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1.0 Introduction 
The following concerns and issues have resulted from the Government of the Northwest 
Territories (GNWT) and their retained experts’ review of plans, proposed monitoring 
programs and submissions as part of the De Beers Canada Incorporated’s (De Beers) 
Gahcho Kue Mine Water Licence Amendment Application MV2005L2-0015. This 
technical intervention explains GNWT’s concerns and provides recommendations for 
the Mackenzie Valley Land and Water Board’s (MVLWB) consideration. Of note, this 
submission takes into consideration all of the documents provided during the renewal 
process up to July 31, 2020.  

GNWT appreciates the opportunity to express its concerns and provide 
recommendations and suggestions to the MVLWB.  GNWT and its retained experts 
intend to provide technical input at the public hearing on September 30 – October 1, 
2020 to assist the MVLWB in making a decision related to the Water Licence 
Amendment Application. 

1.1 Report Outline 
This technical intervention is structured to discuss components included within the 
Water Licence Amendment Application and supporting documents. The intervention is 
divided into the following sections: 

Section 1 – Introduction to the technical intervention and GNWT’s involvement in 
the regulatory review; 

Section 2 – Discussion of GNWT recommendations related to effluent quality 
criteria and site-specific water quality objectives; 

Section 3 – Discussion of GNWT recommendations related to water management, 
and the removal of conditions from the Water Licence related to Area 8; 

Section 4 – Discussion of GNWT recommendation on water licence conditions 
related to potentially acid generating waste rock reporting; 

Section 5 – Discussion of GNWT recommendation on quantifying potentially acid 
generating waste rock in the Coarse Processed Kimberlite and Mine Rock Pile;  

Section 6 – Discussion of GNWT recommendations related to security estimates 
including review of De Beers’ estimate. 

 



2.0 Effluent Quality Criteria and Site-Specific Water Quality 
Objectives  

This section discusses recommendations made by GNWT on the topic of effluent quality 
criteria (EQC) and site-specific water quality objectives (SSWQO). In the Water Licence 
Amendment Application, De Beers has proposed several changes to SSWQO and EQC 
and in one case has proposed to maintain the EQC despite projections that the 
SSWQO will be exceeded.  

GNWT would like to highlight that one of the objectives outlined in Section 6.0 of the 
Water and Effluent Quality Management Policy (MVLWB, 2011) is the maintenance of 
water quality in the receiving environment that allows for current and future water uses. 
This section states that “Protection of water quality in the receiving environment is the 
primary objective. The level of protection will be defined by the water quality standards 
that have been set site‐specifically for the receiving environment in question. Effluent 
Quality Criteria (EQC) will be set for a project to ensure that water quality standards will 
be met”. This policy notes that the terms “water quality standard” and “water quality 
objective” are interchangeable. As well, Part G, Condition 35 of the Water Licence 
states, “The objective of the report is to evaluate whether the EQC in Part G, item 30 
will continue to ensure that water quality objectives in the Receiving Environment are 
maintained if Discharge continues to Lake N11.” Overall, GNWT is of the opinion that 
SSWQO should not be set higher than is reasonable, while still being achievable, and 
EQC should be set such that SSWQO are met in the receiving environment. GNWT’s 
specific recommendations in this section are summarized here and discussed in detail 
in the following subsections.  

• GNWT recommends that Lake N11 and Area 8 baseline water hardness continue 
to be used in the calculation of metal parameters that have a hardness-
dependent SSWQO. 

• GNWT recommends that if additional mitigation is needed to meet SSWQOs or 
EQC, De Beers investigate all potential options for minewater management. 

• GNWT recommends the EQC for fluoride, ammonia as N, total aluminum, total 
cadmium, total chromium and total iron remain in the Water Licence as currently 
authorized for the discharge from the WMP to Lake N11. 

• GNWT recommends the total phosphorus EQC that applies to discharge from the 
water management pond (WMP) to Lake N11 remain in the Water Licence as 
requested by De Beers.  

• GNWT recommends maintaining the total phosphorus SSWQO that is currently 
approved for Lake N11 and Area 8, as requested by De Beers. GNWT will 
continue to provide feedback through the Aquatic Effect Monitoring Program 



(AEMP) to ensure action levels and responses related to nutrient enrichment are 
appropriate. 

• GNWT recommends the SSWQO for fluoride in Lake N11 and Area 8 be revised 
to 1.19 mg/L. 

• GNWT recommends that the existing cadmium EQC that applies to discharge 
from the WMP to Lake N11 be maintained in the amended Water Licence given 
the increasing trend observed in 2018, 2019, and 2020. 

• GNWT recommends that total manganese be included in the list of parameters of 
potential concern (POPC) for Lake N11 and that an EQC for manganese be 
established at 0.11 mg/L for the discharge from the WMP to Lake N11. 

• GNWT recommends the revised aluminum SSWQO calculation methodology, 
provided in response to IR #8 be approved for Lake N11 and Area 8. As stated in 
recommendation #1, baseline hardness should be used. 

2.1 Baseline Hardness for Hardness-Dependent 
SSWQO 

De Beers requests the application of ambient hardness concentrations rather than 
baseline hardness concentrations in the calculation of SSWQO. For the reasons 
outlined below, GNWT believes metal parameters that have a hardness-dependent 
SSWQO should continue to be calculated using baseline hardness in the receiving 
environment rather than mine-influenced ambient hardness. 

In review comment ENR #31 submitted May 4, 2020, GNWT recommended that De 
Beers provide additional rationale for changing the hardness values used to calculate 
hardness dependent SSWQO from the currently approved values (Review Comment 
Table, 2020). De Beers responded that the use of ambient exposure and toxicity 
modifying factors in the calculation of the nitrate SSWQO was approved by the MVLWB 
in the 2018 Water Licence Amendment. De Beers further explained that by approving 
the use of hardness-dependent SSWQO for nitrate, they assume that the hardness 
concentration range over which the toxicity tests were performed is also approved to 
calculate SSWQO for the mine. De Beers also referenced consistency with Canadian 
Council of Ministers of the Environment (CCME) (2007) as additional rationale.  

During the Technical Session (July 7-9, 2020), GNWT raised concern that the proposed 
approach does not take the whole picture into account, and only considers the direct 
toxicity in the water column at the time of release. By using water hardness influenced 
by the mine, incremental increases in metals loading into the system are permitted, 
which may result in adverse effects to aquatic life as metals may partition to sediments 
and be remobilized in the future under changing environmental variables (Technical 
Session, 2020a, pp. 125-129). 



To demonstrate which parameters would exceed the SSWQO using baseline hardness, 
GNWT asked if De Beers could provide the figures in Appendix C of the Water Quality 
Model Report (Golder, 2020) with SSWQO calculated using baseline rather than 
ambient hardness. This request led to the development of IR #4.  

In response to IR #4, De Beers states that chloride, cobalt, copper, and zinc would 
exceed SSWQO in Lake N11 if baseline hardness was used in the calculation (De 
Beers, 2020b). In addition, De Beers states that if EQC had to be lowered to ensure that 
SSWQO were met, the resultant EQC could not be consistently achieved. However, 
Figures 4-3 and 4-5 in the response to IR #4 do not support this conclusion about 
cobalt, copper and zinc for the following reasons:  

• Figure 4-3 shows cobalt projections in the South Basin of Lake N11 below the 
baseline hardness calculated SSWQO throughout the life of mine.  

• Figures 4-3 and 4-5 show copper and zinc projections in the South Basin of Lake 
N11 in the winter of 2023 approach (and may exceed) the baseline hardness 
calculated SSWQO. However, the projected maximum concentrations in the 
WMP are roughly 75% (for copper) and 83% (for zinc) of the maximum average 
concentrations (MAC) EQC suggesting that a lower EQC could be consistently 
achievable (Golder 2020). 

As well, De Beers has stated that the assumptions from the water quality model are 
conservative since it assumes 100% solute exclusion during ice formation (Golder, 
2020). When considering the data measured in the WMP and Lake N11, water quality 
for the three metals (i.e., cobalt, copper, and zinc) are typically over-predicted by the 
water quality model. Therefore, the model projections are likely to be higher than what 
will be observed. For these reasons, it appears likely that using baseline water hardness 
in the calculation of SSWQO as previously approved for metal parameters that are 
hardness-dependent would be consistently achievable considering the current 
understanding of the receiving environment. 

GNWT understands that chloride would exceed the SSWQO if baseline water hardness 
is used to calculate the SSWQO. GNWT also acknowledges that chloride is not likely to 
partition into sediments as readily as cobalt, copper, or zinc. Therefore, the potential for 
adverse effects beyond the time of discharge is less likely. The protection of Lake N11 
was a major discussion topic during the Environmental Assessment for the Gahcho Kue 
Mine. To address this issue, De Beers proposed that discharge from the Water 
Management Pond would be limited to three years (after initial drawdown), but that 
discharge might continue beyond three years if the EQC could still be met (MVLWB, 
2014).  



GNWT concludes that De Beers has not provided sufficient rationale to support the 
application of ambient hardness instead of baseline hardness in the calculation of 
hardness-dependent SSWQO for metal parameters. Further, the GNWT cautions that 
using ambient hardness to discharge ever increasing amounts of Contaminants of 
Potential Concern (COPCs) to the natural receiving environment will result in shifts in 
ecosystems within Lake N11 over time. 

Recommendation: 

1. GNWT recommends that Lake N11 and Area 8 baseline water hardness continue 
to be used in the calculation of metal parameters that have a hardness-
dependent SSWQO. 

2. GNWT recommends that if additional mitigation is needed to meet SSWQOs or 
EQC, De Beers investigate all potential options for minewater management.   
 

2.2 EQC for Discharge from the WMP to Lake N11 
De Beers has proposed to remove several parameters from the list of currently 
approved EQC for the discharge from the WMP to Lake N11. The parameters that are 
proposed to be removed include fluoride, ammonia as N, total aluminum, total cadmium, 
total chromium and total iron.  

In addition to GNWT’s recommendation in Section 2.5 herein to retain total cadmium in 
the list of EQC for the discharge from the WMP to Lake N11, GNWT is of the opinion 
that all parameters currently included in the currently approved list of EQC for the 
discharge from the WMP to Lake N11 should remain in the Water Licence. According to 
the EQC Report (De Beers 2020e), these EQC are consistently achievable. As well, 
maintaining the regulation of these parameters as EQC in the Water Licence provides 
assurance that concentrations in the effluent are in accordance with the model 
predictions, as was noted by ECCC #6 (Review Comment Table, 2020). GNWT notes 
that this is in accordance with the objective to minimize waste to be deposited to the 
receiving environment (MVLWB, 2011). 

Recommendation: 

3. GNWT recommends the EQC for fluoride, ammonia as N, total aluminum, total 
cadmium, total chromium and total iron remain in the Water Licence as currently 
authorized for the discharge from the WMP to Lake N11. 

 



2.3 Total Phosphorous EQC and SSWQO 
De Beers requests that the total phosphorus EQC and SSWQO in Lake N11 be 
maintained as currently authorized, despite the fact that total phosphorus 
concentrations are predicted to exceed the SSWQO in Lake N11. The following outlines 
GNWT’s concerns that, given the rationale provided below, the EQC and SSWQO for 
total phosphorus in Lake N11 should be maintained as currently authorized. 

In the EQC Report, De Beers requests that despite the fact that total phosphorus 
concentrations are predicted to exceed the SSWQO (0.0109 mg-P/L) in Lake N11 
during ice cover, the EQC does not need to be updated (De Beers, 2020e). The model 
predicted that with a constant total phosphorus concentration of 0.022 mg-P/L 
discharge, the SSWQO during ice cover periods would be exceeded in 2021, 2022, 
2023 and 2024. The EQC report includes the following rationale to maintain the 
currently approved EQC: 

• the SSWQO for total phosphorus is not a toxicity-based guideline; 
• the water quality model conservatively assumes that the development of ice 

completely excludes phosphorus (and other ions; i.e., cryo-concentrates);  
• exceedances of phosphorus are for a short period and are expected to decrease 

below the SSWQO when the ice thaws; and, 
• the risk of increasing primary productivity in the system is low because 

phytoplankton growth rates are limited by reduced light penetration and lower 
water temperatures. 

In review comment ENR #42 submitted May 4, 2020, GNWT noted that the oligotrophic 
status in Lake N11 must be maintained even during periods of ice cover (Review 
Comment Table, 2020). This recommendation was made to prevent: 

• increases in algal productivity relative to the reference condition (i.e., nutrient 
enrichment), especially in the early spring where solar irradiation under ice 
increases quickly as snow begins to melt (Kalff, 2002; Willemse, 2004; 
Bondarenko et al., 2020); and, 

• greater extents (both temporally and spatially) of suboxic or anoxic conditions 
that stem from respiration and the breakdown and decay of organic matter under 
ice (i.e., with little to no oxygen flux into the lake). 

Because De Beers requested support of an EQC for total phosphorus that is predicted 
to result in the exceedance of a water quality objective, and an increase to the EQC for 
nitrate, further discussion occurred at the Technical Session (July 7-9, 2020).  



During Day 1 of the Technical Session, GNWT asked De Beers about the sensitivity of 
the water quality model to relatively minor changes in ice depth from year to year (i.e. 
1.3 m to 1.7 m thickness) (Technical Session, 2020a, p. 109). De Beers responded that 
concentrations would be predicted to increase with increasing ice thickness because of 
the assumption in the model that 100% of the mass is excluded from the water that 
forms ice (Technical Session, 2020a, p. 111). 

De Beers agreed to conduct a water quality model sensitivity analysis to report total 
phosphorous concentrations in Lake N11 and Area 8 at an estimated upper-limit ice 
depth (IR #3). GNWT is satisfied with the response from De Beers and supports the 
application of the average ice thickness of 1.3 m in the water quality model (De Beers, 
2020b). This provides an appropriately conservative assumption to support the back-
calculation of EQC for effluents discharged from the WMP when considering the level of 
conservatism applied in the water quality model, as discussed below. 

GNWT agrees that the water quality model assumption that the development of ice 
completely excludes phosphorus is likely conservative, due to the calibration for the 
water quality model (Golder, 2020). However, in a study in the Northwest Territories, 
Pieters and Lawrence (2009) showed solute exclusion up to 99%, which led to the 
development of a spring halocline, preventing turnover (i.e., mixing) until the fall with 
implications on the extent and duration of hypolimnetic anoxia. In another study, Belzile 
et al. (2002) found estimates of dissolved carbon exclusion between 78% and 99%. 
These studies suggest that other mechanisms besides cryoconcentration may be 
influencing the deviations in the monitoring data relative to the water quality model, or 
that site or interannual differences (e.g., rate, relative volume, and method of ice 
formation) play a significant role in the degree of cryoconcentration. Regardless of the 
mechanism, GNWT notes that it appears the water quality model currently over predicts 
phosphorus concentrations in the WMP. Accordingly, the probability of exceedances is 
likely to be low if loadings of nutrients (i.e., phosphorus and nitrogen) from the WMP are 
consistent with current monitoring results. 

At the Technical Session, GNWT also asked De Beers if they have quantified relative 
primary productivity or solar radiation of the under ice conditions at the depths that were 
used in the model. This is because, during early spring, solar radiation can increase 
rapidly and De Beers assumes primary productivity is only associated with open water 
conditions. In response, De Beers noted that the Goldsim model does not consider any 
meteorological inputs, and does not consider phytoplankton growth or growth rates 
(Technical Session, 2020a, p. 122).  

GNWT notes the importance of maintaining the oligotrophic status in Lake N11 is also 
highlighted by results of the AEMP. Specifically, results in Lake N11 and Area 8 have 
shown variations in primary productivity and benthic invertebrate community structure in 



both of the core lakes (e.g., reduced total density and reduced nematoda density in 
Lake N11 compared to one of the reference lakes). De Beers has hypothesized that low 
dissolved oxygen concentrations under ice may have contributed to the observed 
changes in Area 8 (De Beers, 2020c).  

Based on the rationale provided by De Beers, GNWT acknowledges that the predictions 
are believed to be conservative, and effects in the receiving environment will be 
monitored in accordance with the AEMP. GNWT will continue to review and provide 
recommendations on the AEMP to assist in ensuring the appropriate monitoring and 
mechanisms of adaptive management are in place. 

Recommendation: 

4. GNWT recommends the total phosphorus EQC that applies to discharge from the 
WMP to Lake N11 remain in the Water Licence as requested by De Beers.  

5. GNWT recommends maintaining the total phosphorus SSWQO that is currently 
approved for Lake N11 and Area 8, as requested by De Beers. GNWT will continue to 
provide feedback through the AEMP to ensure action levels and responses related to 
nutrient enrichment are appropriate. 

2.4 Fluoride SSWQO 
After a review of the literature, De Beers has proposed an updated SSWQO for fluoride 
of 1.19 mg/L. 

In the 2018 Water Licence Amendment proceeding, the SSWQO for fluoride was 
updated from the interim, generic water quality guideline (WQG) for the protection of 
aquatic life of 0.12 mg/L (CCME, 2002) to the maximum acceptable concentration in 
drinking water of 1.5 mg/L (Health Canada, 2019) (MVLWB, 2018). 

During the Technical Session, Environment and Climate Change Canada (ECCC) noted 
that there is evidence in the literature that 1.5 mg/L would be higher than acceptable 
from an aquatic protection perspective, and ECCC requested that this value be 
revisited. ECCC noted that the reviewed literature suggested that 0.5 mg/L was more 
appropriate as an objective (Technical Session, 2020b, pp. 40-44).  

ECCC’s comments led to IR #5 - De Beers to review the peer-reviewed and academic 
papers for fluoride toxicity referenced by ECCC and complete a comparison with the 
rationale used to develop SSWQO for fluoride in the 2018 GK Amendment.  

In response to IR #5, De Beers provided summaries of four references for consideration 
with respect to the fluoride SSWQO (De Beers, 2020b). In reviewing the discussion on 
model selection, De Beers reconsidered the conservatism in the aquatic chronic effects 



benchmark of 1.94 mg/L and proposed that the model-derived aquatic benchmark be 
revised to 1.19 mg/L.  

The current aquatic life guideline is 0.12 mg/L but is broadly recognized as being unduly 
conservative. CCME (2002) derived the aquatic life guideline by applying a safety factor 
of 100 to the most sensitive LC50 estimate from short-term exposures. The guideline 
was challenged by MacPherson et al. (2014) and a new benchmark of 1.94 mg/L was 
proposed by the authors. Sinclair and MacDonald (2015) raised concerns with the 
approach to benchmark derivation used by Macpherson et al. (2014) and proposed a 
benchmark of 1.03 mg/L. GNWT supports the Sinclair and MacDonald (2015) proposed 
benchmark for fluoride of 1.03 mg/L, but recognizes that the benchmark proposed by 
De Beers (1.19 mg/L) results in a similar level of protection of aquatic life. Therefore, 
GNWT supports De Beers’ revised proposal of 1.19 mg/L for the SSWQO for fluoride.  

Recommendation: 

6. GNWT recommends the SSWQO for fluoride in Lake N11 and Area 8 be revised to 
1.19 mg/L. 

2.5 Cadmium EQC 
De Beers requests that the cadmium EQC for the discharge from the WMP to Lake N11 
be removed from the Water Licence. GNWT disagrees with De Beers’ request for the 
reasons discussed below. 

In review comment ENR #38 submitted May 4, 2020, GNWT sought additional rationale 
to support the removal of cadmium as a POPC (Review Comment Table, 2020). In 
response, De Beers stated that although cadmium was no longer considered a POPC, 
De Beers is proposing to update the MAC and maximum grab concentration EQC for 
total cadmium discharge from the WMP to Lake N11. De Beers’ rationale included the 
fact that cadmium concentrations in the WMP peaked at concentrations higher than 
those predicted by the site water quality model during the ice cover season in 2018, 
2019, and 2020. Total cadmium concentrations in the WMP peaked at approximately 
the existing MAC EQC in April 2019 and exceeded the MAC EQC in April 2020. 
Collection Pond 1 (CP1) also peaked at concentrations higher than those predicted by 
the site water quality model during the ice covered season in 2020 and were greater 
than the existing EQC for the WMP. This was confirmed through discussions at the 
Technical Session.  

However, in response to IR #7, De Beers stated that additional monitoring data 
collected since the response to GNWT #38 was submitted show that total cadmium 
concentrations in the WMP have decreased with the thawing of ice and are matching 
site water quality model predictions that were presented in Appendix C of the Water 



Quality Model Report (De Beers, 2020b). Specifically, De Beers states that they have 
“more confidence in the site water quality predictions for total cadmium presented in 
Appendix C of the Water Quality Model Report” and that “the updated site water quality 
model predictions are no longer applicable.” De Beers also states that “total cadmium is 
not considered a POPC that requires EQC in the Water Licence” and “is requesting to 
have total cadmium removed from the amended Water Licence.”  

GNWT notes that the 2020 data exceeded the existing MAC EQC, and the increasing 
trend observed in 2018, 2019, and 2020 is higher than site model predictions. Even with 
concentrations decreasing with thawing ice, the overall trend from 2018 to 2020 has not 
been altered with this additional data, and does not demonstrate better correlation with 
the model predictions. As well, the source of the elevated concentrations observed 
during the winter season has not yet been identified. The results show a greater 
magnitude of increase than expected from solute exclusion (i.e., cryoconcentration) 
alone when comparing the results with other similar metals (e.g., copper and zinc), 
which show no change between open-water and under-ice periods.  This introduces 
uncertainty with respect to the source and behaviour of cadmium in the WMP as well as 
whether effluent discharged from the WMP will result in exceedances of the SSWQO. 
As a result, GNWT notes that the rationale provided by De Beers is insufficient to 
support the removal of the cadmium EQC and maintaining the existing cadmium EQC 
will ensure the SSWQO will continue to be met at the edge of the mixing zone in Lake 
N11.  

Recommendation: 

7. GNWT recommends that the existing cadmium EQC that applies to discharge from 
the WMP to Lake N11 be maintained in the amended Water Licence given the 
increasing trend observed in 2018, 2019, and 2020. 

2.6 Manganese EQC 
In the EQC Report, manganese is not identified as a POPC and therefore De Beers 
does not propose an EQC for manganese (De Beers, 2020e). During this review 
process, GNWT has raised concerns about manganese and maintains the position that 
it be included as a POPC and that an EQC for manganese be developed for the 
discharge from the WMP to Lake N11. 

During the Technical Session, GNWT questioned the exclusion of manganese from the 
list of EQC. GNWT’s concern was based on how close this parameter was to screening 
in as a POPC, the recent exceedance of the low action level for drinking water under 
the AEMP, and the fact that, in response to comments, De Beers recommended an 



EQC for cadmium, despite it not screening in as a POPC (Technical Session, 2020b, 
pp. 99-101).  

In response, De Beers summarized the conclusions of the Response Plan for Drinking 
Water, which is currently with the Board for approval (De Beers, 2020d). The Response 
Plan hypothesized that the exceedances of the triggers may be a result of 
remobilization of manganese from sediments under low dissolved oxygen 
concentrations and there is supporting evidence to suggest that internal loading of 
manganese from sediments is playing a role. Therefore, De Beers did not see a need 
for manganese to be included in the list of EQC for the discharge from the WMP to Lake 
N11. GNWT notes efforts should be made to control incremental loadings of 
manganese into Lake N11 until such time that the source of manganese exceedances 
is determined and an evaluation is undertaken to determine if mine operations are 
contributing to the trigger exceedances. 

As indicated, under-ice concentrations of manganese increased to levels that were 
higher than expected during the ice-covered season in 2019, leading to an exceedance 
of the low action level for toxicological impairment in Lake N11 (De Beers, 2020c). As 
part of the AEMP Re-evaluation Report, De Beers has proposed refinements to the 
action levels used in the AEMP (De Beers 2019a). While these action levels have not 
yet been approved by the MVLWB, it is important to note that the 2019 exceedances 
would have triggered a moderate action level based on the proposed updated action 
levels. Furthermore, the concentrations were within 1% of the proposed High Action 
Level (De Beers, 2019a).  

Finally, the concentrations of manganese have been increasing in the WMP and are 
predicted to increase further as mine life progresses (Golder, 2020). Concentrations of 
manganese are likewise predicted to increase in Lake N11 until 2023 (Golder, 2020). 
The predicted maximum concentration of manganese in the WMP is 0.106 mg/L which 
is only 0.014 mg/L below the drinking water quality guideline of 0.12 mg/L. Several 
manganese concentrations measured at Surveillance Network Program (SNP) station 
05 in the WMP were also above the drinking water quality guideline including SNP-05 
BOT, 21-Apr-19 = 0.384 mg/L, and SNP-05 TOP, 10-May-19 = 0.139 mg/L. De Beers’ 
rationale for proposing EQC for cadmium, even though it did not screen in as a POPC, 
was that during ice cover cadmium concentrations were approaching the MAC EQC 
(Section 2.4). GNWT notes this same rationale applies for manganese, and therefore 
EQC should be developed for manganese as well. 

The inclusion of an MAC EQC for manganese, set at the maximum predicted 
concentration in the WMP of 0.11 mg/L (Golder 2020) would ensure that incremental 
loading, beyond what is currently proposed, is limited. Using the information provided in 
De Beers (2020e), an MAC EQC of 0.11 mg/L would result in concentrations at the 



edge of the mixing zone of roughly 0.045 mg/L, or 35% of the SSWQO. Therefore, this 
EQC is achievable both in the WMP and ensures the SSWQO is met at the edge of the 
mixing zone in Lake N11.  

Recommendation: 

8. GNWT recommends that total manganese be included in the list of POPC for Lake 
N11 and that an EQC for manganese be established at 0.11 mg/L for the discharge 
from the WMP to Lake N11.  

2.7 Aluminum SSWQO 
De Beers has proposed a revised SSWQO for aluminum in Area 8 and Lake N11. 
GNWT supports the updated SSWQO as explained below.  

In the Water Licence Application, De Beers requested that the SSWQO for aluminum be 
updated from the generic WQG for the protection of aquatic life (CCREM, 1987) to the 
guideline developed by United States Environmental Protection Agency (USEPA) 
(2018) that considers pH, dissolved organic carbon, and hardness. 

During Day 2 of the Technical Session, GNWT pointed out that the methodologies for 
deriving water quality criteria (USEPA) and guidelines (CCME) differ slightly in both the 
level of protection considered and the toxicity-based statistical endpoints used to derive 
the SSWQO (Technical Session, 2020b, pp. 102-103).  

De Beers noted that the USEPA guideline is based on more recent science (Technical 
Session, 2020b, pp. 102-106). From this discussion, IR #8 was for De Beers to provide 
rationale for selecting the USEPA guideline for calculating SSWQO for aluminum. 

In response to IR #8, De Beers recalculated the USEPA criteria using statistical 
endpoints that are consistent with the CCME methodology (De Beers, 2020b). The 
revised SSWQO ranges approximately from 80 µg/L to 160 µg/L in Lake N11 
(compared to the original of 140 µg/L to 410 µg/L) and from roughly 80 µg/L to 150 µg/L 
in Area 8 (compared to the original of 150 µg/L to 330 µg/L). The results presented 
above are calculated using predictions of ambient water hardness. As recommended in 
Section 2.1, baseline toxicity modifying factors should be used in the SSWQO 
calculation.  

Recommendation: 

9. GNWT recommends the revised aluminum SSWQO calculation methodology, 
provided in response to IR #8 be approved for Lake N11 and Area 8. As stated in 
recommendation #1, baseline hardness should be used.  



3.0 Area 8 Water Management 
De Beers no longer intends to discharge water from CP1 to Area 8 during operations. 
As a result, the associated conditions and SNP stations related to this discharge are no 
longer needed in the Water Licence. GNWT is of the opinion that because the Water 
Licence is currently undergoing an amendment, it is the appropriate time to remove any 
Water Licence conditions that are no longer relevant, including those related to 
discharge to Area 8.  

In review comment ENR #4 submitted on May 4, 2020, GNWT recommended that De 
Beers clarify if they are still intending to discharge water from Area 7 to Area 8 as there 
were several discrepancies between various documents submitted with the application. 
In response, De Beers confirmed that they do not intend to discharge water from CP1 
(also known as Area 7) to Area 8 during operations (Review Comment Table, 2020).  

During the Technical Session, on July 7, 2020, GNWT asked De Beers to clarify that De 
Beers no longer requires authorization to discharge from CP1 to Area 8 during 
operations. De Beers confirmed that that is correct, and noted that, during closure, De 
Beers expects the water quality in CP1 to meet the discharge EQC and, in this case, 
may seek approval to discharge from CP1 to Area 8 in the next water licence renewal, if 
required (Technical Session, 2020a, pp. 55-56) 

GNWT then asked De Beers to further clarify if any water licence conditions such as 
EQC, or SNP stations associated with CP1 discharge to Area 8 would be removed from 
the Water Licence. This led to IR #1 in which De Beers provided a list of all conditions 
and SNP stations proposed to be removed from the existing licence MV2005L2-0015 
that are associated with Part G, Condition 31, for discharges from Area 7 to Area 8.  

In response to IR #1, De Beers presented two options for the MVLWB’s consideration 
(De Beers, 2020b). The first option was to leave the water licence items related to Area 
8 in the licence, and they would become inactive. These conditions would be treated in 
a similar way to conditions associated with the drawdown of Kennady Lake, which no 
longer apply during operations. The second option listed the items that could be 
removed from the licence. GNWT prefers the second option as this will result in a water 
licence that is simpler for all parties to read and review in the future. 

During the Technical Session, the MVLWB staff asked all parties whether there were 
any concerns with the removal of the regulated mixing zone in Area 8 since De Beers 
no longer requests authorization to discharge from Area 7 to Area 8 (Technical Session, 
2020b, p.112). The MVLWB asked because water will continue to be transferred from 
Lake N11 to Area 8 for downstream flow mitigation. GNWT notes the SNP 04 status 
that is written in the Water Licence states, “Active during any Discharge of Water or 



Wastewater from Area 7 to Area 8.” Accordingly, the 2018 and 2019 Annual Reports 
(De Beers, 2019b and 2020a) both state that SNP 03 (edge of the mixing zone in Area 
8) was inactive. This was despite water being transferred from Lake N11 and Area 1 to 
Area 8 for downstream flow mitigation. In addition, De Beers noted that the SSWQO in 
Area 8 will still be compared to data collected as part of the AEMP. For these reasons, 
GNWT concludes it is appropriate to remove SNP 03, in addition to SNP 04 from the 
Water Licence. 

Recommendation: 

10. GNWT recommends that as the Water Licence is currently undergoing an 
amendment, it is the appropriate time to remove any water licence conditions that are 
no longer relevant.  

