impacted by
petroleum, the ground will have established cyclical freeze/thaw cycle temperatures. Other
aspects of AHMP monitoring, such as well and shoreline monitoring, have shown that the new
freeze/thaw cycle has not affected LNAPL distribution in quantifiable ways. Measurement of
ground temperatures, at this point, will not advance understanding of the potential impact of the
petroleum to the environment; therefore, thermistors will be decommissioned and measurement
of ground temperatures will be discontinued.
Task 6 - Collection of Meteorological Data
The objective of collecting meteorological data has been to monitor ambient temperatures and
climatic events that significantly influence contaminant migration. Meteorological data
collection has been part of the AHMP, but the data is needed for every Colomac monitoring
program. Meteorological data collection had been considered necessary until at least the 2018
field season; however, the data from the meteorological station continues to be important to the
interpretation of several Colomac programs and the station will be maintained until at least 2021.
The barologger was also considered part of the meteorological data collection. It will be not be
reinstalled in 2018.
3.1.5 Future Monitoring
Although an unknown volume of diesel still remains in the bedrock at Colomac, down-gradient
receptors are protected by the infrastructure established during the 2010 remediation of Colomac.
Monitoring through the AHMP has not shown changes in the site conditions or LNAPL
distribution that would indicate that there are unmitigated risks from the petroleum at the site.
The attention of the AHMP should concentrate on the contaminant loading to Steeves Lake and to
monitoring of the shoreline cap. The 2018 revised AHMP would consist of site visits during
freshet and in late summer to complete the following Tasks:
 Task 1: Operation of and Data Collection from Field Equipment and Instrumentation;
 Task 2: Recovery of Data from the Colomac Monitoring Well Network;
 Task 3: Monitoring of Steeves Lake Shoreline; and
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Task 4: Monitoring of the Cap Wetland Water Quality.

Task 1: Operation of and Data Collection from Field Equipment and Instrumentation
Rain gauges are installed in three locations to measure and record precipitation data. The
meteorological station has been installed in the former Tank Farm Area since 2012, and has
continually recorded standard meteorological data. The meteorological station will be inspected
during both site visits. Calibration and faulty equipment replacement will occur as needed.
Meteorological data collection will occur during each site visit. All effort will be made to ensure
uninterrupted meteorological data for measured parameters.
Task 2: Recovery of Data from the Colomac Monitoring Well Network
MW ground water sampling will continue from the sentinel wells (MW 227 - MW 231) to
continue defining the mass loading from the bedrock to Steeves Lake. The groundwater sampling
program is summarized in Table 2, which indicates the sample frequency and the parameters to
be analyzed. The analytical results are to be compared to CCME freshwater aquatic guidelines
and to historical concentration data (where applicable).
Table 2 – Groundwater Sampling Program
Sampling Event Sampling Location Analytical Parameters
During freshet
Sentinel wells
Cations and Anions: Ca, Mg, K, Na, Ba, Sr, Cl, PO4,
and in late
MW227 to MW231. SO4, Br
summer
General Chemistry:
pH, conductivity, hardness, alkalinity and bicarbonate
Metals: full metal scan
Petroleum Hydrocarbons:
Benzene, Toluene, Ethyl-Benzene, Xylenes, (F1 BTEX), F2-F4, Volatile Organic Compounds
Field Measurements:
pH, conductivity, temperature and dissolved oxygen
and Oxidation-Reduction Potential
Notes: The groundwater concentrations will be compared to CCME freshwater aquatic guidelines.

In addition to the routine samples, duplicate samples must be collected for Quality
Assurance/Quality Control (QA/QC) purposes, with 10% QA/QC sampling being completed for
the program. The AHMP QA/QC program will be combined with the SNP QA/QC.
Water samples will be collected using techniques to preserve the sample integrity and as dictated
by the analytical laboratory completing the analysis. All sampling will be in accordance with
established methods and will follow the sampling plan.
The Enhanced Free-product Removal (EFR) unit is a mobile vacuum extraction unit available at
site. The unit is available for recovery of product from monitoring wells and may also be
considered for use in recovery of product from standing water should release to the shoreline cap
occur. Since the majority of LNAPL is likely trapped in the bedrock matrix, recovery of the
petroleum does little to help the environment. Active product recovery has not been completed
since 2012. Should any product be recovered from monitoring wells or water bodies, the product
will be stored and dispose of off-site. Collection and off-site disposal of absorbent pads from any
environmental response or equipment maintenance should also be considered within this task.
Absorbent pads and booms are stored in the sea can in the former tank farm.
Annual Review: Post Closure Monitoring and Maintenance Plan
May 2018
GCDOCS # 7391781

18

Task 3 - Monitoring of Steeves Lake Shoreline
This task will consist of a visual inspection of the Steeves Lake shoreline cap, seepage zones and
peat trench, completed during both AHMP site visits. Also, geotechnical observations must be
noted for issues that could affect product transport on the cap, such as cap settlement/ponding or
erosion channelling. Information documented will include the presence/absence of:
 Hydrocarbon free-product (location and approximate amount of product to be noted and
area photographed);
 Erosion or ground settlement (location and areal extent noted, and area photographed);
 Hydrocarbon sheen on Steeves Lake or on ponded areas of the shoreline cap (location
and extent noted, and area photographed); and
 Other features, such as but not limited to vegetation stress, debris, staining and/or ponded
water (location and extent noted, and area photographed).
Should seepage be observed on Steeves Lake or the shoreline cap, a response will be required to
maintain the integrity of the protective constructed shoreline and to contain and recover any
product. The potential for this response will continue to be required as long as the potential for
seepage break-out of free phase hydrocarbon exists. In the event that a hydrocarbon free-product
seep is observed, control measures will be implemented in accordance with the Monitoring Plan,
Spill Contingency Plan and Waste Management Plan. No control measures have been required to
date.
Crews will be mobilized as soon as practical to contain and recover any petroleum break-out.
The observation of hydrocarbons or potential hydrocarbon effects will trigger a special response
to control and contain the break-out. In the event that a hydrocarbon free-product seep is
observed, containment and recovery measures may be taken including placement of sorbent pads
or sorbent booms along the area and, if applicable, collection of free product using the EFR. The
level of effort for this task will be dependent on the nature of the seepage; INAC will be
immediately notified and actively involved in the response required to address the break-out. All
effort will be made to ensure that Free Product does not enter Steeves Lake. The special response
will continue until reasonable assurance of petroleum containment and recovery has been
achieved.
Task 4 - Monitoring of Cap Wetland Water Quality
Monitoring of the wetland adjacent to seepage area B/C continues to be required. Samples will
be obtained annually from the north end of the wetland adjacent to seepage area B/C. Though
hydrocarbons are the main target contaminant, other analytical parameters are indicators of
groundwater seepage, such as increased ion concentrations, etc. Parameters to be analysed are
summarized in Table 3:
Table 3 –Cap Wetland Sampling Program
Sampling
Sampling
Analytical Parameters
Event
Location
Annually
Cap Wetland,
General Chemistry: pH, conductivity
north end
Metals: full metal scan
Petroleum Hydrocarbons: F1 (-BTEX), F2-F4
Field Measurements: pH, conductivity, temperature and
dissolved oxygen
Cations and Anions: Ca, Mg, K, Na, Ba, Sr, Cl, PO4, SO4,
Br
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3.2

Geotechnical Monitoring

3.2.1 Background
A large portion of the remedial work at Colomac has involved the construction of engineered
structures and major civil earthworks. The long term performance of these structures and works
are critical to remedial success and long term site stability and, as such, require comprehensive
monitoring. Collectively, these structures and works were produced through major civil works.
Design drawings for the first major civil works (tailings cap, Dam 1B, Dyke 7 spillway and
Tailings Lake discharge channel) were submitted to the WLWB in October 2005 with the final
as-built report being submitted to the Board in February 2008. Design drawings for final major
civil works (primary crusher cap, Steeves Lake shoreline cap and zone 2.5 pit landfill) were
submitted to the WLWB with the final as-built report in February 2012.
A desktop dam identification assessment was completed in 2017 for all structures that could
conceivably be considered a dam, including Dam 1B, Dyke 7, and the Zone 2.0 East Pit wall.
The Dam Identification Assessment was based on available existing design and/or record
drawings and their associated reports. This information was assessed against as the current
Canadian Dam Association (CDA) Dam Safety Guidelines and associated Technical Bulletins.
The most recent version of the CDA Dam Safety Guidelines was considered to be the 2013
update to the 2007 version, with specific consideration given to the 2014 technical bulletin for
mining dams.
Based on the assessment, the Zone 2.0 East Pit Wall does not currently meet the definition of a
dam. As monitoring of the water quality of Zone 2.0 Pit continues, if a noted change in the depth
of the chemocline is identified, a re-assessment of potential impact to Baton Lake should be
completed.
Based on the available information, it is highly likely that the tailings contained by Dyke 7 would
liquefy in the event of a breach, as they meet the three criteria required for liquefaction. This
liquefaction could result in a breach of either Dam 1A/1B or the Dam 2 discharge channel (also
known as the Tailings Lake discharge channel), effectively breaching the perimeter containment
of the site. The potential release of contaminated tailings and water is considered unacceptable to
the public, and therefore Dyke 7 would be classified as a dam.
Based on the available information, it is also highly likely that the tailings contained by the Dam
1A/B complex would liquefy in the event of a breach and would be released downstream toward
Paddle Lake. This potential release of contaminated tailings and water is considered
unacceptable to the public, and therefore Dam 1B should be classified as a dam.
Tailings Cap
The objectives of the tailings cover were to prevent contact between the tailings and wildlife, to
minimize the generation of dust, and to present neither an attraction to caribou nor an impediment
to their movement. Tailings from the Colomac mine were deposited in Spruce Lake and Tailings
Lake, which are referred to as the TCA.
Most of the exposed tailings were covered in 2006 with waste rock, and in some areas, a layer of
filter fabric was placed between the tailings and the waste rock. An area at the south end of the
Spruce Lake tailings cap was left open for deposition and burial of approved mill wastes during
the final remediation contract. That area was covered in 2011 by tailings and a layer of waste
rock in accordance with the design of the previously constructed cover.
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Dam 1/1B
The principal function of Dam 1B is to prevent the escape of contaminated seepage from the TCA
to the downstream environment. In that function, it replaced the pump-back system at the toe of
Dam 1A that required year-round operation. The objective for Dam 1B was, therefore, the
control of the seepage using a structure with long-term stability. The specific design criteria
adopted for Dam 1B were stability, as defined by the Canadian Dam Association, and site
specific seepage and thermal criteria (since the base of Dam 1B is keyed into permafrost). The
construction of Dam 1B and the placement of the waste rock infill between Dams 1A and 1B
were completed over the 2006/2007 winter period. Instrumentation associated with the
performance of Dam 1B consisted of thermistors and survey hubs installed during the
construction of the dam. The pump-back system immediately downstream of Dam 1A was shut
down in a controlled, gradual manner between December 12, 2008 and March 9, 2009.
In accordance with the 2014 Technical Bulletin: Application of Dam Safety Guidelines to Mining
Dams, Dam 1B meets the requirements of a Dam in ‘Closure – Passive Care’. The classification
of Dam 1B, based on the Dam Safety Guidelines, is Low consequence. This classification is
based on the fact that the Dam is located in an extremely remote area so that there is no
population at risk and Dam failure would be very unlikely to cause loss of life. The loss of
environmentally and culturally valued components would be minimal as there are no culturally
significant areas down-stream and significant environmental losses would not be expected. The
down-stream area also contains no infrastructure and third-party damages would be low.
Dyke 7 Spillway
The objective of the work on Dyke 7 spillway was to provide for the passage of water from the
Spruce Lake tailings surface to Tailings Lake, and thereby stop the historical piping of water and
tailings through Dyke 7. The specific design criteria adopted for the Dyke 7 spillway were
hydraulic capacity to pass a probable maximum flood (PMF) while presenting minimum
requirements for long-term maintenance. The Dyke 7 Spillway was constructed in 2006. There is
no instrumentation associated with the performance of the Dyke 7 Spillway.
As previously noted, Dyke 7 meets the definition of a Dam. The classification of this structure
would be Low consequence.
Discharge Channel
The objective of the Tailings Lake discharge channel was to provide an engineered passage for
water to flow from Tailings Lake. Tailings Lake collects all of the drainage from the former
TCA. The specific design criteria adopted for the Tailings Lake discharge channel were
hydraulic capacity to pass a PMF and minimum requirements for long-term maintenance. The
Tailings Lake discharge channel was constructed in 2006 and upgraded in 2010. There is no
instrumentation associated with the performance of the discharge channel.
Primary Crusher Cap
The objective of the primary crusher cap was the elimination of any potential threat to the safety
of people or wildlife due to falls or ground failures. The engineered design was based on
backfilling the open vertical chamber with waste rock, placing steel beams and plating over the
back fill and then covering the steel plating with a mound of soil that sheds surface water away
from the steel plating. The cap was installed in 2010.
Steeves Lake Shoreline Restoration
The objective of the shoreline restoration was to establish a secure, erosion-resistant cap that
provides separation between Steeves Lake and the hydrocarbon-contaminated sediments at the
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near shore. The construction involved the placement of a rock and soil cap along the impacted
shoreline and establishment of vegetation on the surface of the cap. The cap was constructed in
2010, with drainage improvements in 2011, using borrow material from existing site quarries,
waste rock dumps and peat from the Dam 1 valley stockpile.
Zone 2.5 Landfill
The objective of the landfill cover was to establish a permanent cover over the non-hazardous
landfill via the placement of rock fill lifts over the wastes and grading the cap to a stable
configuration. The landfill was closed in 2010 with final grading in 2011.
3.2.2 Geotechnical Monitoring End Point
Geotechnical monitoring will continue to be required for Colomac as long as dams remain
features of the site. Monitoring frequencies for the dams will be based on the recommendations
of the inspecting Geotechnical Engineer, in accordance with applicable guidelines and
regulations.
The need for continued monitoring of other structures will follow the
recommendations of the Geotechnical Engineer, but it is anticipated that the frequency of
inspections will decrease significantly as structural stability is established.
3.2.3 PAR Recommendations for Geotechnical Monitoring
The PAR provided recommendations for each of the geotechnical structures.
Dam 1/1B: The overall objective of the geotechnical monitoring program for Dam 1/1B is to
confirm that the seepage path from Tailings Lake has been effectively cut-off and that the
structure remains intact. The first objective requires confirmation that the thermal criteria have
been met while the second relies on physical inspections and survey data. The first objective is
met by confirming functionality of the thermosyphons that are cooling the base of the dam; an
annual check is considered sufficient to confirm that the cooling loops are functioning properly.
This inspection is completed in winter when the air temperature is 15 to 20°C colder than the
expected ground temperature at the evaporator pipes (i.e. an ambient air temperature below minus
15°C). The radiators would be examined at the same time for any signs of distress or damage.
The overall performance of the thermosyphons is best determined by measurement of ground
temperature within and below the dam to confirm that the thermal criteria adopted for Dam 1/1B
continues to be met. The 2012 thermal monitoring review demonstrated that the criteria were met
and the dam foundation was cooling faster than expected; therefore, an annual monitoring
frequency is considered adequate. The PAR recommended that future thermistor monitoring be
carried out in the late fall (say mid-September) when ground temperatures at the evaporator pipes
would be expected to be the warmest.
A remote monitoring system was installed in the fall of 2017 to record ground and thermosyphon
radiator temperatures throughout the year. The system is being tested on a trial basis at two
thermistor readout locations (4 strings) and two thermosyphon radiators (two locations on each
radiator) at the north abutment. The temperature data is stored in a data-loggers linked to a
telemetry system that transmits data from the site to a password protected web-based site.
Based on the classification for Dam 1/1B in accordance with the CDA Guidelines, a full
inspection carried out every five years by a geotechnical engineer is considered appropriate.
Personnel responsible for annual monitoring events should carry out a cursory inspection of the
dam to look for evidence of significant distress or seepage conditions. These should be
immediately reported to the Engineer-of-Record.
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Ground displacement monitoring of a dam provides a better understanding of the overall
performance of the structure and its foundation. Deformation of an earth fill structure is not
unexpected and the rate of deformation should decreases with time, eventually reducing to a
small constant (creep) displacement rate. Hub surveys provided a systematic means of evaluating
the overall performance of the structure during and for one year following construction.
Consideration should be given to re-establishing the survey of the five hubs along the dam crest
to confirm that total displacements fall within the limits established by the Engineer-of-Record.
Should this survey confirm the trends identified in 2008, subsequent surveys may not be
necessary; however, if significant displacements are evident, annual surveys would be necessary
until movement rates can be determined for comparison with pre-determined critical values.
Alternatively, movement information derived from satellite radar4 images could be considered.
Processing techniques capable of detecting moment to millimeter accuracy are available to
provide an early warning of critical movement without the need for ground surveys.
Dyke 7 and Dyke 7 Spillway: There is no geotechnical instrumentation associated with Dyke 7
or the Dyke 7 spillway. It is recommended that personnel responsible for the annual monitoring
events carry out cursory inspections of the dyke and spillway to look for evidence of significant
distress and immediately report any such conditions to the Engineer-of-Record. A checklist
(along with photos) of deficiencies or areas of concern based on previous inspections should be
provided to inspection personnel. Although the installation of geotechnical instrumentation is not
considered necessary, a survey of the dyke crest centerline would allow a comparison with
previous surveys and would provide a baseline for comparison for future surveys.
Zone 2.0 Pit: There is no geotechnical instrumentation associated with the Zone 2.0 Pit, nor is
there any requirement for routine inspections and reporting as part of the comprehensive
monitoring program. It is recommended that the future geotechnical inspections include
examination of the areas where the east pit wall slope failures occurred in 1995 and 1996.
Alternatively, obtaining movement information derived from satellite radar images (as described
for Dam 1/1B) could be considered.
Dam 2 Discharge Channel: There is no geotechnical instrumentation associated with Dam 2 or
the Dam 2 discharge channel, nor does there appear to be any requirement for routine inspections
or reporting. Inspections were still carried out as part of previous geotechnical inspections, with
the last inspection carried out in 2012. The PAR described the discharge channel as an
appurtenance (structure other than a dam) and considered it as included in the definition of a dam
(Canadian Dam Association Guidelines 2013). It was recommended that the discharge channel
be included in the routine monitoring program. It was also recommended that the elevation of the
channel spill point at the inlet be surveyed for comparison with the original design.
Tailings Caps: A visual inspection of the Zone 2.5 Pit landfill cap is carried out during annual
geotechnical monitoring events. The inspections focus on the physical stability of the cover,
including signs of settlement or instability. This level of monitoring is considered sufficient to
identify any significant deficiencies or progressive deterioration of the cap.
Primary Crusher Cap: A visual inspection of the primary crusher cap is carried out during
annual geotechnical monitoring events. The inspections focus on the physical stability of the
covers, including signs of settlement or instability. An inspection carried out in 2012 identified
minor localized depressions but nothing indicative of problems or deterioration of the steel
plating. This level of monitoring is considered sufficient to identify any significant deficiencies
or progressive deterioration of the cap.
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Steeves Lake Shoreline Cap: A visual inspection of the Steeves Lake shoreline cap is carried
out during annual geotechnical monitoring events. The inspections focus on the physical stability
of the cover, including signs of erosion, settlement, or instability. This level of monitoring is
considered sufficient to identify any significant deficiencies or progressive deterioration of the
cap.
Zone 2.5 Non-Hazardous Landfill Cap: A visual inspection of the Zone 2.5 Pit landfill cap is
carried out during annual geotechnical monitoring events. The inspections focus on the physical
stability of the cover, including signs of settlement or instability. This level of monitoring is
considered sufficient to identify any significant deficiencies or progressive deterioration of the
cap.
3.2.4 Basis for Current Monitoring
The objective of the geotechnical monitoring is to ensure engineered structures are inspected on a
regular basis to verify continuing performance as designed. The schedule for the Geotechnical
Monitoring is based on the recommendations of the Engineer-of-Record for the construction of
the Geotechnical structures; however, it is anticipated that schedule modification will be made as
inspections establish the conditions of site structures.
The current recommendations for the long-term geotechnical monitoring requirements for the
Colomac Site have been developed on the basis of the following considerations:
 The 20-yr requirement (until 2027) for the functionality of the thermosyphons in Dam 1B
is a key driver for the duration of site inspections. Checking of thermosyphon
functionality should occur once every winter.
 Full inspection by a Geotechnical Engineer is required once every 5 years for Dam 1B,
with the last inspection in 2017.
 When the Geotechnical Engineer is on site, inspections will be completed at the other
features: tailings cap, Dyke 7 spillway, Tailings Lake discharge channel, primary crusher
cap, Steeves Lake shoreline restoration and Zone 2.5 Pit Landfill.
 In situations where a functionality check is recommended more than once every 5 years,
a geotechnical technician or technologist could visit the site.
 The thermistors at Dam 1B should be read at least once annually, and is usually done in
conjunction with the checking of the thermosyphons.
The annual task for the geotechnical monitoring consists of downloading the thermistor data and
checking the thermosyphons. This activity was automated in 2017, so data is now logged and
remotely downloaded.
The Geotechnical Engineer completed a comprehensive inspection in 2017, inspecting the tailings
cap, Dam 1B, Dyke 7 spillway, Tailings Lake discharge channel, primary crusher cap, Steeves
Lake shoreline restoration and Zone 2.5 Pit Landfill. The field inspection for the five-year
comprehensive inspection was carried out between October 2nd and 6th, 2017. A light snowfall
occurred the day prior to the site visit for the five-year comprehensive review. The snow
accumulation of 2 to 3 cm significantly limited observations of the ground surface during the
inspection, impacting the primary method used for this inspection. During the inspection,
instrumentation within the tailings containment area (tailings cover and Dam 1B) including
settlement pins, piezometers and thermistors were monitored.
In general, and from what could be observed given the snow cover, the areas and structures
observed in the TCA, including the tailings covers, Dyke 7, Dyke 7 Spillway, Dam 1A/Dam1B,
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and Dam 2 Discharge channel, are performing adequately without signs of instability, settlement
or movement. The three main non-TCA areas that were reviewed are performing well. There are
no mitigation recommendations for the Primary Crusher cap or the Zone 2.5 Pit Landfill. These
areas should continue to be reviewed on an annual basis by staff completing regular site visits, as
well as during the more detailed 5-year inspection by a geotechnical engineer.
A discontinuous semi-circular displaced crack was observed in the area above the remediated
Steeves Lake Shoreline. No remedial action is considered necessary at this time; however, it is
recommended that this area be reviewed again during the 2018 field visits to monitor potential
changes. No changes were recommended to the previously recommended Geotechnical
Monitoring Schedule.
The PAR recommended surveys of the dam survey hubs and geotechnical structures. The
Geotechnical Engineer who completed the 2017 inspection did not recommend these locations be
surveyed. CARD has taken the recommendations of the PAR under advisement, but does not
intend to pursue the surveys at this time.
CARD considers the level of effort for the Geotechnical Monitoring to be appropriate for the
long-term monitoring Program. No further modifications to the program are proposed.
3.2.5 Future Monitoring
The currently established monitoring program will continue for the foreseeable future. The only
significant changes that have occurred are concerning the collection of the winter data from Dam
1B. Remote telemetry has been set up at the Dam to provide constant readings of the measured
temperatures; therefore, winter visits will no longer be required. Calibration and maintenance can
be performed during regular summer visits. The next comprehensive Geotechnical Monitoring
visit is scheduled for 2022.
3.3

Habitat Compensation Monitoring Program (HCMP)

3.3.1 Background
As part of the Colomac Mine Site Remediation Project, approximately 15,300 square metres of
fish habitat underwent harmful alteration, disruption or destruction as part of the remediation
activities related to the impacted sediments along the Steeves Lake shoreline. In order to
complete this work, INAC obtained a Fisheries Act Authorization, as per the requirements under
Section 35(2) of the Fisheries Act.
The areas identified in the Fisheries Authorization 09-HCAA-CA6-00128 as Habitat
Compensation include:
 3750 square metres (m2) of riparian habitat along the constructed armour wall of the
Steeves Lake Shoreline Cap by grading and vegetation with appropriate indigenous plant
species according to an approved design drawing and Re-vegetation Plan; and
 7300 m2 of long-term natural stream channel with a mix of hydraulic habitats suitable for
fish migration between Spot Lake/Truck Lake and Truck Lake/Steeves Lake according to
design drawings.
Although the Truck Lake to Steeves Lake channel remained as compensation area, hydraulic
challenges experienced during the construction of the approved habitat compensation area
between Spot Lake and Truck Lake resulted in the re-evaluation of this area as effective habitat
compensation. Through discussions with Fisheries and Oceans Canada (DFO) and INAC, it was
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determined that alternative habitat compensation would be incorporated to meet the Fisheries
Authorization. The revised habitat compensation areas included:
 Dam 2 Drainage - a 14 meter meandering channel, with ten (10) riffles along the
northeast corner of Tailings Lake. Total habitat compensation of 115 m2;
 East Side Truck Lake Shoreline - a constructed wetland area between Spot Lake Channel
and Truck Lake (excavation of the waste rock shoreline below water level to establish a
continuation of the shallow littoral zone to the east of the channel outlet). Total habitat
compensation of 160 m2; and
 West Side Truck Lake Shoreline - a constructed wetland along the west side of Truck
Lake shoreline (excavation of waste rock piles along the shoreline down to the original
shoreline level and placement of Type 4/5 blend to support re-vegetation). Total habitat
compensation of 270 m2.
These areas, with the Steeves Lake Shoreline cap, were the focus for data collection and
observations under the Habitat Compensation Monitoring. The HCMP consisted of two distinct
parts: Stream Monitoring and Re-vegetation Monitoring. Each part involved distinct scientific
teams and were reported separately, but both were driven by the FA.
3.3.2 HCMP End Points
The objective of the HCMP is to fulfill the requirements of the FA through annual assessment of
the compensation areas offered as part of the compensation plan. The Colomac HCMP Plan
(October 2013) provides the detailed requirements of the HCMP. The Fisheries Authorization
provided the following conditions relating to the monitoring and reporting of the compensation
conditions:
1) The proponent shall provide a Compensation Monitoring Plan for the fish habitat
compensation works by March 31, 2011 for DFO review and approval.
2) The Compensation Monitoring Plan shall be developed with the intent of demonstrating
that the fish habitat compensation works were implemented and are functioning as
intended.
3) The Proponent will report to DFO the results of the Compensation Monitoring Plan on an
annual basis for 5 years post-construction by March 31, that the compensation works
were conducted according to the conditions of this Authorization.
4) The Proponent shall provide a description of the contingency measures that were
followed if, during monitoring, it was determined that the compensatory habitat was not
functioning as intended.
The Compensation Monitoring Plan was not submitted until October 2013 due to the time
required for remediation reporting. Based on this delivery and the fact that compensations works
in the north typically require much longer to prove to be functioning, DFO recommended that a
10-year post construction period, starting in 2011, be used for the Colomac Fisheries
Authorization. Based on these factors and the conditions dictated in the Fisheries Authorization,
the following are the end-points for the HCMP:
1) A report on all stream monitoring or re-vegetation will be submitted to DFO annually
until 2021;
2) Descriptions of contingency measures will be provided, as necessary, as part of the
annual reporting; and
3) The final report in 2021 will establish that the fish habitat compensation has functioned
as intended and that no further monitoring is required.
No contingency measures have been required to date and compensation works have functioned, to
date, as intended.
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3.3.3 PAR Recommendations for HCMP
A great deal of effort has been expended to monitor the success of habitat compensation
measures; however, due to the variability in conditions between annual sampling events (possible
drought conditions and/or plugged/frozen French drain); limited but excellent information is
available to demonstrate that the overall objectives of the HCMP have been met. Re-vegetation
of large areas of the site exceeded the expected compensation levels. The revegetation is
providing significant beneficial habitat compensation and should be visually monitored annually
(remotely with on-site confirmation during a routine monitoring event) to confirm progress on a
macro level. Some additional data collection is required to demonstrate the effectiveness of
habitat compensation measures.
While spot monitoring of hydrology conditions in the compensation channels is helpful,
consistent monitoring would define the appropriate time periods for monitoring and provide
confidence that conditions meet the intended design specifications. Although the Truck LakeSteeves Lake channel was not intended to flow continuously, establishing continuous monitoring
would provide data to determine if the habitat is meeting design requirements. Past monitoring
events have not established that the habitat provides intended ecological function as there are not
well defined endpoints. The implemented program is behaving as intended. No adverse effects
have been observed or documented since implementation and no concerns have been raised by
DFO or other stakeholders through feedback on the reports.
The PAR recommended that DFO and other stakeholders confirm that they have no concerns so
the monitoring program can be suspended.
The focus on monitoring for riparian revegetation success could be reduced as past monitoring
has demonstrated that these efforts have been successful. Limited monitoring should continue for
plant composition relative to surrounding communities and whether or not a sustainable
ecosystem has been established. Based on current evidence, it is expected that a self-sustaining
and integrated ecological community will be successful. Visual inspections, including remote
monitoring, will reduce the need for extensive site presence. Ground level revegetation
assessments should be supplemented with aerial photography and/or remote sensing in order to
demonstrate the development of vegetation cover over the long term.
3.3.4 Basis for Current Monitoring
Work on the HCMP is scheduled to conclude with the 2021 final report to DFO. Although
compensations works have not functioned flawlessly, the re-vegetation work is considered an
example of how to execute a re-vegetation program in northern Canada, and the stream
monitoring has shown periods where channels functioned as intended. INAC does not anticipate
need for the HCMP after 2021.
3.3.5 Future Monitoring
The HCMP Plan should be reviewed and the requisite data sheets should be reproduced for use in
the field. The plan covers the use of the Canadian Aquatic Bionetwork Monitoring (CABIN)
program, the Wetlandkeeper’s Handbook and Streamkeeper’s Handbook to gather information on
aquatic ecosystem conditions. The stream monitoring will be completed on the Truck Lake to
Steeves Lake Channel and the Tailings Lake Discharge Channel. The monitoring is only required
when the streams are flowing.
Due to the nature of the different monitoring components, Habitat Compensation monitoring will
require two site visits per season. Hydrotechnical and fish usage monitoring will take place in
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spring/early summer during time of freshet and (potential) spring spawning activity. Revegetation and bio-monitoring components (benthics, substrate etc.) will be monitored in late
summer. The general site information will be completed for each site visit. The remaining
components of the monitoring will be assessed, in accordance with the schedule in Table 4.
Table 4 – Habitat Compensation Monitoring Schedule – Components per Visit
Component
Freshet
Late Summer
Reach Data
Y
Y
Benthic Macroinvertebrate Data
N
Y
Water Chemistry Data
Y
A
Channel Data (Hydrology)
Y
A
Channel Data (Substrate)
Y
N
Fish Usage Data
Y
A
Riparian Habitat and Vegetation Data
N
Y
Geotechnical/Hydrotechnical Stability Data
I
I
Notes:

Y – Yes.
N – No.
A – If appropriate (if the channel is fully wetted).
I – Inspection by monitoring personnel for evidence of failure

Flat River Consulting was engaged by the Final Remediation Contractor to direct the revegetation effort in 2010. Flat River then completed a baseline data collection and observations
of these re-vegetation compensation areas in 2011. In accordance with the Fisheries
Authorization and the Habitat Compensation Plan, these areas will continue to be re-visited for
data collection and observations to inspect and quantify the success of the re-vegetation effort.
Re-vegetation results to date have shown that plants in the compensation area are meeting the
design goals. As noted in the 2017 report on the re-vegetation, vegetation was adapting to
changing conditions. In particular, black spruce trees in the Steeves Lake In-fill that survived
construction died from the unexpected ponding and were replaced by wetland plants; sedges, that
were not planted, germinated from the peat seed bank where moisture to support growth was
present but green alder died in response to long term saturated soils at the Truck Lake Wetland;
vertical layering of vegetation seems to be developing at some sites, such as a shrub layer of
willow and alder with a ground layer of grass, and sedge and herb observed at the Steeves Lake
Shoreline Trench; and speckled alder was growing in the saturated soils of the Dam 2 channel and
green alder was growing in the upland areas. It is encouraging for continued re-vegetation
success that the vegetation appeared to be adapting and recovering to changes in the environment
that were observed at Steeves Lake In-fill, Truck Lake Wetland and Dam 2 sites. This provides
further evidence that plant compositions of the re-vegetated sites are consistent with adjacent
ecosystems and will be sustainable over time.
Vegetation monitoring is currently scheduled for 2020 and 2021. Based on the successful results
to date and the fact that 6 monitoring program have been completed for a 5-year monitoring
requirement, INAC proposes to eliminate the 2020 vegetation monitoring and to only complete
one additional monitoring in 2021. Stream monitoring is proposed for 2018, 2020 and 2021.
INAC proposes that the 2020 stream monitoring also be eliminated, which still leaves 5 years of
monitoring over the post-remediation period.
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3.4