11. GNWT recommends that the SNP specify that discharge of water from CP1 (Area 7) 
to Area 8 is prohibited. 

4.0 Water Licence Condition to Track the Management of 
PAG Waste Rock  

In review comment ENR #98 submitted May 4, 2020, GNWT recommended that De 
Beers confirm the reporting mechanism that will describe the quantity and location of 
PAG material placed in the CPKMRP, should this be required. De Beers responded that 
they would report in a similar way to how other waste rock volumes are currently 
reported in the Annual Report (Review Comment Table, 2020).  

During the Technical Session, the Board asked that GNWT provide language for the 
Water Licence for the reporting of PAG material placed and stored in each designated 
area (Technical Session, 2020c, pp. 54-59). GNWT has suggested revised wording for 
Schedule 1, Part B, Item 10, 1. (k) (iii) below. 

Currently, Schedule 1, Part B, item 10 1.(k) (iii) states: “The monthly and annual 
quantities in cubic meters (m3) and tonnes (t) of Waste Rock placed in the South Mine 
Rock Pile and the West Mine Rock Pile, identifying the classification of quantities of 
each rock type, geochemical classification, and its disposal location”; 

GNWT notes that this item could be revised to include the CPKMRP, which would 
ensure that any waste rock placed there is characterized and tracked.  

Recommendation: 

12. GNWT recommends that the Board revise the wording of Part B, item 10, 1. (k) (iii) 
as follows: 



“The monthly and annual quantities in cubic meters (m3) and tonnes (t) of Waste Rock 
placed in the South Mine Rock Pile, West Mine Rock pile, and Coarse Processed 
Kimberlite and Mine Rock Pile, identifying the classification of quantities of each rock 
type, geochemical classification and its disposal location.” 

5.0 Quantifying PAG Material for Contingency Storage in 
the CPKMRP 

De Beers proposes to use the CPKMRP to store small amounts of PAG material, for 
operational flexibility. GNWT recommends that the CPKMRP not be approved for the 
storage of PAG material until De Beers has provided an estimated volume of PAG 
material to be potentially stored, its location and how it will be managed/covered. This 
information is critical and must be reviewed and approved by the Board.  

In review comment ENR #81 submitted May 4, 2020, GNWT recommended that De 
Beers provide details on the potential to use the CPKMRP as a contingency storage 
location for PAG material. De Beers responded that the possibility of placing PAG into 
the CPKMRP is small under the current mine plan, but may occur in the event that the 
West Mine Rock Pile and the mined-out 5034 pit are not available for PAG rock storage 
(Review Comment Table, 2020).  

During the Technical Session, GNWT asked De Beers to quantify the volume of 
material that was considered a “small amount”. De Beers was unable to provide an 
estimated quantity, but did note that due to the restrictions on methods and timing of 
PAG material placement, storing PAG material in the CPKMRP is not a preferred 
option, and would be avoided if at all possible (Technical Session, 2020c, pp. 43-45). 

GNWT notes that without an indication of the volume of PAG material that could 
potentially be stored in the CPKMRP along with its location and how it would be 
managed/covered, it is not possible to assess the level of risk associated with this 
option even on a contingency basis. 

Recommendation: 

13. GNWT recommends that the CPKMRP not be approved for the storage of PAG 
material.  

6.0 Securities 
As part of GNWT’s review, an assessment of the current liability associated with the 
Water Licence was completed to develop an update to the estimate of mine closure 
cost. To assist in the review, GNWT retained Brodie Consulting Ltd. (BCL) to develop 



an updated cost estimate. GNWT has attached the memorandum and the updated 
RECLAIM cost estimate. 

GNWT notes that the De Beers 2020 estimate uses the correct version of RECLAIM 
(i.e. RECLAIM V 7.0).  However, De Beers did not adjust the unit costs in its estimate 
which were last updated in 2014. The GNWT has adjusted the cost estimate from 2014 
unit costs to 2020 unit costs using inflation as per Statistics Canada (8.5%) where 
appropriate. This is consistent with the jointly released Guidelines for Closure and 
Reclamation Cost Estimates for Mines (November 2017) and the RECLAIM 7.0 User 
Manual (GNWT, 2017). 

BCL has made the inflation revision to De Beers’ year 11 and year 14 estimate (end of 
mine operations), and the estimated cost of reclamation increases from $94,653,375 to 
$101,222,765 for year 11, and $92,242,344 to $98,651,203 for year 14.   

Note that these increases for both phases represent an overall increase of 6.9%, slightly 
less than the 8.5% due to inflation from 2014. BCL have updated the unit cost table in 
RECLAIM, rather than simply multiply the old estimate by 8.5%.   However, some of the 
unit costs used in the Gahcho Kué estimate were site-specific values and/or allowances 
that were not in the unit cost table.  For these values, they were adjusted by 8.5% 
where appropriate.   Some values, such as for rock cover placement were adjusted from 
2018, as they were debated at that time and agreement was reached using more recent 
data than 2014. 

Additional information is included in Appendix A which includes the BCL memorandum 
and the RECLAIM spreadsheets for both phases. 

Recommendation:  

14. The GNWT recommends that the MVLWB set the overall security for the site 
(MV2005L2-0015 and MV2005C0032) at $101,222,765.00 for Year 11, and 
recommends the amount held for the land liability is set at $40,512,054 and for water 
liability at $58,139,149. 

15. The GNWT recommends that the MVLWB set the overall security for the site 
(MV2005L2-0015 and MV2005C0032) at $98,651,203.00 for Year 14, and recommends 
the amount held for the land liability is set at $40,512,054 and for water liability at 
$58,139,149. 
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RE: Technical Memorandum – Gahcho Kué Water Licence Amendment Application 

 

1.0 Introduction 
 

On March 17, 2020, De Beers Canada Inc. (DBCI) submitted an amendment application that 

proposes several amendments to the existing Water Licence (MV2005L2-0015) and Land Use 

Permit (MV2005C0032). The amendment proposes changes to the Mine Plan to account for 

additional ore discovered within the mine footprint (5034 Pit). The required updates to the 

Mine Plan result in changes to waste rock placement and water management and extend the 

end of mine life from 2028 out to 2030. 

 

LGL Limited was retained by the Government of Northwest Territories, Environment and 

Natural Resources (GNWT-ENR) to review the amendment application. The scope of the 

review included the Water Quality Model Report (Attachment 4; Golder 2020) and Effluent 

Quality Report (Attachment 5; DBCI 2020a) to assess whether the proposed site-specific 

water quality objectives (SSWQOs) would be protective of designated uses (e.g., aquatic life) 

in affected waterbodies and whether the proposed changes in effluent quality criteria (EQC) 

were warranted. Several documents were reviewed as supporting information, including:  

http://www.lgl.com/
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 Updated Project Description (Attachment 1; DBCI 2020b); 
 Operational Water Management Plan (Attachment 6; DBCI 2020c); 
 Response to Information Requests from the July 2020 Technical Session (DBCI 

2020d); 
 2019 Aquatic Effects Monitoring Program Annual Report (DBCI 2020e); 
 Gahcho Kué Mine 2019 Aquatic Effects Monitoring Program Response Plan for 

Drinking Water (DBCI 2020f); 

 2015 to 2018 Aquatic Effects Re-evaluation Report (DBCI 2019a); and, 
 Aquatic Effects Monitoring Program Design Plan – Version 6 (DBCI 2019b). 

 

The review of the water licence amendment application revealed several issues regarding the 

extent to which SSWQOs would be achieved, which could result in adverse effects to 

designated uses in the receiving environment. More specifically, the issues that were 

identified included: phosphorus projections in Lake N11, the methods for incorporating 

toxicity modifying factors into SSWQO calculations, the determination of substances that 

require EQC (i.e., substances that are termed parameters of potential concern; POPCs). These 

issues are developed in more detail in the following sections of this memorandum, along with 

recommendations for GNWT-ENR and the Mackenzie Valley Land and Water Board 

(MVLWB) for consideration. 

 

2.0 Water Quality Model - Phosphorus 
 

Golder (2020) provides the results of updates to the site-wide water quality model that result 

from changes to the Mine Plan.  In general, these changes result from additional waste rock 

associated with the increase in ore, expansion of the mine footprint, and extension of the life 

of the mine from 2028 to 2030. Individual and cumulative changes may influence water 

quality conditions in the Water Management Pond (WMP), which discharges seasonally into 

Lake N11. 

 

The water quality model currently projects that all SSWQOs in Lake N11 will be achieved 

except for phosphorous during the winters (i.e., under ice) of 2021, 2022, 2023, and 2024 

(DBCI 2020a; Golder 2020). The predicted exceedances of phosphorus in the identified 

periods are a result of solute exclusion as ice is formed (i.e., cryoconcentration) whereby 
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dissolved substances concentrate below the ice surface and may become mixed in the sub-ice 

water column. 

DBCI has stated that the risks for adverse effects in the receiving environment are low 

because: i) the water quality model conservatively assumes that ice, as it is formed, 

completely excludes phosphorus (and other ions); ii) exceedances of the SSWQO are for a 

short duration and only exceed during the winter season; and iii), that exceedances of 

phosphorus are not related to direct toxicity, but rather elevate the risk of increasing primary 

productivity in the system, which is unlikely to occur during under-ice conditions due to 

reduced light penetration and lower water temperatures. Regarding solute exclusion during ice 

formation, we agree that the water quality model assumption is likely conservative, evidenced 

by the calibration evaluation for the water quality model (Golder 2020). However, in another 

study in the Northwest Territories, Pieters and Lawrence (2009) showed solute exclusion up 

to 99%, which led to the development of a spring halocline, preventing turnover (i.e., mixing) 

until the fall with implications on the extent and duration of hypolimnetic anoxia. In another 

study, Belzile et al. (2002) found estimates of dissolved carbon exclusion between 78 and 

99% after ice formed. We can therefore assume that a relatively high proportion of solute 

mass is excluded during ice formation. Considering the deviations between observed and 

modeled phosphorus,  this could mean that other mechanisms besides cryoconcentration may 

be influencing the observed concentrations of phosphorus or that site or interannual 

differences (e.g., rate, relative volume, and method of ice formation) play a significant role in 

the degree of cryoconcentration. 

 

The degree to which cryoconcentration influences sub-ice water column concentrations is also 

influenced by the volume of ice formed. Golder (2020) had assumed an average ice thickness 

of 1.3 m based on historical ice thickness across the core, reference, and downstream lakes. 

While this thickness does not represent a worst-case scenario (95th percentile of 1.7 m; DBCI 

2020d), it is a reasonable assumption given the conservative nature of the model assumption 

on 100% solute exclusion. Regardless of the mechanism or factors contributing to the 

observed variations, it appears that the water quality model currently overpredicts phosphorus 

concentrations in the water management pond. Accordingly, the probability of exceedances is 
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likely to be low if loadings of nutrients (i.e., phosphorus and nitrogen) from the WMP are 

consistent with current monitoring results. 

In review comments submitted May 4th, 2020, GNWT-ENR recommended that the SSWQO 

be met during all periods of the year. This recommendation was made to ensure that increases 

in phosphorus concentrations during the under ice period: 1) do not result in increases in algal 

productivity relative to the reference condition (i.e., nutrient enrichment), especially in the 

early spring where solar irradiation under ice increases quickly as snow begins to melt (Kalff 

2002; Willemse et al. 2004; Bondarenko et al. 2020) and 2), prevent greater extents (both 

temporally and spatially) of suboxic or anoxic conditions that stems from respiration and the 

breakdown and decay of organic matter under ice (i.e., with little to no oxygen flux into the 

lake). This may be important in Lake N11 and Area 8 where results from the Aquatic Effects 

Monitoring Program (AEMP; DBCI 2020e) showed variations in primary productivity and in 

benthic invertebrate community structure in both of the core lakes (e.g., reduced total density 

and reduced nematoda density in Lake N11 compared to one of the reference lakes). DBCI 

(2020e) hypothesized that low dissolved oxygen concentrations under ice may have 

contributed to the observed changes in Area 8. To support the evaluation of reduced dissolved 

oxygen on benthic invertebrate community, under ice characterization of phosphorus, 

dissolved oxygen profiles, and primary productivity, especially during the early spring is 

warranted. Additional action level triggers may be needed to support the adaptive 

management of phosphorus in Lake N11 and Area 8. The development of such triggers should 

be included in future discussions on the AEMP. 

 

3.0 Site-Specific Water Quality Objectives 

Calculation of Hardness-Based Site-Specific Water Quality Objectives 

In the 2020 EQC report, DBCI (2020a), proposes to change the approach to calculating 

SSWQOs that are influenced by toxicity modifying factors (e.g., water hardness). DBCI 

(2020a) proposes to use ambient (i.e., sample-specific) water hardness rather than baseline 

water hardness (i.e., prior to any influence from the mine). DBCI (2020a) has rationalized this 

because both anthropogenic-influenced water hardness and natural water hardness exert the 
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same influence on the toxicity of some metals (e.g., aluminum, cadmium, copper, and zinc) 

by competing with the dissolved metals for receptors on biological ligands (e.g.,  gill surfaces; 

BCMOE 2015), provided the calcium to magnesium ratio is sufficiently high. However, by 

using water hardness influenced by the mine, incremental increases in metals loading into the 

system are permitted, which may result in adverse effects to aquatic life as metals may 

partition to sediments and be remobilized in the future under changing environmental 

variables (e.g., reduction and oxidation processes). The approach proposed by DBCI (2020a; 

2020d) only assesses the potential for adverse effects due to direct toxicity at the time of 

release. 

 

In the response to information requests (July 31, 2020), DBCI (2020d) states that chloride, 

cobalt, copper, and zinc would exceed SSWQOs in Lake N11 if baseline hardness was used in 

the calculation. In addition, DBCI (2020d) states that if EQC had to be lowered to ensure that 

at SSWQOs were met, the resultant EQC could not be consistently achieved. However, 

Figures 4-3 and 4-5 in DBCI (2020d) do not support this conclusion for the following reasons. 

Figure 4-3 (cobalt) shows projections from the water quality model below the baseline 

hardness calculated SSWQO throughout the life of mine. With respect to copper and zinc 

(Figures 4-3 and 4-5, respectively), projections in the winter of 2023 approach (and may 

exceed) the baseline-hardness calculated SSWQO; however, the projected maximum 

concentrations in the WMP are roughly 75% (for copper) and 83% (for zinc) of the maximum 

average concentrations (MAC) EQC suggesting that a lower EQC could be consistently 

achievable (Golder 2020). 

 

Secondly, DBCI has stated that the assumptions from the water quality model are 

conservative with respect to solute exclusion during ice formation (i.e., assumes 100% solute 

exclusion). When considering the data observed in the WMP and Lake N11, measured water 

quality for the three metals (i.e., cobalt, copper, and zinc) are typically over-predicted by the 

water quality model. Therefore, the model projections are likely to be higher than what will be 

observed. For these reasons, it appears likely that SSWQOs, calculated using baseline water 

hardness for metals, would be consistently achievable considering the current understanding 

of the receiving environment. 
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It is important to note that chloride would exceed SSWQOs if baseline water hardness is used 

to calculate SSWQOs. We acknowledge that chloride is not likely to partition into sediments 

as readily as the cobalt, copper, and zinc. Therefore, the potential for adverse effects 

temporally disconnected from the time of discharge is less likely (i.e., direct toxicity at the 

time of release is most important). Accordingly, we are recommending that the baseline water 

hardness is used only for all metals parameters for which water hardness is used to calculate 

benchmarks, either alone or along with other toxicity modifying factors (e.g., pH and 

dissolved organic carbon in the case of aluminum). To ensure that metals loading into Lake 

N11 does not increase to levels which may influence Lake N11 under natural conditions (i.e., 

consistent with baseline hardness, we propose the following recommendation: 

 

Recommendation: We recommend that the SSWQOs for metals be calculated using the 

baseline hardness in the receiving environment rather than the mine-influenced ambient 

hardness proposed in the water licence.  

 

 

Fluoride SSWQO 

Currently, the SSWQO for fluoride, used in the AEMP and in the determination of EQC is 

based on the protection of human health guideline of 1.5 mg/L. The current aquatic life 

guideline is 0.12 mg/L but is broadly recognized as being unduly conservative. CCME (2002) 

derived the aquatic life guideline by applying a safety factor of 100 to the most sensitive LC50 

estimate from short-term exposures. The guideline was challenged by MacPherson et al. 

(2014) and a new benchmark of 1.94 mg/L was proposed by the authors. Sinclair and 

MacDonald (2015) raised concerns with the approach to benchmark derivation used by 

Macpherson et al. (2014) and proposed a benchmark of 1.03 mg/L. In response, Chapman et 

al. (2015) conceded one of the concerns and proposed a third benchmark of 1.19 mg/L. The 

benchmarks proposed by Sinclair and MacDonald (2015) and Chapman et al. (2015) vary by 

roughly 15% and therefore afford similar levels of protection for aquatic life. Therefore, 

concentrations of fluoride between 1.03 and 1.19 mg/L should be considered similarly 
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protective. To ensure that the SSWQO for fluoride is protective of the most sensitive 

designated use (i.e., considered to be aquatic life), we propose the following recommendation: 

 

Recommendation: We recommend that the benchmark for fluoride of 1.19 mg/L, the revised 

chronic effects benchmark for the protection of aquatic life proposed in Chapman et al. 

(2015), be adopted for use in water licence (MV2005L2-0015) for setting of EQC, thresholds 

for the mixing zone boundary (MZB) in Lake N11, and in associated programs (e.g., 

surveillance network program; SNP and AEMP). 

 

Aluminum SSWQO 

DBCI (2020a) proposes to adopt the USEPA (2018) water quality criterion as the SSWQO for 

Lake N11. This most recent criterion for aluminium accounts for multiple toxicity modifying 

factors, including dissolved organic carbon (DOC), water hardness, and pH. It is important to 

recognize that the methodologies for deriving water quality criteria (for USEPA) and 

guidelines (for CCME; collectively “benchmarks”) differ slightly in the both the level of 

protection afforded and the toxicity-based statistical endpoints (e.g., 20% effective 

concentration; EC20) used to derive the benchmarks.   During the technical session (July 7th to 

9th, 2020), we noted that the level of protection afforded by the USEPA criterion was not 

comparable to CCME. The USEPA (2018) criteria is set to protect 95% of the species 

(Stephan et al. 1985) whereas the protection goal under CCME is 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, from the negative effects of anthropogenically 

altered environmental parameters (e.g., pH, temperature, and dissolved oxygen) or exposures 

to substances via the water column”. With regards to the toxicity-based statistical endpoints 

used in benchmark derivation, the long-term USEPA criteria (termed “criterion continuous 

concentration”; CCC) is typically based on chronic values that are calculated as: a) the 

geometric mean of the no observed effect concentration (NOEC) and lowest observed effect 

concentration (LOEC; Stephan et al. 1985); or b) some reduction from negative controls (e.g., 

20% reduction; USEPA 2018). CCME (2007) recommends concentrations that represent a no-
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effects threshold, typically a 10% reduction relative to negative controls in the derivation 

methodology for deriving benchmarks using the species sensitivity distribution approach. 

 

In response to an information request by GNWT-ENR, DBCI (2020d) recalculated the 

USEPA criteria using statistical endpoints that are consistent with the CCME methodology; 

the revised SSWQO now ranges from roughly 80 to 160 µg/L in Lake N11 (compared to the 

original of 140 to 410 µg/L) and from roughly 80 to 150 µg/L in Area 8 (compared to the 

original of 150 to 330 µg/L). The results presented above are calculated using predictions of 

ambient water hardness. As stated above, we recommend that the baseline toxicity modifying 

factors be used in the SSWQO calculation To ensure that the SSWQO for aluminum is 

protective of the most sensitive designated use (i.e., considered to be aquatic life), and is 

consistent with levels of protection in Canadian jurisdictions, we propose the following 

recommendation: 

 

Recommendation: We recommend that the revised SSWQO, and taking into account our 

recommendations on the use of baseline toxicity modifying factors, provided in the response 

to comments (dated July 31, 2020) by DBCI (2020d) is adopted for use in water licence 

(MV2005L2-0015) for setting of EQC, thresholds for the mixing zone boundary (MZB) in 

Lake N11, and in associated programs (e.g., surveillance network program; SNP and AEMP).  

 

4.0 Proposed Changes to Effluent Quality Criteria 

Cadmium 

DBCI (2020d) have proposed to remove the EQC for cadmium as it does not currently meet 

the criteria for inclusion as a POPC. Namely, these criteria include: 1) does the maximum 

predicted concentration in the WMP exceed baseline concentrations in the receiving 

environment; 2) does the maximum predicted concentration exceed the SSWQO in the 

receiving environment; and 3), does the maximum predicted concentration exceed the 

baseline concentration at the MZB in the receiving environment. In the case of cadmium, 

projected concentrations do not exceed baseline concentrations at the MZB in Lake N11. 
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However, it is our perspective that the existing EQC for cadmium should be retained as 

cadmium concentrations in the water management pond during the under-ice season in 

2019/20 were markedly above water quality projections in the model. 

 

DBCI (2020d) state that they have more confidence in the original model projections with 

additional data collected from the WMP in 2019. However, the source of the elevated 

concentrations observed during the winter season has not yet been identified and the results 

show a greater magnitude of increase than expected from solute exclusion (i.e., 

cryoconcentration) alone when comparing the results with other similar metals (e.g., copper 

and zinc), which show no change between open-water and under-ice periods. This introduces 

uncertainty with respect to the source and behaviour of cadmium in the WMP as well as 

whether effluents discharged from the WMP will result in exceedances of the SSWQOs. To 

ensure that SSWQOs for cadmium in the receiving environment are met at the MZB, we 

propose the following recommendation: 

 

Recommendation: We recommend that EQC for cadmium of 0.00008 mg/L (maximum 

average concentration; MAC) and 0.00016 mg/L; maximum grab concentration; MGC) be 

retained. The need for EQC could be re-evaluated with additional data demonstrating that the 

water quality model is accurately predicting concentrations in the WMP. 

Manganese 

DBCI (2020d) do not propose EQC for manganese as it does not currently meet the criteria 

for inclusion as a POPC. Namely, these criteria include: 1) does the maximum predicted 

concentration in the WMP exceed baseline concentrations in the receiving environment; 2) 

does the maximum predicted concentration exceed the SSWQO in the receiving environment; 

and 3), does the maximum predicted concentration exceed the baseline concentration at the 

MZB in the receiving environment. In the case of manganese, predicted concentrations do not 

exceed baseline concentrations at the MZB in Lake N11. However, under-ice concentrations 

of manganese increased higher than expected during the ice-covered season in 2019, leading 

to an exceedance of the Low Action Level for toxicological impairment in Lake N11 (DBCI 

2020e). As part of the AEMP redesign, DBCI has proposed refinements to the action levels 
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used in the AEMP. While these action levels have not yet been approved by the board, it is 

important to note that the 2019 exceedances would also trigger a Moderate Action Level when 

considering the refined action levels (DBCI 2019a). Furthermore, the concentrations were 

within 1% of the proposed High Action Level (DBCI 2019a). 

 

DBCI (2020f) has hypothesized that the exceedances of the triggers may be a result of 

remobilization of manganese from sediments under low dissolved oxygen concentrations and 

there is supporting evidence to suggest that internal loading of manganese from sediments is 

playing a role. Therefore, efforts should be made to control incremental loadings of 

manganese into Lake N11 until such time that the source of manganese exceedances is 

determined and an evaluation is undertaken to determine if mine operations are contributing 

to the trigger exceedances (e.g., by increasing the extent and duration of suboxia/anoxia in 

Lake N11), which has not been sufficiently investigated (Chalifour and Sinclair 2020). The 

development of additional monitoring and study should be included in future discussions on 

the AEMP. Finally, the concentrations of manganese have been increasing in the WMP and 

are predicted to increase further as mine life progresses (Golder 2020); concentrations of 

manganese are likewise predicted to increase in Lake N11 until 2023 (Golder 2020). The 

inclusion of EQC for manganese, set at the maximum predicted concentration in the WMP of 

0.11 mg/L (Golder 2020) would ensure that incremental loading, beyond what is currently 

proposed, is limited Using the information provided in DBCI (2020a), the EQC of 0.11 mg/L 

would result in concentrations at the MZB of roughly 0.045 mg/L, or 35% of the SSWQO. 

Therefore, this EQC is achievable both in the WMP and in Lake N11. To manage manganese 

loadings into the system, we propose the following recommendation: 

 

Recommendation: We recommend that manganese be included as a POPC with EQC 

established to manage loadings into Lake N11. We recommend that the EQC be established at 

0.11 mg/L, which is the maximum predicted concentration in the WMP (Golder 2020).  

 

5.0 Closure 
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We hope that the above recommendations are useful for you and your team. Please contact us 

with any questions or comments you may have. 

 

Sincerely, 

 
Jesse Sinclair, M.Sc., R.P. Biol.   Annie Chalifour, Ph.D.  

Senior Aquatic Biologist                                            Senior Aquatic Biologist 
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MEMORANDUM 

________________________________________________________________________ 

DATE:  August 24, 2020 

 

TO:  Bill Pain, Rick Walborne, GNWT 

CC:    

          

FROM: John Brodie, P. Eng., Henry Wong, P.Eng. 

 

SUBJECT:  Gahcho Kue – Update to Reclamation Security Estimate 

 ________________________________________________________________________ 

De Beers Canada Inc. (De Beers) updated their estimate of mine reclamation costs for the 

Gahcho Kue mine in 2018.  BCL provided a review of that estimate in April 2020, and De Beers 

has responded with rationale and some additional comments.  GNWT has requested BCL to: 

 

1. Review De Beers’ comments 

2. Update the cost estimate from 2014 unit costs to 2020 unit costs using inflation as per 

Statistics Canada 

3. Comment on the cost implication of more waste rock, as per the revised mine plan, or any 

other changes associated with the revised mine plan  

Review of De Beers’ July 17, 2020 Responses 

De Beers’ responses to the earlier comments on the RECLAIM estimate are substantially 

reasonable.  We note some push back on few minor items such as No. 7 (environmental 

assessments), No. 8 (unit cost for rip rap), and No 9 (air and wildlife monitoring). 

 

We remain of the opinion that $57,000 is inadequate for environmental assessment of mine with 

3 open pits, U/G workings, 2 tailings areas, numerous water management elements and the 

associated industrial facilities which will be operated over a 20-year period.  Regarding rip rap 

mailto:mjohnbrodie@
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placement, BCL has recommended the same unit cost for this as has been applied and accepted at 

other northern mines.  De Beers’ suggestion to remove air and wildlife monitoring from land and 

water reclamation security as this is outside the authority of the Land and Water Board is a policy 

matter; BCL has no comment. 

 

We note that the tables in Section 3 - Results of De Beers’ memo show a significant reduction 

from year 11 to 14.  It should be noted that they will have to complete significant work during the 

period to achieve this, and that reduction is security will be affected after the work has been 

completed, inspected and accepted.  At this time, it is premature to attempt to determine if their 

reduction calculation is valid. 

 

Update from RECLAIM V7 2014 to RECLAIM V7 2020 

De Beers have named their new calculation as June 2020 Estimate RECLAIM V4.  However, that 

is really RECLAIM V7.0 which is 2014 unit costs.  An inflation adjustment will add 8.5% to end 

of 2020. 

 

BCL has made the inflation revision to De Beers’ estimates for years 11 and 14 as follows: 

 

Year Previous 

Estimate 

Adjusted Estimate % Change 

11 $94.7 M $101.2 M 106.9% 

14 $92.2 M $98.6 M 106.9% 

 

Note that this is an overall increase of 6.9%; slightly less than the 8.5% due to inflation from 

2014.  We have updated the unit cost table in RECLAIM, rather than simply multiply the old 

estimate by 8.5%.   However, some of the unit costs used in the Gahcho Kue estimate were site 

specific values and/or allowances that were not in the unit cost table.   For these values, we 

adjusted them by 8.5% where appropriate.   Some values, such as for rock cover placement were 

adjusted from 2018, as they were debated at that time and it was agreement was reached using 

more recent data than 2014. 

 

Changes to Mine Plan 

mailto:mjohnbrodie@
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De Beers plans to increase the quantity of mine rock by approximately 65m tonnes and the 

quantity of course PK by 17M tonnes.   Some of this material will be placed in the pits, however 

most of it will end up in Area 4, CPKMRP (Course PK and Mine Rock Pile).   The footprint of 

this pile will be approximately 100% bigger than in the original mine plan.  The only reclamation 

requirements for the CPKMRP are construction of wildlife access ramps and perimeter ditch 

construction, for which the total cost for both rock piles is a modest $200k.   It is possible that the 

larger rock pile could require additional ramps, however this is not certain.   If required, the 

incremental cost to the overall reclamation security cost would be minor, probably in the range of 

$20k or less.   Similarly, little or no change to the cost of the perimeter ditch is expected. 

 

No other changes to the closure plan or security are expected as a result of the updated mine plan. 