Hydrology Monitoring

3.4.1 Background
The TCA was originally permitted as a "'zero discharge facility", meaning that tailings water was
not permitted to be discharged to the environment. Water accumulated in Tailings Lake more
rapidly than planned, so Tailings Lake contained a large volume of contaminated water when ore
processing operations ceased in December 1997. The maximum water storage capacity of the
basin was reached by early 1999, so a significant amount of this water had to be transferred to the
Zone 2 Pit for storage and treatment.
Following transfer of impacted water from Tailings Lake to Zone 2.0 Pit, lake-level data
collection was started in June 2004. Figure 5 shows the major water sheds in the Colomac Area.
Lake level monitoring was initially intended to observe conditions in three discharge areas: the
Steeves Lake discharge area, as the location of the majority of the Colomac infrastructure; the
Tailings Lake Discharge area, as the location of the TCA; and Watershed A, as the receiving
environment for discharge from the TCA. The six original water-level monitoring stations were
located at Steeves Lake, Baton Lake, Zone 2.0 Pit, Fuscum Lake, Tailings Lake, and L-Shaped
Lake (the L-shaped lake northeast of Tailings Lake). Water-level monitoring at Fuscum Lake
was discontinued in 2007 after completion of treatment of Tailings Lake water. Additional
monitoring stations were installed at Duck Lake, Spot Lake, and Truck Lake in 2010, though the
reasons for these new stations are not evident in annual Hydrology Reports. The 2009
Hydrologic Monitoring Field Program Report did not recommend the installation of these
stations, but did recommend elimination of the Stations at Steeves Lake, L-Shaped Lake and
Baton Lake. No other discussion of the installation of these stations was found to verify why they
were installed. Water-level monitoring stations were installed at Zone 2.5 Pit and Zone 3 Pit in
2011 to verify hydrology in the water bodies adjacent to the Zone 2.5 Pit landfill. In 2013, the
stations at Duck Lake and L-Shaped Lake were removed and the station at Steeves Lake, which
had been removed due remedial efforts in 2011, was re-established. The monitoring station at
Baton Lake was decommissioned in 2014, but was re-activated after the Baton Lake flooding of
2016. Active stations are currently located at Zone 2.0 Pit, Tailings Lake, Spot Lake, Truck
Lake, Steeves Lake, Zone 2.5 Pit and Zone 3.0 Pit. Figure 6 shows station locations for the seven
active water-level stations.
3.4.2 Hydrology End Points
The objective of the Colomac hydrologic monitoring program is to collect and report on lakelevel data obtained from water-level monitoring stations. This data collection is intended to
continue until steady-state conditions are established for water bodies on the Colomac site.
Steady state would be defined as three to five years of natural lake water elevation cycles for each
water body.
To date, it was defined that the water bodies downstream of Zone 2.0 Pit would continue to be
monitored until Zone 2.0 Pit displays natural lake cycles. This was intended to determine
whether there is an observed change in the elevation of these water bodies when or if Zone 2.0 Pit
commences discharge.
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Figure 5 – Lake Watersheds at Colomac
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3.4.3 PAR Recommendations for Hydrologic Monitoring
At the end of 2016, steady state conditions had been achieved at Steeves Lake, Baton Lake, Truck
Lake, Spot Lake, Tailings Lake and Zone 3.0 Pit. Zone 2.5 Pit appeared to be approaching a
steady-state condition, but additional monitoring is required to conclude that it is behaving as a
natural lake. Water levels in Zone 2.0 Pit continue to rise from year to year, but at an
increasingly slower rate. The Hydrological Monitoring Program will need to continue for at least
the next 3-5 years; however, the Hydrological Monitoring Program contained recommendations
for the program that were considered in the PAR.
The Hydrological Monitoring Program recommended that all eight (8) monitoring stations remain
operational so that additional data could be collected for the two water bodies (Zone 2.0 Pit and
Zone 2.5 Pit) that have not yet reached steady state, and to continue studying the flow pathway
from Baton Lake through to Steeves Lake. The PAR partially agreed. Both Spot Lake and Truck
Lake are on a pathway that could potentially receive surface water flow originating from Zone 2.0
Pit, and are also in the middle of the Baton-to-Steeves Lake pathway. At least one of the two
should be retained for ongoing monitoring; however, as they both have reached steady state,
decommissioning one of the two should be considered.
The Hydrological Monitoring Program recommended the installation of a transducer in Dyke
Lake in order to assess the seasonal variability of its water level elevations. The PAR partially
agreed. Dyke Lake is thought to be an important source of groundwater flow to Zone 2.0 Pit. As
Dyke Lake has a surface water outflow to Steeves Lake and the overall rise in water levels in
Zone 2.0 Pit is getting slower, the effect of groundwater flow from Dyke Lake to Zone 2.0 Pit
may be difficult to separate from the seasonal variability of Dyke Lake’s water level elevations.
Several years of monitoring data will also likely be required to establish this seasonal variability.
The PAR recommended that a transducer only be installed if it would significantly improve the
existing Water Balance Models for Zone 2.0 Pit, Zone 2.5 Pit and Zone 3.0 Pit, as compared to
the use of spot measurements.
The Hydrological Monitoring Program recommended continuing manual measurements of Ridge
Lake water levels so that long-term trends, potentially affecting other lakes, can be identified.
The PAR agreed.
The Hydrological Monitoring Program recommended that the existing Water Balance Models for
Zone 2.0 Pit, Zone 2.5 Pit and Zone 3.0 Pit be updated annually. The PAR Agreed, as
improvements to the Water Balance Model may help in the assessment of groundwater flow
pathways within the fractured bedrock in the area.
3.4.4 Basis for Current Monitoring
Current hydrology surveys are conducted twice annually; once during peak flow in June and once
during low flow in September, at ten pre-existing water-level monitoring stations at the Colomac
mine site. Eight of these ten locations are also equipped with lake water depth sensors connected
to dataloggers. Water levels are surveyed at all datalogger sites for each hydrology site visit in
order to correlate the data from the data loggers. The 10 locations, from north to south, are
Tailings Lake, Spot Lake, Steeves Lake, Truck Lake, Zone 2.0 Pit, Zone 2.5 Pit, Zone 3.0 Pit,
Dyke Lake, Ridge Lake and Baton Lake. The location of each station is shown on Figure 6.
Steady State conditions (natural lake water elevation cycles) have been observed every
monitoring year for every monitoring station except Zone 2.0 Pit, Zone 2.5 Pit and Baton Lake.

Annual Review: Post Closure Monitoring and Maintenance Plan
May 2018
GCDOCS # 7391781

32

Tailings Lake water levels have been consistently monitored since 2004. Following the transfer
of water from Tailings Lake to Zone 2.0 Pit and the subsequent water treatment, water levels in
Tailings Lake were permitted to rise. Lake level elevations reached the discharge elevation in
2008, and Tailings Lake has been discharging water (that meets discharge criteria) to the
surrounding environment since that time. Natural Lake discharge water elevation cycles were
established for this lake by 2012, after three years of natural cycles. Figure 7 shows the annual
plot of the monthly average water level in metres above sea level (masl) for Tailings Lake, with
eight years of natural cycles provided to date.
In recent years, these water levels have only been used to estimate the volume discharged from
Tailings Lake on an annual basis, even though this discharge meets site criteria. Part B, Item 1,
of the Surveillance Network Program that is annexed to the Colomac Water Licence W2014L80003 requires that INAC measure the water levels of Tailings Lake, Zone 2.0 Pit, Zone 2.5 Pit,
and Zone 3.0 pit twice per year, once in the fall and once in the spring (after freshet). Figure 7
shows that Tailings Lake has achieved the steady-state condition end-point to the monitoring.
Continued monitoring of this Lake is not required, so INAC requests that Part B, Item 1, of the
Surveillance Network Program that is annexed to the Colomac Water Licence W2014L8-0003 be
amended to exclude Tailings Lake.

Figure 7 – Tailings Lake Monthly Average Water Elevations (Stantec 2018).
As previously noted, the reason for installation of water level monitoring stations at Spot Lake
and Truck Lake could not be located. It is possible that it was hoped that these stations would
provide indication of discharge from Zone 2.0 Pit, but with all of the other factors affecting the
drainage through this Lake, it would be difficult to establish any lake level fluctuation as being
due to Zone 2.0 Pit discharge. Figure 8 shows the annual plot of the monthly average water level
for Spot Lake and shows that Spot Lake has steady-state conditions. Monitoring of this water
body will be discontinued.
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Figure 8 – Spot Lake Monthly Average Water Elevations (Stantec 2018).
Monitoring of water levels in Steeves Lake is a requirement outlined in Part B, Item 2, of the
Surveillance Network Program that is annexed to the Colomac Water Licence W2014L8-0003.
Monitoring of this station was suspended from 2011 to 2013 due to removal of the station during
remediation activities; however, Steeves Lake, not surprisingly, has consistently shown natural
lake water level cycles since the start of monitoring of this Lake in 2005. Figure 9 shows the
annual plot of the monthly average water level for Steeves Lake.
It is assumed that the lake level monitoring requirement outlined in Part B Item 2 is due to the
possibility that impacted water in Zone 2.0 Pit could enter the Baton Lake to Steeves Lake
drainage system, with water level changes picking up this discharge. In the 2013 Zone 2.0 Pit
water balance completed by SRK (SRK 2013b), it was noted that all of the available data and
some reasonable assumptions indicate that the ultimate long-term release of water from the Zone
2 Pit could be in the order of 90,000 cubic metres (m3) per year and Baton Lake is likely to
receive the majority of the discharge as groundwater flow. They also noted the possibility that
some discharge could occur by groundwater flow to Steeves Lake. Beak (Beak 1989) provided
pre-development lake volumes and discharge flows through the Colomac area. According to their
calculations, Baton Lake has a volume of 17,000,000 m3 and Steeves Lake has a volume of
8,500,000 m3. The Beak average flow rate between the Lakes is 135 Litres per second. If flow is
assumed to occur for 150 days per year, this provides an annual volume of 1,750,000 m3 flowing
between Baton and Steeves Lake, which is almost 20 times the ultimate annual discharge volume
for Zone 2.0 Pit. If all 90,000 m3 of Zone 2.0 Pit discharge reported only to the Baton Lake to
Steeves Lake discharge route, the average flow rate would increase from 135 to 142 Litres per
second. This would certainly be within normal variability of flow rates.
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Figure 9 – Steeves Lake Monthly Average Water Elevations (Stantec 2018).
Since Steeves Lake has continually exhibited natural lake elevation cycles and since the start
discharge from Zone 2.0 Pit could not be reasonable expected to be noticed within the natural
fluctuations of the Baton Lake to Steeves Lake drainage and Lake hydrology, INAC requests that
Part B, Item 2, of the Surveillance Network Program that is annexed to the Colomac Water
Licence W2014L8-0003 be amended to exclude Steeves Lake.
As noted above, the reason for installation of water level monitoring stations at Truck Lake could
not be located. Beak notes that Truck Lake has a retention time of 6 days, meaning that water
moves quickly through this lake. It would be difficult to establish any lake level fluctuation as
being due to Zone 2.0 Pit discharge. Figure 10 shows the annual plot of the monthly average
water level for Truck Lake. Truck Lake shows more natural fluctuation than other Colomac area
lakes due to its small size, the up-gradient drainage area of 27 square kilometres and the fact that
water levels drop below discharge outlet invert elevation (319.4 masl) during dry years.
Monitoring of this water body will be discontinued.
Water levels in Zone 2.0 Pit passed the elevation of the adjacent Baton Lake in late 2012 and
have not or have just recently reached natural lake elevation cycles. According to SRK (SRK
2013b), the total net inflow to the pit appears to be approximately 90,000 m3 per year (including
groundwater inflow and climatic net inputs). If it is assumed that the groundwater contribution
remains the same, the pit water level will continue to rise until the hydraulic gradient is sufficient
to drive out the same volume (90,000 m3 per year). The inferred maximum future elevation of
the pit water to achieve this annual outflow is approximately 340.5 masl. Maximum water
elevations in Zone 2.0 Pit are currently at an elevation of 337.5 masl, leaving a potential 3 m of
increase to come.
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Figure 10 – Truck Lake Monthly Average Water Elevations (Stantec 2018).
Figure 11 shows the hourly water level elevations plotted between January and October for 2016
and 2017, from the Station in Zone 2.0 Pit. Figure 11 displays the pattern associated with a
natural lake elevation cycle, but 2016 and 2017 are the first years to display this pattern and it is
too early to state that this is the steady state elevation. Figure 12 shows the annual plot of the
monthly average water level for Zone 2.0 Pit. Monitoring at this station will continue until there
is confidence that steady state has been achieved.
Water-level monitoring stations were installed at Zone 2.5 Pit in 2011 to verify hydrology in the
water bodies adjacent to the Zone 2.5 Pit landfill. The non-hazardous landfill was intended to
remain as a dry landfill, so the approach of water in Zone 2.5 Pit to the base of the landfill was a
concern. Figure 13 shows the annual plot of the monthly average water level for Zone 2.5 Pit.
There is close to a 3 m fluctuation in the high and low water elevations in Zone 2.5 Pit over the
monitoring period, and there is no indication of an emerging pattern in the data. Monitoring of
the water elevation in Zone 2.5 Pit will continue until factors governing this fluctuation are
understood and steady state conditions (whatever they may be for this location) are demonstrated.
Water-level monitoring stations were also installed at Zone 3 Pit in 2011. Figure 14 shows the
annual plot of the monthly average water level for Zone 3.0 Pit and shows that Zone 3.0 Pit has
always displayed steady-state conditions. Zone 3.0 Pit discharges through the loose rock and
gravel in the roadway between Zone 2.5 and Zone 3.0 Pits, with the water decanting to Zone 2.5
Pit. Monitoring of this water body will be discontinued.
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Figure 11 – 2016 and 2017 Hourly Water Level Elevations at Zone 2.0 Pit (Stantec 2018).

Figure 12 – Zone 2.0 Pit Monthly Average Water Elevations (Stantec 2018).
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Figure 13 – Zone 2.5 Pit Monthly Average Water Elevations (Stantec 2018).

Figure 14 – Zone 3.0 Pit Monthly Average Water Elevations (Stantec 2018).
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Since Dyke Lake and Ridge Lake contribute to the water balance in Zone 2.0 and 2.5 Pits, survey
benchmarks were established in July 2016 at these two lakes so that spot measurements of water
level could be taken. It was determined that Ridge Lake fluctuates around the same elevation as
Zone 2.5 Pit. Connectivity between these water bodies is possible, but Zone 3.0 Pit is closer to
Ridge Lake and has an average water elevation that is over 3 m higher. It would be more
reasonable to assume that Zone 3.0 Pit drains to Ridge Lake. Dyke Lake is over 3 m lower than
Zone 2.5 Pit and Ridge Lake. Dyke Lake may be an outlet for flow from Zone 2.5 Pit, but it is
unlikely to be contributing input to the water balance. Figure 15 shows the hourly water level
elevations plotted between January 2016 and October 2017 for selected lakes in the area of the
Pits. The PAR recommended that monitoring of Dyke Lake and Ridge Lake continue - to permit
better understanding of the regional water balance. Since Zone 2.0 Pit is nearing natural lake
water elevation cycling contributions of up-gradient lakes are largely irrelevant. The
recommendations of the PAR will be rejected and monitoring of Ridge and Dyke Lakes will be
discontinued.

Figure 15 – 2016 and 2017 Hourly Water Level Elevations in Pits and Lakes (Stantec 2018).
Baton Lake displayed steady state conditions between 2004 and 2014 (when the station was
decommissioned) and again in 2017. In 2016, Baton Lake flooded over a metre higher than the
previous high water mark. In early July 2016, this flooding drained through the regular flow
channels (Spot Lake and Truck Lake) with abnormal flows through the entire channel. It was
thought that the flooding was caused by a blockage in the French drain that connects Baton Lake
with Spot Lake. The reason for the blockage is not known, although it did occur during the
freshet after the French drain was drilled as part of a mineral exploration program. Figure 16
shows the annual plot of the monthly average water level for Baton Lake.

Annual Review: Post Closure Monitoring and Maintenance Plan
May 2018
GCDOCS # 7391781

39

Figure 16 – Baton Lake Monthly Average Water Elevations (Stantec 2018).
As noted in the discussion on Steeves Lake, Baton Lake has continually exhibited natural lake
elevation cycles except for during the blockage of its discharge route. Given that the start
discharge from Zone 2.0 Pit could not be reasonable expected to be noticed within the natural
fluctuations of Baton Lake, INAC requests that Baton Lake be elimination.
The PAR recommended that all stations but either Truck Lake or Spot Lake remain for
hydrological monitoring. INAC has been monitoring natural lake elevation cycles in these Lakes
for between five and ten years. Water balances indicate that achievement of steady-state in Zone
2.0 and Zone 2.5 Pits will not result in discharge that would have a detectable effect on water
elevations in other Lakes; therefore, INAC rejects the recommendations of the PAR and would
like to decommission all monitoring stations except Zone 2.0 and Zone 2.5 Pits.
3.4.5 Future Monitoring
Hourly water-level data will continue to be retrieved from the level-sensing data loggers that are
installed at stations in Zone 2.0 and 2.5 Pits. All other stations will be decommissioned.
The locations of the data logger will be adjusted, during each visit, if water levels have changed
to ensure the sensors are set at the correct depth for obtaining readings. Lake water depth sensors
are PT2X Smart Sensors, manufactured by Instrumentation Northwest Inc. and supplied and
calibrated by Hoskins Scientific Ltd. The sensors are programmed to measure water depth and
temperature on an hourly basis. The programming and upload of data is completed using the
Aqua4 Plus 3 software. Two sensors are deployed at each station to ensure continuity of the data
collection. Non-functional sensors will be replaced during each site visit and will be returned to
INAC, who will arrange for repair or replacement. The lake levels are referenced to geodetic
benchmarks or temporary benchmarks established with a surveyors level and rod. All new data
will be processed, analysed and compiled with prior data to continue to track the progression
toward steady state conditions in these water bodies.
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3.5

Surveillance Network Program

3.5.1 Background
Water quality monitoring has been an on-going requirement at Colomac during the mining,
remediation and post-remediation monitoring phases. Over 50 locations have been identified as
potential water quality monitoring locations, but some stations have never been brought on-line
(e.g. SNP stations 1563-7 which was to monitor seepage from Dam 3; Dam 3 was never built)
and no more than 25 stations have ever been operational at a time. All stations are identified with
a distinctive SNP number based on the original water licence (Water Licence (N1L2- 1563) held
by Royal Oak Mines). Analytical results from these locations are tracked and updated in the
Colomac Environmental Database (LodeStar). This database contains analytical data from March
1992 to today, and is updated on a regular basis.
Under the terms of the Type B Water License (W2014L8-0003), issued by the WLWB to INAC
for the Colomac monitoring program, a SNP is required to monitor water quality at monitoring
stations established in selected locations in water-bodies in and around Colomac. Each sample
station has set sampling requirements, including required sample collection intervals and
analytical parameters. Additional samples and detailed depth profiles of biological, physical and
chemical parameters are also collected from Zone 2.0 Pit as part of the ENR monitoring program
developed to monitor the natural contaminant removal processes in Zone 2.0 Pit.
As part of the SNP, water samples are required to be collected through the ice from five (5)
locations on Steeves Lake and from one (1) location in Zone 2.0 Pit. Additional samples and
detailed depth profiles of biological, physical and chemical parameters are also collected from
Zone 2.0 Pit as part of the ENR during the under ice sampling program.
3.5.2 SNP End Points
In the Colomac Site Remediation Plan (INAC, 2004,) it was noted that, in the postimplementation phase, revisions to the SNP are anticipated as the monitoring indicates that the
environmental quality objectives are being met and conditions are stable. As more data is
collected on the SNP water quality, the number of stations that is required to show continued
compliance to the water licence has been decreasing. The current SNP has been significantly
reduced from historical programs based on the consistently acceptable results in the primary
water bodies and the risks associated with collection of samples in remote areas.
An SNP was considered to be required until other site monitoring, such as the AHMP and
hydrology, reach steady state. This monitoring would permit detection of changes in water
quality resulting from the progression to equilibrium conditions in the Pits, Tailings Lake and the
Steeves Lake near-shore. Up to five years of monitoring following steady-state would then
establish equilibrium conditions and permit the decrease or elimination of the current effort
required for the SNP.
3.5.3 PAR Recommendations for the SNP
Significant effort had been dedicated to monitoring water quality at the Colomac site, with
sampling and data analysis ongoing since 1992. For the period 2012 to 2016 inclusively, water
quality results at the point of compliance (outlet of L-Shaped Lake and later, the Tailings Lake
outlet) generally indicated compliance with the water quality discharge criteria. The most recent
set of annual monitoring data indicate that concentrations of copper have stabilized, with some
minor fluctuations, around the licence criterion. The SNP is to continue until all other monitoring
programs indicate steady state conditions, and until steady state conditions for water quality in the
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Colomac project area can be established. There will not be an opportunity to retire the SNP in the
short term; however, the SNP report offered recommendations for the program that were
considered in the PAR.
The SNP report recommended reducing the scope of the SNP by collecting water samples at the
compliance point twice a year; once immediately following freshet in the spring, and once in the
later summer. The PAR agreed, as water quality results over the last five (5) years have indicated
compliance with the requirements of the water licence.
The SNP report recommended reconsidering the discharge criterion for total copper. The PAR
agreed. Water quality results at the outlet of Tailings Lake (the point of compliance) indicate that
total copper concentrations have generally stabilized around the discharge criterion of 10
micrograms per Litre (µg/L). The possibility that such concentrations may ultimately represent
future steady-state conditions should be recognized.
The SNP report recommended reducing the sampling frequency and number of sampling sites in
Steeves Lake. The PAR agreed, as the original purpose of sites 1563-46 to 49 was to monitor for
seepage of groundwater from Zone 2.0 Pit to Steeves Lake. The risk of unacceptable effects on
Steeves Lake due to seepage from the Pit had always been considered to be low. Water quality
results have shown no evidence of groundwater seepage from Zone 2.0 Pit to Steeves Lake, so the
removal of sites 1563-46 to 49 from the SNP should be considered.
The SNP report recommended the SNP and AHMP be harmonized for the collection of water
quality samples in Steeves Lake. The PAR Agreed. The samples that are collected as part of the
AHMP are close to SNP station 1563-42C, so there is overlap in the programs. Additionally, if
statistical analyses of water quality results among stations 42N, 42C and 42S show no statistical
difference, the reduction of the three stations down to 1-2 stations should be considered.
The SNP report recommended replacing dissolved metals with total metals in the list of
parameters to be analyzed at Truck Lake. The PAR agreed. All stations are analyzed for total
metals, so analyzing for total metals at Truck Lake would allow for a more direct comparison of
the Truck Lake concentrations to those in other water bodies.
Other PAR recommendation for the SNP included:
 Shift the SNP towards community-based monitoring for the SNP sample collection, with
oversight and data analysis and interpretation being provided by consultants. This
approach would be keeping in line with the partnership between INAC and the Tłı̨ chǫ
people that was developed to ensure they are consulted and fully participate in the
remediation project.
 Compare the water quality results collected by the recently-deployed multi-parameter
Sonde in Steeves Lake to those collected in the lake through the ongoing SNP sampling
program. Should the multi-parameter Sonde prove to be accurate and effective, consider
using the Sonde as a substitute for one or more SNP stations in Steeves Lake, and/or to
reduce the list of sampling parameters of the SNP stations.
 Using WorldView-2’s eight (8) band imagery, conduct a regression analysis to identify
potentially suitable correlations between water chemistry and water reflectance, similar to
the relationship exhibited between chlorophyll in water and spectral reflectance.
 Remove SNP station 1563-23 in Truck Lake. Water quality results from recent years
show no evidence that contaminants from Zone 2.0 Pit have seeped into Truck Lake, nor
that surface run-off has changed Truck Lake’s water chemistry.
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Remove SNP station 1563-33 in Spanner Lake. The purpose of the station is to establish
the background quality of water entering the Indin River system. Water sampling at
station 1563-33 has been ongoing for 15 years, during which time the normal seasonal
and inter-annual variability of the sampling parameters was established.

3.5.4 Basis for Current Monitoring
Water samples are currently required to be collected from an array of sampling sites established
in the drainage areas of the TCA, the Pits and Steeves Lake on a predetermined basis. Stations to
be sampled for the current SNP include only those considered active in the current WL. Table 5
provides a list of active SNP stations, Table 6 provides the water quality parameters required for
analysis at each active station and station locations are provided on Figure 17.
Table 5 – Active SNP Stations
Station
1563 2

Location
Co-ordinates
64º 22.816’N
115º 08.008’W
64º 26.467’N
115º 02.221’W
64º 24.172'N
115º 06.004'W
64° 23.956’ N
115° 05.227’W

Location Description

Sampling Frequency

Outlet from Steeves Lake at the
south end
Creek downstream of Tailings
Containment Area Dam 1
East shore of Truck Lake near
toe of embankment
Zone 2.0 Pit: one sample in
mixed zone (above thermocline)
and one sample in unmixed zone
(below thermocline)

MonthlyO + UI (Quarterly)

29

64º 23.665’N
115º 04.883’W

33
39

64º 27.796’N
115º 03.374’W
64° 26.944' N, 115° 03.257' W

42

Steeves Lake

Baton Lake at mid lake: one
sample in mixed zone (above
thermocline) and one sample in
unmixed zone (below
thermocline)
Spanner Lake, upstream of the
Tailings Containment Area
Tailings Lake surface,
immediately prior to Discharge
through the Tailings Lake
Discharge Channel at Dam 2.
Steeves Lake surface, outside of
boom; a minimum of three
locations (1563-42south ,156342 central, 1563-42 north)
Lake samples from the former
Zone 2.0 Pit Groundwater
Monitoring Plan.

13
23
26

46 to 49

Note:

MonthlyO
Annually
MonthlyO + UI (Quarterly to
include spring turnover,
summer stratification, fall
turnover, and winter
stratification, if safe to do so)
Annually (August)

Annually (August)
Point of Compliance
MonthlyO + UI (monthly
during period of discharge)
MonthlyO

64°24.009’N, 115°06.344 W;
MonthlyO + UI (Quarterly)
64°23.762’N, 115°06.514 W;
64°23.690’N, 115°06.601 W;
64°23.494’N, 115°06.815 W.
MonthlyO – Monthly during open water
UI – Under Ice
Sampling frequency provided is as sampled; bracketed frequency from Water Licence.
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Table 6 – SNP Sampling Requirements for each Station
Station 1563 2
13
23
26
29
33
39
42
46 to 49

Sampling Parameters
Standard, Solids, Major Ions, Nutrients, and Total Metals
Standard, Solids, Major Ions, Nutrients, Cyanide Suite, and Total Metals
Standard, Solids, Major Ions, Total Ammonia (NH3 + NH4+ - N), Nitrate, and Dissolved
Metals
Standard, Solids, Major Ions, Nutrients, Cyanide Suite, In Situ Ecological, and Total Metals
Standard, Solids, Major Ions, Total Ammonia (NH3 + NH4+ - N), Nitrate, Total Organic
Carbon, In Situ Ecological, Total Metals
Standard, Solids, Major Ions, Nutrients, Cyanide 1 and Total Metals
Standard, Solids, Major Ions, Nutrients, Total Organic Carbon, Cyanide Suite, Total Metals
Standard, Hydrocarbons
Standard, Solids, Major Ions, Total Ammonia (NH3 + NH4+ - N), Nitrate, Total Organic
Carbon, Total Metals

The Colomac Water Licence defines the parameters in Table 6 as follows:
 Cyanide 1 – Total Cyanide.
 Cyanide Suite – Total Cyanide, Weak Acid Dissociable Cyanide, Thiocyanate.
 Dissolved Metals – Total elemental analysis by ICP-Metal Scan of: Silver, Arsenic,
Aluminum, Barium, Cadmium, Cobalt, Copper, Chromium, Iron, Manganese,
Molybdenum, Nickel, Lead, Selenium, Strontium and Zinc.
 Hydrocarbons – Extractable Hydrocarbons, and Benzene, Toluene, Ethyl-benzene, and
Xylene (BTEX).
 in situ Ecological – field multi-probe tests at one metre depth intervals for Temperature,
Conductivity, pH, Redox Potential, and Dissolved Oxygen.
 Major Ions – Alkalinity, Calcium, Chloride, Hardness, Magnesium, Potassium, Sodium,
and Sulphate.
 Microbiological – BOD5, Faecal Coliforms.
 Nutrients – Total Ammonia, Total Nitrate + Nitrite, Total Phosphorous and Total
Organic Carbon.
 Solids – Total Suspended Solids and Total Dissolved Solids.
 Standard – pH, Temperature, and Conductivity. These parameters should be measured
both in the field as well as in the laboratory.
 Total Metals – Total elemental analysis by ICP-Metal Scan of: Silver, Arsenic,
Aluminum, Barium, Cadmium, Cobalt, Copper, Chromium, Iron, Manganese,
Molybdenum, Nickel, Lead, Selenium, Strontium and Zinc.
Note that the Water Licence defines both dissolved metals and total metals as total elemental
analysis by ICP-Metal Scan, but this is the definition for total metals only.
1563-02- Outlet from Steeves Lake – South end
The rationale for monitoring this station is that it is located at the outlet of Steeves Lake and it
provides information on water quality of Steeves Lake outflow. Any water that interacts with the
majority of the Colomac site will pass this location prior to entering the down-stream
environment; thus, water quality data at this location shows the condition of water from the
Colomac site prior to flowing off of the affected areas. This sampling station has the oldest data
in Lodestar, with analytical data dating back to March of 1992.
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Analytical parameters analysed at this station include Standard, Solids, Major Ions, Nutrients, and
Total Metals. Concentrations of parameters of concern in 2017 are consistent with values from
pre-disturbance studies with the exception of total zinc, which has shown an overall decreasing
trend in recent years and is well below applicable guidelines. Given the low nutrient and metals
concentrations and consistency with pre-disturbance water chemistry, the water quality at Steeves
Lake outlet does not show any influence from potential Zone 2.0 Pit seepage, or other Site surface
or groundwater influences.
SNP Station 1563-02 represents the best sampling location to monitor potential effects of the
Former Colomac mine on water quality in the Baton Lake to Steeves Lake watershed. This
location is where water from the Baton Lake and Steeves Lake watershed discharges to the offsite environment. The current schedule of monthly sampling during open water and once under
ice is not required as water quality at this location, and in Steeves Lake in general, has never
reported consistent concentrations that would indicate issues with water quality.
INAC proposes to continue to monitor station 1563-02 to continue to provide water quality data
for the water discharging from the Colomac site. The schedule for the monitoring would be
modified to sampling in June and August only.
1563-13 - Creek downstream of Tailings Containment Area Dam 1
The rationale for monitoring this station is that it is located downstream of Dam 1B and it
provides information on water quality intended to detect any downstream movement of
containments from Dam 1 Seepage. Before completion of Dam 1B, this station was intended to
detect seepage through Dam 1 that was not captured through the pump-back at the foot of the
dam. Since the completion of Dam 1B, this location is intended to capture seepage through the
entire Dam structure. This sampling station also has older data in Lodestar, with analytical data
dating back to May of 1992.
Analytical parameters analysed at this station include Standard, Solids, Major Ions, Nutrients,
Cyanide Suite, and Total Metals. The 2017 results were similar to those of 2016, with many
parameters below detection limits. Total copper, which was noted to be “elevated” at this site in
2016, was back below the CCME Water Quality Guidelines (WQG) for Freshwater Aquatic Life
(FAL) of 2 μg/L in 2017 with a mean value of 1.3 μg/L. This is well below the Colomac EQC of
10 μg/L. The mean total cyanide concentration (0.0074 milligrams per litre (mg/L)) was above
the WQG FAL (0.005 mg/L) for free cyanide. The total cyanide concentration has been
decreasing at station 1563-13 since 2003.
Cyanide represents the only contaminant of concern that remains above the CCME WQG FAL
(0.005 mg/L) on a regular basis at 1563-13. Looking at historic cyanide concentrations in this
location, Figure 18 shows the cyanide concentration has stabilized and is much lower than the
Colomac EQC of 0.1 mg/L that is established in the Colomac water licence. The Colomac EQC
is based on the WQG FAL, with the estimate that free cyanide at Colomac represents 5% of Total
Cyanide (SENES 2004a). Since Total Cyanide is being measured, and since SENES estimated
5% of Total Cyanide represents the concentration of Free Cyanide, a value of 0.1 mg/L total
Cyanide is equivalent to the CCME WQG FAL of 0.005 mg/L.
As can be seen on Figure 18, cyanide concentrations started increasing at 1563-13 after the start
of tailings deposition in Tailings Lake (around 1995). Concentrations dropped dramatically after
construction of Dam 1B in 2007 and the subsequent shut down of the effluent pump back system.
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Figure 18 – Cyanide Concentrations at 1563-13 from 1992 to 2016.
It has been noted since 2009 that, with the construction of the new Dam 1B, seepage from the
TCA should be minimal and should not be detected downstream. The collection and pump-back
of the seepage was discontinued in March 2009. Very small and variable volumes of water have
been observed in the ditch downstream of Dam 1B and it is not possible to determine how much
is due to seepage and how much should be ascribed to flow down the sides of the valley.
Since completion of Dam 1B, small volumes of water have been noted at 1563-13. Samples from
this location have consistently been well below the applicable Colomac EQCs and applicable
CCME WQGs. Consistently acceptable results have been collected from this sampling location
since 2007, and low water volumes indicate that the contribution to down-stream impacts is low.
INAC requests that 1563-13 - Creek downstream of Tailings Containment Area Dam 1 be
deactivated from the Colomac SNP.
1563-23 - East shore of Truck Lake near toe of embankment
The rationale for monitoring this station is to capture surface run-off and seepage from waste rock
dumps and Zone 2.0 Pit. If discharge of Zone 2.0 Pit enters the Baton Lake to Steeves Lake
water drainage, then sampling at Truck Lake was thought to be able to detect the effects. Impacts
of surface run-off and/or seepage would also be detected at this location. This sampling station
was also sampled during mine operations, with analytical data in Lodestar dating back to July of
1995.
Analytical parameters analysed at this station include Standard, Solids, Major Ions, Total
Ammonia (NH3 + NH4+ - N), Nitrate, and Dissolved Metals. In 2017, nutrient concentrations
were low, similar to the levels recorded in previous years, with ammonia at 0.026 mg/L, nitrate at
0.07 mg/L, and nitrite at less than 0.01 mg/L. Dissolved metal concentrations are analyzed at
Station 1563-23, unlike most other stations that are analyzed for total metals. As in 2016,
dissolved metal concentration results were below detection limits for dissolved lead, nickel,
selenium, silver, and zinc. Dissolved metal concentrations in Truck Lake were lower than in
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Zone 2.0 Pit. There is no evidence that contaminants from Zone 2.0 Pit have ever seeped into
Truck Lake or that surface run-off has changed Truck Lake water chemistry, given the low
concentrations of metals and nutrients compared to those found in Zone 2.0 Pit.
Concentrations of monitored contaminants have been consistently below EQCs and WQG FAL
for this location. As noted in discussion of the hydrology for this location, any input from Zone
2.0 Pit would be such a small fraction of the total volume of water passing through this Lake that
is would not be reasonable to anticipate picking up concentration effects in Truck Lake. The
PAR provided a contradictory statement for 1563-23 in that it recommended that total metals
should be analysed instead of dissolved metals, but then recommended removal of the station.
INAC requests that 1563-23 - East shore of Truck Lake near toe of embankment be deactivated
from the Colomac SNP.
1563-26 - Zone 2.0 Pit: one sample in mixed zone (above thermocline) and one sample in
unmixed zone (below thermocline)
The rationale for monitoring this station is to determine the extent of cyanide natural degradation
throughout the water column, the effects of chemical precipitation, the presence of
thermoclines/chemoclines, and the fate of contaminants.
Zone 2.0 Pit is very deep and narrow, with a maximum depth of 122 m, length of 915 m and a
maximum width of 305 m. Tailings Lake contained a large volume of contaminated water when
ore processing operations ceased in December 1997. The maximum water storage capacity of the
Lake was reached by early 1999, and a significant amount of this water was subsequently
transferred to the Zone 2.0 Pit. From 1999 through 2002, approximately 3.8 million m3 of
Tailings Lake water was transferred to the Zone 2.0 Pit, and the lake level was lowered by 3.7
metres in this period.
In 2002 and 2003, Zone 2 Pit was treated with monoammonium phosphorus to bio-remediate the
pit water through ENR. The objective of the phosphorus additions was to stimulate phytoplankton
growth which would in turn metabolize the cyanide into ammonia.
The 1563-26 sampling station was first sampled prior to the start of transfer of Tailings Lake
water. Analytical data in Lodestar dating back to May of 1998 is available. Zone 2.0 Pit, and
1563-26 in particular, is the most sampled water body on the Colomac Site. There was a second
sampling location in Zone 2.0 Pit at the south of the Pit. Sampling was discontinued at that
location in September of 2006.
Collection of water samples from multiple depths at Stations 1563-26 was required for the ENR
and SNP program:
• SNP 1563-26 – one sample from above the thermocline (1 m depth) and one from below
the thermocline (15 m depth)
• ENR 1563-26 – eight samples taken from depths of 1 m, 5 m, 10 m, 15 m, 30 m, 60 m,
80 m, and 100 m plus one sample at the bottom of the euphotic zone
Station 1563-26 (Zone 2.0 Pit) was sampled five times in 2017, with samples collected from the
raft anchored above the deep (greater than 100 m depth) centre of the pit. Results showed that
most concentrations were below the WQG FALs, at all sampling depths and events. Total
ammonia, total phosphorus, total arsenic, and total cyanide concentrations generally increased
with depth. Total ammonia was above the 1.31 mg/L guideline at 60, 80, and 100 m, with mean
concentrations ranging from 1.56 to 2.9 mg/L across these depths, and was approximately 0.04
mg/L at the 1 m and 15 m sample depths. Total arsenic was below the 5 μg/L guideline in the
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upper 60 m, but ranged from 6.6 to 7.8 μg/L below this depth. Total cyanide was below the free
cyanide guideline of 0.005 μg/L in the upper 15 m, and increased with depth, from 0.087 μg/L at
60 m to 0.11 μg/L at 100 m (exceeding the EQC and WQG FAL). Conversely, total copper
generally decreased with depth. Concentrations were above the 2 μg/L guideline at 1 m, and
decreased with depth, from 1.5 μg/L at 15 m to 0.68 μg/L at 100 m. Generally, total selenium has
been above the WQG FAL of 1 μg/L since monitoring started in 2001, and nitrite has also often
exceeded the guideline over that time span; however, concentrations appear to have generally
decreased over time. Water chemistry concentrations and distributions within the water column
were generally similar to 2016.
Concentrations of several parameters have decreased since 2001, typically stabilizing after 2007,
including nitrite, total aluminum, total arsenic, total copper, total lead, total selenium, total silver,
total zinc, and thiocyanate. The higher nutrient and cyanide levels in deeper water reflect the
successful bioremediation of cyanide in waters above the chemocline, but not below the
chemocline, where conditions are less conducive to aerobic bioremediation. The depth
distribution of parameters of concern in 2017 was consistent with patterns observed since 2011.
Zone 2.0 Pit is chemically stratified. A chemocline is present at approximately 20 m during all
months, including the under ice sampling.
The stratification was examined in 2016 (Pieters, 2017) and the following was observed:
 In fall 2015, the surface layer had cooled and deepened to 16 m on 29 September 2015,
and below 20 m but not to 22 m by the time of ice on (25 October 2015). As in previous
years, fall turnover did not occur.
 In spring, sunlight penetrating through the ice drove under-ice convection between 2 and
15 m depth.
 At ice off, there was a fresh water cap (~70% ice melt, ~10% snow and ~20% runoff)
sufficient to prevent spring turnover.
 In summer, heating of the surface added significant thermal stratification and the depth of
the surface layer changed little until cooling in the fall. In early July, there was a peak in
fluorescence, turbidity and dissolved oxygen from 10 to 20 m suggesting algal growth;
this peak was much reduced by late July.
Throughout the year, stratification was maintained and mixing did not occur below ~20 m depth.
As a result, Zone 2.0 Pit was meromictic. While the degree of meromixis appears to be gradually
increasing (the salinity contrast increased by 1.8 times from 2008 to 2016), the overall degree of
meromixis still remains weak. As the effect of groundwater inflow from 25 to 60 m has declined,
changes in the salinity of the deep water (monimolimnion) have become very small. Of particular
interest is whether the chemocline will continue to strengthen, and whether the deep water will
remain isolated over the coming years. Outstanding questions include:
 Will groundwater continue to play a role once the pit-lake is full?
 Will the salinity of the surface layer continue to decline?
 Will isolation of the deep water increase?
 Can salt excluded from the ice accumulate in the deep water?
 What degree of meromixis will occur in the long term?
INAC proposes to continue to monitor station 1563-26 to continue to assess the stabilization of
the Pit-Lake. The schedule for the monitoring would be modified to sampling in June and August
only. Collection of samples at 1563-26 would be for both the ENR and SNP program, and the
difference between the programs is their historic origins. Since the data is reported collectively,
sampling at 1563-26 will be considered as from nine depths, at 1 m, 5 m, 10 m, 15 m, 30 m, 60
Annual Review: Post Closure Monitoring and Maintenance Plan
May 2018
GCDOCS # 7391781