______________________________________ 
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SUMMARY OF COSTS

CAPITAL COSTS COMPONENT NAME COST LAND LIABILITY WATER 
LIABILITY

OPEN PIT 5034 Pit, Hearne Pit, and Tuzo Pit $75,000 $0 $75,000

UNDERGROUND MINE $0 $0 $0

PROCESSED KIMBERLITE FACILITY Coarse PK and Mine Rock Pile and 
Fine PKC Facility

$16,685,920 $8,716,803 $7,969,117

ROCK PILE South and West Mine Rock Piles $211,528 $106,369 $105,160

BUILDINGS AND EQUIPMENT $16,484,226 $13,212,761 $3,271,466

CHEMICALS AND CONTAMINATED SOIL 
MANAGEMENT

$4,863,556 $2,436,472 $2,427,083

SURFACE AND GROUNDWATER MANAGEMENT $15,096,378 - $15,096,378

INTERIM CARE AND MAINTENANCE $5,815,498 - $5,815,498

SUBTOTAL: Capital Costs $59,232,106 $24,472,405 $34,759,701

PERCENT OF SUBTOTAL 41% 59%

INDIRECT COSTS COST LAND LIABILITY WATER 
LIABILITY

MOBILIZATION/DEMOBILIZATION $13,420,890 $5,544,990 $7,875,900

POST-CLOSURE MONITORING AND MAINTENANCE $9,615,495 $3,972,749 $5,642,746

ENGINEERING 5% $2,961,605 $1,223,620 $1,737,985

PROJECT MANAGEMENT 5% $2,961,605 $1,223,620 $1,737,985

HEALTH AND SAFETY PLANS/MONITORING & QA/QC 1% $592,321 $244,724 $347,597
BONDING/INSURANCE 1% $592,321 $244,724 $347,597

CONTINGENCY 20% $11,846,421 $4,894,481 $6,951,940

MARKET PRICE FACTOR ADJUSTMENT 0% $0 $0 $0

SUBTOTAL: Indirect Costs $41,990,659 $17,348,909 $24,641,750

TOTAL COSTS $101,222,765 $41,821,314 $59,401,451

Debeers' July31 Estimate $94,653,375 $39,148,483 $55,504,891
Delta $6,569,390 $2,672,830 $3,896,560

% Delta 106.9% 106.8% 107.0%
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Open Pit: 5034 Pit, Hearne Pit, and Tuzo Pit

ACTIVITY/MATERIAL Notes Units Quantity Cost Code Unit Cost Cost % 
Land Land Cost Water Cost

CONTROL ACCESS
Fence and Signs Allowance allow 1. #N/A $75,000.00 $75,000 $0 $75,000
Block roads m3 #N/A $0.00 $0 $0 $0
CONSTRUCT LITTORAL ZONES 
AND FISH HABITAT

Cost included with security for DFO Authorization (03-
HCAA-CA6-00057.1)

Blast rim m3 #N/A $0.00 $0 $0 $0
Dozing m3 #N/A $0.00 $0 $0 $0
Substrate Produce and Place m3 #N/A $0.00 $0 $0 $0
Sediment Berm Produce and Place m3 #N/A $0.00 $0 $0 $0
Vegetation m3 #N/A $0.00 $0 $0 $0
STABILITY STUDY
Conduct stability and setback study allow #N/A $0.00 $0 $0 $0
STABILIZE SLOPES
Off-load crest, soil A m3 #N/A $0.00 $0 $0 $0
Off-load crest, soil B m3 #N/A $0.00 $0 $0 $0
Doze/trim overburden at crest m3 #N/A $0.00 $0 $0 $0
Drill & blast pit crest m3 #N/A $0.00 $0 $0 $0
Buttress slope m3 #N/A $0.00 $0 $0 $0
Other #N/A $0.00 $0 $0 $0
COVER/CONTOUR SLOPES
Place fill, soil A m3 #N/A $0.00 $0 $0 $0
Place fill, soil B m3 #N/A $0.00 $0 $0 $0
Rip rap m3 #N/A $0.00 $0 $0 $0
Vegetate slopes ha #N/A $0.00 $0 $0 $0
Vegetate pit floor ha #N/A $0.00 $0 $0 $0
Other #N/A $0.00 $0 $0 $0
CONSTRUCT DIVERSION 
Excavate ditches -soil m3 #N/A $0.00 $0 $0 $0
Excavate ditches -rock m3 #N/A $0.00 $0 $0 $0
Rip rap in channel base m3 #N/A $0.00 $0 $0 $0
CONSTRUCT SPILLWAY See "Water Management"
Excavate channel m3 #N/A $0.00 $0 $0 $0
Concrete m3 #N/A $0.00 $0 $0 $0
Rip rap m3 #N/A $0.00 $0 $0 $0
Other #N/A $0.00 $0 $0 $0
RECLAIM QUARRIES
Contour slopes m3 #N/A $0.00 $0 $0 $0
Place overburden m3 #N/A $0.00 $0 $0 $0
Vegetate m3 #N/A $0.00 $0 $0 $0
FLOOD PIT - Captital See "Buildings and Equipment" and "Water 

Management"
Remove stationary equipment 
(sump pumps)

each #N/A $0.00 $0 $0 $0

Remove dewatering pipeline m #N/A $0.00 $0 $0 $0
Remove PK distribution pipes m #N/A $0.00 $0 $0 $0
Remove power lines each #N/A $0.00 $0 $0 $0
Construct diversion ditches m3 #N/A $0.00 $0 $0 $0
    -Ditch, mat'l A m3 #N/A $0.00 $0 $0 $0
    -Ditch, mat'l B m3 #N/A $0.00 $0 $0 $0
Construct embankment/dam m3 #N/A $0.00 $0 $0 $0
Supply/install pump station each #N/A $0.00 $0 $0 $0
Supply/install piping system m #N/A $0.00 $0 $0 $0
Remove pump post-closure each #N/A $0.00 $0 $0 $0
Remove pipeline post-closure m #N/A $0.00 $0 $0 $0
FLOOD OPEN PITS/KENNADY 
LAKE - Annual Cost

See "Water Management"

Operate pumps m3 #N/A $0.00 $0 $0 $0
Maintain pump/pipeline allow #N/A $0.00 $0 $0 $0
Pump fuel - purchase litre #N/A $0.00 $0 $0 $0
Pump fuel - mob litre #N/A $0.00 $0 $0 $0
Labour:fuel management, 
comissioning/decom

$/h #N/A $0.00 $0 $0 $0

Chemical addition,  _____ kg/m3 of 
water

tonne #N/A $0.00 $0 $0 $0

Chemicals, purchase and shipping tonne #N/A $0.00 $0 $0 $0
Passive/biological additives $/ha #N/A $0.00 $0 $0 $0
Passive additives purchase and 
shipping

tonne #N/A $0.00 $0 $0 $0

Other #N/A $0.00 $0 $0 $0
Annual pumping costs $0

Number of years of pump flooding years
Total pumping costs $0 $0 $0

Total $75,000 $0 $75,000
% of Total 0% 100%
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Underground Mine

ACTIVITY/MATERIAL Notes Unit Qty Cost Code Unit Cost Cost % Land Land Cost Water Cost
CONTROL ACCESS
Fence m #N/A $0.00 $0 $0 $0
Signs each #N/A $0.00 $0 $0 $0
Block roads m3 #N/A $0.00 $0 $0 $0
Berm m3 #N/A $0.00 $0 $0 $0
Concrete wall in portals m3 #N/A $0.00 $0 $0 $0
Cap portal m2 #N/A $0.00 $0 $0 $0
Grade/contour portal m3 #N/A $0.00 $0 $0 $0
Cap raise m2 #N/A $0.00 $0 $0 $0
Cap shaft m3 #N/A $0.00 $0 $0 $0
Backfill adits m3 #N/A $0.00 $0 $0 $0
Backfill open stope m3 #N/A $0.00 $0 $0 $0
Concrete cap over open stope m3 #N/A $0.00 $0 $0 $0
Other #N/A $0.00 $0 $0 $0
REMOVE HAZARDOUS 
MATERIALS
Remove hazardous materials, U/G 
labor

hr #N/A $0.00 $0 $0 $0

Remove/decontam. stationary & 
elect. equip

hr #N/A $0.00 $0 $0 $0

Remove/decontam. mobile 
equipment

hr #N/A $0.00 $0 $0 $0

Remove misc. haz. mat & 
explosives

kg #N/A $0.00 $0 $0 $0

Other kg #N/A $0.00 $0 $0 $0
INSTALL BULKHEADS
Bulkheads to control water flow each #N/A $0.00 $0 $0 $0
Grout bulkhead m3 #N/A $0.00 $0 $0 $0
FLOOD MINE
Supply/install pump each #N/A $0.00 $0 $0 $0
Supply/install piping system each #N/A $0.00 $0 $0 $0
Operate pumps to flood workings m3 #N/A $0.00 $0 $0 $0
Other #N/A $0.00 $0 $0 $0
INSTALL GROUNDWATER 
COLLECTION SYSTEM
Excavate/install sumps m2 #N/A $0.00 $0 $0 $0
Install pumping wells m3 #N/A $0.00 $0 $0 $0
Install pumps/pipelines/power LS #N/A $0.00 $0 $0 $0
SPECIALIZED ITEMS
Install water quality monitoring each #N/A $0.00 $0 $0 $0
Install permanent pumping system each #N/A $0.00 $0 $0 $0
Other kmtonne #N/A $0.00 $0 $0 $0

Total $0 $0 $0
% of Total 0% 0%
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PK Facilities Coarse PK and Mine Rock Pile and 
Fine PKC Facility

ACTIVITY/MATERIAL Notes Units Quantity Cost 
Code Unit Cost Cost % 

Land Land Cost Water Cost

CONTROL ACCESS
Fence Assume temporary movable to control localized work. m 250. FNCL $14.70 $3,675 100% $3,675 $0
Signs Assume for PKC Facility based on Diavik allowance 

(DDMI, 2017).
each 8. #N/A $37.08 $297 100% $297 $0

Berm m3 #N/A $0.00 $0 $0 $0
Block roads m3 #N/A $0.00 $0 $0 $0
Other #N/A $0.00 $0 $0 $0
STABILIZE EMBANKMENT(S)
Stabilize slopes m3 #N/A $0.00 $0 $0 $0
Other #N/A $0.00 $0 $0 $0
COVER TAILINGS
Fine PKC Facility
Place cover - coarse PK 1m thick m3 980,448. SB3L $5.53 $5,424,764 50% $2,712,382 $2,712,382
Place cover - ROM rock 1.5m thick m3 1,470,672. PSC1S $7.12 $10,466,603 50% $5,233,302 $5,233,302
Coarse PK Pile
Place cover - ROM rock End of Year 10. 1 m thick. m3 104,500. PSC1S $7.12 $743,714 100% $743,714 $0
Liner bedding m3 #N/A $0.00 $0 $0 $0
Install geotextile/geosynthetic m2 #N/A $0.00 $0 $0 $0
Vegetate m2 #N/A $0.00 $0 $0 $0
Other allow #N/A $0.00 $0 $0 $0
REMOVE TAILINGS DISCHARGE See "Water Management"
Cyclones m3 #N/A $0.00 $0 $0 $0
Pipe m #N/A $0.00 $0 $0 $0
Remove reclaim barge allow #N/A $0.00 $0 $0 $0
CONSTRUCT DIVERSION 
Excavate ditches -soil m3 #N/A $0.00 $0 $0 $0
Excavate ditches -rock m3 #N/A $0.00 $0 $0 $0
Rip rap in channel base m3 #N/A $0.00 $0 $0 $0
FLOOD TAILINGS See "Water Management"
Doze tailings to final contour m3 #N/A $0.00 $0 $0 $0
Raise crest of dam m3 #N/A $0.00 $0 $0 $0
Other #N/A $0.00 $0 $0 $0
UPGRADE SPILLWAY See "Water Management"
Excavate channel, rock m3 #N/A $0.00 $0 $0 $0
Excavate channel, soil m3 #N/A $0.00 $0 $0 $0
Concrete m3 #N/A $0.00 $0 $0 $0
Rip rap m3 #N/A $0.00 $0 $0 $0
Other #N/A $0.00 $0 $0 $0
CONSTRUCT SEEPAGE 
COLLECTION POND
Excavate seepage collection pond m3 #N/A $0.00 $0 $0 $0
Doze & spread excavated material m3 #N/A $0.00 $0 $0 $0
Vegetate spread material ha #N/A $0.00 $0 $0 $0
Bedding layer m3 #N/A $0.00 $0 $0 $0
Supply geomembrane m2 #N/A $0.00 $0 $0 $0
Install geomembrane m2 #N/A $0.00 $0 $0 $0
Erosion protection layer m3 #N/A $0.00 $0 $0 $0
INSTALL GROUNDWATER 
COLLECTION SYSTEM
Excavate/install sumps m3 #N/A $0.00 $0 $0 $0
Install pumping wells m3 #N/A $0.00 $0 $0 $0
Install pumps/pipelines/power LS #N/A $0.00 $0 $0 $0
SPECIALIZED ITEMS
Install permanent instrumentation, 
supply & technican

Assume thermistors in Coarse and Fine PK facilities. 
Assume 6 per pile.

each 12. SIH $3,905.61 $46,867 50% $23,434 $23,434

TREAT SEEPAGE See "Water Management" and "Water Treatment"
TREAT SUPERNATANT
Pump water (to pit, U/G) m3 #N/A $0.00 $0 $0 $0
Equipment maintenance and parts allow #N/A $0.00 $0 $0 $0
Supply reagents tonne #N/A $0.00 $0 $0 $0

Annual treatment costs $0
Number of years of treatment years

Total treatment costs $0 $0
Total $16,685,920 $8,716,803 $7,969,117

% of Total 52% 48%
* for construction of passive 
treatment system refer to "Water 
Management"
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Rock Piles South and West Mine Rock Piles

ACTIVITY/MATERIAL Notes Units Quantity Cost 
Code Unit Cost Cost % 

Land Land Cost Water Cost

STABILIZE SLOPES
Other #N/A $0.00 $0 $0 $0
WILDLIFE ACCESS RAMPS
South Mine Rock Pile - construct 
access ramps

Assume 5 m width along haul road - approx. 1253m 
length. Assume 2 per pile.

m3 12,530. DRL $1.14 $14,273 100% $14,273 $0

West Mine Rock Pile - construct 
access ramps

Assume 5 m width along both haul roads - approx. 
3420m total length at end of Year 10.

m3 17,100. DRL $1.14 $19,479 100% $19,479 $0 $47,863

South Mine Rock Pile - Material 
placement 

Assume 0.3m layer of fine grained material placed 
along surface of ramps.

m3 3,759. SB3L $5.53 $20,798 100% $20,798 $0

West Mine Rock Pile - Material 
placement 

Assume 0.3m layer of fine grained material placed 
along surface of ramps.

m3 5,130. SB3L $5.53 $28,384 100% $28,384 $0

COVER ROCK PILE No cover for rock piles
Subgrade preparation - doze m3 #N/A $0.00 $0 $0 $0
Cover m3 #N/A $0.00 $0 $0 $0
Vegetate ha #N/A $0.00 $0 $0 $0
Other #N/A $0.00 $0 $0 $0
CONSTRUCT DIVERSION 
Excavate ditches -soil m3 #N/A $0.00 $0 $0 $0
Excavate ditches -rock Diversion channel around north end of West Mine 

Rock Pile. Approx 826 m length.
m3 6,608. RB1L $12.37 $81,726 $0 $81,726

Rip rap in channel base m3 #N/A $0.00 $0 $0 $0
CONSTRUCT SEEPAGE 
COLLECTION POND
Excavate seepage collection pond m3 #N/A $0.00 $0 $0 $0
Doze & spread excavated material m3 #N/A $0.00 $0 $0 $0
Vegetate spread material ha #N/A $0.00 $0 $0 $0
Bedding layer m3 #N/A $0.00 $0 $0 $0
Supply geomembrane m2 #N/A $0.00 $0 $0 $0
Install geomembrane m2 #N/A $0.00 $0 $0 $0
Erosion protection layer m3 #N/A $0.00 $0 $0 $0
SPECIALIZED ITEMS
Install permanent instrumentation, 
supply & technican

Assume thermistors in South and West Mine Rock 
Piles. Assume 6 per pile.

each 12. SIH $3,905.61 $46,867 50% $23,434 $23,434

TREAT ROCK PILE SEEPAGE - 
see "Water Management" and 
"Water Treatment"

Annual treatment costs $0
Number of years of treatment years

Total treatment costs $0 $0
Total $211,528 $106,369 $105,160

% of Total 50% 50%

* For construction of passive 
treatment system refer to "Water 
Management".
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Buildings / Equipment

ACTIVITY/MATERIAL Building # Notes Units Quantity Cost Code Unit Cost Cost % 
Land Land Cost Water Cost

DISPOSE MOBILE EQUIPMENT
Decontaminate and dispose on-site 222 pieces estimated. Assume 2 hr/ea to decon and 2 

hr/ea to mobilize to landfill.
manhr 888. LAB-SH $53.81 $47,784 100% $47,784 $0

DISPOSE STATIONARY 
EQUIPMENT
Decontaminate and dispose on-site - 
Generators

19 pieces estimated. Assume 12 hr/ea to decon, 
disassemble, crush and dispose in landfill.

manhr 228. MECHH $79.03 $18,020 100% $18,020 $0

DECONTAMINATE BUILDINGS & 
TANKS
Environmental 
technician/coordinator

Assume 4 months x 50% time to oversee 
decontamination.

manhr 480. ENVCOH $141.04 $67,697 50% $33,849 $33,849

Decontaminate main camp and 
outstructures

Assume 500 m2/day, 31,411 m2 area manhr 5,980.781 LAB-USH $47.71 $285,364 50% $142,682 $142,682

Decontaminate emulsion plant Assume 125 m2/day, 745 m2 area manhr 572.006 LAB-USH $47.71 $27,292 50% $13,646 $13,646
Decontaminate fuel tanks Assume 125 m2/day, 4277 m2 area manhr 4,802.627 LAB-USH $47.71 $229,150 50% $114,575 $114,575
Other #N/A $0.00 $0 $0 $0
REMOVE BUILDINGS - see note 
below
3000 Process Facilities
Primary Crusher 3110 m2 1,603.283 BRS1H $70.52 $113,060 100% $113,060 $0
Primary Crusher Electrical House m2 80.1 BRS1H $70.52 $5,648 100% $5,648 $0
Secondary Crusher (Aggregate and 
Batch Plant)

3220 No structures present. m2 0. BRS1H $70.52 $0 100% $0 $0

Compressor Building 3600 m2 84.5 BRS1H $70.52 $5,959 100% $5,959 $0
Fire Pumps Modular 3612 m2 42. BRS1H $70.52 $2,962 100% $2,962 $0
Workshop m2 470.727 BRS1H $70.52 $33,195 100% $33,195 $0
Personnel Control Centre 3800 m2 752.4 BRS1H $70.52 $53,058 100% $53,058 $0
Metlab 3810 m2 75.8 BRS1H $70.52 $5,345 100% $5,345 $0
Process Plant Electrical Room 3820 Main building + 2 outstructures m2 1,061.133 BRS1H $70.52 $74,829 100% $74,829 $0
Process Plant 3900 m2 52,399.013 BRS1H $70.52 $3,695,069 100% $3,695,069 $0
4000 Utilities
Electrical Power and Heating 4110 m2 1,189.95 BRS1L $48.82 $58,093 100% $58,093 $0
Adjacent structure to Electrical Power 
and Heating

m2 399. BRS1L $48.82 $19,479 100% $19,479 $0

Storage for Oil, Fuel and Glycol 4200
Fuel Tanks 18 ML 3 tanks. Main camp. m2 24,862.11 BRS1L $48.82 $1,213,771 100% $1,213,771 $0
Fuel Tanks 0.5 ML 8 tanks. Main camp. m2 1,672.533 BRS1L $48.82 $81,653 100% $81,653 $0
Fuel Tanks 0.101 ML 3 tanks. Air strip fuel storage area. m2 130.048 BRS1L $48.82 $6,349 100% $6,349 $0
Fuel Tanks 0.1 ML 2 tanks. Former exploration camp, currently located at 

heavy equipment parking area.
m2 99.28 BRS1L $48.82 $4,847 100% $4,847 $0

Fuel Tanks 0.06 ML 10 tanks. Main camp. m2 260. BRS1L $48.82 $12,693 100% $12,693 $0
Fuel Tanks 0.035 ML 1 tank. Location unknown. Height and footprint estimated 

based on volume.
m2 14.667 BRS1L $48.82 $716 100% $716 $0

Fuel Tanks 0.02 ML 1 tank. Location unknown. Height and footprint estimated 
based on volume.

m2 9.333 BRS1L $48.82 $456 100% $456 $0

Fuel Tanks 0.01 ML 18 tanks. Location unknown. Height and footprint 
estimated based on volume.

m2 81. BRS1L $48.82 $3,954 100% $3,954 $0

Lube/Oil Pump Station m2 44.5 BRS1L $48.82 $2,172 100% $2,172 $0
Fueling Stations m2 44.5 BRS1L $48.82 $2,172 100% $2,172 $0
Totes Storage Pad m2 0. BRS1L $48.82 $0 100% $0 $0
Fuel Unloading Station 2 fuel unloading modules. Area and height assumed 

similar to fueling station.
m2 89. BRS1L $48.82 $4,345 100% $4,345 $0
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Buildings / Equipment

ACTIVITY/MATERIAL Building # Notes Units Quantity Cost Code Unit Cost Cost % 
Land Land Cost Water Cost

Boiler House (Heating) 4300 m2 174.45 BRS1L $48.82 $8,517 100% $8,517 $0
Fresh Water Electrical House m2 80.8 BRS1L $48.82 $3,945 100% $3,945 $0
Fresh Water Pump House 4400 m2 14.417 BRS1L $48.82 $704 100% $704 $0
Wood Sheds adjacent to Fresh Water 
Electrical House

1 wood shed near pumphouse. m2 14.417 BRWL $29.83 $430 100% $430 $0

Water Treatment Plant 4410
Water Treatment Plant m2 127.75 BRS1L $48.82 $6,237 100% $6,237 $0
Water Treatment Plant Generators 2 generators (1250 kV and 725 kV) and 2 converted 

seacans
m2 70.833 BRS1L $48.82 $3,458 100% $3,458 $0

Water Tank 1 m2 21.4 BRS1L $48.82 $1,045 100% $1,045 $0
Water Tank 2 m2 44.8 BRS1L $48.82 $2,187 100% $2,187 $0
Sewage Treatment Plant 4500 m2 225.4 BRS1L $48.82 $11,004 100% $11,004 $0
Antenna 30m height m2 4.4 BRS1L $48.82 $215 100% $215 $0
Radio Tower Building 4900 m2 18.5 BRS1L $48.82 $903 100% $903 $0
5000 Ancillary Buildings
Maintenance Complex (Truck Shop) 
and Warehouse

5100 m2 15,163.167 BRS1L $48.82 $740,267 100% $740,267 $0

Mine and Tech Services m2 516.6 BRS1L $48.82 $25,220 100% $25,220 $0
Megadome tent m2 9,818.9 BRS1L $48.82 $479,360 100% $479,360 $0
Can-am (Heated Storage) m2 726.6 BRS1L $48.82 $35,473 100% $35,473 $0
Welding Shop Northwest of process plant. Height assumed similar to 

Can-am.
m2 2,073.633 BRS1L $48.82 $101,235 100% $101,235 $0

Warehouse Cold Storage (Temporary 
Truck Shop)

Northwest of process plant. Height assumed similar to 
Can-am.

m2 1,327.433 BRS1L $48.82 $64,805 100% $64,805 $0

Steel structure south of Totes storage Assortment of seacans and trailers m2 423.833 BRS1L $48.82 $20,692 100% $20,692 $0

Incinerator Building m2 239. BRS1L $48.82 $11,668 100% $11,668 $0
Incinerators 5110 4 incinerators m2 48.333 BRS1L $48.82 $2,360 100% $2,360 $0
Accomodations Complex 5200 Composed of 7 wings and 4 connected structures m2 7,596.9 BRS1L $48.82 $370,881 100% $370,881 $0
Temporary Camp Extension Composed of 8 structures m2 4,133.7 BRS1L $48.82 $201,808 100% $201,808 $0
Environment Lab m2 368.85 BRS1L $48.82 $18,007 100% $18,007 $0
Administrative Offices m2 1,176. BRS1L $48.82 $57,412 100% $57,412 $0
Utilities Electrical House m2 84.3 BRS1L $48.82 $4,116 100% $4,116 $0
IT/Server Room m2 80.7 BRS1L $48.82 $3,940 100% $3,940 $0
Kitchen Divided into 2 structures by utilidor m2 1,615.5 BRS1L $48.82 $78,869 100% $78,869 $0
Ambulance Building m2 341.917 BRS1L $48.82 $16,692 100% $16,692 $0
Satellite Dishes
Large Dishes 2 large dishes m2 10.4 BRS1L $48.82 $508 100% $508 $0
Small Dishes 4 small disches m2 0.907 BRS1L $48.82 $44 100% $44 $0
Site Services
Tent tent m2 2,001.65 BRS1L $48.82 $97,721 100% $97,721 $0
Trailers Modular trailer structure m2 251.333 BRS1L $48.82 $12,270 100% $12,270 $0
Enviro Building
Tent tent m2 382. BRS1L $48.82 $18,649 100% $18,649 $0
Trailer 1 trailer m2 25.75 BRS1L $48.82 $1,257 100% $1,257 $0
LV Shop
Tent tent m2 285.6 BRS1L $48.82 $13,943 100% $13,943 $0
Trailers Modular trailer structure m2 198.25 BRS1L $48.82 $9,679 100% $9,679 $0
Utillidors 5300 m2 1,804. BRS1L $48.82 $88,071 100% $88,071 $0
Ammonium Nitrate (AN) Storage Area 
(Primary)

Pad m2 0. BRS1L $48.82 $0 100% $0 $0
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Buildings / Equipment

ACTIVITY/MATERIAL Building # Notes Units Quantity Cost Code Unit Cost Cost % 
Land Land Cost Water Cost

Ammonium Nitrate (AN) Storage Area 
(Operational)

Pad m2 0. BRS1L $48.82 $0 100% $0 $0

Temporary ANFO 5900 Pad. No structures. m2 0. BRS1L $48.82 $0 200% $0 $0
Emulsion Plant 5920 m2 2,035.787 BRS1L $48.82 $99,387 100% $99,387 $0
Emulsion Plant Electrical House m2 48.4 BRS1L $48.82 $2,363 100% $2,363 $0
Explosive Magazines 5930 4 magazines m2 182.667 BRS1L $48.82 $8,918 100% $8,918 $0
6000 Waste and Water Management

Reclaim Water Electrical House m2 110.5 BRS1L $48.82 $5,395 100% $5,395 $0
Plant Reclaim Water Pump House 6100 m2 41. BRS1L $48.82 $2,002 100% $2,002 $0
Flocculant Module 6200 Not yet constructed in 2017 site photo m2 90.3 BRS1L $48.82 $4,408 100% $4,408 $0
Other
Air Strip Electrical House m2 75.8 BRS1L $48.82 $3,701 100% $3,701 $0
Field Electrical Center (FEC) m2 55.333 BRS1L $48.82 $2,701 100% $2,701 $0
AWOS No structures m2 0. BRS1L $48.82 $0 100% $0 $0
Airstrip lighting, navigation - 
electrician, mechanical

Cost based on Snap Lake RECLAIM cost estimate 
(ARKTIS, 2018).

allow 1. #N/A $52,200 $52,200 100% $52,200 $0

Solar farm arrays m2 2,161.974 BRS1L $48.82 $105,548 100% $105,548 $0
BREAK BASEMENT SLABS
Buildings - all Foundations covered with non-PAG rock, addressed 

below.
m2 BRCL $43.40 $0 100% $0 $0

Other $8,200,040 #N/A $0.00 $0 $0 $0
LANDFILL FOR DEMOLITION 
WASTE
Closure Landfill
Stockpile granular material Estimate 124,541 m3 material required for 

embankments, and 47,744 m3 for cover.
m3 172,284.657 PSC1S $7.12 $1,226,130 $0 $1,226,130

Mobilize inert material to landfill Assume haul rate of 1926 mᵌ/day by 1 loader and two 
dump trucks (177,199 mᵌ demo waste / 1926 = 92 days 
x 24 hrs/day x 3 operators = 6624 manhours)

manhr 6,624.255 LOAD-L $315.00 $2,086,640 100% $2,086,640 $0

Construct embankments Construct landfill at closure to dispose of inert waste. 
Assume 3 sides, with one side bounded by a mine rock 
pile. Assume approx. 190,975 m3 capacity required.

m3 124,540.975 SB3H $9.66 $1,202,509 $0 $1,202,509

Place rock cover 2m thick cover m3 47,743.682 PSC1S $7.12 $339,786 $0 $339,786
Post-Closure Landfill
Stockpile granular material Estimate 9901 m3 material required for embankments, 

and 1035 m3 for cover.
m3 10,935.503 PSC1S $7.12 $77,827 $0 $77,827

Mobilize inert material to landfill Mobilization cost for pipes and equipment addressed 
elsewhere. Mob cost for demo waste included with 
costing for closure landfill.

manhr #N/A $315.00 $0 $0 $0

Construct embankments Construct landfill following refilling of Kennady Lake to 
dispose of remaining water management infrastructure. 
Assume 3 sides, with one side bounded by a mine rock 
pile. Assume approx. 2069 m3 capacity required.

m3 9,900.888 SB3H $9.66 $95,598 $0 $95,598

Place rock cover 2m thick cover m3 1,034.615 PSC1S $7.12 $7,363 $0 $7,363
GRADE AND CONTOUR
Scarify pads and laydowns Includes areas with compacted surfaces (i.e. camp and 

storage areas, laydowns, pads, overburden stockpile, 
solar farm, etc.). Excluding building footprints, which 
are accounted for below.

ha 95.822 SCFYL $4,665.03 $447,013 100% $447,013 $0
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Buildings / Equipment

ACTIVITY/MATERIAL Building # Notes Units Quantity Cost Code Unit Cost Cost % 
Land Land Cost Water Cost

Cover concrete slabs Assume every building has concrete foundations 
requiring a 0.5 m non-PAG cover.

m3 19,074.06 PSC1S $7.12 $135,748 100% $135,748 $0

Revegetate - apply topsoil Spread overburden from overburden stockpile to pads 
and laydowns to 0.3m thickness. Excludes solar farm.
To encourage accelerated recovery of disturbed areas, 
scarifying and loosening the surface materials will be 
done to provide an improved growth substrate to 
enhance the re-establishment of natural vegetation. 
This is expected to be required in areas of compacted 
soil, such as roads, the airstrip, infrastructure/building 
locations and laydown areas (up to 160 ha). 
Overburden and lake sediments will be stockpiled 
during operations and available materials at closure will 
be evaluated for spreading at the likely priority 
locations listed above. Priority areas will be refined 
based on community engagement conducted as a 
component of reclamation research, and various 
criteria such as community priorities, unique features 
(e.g. desirable habitat, landscape prominence), and 
ease of revegetation (e.g. presence of barriers such 
distance from undisturbed ground that may impede 
natural re-establishment). No additional closure 
activities specifically focused on revegetation are 
planned for the Mine Rock Piles.

m3 186,274.8 SB3L $5.53 $1,030,648 100% $1,030,648 $0

Other m3 #N/A $0.00 $0 $0 $0
PUNCTURE LINED SUMPS
Puncture liner and place soil cover m3 #N/A $0.00 $0 $0 $0
RECLAIM ROADS & AIRSTRIP
Scarify roads and install water 
breaks

ha 61.55 SCFYL $4,665.03 $287,132 100% $287,132 $0

Scarify airstrip ha 21.798 SCFYL $4,665.03 $101,689 100% $101,689 $0
Remove culverts Estimated amount of culverts based on design 

drawings (H333420-0000-10-012-0011).
each 35. #N/A $500.00 $17,500 0% $0 $17,500

Remove bridges each #N/A $0.00 $0 $0 $0
Other Remove electrical power poles & lines - 20 km 

allocation
m 20,000. POWRL $27.66 $553,294 100% $553,294 $0

Total $16,484,226 $13,212,761 $3,271,466
% of Total 80% 20%

Note:  Unit costs are based on 3m 
high, single storey building.  Scale 
larger building areas accordingly.  
E.g.  10m high building multiply area 
by 3.3 (10/3)
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Chemicals/Soil

ACTIVITY/MATERIAL Notes Units Quantity Cost 
Code Unit Cost Cost % 

Land Land Cost Water Cost

HAZARDOUS MATERIALS AUDIT
Hazardous materials audit each 1. CS2L $54,244.55 $54,245 50% $27,122 $27,122
HAZARDOUS MATERIALS 
REMOVAL
Diesel fuel Assume volume removed from site based on Snap 

Lake estimate for C&M (ARKTIS, 2018).
litre 700,000. ORH $1.30 $911,308 50% $455,654 $455,654

Gasoline litre 10,000. ORH $1.30 $13,019 50% $6,509 $6,509
Jet fuel litre 323,000. ORH $1.30 $420,504 50% $210,252 $210,252
Coolant Assume high cost for oil litre 24,000. ORH $1.30 $31,245 50% $15,622 $15,622
Waste oils litre 451,684. ORH $1.30 $588,033 50% $294,017 $294,017
Grease No volume, assume process chemical unit costs. kg 35,013. PCRH $2.71 $94,963 50% $47,482 $47,482
Explosives Assume used up prior to mine closure. kg #N/A $0.00 $0 $0 $0
Soda ash kg 388,230. PCRH $2.71 $1,052,968 50% $526,484 $526,484
Dry alum kg 4,121. PCRH $2.71 $11,177 50% $5,589 $5,589
Bleach kg 105. PCRH $2.71 $285 50% $142 $142
Citric Acid kg 550. PCRH $2.71 $1,492 50% $746 $746
Bioremove kg 71. PCRH $2.71 $193 50% $96 $96
Polymer kg 155. PCRH $2.71 $420 50% $210 $210
ISOPAC Coagulant kg 500. PCRH $2.71 $1,356 50% $678 $678
ISOFOC Flocculant kg 50. PCRH $2.71 $136 50% $68 $68
Sodium hypochlorite kg 1,976. PCRH $2.71 $5,359 50% $2,680 $2,680
Sodium bisulphite kg 108. PCRH $2.71 $293 50% $146 $146
Sodium Hydroxide kg 358. PCRH $2.71 $971 50% $485 $485
Waste batteries kg #N/A $0.00 $0 $0 $0
Assay & environmental lab reagents kg #N/A $0.00 $0 $0 $0
Machine shop paints, solvents etc litre #N/A $0.00 $0 $0 $0
Process reagents kg #N/A $0.00 $0 $0 $0
Nuclear sources allow #N/A $0.00 $0 $0 $0
Windshield washer fluid litre #N/A $0.00 $0 $0 $0
Propane kg #N/A $0.00 $0 $0 $0
Oxygen and acetylene kg #N/A $0.00 $0 $0 $0
Lime kg #N/A $0.00 $0 $0 $0
HAZARDOUS MATERIALS 
Transportation to disposal facility allow #N/A $0.00 $0 $0 $0
Disposal fees allowance- various items from decontamination allow 1. #N/A $500,000 $500,000 50% $250,000 $250,000
Other #N/A $0.00 $0 $0 $0
CONTAMINATED SOILS 
Contam. soil investigation - Phase 1 each 1. CS1L $8,137 $8,137 50% $4,068 $4,068
Contam. soil investigation - Phase 2 each 1. CS2L $54,245 $54,245 50% $27,122 $27,122
CONTAMINATED SOIL 
REMEDIATION
Excavate/load, haul to landfarm Includes 0.3m thickness under fuel and oil storage 

areas. Assume 24m3 from airport fuel storage.
m3 9,344.1 SB3L $5.53 $51,700 50% $25,850 $25,850

Remove and dispose liner in landfill Fuel storage areas. Assume 5cm thick. m3 1,573.35 SB1L $4.67 $7,340 50% $3,670 $3,670
Remediate on-site in landfarm Operate landfarm for approx. 5 yrs. Includes fuel area 

soil and current contaminated soil on site.
m3 11,744.1 CSRL $50.99 $598,830 50% $299,415 $299,415

Use of remediated soil in 
reclamation activities

Includes remediated soil and fill material above liner. 
Assume portion goes towards post-closure landfill 
construction.

m3 78,954.597 SB3L $5.53 $436,851 50% $218,426 $218,426

Remove and dispose liner in landfill Landfarm. Assume 5cm thick. m3 1,950. SB1L $4.67 $9,097 50% $4,548 $4,548
Scarify/Regrade Landfarm Final decommissioning of landfarm area. ha 2.013 SCFYL $4,665.03 $9,389 100% $9,389 $0

Total $4,863,556 $2,436,472 $2,427,083
% of Total 50% 50%

Note:         The procedures, equipment and packaging for clean up and removal of chemicals or contaminated soils are highly dependent on the nature
of the chemicals and their existing state of containment. Government guidelines should be consulted on an individual chemical basis.
Any estimate made here should be considered very rough unless specific evaluations have been conducted.
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Water Management

ACTIVITY/MATERIAL Notes Units Quantity Cost Code Unit Cost Cost
BREACH DYKE EMBANKMENT
Dyke A
Breach 50m wide cut. Breach to 420.2m, assuming 

excavation to initial ground surface.
m3 12,066.75 DSS $2.58 $31,091

Place riprap Place 0.5m thick layer of riprap along base of breach. m3 2,065. SBSL $3.47 $7,169
Dyke A1 Perimeter Berm 1
Breach Cut 20% of length. Breach to 422m, assuming 

excavation to initial ground surface.
m3 1,948.21 DSS $2.58 $5,020

Place riprap Place 0.5m thick layer of riprap along base of breach. m3 557.2 SBSL $3.47 $1,934
Dyke B
Lower/flatten Lower to 418m. m3 796,970.494 DSS $2.58 $2,053,487
Breach Assume 100m wide cut. Breach to 417m. m3 23,490. DSS $2.58 $60,525
Place riprap Place 0.5m thick layer of riprap along base of breach 

and crest of dyke.
m3 52,582.51 SBSL $3.47 $182,548

Dyke E
Breach Cut 20% of length. Breach to 422m, assuming 

excavation to initial ground surface.
m3 9,117.17 DSS $2.58 $23,491

Place riprap Place 0.5m thick layer of riprap along base of breach. m3 1,746.4 SBSL $3.47 $6,063
Dyke F
Breach Cut 20% of length. Breach to 424m, assuming 

excavation to initial ground surface.
m3 19,373.76 DSS $2.58 $49,919

Place riprap Place 0.5m thick layer of riprap along base of breach. m3 2,520. SBSL $3.47 $8,749
Dyke G
Breach Cut 20% of length. Breach to 425m, assuming 

excavation to initial ground surface.
m3 9,894.3 DSS $2.58 $25,494

Place riprap Place 0.5m thick layer of riprap along base of breach. m3 1,638. SBSL $3.47 $5,687
Dyke J
Lower/flatten Lower to 418m. m3 24,555.466 DSS $2.58 $63,270
Place riprap Place 0.5m thick layer of riprap along crest of dyke. m3 724.59 SBSL $3.47 $2,516
Dyke K
Lower/flatten Lower to 418m. m3 104,937.56 DSS $2.58 $270,384
Breach Cut 20% of length. Breach to 417m. m3 6,161.4 DSS $2.58 $15,876
Place riprap Place 0.5m thick layer of riprap along base of breach 

and crest of dyke.
m3 8,225.475 SBSL $3.47 $28,556

Dyke L
Breach 100m wide cut. Breach to 427m. m3 10,012.5 DSS $2.58 $25,798
Place riprap Place 0.5m thick layer of riprap along base of breach. m3 1,325. SBSL $3.47 $4,600
Dyke N
Lower/flatten Assume lower to 418m. m3 169,467.387 DSS $2.58 $436,652
Breach Cut 20% of length. Assume breach to 417m. m3 8,332.56 DSS $2.58 $21,470
Place riprap Place 0.5m thick layer of riprap along base of breach 

and crest of dyke.
m3 16,664.78 SBSL $3.47 $57,854

OS Berm 1
Breach Cut 20% of length. Breach to 432m, assuming 

excavation to initial ground surface.
m3 242.88 DSS $2.58 $626

Place riprap Place 0.5m thick layer of riprap along base of breach. m3 128.8 SBSL $3.47 $447
Turbidity curtains - purchase Based on onsite experience. For dykes A, G, F only. allow 1. #N/A $37,000 $37,000
Turbidity curtains - install, maintain, 
remove

Based on onsite experience. For dykes A, G, F only. allow 1. #N/A $120,000 $120,000

STABILIZE SEDIMENT 
PONDS/WATER MANAGEMENT 
PONDS
Place soil cover m3 #N/A $0.00 $0
Doze & spread excavated material m3 #N/A $0.00 $0
Vegetate spread material ha #N/A $0.00 $0
Rip rap in channel base each #N/A $0.00 $0
FLOOD OPEN PITS/KENNADY 
LAKE
Supply/install pumps and pipes Existing pump and pipe infrastructure will be utilized 

at closure.
m3 #N/A $0.00 $0

Operate pumps - lake refilling Supplemental pumping from Lake N11 to Area 3 and 
Area 8 during closure phases. Approx. 3.7 Mm3/y (De 
Beers, 2020). At end of Year 10 time to refill Kennady 
Lake will be 22.6 years based on information from 
TetraTech. Unit cost based on DDEC (2016).

m3 83,620,000. POCS $0.12 $9,979,044

Operate pumps - flow mitigation Supplemental pumping from Lake N11 to Area 8 
during ICM (2 years). Approx. 2 Mm3/y (De Beers, 
2020). Unit cost based on DDEC (2016).

m3 4,000,000. POCS $0.12 $477,352

Maintain pump/pipeline allow 21. PML $27,122 $569,568
Pump fuel - purchase Assume fuel cost included in operating cost (DDEC, 

2016).
litre #N/A $0.00 $0

Pump fuel - mob Assume mob cost included in operating cost (DDEC, 
2016).

litre #N/A $0.00 $0
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BREACH DITCHES
Excavate breaches m3 #N/A $0.00 $0
Backfill/recontour m3 #N/A $0.00 $0
Install flow dissipation m3 #N/A $0.00 $0
Vegetate remainder of ditch m2 #N/A $0.00 $0
DECOMISSION FRESH WATER 
SUPPLY
Breach embankment m #N/A $0.00 $0
Remove pump LS #N/A $0.00 $0
Remove pipeline m #N/A $0.00 $0
WATER CONTROL IN 
RECLAMATION QUARRY
Install pumping system LS #N/A $0.00 $0
Remove pumping system LS #N/A $0.00 $0
REMOVE PIPELINES
Remove water management pipes Water Management pipes estimated based on site 

maps.
m 12,247. PLRL $23.87 $292,307

Remove tailings distribution pipes Tailings distribution pipes estimated based on site 
maps. Assume two pipelines running from process 
plant along site roads to Fine PKC Facility and 
Hearne Pit.

m 7,160. PLRL $23.87 $170,892

Concrete plug deep pipes m3 #N/A $0.00 $0
Other m #N/A $0.00 $0
GROUNDWATER COLLECTION 
SYSTEM
Excavate/install sumps m3 #N/A $0.00 $0
Install pumping wells m3 #N/A $0.00 $0
Install pumps/pipelines/power 
supply

LS #N/A $0.00 $0

CONSTRUCT CONTAMINATED 
WATER STORAGE POND
Excavate pond m3 #N/A $0.00 $0
Doze & spread excavated material m3 #N/A $0.00 $0
Vegetate spread material ha #N/A $0.00 $0
Bedding layer m3 #N/A $0.00 $0
Supply geomembrane m2 #N/A $0.00 $0
Install geomembrane m2 #N/A $0.00 $0
Erosion protection layer m3 #N/A $0.00 $0
CONSTRUCT PASSIVE 
TREATMENT SYSTEM (e.g. 
Constructed Wetland)
Construct access roads km #N/A $0.00 $0
Install HDPE piping system from 
collection pond

m #N/A $0.00 $0

Inter-cell flow structures allow #N/A $0.00 $0
Install liners m2 #N/A $0.00 $0
Install growth media m3 #N/A $0.00 $0
Wetland vegetation ha #N/A $0.00 $0
CONSTRUCT WATER 
TREATMENT PLANT
Build treatment plant LS #N/A $0.00 $0
Build sludge containment facility LS #N/A $0.00 $0
COLLECT CONTACT WATER FOR 
TREATMENT
Remove and treat landfarm contact 
water

Landfarm contact water to be treated throughout 
reclamation. See Water Treatment for breakdown

yr 2. #N/A $30,495 $60,990

Total $15,096,378
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Water Treatment

ACTIVITY/MATERIAL Notes Units Quantity Cost Code Unit Cost Cost
ADDITION OF REAGENTS TO 
H2O2 kg #N/A $0.00 $0 
lime kg #N/A $0.00 $0 
ferric sulphate kg #N/A $0.00 $0 
ferrous sulphate kg #N/A $0.00 $0 
flocculents kg #N/A $0.00 $0 
reagents allow #N/A $0.00 $0 
Other Treat landfarm contact water for 5 years of operation. 

Assume storage capacity of landfarm for treatment. 
Low cost code for oil/water separation only.

m3 3,720. TPOL $0.38 $1,413 

LABOUR AND SUPPLIES
Annual fuel litres #N/A $0.00 $0 
Annual power kW-h #N/A $0.00 $0 
Electrician/mechanic to maintain 
treatment plant

allow #N/A $0.00 $0 

Equipment maintenance and parts allow #N/A $0.00 $0 
Misc. supplies, hoses, tools allow #N/A $0.00 $0 
Communications allow #N/A $0.00 $0 
Other allow #N/A $0.00 $0 
WATER SAMPLING AND 
ANALYSES
Sampling equipment misc supplies $1000/yr allow 1. #N/A $1,000.00 $1,000 
Analyses assumed allow 3. WSL $7,594.24 $22,783 
Shipping to laboratory assumed allow 3. #N/A $100.00 $300 
Reporting allow #N/A $0.00 $0 
Other misc allowance allow 1. #N/A $5,000 $5,000 
SITE ACCESS
Road maintenance (incl. snow 
removal)

allow #N/A $0.00 $0 

Winter road tariff allow #N/A $0.00 $0 
Truck rental allow #N/A $0.00 $0 
Air support allow #N/A $0.00 $0 

Annual water 
treatment 

costs

$30,495 

Number of years of water treatment years 5.
Total $152,476 

*Water treatment occurs for five 
years beginning in ICM.
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Interim Care and Maintenance

ACTIVITY/MATERIAL Notes Units Quantity Cost Code Unit Cost Cost
INTERIM CARE & MAINTENANCE
Mine manager 1 person with designate when not on site hr 1,820. SMANL $135.61 $246,813
Equipment operator 2 person at 52 wks/yr/person hr 3,640. OPERL $44.48 $161,909

Cross over days hr 260. OPERL $44.48 $11,565
Environmental coordinator 2 person, at 26 weeks/yr/person hr 1,820. ENVCOL $80.46 $146,429

Cross over days hr 130. ENVCOL $80.46 $10,459
Cook/housekeeper 2 person, at 52 weeks/yr/person hr 3,640. COOKL $35.00 $127,400

Cross over days hr 260. COOKL $35.00 $9,100
Extra personnel
    -electrician Call in as reqd. Assume 1 mo. work total/yr hr 280. ELECL $80.28 $22,479
    -mechanic Call in as reqd. Assume 1 mo. work total/yr hr 280. MECHL $53.16 $14,885
Worker accomodations mandays 1,213. ACCML $108.49 $131,597
Mob workers to site bi-weekly flights from Yellowknife per year; Cost code 

from AANDC
each 26. MWL $4,882.01 $126,932

Extra flights each 6. MWL $4,882.01 $29,292
Equipment Based on purchase of used as leasing more 
   - Pick-up truck each 2. #N/A $20,000 $40,000
   - Snow machine & ATV 1 of each each 2. #N/A $10,000 $20,000
   - Grader each 1. #N/A $160,000 $160,000
   - Excavator or backhoe each 1. #N/A $125,000 $125,000
   - Plow truck each 1. #N/A $125,000 $125,000
Maintenance of equipment allow 1. #N/A $66,000 $66,000
Annual fuel - mob L FCMH $0.46 $0
Annual fuel - diesel Assume 50,000 litre/mo for equipment and L 600,000. FCDH $1.51 $904,799
Annual fuel - gasoline L 5,000. FCGH $1.52 $7,594
Communications equip and service allow 1. #N/A $50,000.00 $50,000
Miscellaneous parts and materials allow 1. #N/A $50,000.00 $50,000
MONITORING & INSPECTIONS
Monitoring during ICM See Post-Closure for breakdown each 1. #N/A $525,000 $525,000
INTERIM WATER TREATMENT
Remove and treat landfarm contact 
water

Landfarm contact water to be treated throughout ICM. 
See Water Treatment for breakdown

allow 1. #N/A $30,495.24 $30,495

sub-total Year 1 $3,142,749
sub-total Year 2 $2,672,749

Number of years of ICM Total $5,815,498

* Maintenance at 15% of purchase 
includes lubes, oils, filters, parts
** Year 2 maintenance only
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Mobilization/Demobilization

ACTIVITY/MATERIAL Notes Units Quantity Cost 
Code Unit Cost Cost

PURCHASE HEAVY EQUIPMENT
Excavators 1 piece for maintenance and reclamation activities. No 

demob.
allow 1. #N/A $125,000 $125,000

Dump trucks 1 piece for maintenance and reclamation activities. No 
demob.

allow 1. #N/A $100,000 $100,000

Service Vehicles 1 piece for maintenance and reclamation activities. No 
demob.

allow 1. #N/A $50,000 $50,000

MOBILIZE HEAVY EQUIPMENT
Excavators 3 km 4,610. MHERH $11.12 $51,264
Dump trucks 15 km 13,369. MHERH $11.12 $148,665
Hydraulic Cranes 6 km 11,064. MHERH $11.12 $123,033
Lattice Boom Cranes 1 km 5,532. MHERH $11.12 $61,517
Loaders 9 km 8,298. MHERH $11.12 $92,275
Service Vehicles 7 km 2,766. MHERH $11.12 $30,758
Blast Hole Drill Rig 1 km 1,844. MHERH $11.12 $20,506
Drill Rig 1 km 2,766. MHERH $11.12 $30,758
Crusher 1 km 1,844. MHERH $11.12 $20,506
Dozers 4 km 7,376. MHERH $11.12 $82,022
Vibrating Rollers 1 km 922. MHERH $11.12 $10,253
MOBILIZE MISC. EQUIPMENT
Minor tools and equipment Assumed based on Diavik's GNWT costs (DDMI, 

2017).
allow 1. #N/A $500,000 $500,000

Truck tires Assumed based on Diavik's GNWT costs (DDMI, 
2017).

allow 1. #N/A $500,000 $500,000

Other 6 - 20ft sea cans each 6. #N/A $4,100 $24,600
MOBILIZE CAMP
Reclamation activities - camp allow #N/A $0.00 $0
Long term reclamation activities (eg 
pump flooding)

allow #N/A $0.00 $0

MOBILIZE WORKERS
Reclamation activities - transport Year 1 = 86 flights/yr; Year 2 = 43 flights/yr each 129. MWH $9,873 $1,273,554
Annual monitoring and final lake 
reclamation - transport

5 flights per year, for remaining 20.6 years to refill 
lake.

each 103. MWH $9,873 $1,016,868

 WORKER ACCOMODATIONS
Reclamation activities Assume 50 workers for 2 years for 8 months per year. mandays 24,333. ACCML $108 $2,639,865
Annual monitoring and final lake 
reclamation

Assume 6 workers for 8 weeks per year for remaining 
20.6 years to refill lake.

mandays 6,921.6 ACCML $108 $750,918

MOBILIZE FUEL
Fuel freight - reclamation activities litre 4,550,333.333 FCMH $0.46 $2,073,379
Fuel freight - open pit pump 
flooding/lake refilling

See Water Management litre #N/A $0.00 $0

Fuel freight - final decommissioning Fuel for decommissioning water management 
infrastructure following lake refilling.

litre 82,125. FCMH $0.46 $37,421

WINTER ROAD
Winter road construction and 
operation - 125 km

Assume only spur needs to be constructed; twice for 
contractor mob/demob.

km 250. WRCH $12,476 $3,119,062

Winter track construction - 125 km Assume spur track constructed three times for pump 
fuel mob during lake refilling.

km 375. WRCL $2,170 $813,668

DEMOBILIZE HEAVY EQUIPMENT
Round trip costs assumed above in Mobilization 
section.

km #N/A $0.00 $0

DEMOBILIZE CAMP
allow #N/A $0.00 $0

DEMOBILIZE WORKERS
Crew transportation Demob will occur with mob of workforce. each #N/A $0.00 $0
Temporary Facilities rerquired for 
work
WTP mobilzation and operation each #N/A $0.00 $0
STP mobilization and operation each #N/A $0.00 $0
Power Plant mobilization, O&M and 
fuel

each #N/A $0.00 $0

Total $13,420,890
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Post-Closure Monitoring &  Maintenance 

ACTIVITY/MATERIAL Notes Units Quantity Cost 
Code Unit Cost Cost

MONITORING & INSPECTIONS
Annual geotechnical inspection each #N/A $0.00 $0
Air Quality and Meteorological 
Monitoring Program

each #N/A $0.00 $0

Aquatic Effects Monitoring Program each #N/A $0.00 $0
Site water monitoring (SNP) each #N/A $0.00 $0
Survey inspection each #N/A $0.00 $0
Vegetation Monitoring Program each #N/A $0.00 $0
Wildlife Effects Monitoring Program each #N/A $0.00 $0
ALL MONITORING Includes reclamation phase monitoring. Cost does 

not include ICM monitoring - that is covered in the 
 

each 1. #N/A $9,585,000 $9,585,000

Other each #N/A $0.00 $0
COVER MAINTENANCE
Repair erosion - infill gullies allow #N/A $0.00 $0
Repair erosion - upgrade diversion 
ditches

allow #N/A $0.00 $0

Remove problem vegetation allow #N/A $0.00 $0
Repair animal damage allow #N/A $0.00 $0
Repair/upgrade access controls allow #N/A $0.00 $0
Other #N/A $0.00 $0
SPILLWAY MAINTENANCE
Repair erosion m3 #N/A $0.00 $0
Clear spillway each #N/A $0.00 $0
CWTS MAINTENANCE
Maintain flow, restore vegetation allow #N/A $0.00 $0
POST-CLOSURE WATER 
TREATMENT
Annual water treatment cost Assume landfarm contact water is treated for one 

additional year following reclamation period.
allow 1. #N/A $30,495.24 $30,495

Subtotal, Annual post-closure costs $9,615,495
Discount rate for calculation of net 
present value of post-closure cost, 
%
Number of years of post-closure 
activity

1 years

Present Value of payment stream $9,615,495

*Regulatory costs - annual 
reporting, management plans, 
progress reports etc.
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Unit Cost Table (for refining unit costs see "Estimator" worksheet)
Filter by unit

2020 Dollars
ITEM Detail COST 

CODE
UNITS LOW $ HIGH $ SPECIFIED $ COMMENTS

Accomodation

ACCM manday $108.49 $189.86

Buildings - Decontaminate
Asbestos BDA m2 $27.77 $55.55 Low: removal of asbestos siding & flooring; High: 

removal of insulated pipes, friable asbestos
Buildings - Remove Unit costs are based on 3m high, single storey 

building.  Scale areas accordingly.
Wood BRW m2 $29.83 $44.48
Concrete BRC m2 $43.40 $70.52 $6.51 Specified: puncture concrete foundation slabs
Steel - teardown BRS1 m2 $48.82 $70.52
Steel - for salvage BRS2 m2 $72.69 $108.49

Concrete work
Small pour CSF m3 $462.71 $694.06 Low: YK; High=1.5xLow
Large pour CLF m3 $383.51 $575.26 $2,310.82 Specified: concrete crown pillar

Contaminated Soils
ESA Phase 1 CS1 each $8,136.68 Low: small, "clean" site
ESA Phase 1 CS2 each $54,244.55 Low: small, "clean" site
Remediate on site CSR m3 $50.99 $158.39

Dozing
doze rock piles DR m3 $1.14 $2.60 Low cost: doze crest off dump
doze overburden/soil piles DS m3 $1.03 $4.12 $2.58 High cost: push up to 300 m; Specified: average 

between low and high unit costs
Excavate Rock; Low Spec's and QA/QC

drill/blast/load/short haul RB1 m3 $12.37 $18.50 Low:quarry operations for bulk fill
drill/blast/load/long haul RB2 m3 $13.07 $19.31
RB1 + spread and compact RB3 m3 $13.07 $19.31
RB2 + spread and compact RB4 m3 $13.56 $33.36
Specified activity RBS m3

Excavate Rock; High Spec's and QA/QC (e.g. ditch/spillway excavation)
drill/blast/load/short haul RC1 m3 $13.07 $19.31 Low:foundation excavation;High:spillway excavation
drill/blast/load/long haul RC2 m3 $13.78 $19.96
RC1 + spread and compact RC3 m3 $13.78 $19.96 e,g, cover construction
RC2 + spread and compact RC4 m3 $14.65 $20.83 e,g, cover construction
Specified activity RCS m3 $189.86 Specified-drift excavation

Excavate Rip Rap
drill/blast/load/short haul/place RR1 m3 $14.65 $19.26 High: quarry & place rip rap in channel
drill/blast/load/long haul/place RR2 m3 $15.41 $22.40
source is waste dump/short haul RR3 m3 $7.59 cost includes sorting
source is waste dump/long haul RR4 m3 $8.25
Specified activity RRS m3

Excavate Soil; Low Spec's and QA/QC
clear & grub SBC m2 $3.69 $5.42 #VALUE!
excavate/load/short haul SB1 m3 $4.67 $6.40
excavate/load/long haul SB2 m3 $4.99 $7.92
SB1 + spread and compact SB3 m3 $5.53 $9.66 Low: non-engineered; High:engineered
SB2 + spread and compact SB4 m3 $5.97 $11.93 Low: non-engineered; High:engineered
Specified activity SBS m3 $3.47 $6.83 Low: rehandle waste rock dump by dozing; 

High:rehandle waste rock by hauling
Tailings SBT m3 $1.46 $4.01 $16.82 High:contour surface - wet or frozen; 

Specified:haul/place wet infill
Excavate Soil, High Spec's and QA/QC

excavate/load/short haul SC1 m3 $7.38 $10.09
excavate/load/long haul SC2 m3 $7.70 $12.75
SC1 + spread and compact SC3 m3 $9.66 $15.41 Low: non-engineered; High:engineered
SC2 + spread and compact SC4 m3 $10.09 $25.17 Low: non-engineered; High:engineered (e.g. complex 

covers, low volume dam construction)
Specified activity SCS m3 $20.40 Backfill adit with waste rock

Fence
FNC m $14.70 $220.23

Fuel and Electricity
Fuel cost - gas FCG litre $1.14 $1.52
Fuel cost - diesel FCD litre $1.07 $1.51
Fuel mobilization FCM litre $0.24 $0.46 High: winter road usage
Electricity FCE kW-h $0.18 $0.21 $0.53 Low and High:Yellowknife; Specified:diesel generator

Geo-Synthetics
geotextile GST m2 $3.73 Supply and install
geogrid GSG m2 $6.24
liner, HDPE GSHDPE m2 $8.62 Supply and install; large quantity
liner, ES3 GSES3 m2 $21.91 FOB Yellowknife
geosynthetic installation GSI m2 $3.43 $15.19 Low:geotextile; High:ES3 or HDPE
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Unit Cost Table (for refining unit costs see "Estimator" worksheet)
Filter by unit

2020 Dollars
bentonite soil ammendment GSBA tonne $334.47 $378.08 FOB Edmonton, add shipping & mixing

Grouting (/m3 of rock grouted)
grout m3 $256.63 $311.09 High: cement, FOB Yellowknife

Labour & Equipment Rates
Site manager sman $/hr $135.61 $164.90
Supervisor super $/hr $56.41 $99.64
Registered engineer eng $/hr $103.06 $238.68
Environmental coordinator envco $/hr $80.46 $141.04
Evironmental technologist envtech $/hr $39.06
Electrician elec $/hr $80.28 $103.06
Journeyman - various journey $/hr $47.74 $77.88
Labour - skilled lab-s $/hr $44.48 $53.81
Labour - unskilled lab-us $/hr $33.63 $47.71
Equipment operator oper $/hr $44.48 $70.52
Heavy duty mechanic mech $/hr $53.16 $79.03
Water treatment plant operator oper-wt $/hr $44.48 $64.94
Security / first aid safety $/hr $39.06 $72.66
Administative staff admin $/hr $41.23 $62.80

Equipment rates include operator and fuel
Loader - 4 cu.yd (3.06m3) load-s $/hr $189.86
Loader - 7 cu.yd (5.35m3) load-l $/hr $341.74
Excavator - 26.76-30.84 tonnes exc-s $/hr $206.13
Excavator - 68.95+tonnes exc-l $/hr $455.65
Grader grad $/hr $206.13
Dump truck off hwy 30-50 tonnes truck-s $/hr $244.10
Dump truck off hwy 55-75 tonnes truck-l $/hr $325.47
dozer, small dozers $/hr $222.40 $282.07
dozer, large dozerl $/hr $531.60 $612.96
smooth drum compactor comp $/hr $168.16
scooptram, 6 yd3 bucket scoop $/hr $184.43
flat bed truck with hiab hiab $/hr $168.16
fuel truck ftruck $/hr $162.73
water truck wtruck $/hr $62.92 $162.73

Mobilize Heavy Equipment
Road access MHER kmtonne $3.69 $11.12
Air access MHEA kmtonne $13.02 cargo rate>500lb

Mobilize Camp
Road access MCR each $54,244.55 refurbish existing camp

Mobilize Workers
flight MW each $4,882.01 $9,872.51 Low:e.g. 8 passenger; High: Dash 7

Oil Removal
oil removal OR litre $0.47 $1.30 Low:waste oil heater; High: ship offsite

PCB Removal
Remove from site PCBR litre $43.61 $50.88 Low: shipping, handling & disposal from Yellowknife

Pipes, small (<6in dia.)
remove/dispose on site PSR m $1.08 $26.04 Low: remove/dispose on site; High: remove/re-use
supply PSS m $6.62 $12.04 Low:supply; High:supply and ship
install PSI m $27.12

Pipes, large (>6in dia.)
remove/dispose on site PLR m $23.87 $78.11 Low: remove/dispose on site; High: remove/re-use
supply PLS m $139.95 $155.14 Low:supply; High:supply and ship
install PLI m $54.24

Power Lines
remove/dispose on site POWR m $27.66

Process Chemicals
Remove from site PCR kg $0.49 $2.71 Low: shipping, handling & disposal from Yellowknife

Pumps
Pump capital cost PC each $211,553.74
Pump shipping PS each $2,712.23
Pump operating cost POC m3 $0.13 $0.12 pump operating costs should be calculated based on 

pump capacity, fuel costs, etc.
Pump maintenance PM allow $27,122.27

Pump sand BackFill
PBF m3 $92.22 $325.47

Scarify - road/mine site
SCFY ha $4,665.03 $6,541.89 $2,332.52

Shaft, Raise & Portal Closures
Shaft & Raises SR m2 $699.75 $2,312.99 Low:pre-cast concrete slabs, little site prep. 