49

m, 80 m, and 100 m plus one sample at the bottom of the euphotic zone. Dissolved metals are not
considered in the assessment of water quality results and are proposed to be eliminated from the
analytical parameter suite.
1563-29 - Baton Lake at mid lake: one sample in mixed zone (above thermocline) and one sample
in unmixed zone (below thermocline)
The rationale for monitoring this station is to ensure contaminated water from the Zone 2.0 Pit is
not reaching Baton Lake by comparing background with detectable change and to detect/monitor
waste rock runoff. LodeStar has water sample results from Baton Lake from as early as March of
2001.
Analytical parameters analysed at this station include Standard, Solids, Major Ions, Total
Ammonia, Nitrate, Total Organic Carbon, In Situ Ecological, and Total Metals. Baton Lake is
monitored once a year to evaluate potential seepage from the Zone 2.0 Pit into Baton Lake.
Although the station location defined in the Water Licence falls along the shoreline, the deepest
location present within the vicinity of the Water Licence station location has been sampled in
order to obtain the required samples at the two defined depths. This location had a maximum
depth of 14 m, with the thermocline (temperature gradient between surface and deeper water)
occurring at approximately 6 m at the time of the 2017 sampling. The water temperature was
approximately 17°C above the thermocline and between 7 and 15°C below it the thermocline.
The thermocline was not as strong as had been observed in August 2015 or 2016.
In 2017, all concentrations of parameters of concern were below WQG FAL, and the majority of
the concentrations were below detection limit. The mean total Copper level of 0.39 μg/L in 2017
was well below guidelines. Total Copper concentrations were above the guideline in 2016, with a
value of 2.5 μg/L and Copper concentrations have fluctuated widely since 2000, ranging from 0.1
to 3.0 μg/L. Total Copper concentrations are unlikely to be related to mine contaminant seepage
as natural conditions in the area also show occasionally high copper concentrations, such as
Spanner Lake, which also exceeded the WQG FAL in 2016 despite lower levels for the previous
several years.
There is no evidence, given the low metals and nitrogen concentrations and generally consistent
concentrations over time, that contaminants from Zone 2.0 Pit have seeped into Baton Lake or
that surface runoff from waste rock has changed Baton water chemistry. Given the continued low
concentrations in all Colomac lakes designated as monitoring for waste rock run-off, and the
steady-state conditions that exist for all waste rock piles, continued monitoring for waste rock
contamination in water bodies is no longer required.
Steady-state has not been reached for Zone 2.0 Pit, so it might be argued that continued
monitoring of Baton Lake is warranted as it is anticipated to be the receptor water body for water
from the Pit. However, water quality concentrations in Zone 2.0 Pit are relatively low, even
though they do exceed some WQG FAL and Colomac EQC concentrations (especially at depth).
As discussed in Section 3.4.3, the Zone 2.0 Pit water balance indicates that 90,000 m3 per year
might discharge from Zone 2.0 Pit to Baton Lake. Baton Lake has a volume of 17,000,000 m3
(Beak 1989), so the 90,000 m3 per year discharge from Zone 2.0 Pit would be significantly
diluted. If the location of discharge into Baton Lake were known, it might be possible to detect
concentrations from Zone 2.0 Pit, but the potential flow through fractures is very difficult to trace
(see section 3.1.4 Task 4 for additional discussion on lake dilution). Based on the relatively low
volume of input from Zone 2.0 Pit, the marginal concentrations of contaminants in Zone 2.0 Pit,
the untraceable sub-surface route of discharge from Zone 2.0 Pit to Baton Lake and the massive
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volume of water diluting Pit effluent, it would not be possible to analytically detect the effects of
effluent from Zone 2.0 Pit on Baton Lake. Therefore, INAC requests that 1563-26 - Baton Lake
at mid lake be deactivated from the Colomac SNP.
1563-33 - Spanner Lake, upstream of the Tailings Containment Area
The rationale for monitoring this station is as a control to provide background quality of water
entering the Indin River system for water quality comparison. Water samples have been collected
from Spanner Lake since March of 2001.
Analytical parameters analysed at this station include Standard, Solids, Major Ions, Nutrients,
Cyanide 1 and Total Metals. One surface sample was taken in 2017. As in 2016, concentrations
of most parameters of concern were below detection limits in 2017, with the exception of total
aluminum, arsenic, copper, and nickel. These parameters were reported above detection limits but
were all below WQG FAL. Mean total copper concentration was 0.58 μg/L, in comparison to a
value of 2.8 μg/L in 2016. Trend analysis (Stantec 2018) indicated that total copper and total
selenium concentrations in Spanner Lake had a statistically significant decrease over time (p less
than 0.05 for copper and p less than 0.1 for selenium). Similar to other monitoring stations, total
strontium concentrations increased between 2008 and 2014, after which they have remained
consistent. Since this is a background location, these trends reflect regional variation in
contaminant concentrations.
Over 15 years of reference data have been collected from 1563-33. Although some natural
variability is continuing, such as the decrease in copper concentration, the value of the data will
not be improved by continuing to monitor this trend. The PAR also recommended the
elimination of this station. Therefore, INAC requests that 1563-33 - Spanner Lake, upstream of
the Tailings Containment Area be deactivated from the Colomac SNP.
1563-39 - Tailings Lake surface, immediately prior to Discharge through the Tailings Lake
Discharge Channel at Dam 2.
The rationale for monitoring this station is to compare water quality effluent from Tailings Lake,
prior to discharge, to CCME WQG FAL and to verify the predictions of SENES (SENES 2004b).
This location is the Point of compliance under Part D, Item 4 of the Water Licence.
The EQCs for Colomac were developed in support of the Colomac Remediation Plan and
suggested in an INAC letter to the board from August 9th, 2004 (INAC 2004c). This letter noted
that MacDonald Environmental Services Ltd developed the EQC (MacDonald 2004). The
MacDonald report, described the methodology used to develop EQC and that a certain amount of
mixing of Tailings Lake effluent with background water was assumed. The EQC were derived by
requiring that the resulting water quality, after dilution with background water, met CCME WQG
FAL. The outlet of L-shaped Lake was used as the point where the CCME guidelines would
apply.
Water Licence MV2004L8-0001 established the compliance criteria for the Colomac site as
WQG FAL at 1563-41 - Outlet of L-shaped Lake. Water samples were collected from the outlet
of L-shaped Lake between June 2003 and August 2014. The EQCs were established in Water
Licence MV2004L8-0001 in 2005, but were not in effect until the start of Tailings Lake discharge
in late 2008. SNP water sampling at 1563-39 was regulated as required on a monthly basis
during periods of discharge; sampling started in September 2008 at the start of flow in the Dam 2
channel. SNP Location 1563-39 replaced 1563-41 as the point of compliance after August of
2014, as the latter location was a health and safety concern for access and the water quality of the
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Tailings Lake discharge, which is the contaminant source within the watershed, was at
concentrations that were generally acceptable for discharge. Water Licence W2014L8-0003 was
amended to change the point of compliance. Part D, Item 4 establishes the EQCs as applicable to
Tailings Lake discharge, though the rationale in the Water Licence for station 1563-39 still
instructs to compare the sample concentrations to WQG FAL.
Analytical parameters analysed at this station include Standard, Solids, Major Ions, Nutrients,
Total Organic Carbon, Cyanide Suite, and Total Metals. Station 1563-39 was sampled at the
surface four times during the open water season in 2017. Concentrations of contaminants of
concern in 2017 were similar to 2016 levels, with some marginally higher values that are likely a
result of the slightly higher TSS levels in 2017. From 2008 to 2016, mean ammonia, nitrite,
nitrate, and thiocyanate concentrations decreased consistently, and now appear to have stabilized
based on the 2017 results.
In 2017, concentrations were below detection limits for nitrite, total silver, total zinc, and
thiocyanate for all samples and for nitrate and total lead for most samples. The mean total copper
concentration (9.7 μg/L) was just below the maximum average EQC (10 μg/L) and above the
WQG FAL (4 μg/L). The mean total cyanide concentration (0.007 mg/L) was well below the
maximum average EQC. Total copper levels have been relatively consistent since 2012, and
appear to have stabilized around the current maximum average EQC of 10 μg/L. Total copper
and cyanide concentrations at the Tailings Lake Outlet are higher than pre-development
concentrations in the Colomac area (range of 1.1 to 1.7 μg/L copper and 0.0020 to 0.0022 mg/L
cyanide) (Northern 2013), indicating that increased levels are likely due to mining influences
rather than natural conditions in the area.
Visual inspection of the total copper data, combined with the results of the 2016 trends analyses,
indicate that total Copper has stabilized around the water licence criteria of 10 μg/L. Figure 19
shows the variation in the concentration of Copper at the 1563-39 and the 1563-41 sampling
locations, with the red line representing the Colomac EQC for copper for the Maximum Average
Concentration and the Green Line Representing the CCME WQG FAL.
The Colomac EQC for Tailings Lake is based on a dilution calculation for the water bodies
between Tailings Lake and the outlet of L-shaped Lake. In other words, the EQC is the
concentration in Tailings Lake that would result in CCME WQG concentrations at the outlet of
L-shaped Lake. As shown in Figure 19, this dilution factor appears to be accurate only on
occasion. For example, in 2011 the Copper concentration in Tailings Lake consistently exceeded
EQC but was consistently below WQG concentrations.
The average concentration of the Copper in Tailings Lake between September 2008 and
September 2014 was 11.9 μg/L with a standard deviation of 3.08 μg/L. Between June 2015 and
September 2016, the average copper concentration in Tailings Lake has decrease and stabilized to
10.0 μg/L with a standard deviation of 1.30 μg/L. Although the Copper concentration may
continue to decrease, it is also possible that the concentration has stabilized to equal the site
criteria. The low standard deviation indicates a degree of stability to this data. More importantly,
Figure 19 shows that values at the criteria generally correspond to Copper concentrations at the
outlet of L-shaped Lake that are below the CCME WQG.
The PAR recommended the discharge criterion for Copper be changed. INAC proposes the
criterion remain as is, with the understanding that it is intended to represent CCME WQG at Lshaped Lake and concentrations slightly exceeding the criterion do not represent non-compliance.
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Figure 19 – Copper Concentrations at 1563-39 and 1563-41 from 2008 to 2016.
INAC proposes to continue to monitor station 1563-39 and to provide water quality data for the
water discharging from the Colomac site. The schedule for the monitoring would be modified to
sampling in June and August only.
1563-42 - Steeves Lake surface, outside of boom; a minimum of three locations (1563-42 south,
1563-42 central, 1563-42 north)
The rationale for monitoring this station is to monitor for the presence of potential hydrocarbons
within Steeves Lake adjacent to the former Fuel Tank Farm. As noted within the name for the
location, these sampling locations were originally intended to verify the efficacy of the boom in
keeping hydrocarbon-sheen impacted water from entering the main part of the Lake. Water
samples have been collected from these locations since June of 2005.
Analytical parameters analysed at this station include Standard and Hydrocarbons. Station 156342 is split into north, central and south locations, which are currently spread around the Steeves
Lake shoreline cap. Sampling locations were the same in 2017 as in 2011 to 2016; prior to that
the location was outside of the boom at co-ordinates that would currently be on the Steeves Lake
Shoreline Cap. These locations were sampled four times during open water in 2017. Water
chemistry was consistent with previous years.
All concentrations of BTEX were below the detection limits in 2017 except for the August
samples when toluene was marginally above detection limits in the South and North stations
(values of 0.51 and 0.86 μg/L respectively). These concentrations are below the CCME WQG
FAL of 2 μg/L for Toluene. Hydrocarbon fractions were not detected in Steeves Lake in 2017.
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Between 2005 and 2015, there have only been 14 reported detections of BTEX or hydrocarbon
fractions at 1563-42 stations, and all 14 were reported at or near the detection limit.
Sampling of 1563-42 locations has consistently returned hydrocarbon concentrations below
quantifiable limits. This was even the case during the period in which sheens were observed
inside of the containment boom. The Steeves Lake Shoreline Cap significantly reduces the
likelihood of hydrocarbons impacting Steeves Lake. Sentinel wells along the shoreline will
continue to be monitored to quantify the hydrocarbon loading into Steeves Lake. The PAR
recommended that the number of samples be reduced, but, based on the observations provided
here, there appears to be no reason to continue monitoring at these locations. INAC requests that
all three 1563-42 - Steeves Lake surface, outside of boom be deactivated from the Colomac SNP.
1563-46, 1563-47, 1563-48, and 1563-49 - Lake samples from the former Zone 2.0 Pit
Groundwater Monitoring Plan
The rationale for monitoring this station is to monitor for potential impacts of Zone 2.0 Pit water
within Steeves Lake. As noted within the name for the location, these sampling locations were
originally intended to verify the potential migration of Zone 2.0 Pit water to Steeves Lake, as
outlined in Zone 2.0 Pit Seepage Monitoring Program (SRK 2003). Water samples have been
collected from these locations since June of 2002, before the implementation of the seepage
monitoring program.
The Zone 2.0 Pit Seepage Monitoring Program was designed to address the requirements listed
under Part D, Item 12, of Water License MV2000L2-0018 as follows:
Prior to the initiation of tailings water transfer into the Zone 2.0 Pit, the licensee
shall implement a monitoring program designed specifically to detect Zone 2.0
Pit water before potential discharge at the Steeves Lake shoreline. Water quality
monitoring stations shall be identified and a groundwater monitoring program
developed by a Professional Geologist or Engineer registered in the NWT. The
monitoring station network shall be sufficient in horizontal and vertical extent
such that there is a high degree of confidence that each monitoring station
construction is hydraulically capable of intercepting groundwater originating
from the Zone 2.0 Pit, with minimal interaction and mixing from surface water
infiltration.
Analytical parameters analysed at this station include Standard, Solids, Major Ions, Total
Ammonia, Nitrate, Total Organic Carbon, and Total Metals. Stations 1563-46 to 1563-49 are
located in Steeves Lake between the airstrip and the former entrance of the winter road. These
stations were sampled five times in 2017, once under ice and four times during open water, at 1 m
depth and approximately 10 m from the shore (total water depths ranged from 2.4 to 4.6 m).
Concentrations of all parameters of concern were below guidelines, and varied little among the
four sites. Levels of nitrite, nitrate, lead, selenium, silver, and zinc were below detection limits in
most samples. Copper ranged from 1 to 1.8 μg/L across the four sites, below the WQ FAL of 2.0
μg/L. Total aluminum was lower than in 2016, at all four sites (ranging from 7.54 to 8.88 μg/L),
but was higher than in any other year of monitoring. Strontium has shown an overall increasing
trend at all four sites from 2003 to 2014, but values appear to be relatively stable since then.
Concentrations of most parameters of concern have remained similar over time, and the 2017
results were similar to those of 2016.
The 2017 results are consistent with those of 2016, and indicate that Steeves Lake water quality is
not influenced by Zone 2.0 Pit seepage, groundwater movement, or site run-off. The small
increase in total strontium concentrations in Steeves Lake is not conclusive evidence of Zone 2.0
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Pit seepage into Steeves Lake because a concurrent increase in other metals (i.e., total selenium
and total copper) in Steeves Lake was not observed.
In April 2001, anticipating the need to store contaminated water in Zone 2.0 Pit with pit-water
elevations above the elevation of Steeves Lake, INAC (INAC 2004c) commissioned an
assessment of the environmental risks posed by this water elevation (SRK 2001). The assessment
indicated that the risks of unacceptable effects on Steeves Lake due to seepage from the pit were
low. Using conservative calculations based on data collected at the site, the assessment indicated
that concentrations of copper might slightly exceed CCME water quality guideline in a small
segment of Steeves Lake. All other contaminants of concern assessed were well within the
CCME guidelines.
Although the risks of unacceptable environmental effects were found to be low, INAC felt it
prudent to monitor for potential contaminated seepage from the pit, and commissioned the design
of a monitoring system in July 2001. The monitoring system was based on a review of the terrain
and structural geology of the Zone 2.0 Pit area, and a hydrogeological interpretation of the
geology. The monitoring was intended to include regular sampling and analysis of lake water and
shallow groundwater. Shallow groundwater sampling sumps were installed in November 2001,
and lake and groundwater sampling began in 2002. Samples were collected from the sumps
between May 2002 and September 2003. The sumps were abandoned in 2003 over concerns that
they were unable to intercept groundwater flowing from up-gradient. Monitoring wells were
installed in November 2002 to replace the sumps. Water samples were obtained in November
2002, but no further groundwater sample results are recorded. The 2003 Annual Water Licence
Report (INAC 2004a) noted the following:
The sump monitoring program had limited success in 2003 as only 6 samples
were collected over 15 attempts. The unsuccessful attempts were due to dry or
frozen sumps … The greatest sampling success occurred in August. Generally,
sample volume was low and laden with peat and other suspended solids. The
well monitoring program was unsuccessful. No samples were collected during
the open water season. All wells were frozen several meters above the collection
zone. The collection zone begins at a minimum depth of 6.1 metres. The plot of
measured depth to ice indicates that very little thawing occurred over the course
of the summer … The only results available for these wells correspond to
samples collected immediately after well installation.
According to the Zone 2.0 Pit Seepage Monitoring Program, essential parameters for monitoring
of Pit-water were arsenic, copper, manganese, cobalt, nickel, and iron, while seep indicator
parameters were chloride, sodium and copper. To determine whether sampling at the Zone 2.0
Pit Seepage Monitoring Program locations (1563-46 to 1563-49) were able to detect input from
Zone 2.0 Pit, the seep indicators were plotted from the 2002 start of sampling at these locations to
the end of 2016.
Chloride concentrations from the four seepage monitoring locations are plotted in Figure 20.
With the exception of a spike in July of 2004, Chloride concentrations were relatively steady near
2 mg/L for all sampling locations. The average for all Chloride data is a concentration of 1.8
mg/L with a standard deviation of 0.4. The average concentration of chloride in Zone 2.0 Pit to
the end of remediation (2011), as measured at 1563-26, was 53 mg/L with a standard deviation of
11. This decreased to a concentration of 48 mg/L and a standard deviation of 3 during postremediation monitoring. No increase in Chloride concentrations has been observed that would
indicate that Zone 2.0 Pit was seeping to the Steeves Lake locations.
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Figure 20 – Chloride Concentrations - Seepage Monitoring Locations - 2002 to 2016.
Sodium concentrations from the four seepage monitoring locations are plotted in Figure 21. With
the exception of a spike in July of 2004, Sodium concentrations were very steady ranging
between 1.7 and 3.0 mg/L for all sampling locations. The average for all Sodium data is a
concentration of 2.3 mg/L with a standard deviation of 0.3. The average concentration of Sodium
in Zone 2.0 Pit to the end of remediation, as measured at 1563-26, was 141 mg/L with a standard
deviation of 20. This decreased a bit to a concentration of 132 mg/L and a standard deviation of 9
during post-remediation monitoring. No increase in Sodium concentrations has been observed
that would indicate that Zone 2.0 Pit was seeping to these locations.
Total Copper concentrations from the four seepage monitoring locations are plotted in Figure 22.
Copper concentrations were steady, ranging between 0.4 and 4.0 mg/L for all sampling locations.
The average for all Copper data is a concentration of 1.3 mg/L with a standard deviation of 0.5.
The average concentration of chloride in Zone 2.0 Pit to the end of remediation, as measured at
1563-26, was 5 mg/L with a standard deviation of 9, indicating that copper concentrations were
highly variable at that time. The average concentration decreased to 2 mg/L and a standard
deviation of 0.6 during post-remediation monitoring.
The difference between Copper
concentrations in Zone 2.0 Pit and the seepage monitoring locations is too little to provide a
detectable increase were seepage to occur.
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Figure 21 – Sodium Concentrations - Seepage Monitoring Locations - 2002 to 2016.