Area=shaft+>1m all around
Portals POR m3 $20.40 $271.22 $1,301.87 Low:unit cost code SCS;High:excavate & backfill 

collapsed portal;Spec: installed pressure plug
Site Inspection Report
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Unit Cost Table (for refining unit costs see "Estimator" worksheet)
Filter by unit

2020 Dollars
RPT each $10,848.91 $21,697.82

SpillWay - Clear
SW each $3,254.67 $7,594.24

Survey/Instrumentation
SI each $1,952.80 $3,905.61 2 person crew

Treatment Plant - Construct
Small (< 1000 m3/d) TPS lump sum $9,764,018.69 $16,273,364.49
Large (> 1000 m3/d) TPL lump sum $16,273,364.49 $49,904,984.42
Constructed Wetland CWTS ha $216,978.19 $325,467.29

Treatment Plant - Operate
TPO m3 $0.38 $2.17

Treatment Chemicals
ferric sulphate ferric kg $1.29
ferrous sulphate ferrous kg $1.43
lime lime kg $0.61
hydrogen peroxide, 35% hperox kg $1.63
Sodium Metabisulfate Nametab kg $1.28
Caustic soda, 50% caustic kg $0.80
Sulfuric acid, 93% sulfuric kg $0.34
flocculant flocc kg $6.51
copper sulphate copper kg
shipping shipping kg $0.22

Vegetation
Hydroseed, Flat VHF ha $4,339.56
Hydroseed, Sloped VHS ha $4,882.01
Veg. blanket/erosion mat VB ha $14,103.58
Tree planting VT ha $2,820.72 $6,509.35
Wetland species VW ha $51.77 Specified= /m3, Wetland Growth Media Substrate 

mixed and installed (sand, biochar and fertilizer, 
woodchips)

Water Sampling/Analysis/Reporting
WS each $7,594.24 $10,848.91

Winter Road
Construction WRC km $2,169.78 $12,476.25
Usage WRU kmtonne $0.31
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SUMMARY OF COSTS

CAPITAL COSTS COMPONENT NAME COST
LAND 

LIABILITY
WATER 

LIABILITY

OPEN PIT 5034 Pit, Hearne Pit, and Tuzo Pit $75,000 $0 $75,000

UNDERGROUND MINE $0 $0 $0

PROCESSED KIMBERLITE FACILITY
Coarse PK and Mine Rock Pile and 
Fine PKC Facility $15,942,206 $7,973,089 $7,969,117

ROCK PILE South and West Mine Rock Piles $211,528 $106,369 $105,160

BUILDINGS AND EQUIPMENT $16,484,226 $13,212,761 $3,271,466

CHEMICALS AND CONTAMINATED SOIL MANAGEMEN $4,863,556 $2,436,472 $2,427,083

SURFACE AND GROUNDWATER MANAGEMENT $14,389,897 - $14,389,897

INTERIM CARE AND MAINTENANCE $5,815,498 - $5,815,498

SUBTOTAL: Capital Costs $57,781,910 $23,728,690 $34,053,220

PERCENT OF SUBTOTAL 41% 59%

INDIRECT COSTS COST
LAND 

LIABILITY
WATER 

LIABILITY

MOBILIZATION/DEMOBILIZATION $13,283,586 $5,455,031 $7,828,555

POST-CLOSURE MONITORING AND MAINTENANCE $9,095,495 $3,735,152 $5,360,344

ENGINEERING 5% $2,889,096 $1,186,435 $1,702,661

PROJECT MANAGEMENT 5% $2,889,096 $1,186,435 $1,702,661

HEALTH AND SAFETY PLANS/MONITORING & QA/QC 1% $577,819 $237,287 $340,532

BONDING/INSURANCE 1% $577,819 $237,287 $340,532

CONTINGENCY 20% $11,556,382 $4,745,738 $6,810,644

MARKET PRICE FACTOR ADJUSTMENT 0% $0 $0 $0

SUBTOTAL: Indirect Costs $40,869,293 $16,783,363 $24,085,929

TOTAL COSTS $98,651,203 $40,512,054 $58,139,149

Debeers' July31 Estimate $92,242,344.40 37923227.73 54319116.67
Delta $6,408,858.70 2588826.03 3820032.668

% Delta 106.9% 106.8% 107.0%
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Open Pit: 5034 Pit, Hearne Pit, and Tuzo Pit

ACTIVITY/MATERIAL Notes Units Quantity Cost 
Code Unit Cost Cost % 

Land Land Cost Water Cost

CONTROL ACCESS
Fence and Signs Allowance allow 1. #N/A $75,000.00 $75,000 $0 $75,000
Block roads m3 #N/A $0.00 $0 $0 $0
CONSTRUCT LITTORAL ZONES 
AND FISH HABITAT

Cost included with security for DFO Authorization (03-
HCAA-CA6-00057.1)

Blast rim m3 #N/A $0.00 $0 $0 $0
Dozing m3 #N/A $0.00 $0 $0 $0
Substrate Produce and Place m3 #N/A $0.00 $0 $0 $0
Sediment Berm Produce and Place m3 #N/A $0.00 $0 $0 $0
Vegetation m3 #N/A $0.00 $0 $0 $0
STABILITY STUDY
Conduct stability and setback study allow #N/A $0.00 $0 $0 $0
STABILIZE SLOPES
Off-load crest, soil A m3 #N/A $0.00 $0 $0 $0
Off-load crest, soil B m3 #N/A $0.00 $0 $0 $0
Doze/trim overburden at crest m3 #N/A $0.00 $0 $0 $0
Drill & blast pit crest m3 #N/A $0.00 $0 $0 $0
Buttress slope m3 #N/A $0.00 $0 $0 $0
Other #N/A $0.00 $0 $0 $0
COVER/CONTOUR SLOPES
Place fill, soil A m3 #N/A $0.00 $0 $0 $0
Place fill, soil B m3 #N/A $0.00 $0 $0 $0
Rip rap m3 #N/A $0.00 $0 $0 $0
Vegetate slopes ha #N/A $0.00 $0 $0 $0
Vegetate pit floor ha #N/A $0.00 $0 $0 $0
Other #N/A $0.00 $0 $0 $0
CONSTRUCT DIVERSION 
Excavate ditches -soil m3 #N/A $0.00 $0 $0 $0
Excavate ditches -rock m3 #N/A $0.00 $0 $0 $0
Rip rap in channel base m3 #N/A $0.00 $0 $0 $0
CONSTRUCT SPILLWAY See "Water Management"
Excavate channel m3 #N/A $0.00 $0 $0 $0
Concrete m3 #N/A $0.00 $0 $0 $0
Rip rap m3 #N/A $0.00 $0 $0 $0
Other #N/A $0.00 $0 $0 $0
RECLAIM QUARRIES
Contour slopes m3 #N/A $0.00 $0 $0 $0
Place overburden m3 #N/A $0.00 $0 $0 $0
Vegetate m3 #N/A $0.00 $0 $0 $0
FLOOD PIT - Captital See "Buildings and Equipment" and "Water 

Management"
Remove stationary equipment 
(sump pumps)

each #N/A $0.00 $0 $0 $0

Remove dewatering pipeline m #N/A $0.00 $0 $0 $0
Remove PK distribution pipes m #N/A $0.00 $0 $0 $0
Remove power lines each #N/A $0.00 $0 $0 $0
Construct diversion ditches m3 #N/A $0.00 $0 $0 $0
    -Ditch, mat'l A m3 #N/A $0.00 $0 $0 $0
    -Ditch, mat'l B m3 #N/A $0.00 $0 $0 $0
Construct embankment/dam m3 #N/A $0.00 $0 $0 $0
Supply/install pump station each #N/A $0.00 $0 $0 $0
Supply/install piping system m #N/A $0.00 $0 $0 $0
Remove pump post-closure each #N/A $0.00 $0 $0 $0
Remove pipeline post-closure m #N/A $0.00 $0 $0 $0
FLOOD OPEN PITS/KENNADY 
LAKE - Annual Cost

See "Water Management"

Operate pumps m3 #N/A $0.00 $0 $0 $0
Maintain pump/pipeline allow #N/A $0.00 $0 $0 $0
Pump fuel - purchase litre #N/A $0.00 $0 $0 $0
Pump fuel - mob litre #N/A $0.00 $0 $0 $0
Labour:fuel management, 
comissioning/decom

$/h #N/A $0.00 $0 $0 $0

Chemical addition,  _____ kg/m3 of 
water

tonne #N/A $0.00 $0 $0 $0

Chemicals, purchase and shipping tonne #N/A $0.00 $0 $0 $0
Passive/biological additives $/ha #N/A $0.00 $0 $0 $0
Passive additives purchase and 
shipping

tonne #N/A $0.00 $0 $0 $0

Other #N/A $0.00 $0 $0 $0
Annual pumping costs $0

Number of years of pump flooding years
Total pumping costs $0 $0 $0

Total $75,000 $0 $75,000
% of Total 0% 100%
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Underground Mine

ACTIVITY/MATERIAL Notes Unit Qty Cost Unit Cost Cost % Land Land Cost Water Cost
CONTROL ACCESS
Fence m #N/A $0.00 $0 $0 $0
Signs each #N/A $0.00 $0 $0 $0
Block roads m3 #N/A $0.00 $0 $0 $0
Berm m3 #N/A $0.00 $0 $0 $0
Concrete wall in portals m3 #N/A $0.00 $0 $0 $0
Cap portal m2 #N/A $0.00 $0 $0 $0
Grade/contour portal m3 #N/A $0.00 $0 $0 $0
Cap raise m2 #N/A $0.00 $0 $0 $0
Cap shaft m3 #N/A $0.00 $0 $0 $0
Backfill adits m3 #N/A $0.00 $0 $0 $0
Backfill open stope m3 #N/A $0.00 $0 $0 $0
Concrete cap over open stope m3 #N/A $0.00 $0 $0 $0
Other #N/A $0.00 $0 $0 $0
REMOVE HAZARDOUS MATERIALS
Remove hazardous materials, U/G labor hr #N/A $0.00 $0 $0 $0
Remove/decontam. stationary & elect. equip hr #N/A $0.00 $0 $0 $0
Remove/decontam. mobile equipment hr #N/A $0.00 $0 $0 $0
Remove misc. haz. mat & explosives kg #N/A $0.00 $0 $0 $0
Other kg #N/A $0.00 $0 $0 $0
INSTALL BULKHEADS
Bulkheads to control water flow each #N/A $0.00 $0 $0 $0
Grout bulkhead m3 #N/A $0.00 $0 $0 $0
FLOOD MINE
Supply/install pump each #N/A $0.00 $0 $0 $0
Supply/install piping system each #N/A $0.00 $0 $0 $0
Operate pumps to flood workings m3 #N/A $0.00 $0 $0 $0
Other #N/A $0.00 $0 $0 $0
INSTALL GROUNDWATER COLLECTION SYSTEM
Excavate/install sumps m2 #N/A $0.00 $0 $0 $0
Install pumping wells m3 #N/A $0.00 $0 $0 $0
Install pumps/pipelines/power supply LS #N/A $0.00 $0 $0 $0
SPECIALIZED ITEMS
Install water quality monitoring pipes each #N/A $0.00 $0 $0 $0
Install permanent pumping system each #N/A $0.00 $0 $0 $0
Other kmtonne #N/A $0.00 $0 $0 $0

Total $0 $0 $0
% of Total 0% 0%
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PK Facilities Coarse PK and Mine Rock Pile and 
Fine PKC Facility

ACTIVITY/MATERIAL Notes Units Quantity Cost 
Code Unit Cost Cost % 

Land Land Cost Water Cost

CONTROL ACCESS
Fence Assume temporary movable to control localized work. m 250. FNCL $14.70 $3,675 100% $3,675 $0
Signs Assume for PKC Facility based on Diavik allowance 

(DDMI, 2017).
each 8. #N/A $37.08 $297 100% $297 $0

Berm m3 #N/A $0.00 $0 $0 $0
Block roads m3 #N/A $0.00 $0 $0 $0
Other #N/A $0.00 $0 $0 $0
STABILIZE EMBANKMENT(S)
Stabilize slopes m3 #N/A $0.00 $0 $0 $0
Other #N/A $0.00 $0 $0 $0
COVER TAILINGS
Fine PKC Facility
Place cover - coarse PK 1m thick m3 980,448. SB3L $5.53 $5,424,764 50% $2,712,382 $2,712,382
Place cover - ROM rock 1.5m thick m3 1,470,672. PSC1s $7.12 $10,466,603 50% $5,233,302 $5,233,302
Coarse PK Pile
Place cover - ROM rock End of Year 10. 1 m thick. m3 0. #N/A $6.56 $0 100% $0 $0
Liner bedding m3 #N/A $0.00 $0 $0 $0
Install geotextile/geosynthetic m2 #N/A $0.00 $0 $0 $0
Vegetate m2 #N/A $0.00 $0 $0 $0
Other allow #N/A $0.00 $0 $0 $0
REMOVE TAILINGS DISCHARGE See "Water Management"
Cyclones m3 #N/A $0.00 $0 $0 $0
Pipe m #N/A $0.00 $0 $0 $0
Remove reclaim barge allow #N/A $0.00 $0 $0 $0
CONSTRUCT DIVERSION 
Excavate ditches -soil m3 #N/A $0.00 $0 $0 $0
Excavate ditches -rock m3 #N/A $0.00 $0 $0 $0
Rip rap in channel base m3 #N/A $0.00 $0 $0 $0
FLOOD TAILINGS See "Water Management"
Doze tailings to final contour m3 #N/A $0.00 $0 $0 $0
Raise crest of dam m3 #N/A $0.00 $0 $0 $0
Other #N/A $0.00 $0 $0 $0
UPGRADE SPILLWAY See "Water Management"
Excavate channel, rock m3 #N/A $0.00 $0 $0 $0
Excavate channel, soil m3 #N/A $0.00 $0 $0 $0
Concrete m3 #N/A $0.00 $0 $0 $0
Rip rap m3 #N/A $0.00 $0 $0 $0
Other #N/A $0.00 $0 $0 $0
CONSTRUCT SEEPAGE 
COLLECTION POND
Excavate seepage collection pond m3 #N/A $0.00 $0 $0 $0
Doze & spread excavated material m3 #N/A $0.00 $0 $0 $0
Vegetate spread material ha #N/A $0.00 $0 $0 $0
Bedding layer m3 #N/A $0.00 $0 $0 $0
Supply geomembrane m2 #N/A $0.00 $0 $0 $0
Install geomembrane m2 #N/A $0.00 $0 $0 $0
Erosion protection layer m3 #N/A $0.00 $0 $0 $0
INSTALL GROUNDWATER 
COLLECTION SYSTEM
Excavate/install sumps m3 #N/A $0.00 $0 $0 $0
Install pumping wells m3 #N/A $0.00 $0 $0 $0
Install pumps/pipelines/power LS #N/A $0.00 $0 $0 $0
SPECIALIZED ITEMS
Install permanent instrumentation, 
supply & technican

Assume thermistors in Coarse and Fine PK facilities. 
Assume 6 per pile.

each 12. SIH $3,905.61 $46,867 50% $23,434 $23,434

TREAT SEEPAGE See "Water Management" and "Water Treatment"
TREAT SUPERNATANT
Pump water (to pit, U/G) m3 #N/A $0.00 $0 $0 $0
Equipment maintenance and parts allow #N/A $0.00 $0 $0 $0
Supply reagents tonne #N/A $0.00 $0 $0 $0

Annual treatment costs $0
Number of years of treatment years

Total treatment costs $0 $0
Total $15,942,206 $7,973,089 $7,969,117

% of Total 50% 50%
* for construction of passive 
treatment system refer to "Water 
Management"
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Rock Piles South and West Mine Rock Piles

ACTIVITY/MATERIAL Notes Units Quantity Cost 
Code Unit Cost Cost % 

Land Land Cost Water Cost

STABILIZE SLOPES
Other #N/A $0.00 $0 $0 $0
WILDLIFE ACCESS RAMPS
South Mine Rock Pile - construct 
access ramps

Assume 5 m width along haul road - approx. 1253m 
length. Assume 2 per pile.

m3 12,530. DRL $1.14 $14,273 100% $14,273 $0

West Mine Rock Pile - construct 
access ramps

Assume 5 m width along both haul roads - approx. 
3420m total length at end of Year 10.

m3 17,100. DRL $1.14 $19,479 100% $19,479 $0

South Mine Rock Pile - Material 
placement 

Assume 0.3m layer of fine grained material placed 
along surface of ramps.

m3 3,759. SB3L $5.53 $20,798 100% $20,798 $0

West Mine Rock Pile - Material 
placement 

Assume 0.3m layer of fine grained material placed 
along surface of ramps.

m3 5,130. SB3L $5.53 $28,384 100% $28,384 $0

COVER ROCK PILE No cover for rock piles
Subgrade preparation - doze m3 #N/A $0.00 $0 $0 $0
Cover m3 #N/A $0.00 $0 $0 $0
Vegetate ha #N/A $0.00 $0 $0 $0
Other #N/A $0.00 $0 $0 $0
CONSTRUCT DIVERSION 
Excavate ditches -soil m3 #N/A $0.00 $0 $0 $0
Excavate ditches -rock Diversion channel around north end of West Mine 

Rock Pile. Approx 826 m length.
m3 6,608. RB1L $12.37 $81,726 $0 $81,726

Rip rap in channel base m3 #N/A $0.00 $0 $0 $0
CONSTRUCT SEEPAGE 
COLLECTION POND
Excavate seepage collection pond m3 #N/A $0.00 $0 $0 $0
Doze & spread excavated material m3 #N/A $0.00 $0 $0 $0
Vegetate spread material ha #N/A $0.00 $0 $0 $0
Bedding layer m3 #N/A $0.00 $0 $0 $0
Supply geomembrane m2 #N/A $0.00 $0 $0 $0
Install geomembrane m2 #N/A $0.00 $0 $0 $0
Erosion protection layer m3 #N/A $0.00 $0 $0 $0
SPECIALIZED ITEMS
Install permanent instrumentation, 
supply & technican

Assume thermistors in South and West Mine Rock 
Piles. Assume 6 per pile.

each 12. SIH $3,905.61 $46,867 50% $23,434 $23,434

TREAT ROCK PILE SEEPAGE - 
see "Water Management" and 
"Water Treatment"

Annual treatment costs $0
Number of years of treatment years

Total treatment costs $0 $0
Total $211,528 $106,369 $105,160

% of Total 50% 50%

* For construction of passive 
treatment system refer to "Water 
Management".
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Buildings / Equipment

ACTIVITY/MATERIAL Building # Notes Units Quantity Cost 
Code Unit Cost Cost % 

Land Land Cost Water Cost

DISPOSE MOBILE EQUIPMENT
Decontaminate and dispose on-site 222 pieces estimated. Assume 2 hr/ea to decon and 2 

hr/ea to mobilize to landfill.
manhr 888. LAB-SH $53.81 $47,784 100% $47,784 $0

DISPOSE STATIONARY 
EQUIPMENT
Decontaminate and dispose on-site - 
Generators

19 pieces estimated. Assume 12 hr/ea to decon, 
disassemble, crush and dispose in landfill.

manhr 228. MECHH $79.03 $18,020 100% $18,020 $0

DECONTAMINATE BUILDINGS & 
TANKS
Environmental 
technician/coordinator

Assume 4 months x 50% time to oversee 
decontamination.

manhr 480. ENVCOH $141.04 $67,697 50% $33,849 $33,849

Decontaminate main camp and 
outstructures

Assume 500 m2/day, 31,411 m2 area manhr 5,980.781 LAB-USH $47.71 $285,364 50% $142,682 $142,682

Decontaminate emulsion plant Assume 125 m2/day, 745 m2 area manhr 572.006 LAB-USH $47.71 $27,292 50% $13,646 $13,646
Decontaminate fuel tanks Assume 125 m2/day, 4277 m2 area manhr 4,802.627 LAB-USH $47.71 $229,150 50% $114,575 $114,575
Other #N/A $0.00 $0 $0 $0
REMOVE BUILDINGS - see note 
below
3000 Process Facilities
Primary Crusher 3110 m2 1,603.283 BRS1H $70.52 $113,060 100% $113,060 $0
Primary Crusher Electrical House m2 80.1 BRS1H $70.52 $5,648 100% $5,648 $0
Secondary Crusher (Aggregate and 
Batch Plant)

3220 No structures present. m2 0. BRS1H $70.52 $0 100% $0 $0

Compressor Building 3600 m2 84.5 BRS1H $70.52 $5,959 100% $5,959 $0
Fire Pumps Modular 3612 m2 42. BRS1H $70.52 $2,962 100% $2,962 $0
Workshop m2 470.727 BRS1H $70.52 $33,195 100% $33,195 $0
Personnel Control Centre 3800 m2 752.4 BRS1H $70.52 $53,058 100% $53,058 $0
Metlab 3810 m2 75.8 BRS1H $70.52 $5,345 100% $5,345 $0
Process Plant Electrical Room 3820 Main building + 2 outstructures m2 1,061.133 BRS1H $70.52 $74,829 100% $74,829 $0
Process Plant 3900 m2 52,399.013 BRS1H $70.52 $3,695,069 100% $3,695,069 $0
4000 Utilities
Electrical Power and Heating 4110 m2 1,189.95 BRS1L $48.82 $58,093 100% $58,093 $0
Adjacent structure to Electrical Power 
and Heating

m2 399. BRS1L $48.82 $19,479 100% $19,479 $0

Storage for Oil, Fuel and Glycol 4200
Fuel Tanks 18 ML 3 tanks. Main camp. m2 24,862.11 BRS1L $48.82 $1,213,771 100% $1,213,771 $0
Fuel Tanks 0.5 ML 8 tanks. Main camp. m2 1,672.533 BRS1L $48.82 $81,653 100% $81,653 $0
Fuel Tanks 0.101 ML 3 tanks. Air strip fuel storage area. m2 130.048 BRS1L $48.82 $6,349 100% $6,349 $0
Fuel Tanks 0.1 ML 2 tanks. Former exploration camp, currently located at 

heavy equipment parking area.
m2 99.28 BRS1L $48.82 $4,847 100% $4,847 $0

Fuel Tanks 0.06 ML 10 tanks. Main camp. m2 260. BRS1L $48.82 $12,693 100% $12,693 $0
Fuel Tanks 0.035 ML 1 tank. Location unknown. Height and footprint estimated 

based on volume.
m2 14.667 BRS1L $48.82 $716 100% $716 $0

Fuel Tanks 0.02 ML 1 tank. Location unknown. Height and footprint estimated 
based on volume.

m2 9.333 BRS1L $48.82 $456 100% $456 $0

Fuel Tanks 0.01 ML 18 tanks. Location unknown. Height and footprint 
estimated based on volume.

m2 81. BRS1L $48.82 $3,954 100% $3,954 $0

Lube/Oil Pump Station m2 44.5 BRS1L $48.82 $2,172 100% $2,172 $0
Fueling Stations m2 44.5 BRS1L $48.82 $2,172 100% $2,172 $0
Totes Storage Pad m2 0. BRS1L $48.82 $0 100% $0 $0
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Buildings / Equipment

ACTIVITY/MATERIAL Building # Notes Units Quantity Cost 
Code Unit Cost Cost % 

Land Land Cost Water Cost

Fuel Unloading Station 2 fuel unloading modules. Area and height assumed 
similar to fueling station.

m2 89. BRS1L $48.82 $4,345 100% $4,345 $0

Boiler House (Heating) 4300 m2 174.45 BRS1L $48.82 $8,517 100% $8,517 $0
Fresh Water Electrical House m2 80.8 BRS1L $48.82 $3,945 100% $3,945 $0
Fresh Water Pump House 4400 m2 14.417 BRS1L $48.82 $704 100% $704 $0
Wood Sheds adjacent to Fresh Water 
Electrical House

1 wood shed near pumphouse. m2 14.417 BRWL $29.83 $430 100% $430 $0

Water Treatment Plant 4410
Water Treatment Plant m2 127.75 BRS1L $48.82 $6,237 100% $6,237 $0
Water Treatment Plant Generators 2 generators (1250 kV and 725 kV) and 2 converted 

seacans
m2 70.833 BRS1L $48.82 $3,458 100% $3,458 $0

Water Tank 1 m2 21.4 BRS1L $48.82 $1,045 100% $1,045 $0
Water Tank 2 m2 44.8 BRS1L $48.82 $2,187 100% $2,187 $0
Sewage Treatment Plant 4500 m2 225.4 BRS1L $48.82 $11,004 100% $11,004 $0
Antenna 30m height m2 4.4 BRS1L $48.82 $215 100% $215 $0
Radio Tower Building 4900 m2 18.5 BRS1L $48.82 $903 100% $903 $0
5000 Ancillary Buildings
Maintenance Complex (Truck Shop) 
and Warehouse

5100 m2 15,163.167 BRS1L $48.82 $740,267 100% $740,267 $0

Mine and Tech Services m2 516.6 BRS1L $48.82 $25,220 100% $25,220 $0
Megadome tent m2 9,818.9 BRS1L $48.82 $479,360 100% $479,360 $0
Can-am (Heated Storage) m2 726.6 BRS1L $48.82 $35,473 100% $35,473 $0
Welding Shop Northwest of process plant. Height assumed similar to 

Can-am.
m2 2,073.633 BRS1L $48.82 $101,235 100% $101,235 $0

Warehouse Cold Storage (Temporary 
Truck Shop)

Northwest of process plant. Height assumed similar to 
Can-am.

m2 1,327.433 BRS1L $48.82 $64,805 100% $64,805 $0

Steel structure south of Totes storage Assortment of seacans and trailers m2 423.833 BRS1L $48.82 $20,692 100% $20,692 $0

Incinerator Building m2 239. BRS1L $48.82 $11,668 100% $11,668 $0
Incinerators 5110 4 incinerators m2 48.333 BRS1L $48.82 $2,360 100% $2,360 $0
Accomodations Complex 5200 Composed of 7 wings and 4 connected structures m2 7,596.9 BRS1L $48.82 $370,881 100% $370,881 $0
Temporary Camp Extension Composed of 8 structures m2 4,133.7 BRS1L $48.82 $201,808 100% $201,808 $0
Environment Lab m2 368.85 BRS1L $48.82 $18,007 100% $18,007 $0
Administrative Offices m2 1,176. BRS1L $48.82 $57,412 100% $57,412 $0
Utilities Electrical House m2 84.3 BRS1L $48.82 $4,116 100% $4,116 $0
IT/Server Room m2 80.7 BRS1L $48.82 $3,940 100% $3,940 $0
Kitchen Divided into 2 structures by utilidor m2 1,615.5 BRS1L $48.82 $78,869 100% $78,869 $0
Ambulance Building m2 341.917 BRS1L $48.82 $16,692 100% $16,692 $0
Satellite Dishes
Large Dishes 2 large dishes m2 10.4 BRS1L $48.82 $508 100% $508 $0
Small Dishes 4 small disches m2 0.907 BRS1L $48.82 $44 100% $44 $0
Site Services
Tent tent m2 2,001.65 BRS1L $48.82 $97,721 100% $97,721 $0
Trailers Modular trailer structure m2 251.333 BRS1L $48.82 $12,270 100% $12,270 $0
Enviro Building
Tent tent m2 382. BRS1L $48.82 $18,649 100% $18,649 $0
Trailer 1 trailer m2 25.75 BRS1L $48.82 $1,257 100% $1,257 $0
LV Shop
Tent tent m2 285.6 BRS1L $48.82 $13,943 100% $13,943 $0
Trailers Modular trailer structure m2 198.25 BRS1L $48.82 $9,679 100% $9,679 $0
Utillidors 5300 m2 1,804. BRS1L $48.82 $88,071 100% $88,071 $0
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Buildings / Equipment

ACTIVITY/MATERIAL Building # Notes Units Quantity Cost 
Code Unit Cost Cost % 

Land Land Cost Water Cost

Ammonium Nitrate (AN) Storage Area 
(Primary)

Pad m2 0. BRS1L $48.82 $0 100% $0 $0

Ammonium Nitrate (AN) Storage Area 
(Operational)

Pad m2 0. BRS1L $48.82 $0 100% $0 $0

Temporary ANFO 5900 Pad. No structures. m2 0. BRS1L $48.82 $0 200% $0 $0
Emulsion Plant 5920 m2 2,035.787 BRS1L $48.82 $99,387 100% $99,387 $0
Emulsion Plant Electrical House m2 48.4 BRS1L $48.82 $2,363 100% $2,363 $0
Explosive Magazines 5930 4 magazines m2 182.667 BRS1L $48.82 $8,918 100% $8,918 $0
6000 Waste and Water Management

Reclaim Water Electrical House m2 110.5 BRS1L $48.82 $5,395 100% $5,395 $0
Plant Reclaim Water Pump House 6100 m2 41. BRS1L $48.82 $2,002 100% $2,002 $0
Flocculant Module 6200 Not yet constructed in 2017 site photo m2 90.3 BRS1L $48.82 $4,408 100% $4,408 $0
Other
Air Strip Electrical House m2 75.8 BRS1L $48.82 $3,701 100% $3,701 $0
Field Electrical Center (FEC) m2 55.333 BRS1L $48.82 $2,701 100% $2,701 $0
AWOS No structures m2 0. BRS1L $48.82 $0 100% $0 $0
Airstrip lighting, navigation - 
electrician, mechanical

Cost based on Snap Lake RECLAIM cost estimate 
(ARKTIS, 2018).

allow 1. #N/A $52,200 $52,200 100% $52,200 $0

Solar farm arrays m2 2,161.974 BRS1L $48.82 $105,548 100% $105,548 $0
BREAK BASEMENT SLABS
Buildings - all Foundations covered with non-PAG rock, addressed 

below.
m2 BRCL $43.40 $0 100% $0 $0

Other $8,200,040 #N/A $0.00 $0 $0 $0
LANDFILL FOR DEMOLITION 
WASTE
Closure Landfill
Stockpile granular material Estimate 124,541 m3 material required for 

embankments, and 47,744 m3 for cover.
m3 172,284.657 PSC1s $7.12 $1,226,130 $0 $1,226,130