Figure 22 – Copper Concentrations - Seepage Monitoring Locations - 2002 to 2016.
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Sampling of the Zone 2.0 Pit Seepage Monitoring Program (1563-46 to 1563-49) locations has
continued since 2002 without substantial change in the water chemistry. Water chemistry of the
four locations provides very similar results, and these results were very similar to all other
sampled areas of Steeves Lake. Seepage indicators have not been detected in these locations,
even though the water elevation in Zone 2.0 Pit appears close to steady state. There has been no
evidence that a connection exists between Zone 2.0 Pit and Steeves Lake. Finally, the water
quality of Zone 2.0 Pit is very close to discharge concentrations, and any contaminant of concern
would be sufficiently diluted that it would not be detectable in Steeves Lake. The PAR
recommended the elimination of these SNP stations. Therefore, INAC requests that the Zone 2.0
Pit Seepage Monitoring locations be deactivated from the Colomac SNP.
3.5.5 Future Monitoring
Water samples will continue to be required to be collected from sampling sites established in the
drainage areas of the TCA and Steeves Lake. Signage for former sampling locations should be
removed and signage for current stations will be inspected for potential repairs. The locations of
water quality sampling are the locations showing water quality of water leaving the Colomac site
(1563-02 and 1563-39) and Zone 2.0 Pit (1563-26). Samples will be collected twice per year, as
recommended in the PAR, in June and August. All data collected for the SNP will continue to be
uploaded to the INAC LodeStar Database.
One complete sample campaign will be safely conducted twice per year during freshet and in late
summer. QA/QC samples are also required, and should be collected as part of the entire water
sampling program (i.e. including water samples from the AHMP). Station locations are provided
on Figure 23. Table 7 provides a list of SNP stations and the water quality parameters required
for analysis at each depth for the station.
Water quality and QA/QC samples will be submitted to an accredited laboratory for analysis
within expiry specifications as set out by the accredited laboratory. A field report will be
produced and submitted for review following each field trip. The field report shall be written to
industry standards and contain, as a minimum, a description of site weather conditions, the field
trip itinerary, and a list of analytical samples collected during each field trip. A Results Report
will be submitted and will contain, as a minimum, a description of the sampling methodology,
summary of analytical results, summary of QA/QC results, and discussion of analytical trends
observed. Analytical parameters that exceed the EQCs must be flagged. SNP Water Quality
Monitoring will continue to be reported as part of the Colomac Comprehensive Monitoring
Report.
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Table 7 –SNP Stations to be Sampled Annually During Freshet and in Late Summer
Station
1563 2
26

Location
Co-ordinates
64º 22.816’N
115º 08.008’W
64° 23.956’ N
115° 05.227’W

Location Description

Sampling Parameters

Outlet from Steeves Lake at the
south end
Zone 2.0 Pit: Euphotic Zone
Zone 2.0 Pit: 1m

Standard, Solids, Major Ions,
Nutrients, and Total Metals
Chlorophyll a
Chlorophyll a , Solids, Suite 26
(Standard, Major Ions,
Nutrients, Cyanide Suite, In
Situ Ecological, o-phosphate
(as P), and Total Metals)
Chlorophyll a
Chlorophyll a
Chlorophyll a , Solids, Suite 26
(Standard, Major Ions,
Nutrients, Cyanide Suite, In
Situ Ecological, o-phosphate
(as P), and Total Metals)
Chlorophyll a
Suite 26
Suite 26
Suite 26
Standard, Solids, Major Ions,
Nutrients, Cyanide Suite, Total
Metals

Zone 2.0 Pit: 5m
Zone 2.0 Pit: 10m
Zone 2.0 Pit: 15m

39

64° 26.944' N
115° 03.257' W

Zone 2.0 Pit: 30m
Zone 2.0 Pit: 60m
Zone 2.0 Pit: 80m
Zone 2.0 Pit: 100m
Tailings Lake surface,
immediately prior to discharge
through the Spillway

3.6 Terrestrial and Aquatic Monitoring Program (TAMP)
3.6. 1 Background
Colomac is situated within the traditional lands of the Tłı̨ chǫ people. The Indin Lake area was
used historically by the Tłı̨ chǫ for hunting, trapping and fishing. The Tłı̨ chǫ had expressed
concern over soil and water quality at the Colomac site and the downstream receiving
environments, and its effect on the wildlife in the area. INAC recognized the need to show that
fish, wildlife and plant life in and around the Colomac area are protected and safe for harvest.
The TAMP was designed to provide scientifically defensible data to monitor these impacts.
Terrestrial studies at Colomac began with a pre-development assessment of the soils, vegetation
and wildlife species by Beak Consulting (Beak 1988a; Beak 1988b). INAC conducted several
surveys on the status of terrestrial environments of the Colomac area between taking possession
of the site and the submission of the Remedial Plan. These terrestrial studies included the
documentation of the numbers and kinds of mammals and birds on the site and testing of locally
harvested plants and wildlife for a broad range of chemical contaminants known to be present in
the mine tailings.
Aquatic studies at Colomac began with a pre-development assessment of Colomac area water
bodies Beak 1989). Numerous studies of the aquatic habitats in the Colomac areas were also
completed by INAC before the submission of the Remedial Plan. Priorities of field sampling
programs were to determine the types and status of fish species and the limnological and
chemical characteristics of the receiving waters. An extensive record of measurements of
background conditions of water quality, fisheries and the physical environment was compiled to
support the Remedial Plan. The studies also considered the environmental concerns and potential
issues of environmental quality on down-gradient receptors in anticipation of eventual discharge
of retained waters.
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A conceptual monitoring plan for the terrestrial environment was included as an Appendix to the
Colomac Remedial Plan. The conceptual monitoring plan for the terrestrial environment
proposed methods for monitoring the known sites of contamination at Colomac and to detect
changes on the site in the future. The plan included sampling of major sites of soil contamination
to ensure that chemicals are contained, monitoring dust contamination through moss, lichen and
plant surveys, and surveys of mammals and birds for both numbers and species and their levels of
contaminants. The potential effects of specific hazards, such as disturbed areas, waste rock piles,
pits, and Tailings Lake were also evaluated.
A conceptual plan for the monitoring of the aquatic environment at Colomac was also included in
the Colomac Remedial Plan. The objective of this conceptual plan was to provide principles of
monitoring for the aquatic environment at Colomac based on the state of knowledge at that time.
The monitoring was intended to be established in such a way as to detect changes in the
biological, chemical or physical components of the Colomac site that could lead to increased risk
to people or the environment. The program was intended to follow indicators that respond
rapidly to environmental changes (e.g., water quality), and others that respond more slowly and
integrate changes over time (e.g., sediments). Potential indicators that were considered included
changes in water and sediment chemistry, the numbers and health of major fish species, and
changes to fish habitat.
The Colomac Remediation Plan included recommendations that the appended terrestrial and
aquatic monitoring be completed. These programs were at various frequencies, depending on
what was to be sampled, but the main collective programs were to be completed at five-year
intervals. The Colomac Monitoring Plan summed up this monitoring by scheduling for five and
ten years after completion of remediation of the TCA.
A terrestrial and aquatic studies review was completed in 2012 of the performance of
environmental assessment and monitoring programs at the Colomac mine (Northern 2013), with
the objective of identifying gaps of knowledge between the 2004 Remedial Plan
recommendations and the actual data that was collected. The review provided recommendations
for continued monitoring after closure of the site. The review acknowledged that engineering and
environmental studies at Colomac evaluated the physical and chemical hazards, and then
addressed them by extensive remediation. This has resulted in a significant reduction in risks.
The following are some of the recommendations that were provided to address the terrestrial and
aquatic data gaps (recommendations on PHCs and laboratory selection have not been
reproduced):
 The SNP water monitoring program could be improved by stopping the analysis of
dissolved metals and increasing sampling frequency or the use of multiple samples to
increase statistical power.
 Studies conducted for site assessment or monitoring need to have clearer performance
objectives and targets. Temporal and spatial trend studies require rigorous data collection
and analysis to act as baseline data for future studies.
 Due to the release of compounds from Dam 2 of the TCA (the review did not note what
event or incident “released” compounds), a risk assessment and hazard evaluation was
recommended on the North Pond/ L-Shaped Lake zone to determine the area that may
have become impacted and the potential risks to humans, wildlife and the aquatic
community due to this impact.
 Coring of sediments, rather than grabs of surface sediments, would provide better
estimates of inputs to the aquatic system.
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It was recommended that wildlife surveys be designed and conducted to work with
Tłįchǫ partners and to ensure the harvesting of wildlife in the Colomac area can be
conducted safely.
The post-closure monitoring for Colomac should include monitoring of water as a shortterm indicator of changes and other components, such as wildlife, fish, plants, that may
suggest increased risk to exposed humans and wildlife.