Mobilize inert material to landfill Assume haul rate of 1926 mᵌ/day by 1 loader and two 
dump trucks (177,199 mᵌ demo waste / 1926 = 92 
days x 24 hrs/day x 3 operators = 6624 manhours)

manhr 6,624.255 LOAD-L $315.00 $2,086,640 100% $2,086,640 $0

Construct embankments Construct landfill at closure to dispose of inert waste. 
Assume 3 sides, with one side bounded by a mine 
rock pile. Assume approx. 190,975 m3 capacity 
required.

m3 124,540.975 SB3H $9.66 $1,202,509 $0 $1,202,509

Place rock cover 2m thick cover m3 47,743.682 PSC1s $7.12 $339,786 $0 $339,786
Post-Closure Landfill
Stockpile granular material Estimate 9901 m3 material required for embankments, 

and 1035 m3 for cover.
m3 10,935.503 PSC1s $7.12 $77,827 $0 $77,827

Mobilize inert material to landfill Mobilization cost for pipes and equipment addressed 
elsewhere. Mob cost for demo waste included with 
costing for closure landfill.

manhr #N/A $315.00 $0 $0 $0

Construct embankments Construct landfill following refilling of Kennady Lake to 
dispose of remaining water management 
infrastructure. Assume 3 sides, with one side bounded 
by a mine rock pile. Assume approx. 2069 m3 capacity 

m3 9,900.888 SB3H $9.66 $95,598 $0 $95,598

Place rock cover 2m thick cover m3 1,034.615 PSC1s $7.12 $7,363 $0 $7,363
GRADE AND CONTOUR
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Buildings / Equipment

ACTIVITY/MATERIAL Building # Notes Units Quantity Cost 
Code Unit Cost Cost % 

Land Land Cost Water Cost

Scarify pads and laydowns Includes areas with compacted surfaces (i.e. camp 
and storage areas, laydowns, pads, overburden 
stockpile, solar farm, etc.). Excluding building 
footprints, which are accounted for below.

ha 95.822 SCFYL $4,665.03 $447,013 100% $447,013 $0

Cover concrete slabs Assume every building has concrete foundations 
requiring a 0.5 m non-PAG cover.

m3 19,074.06 PSC1s $7.12 $135,748 100% $135,748 $0

Revegetate - apply topsoil Spread overburden from overburden stockpile to pads 
and laydowns to 0.3m thickness. Excludes solar farm.
To encourage accelerated recovery of disturbed areas, 
scarifying and loosening the surface materials will be 
done to provide an improved growth substrate to 
enhance the re-establishment of natural vegetation. 
This is expected to be required in areas of compacted 
soil, such as roads, the airstrip, infrastructure/building 
locations and laydown areas (up to 160 ha). 
Overburden and lake sediments will be stockpiled 
during operations and available materials at closure 
will be evaluated for spreading at the likely priority 
locations listed above. Priority areas will be refined 
based on community engagement conducted as a 
component of reclamation research, and various 
criteria such as community priorities, unique features 
(e.g. desirable habitat, landscape prominence), and 
ease of revegetation (e.g. presence of barriers such 
distance from undisturbed ground that may impede 
natural re-establishment). No additional closure 
activities specifically focused on revegetation are 
planned for the Mine Rock Piles.

m3 186,274.8 SB3L $5.53 $1,030,648 100% $1,030,648 $0

Other m3 #N/A $0.00 $0 $0 $0
PUNCTURE LINED SUMPS
Puncture liner and place soil cover m3 #N/A $0.00 $0 $0 $0
RECLAIM ROADS & AIRSTRIP
Scarify roads and install water 
breaks

ha 61.55 SCFYL $4,665.03 $287,132 100% $287,132 $0

Scarify airstrip ha 21.798 SCFYL $4,665.03 $101,689 100% $101,689 $0
Remove culverts Estimated amount of culverts based on design 

drawings (H333420-0000-10-012-0011).
each 35. #N/A $500.00 $17,500 0% $0 $17,500

Remove bridges each #N/A $0.00 $0 $0 $0
Other Remove electrical power poles & lines - 20 km 

allocation
m 20,000. POWRL $27.66 $553,294 100% $553,294 $0

Total $16,484,226 $13,212,761 $3,271,466
% of Total 80% 20%

Note:  Unit costs are based on 3m 
high, single storey building.  Scale 
larger building areas accordingly.  
E.g.  10m high building multiply area 
by 3.3 (10/3)
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Chemicals/Soil

ACTIVITY/MATERIAL Notes Units Quantity Cost 
Code Unit Cost Cost % 

Land Land Cost Water Cost

HAZARDOUS MATERIALS AUDIT
Hazardous materials audit each 1. CS2L $54,244.55 $54,245 50% $27,122 $27,122
HAZARDOUS MATERIALS REMOVAL
Diesel fuel Assume volume removed from site based on Snap 

Lake estimate for C&M (ARKTIS, 2018).
litre 700,000. ORH $1.30 $911,308 50% $455,654 $455,654

Gasoline litre 10,000. ORH $1.30 $13,019 50% $6,509 $6,509
Jet fuel litre 323,000. ORH $1.30 $420,504 50% $210,252 $210,252
Coolant Assume high cost for oil litre 24,000. ORH $1.30 $31,245 50% $15,622 $15,622
Waste oils litre 451,684. ORH $1.30 $588,033 50% $294,017 $294,017
Grease No volume, assume process chemical unit costs. kg 35,013. PCRH $2.71 $94,963 50% $47,482 $47,482
Explosives Assume used up prior to mine closure. kg #N/A $0.00 $0 $0 $0
Soda ash kg 388,230. PCRH $2.71 $1,052,968 50% $526,484 $526,484
Dry alum kg 4,121. PCRH $2.71 $11,177 50% $5,589 $5,589
Bleach s kg 105. PCRH $2.71 $285 50% $142 $142
Citric Acid kg 550. PCRH $2.71 $1,492 50% $746 $746
Bioremove kg 71. PCRH $2.71 $193 50% $96 $96
Polymer kg 155. PCRH $2.71 $420 50% $210 $210
ISOPAC Coagulant kg 500. PCRH $2.71 $1,356 50% $678 $678
ISOFOC Flocculant kg 50. PCRH $2.71 $136 50% $68 $68
Sodium hypochlorite kg 1,976. PCRH $2.71 $5,359 50% $2,680 $2,680
Sodium bisulphite kg 108. PCRH $2.71 $293 50% $146 $146
Sodium Hydroxide kg 358. PCRH $2.71 $971 50% $485 $485
Waste batteries kg #N/A $0.00 $0 $0 $0
Assay & environmental lab reagents kg #N/A $0.00 $0 $0 $0
Machine shop paints, solvents etc litre #N/A $0.00 $0 $0 $0
Process reagents kg #N/A $0.00 $0 $0 $0
Nuclear sources allow #N/A $0.00 $0 $0 $0
Windshield washer fluid litre #N/A $0.00 $0 $0 $0
Propane kg #N/A $0.00 $0 $0 $0
Oxygen and acetylene kg #N/A $0.00 $0 $0 $0
Lime kg #N/A $0.00 $0 $0 $0
HAZARDOUS MATERIALS 
Transportation to disposal facility allow #N/A $0.00 $0 $0 $0
Disposal fees allowance- various items from decontamination allow 1. #N/A $500,000 $500,000 50% $250,000 $250,000
Other #N/A $0.00 $0 $0 $0
CONTAMINATED SOILS 
Contam. soil investigation - Phase 1 each 1. CS1L $8,137 $8,137 50% $4,068 $4,068
Contam. soil investigation - Phase 2 each 1. CS2L $54,245 $54,245 50% $27,122 $27,122
CONTAMINATED SOIL REMEDIATION
Excavate/load, haul to landfarm Includes 0.3m thickness under fuel and oil storage 

areas. Assume 24m3 from airport fuel storage.
m3 9,344.1 SB3L $5.53 $51,700 50% $25,850 $25,850

Remove and dispose liner in landfill Fuel storage areas. Assume 5cm thick. m3 1,573.35 SB1L $4.67 $7,340 50% $3,670 $3,670
Remediate on-site in landfarm Operate landfarm for approx. 5 yrs. Includes fuel area 

soil and current contaminated soil on site.
m3 11,744.1 CSRL $50.99 $598,830 50% $299,415 $299,415

Use of remediated soil in 
reclamation activities

Includes remediated soil and fill material above liner. 
Assume portion goes towards post-closure landfill 
construction.

m3 78,954.597 SB3L $5.53 $436,851 50% $218,426 $218,426

Remove and dispose liner in landfill Landfarm. Assume 5cm thick. m3 1,950. SB1L $4.67 $9,097 50% $4,548 $4,548
Scarify/Regrade Landfarm Final decommissioning of landfarm area. ha 2.013 SCFYL $4,665.03 $9,389 100% $9,389 $0

Total $4,863,556 $2,436,472 $2,427,083
% of Total 50% 50%

Note:         The procedures, equipment and packaging for clean up and removal of chemicals or contaminated soils are highly dependent on the nature of the 
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Water Management

ACTIVITY/MATERIAL Notes Units Quantity Cost Unit Cost Cost
BREACH DYKE EMBANKMENT
Dyke A
Breach 50m wide cut. Breach to 420.2m, assuming 

excavation to initial ground surface.
m3 12,066.75 DSS $2.58 $31,091

Place riprap Place 0.5m thick layer of riprap along base of breach. m3 2,065. SBSL $3.47 $7,169
Dyke A1 Perimeter Berm 1
Breach Cut 20% of length. Breach to 422m, assuming 

excavation to initial ground surface.
m3 1,948.21 DSS $2.58 $5,020

Place riprap Place 0.5m thick layer of riprap along base of breach. m3 557.2 SBSL $3.47 $1,934
Dyke B
Lower/flatten Lower to 418m. m3 796,970.494 DSS $2.58 $2,053,487
Breach Assume 100m wide cut. Breach to 417m. m3 23,490. DSS $2.58 $60,525
Place riprap Place 0.5m thick layer of riprap along base of breach 

and crest of dyke.
m3 52,582.51 SBSL $3.47 $182,548

Dyke E
Breach Cut 20% of length. Breach to 422m, assuming 

excavation to initial ground surface.
m3 9,117.17 DSS $2.58 $23,491

Place riprap Place 0.5m thick layer of riprap along base of breach. m3 1,746.4 SBSL $3.47 $6,063
Dyke F
Breach Cut 20% of length. Breach to 424m, assuming 

excavation to initial ground surface.
m3 19,373.76 DSS $2.58 $49,919

Place riprap Place 0.5m thick layer of riprap along base of breach. m3 2,520. SBSL $3.47 $8,749
Dyke G
Breach Cut 20% of length. Breach to 425m, assuming 

excavation to initial ground surface.
m3 9,894.3 DSS $2.58 $25,494

Place riprap Place 0.5m thick layer of riprap along base of breach. m3 1,638. SBSL $3.47 $5,687
Dyke J
Lower/flatten Lower to 418m. m3 24,555.466 DSS $2.58 $63,270
Place riprap Place 0.5m thick layer of riprap along crest of dyke. m3 724.59 SBSL $3.47 $2,516
Dyke K
Lower/flatten Lower to 418m. m3 104,937.56 DSS $2.58 $270,384
Breach Cut 20% of length. Breach to 417m. m3 6,161.4 DSS $2.58 $15,876
Place riprap Place 0.5m thick layer of riprap along base of breach 

and crest of dyke.
m3 8,225.475 SBSL $3.47 $28,556

Dyke L
Breach 100m wide cut. Breach to 427m. m3 10,012.5 DSS $2.58 $25,798
Place riprap Place 0.5m thick layer of riprap along base of breach. m3 1,325. SBSL $3.47 $4,600
Dyke N
Lower/flatten Assume lower to 418m. m3 169,467.387 DSS $2.58 $436,652
Breach Cut 20% of length. Assume breach to 417m. m3 8,332.56 DSS $2.58 $21,470
Place riprap Place 0.5m thick layer of riprap along base of breach 

and crest of dyke.
m3 16,664.78 SBSL $3.47 $57,854

OS Berm 1
Breach Cut 20% of length. Breach to 432m, assuming 

excavation to initial ground surface.
m3 242.88 DSS $2.58 $626

Place riprap Place 0.5m thick layer of riprap along base of breach. m3 128.8 SBSL $3.47 $447
Turbidity curtains - purchase Based on onsite experience. For dykes A, G, F only. allow 1. #N/A $37,000 $37,000
Turbidity curtains - install, maintain, 
remove

Based on onsite experience. For dykes A, G, F only. allow 1. #N/A $120,000 $120,000

STABILIZE SEDIMENT 
PONDS/WATER MANAGEMENT 
PONDS
Place soil cover m3 #N/A $0.00 $0
Doze & spread excavated material m3 #N/A $0.00 $0
Vegetate spread material ha #N/A $0.00 $0
Rip rap in channel base each #N/A $0.00 $0
FLOOD OPEN PITS/KENNADY 
LAKE
Supply/install pumps and pipes Existing pump and pipe infrastructure will be utilized at 

closure.
m3 #N/A $0.00 $0

Operate pumps - lake refilling Supplemental pumping from Lake N11 to Area 3 and 
Area 8 during closure phases. Approx 3.7 Mm3/y (De 
Beers, 2020). At Year 14 time to refill Kennady Lake 
will be approximately 21 years (De Beers, 2020). Unit 
cost based on DDEC (2016).

m3 77,700,000. POCS $0.12 $9,272,563

Operate pumps - flow mitigation Supplemental pumping from Lake N11 to Area 8 
during ICM (2 years). Approx. 2 Mm3/y (De Beers, 
2020). Unit cost based on DDEC (2016).

m3 4,000,000. POCS $0.12 $477,352

Maintain pump/pipeline allow 21. PML $27,122 $569,568
Pump fuel - purchase Assume fuel cost included in operating cost (DDEC, 

2016).
litre #N/A $0.00 $0

Pump fuel - mob Assume mob cost included in operating cost (DDEC, 
2016).

litre #N/A $0.00 $0

BREACH DITCHES
Excavate breaches m3 #N/A $0.00 $0
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Backfill/recontour m3 #N/A $0.00 $0
Install flow dissipation m3 #N/A $0.00 $0
Vegetate remainder of ditch m2 #N/A $0.00 $0
DECOMISSION FRESH WATER 
SUPPLY
Breach embankment m #N/A $0.00 $0
Remove pump LS #N/A $0.00 $0
Remove pipeline m #N/A $0.00 $0
WATER CONTROL IN 
RECLAMATION QUARRY
Install pumping system LS #N/A $0.00 $0
Remove pumping system LS #N/A $0.00 $0
REMOVE PIPELINES
Remove water management pipes Water Management pipes estimated based on site 

maps.
m 12,247. PLRL $23.87 $292,307

Remove tailings distribution pipes Tailings distribution pipes estimated based on site 
maps. Assume two pipelines running from process 
plant along site roads to Fine PKC Facility and Hearne 
Pit.

m 7,160. PLRL $23.87 $170,892

Concrete plug deep pipes m3 #N/A $0.00 $0
Other m #N/A $0.00 $0
GROUNDWATER COLLECTION 
SYSTEM
Excavate/install sumps m3 #N/A $0.00 $0
Install pumping wells m3 #N/A $0.00 $0
Install pumps/pipelines/power 
supply

LS #N/A $0.00 $0

CONSTRUCT CONTAMINATED 
WATER STORAGE POND
Excavate pond m3 #N/A $0.00 $0
Doze & spread excavated material m3 #N/A $0.00 $0
Vegetate spread material ha #N/A $0.00 $0
Bedding layer m3 #N/A $0.00 $0
Supply geomembrane m2 #N/A $0.00 $0
Install geomembrane m2 #N/A $0.00 $0
Erosion protection layer m3 #N/A $0.00 $0
CONSTRUCT PASSIVE 
TREATMENT SYSTEM (e.g. 
Constructed Wetland)
Construct access roads km #N/A $0.00 $0
Install HDPE piping system from 
collection pond

m #N/A $0.00 $0

Inter-cell flow structures allow #N/A $0.00 $0
Install liners m2 #N/A $0.00 $0
Install growth media m3 #N/A $0.00 $0
Wetland vegetation ha #N/A $0.00 $0
CONSTRUCT WATER 
TREATMENT PLANT
Build treatment plant LS #N/A $0.00 $0
Build sludge containment facility LS #N/A $0.00 $0
COLLECT CONTACT WATER 
FOR TREATMENT
Remove and treat landfarm contact 
water

Landfarm contact water to be treated throughout 
reclamation. See Water Treatment for breakdown

yr 2. #N/A $30,495 $60,990

Total $14,389,897



8/25/2020Reclaim 7.0 Project: 

MV2005C0032 - MV2005L2-0015 - De Beers Gahcho Kue - Response to Information Requests - RECLAIM Year 14 - July 31_BCL2

Water Treatment

ACTIVITY/MATERIAL Notes Units Quantity Cost 
Code Unit Cost Cost

ADDITION OF REAGENTS TO WTP
H2O2 kg #N/A $0.00 $0
lime kg #N/A $0.00 $0
ferric sulphate kg #N/A $0.00 $0
ferrous sulphate kg #N/A $0.00 $0
flocculents kg #N/A $0.00 $0
reagents allow #N/A $0.00 $0
Other Treat landfarm contact water for 5 years of operation. 

Assume storage capacity of landfarm for treatment. 
Low cost code for oil/water separation only.

m3 3,720. TPOL $0.38 $1,413

LABOUR AND SUPPLIES
Annual fuel litres #N/A $0.00 $0
Annual power kW-h #N/A $0.00 $0
Electrician/mechanic to maintain treatment plant allow #N/A $0.00 $0
Equipment maintenance and parts allow #N/A $0.00 $0
Misc. supplies, hoses, tools allow #N/A $0.00 $0
Communications allow #N/A $0.00 $0
Other allow #N/A $0.00 $0
WATER SAMPLING AND ANALYSES
Sampling equipment misc supplies $1000/yr allow 1. #N/A $1,000.00 $1,000
Analyses assumed allow 3. WSL $7,594.24 $22,783
Shipping to laboratory assumed allow 3. #N/A $100.00 $300
Reporting allow #N/A $0.00 $0
Other misc allowance allow 1. #N/A $5,000 $5,000
SITE ACCESS
Road maintenance (incl. snow removal) allow #N/A $0.00 $0
Winter road tariff allow #N/A $0.00 $0
Truck rental allow #N/A $0.00 $0
Air support allow #N/A $0.00 $0

Annual water treatment costs $30,495
Number of years of water treatment years 5.

Total $152,476 

*Water treatment occurs for five years beginning in ICM.
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Interim Care and Maintenance

ACTIVITY/MATERIAL Notes Units Quantity Cost 
Code Unit Cost Cost

INTERIM CARE & MAINTENANCE
Mine manager 1 person with designate when not on site hr 1,820. SMANL $135.61 $246,813
Equipment operator 2 person at 52 wks/yr/person hr 3,640. OPERL $44.48 $161,909

Cross over days hr 260. OPERL $44.48 $11,565
Environmental coordinator 2 person, at 26 weeks/yr/person hr 1,820. ENVCOL $80.46 $146,429

Cross over days hr 130. ENVCOL $80.46 $10,459
Cook/housekeeper 2 person, at 52 weeks/yr/person hr 3,640. COOKL $35.00 $127,400

Cross over days hr 260. COOKL $35.00 $9,100
Extra personnel
    -electrician Call in as reqd. Assume 1 mo. work total/yr hr 280. ELECL $80.28 $22,479
    -mechanic Call in as reqd. Assume 1 mo. work total/yr hr 280. MECHL $53.16 $14,885
Worker accomodations mandays 1,213. ACCML $108.49 $131,597
Mob workers to site bi-weekly flights from Yellowknife per year; Cost code 

from AANDC
each 26. MWL $4,882.01 $126,932

Extra flights each 6. MWL $4,882.01 $29,292
Equipment Based on purchase of used as leasing more 
   - Pick-up truck each 2. #N/A $20,000 $40,000
   - Snow machine & ATV 1 of each each 2. #N/A $10,000 $20,000
   - Grader each 1. #N/A $160,000 $160,000
   - Excavator or backhoe each 1. #N/A $125,000 $125,000
   - Plow truck each 1. #N/A $125,000 $125,000
Maintenance of equipment allow 1. #N/A $66,000 $66,000
Annual fuel - mob L FCMH $0.46 $0
Annual fuel - diesel Assume 50,000 litre/mo for equipment and generators L 600,000. FCDH $1.51 $904,799
Annual fuel - gasoline L 5,000. FCGH $1.52 $7,594
Communications equip and service allow 1. #N/A $50,000.00 $50,000
Miscellaneous parts and materials allow 1. #N/A $50,000.00 $50,000
MONITORING & INSPECTIONS
Monitoring during ICM See Post-Closure for breakdown each 1. #N/A $525,000 $525,000
INTERIM WATER TREATMENT
Remove and treat landfarm contact wLandfarm contact water to be treated throughout ICM. 

See Water Treatment for breakdown
allow 1. #N/A $30,495.24 $30,495

sub-total Year 1 $3,142,749
sub-total Year 2 $2,672,749

Number of years of ICM Total $5,815,498

* Maintenance at 15% of purchase includes lubes, oils, filters, parts
** Year 2 maintenance only
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Mobilization/Demobilization

ACTIVITY/MATERIAL Notes Units Quantity Cost 
Code Unit Cost Cost

PURCHASE HEAVY EQUIPMENT
Excavators 1 piece for maintenance and reclamation activities. No 

demob.
allow 1. #N/A $125,000 $125,000

Dump trucks 1 piece for maintenance and reclamation activities. No 
demob.

allow 1. #N/A $100,000 $100,000

Service Vehicles 1 piece for maintenance and reclamation activities. No 
demob.

allow 1. #N/A $50,000 $50,000

MOBILIZE HEAVY EQUIPMENT
Excavators 3 km 4,610. MHERH $11.12 $51,264
Dump trucks 15 km 13,369. MHERH $11.12 $148,665
Hydraulic Cranes 6 km 11,064. MHERH $11.12 $123,033
Lattice Boom Cranes 1 km 5,532. MHERH $11.12 $61,517
Loaders 9 km 8,298. MHERH $11.12 $92,275
Service Vehicles 7 km 2,766. MHERH $11.12 $30,758
Blast Hole Drill Rig 1 km 1,844. MHERH $11.12 $20,506
Drill Rig 1 km 2,766. MHERH $11.12 $30,758
Crusher 1 km 1,844. MHERH $11.12 $20,506
Dozers 4 km 7,376. MHERH $11.12 $82,022
Vibrating Rollers 1 km 922. MHERH $11.12 $10,253
MOBILIZE MISC. EQUIPMENT
Minor tools and equipment Assumed based on Diavik's GNWT costs (DDMI, 

2017).
allow 1. #N/A $500,000 $500,000

Truck tires Assumed based on Diavik's GNWT costs (DDMI, 
2017).

allow 1. #N/A $500,000 $500,000

Other 6 - 20ft sea cans each 6. #N/A $4,100 $24,600
MOBILIZE CAMP
Reclamation activities - camp allow #N/A $0.00 $0
Long term reclamation activities (eg pump flooding) allow #N/A $0.00 $0
MOBILIZE WORKERS
Reclamation activities - transport Year 1 = 86 flights/yr; Year 2 = 43 flights/yr each 129. MWH $9,873 $1,273,554
Annual monitoring and final lake recla   5 flights per year, for remaining 19 years to refill lake. each 95. MWH $9,873 $937,888
 WORKER ACCOMODATIONS
Reclamation activities Assume 50 workers for 2 years for 8 months per year. mandays 24,333. ACCML $108 $2,639,865
Annual monitoring and final lake reclaAssume 6 workers for 8 weeks per year for remaining 

19 years to refill lake.
mandays 6,384. ACCML $108 $692,594

MOBILIZE FUEL
Fuel freight - reclamation activities litre 4,550,333.333 FCMH $0.46 $2,073,379
Fuel freight - open pit pump flooding/  See Water Management litre #N/A $0.00 $0
Fuel freight - final decommissioning Fuel for decommissioning water management 

infrastructure following lake refilling.
litre 82,125. FCMH $0.46 $37,421

WINTER ROAD
Winter road construction and operati    Assume only spur needs to be constructed; twice for 

contractor mob/demob.
km 250. WRCH $12,476 $3,119,062

Winter track construction - 125 km Assume spur track constructed three times for pump 
fuel mob during lake refilling.

km 375. WRCL $2,170 $813,668

DEMOBILIZE HEAVY EQUIPMENT
Round trip costs assumed above in Mobilization 
section.

km #N/A $0.00 $0

DEMOBILIZE CAMP
allow #N/A $0.00 $0

DEMOBILIZE WORKERS
Crew transportation Demob will occur with mob of workforce. each #N/A $0.00 $0
Temporary Facilities rerquired for work
WTP mobilzation and operation each #N/A $0.00 $0
STP mobilization and operation each #N/A $0.00 $0
Power Plant mobilization, O&M and fuel each #N/A $0.00 $0

Total $13,283,586



Gahcho Kue Mine - Summary of equipment and fuel requirements fo       

Excavators 3 41 2 6
Dump trucks 15 13 1 15
Hydraulic Cranes 6 55 2 12
Lattice Boom Cranes 1 199 6 6
Loaders 9 25 1 9
Service Vehicles 7 3 0.5 4
Blast Hole Drill Rig 1 58 2 2
Drill Rig 1 104 3 3
Crusher 1 56 2 2
Dozers 4 50 2 8
Vibrating Rollers 1 14 1 1

*From Nuna Website, winter road is 396 km to Gahcho Kue (including spur road), plus 6              
*Assume max allowable total load of 42 t, including truck and flatbed trailer (16 t).

  
    

Equipment
# of 
machines Loads/machine

Weight 
(tonne) Total loads



          or reclamation (input data for RECLAIM model).

# of 
Machines

Consumption 
L/day

Total fuel 
L/day

# of 
Machines

Consumption 
L/day

922 4610 2 400 800 1 400
922 13369 14 400 5600 4 400
922 11064 6 200 1200 0 200
922 5532 1 200 200 0 200
922 8298 9 400 3600 1 400
922 2766 6 100 600 1 100
922 1844 1 200 200 0 200
922 2766 0 200 0 1 200
922 1844 1 200 200 0 200
922 7376 4 400 1600 4 400
922 922 1 200 200 1 200

14200
3455333

               65 km of road from YK to start of winter road (461 km total).

Year 2

Total Per Day
Total Per Year (8 months)

Total Per Day
Total Per Year (8 months)

Round trip (km)
Total round 
trip mileage

Year 1



Total fuel 
L/day

# of 
Machines

Consumption 
L/day

Total fuel 
L/day

400 1 400 400
1600 1 400 400

0 0 200 0
0 0 200 0

400 0 400 0
100 1 100 100

0 0 200 0
200 0 200 0

0 0 200 0
1600 0 400 0
200 0 200 0

4500 900
1095000 82125

 Final Decommissioning

Total Per Day
Total Per Year (3 months)
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Post-Closure Monitoring &  Maintenance 

ACTIVITY/MATERIAL Notes Units Quantity Cost 
Code Unit Cost Cost

MONITORING & INSPECTIONS
Annual geotechnical inspection each #N/A $0.00 $0
Air Quality and Meteorological Monitoring Program each #N/A $0.00 $0
Aquatic Effects Monitoring Program each #N/A $0.00 $0
Site water monitoring (SNP) each #N/A $0.00 $0
Survey inspection each #N/A $0.00 $0
Vegetation Monitoring Program each #N/A $0.00 $0
Wildlife Effects Monitoring Program each #N/A $0.00 $0
ALL MONITORING Includes reclamation phase monitoring. Cost does not 

include ICM monitoring - that is covered in the ICM 
each 1. #N/A $9,065,000 $9,065,000

Other each #N/A $0.00 $0
COVER MAINTENANCE
Repair erosion - infill gullies allow #N/A $0.00 $0
Repair erosion - upgrade diversion ditches allow #N/A $0.00 $0
Remove problem vegetation allow #N/A $0.00 $0
Repair animal damage allow #N/A $0.00 $0
Repair/upgrade access controls allow #N/A $0.00 $0
Other #N/A $0.00 $0
SPILLWAY MAINTENANCE
Repair erosion m3 #N/A $0.00 $0
Clear spillway each #N/A $0.00 $0
CWTS MAINTENANCE
Maintain flow, restore vegetation allow #N/A $0.00 $0
POST-CLOSURE WATER TREATMENT
Annual water treatment cost Assume landfarm contact water is treated for one 

additional year following reclamation period.
allow 1. #N/A $30,495 $30,495

Subtotal, Annual post-closure costs $9,095,495
Discount rate for calculation of net present value of post-closure cost, %
Number of years of post-closure activity 1 years
Present Value of payment stream $9,095,495

*Regulatory costs - annual reporting, management plans, progress reports etc.
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Unit Cost Table (for refining unit costs see "Estimator" worksheet)
Filter by unit

2020 Dollars

ITEM Detail
COST 
CODE UNITS LOW $ HIGH $ SPECIFIED $ COMMENTS

Accomodation

ACCM manday $108.49 $189.86
Buildings - Decontaminate

Asbestos BDA m2 $27.77 $55.55
Low: removal of asbestos siding & flooring; High: 
removal of insulated pipes, friable asbestos

Buildings - Remove
Unit costs are based on 3m high, single storey 
building.  Scale areas accordingly.