The TAMP, recommended in the 2012 review, was completed in 2013. AECOM Canada Ltd.
(AECOM) completed the Program (AECOM 2015b). The primary objective of the work was to
provide an update on the status of contamination within selected terrestrial and aquatic resources.
3.6.2 TAMP Monitoring End Point
Terrestrial and Aquatic monitoring was proposed on a re-occurring schedule with events planned
for up to ten years after remediation. The Monitoring Plan intended monitoring to end after the
ten-year collection. A review conducted in 2012, prior to the 2013 Terrestrial and Aquatic
Monitoring Program, recommended the monitoring shown in Table 8. While the sampling
requirements were well developed, the goal of the monitoring was not provided. Without the
goal of the monitoring, it is not possible to interpret the data that is collected. For example, when
collecting water samples, if the intent is to detect changes in major parameters and to ensure
levels are below CCME or site-specific guidelines, then how large a change is of concern and
how long should monitoring continue when concentrations are below CCME guidelines?
Table 8 - Framework for a Long-Term Monitoring Program at Colomac
Media
Soil

Component
Chemicals of concern

Terrestrial
Plants

Chemicals of concern

Wildlife

Survey of site use by large
mammals
Chemicals of concern

Fish

Abundance and condition
Metal analysis in muscle and
liver in subset of fish caught

Sediment

Surface sediments, or coring

Water

General water quality
parameters
Major ions, metals, cyaniderelated compounds

Wetland
plants

Chemicals of concern

Comment
Near major site features; to
ensure footprint of waste rock
and tailings is increasing
To confirm low levels of
chemicals of concern in
terrestrial food web.
To improve ecological risk
assessment
No studies conducted since
2004.
To ensure healthy populations
To ensure chemical levels,
including mercury, remain at
low levels.
Particle-size analysis, organic
content, metals and cyaniderelated compounds
To detect changes in major
parameters
To ensure levels are below
CCME or site-specific
guidelines
To confirm low levels of
chemicals of concern in the
semi-aquatic food web.

Annual Review: Post Closure Monitoring and Maintenance Plan
May 2018
GCDOCS # 7391781

Frequency
5 years; 10 sites including
controls.
Collected in conjunction with
soil.
5 years.
Opportunistic samples from
local hunters and trappers, up
to a maximum of 30 per year.
5 years.
5 years; mercury analysed
separately.
As needed; if major
contaminants are identified
entering the aquatic system.
5 years; 10 sites, including
controls.
5 years; 10 sites including
controls
5 years at active areas of
concern (e.g., Wetland A and
B).
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Without external definition of the end-points for the components of the TAMP monitoring, INAC
proposes that monitoring should continue for components where mine-related impacts at
concentrations higher than background can continue to be found. If a review of the TAMP
component determines that concentrations are at background or are not likely to be mine-related,
then INAC will request the elimination of that component.
3.6.3 PAR Recommendations for the TAMP
The PAR considers the overall objective of the TAMP to be to provide assurance to community
and regulatory stakeholders that conditions at the site have stabilised and do not present a risk to
either the natural environment or traditional land use. Based on this objective, the PAR
considered it necessary to continue with at least a modified approach to the TAMP in order to
provide confirmation of site conditions for comparison to the 2013 TAMP. It was suggested that
this start with engagement of the local communities to provide historical local and traditional
knowledge observations and input to the site progress. If there is sufficient evidence gathered on
an annual basis, and all stakeholders agree that the site has obviously improved, then the TAMP
may not be required. Additional data could be collected through visual observations and remote
monitoring to address any ongoing needs of the TAMP. In the event the monitoring or site
observations suggest potential adverse impacts, then a more rigorous sampling and analysis could
be reintroduced.
With respect to the scope of the 2018 assessment, the 2013 TAMP report (AECOM 2015b) made
a number of suggestions for future the monitoring event that were considered in the PAR.
Sample Timing: The 2013 TAMP recommended sampling to be conducted in August, to
maintain consistency and allow more accurate comparisons between years. The PAR agreed.
Statistical Comparisons: The 2013 TAMP recommended that the monitoring data be compared
with available historical data to understand whether there are differences between the different
areas of the Colomac Site and between site areas and the reference site. This analysis would also
substantiate the recommendations. The PAR agreed.
Screening level ecological risk assessment: The 2013 TAMP recommended a screening level
ecological risk assessment be conducted to determine the potential risks of ecological effects to
primary high valued ecological receptors (i.e., muskrats) feeding in the area. The assessment
should also consider data from water and sediment monitoring in exposure scenarios. The PAR
suggested that conducting an ecological risk confirmation following the completion of future
TAMP may provide confidence that environmental conditions (as they exist at the time) do not
pose undue risk to human health and environmental receptors.
Birds and mammals: The 2013 TAMP thought that the monitoring of chemicals of concern in
birds and mammals provided valuable data on environmental quality, and it also reassurance First
Nation partners that contamination at Colomac is limited and site conditions are improving after
remediation. The PAR agreed. Beyond the overall monitoring objective of demonstrating the
establishment of steady state conditions, an objective of the TAMP is to demonstrate that
remediation activities have been successful in mitigating further impacts to traditional resources
and values. However, if consultation with First Nations partners and other stakeholders indicates
that they are satisfied with the site recovery progress and are not concerned with contaminations
levels in birds and mammals at the site, then visual observations and monitoring for this part of
the TAMP could be implemented.
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Small mammals and birds: The 2013 TAMP noted that the monitoring of small mammals and
birds provides evidence that the species exposed to the highest concentrations of chemicals
remain abundant and do not show significant accumulation of chemicals on the Colomac site.
The data also support previous human health and ecological risk assessments. The PAR agreed.
Beyond demonstrating the establishment of steady state conditions, the TAMP demonstrates that
remediation activities have been successful in mitigating further impacts to traditional resources
and values.
Zooplankton and Phytoplankton: The 2013 TAMP noted that the most recent version of the
Metal Mining Technical Guidance for Environmental Effects Monitoring (Environment Canada
2012) cites zooplankton and phytoplankton as optional indicators, with analysis to include
biomass and taxonomic composition. They recommended that these tasks be removed as results
have been highly variable and not insightful to the intent of the monitoring program. The PAR
agreed. The overall monitoring program should be developed and aligned to provide useful
information related to the residual impacts of mining activities, with resources directed to key
monitoring components.
Sediment: The 2013 TAMP recommended collection of additional composite sediment samples
to improve sample precision and trend verification. Replicate sampling (5 samples) was
conducted according to sampling protocols from previous studies and to allow comparisons
between programs. Collection of five replicate and one composite sample will improve the
sample precision and trend verification. The PAR agreed. Due to the limited number of TAMP
samplings, data collection supporting the identification of trends between sampling events should
be prioritized.
Hydrocarbons: The 2013 TAMP found that the hydrocarbon concentrations in the sediment
samples collected in the lakes were low, so they suggested that this parameter be eliminated from
future monitoring programs. Hydrocarbon concentrations above detection limits were only
obtained from Steeves Lake. The PAR was in partial agreement. Past monitoring has delineated
detectable hydrocarbon impacts in sediment in Steeves Lake. Future sediment PHC monitoring
can be limited to Steeves Lake, Grizzly Bear Lake and a reference site.
Cyanides: The 2013 TAMP found cyanide concentrations were below reported detection limits in
water quality samples; therefore, it was recommended that cyanide sampling be conducted less
frequently. However, cyanide was identified as an important parameter for monitoring in the
2012 review of the TAMP, so the parameter should not be eliminated from the program. The
PAR agreed that cyanide monitoring should continue, to provide a comparison point relative to
previous events.
Wetland plants: The 2013 TAMP recommended that concentrations of chemicals of potential
concern (CoPCs) should be monitored in wetland plants on a regular basis to establish temporal
trends in the wetlands near the TCA. Results from this and previous studies indicate that these
plants are a good indicator of chemical concentrations in soils and surface water in the wetlands,
and a potential source of the contaminants to the local food web. The PAR stated that the CoPCs
were only measured through the TAMP (2004 & 2012), so this could not be considered
monitoring on a “regular basis”. CoPCs do not need to be monitored further as the site has been
remediated and CoCs addressed.
Carex in Wetland B: The 2013 TAMP recommended that Carex in Wetland B be regularly
monitored, with the number of sub-sites expanded to determine the size of the area affected by
the Dam 2 discharge. Plant monitoring should be combined with soil and water sampling to help
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determine variability and exposure scenarios for wildlife. The PAR noted that Carex in Wetland
B was not monitored regularly and the number of sites was not expanded. It was recommended
that future TAMP monitoring should consider expanded data collection to support the delineation
of the area affected by the Dam 2 discharge. An ecological risk assessment could then determine
the risk of potential wildlife exposure. In the event that elevated levels of CoCs are identified and
unacceptable risk is identified, additional monitoring could be considered.
3.6.4 Basis for Current Monitoring
One additional TAMP was intended for 2018. The objective of the TAMP was to assure the
Tłı̨ chǫ that wildlife and wildlife habitat is not contaminated; however, INAC has no indication
from the Tłı̨ chǫ that they have continuing concerns about the wildlife and habitat.
INAC regularly engages with the Tłı̨ chǫ regarding the on-going monitoring at Colomac. While it
is acknowledged that concerns with impacts existed before remediation, the Tłı̨ chǫ have indicated
satisfaction with the results of the remediation. The PAR recommended that the Tłı̨ chǫ be
consulted to determine if there is sufficient evidence gathered to satisfy their concerns with the
health of the animals in the area. INAC has engaged the Tłı̨ chǫ and feels there is not a
community concern that would drive the continuation of this monitoring.
Other recommendations that were agreed to in the PAR concerned sample timing, statistical
comparison and a screening level risk assessment. The sample timing recommendation was in
response to a late sampling campaign in 2013 due to issues with setting up the TAMP contract. A
campaign earlier in the field season is preferred by IANC as well. Statistical comparisons to
earlier data are required of all Colomac monitoring programs. INAC does not necessarily agree
with the completion of a screening level risk assessment. The CCME guidelines used for
screening of water, sediment and soil can be considered appropriate for a remote location such as
Colomac. If mine related CoCs are not observed in concentrations that exceed CCME guidelines,
then unacceptable risk would not be found from an ecological risk assessment.
3.6.4.1 Terrestrial Monitoring
The terrestrial program consisted of opportunistic sampling of liver, muscle, kidney, stomach, and
gut from small mammals, caribou, moose, and birds from disturbed and control sites around the
Colomac site. Detailed collections of plants and lichens were also conducted to ensure their
safety for people and wildlife. Soil samples were obtained from disturbed and control sites
around Colomac that were co-located with the vegetation samples. These samples were analyzed
for metals, pH, organic matter, and cyanide.
In order to consider the basis for monitoring, the terrestrial results from the 2013 TAMP will be
reviewed.
Soil:
Soil was sampled in 2013 at the same locations as previous studies. The arithmetic mean
concentrations of the soil samples at the remediated locations were not found to be significantly
different from control location concentrations. A single replicate soil sample (ST8-4) exceeded
CCME guidelines for cyanide and arsenic; however, a second sample obtained at this location
was below CCME criteria. Concentrations of arsenic in 2013 surface soil were elevated at the
tailings cap and lake region when compared to 2008 geometric mean results. The 2013 TAMP
noted that small sample size and high variability of soil concentrations at each location reduces
the validity and statistical power of conclusions regarding the long-term monitoring of soil
quality at Colomac mine. However, there are also no results that would indicate that CoCs are
present in unacceptable concentrations in the soil in these locations.
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Vegetation:
The sampling of vegetation (i.e., willow, Labrador tea, birch, and alder) was completed in concert
with the soil sampling. Elevated ratios between remediated and control locations for vegetation
were observed for a select number of elements and metals at a number of locations; however, no
significant trends were observed among Labrador tea, willow, birch, and green alder. A larger
number of elements and metals demonstrated higher concentration ratios for both green and grey
lichen compared to Labrador tea, willow, birch, and green alder ratios. Interference from
previous windblown dust event in the tailing area combined with the reduced growth rate of
lichen in the northern climate of the Northwest Territories is a possible explanation for elevated
metal and element concentrations of green and grey lichen.
A qualitative look at elevated soil metal content at remediated locations and associated Labrador
Tea tissue samples revealed no observable link. Although the concentration of select metals and
elements were elevated at all locations compared to 2008 concentrations, there was no
recognizable pattern observed between concentrations and locations.
Given that the vegetation sampling showed high variability, CoCs were not found in high
concentrations in the vegetation and only one soil sample was found to have CoCs in
concentrations that exceeded CCME (with a duplicate that had all concentrations within CCME),
INAC request that the soil and vegetation collection be discontinued from the TAMP.
Wildlife and Small Mammal Sampling:
The concentration of CoCs were assessed in small mammals and birds at Colomac in 2013 in
order to determine if the elements were accumulating to a greater extent in wildlife species near
the TCA relative to control sites. Small mammals were collected by a systematic trapping
program, and by opportunistic sampling, at control sites and at four sites within the TCA. The
objective of the program was to establish if populations of wildlife near the TCA were at
increased risk of biological effects due to contaminant exposure and to help demonstrate to Tłı̨ chǫ
partners that populations of traditional food species are healthy and safe to eat.
Small mammals collected near the TCA did not accumulate higher concentrations of CoCs than at
the control sites. Comparisons between red-backed vole and deer mouse for individual chemicals
showed no consistent trends that would indicate greater levels of accumulation due to
contamination at the TCA. There was no significance difference in strontium between individual
mammal species, but concentrations were higher at the control sites than at the TCA. Thorium
was the only element which was significantly higher in samples from the TCA than samples from
the control locations in these species, but concentrations at both sites were low. As of 2013,
small mammal populations living near the TCA do not accumulate significant concentrations of
potential contaminants from the TCA. Although evaluation of the health of the mammal
populations was not an objective of the study, the trapping sites near the TCA yielded the largest
number of species and individual animals, indicating, at a qualitative level, that small mammals
are abundant near the TCA and that the populations appear to be healthy.
The PAR recommended continued monitoring based on concerns within the local communities
and the limited sample size. As previously noted, the Tłı̨ chǫ have expressed limited concern with
the wildlife in the Colomac area. While a greater sample size would provide better statistical
data, the 2013 sampling did not indicate quantitative (chemical impacts) or qualitative (number of
individual animals) issues with the sample population. INAC believes that an animal collection
of the size required for the statistical comparison being proposed would have a far larger impact
than the low concentrations of CoCs would have on the population of animals in the area.
Therefore, INAC requests that the small mammal and bird collection be discontinued from the
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Colomac Monitoring Plan. With the soil, vegetation and animal collection all discontinued, there
would not be a terrestrial component to the TAMP.
3.6.4.1 Aquatic Monitoring
The Aquatic Monitoring Program includes water quality sampling, fish sampling, fish habitat
assessment, sediment sampling, Zooplankton sampling Phytoplankton sampling, Wetland plant
assessment and sampling, benthic sampling and assessment of physical limnology.
In order to consider the basis for monitoring, the aquatic results from the 2013 TAMP will be
reviewed.
Benthic Invertebrates:
Benthic invertebrate collection was conducted in 2013 at Baton Lake, Lake 315, Steeves Lake
North, Steeves Lake South, Paddle Lake, and Spanner Lake. Densities of benthic organisms were
low, with Steeves Lake south being the highest at 131 organisms/m/min and Baton Lake being
the lowest at 8.6 organisms/m/min. Overall, amphipods and dipterans were the dominant benthic
invertebrate in the communities. Mean genera richness ranged from 13 (Baton Lake South) to 20
(Paddle Lake). Simpson’s diversity indices were similar for the majority of the sites. Simpson’s
Evenness measures were low at almost all of the sites indicating that a small number of abundant
taxa dominated the benthic invertebrate communities. Benthic data collected to date does not
indicate impairment at any of the site lakes; as such, continued benthic sampling is not providing
data that contributes to understanding of the site. INAC requests that benthic sampling be
discontinued from the TAMP.
Fish:
Sampling of fishery resources was completed to provide insight on fish distribution, fish
abundance and contaminant impact of fish tissue. Standard RISC gillnets and minnow traps were
used to conduct fish sampling in Baton Lake, Lake 315, Paddle Lake, Steeves Lake, and Spanner
Lake. A total of 25 fish were caught in the gillnets with lake trout representing the majority of
the fish catch. Their presence was documented in Baton Lake, Steeves Lake and Spanner Lake.
Lake Whitefish were only caught in Steeves Lake. No fish were caught in the minnow traps.
Sixteen of the 38 total metals analysed in fish tissue were below detection limits in 90% of
samples. Of the two Lake Whitefish caught, the larger older fish contained higher concentrations
of several metals, which is expected. For lake trout, aluminum, lead, and zinc concentrations were
lower in Spanner Lake; however, due to the low number of fish caught and sampled, no statistical
analysis was conducted. All lake trout collected in 2013 were below the Health Canada
guidelines for mercury concentrations. Fish habitat was assessed in the sampled Lakes. The
shorelines were separated into three broad categories; low rocky shoreline, steep rocky bluff, and
shallow mud-bottom bay. The majority of the habitat along all five lakes was low rocky
shoreline.
Colomac hosted a fish tasting site visit with the Tłı̨ chǫ between September 10th And 12th, 2010.
Fish samples from several Colomac lakes were tested by Tłı̨ chǫ Elders and other community
members. The Tłı̨ chǫ concluded that the fish in Colomac lakes were in good health and they felt
that the fish population were no longer affected by activities at the Colomac mine.
Water quality does not indicate issues, the 2013 fish sampling did not identify Lakes where
contaminants were a concern in the fish, the Tłı̨ chǫ are not concerned with the health of the fish
and fish habitat will not be changing due to activities at the site. Therefore, INAC request that the
fish sampling and habitat portion of the TAMP be discontinued.
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Physical Limnology:
Physical limnology was assessed and compared with historical results. Generally, temperatures
measured in mid-September showed stratification in all lakes sampled, except Paddle Lake. The
lakes generally exhibited near oxygen saturation above the thermocline, with dissolved oxygen
levels dropping below the thermocline for most lakes. The majority of the lakes were clear, based
on their Secchi disk readings. All the lakes in the study were classified as oligotrophic, based on
the low total nutrient concentrations and low algal abundance. All other results were similar to
previous years. The lakes in this study are natural lakes, and there is no reason to expect that
physical limnology would change over time. INAC requests that lake surveys be discontinued
from the TAMP.
Phytoplankton:
Phytoplankton densities were low. Measured densities were lower than in 2011 (Rescan 2012);
however, this sampling took place in September while the 2011 sampling took place in August.
Paddle Lake and Lake 315 had high percentages of Chlorophyta phylum phytoplankton (green
algae), while the majority of the remaining lakes that were sampled had high percentages of
Cryptophyta phylum phytoplankton (algae with plastids). Simpson’s diversity indices were
similar at Grizzly Bear Lake, Steeves Lake North and South, Little Lake, Cone Pond, Midge Fly
Lake, Duck Pond, Baton North and South, and Spanner Lake. Whaletail Bay, Heart Lake and
Paddle Lake indices were slightly lower and Lake 315 and Lower Lake were slightly higher. The
majority of Simpson’s Evenness indices were low at all the sites with the exception of Lower
Lake.
There were no significant differences between sites for phytoplankton biomass, and results are
comparable to what is expected in these northern aquatic environments. Analysis of the
Phytoplankton data does not indicate an on-going effect from mine operations. The PAR
recommended this sampling be eliminated. INAC also requests that sample collection for
Phytoplankton be discontinued.
Sediment Quality:
Sediment samples were collected for analysis of CoCs and their spatial distribution. The
dominant particle size collected at each of the sample locations consisted of silt (0.063
millimetres to 4 micrometres), with subdominant presence of sand. Total metal parameters were
compared to the CCME Sediment Quality Guidelines for the protection of Aquatic Life. All
lakes sampled, (Paddle Lake, Baton Lake, Lake 315, Steeves Lake North, Steeves Lake South,
and Spanner Lake) had sediment concentrations that exceeded CCME guidelines for the
protection of freshwater aquatic life parameters for arsenic, cadmium, copper, and zinc. Baton
Lake, Steeves Lake North, and Spanner Lake had exceedances also for chromium. Baton Lake,
Steeves Lake North, and Steeves Lake South had exceedances in mercury. Overall, the visual
characteristics between the five sediment types at each site replicate were similar. Total
hydrocarbons were below detection limits at all sites for the F1 (C6-C10) and F2 (C10-C16)
categories. Hydrocarbon concentrations were above detection limits for the majority of lakes for
F3 (C16-C34) and F4 (C34-C50) hydrocarbons, though these results are not likely petroleum
related.
The PAR agreed with the 2013 TAMP recommendation that an increase in replicate sampling
was required to improve sampling precision and trend verification. While INAC agrees that an
increased number of samples would increase precision, and make trends more evident, there does
not appear to be mine related impacts that need to be tracked. Sediment impacts down-gradient
of Tailings Lake (Paddle Lake and Lake 315) would have been impacted by Dam1 discharge
prior to 2007, and only after a long passage through a marsh that would limit sediment transfer.
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The mechanism for sediment impact of Baton Lake is not evident and impacts are not apparent.
Sediments have been assessed and delineated in Steeves Lake (see Franz 2007, 2010a, 2010b).
The 2010 remediation addressed sediment issues. The PAR also recommended additional
sediment sampling of Steeves Lake and Grizzly Bear Lake for PHC, even though these impacts
have been delineated. INAC does not agree with the recommendations of the PAR.
Since concentrations that exceed CCME are detectable in all Lakes, including the reference
Spanner Lake, the sediment monitoring program does not appear to be tracking concentrations
that are due to operation of the mine. INAC request that the sediment collection portion of the
TAMP be discontinued from the Colomac Monitoring Plan.
Water Quality:
Water quality was similar for the majority of lakes sampled, with the exception of Lower Lake,
Little Lake and Spanner Lake. These Lakes displayed similar parameter concentrations to each
other that were different from the other sampled Lakes. Spanner Lake was considered the
reference lake for the study area. No parameters exceeded the CCME WQG FAL. A trend
analysis was completed by comparing lakes in the different regions of the study area: north
eastern, central and western portions. The majority of sample locations within each of the regions
displayed similar results. All sites were considered to be in the moderate to low sensitivity to
acidic inputs (based on the alkalinity values). Hardness concentrations indicate that water in the
study area is considered soft, (below 60 mg/L). The majority of sample locations contained pH
values that were slightly basic. Cyanide (total, free and thiocyanate) concentrations were below
reported detection limits. The PAR recommended continued sampling of cyanide because it is a
CoC; this sampling will be performed as part of the SNP on Tailings Lake and Zone 2.0 Pit.
Fourteen water bodies in the Colomac area are sampled as part of the TAMP, with all the water
bodies also being former or current sample locations for the SNP. No water quality parameters
exceeded the CCME guidelines for the protection of freshwater aquatic life in the 2013 TAMP.
Given that water quality is already tracked through the SNP program and the water bodies
sampled for the aquatic program were all below CCME, INAC request that the water quality
monitoring portion of the TAMP be discontinued.
Wetland Vegetation:
Wetland vegetation was sampled from selected locations that are representative of wetland
habitats at the site. Wetland sedge (Carex aquatilis) has been sampled several times at Colomac
as an indicator of the concentration of CoCs in soils and surface waters influenced by drainage
from the TCA, as an indicator of local contamination in the terrestrial food web and to determine
the potential risk of biological effects to herbivores like moose and muskrat. Previous surveys
have shown elevated levels of aluminum and arsenic in Carex aquatilis from Wetland A (below
Dam 1a) and Wetland B (below Dam 2). SNP data for surface waters also showed increasing
levels of some elements (e.g., sodium, copper, strontium) in North Pond after 2008 in response to
Tailings Lake drainage through Dam 2 channel. Analysis of Carex in 2013 showed that the
concentrations of most elements in Wetland A below Dam 1 have declined, although one site
midway to Paddle Lake had elevated aluminum and arsenic concentrations relative to the
reference site on Spanner Lake. Concentrations of CoCs have remained low at Lake 315,
supporting the view that significant amounts of contaminants have not moved downstream from
the TCA. Elevated concentrations of sodium in Carex from two sites in Wetland B correspond to
increasing concentrations of sodium reported in surface waters in North Pond since 2008. Few
other elements have increased in Carex in Wetland B even though they have been reported to be
increasing in water receiving runoff from the TCA via Dam 2. One exception to this is a
molybdenum concentration that is considerably higher than at reference sites. Higher levels of
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strontium reported in Wetland B Carex between 2005 and 2011 by Rescan (Rescan 2012) were
not observed in 2013. Sodium is low in toxicity, but it may be a marker of other contaminants
that are becoming elevated in the wetland but have not accumulated significantly in vegetation.
The 2013 TAMP recommended that, due to the ingestion of Carex by wildlife such as moose and
muskrat, the levels of chemicals of concern should be monitored frequently to quantify the risk of
biological effects to wildlife and to detect any significant increases in wetland plants from the
TCA runoff. The results from the analysis of Carex aquatilis in 2013 indicate that the
concentrations of chemicals of concern in Wetland A, down-gradient of Dam 1B, are similar, or
lower, than samples of the same plant collected in 2001.
Some of the conclusions in the 2013 TAMP were based on highly variable data. The 2013
average concentration of aluminum at Site 3, Wetland A (535 milligrams per kilogram (mg/kg)
dry weight (dw)) was similar to the levels in 2001 (350 to 425 mg/kg dw); however the 2013
triplicates were 1390, 201 and 14 mg/kg dw. The variability in the 2013 data set does not permit
interpretation of this data.
The PAR recommended that collection of wetland plants be discontinued but collection of Carex
continue.
Compounds that have been observed to be increasing in the water monitoring program are
sodium, sulphates, copper and strontium. The 2013 TAMP noted that the potential risk to
wildlife, the maximum levels to which CoCs may accumulate and the risk of biological effects in
browsing herbivores (such as moose and muskrat) is not known. Of the four parameters
identified as potentially having increased since the start of discharge from Tailings Lake, only
Copper has CCME WQG FAL and the toxicity of the other parameters is relatively low. As
previously discussed in the SNP basis for monitoring, the copper concentrations in Tailings Lake
are stabilizing near 10 μg/L, and down-gradient concentrations are at acceptable levels (see
Figure 19). The risk to site wildlife of potential biological effects from the concentrations
observed in the wetlands has not been quantified, but it is very unlikely to be unacceptable given
the current loading and the water concentrations below CCME guidelines. INAC requests that
sampling of wetland plants be discontinued from the TAMP.
Zooplankton:
A total of seven zooplankton sample sites were established in five study area lakes, including
Steeves Lake (two sample locations), Paddle Lake, Baton Lake (two sample locations), Lake 315
and Spanner Lake. Zooplankton samples were analyzed for taxonomic identification and
biomass. The three major groups present in the samples were Crustacea-Cladocera, CrustaceaCopepoda and Rotifera. Crustacea-Copepoda was the most prevalent group at all sites. Species
richness varied between samples and ranged from 3-12 taxa from the collection of samples at the
seven sample locations. Biomass was determined to be lowest at Spanner Lake (reference site)
and highest at Paddle Lake. Analysis of zooplankton functional feeding groups determined that
four feeding groups were present in the samples: filter-feeder, particle feeder, predator and
grasping feeder. The grasping feeder group had the highest percentage of the functional groups at
all sites, which can be attributed to the presence of copepods at the sites. The zooplankton
monitoring shows that the Lakes nearest to the mine infrastructure have higher density and
richness than reference and down-gradient sites. The PAR recommends sampling of this media
be eliminated. Continued monitoring of the zooplankton is not indicated and INAC requests that
sample collection be discontinued.
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3.6.5 Future Monitoring
The review of the components of the TAMP indicates that no components are contributing to
understanding the impacts at the Colomac site and no components are monitoring mine related
CoCs. Data collected to date as part of the program indicates that, for all components of the
TAMP, either the ecosystem had recovered well by 2013 or it had never been impacted in the first
place. No component of the TAMP has been recommended for further monitoring; as such,
INAC does not intend to continue this program in the future.
4.0