Wood BRW m2 $29.83 $44.48
Concrete BRC m2 $43.40 $70.52 $6.51 Specified: puncture concrete foundation slabs
Steel - teardown BRS1 m2 $48.82 $70.52
Steel - for salvage BRS2 m2 $72.69 $108.49

Concrete work
Small pour CSF m3 $462.71 $694.06 Low: YK; High=1.5xLow
Large pour CLF m3 $383.51 $575.26 $2,310.82 Specified: concrete crown pillar

Contaminated Soils
ESA Phase 1 CS1 each $8,136.68 Low: small, "clean" site
ESA Phase 1 CS2 each $54,244.55 Low: small, "clean" site
Remediate on site CSR m3 $50.99 $158.39

Dozing
doze rock piles DR m3 $1.14 $2.60 Low cost: doze crest off dump

doze overburden/soil piles DS m3 $1.03 $4.12 $2.58
High cost: push up to 300 m; Specified: average 
between low and high unit costs

Excavate Rock; Low Spec's and QA/QC
drill/blast/load/short haul RB1 m3 $12.37 $18.50 Low:quarry operations for bulk fill
drill/blast/load/long haul RB2 m3 $13.07 $19.31
RB1 + spread and compact RB3 m3 $13.07 $19.31
RB2 + spread and compact RB4 m3 $13.56 $33.36
Specified activity RBS m3

Excavate Rock; High Spec's and QA/QC (e.g. ditch/spillway excavation)
drill/blast/load/short haul RC1 m3 $13.07 $19.31 Low:foundation excavation;High:spillway excavation
drill/blast/load/long haul RC2 m3 $13.78 $19.96
RC1 + spread and compact RC3 m3 $13.78 $19.96 e,g, cover construction
RC2 + spread and compact RC4 m3 $14.65 $20.83 e,g, cover construction
Specified activity RCS m3 $189.86 Specified-drift excavation

Excavate Rip Rap
drill/blast/load/short haul/place RR1 m3 $14.65 $19.26 High: quarry & place rip rap in channel
drill/blast/load/long haul/place RR2 m3 $15.41 $22.40
source is waste dump/short haul RR3 m3 $7.59 cost includes sorting
source is waste dump/long haul RR4 m3 $8.25
Specified activity RRS m3

Excavate Soil; Low Spec's and QA/QC
clear & grub SBC m2 $3.69 $5.42
excavate/load/short haul SB1 m3 $4.67 $6.40
excavate/load/long haul SB2 m3 $4.99 $7.92
SB1 + spread and compact SB3 m3 $5.53 $9.66 Low: non-engineered; High:engineered
SB2 + spread and compact SB4 m3 $5.97 $11.93 Low: non-engineered; High:engineered

Specified activity SBS m3 $3.47 $6.83
Low: rehandle waste rock dump by dozing; 
High:rehandle waste rock by hauling

Tailings SBT m3 $1.46 $4.01 $16.82
High:contour surface - wet or frozen; 
Specified:haul/place wet infill

Excavate Soil, High Spec's and QA/QC
excavate/load/short haul SC1 m3 $7.38 $10.09
excavate/load/long haul SC2 m3 $7.70 $12.75
SC1 + spread and compact SC3 m3 $9.66 $15.41 Low: non-engineered; High:engineered

SC2 + spread and compact SC4 m3 $10.09 $25.17
Low: non-engineered; High:engineered (e.g. complex 
covers, low volume dam construction)

Specified activity SCS m3 $20.40 Backfill adit with waste rock
Fence

FNC m $14.70 $220.23
Fuel and Electricity

Fuel cost - gas FCG litre $1.14 $1.52
Fuel cost - diesel FCD litre $1.07 $1.51
Fuel mobilization FCM litre $0.24 $0.46 High: winter road usage
Electricity FCE kW-h $0.18 $0.21 $0.53 Low and High:Yellowknife; Specified:diesel generator

Geo-Synthetics
geotextile GST m2 $3.73 Supply and install
geogrid GSG m2 $6.24
liner, HDPE GSHDPE m2 $8.62 Supply and install; large quantity
liner, ES3 GSES3 m2 $21.91 FOB Yellowknife
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Unit Cost Table (for refining unit costs see "Estimator" worksheet)
Filter by unit

2020 Dollars
geosynthetic installation GSI m2 $3.43 $15.19 Low:geotextile; High:ES3 or HDPE
bentonite soil ammendment GSBA tonne $334.47 $378.08 FOB Edmonton, add shipping & mixing

Grouting (/m3 of rock grouted)
grout m3 $256.63 $311.09 High: cement, FOB Yellowknife

Labour & Equipment Rates
Site manager sman $/hr $135.61 $164.90
Supervisor super $/hr $56.41 $99.64
Registered engineer eng $/hr $103.06 $238.68
Environmental coordinator envco $/hr $80.46 $141.04
Evironmental technologist envtech $/hr $39.06
Electrician elec $/hr $80.28 $103.06
Journeyman - various journey $/hr $47.74 $77.88
Labour - skilled lab-s $/hr $44.48 $53.81
Labour - unskilled lab-us $/hr $33.63 $47.71
Equipment operator oper $/hr $44.48 $70.52
Heavy duty mechanic mech $/hr $53.16 $79.03
Water treatment plant operator oper-wt $/hr $44.48 $64.94
Security / first aid safety $/hr $39.06 $72.66
Administative staff admin $/hr $41.23 $62.80

Equipment rates include operator and fuel
Loader - 4 cu.yd (3.06m3) load-s $/hr $189.86
Loader - 7 cu.yd (5.35m3) load-l $/hr $341.74
Excavator - 26.76-30.84 tonnes exc-s $/hr $206.13
Excavator - 68.95+tonnes exc-l $/hr $455.65
Grader grad $/hr $206.13
Dump truck off hwy 30-50 tonnes truck-s $/hr $244.10
Dump truck off hwy 55-75 tonnes truck-l $/hr $325.47
dozer, small dozers $/hr $222.40 $282.07
dozer, large dozerl $/hr $531.60 $612.96
smooth drum compactor comp $/hr $168.16
scooptram, 6 yd3 bucket scoop $/hr $184.43
flat bed truck with hiab hiab $/hr $168.16
fuel truck ftruck $/hr $162.73
water truck wtruck $/hr $62.92 $162.73

Mobilize Heavy Equipment
Road access MHER kmtonne $3.69 $11.12
Air access MHEA kmtonne $13.02 cargo rate>500lb

Mobilize Camp
Road access MCR each $54,244.55 refurbish existing camp

Mobilize Workers
flight MW each $4,882.01 $9,872.51 Low:e.g. 8 passenger; High: Dash 7

Oil Removal
oil removal OR litre $0.47 $1.30 Low:waste oil heater; High: ship offsite

PCB Removal
Remove from site PCBR litre $43.61 $50.88 Low: shipping, handling & disposal from Yellowknife

Pipes, small (<6in dia.)
remove/dispose on site PSR m $1.08 $26.04 Low: remove/dispose on site; High: remove/re-use
supply PSS m $6.62 $12.04 Low:supply; High:supply and ship
install PSI m $27.12

Pipes, large (>6in dia.)
remove/dispose on site PLR m $23.87 $78.11 Low: remove/dispose on site; High: remove/re-use
supply PLS m $139.95 $155.14 Low:supply; High:supply and ship
install PLI m $54.24

Power Lines
remove/dispose on site POWR m $27.66

Process Chemicals
Remove from site PCR kg $0.49 $2.71 Low: shipping, handling & disposal from Yellowknife

Pumps
Pump capital cost PC each $211,553.74
Pump shipping PS each $2,712.23

Pump operating cost POC m3 $0.1302 $0.1193
pump operating costs should be calculated based on 
pump capacity, fuel costs, etc.

Pump maintenance PM allow $27,122.27
Pump sand BackFill

PBF m3 $92.22 $325.47
Scarify - road/mine site

SCFY ha $4,665.03 $6,541.89 $2,332.52
Shaft, Raise & Portal Closures

Shaft & Raises SR m2 $699.75 $2,312.99
Low:pre-cast concrete slabs, little site prep. 
Area=shaft+>1m all around

Portals POR m3 $20.40 $271.22 $1,301.87
Low:unit cost code SCS;High:excavate & backfill 
collapsed portal;Spec: installed pressure plug
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Unit Cost Table (for refining unit costs see "Estimator" worksheet)
Filter by unit

2020 Dollars
Site Inspection Report

RPT each $10,848.91 $21,697.82
SpillWay - Clear

SW each $3,254.67 $7,594.24
Survey/Instrumentation

SI each $1,952.80 $3,905.61 2 person crew

Treatment Plant - Construct
Small (< 1000 m3/d) TPS lump sum $9,764,018.69 $16,273,364.49
Large (> 1000 m3/d) TPL lump sum $16,273,364.49 $49,904,984.42
Constructed Wetland CWTS ha $216,978.19 $325,467.29

Treatment Plant - Operate
TPO m3 $0.38 $2.17

Treatment Chemicals
ferric sulphate ferric kg $1.29
ferrous sulphate ferrous kg $1.43
lime lime kg $0.61
hydrogen peroxide, 35% hperox kg $1.63
Sodium Metabisulfate Nametab kg $1.28
Caustic soda, 50% caustic kg $0.80
Sulfuric acid, 93% sulfuric kg $0.34
flocculant flocc kg $6.51
copper sulphate copper kg
shipping shipping kg $0.22

Vegetation
Hydroseed, Flat VHF ha $4,339.56
Hydroseed, Sloped VHS ha $4,882.01
Veg. blanket/erosion mat VB ha $14,103.58
Tree planting VT ha $2,820.72 $6,509.35

Wetland species VW ha $51.77

Specified= /m3, Wetland Growth Media Substrate 
mixed and installed (sand, biochar and fertilizer, 
woodchips)

Water Sampling/Analysis/Reporting
WS each $7,594.24 $10,848.91

Winter Road
Construction WRC km $2,169.78 $12,476.25
Usage WRU kmtonne $0.31

Project Specific Costs
Place cover - ROM rock
→ 1.5 m thick PSC1 m3 $7.12

END
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Jesse A. Sinclair, M.Sc., R.P.Bio. 
Senior Aquatic Biologist, LGL Limited 
EDUCATION 

• M.Sc. Biology, Water and Aquatic Sciences Research Program. University of Victoria, Victoria, B.C., 2010 
• B.Sc. Biology, Minor in Geographic Information Systems. University of Saskatchewan, Saskatoon, 

Sask., 2004 

PROFESSIONAL CERTIFICATIONS 

• Registered Professional Biologist, College of Applied Biology – British Columbia 

PROFESSIONAL EXPERIENCE 

2017 – present: Senior Aquatic Biologist, LGL Limited environmental research associates, Sidney, B.C. 

• Representing First Nations or government agencies during reviews of Environmental Assessment 
applications and Water Licence Applications as they relate to potential impacts to water quality 
and aquatic life. 

• Representing First Nations during reviews of Environmental Management Act discharge permit 
applications as they relate to water quality and aquatic life. 

• Representing First Nations on Environmental Monitoring Committees related to Local and 
Regional Aquatic Effects Monitoring Programs, adaptive management, and continuous 
improvement planning. 

• Developing environmental benchmarks (e.g., water quality guidelines, sediment quality 
guidelines, tissue-residue guidelines, site-specific water quality objectives) for use in 
environmental impact assessments and Natural Resource Damage Assessments. 

• Developing and maintaining relational databases to support Natural Resource Damage 
Assessments and Ecological Risk Assessments. 

• Developing spatial and statistical tools to estimate ecological service losses to support Natural 
Resource Damage Assessments. 

• Developing and conducting data analyses to support Natural Resource Damage Assessments, 
Ecological Risk Assessments, and environmental impact assessments. 

2010 – 2016: Senior Biologist, MacDonald Environmental Sciences Ltd., Nanaimo, B.C. 

• Represented First Nations during reviews of Environmental Assessment applications as they 
relate to potential impacts to water quality. 

• Represented First Nations during reviews of Environmental Management Act discharge permit 
applications as they relate to water quality.  

• Developed and maintained relational databases to support Natural Resource Damage 
Assessments and Ecological Risk Assessments. 

• Developed spatial and statistical tools to estimate ecological service losses to support Natural 
Resource Damage Assessments. 

• Developed and conducted data analyses to support Natural Resource Damage Assessments, 
Ecological Risk Assessments, and environmental impact assessments. 

• Developed generic water quality guidelines for cadmium for the Province of BC. 



Jesse A. Sinclair, LGL Limited – Résumé   

• Developed site-specific sediment quality benchmarks for metals, PAHs, PCBs. 
• Developed generic tissue residue guidelines for dioxins/furans in fish. 
• Designed sediment and biological sampling programs to support Natural Resource Damage 

Assessments. 

2008 – 2009: Water Quality Biologist, Information Branch, Water Stewardship Division, BC Ministry of 
Environment, Victoria, B.C. 

• Developed a pilot study to collect continuous water quality data using satellite telemetry to 
acquire real-time water quality data from remote locations using multi-parameter water quality 
probes. 

• Reviewed water quality assessment and site-specific water quality objectives development 
reports for community watersheds across the province. 

• Provided recommendations to improve data storage and analysis of water quality and 
hydrological data. 

2008 Jan – Jun; 2005 Apr – Sep: Field Technician, Water and Aquatic Sciences Research Program, 
University of Victoria, Victoria, B.C. 

• Collected limnological data to support impact assessment and trend evaluation in reservoirs, 
natural lakes, and wetland complexes on southern Vancouver Island, B.C. 

• Trained cooperative education students in sampling and data analysis techniques. 
• Prepared and analysed water samples. 
• Assisted in hydro-acoustic and gill netting fish surveys. 
• Participated in multiple week trawl surveys in the Bering Sea as part of the Bering-Aleutian 

Salmon International Survey. 

2007 Jan – Apr: Teaching Assistant (BIOL 330; Ecological Methods), University of Victoria, Victoria, B.C. 

• Instructed the lab component of the course, which focussed on the design of ecological 
experiments and data analysis techniques. 

• Guided students through a term research project of their design. 

COMPUTER SKILLS 

• Operating systems: Mac OS X, Microsoft Office, GNU/Linux, and UNIX 
• Statistical software: R, RStudio, SPSS, and SigmaPlot 
• Office software:  Microsoft Word, Excel, Access, PowerPoint, and Outlook 
• GIS software: ArcGIS platform, QGIS 

CERTIFICATIONS AND TRAINING 

• Valid Class 5 BC Driver’s Licence 
• Valid Swiftwater Rescue - Technician (SRT-1) 
• Valid Marine Emergency Duties (MED A3) 
• Valid Emergency First Aid for Industry with Transportation Endorsement (OFA Level Equivalent) 
• Pleasure Craft Operator Certificate (PCOC) 
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SELECTED REPORTS AND PUBLICATIONS 

Technical Reports 
Sinclair, J.A., A. Schein, H. Brown, D.D. MacDonald, and J.A. Steevens. 2018. Development of Toxicity 

Thresholds for Polychlorinated Dibenzo-p-dioxins (PCDDs), Polychlorinated Dibenzofurans 
(PCDFs), and Coplanar Polychlorinated Biphenyls (PCBs) in Fish Tissues. Prepared by LGL Limited, 
Sidney B.C., MacDonald Environmental Sciences, Nanaimo, B.C., and U.S. Geological Survey, 
Columbia, Mo. 

Ingersoll, C.G., J.M. Besser, W.G. Brumbaugh, J.L. Kunz, S.E. Cox, L.S. Balistrieri, C.A. Mebane, 
D.D. MacDonald, J.A. Sinclair, and A. Schein. 2016. Toxicity evaluation of metal-contaminated 
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Annie Chalifour, Ph.D. 
Senior Aquatic Biologist, LGL Limited 

EDUCATION 

 Ph.D. Biology. University of Quebec in Montreal, 2014 

 Post-Grad. Dipl. (DESS). Environmental Toxicology. University of Quebec in Montreal, 2007 

 B.Sc. Biology; Marine Sciences major. University of Quebec in Rimouski, 2006 

PROFESSIONAL AFFILIATIONS 

 Registered Professional Biologist application currently under review  

 Society of Environmental Toxicology and Chemistry 

PROFESSIONAL EXPERIENCE 

2020 – present: Senior Aquatic Biologist, LGL Limited environmental research associates, Sidney, B.C. 

 Review water quality data for Environmental Assessment of different mine and industrial projects 

 Literature review on PCB toxicity on avian populations. 

2017 – 2019: Post-doctoral Researcher, Eawag – Swiss Federal Institute of Aquatic Science and 
Technology, Dübendorf, Switzerland 

 Field work (planning of sampling campaigns, sampling of lake water). 

 Analytical chemistry (measurement of pharmaceutical and pesticide concentration in lake water 
using triple quadrupole LC-MS). 

 Biotransformation experiments, DNA & RNA extraction and sequencing. 

 Identification of phytoplankton and bacteria using flow cytometry. 

 Complex data analysis (linear and multivariate statistical analysis in R). 

 Writing of scientific articles and presentation in international conferences. 

 Supervision of M.Sc. project (modelling the fate of pharmaceuticals in lake). 

2016 – 2017: Teaching Assistant & Visiting Fellow, City University of Hong Kong, Hong Kong, China 

 Teaching assistant for several courses of the B.Sc. in biology (Aquatic Ecology, Molecular Biology, 
Biological Treatment of Wastes, Plant Physiology), planning of field trips, organisation of 
laboratory work. 

 Supervision of research assistants. 

 Research work and collaboration on different projects (e.g., ROS production by phytoplankton, 
molecular biology) 

2014 – 2016: Post-doctoral Researcher, City University of Hong Kong, Hong Kong, China 

 Phytoplankton cultures and toxicity, bioaccumulation, and biotransformation experiments. 

 Extraction, purification, and measurement of brominated flame retardants and their 
transformation products using GC-MS. 

 Supervision of student research projects (B.Sc. final project, internships). 
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2009 Sep – Dec: Scientific Collaboration, WasserCluster * Biologische Station Lunz, Lunz am See, Austria 

 Extraction of fatty acids from phytoplankton. 

 Collaboration with Ph.D. students. 

2007 Jun – Dec: Environmental Toxicology Internship, University of Quebec in Montreal, Montreal, Que. 

 Assessment of toxic effect of river pesticide extracts on microalgae using Pulse-Amplitude-
Modulated (PAM) fluorescence assay. 

2006 May – Aug: Fisheries Technician, Ontario Ministry of Natural Resources, Algonquin Park, Ont. 

 Brook Trout Index Netting (fish catching with gillnets and sampling), survey of fishermen. 

2005 Jun – Aug: Research Assistant, Marine Biotechnology Research Center, Rimouski, Que. 

 Oxygen radical absorbance capacity (ORAC) assay optimization for antioxidant properties of 
marine extract molecules, human cell culture. 

2004 May – Aug: Research Technician, Fisheries and Ocean Canada, Maurice-Lamontagne Institute, 
Mont-Joli, Que. 

 Field work, fish catching, dissection and tissue sampling of fish, determination of steroid 
concentration using immunoassay microplates. 

PH.D. THESIS 

Chalifour, A. 2014. Combined effects of temperature and herbicides on physiological processes of algae 
and cyanobacteria. Ph.D. thesis. Université du Québec à Montréal, Montreal, Que. 

 Supervisor: Philippe Juneau. 

 Toxicity experiments on microalgae and cyanobacteria cultures. 

 Measurements of pigments by high performance liquid chromatography (HPLC) and microcystins 
by enzyme-linked immunosorbent assay (ELISA). 

 Pulse-Amplitude-Modulated (PAM) fluorometry, enzymatic bioassays, flow cytometry. 

 Data analysis using Excel, SPSS, Origin Pro, GraphPad Prism. 

 Writing of scientific articles and presentation in international conferences. 

REPORTS AND PUBLICATIONS 

Peer-reviewed 

Chalifour, A., W.Y. Chin, P.Y. Leung, S.G. Cheung, and N.F.-Y. Tam. 2019. Effect of light on the transformation 
of BDE-47 by living and autoclaved cultures of Microcystis flos-aquae and Chlorella vulgaris. 
Chemosphere 233:140−148. 

Chee, K.L., J.C. Villada, A. Chalifour, M.F. Duran, H. Lu, and P.K.H. Lee. 2019. Designing and engineering 
Methylorubrum extorquens AM1 for itaconic acid production. Frontiers Microbiology 10:1027. 

Chalifour, A. and N.F.-Y. Tam. 2016. Tolerance of cyanobacteria to the toxicity of BDE-47 and their removal 
ability. Chemosphere 146:451−461. 

Chalifour, A., A. LeBlanc, L. Sleno, and P. Juneau. 2016. Sensitivity of Scenedesmus obliquus and Microcystis 
aeruginosa to atrazine: effects of acclimation and mixed cultures, and their removal ability. 
Ecotoxicology 25(10):1822−1831. 
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Chen, J., W.-J. Hu, C. Wang, T.-W. Liu, A. Chalifour, J. Chen, Z.-J. Shen, X. Liu, W.-H. Wang, and H.-L. Zheng. 
2014. Proteomic analysis reveals differences in tolerance to acid rain in two broad-leaf tree 
species, Liquidambar formosana and Schima superba. PLoS ONE 9(7):e102532. 

Chalifour, A., M.T. Arts, M.J. Kainz, and P. Juneau. 2014. Combined effect of temperature and bleaching 
herbicides on photosynthesis, pigment and fatty acid composition of Chlamydomonas reinhardtii. 
European Journal of Phycology 49(4):508-515. 

Gomes, M.P., E. Smedbol, A. Chalifour, L. Hénault-Ethier, M. Labrecque, L. Lepage, M. Lucotte, and P. Juneau. 
2014. Alteration of plant physiology by glyphosate and its by-product aminomethylphosphonic acid: 
an overview. Journal of Experimental Botany 65(17):4691−4703. 

Lefèvre, F., A. Chalifour, L. Yu, V. Chodavarapu, P. Juneau, and R. Izquierdo. 2012. Algal fluorescence 
sensor integrated into a microfluidic chip for water pollutant detection. Lab on a Chip 12:787−793. 

Chalifour, A. and P. Juneau. 2011. Temperature-dependent sensitivity of growth and photosynthesis of 
Scenedesmus obliquus, Navicula pelliculosa and two strains of Microcystis aeruginosa to the 
herbicide atrazine. Aquatic Toxicology 103(1−2):9−17. 

Chalifour, A., P.A. Spear, M.H. Boily, C. DeBlois, I. Giroux, N. Dassylva, and P. Juneau. 2007. Assessment of 
toxic effects of pesticide extracts on different green algal species by using chlorophyll a 
fluorescence. Toxicological & Environmental Chemistry 91(7):1315−1329. 

PRESENTATIONS 

Conference, Oral, and Poster Presentations 

Chalifour, A., N. Hoch, F. Pomati, and K. Fenner. 2019. Assessing the contribution of biotransformation to 
the fate of 40 micropollutants in a lake ecosystem, SETAC Europe 29th annual meeting, Helsinki, 
Finland. 

Chalifour, A., F. Pomati, and K. Fenner. 2019. Biotransformation of pesticides and pharmaceuticals in a 
lake ecosystem, TransCon2019, Ascona, Switzerland. 

Chalifour, A., W.Y. Chin, and N.F.-Y. Tam. 2017. Absorption et biotransformation d’un retardateur de 
flamme bromé, le BDE-47, par cinq espèces de cyanobactéries, 21e colloque du Chapitre 
Saint-Laurent, Montreal, Que., Canada. 

Chalifour, A. and N.F.-Y. Tam. 2017. Toxicité du polybromodiphényléther BDE-47 sur cinq espèces de 
cyanobactéries, 21e colloque du Chapitre Saint-Laurent, Montreal, Que., Canada. 

Juneau, P., A. Chalifour, and J. Naoum. 2017. How herbicide pre-exposure influence the sensitivity of 
phytoplankton to theses herbicides? 9th International Shallow Lake Conference, Merida, Mexico. 

Chalifour, A. and N.F.-Y. Tam. 2015. Tolerance of cyanobacteria to toxicity of BDE-47, a flame retardant, 
and their removal ability, 2015 State Key Laboratory in Marine Pollution Annual and Academic 
Committee Meeting, Hong Kong SAR. 

Chalifour, A. and P. Juneau. 2013. Bioremédiation par les cyanobactéries d’un milieu contaminé par 
l’atrazine ou le glyphosate, 17e colloque du Chapitre Saint-Laurent, Montreal, Que., Canada. 

Chalifour, A., M.T. Arts, M. Kainz, and P. Juneau. 2012. How does temperature affect herbicide toxicity in 
phytoplankton? SETAC North America 33rd annual meeting, Long Beach, Calif., U.S.A. 

Chalifour, A. and P. Juneau. 2011. Effet combiné de la température et de l’atrazine sur la physiologie de 
Scenedesmus obliquus et Microcystis aeruginosa en cultures isolées et mixtes, 15e colloque du 
Chapitre Saint-Laurent, Montreal, Que., Canada. 

Chalifour, A., M. Kainz, and P. Juneau. 2010. Effect of herbicides on fatty acid and pigment composition of 
Chlamydomonas reinhardtii: Consequences on photosynthetic efficiency, 15th International 
congress of photosynthesis, Beijing, China. 
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Chalifour, A., M. Kainz, and P. Juneau. 2010. The effect of temperature acclimation and norflurazon on 
fatty acid composition and photosynthesis of Chlamydomonas reinhardtii, 27th Eastern Regional 
Photosynthesis Conference, Woods Hole, Mass., U.S.A. 

Chalifour, A. and P. Juneau. 2009. Combined effects of temperature and atrazine on the physiology of 
Scenedesmus obliquus and Microcystis aeruginosa in isolated and mixed cultures, SIL-Austria 
meeting, Salzbourg, Austria. 

Chalifour, A., C.P. DeBlois, and P. Juneau. 2009. Combined effect of temperature and atrazine on energy 
dissipation processes of aquatic microorganisms. 26th Eastern regional photosynthesis 
conference, Wood Holes, Mass., U.S.A. 

Chalifour, A., C.P. DeBlois, and P. Juneau. 2009. Does the interaction between temperature and pesticides 
can change the structure of freshwater phytoplankton community? ASLO Aquatic Sciences 
Meeting 2009, Nice, France. 

Chalifour, A., P.A. Spear, M.H. Boily, C. DeBlois, I. Giroux, N. Dassylva, and P. Juneau. 2008. Étude de l’effet 
toxique d’extraits de pesticides sur différentes espèces d’algues vertes par l’usage de fluorescence 
chlorophylienne, 12e colloque du Chapitre Saint-Laurent, Quebec, Canada. 

Chalifour, A., C.P. DeBlois, and P. Juneau. 2008. La prolifération des cyanobactéries peut-elle être 
influencée par l’effet combiné de la température et des herbicides? 76e congrès de l’ACFAS, 
colloque #117 : Les causes et les conséquences de la prolifération et de la toxicité des 
cyanobactéries, Quebec, Canada. 

DeBlois, C.P., A. Chalifour, and P. Juneau. 2008. Est-ce que l’activité photosynthétique des cyanobactéries 
peut influencer leur toxicité? 76e congrès de l’ACFAS, colloque #117 : Les causes et les 
conséquences de la prolifération et de la toxicité des cyanobactéries, Quebec, Canada. 

Vernouillet, G., C.P. DeBlois, A. Chalifour, and P. Juneau. 2007. Effect of high light intensity on energy 
dissipation processes of the freshwater diatom Cyclotella sp. The XIVth International 
Photosynthesis Congress, Glasgow, United Kingdom. 

SELECTED SKILLS 

IT 

 Microsoft Office software suite, R, SPSS, GraphPad Prism 

Publications 

 10 publications in peer-reviewed journals, 18 oral and poster presentations 

Miscellaneous 

 Project management, communication (oral and written), leadership and teamwork, problem-
solving mind 

CERTIFICATIONS AND TRAINING 

 Statistical Methods in Ecotoxicology using R, SETAC Europe, 2019 

 Microbiota data analysis workshop, ETH Zürich, 2019 

 Introduction to R, ETH Zürich, 2017 

OTHER ACTIVITIES 

 Post-doc representative at Eawag, 2017 – 2019 

 Radio interview “Doc/Post-doc” on the scientific radio show “Les années lumière”, Radio-Canada, 
27 March 2016 
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 Student member on the board of Chapitre Saint-Laurent, Quebec, division of the Society of 
Environmental Toxicology and Chemistry (SETAC), 2012 – 2013 

 Volunteer for the David Suzuki Foundation, 2012 

 Organisation of tours of the laboratory and demonstrations for high school students, 2010 – 2012 

 Open water diver and advanced diver certification, Plongée Odyssée, Montreal, Que., 2007 – 2008 

 Involvement in the environmental committee of University of Quebec in Rimouski, organisation 
of an inter-university symposium on sustainable development, inventory of greenhouse gases 
produced by the campus, 2003 – 2006 

AWARDS, HONOURS, AND SCHOLARSHIPS 

 Marie Skłodowska-Curie Individual Fellowship (2 years, € 175,000), 2017 

 Post-doctoral scholarship (2 years, CAD 68,000), Fonds de recherche du Québec - Nature et 
technologies (FRQNT), 2013 

 Award for the best three-minute thesis presentation, University of Quebec in Montreal, Faculty 
of Sciences, 2013 

 Award for a general public scientific article contest, ACFAS– Association francophone pour le savoir, 
2012 

 Award for the second-best student oral presentation, Chapitre Saint-Laurent symposium, 2011 

 Alexander Graham Bell post-graduate scholarship, Natural Sciences and Engineering Research 
Council of Canada (NSERC) (3 years, CAD 105,000), 2011 

 Award from the International Relations Service, University of Quebec in Montreal, 2011 

 Master’s research scholarship, Fonds de recherche du Québec - Nature et technologies (FRQNT) 
(2 years, CAD 25,000), 2008 

 Scholarship, University of Quebec in Montreal, Faculty of Sciences, 2008 

 Award for the best student oral presentation, Chapitre Saint-Laurent symposium, 2008 

 Horizon Sciences scholarship, Environment Canada, 2007 

 Industrial undergraduate student research award, Natural Sciences and Engineering Research 
Council of Canada (NSERC), 2005 

 Entrance award, University of Quebec in Rimouski, 2004 
Last revision: 15 February 2020 
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Christopher Burns, M.Sc., R.P.Bio. 
Senior Fisheries Biologist, LGL Limited 

EDUCATION 

 M.Sc. Environment and Management. Royal Roads University, School of Environment and 
Sustainability, Victoria, B.C., 2016 

 B.Sc. Wildlife Biology. University of Guelph, Guelph, Ont., 2000 

AREAS OF KNOWLEDGE 

 Aquatic ecology 

 Fisheries stock assessment 

 Acoustics 

 Aquatic environmental effects monitoring 

 Instream flow modelling 

PROFESSIONAL EXPERIENCE 

2016 – present: Senior Fisheries Biologist, LGL Limited environmental research associates, Sidney, B.C. 

2018-2019: Kwispaa LNG Project Dungeness Crab Abundance and Movement Study, British Columbia 

 Managed and implemented a Dungeness Crab mark-recapture and acoustic tracking study on the 
West Coat of Vancouver Island. This study involved the following components: crab enumeration, 
crab moulting stage and sex determination, floy tagging, and acoustic tagging and tracking with 
Vemco acoustic telemetry systems.  