WATER LICENCE W2014L8-0003

As part of the update to the Colomac Water Licence, W2014L8-0003, INAC requests that the
Licence be amended to reflect the current monitoring effort and to correct references that are no
longer valid.
The Water Licence refers to the Licensee as Aboriginal Affairs and Northern Development
Canada – Contaminants and Remediation Directorate; due to changes since the issuance of the
Licence, we are now Indigenous and Northern Affairs Canada – Contaminant and Remediation
Division.
In Part A, Item 2, definitions are provided for various words used through the Licence. Some
confusion could result from the primary definition “Act”. It is defined as the Waters Act. For
better clarity, INAC requests that it be defined as Canada Waters Act C-11, to distinguish it from
the repealed Northwest Territories Waters Act.
Part D, Item 4 defines the EQC for Tailings Lake. As noted in Section 3.5.4, the EQC are
Tailings Lake concentrations that would result in water quality concentrations at L-shaped Lake
that are within CCME WQG FAL. Item 4 defines water discharging from Tailings Lake as
“wastes”, even though the definition in the Part A, Item 2 refers to the Canada Waters Act
definition: waste means
(a) any substance that, if added to any water, would degrade or alter or form part of a
process of degradation or alteration of the quality of that water to an extent that is
detrimental to their use by man or by any animal, fish or plant that is useful to
man, and
(b) any water that contains a substance in such a quantity or concentration, or that
has been so treated, processed or changed, by heat or other means, from a natural
state that it would, if added to any other water, degrade or alter or form part of a
process of degradation or alteration of the quality of that water to the extent
described in paragraph (a);
The Canadian Water Quality Guidelines for the Protection of Aquatic Life, which has been
abbreviated to the freshwater component as CCME WQG FAL, are intended as sensitive
benchmarks for water quality. The Introduction to the guidelines state “Canadian water quality
guidelines are intended to provide protection of freshwater and marine life from anthropogenic
stressors such as chemical inputs or changes to physical components (e.g., pH, temperature, and
debris). Guidelines are numerical limits or narrative statements based on the most current,
scientifically defensible toxicological data available for the parameter of interest. Guideline
values are meant to protect all forms of aquatic life and all aspects of the aquatic life cycles,
including the most sensitive life stage of the most sensitive species over the long term. Ambient
water quality guidelines developed for the protection of aquatic life provide the science-based
benchmark for a nationally consistent level of protection for aquatic life in Canada.” Given that
Tailings Lake water generally meets CCME WQG FAL and the water is below CCME WQG
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FAL by the time it leave the watershed to the wider environment, It is requested that the
discharge from Tailings Lake be referred to as “water” and not “waste”. Furthermore, this would
mean the measurement in Schedule 1, Part B, Item 1b) of Waste Discharge volumes no longer
applies to Tailings Lake Discharge.
Part D, Item 6 has continued in current Licences even though it refers to pre-remediation site
conditions. Part, Item 6 states the following:
The Licensee shall collect, intercept, treat and discharge hydrocarbon
contaminated water and soil in accordance with section 5.10.1 of the Colomac
Site Remediation Plan Final Report March 2004 and the letter submitted to the
Board dated August 30, 2004. Any changes to the approved methods as outlined
in the Colomac Site Remediation Plan will be submitted to the Board for
approval. The details of the hydrocarbon remediation activities are described in
the Hydrocarbon Remediation Program, Colomac Mine Site: Final Remedial
Action Plan 2005-2007 (April 2005), and subsequent annual updates.
Section 5.10.1 of the RAP discussed site conditions prior to remediation. The discussion
regarding soil treatment is no longer applicable since all known impacted soil was excavated and
treated during the 2010-2011 remediation. The groundwater section provides the Interceptor
Trench (also known as the Barrier Wall) as a preferred method to address groundwater.
However, I. Holubec predicted that the permafrost conditions created for the interceptor trench
would only last a few years and that “this permafrost ‘hump’ will disappear in the next few years
as the effectiveness of the Barrier Wall decreases and thereby drop the groundwater surface
further”. The interceptor trench system is generally dry and has not been monitored regularly.
Since the systems and methods referenced in Part D, Item 6 are no longer applicable, and since all
hydrocarbon related actions are within the scope of the AHMP, INAC requests that Part D Item 6
be deleted from the Water Licence.
Schedule 3, Part G: Post-Closure Monitoring references a requirement to include a number of
items in Version 2.0 of the Monitoring Plan. This Schedule should be updated given that Version
2.0 has been submitted.
Part B of the SNP lists the water bodies that require water level monitoring. As noted in Section
3.4.5, only Zone 2.0 and 2.5 Pits will be monitored for water levels. This Part should be adjusted
accordingly.
While it was noted in Section 3.5.4 that the Dissolved Metals suite listed in Part C of the SNP
actually describes total metals, if this section is updated to parameters still in use it would only
include the following:
 Chlorophyll “a”.
 Cyanide Suite – Total Cyanide, Weak Acid Dissociable Cyanide, Thiocyanate.
 in situ Ecological – field multi-probe tests at one metre depth intervals for Temperature,
Conductivity, pH, Redox Potential, and Dissolved Oxygen.
 Major Ions – Alkalinity, Calcium, Chloride, Hardness, Magnesium, Potassium, Sodium,
and Sulphate.
 Nutrients – Total Ammonia, Total Nitrate + Nitrite, Total Phosphorous and Total
Organic Carbon.
 o-Phosphate.
 Solids – Total Suspended Solids and Total Dissolved Solids.
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5.0

Standard – pH, Temperature, and Conductivity. These parameters should be measured
both in the field as well as in the laboratory.
Total Metals – Total elemental analysis by ICP-Metal Scan of: Silver, Arsenic,
Aluminum, Barium, Cadmium, Cobalt, Copper, Chromium, Iron, Manganese,
Molybdenum, Nickel, Lead, Selenium, Strontium and Zinc.
MONITORING SCHEDULE

Table 9 provides a list of the monitoring elements required for the Colomac site for each field
season to 2021. Note that the field season is considered the summer sampling in June and
August.
Monitoring and Reporting
After
Requirements - Colomac
2018
2019
2020
2021
2021
√
AHMP
√
√
√
√
√
Geotechnical
√
√
√
√
X
HCMP
√
X
X
√
√
Hydrology
√
√
√
√
X
Re-Vegetation
X
X
X
√
√
SNP
√
√
√
√
X
TAMP
X
X
X
X
Table 9 – Schedule of Work Components - Colomac Monitoring Program
6.0

CONCLUSION

Extensive monitoring at Colomac has shown that remedial actions at the site have addressed all
concerns. Although steady-state has not been achieved for water quality and levels in Zone 2.0
Pit and hydrocarbon flux from the Colomac impacted bedrock, on-going monitoring will establish
this steady state and the monitoring to date has shown mitigative measure are working as
intended. The requested reduction in the Colomac Monitoring Program will be detailed in an
amended Colomac Monitoring Plan, when confirmation of the acceptance of the Plan is achieved.
The Colomac Project has been an example of successful co-operation between the Crown and
Indigenous groups to address damages from resource extraction. Monitoring after the successful
remediation was able to show the on-going stability of the work. Continuing monitoring should
be to an extent that is reasonable for the site; as such, the monitoring of the Colomac needs to be
reduced.
7.0
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