2017-2019: Sarita and Pachena Watershed Restoration Program, British Columbia 

 Managed and implemented a Chinook and Coho salmon snorkel and ARIS sonar escapement 
assessments, juvenile smolt productivity assessment with rotary screw traps, Chinook Salmon 
brood stock collection for hatchery stocking, fish passage and riparian habitat assessments. 
Dungeness Crab mark-recapture and acoustic tracking study on Roberts Bank. Fieldwork was 
conducted in partnership with Huu-ay-aht First Nations. 

2016-2017: Tsawwassen First Nation Independent Dungeness Crab Population Estimate and Movement 
Study, British Columbia 

 Managed and implemented a Dungeness Crab mark-recapture and acoustic tracking study on 
Roberts Bank. This study involved the following components: crab enumeration, crab moulting 
stage and sex determination, floy tagging, and acoustic tagging and tracking with Lotek acoustic 
telemetry systems. Fieldwork was conducted in partnership with Tsawwassen First Nation. 

2007 – 2016: Senior Fisheries Biologist, ERM Consultants Canada Ltd., Victoria, B.C. 

2016: Blackwater Gold Project Environmental Assessment, British Columbia 

 Provided senior fish and aquatic support to assist client through the environmental review 
process. Responded to regulator and First Nation review comments. Development of an 
environmental effects monitoring plan. Authored fish and aquatic chapters of a dam break effects 
assessment. 
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2015 – 2016: Ekati Diamond Mine 2015 Aquatic Effects Monitoring Program – Evaluation of Effects, 
Northwest Territories 

 Conducted analysis, interpretation, and reporting for the third cycle of fish and fish habitat 
environmental effects monitoring. A report was produced for peer review by Water Board 
members. 

2015: John Day Dam Pumped Storage Hydroelectric Project Environmental Assessment, Washington 

 Managed and assessed potential effects of project development on salmonid and listed fish 
species. Analyzed 20 years of adult and juvenile salmonid migration timing data and 
recommended operational regimes for pump timing. Authored the fish and aquatic habitat 
environmental assessment. 

2015: Sukunka Coal Project Environmental Assessment Third Party Review, British Columbia 

 Provided senior fish and aquatic review of the proposed Sukunka Coal Project environmental 
assessment for West Moberly First Nations. Review included an assessment of the proponent’s 
instream flow assessment and fisheries offsetting plan. 

2014 – 2015: Kemess Underground Mine Project: Hydroacoustic Habitat and Fisheries Study, British 
Columbia 

 Managed, designed, and implemented a hydroacoustics habitat assessment for two basins of 
Thutade Lake, and fish and aquatic assessment of the Finlay River. Using a Biosonics MX Aquatic 
Habitat Echosounder, conducted bathymetry, mapped, and assessed lake substrate composition. 
Fish and aquatic assessment of the Finlay River involved the following components: juvenile fish 
population density, benthic invertebrates, periphyton, sediment, water metal sampling, and fish 
diet. Fieldwork was conducted in partnership with the local First Nations, and a report was 
produced for peer review by Fisheries Working Group members 

2014 – 2015: Kemess Underground Mine Project Waste Water Discharge Alternatives Assessment, 
British Columbia 

 Provided senior review and guidance on fish and aquatic baseline studies. Authored fish and 
aquatic chapters of the waste water discharge alternatives assessment. 

2014: Harper Creek Gold Project Instream Flow Assessment, British Columbia 

 Using existing 1D and River2D instream flow modelling and fisheries data, assessed effects to 
resident and adfluvial Bull Trout populations in a tributary of Barrier Lake. Authored fish and 
aquatic instream flow section of the environmental assessment. 

2013 – 2014: Whitewater Creek Hydropower Project, Oregon 

 Work plan development and senior guidance on fish, aquatic, hydrology, and geomorphology field 
assessment and instream flow modelling. This run-of-river hydroelectric project involved multiple 
aspects of the instream flow incremental methodology using the System for Environmental Flow 
Analysis (SEFA) modelling software. This assessment included: fish habitat modelling tool 
selection, fish habitat suitability curve selection, hydrological and biological field assessment, 
validation of fish habitat suitability curves, desktop calibration of model, flow scenario selection, 
quantify incremental changes to fish habitat, and reporting. 

2014: KSM Gold Project 2014 Salmon Monitoring Project, British Columbia 

 Managed, designed, and implemented a long-term salmon monitoring program in relation to 
potential effects of mine development. This program involved the following components: adult 
Chinook and Coho escapement using area-under-the-curve abundance estimates, juvenile 
salmonid density estimates using mark-recapture and three-pass removal methods, discharge 
assessment, water temperature assessment, and instream flow fish habitat modelling 
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assessment. Instream flow modelling was conducted using System for Environmental Flow 
Analysis (SEFA) software and habitat suitability curves were field validated. Fieldwork was 
conducted in partnership with the local First Nations, and a report was produced for peer review 
by Fisheries Working Group members. 

2014: KSM Gold Project Aquatic Selenium Bioaccumulation Model, British Columbia 

 Managed a multidisciplinary team, designed, and implemented a program to develop an aquatic 
selenium bioaccumulation model which will be used to predict fish tissue metal concentrations. 
This program involved the following components: fish, benthic invertebrates, periphyton, 
sediment, water metal sampling; fish diet and stable isotope assessment; and model 
development. Fieldwork was conducted in partnership with the local First Nations, a report was 
produced for peer review by the Fisheries Working Group members, and the results were 
presented at the 2014 Society of Environmental Toxicology and Chemistry North America 35th 
Annual Meeting. 

2007 – 2013: KSM Gold Project Environmental Assessment, British Columbia 

 Managed, designed, and implemented baseline fish ecology studies, the environmental effects 
assessment, and fisheries offsetting plans. The baseline fish ecology studies included: stream 
crossing assessments, salmonid spawning surveys, stream and lake fish ecology assessments, 
instream flow assessments, fish population and tissue metal assessments for the purposes of the 
Metal Mining Effluent Regulations. Wrote the environmental effects assessment, fish and aquatic 
habitat management plan, aquatic effects monitoring plan, tailings alternatives assessment, 
traffic risk assessment, and dam break risk assessment. Fisheries offsetting plans were developed 
with interdisciplinary groups to support Fisheries Act authorizations and Schedule 2 amendments. 
Participation in working groups with government agencies and Aboriginal Groups, and public open 
houses. Worked with multidisciplinary groups. Supported client through the environmental 
review process.  

2012: Myra Falls Mine Hydropower Project, British Columbia 

 Assessed effects to fish and aquatic habitat from proposed hydroelectric dam modifications, 
which would alter the reservoir water management regime. This project involved hydrology and 
fish ecology studies to assess the effects of reservoir flooding on fish habitat, and the effects of 
altered discharge on downstream Dolly Varden spawning habitat. Completed the water license 
amendment. 

2011 – 2015: Brucejack Gold Project Environmental Assessment, British Columbia 

 Senior role in the design and implementation of baseline fish ecology studies. Lead role in the 
environmental effects assessment. The baseline fish ecology studies included: stream crossing 
assessments, salmonid spawning surveys, stream and lake fish ecology assessments, fish 
population and tissue metal assessments for the purposes of the Metal Mining Effluent 
Regulations. Wrote the environmental effects assessment, fish and aquatic habitat management 
plan, and aquatic effects monitoring plan. Participation in working groups with government 
agencies and Aboriginal Groups, and public open houses. Worked with multidisciplinary groups. 
Supported client through the environmental review process. Completed provincial and federal 
permits. 

2011 – 2013: Courageous Lake Gold Project Matthews Creek Juvenile and Adult Arctic Grayling 
Productivity Study, Northwest Territories 

 Senior role in the design and implementation of a study to determine the Arctic Grayling 
productivity of Matthews Creek. This study involved the following components: fence trap 
enumeration of immigrating adult Arctic Grayling, fyke net enumeration of emigrating Arctic 
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Grayling fry, three pass removal density estimates, PIT tagging, benthic invertebrate and 
periphyton assessment, water quality and hydrology assessment. Fieldwork was conducted in 
partnership with the local First Nations, and the study results informed the design of fisheries 
offsetting measures. Participation in working groups meetings with First Nations and regulators 
to develop an effective fisheries offsetting design. 

2012: Hope Bay Gold Project Roberts Creek Smolt and Adult Arctic Char Study, Nunavut 

 Managed, designed, and implemented a study to determine the Arctic Char smolt productivity 
and adult survival of Roberts Creek. This fisheries offsetting monitoring project involved 
enumeration of adult Arctic Char escapement to Roberts Lake and smolt production using fence 
traps. Adult Arctic Char survival was assessed by comparing adult escapement through a low flow 
channels created to enhance fish passage. Fieldwork was conducted in partnership with the local 
Aboriginal Groups and a report was produced for peer review by Fisheries and Oceans Canada. 

2011 – 2012: Colomac, Tundra, and Rayrock Mines Aquatic Effects Monitoring Studies, Northwest 
Territories 

 Senior role in the management, coordination, and mentoring junior Fisheries Biologists to 
complete an aquatic effects monitoring study for each of the mines. The aquatic effects 
monitoring studies included: lake limnology assessment, zooplankton and phytoplankton 
assessment, water quality and sediment metals assessment, fish biology and diet assessment, and 
fish tissue metal assessments. For these aquatic effects monitoring studies I worked with 
multidisciplinary groups, conducted data analysis and reporting, and provided senior review. 

2010: Review, Evaluation, and Future Directions for the Saskatchewan Fish Culture and Stocking 
Program, Saskatchewan 

 Conducted a review and synthesis of existing fish culture and stocking practices. Evaluated current 
stocking program success. Researched and proposed new management directions for the 
province, such as appropriate life history stage, timing, and genetics. 

2009: Hackett River Silver Project Lake Trout Population Estimate Study, Nunavut 

 Assisted in the design and implementation of a mark-recapture gillnetting study to determine 
population estimates of Lake Trout within project area lakes. Fieldwork was conducted in 
partnership with the local Aboriginal Groups. Population estimates were calculated and biological 
data was analyzed using quantitative analysis procedures. A report was produced for peer review 
by Fisheries Working Group members. 

2007 – 2010: Northwest Transmission Line Project Environmental Assessment, British Columbia 

 Managed and implemented baseline stream crossing assessments for a 400 km transmission line. 
Wrote the environmental effects assessment, fish and aquatic habitat management plan, and 
aquatic effects monitoring plan. Participation in working groups with government agencies and 
Aboriginal Groups, and public open houses. Worked with multidisciplinary groups. Supported 
client through the environmental review process. Developed a fish habitat compensation plan as 
per guidelines in the Fisheries Act. 

2008: Pueblo Viejo Gold Mine Aquatic Effects Monitoring Study, Dominican Republic 

 Managed a fish and aquatic effects monitoring study for existing contaminated mine in the 
process of remediation and re-development. Analyzed and wrote the aquatic effects monitoring 
study, which included: stream and lake fish ecology assessments, fish population and tissue metal 
assessments. 
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2007: Taltson River Hydroelectric Expansion Project, Northwest Territories 

 Guidance, support, and review of baseline fish ecology studies, aquatic effects monitoring 
program development and implementation, instream flow assessment for the Taltson River 
watershed, and an environmental assessment. 

2006 – 2007: Aquatic Biologist, EBA Consulting Engineers and Scientists, Kelowna, B.C. 

2006: Athabasca Oil Wellsite Aquatic Effects Monitoring Study, Alberta 

 Managed, designed, and implemented an aquatic effects monitoring study for an oil wellsite 
contaminating the downstream aquatic environment. The aquatic effects monitoring studies 
included: stream fish ecology assessments, water quality and sediment sampling, benthic 
invertebrate assessments. Analyzed and wrote the aquatic effects monitoring study. 

2000 – 2006: Biologist, Ontario Ministry of Natural Resources, Kemptville, Ont. 

2006: Lake Saint-Francois and Raisin River Watershed Fish Habitat Management Plans, Ontario 

 Developed fish habitat management plans for Lake Saint-Francois, which is affected by the 
Beauharnois Hydroelectric Generating Station management, and the Raisin River Watershed. 
Participated in multi-stakeholder meetings, liaised with other government agencies and non-
profit organizations, and developed the fish habitat management plans in cooperation with the 
Raisin Region Conservation Authority. These plans involved: fish habitat mapping, analyzing 
fisheries data, documenting effects of hydropower management on reservoir fish ecology, 
developing and prioritizing fish habitat enhancement opportunities within Lake Saint-Francois and 
the Raisin River Watershed for implementation. 

2006: Eastern Ontario Brook Trout Stocking Success Evaluation Study, Ontario 

 Designed and conducted Brook Trout index gillnetting throughout numerous lakes in Eastern 
Ontario. Stock assessment data was quantitatively analyzed and a technical report was prepared 
to direct future stocking programs. 

2004 – 2005: Ottawa River Lake Sturgeon Spawning and Juvenile Habitat Assessment Study, Ontario 

 Assisted in a research project involving an assessment of hydropower management on Lake 
Sturgeon spawning ecology and population recruitment. The field program involved: spawning 
assessments, juvenile assessments, habitat suitability mapping, model development, and model 
validation. 

2005: Evaluation of the Biological Sustainability of Commercial Fishing in the Inland Waters of Eastern 
Ontario, Ontario 

 Conducted a quantitative analysis of historical provincial fisheries stock data, commercial catch 
data, and limnology data for numerous lakes in Eastern Ontario. Participated in commercial 
fishery management meetings with the Ontario Commercial Fishing Association and presented 
analysis results to local cottage associations. Assisted in the process of commercial catch 
reallocation in alignment with sustainable harvest targets for each lake. 

2005: Evaluation of Trap Net Near-Shore Fisheries Assessment Methodology within Two Reaches 
(Lac Deschenes & Lac Dollard des Ormeaux) of the Ottawa River, Ontario 

 Conducted nearshore trap netting within two reaches of the Ottawa River. Fisheries stock 
assessment data was quantitatively analyzed, wrote the technical report, and the results were 
presented to the interprovincial Ottawa River Fisheries Working Group. 
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2003: Experimental Application of an Airboat Technique in Sampling Rana catesbeiana Populations at 
Representative Marshes in Ontario, Ontario 

 Designed, managed, and implemented a mark recapture study, with an airboat, to estimate bull 
frog populations in Eastern Ontario marshes. Data was quantitatively analyzed, wrote the 
technical report focusing on the monitoring results and decline of bull frog populations. 

2003: Eastern Ontario Wetland Valuation System – The Thousand Islands Greater Park Ecosystem, 
Ontario 

 Developed a wetland valuation system for the Thousand Islands Greater Park Ecosystem. Worked 
with GIS analysts to develop a wetland ranking system and produced a report. Conducted in 
partnership with the Thousand Islands National Park, Canadian Parks and Wilderness Society, 
municipalities, and conservation authorities. The result of this project were used by municipalities 
for planning and development of development policies. 

2003: Literature Review of White-tailed Deer Control Methods for Reducing Deer Damage on 
Agricultural Crops in Ontario, Ontario 

 Conducted a literature review and authored a report for the province on methods to reduce 
white-tailed deer damage on agricultural crops. 

2003: Literature Review of Nuisance White-tailed Deer Policy and Management in Canada and the 
United States, Ontario 

 Conducted a literature review, interviewed provincial/state management representatives, and 
authored a report for the province on nuisance white-tailed deer policy and management. The 
review was used to support and develop management policy guidelines for the province. 

2002: Upper Rideau Lake Fisheries Stock Assessment Study, Ontario 

 Designed and conducted nearshore trap netting and a historical analysis (1982 to 2001) of the 
Upper Rideau Lake fisheries stocks. Stock assessment data was quantitatively analyzed, wrote the 
technical report focusing on the decline of Walleye stocks, and results were presented to the local 
lake association. 

2002: Upper Rideau and Big Rideau Lakes Fisheries Creel Study, Ontario 

 Designed and managed a fisheries creel survey for Upper Rideau and Big Rideau lakes. Managed 
and coordinated field contractors and data analysis. 

2000 – 2006: Eastern Ontario Fisheries Stock Assessment Monitoring Studies, Ontario 

 Designed, managed, coordinated, and implemented provincial stock assessment protocols on 
numerous (20+) lakes and rivers in Eastern Ontario to monitor stock status and trends. These field 
protocols included: spring littoral gillnetting, spring profundal gillnetting, early summer trap 
netting, nearshore community trap netting, fall walleye index netting, and brook trout index 
netting. 

2000 – 2003: National Recovery Teams and Strategies for Deerberry, Eastern Prairie White Fringed 
Orchid, and Blunt-Lobed Woodsia 

 Managed the development of national recovery teams and strategies for species recoveries. 
Supported research studies based upon recovery strategy research priorities. 

MASTER’S THESIS 

Burns, C. 2016. Predicting Coastal Cutthroat Trout smolt productive capacity from physiographic variables. 
M.Sc. thesis. Royal Roads University, Victoria, B.C. 

 Collated Coastal Cutthroat Trout smolt abundance data for study watersheds with salmonid 
enumeration facilities in British Columbia and Washington State.  
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 Analyzed long-term mean annual discharge data for study watersheds to identify Coastal 
Cutthroat Trout bearing stream reaches within a watershed network.  

 Using GIS, analyzed physiographic variables (stream length and gradient) for Cutthroat Trout 
bearing stream reaches, and if they can predict smolt abundance using modelling. 

SOFTWARE, SKILLS, AND EQUIPMENT 

Software 

 Statistics: Stata, Systat, R 

 Fisheries Population Dynamics: Fisheries Analysis Simulation Tools (FAST) 

 Ecosystem Modelling: Ecopath/Ecosim 

 Graphics: SigmaPlot 

 Geographic Information Systems: Quantum GIS, ArcGIS 

 Instream Flow: System for Environmental Flow Analysis (SEFA) 

Skills 

 Statistical Analysis: Time series, multivariate statistics, modelling 

 Quantitative Analysis: Habitat selection, population dynamics, diet modelling using stable isotopes 

 Working in and operating small and large boats 

 Working in small aircraft and helicopters 

 Working in remote locations 

 Working with sonar and active underwater acoustics 

 Assessment of aquatic species, habitat, and ecosystem status to provide scientific advice 

 Assessment of cumulative effects of environmental and anthropogenic stressors on aquatic 
ecosystems 

 Conducting scientific risk assessments with ecological and environmental protection objectives 

 Working with commercial and recreation fishing industry, indigenous organizations, and 
stakeholders 

 Interpreting federal and provincial environmental laws, regulations and policies 

 Managing contracts and funding 

 Organizing and conducting public consultations 

 Evaluating scientific results and communicating scientific issues, findings, and technical 
information to non-experts 

 Developing and providing science-based advice and recommendations to scientists, managers, 
and stakeholders 

Equipment 

 Biosonics MX and DT-X echosounders 

 Lotek and VEMCO acoustic telemetry systems 

 Smith-root backpack, shoreline, and boat electrofishers 

 Gill, hoop, trap, seine nets, and other similar netting equipment 

 PIT tags and other similar tagging equipment 
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CERTIFICATIONS AND TRAINING 

Fisheries 

 Experimental Fish Certification, 2016 

 Biosonics Acoustics Fisheries Stock Assessment Certification, 2011 

 MesoHabsim Instream Flow Certification, 2010 

 BC Habitat Assessment Methods Certification, 2008 

 BC Electrofishing Certified Crew Supervisor, 2006 

 Federal Fisheries Act Training, 2004 

 DFO Compliance Protocol Information Training, 2004 

 DFO Advanced Fish Habitat Training, 2004 

 Royal Ontario Museum Fish Identification Training, 2002 

 OMNR Class 1 Electrofishing Leader Certification, 2001 

 Ontario Stream Habitat Assessment Protocol Certification, 2001 

Ecology 

 Ontario Temperate Wetland Restoration Course Certification, 2004 

 Ontario Wetland Evaluation System Certification, 2000 

 Ontario Ecological Land Classification System Certification, 2000 

Field Operations 

• WorkSafeBC OFA Level 1 First Aid and Transportation Endorsement Certification – 2017 
• Marine Emergency Duties (MED A3) Certification – 2017 
• Small Vessel Operator Proficiency (SVOP) Certification - 2017 
• Swiftwater Rescue Technician Level 1 Certification - 2017 
• Workplace Harmful Material Information System (WHMIS) Training – 2017 
• Avalanche Safety Training Level 1 - 2010 
• Working on Ice Safety Course Certification – 2004 
• Valid BC Driver’s License 
• Pleasure Craft Operator License 

PRESENTATIONS 

Shelley, L., G. Zandpour, C. Burns, E. Miller, B. Murphy, and C. Pelletier. 2014. Development and 
application of selenium food chain modelling at a proposed metal mine in British Columbia. Paper 
presented at Society of Environmental Toxicology and Chemistry North America 35th Annual 
Meeting, Vancouver, BC. 

C. W. Burns. 2018. Predicting Coastal Cutthroat Trout smolt productive capacity from physiographic 
variables. Paper presented at Coastal Cutthroat Trout Symposium, Newport, Oregon. 

PUBLICATIONS 

Gerwing, T. G., E. Plate, J. Sinclair, C. W. Burns, C. McCulloch, and R. C. Bocking. 2019. Short-term response 
of fish communities and water chemistry to breaching of a causeway in the Sarita River estuary, 
British Columbia, Canada. Restoration Ecology (in press). 
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REPORTS 

Gerwing, T.G., E. Plate, J. Sinclair, C.W. Burns, C. McCulloch, and B. Bocking. 2019. Short-Term Response 
of Fish Communities and Water Chemistry to Breaching the Sarita River Causeway. Prepared for 
Fisheries and Oceans Canada, Nanaimo, BC and Maa-Nulth Treaty Society, Port Alberni, BC. 

Burns, C. W. 2018. Sarita and Pachena watersheds: 2018 Sarita River Chinook Salmon Outmigration 
Assessment. Prepared for Huu-ay-aht First Nations, Anacla, BC. 

Johnson S. T, C. W. Burns, and C. T. McCulloch. 2018. Sarita and Pachena Watershed Renewal: 2017 Sarita 
River Chinook Salmon Outmigration Assessment. Prepared for Huu-ay-aht First Nations, Anacla, 
BC. 

Burns, C. W. 2018. Sarita and Pachena Watershed Renewal: Fish Passage Assessment. Prepared for Huu-
ay-aht First Nations, Anacla, BC. 

Burns, C. W., C. McCulloch, and J. Novoa. 2018. Sarita and Pachena Watershed Renewal: Sarita River 
Chinook and Chum Salmon Redd Superimposition Assessment. Prepared for Huu-ay-aht First 
Nations, Anacla, BC. 

Burns, C. W. and E. Plate. 2018. Sarita and Pachena Watershed Renewal: 2017 Salmon Brood Stock 
Collection and Supporting Escapement Assessments. Prepared for Huu-ay-aht First Nations, 
Anacla, BC. 

Burns, C. W. and J. Novoa. 2018. Stewart Area Aquatic Ecosystems Cumulative Effects Assessment. 
Prepared for Nisga'a Lisims Government, Gitlaxt'aamiks, BC. 

Plate, E. M., C. W. Burns, and C. Picard. Gitga’at First Nation Territory Assessment and Remediation 
Prescription for Sites Impacted by Historical and Current Industrial Activity. Prepared for Gitga’at 
First Nation, Hartley Bay, BC. 

Burns, C. W., E. Plate, B. Bocking. 2017. Dungeness Crab Abundance and Movement Study in the Roberts 
Bank Terminal 2 Project Area. Prepared for Tsawwassen First Nation, Tsawwassen, BC. 

ERM (ERM Consultants Canada Ltd.). 2016. Blackwater Gold Project: Aquatic Effects Monitoring Plan. 
Produced for New Gold Inc., Vancouver, B.C. 

ERM (ERM Consultants Canada Ltd.). 2016. Ekati Diamond Mine: 2015 Aquatic Effects Monitoring Program 
Part 1 – Evaluation of Effects. Produced for Dominion Diamond Ekati Corporation, Vancouver, B.C. 

ERM (ERM Consultants Canada Ltd.). 2015. Blackwater Gold Project: Dam Breach Effects Assessment -Fish 
and Fish Habitat. Produced for New Gold Inc., Vancouver, B.C. 

ERM (ERM Consultants Canada Ltd.). 2015. Brucejack Project: Brucejack Access Road Impact Assessment 
Report - Fish and Fish Habitat. Produced for Pretium Resources Inc., Vancouver, B.C. 

ERM (ERM Consultants Canada Ltd.). 2015. Groundhog Anthracite Project: 2014 Fish and Fish Habitat 
Baseline Report. Prepared for Atrum Coal Inc., Vancouver, B.C. 

ERM (ERM Consultants Canada Ltd.). 2015. John Day Dam Pumped Storage Hydroelectric Project: 
Environmental Assessment - Fish and Fish Habitat. Produced for Klickitat PUD, Seattle, Wash. 

ERM (ERM Consultants Canada Ltd.). 2015. Kemess Underground Project: 2014 Thutade Lake Fish and Fish 
Habitat Baseline Report. Prepared for Aurico Metals Inc., Vancouver, B.C. 

ERM (ERM Consultants Canada Ltd.). 2015. Kemess Underground Project: 2015 Fish and Fish Habitat 
Baseline Methods and Data Summary. Prepared for Aurico Metals Inc., Vancouver, B.C. 

ERM (ERM Consultants Canada Ltd.). 2015. Kemess Underground Project: Water Discharge Alternatives 
Effects Assessment - Fish and Aquatic Habitat. Prepared for Aurico Metals Inc., Vancouver, B.C. 

ERM (ERM Consultants Canada Ltd.). 2015. KSM Project: 2014 Salmon Monitoring Report. Prepared for 
Seabridge Gold Inc., Vancouver, B.C. 
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ERM (ERM Consultants Canada Ltd.). 2015. KSM Project: Aquatic Selenium Bioaccumulation Model. 
Prepared for Seabridge Gold Inc., Vancouver, B.C. 

ERM (ERM Consultants Canada Ltd.). 2014. Brucejack Project: Environmental Assessment - Fish and Fish 
Habitat. Produced for Pretium Resources Inc., Vancouver, B.C. 

ERM (ERM Consultants Canada Ltd.). 2014. Harper Creek Project: Environmental Assessment - Fish and 
Fish Habitat Instream Flow. Produced for Yellowhead Mining Inc., Vancouver, B.C. 

ERM (ERM Consultants Canada Ltd.). 2014. KSM Project: Fish Habitat Offsetting Designs for Glacier Creek 
and Taft Creek Sites. Prepared for Seabridge Gold Inc., Vancouver, B.C. 

ERM (ERM Consultants Canada Ltd.). 2014. Whitewater Creek Hydropower Project: Work Plan. Produced 
for Whitewater Green Energy, Portland, Oreg. 

Rescan (Rescan Environmental Services Ltd.). 2013. Doris North Gold Mine Project: 2012 Roberts Lake and 
Outflow Fish Monitoring Report. Prepared for Hope Bay Mining Limited, Vancouver, B.C. 

Rescan (Rescan Environmental Services Ltd.). 2013. Fish and Fish Habitat Reporting and Analysis 
Standards. Prepared for Rescan, Vancouver, B.C. 

Rescan (Rescan Environmental Services Ltd.). 2013. Fish and Fish Habitat Field Procedures Standards. 
Prepared for Rescan, Vancouver, B.C. 

Rescan (Rescan Environmental Services Ltd.). 2013. KSM Project: Environmental Assessment - Fish and 
Fish Habitat. Produced for Seabridge Gold Inc., Vancouver, B.C. 

Rescan (Rescan Environmental Services Ltd.). 2013. KSM Project: Dam Failures Effects Assessment - Fish 
and Aquatic Habitat. Prepared for Seabridge Gold Inc., Vancouver, B.C. 

Rescan (Rescan Environmental Services Ltd.). 2013. KSM Project: Highways 37 and 37A Traffic Effects 
Assessment - Fish and Aquatic Habitat. Prepared for Seabridge Gold Inc., Vancouver, B.C. 

Rescan (Rescan Environmental Services Ltd.). 2013. KSM Project: Selenium Management Plan - Fish and 
Aquatic Habitat. Prepared for Seabridge Gold Inc., Vancouver, B.C. 

Rescan (Rescan Environmental Services Ltd.). 2012. Courageous Lake Gold Project: 2012 Fish and Fish 
Habitat Baseline Report. Prepared for Seabridge Gold Inc., Vancouver, B.C. 

Rescan (Rescan Environmental Services Ltd.). 2012. KSM Project: 2011 Fisheries Baseline Report. Prepared 
for Seabridge Gold Inc., Vancouver, B.C. 

Rescan (Rescan Environmental Services Ltd.). 2012. KSM Project: Assessment of Alternatives for KSM 
Project Tailing Management Facility - Fish and Aquatic Habitat. Prepared for Seabridge Gold Inc., 
Vancouver, B.C. 
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M. John Brodie, P. Eng. (B.C, Yukon & NWT/NU) 
 
Education: B.A.Sc. Geological Engineering, University of British Columbia, 1982 

 

Experience: 

Jan '95 - present Brodie Consulting Ltd. 

   

Brodie Consulting has provided geotechnical and mine closure services on numerous sites, mostly in 

Canada and Mexico.  This work has included: 

 Mine water balance and waste management design/review for proposed and operating mines 

 Preparation and/or evaluation of closure plans and associated liability for new and existing mines, 

 Technical management of abandoned mines under government control, 

 Preparation of guidelines on mine closure planning and standards, 

 Risk characterization of mine closure hazards, 

 Due diligence assessment of mine reclamation liability for mergers/acquisitions. 

 

Geotechnical work on mine dams has involved the following: 

 Rofomex Mine, Mexico: design of stabilization buttress for 2 dams, ongoing design of raises for 4 

dams and associated management of tailings discharge, design of new tailings storage area. 

 La Negra Mine, Mexico: design of modifications for seepage control and raising of 2 dams 

 Giant Mine, NWT: lead engineering (shared with SRK) for emergency design and construction 

supervision of B2 dam. 

 

Since the mid-1990’s I have prepared mine closure reviews and cost estimates for the Federal or 

Territorial governments for most mines in Northern Canada.   

 

Working with Robertson GeoConsultants, I was the lead engineer for closure planning for three Anglo-

American sites in Chile.  That project involved development of new closure plans to comply with recently 

amended closure regulations in Chile. 

   

I have been involved in the mine closure planning for the abandoned Faro Mine in Yukon since 2004.  

Work on this project has involved: technical lead – engineering studies, chief engineer for care and 

maintenance (2009/10), and senior reviewer of closure planning process. 

 

I have been involved in the mine closure planning for the Giant Mine in NWT since 1998.  Work on this 

project has involved: review of technical closure studies, key resource on site risk assessment, lead 

engineer for design and construction of bulkheads and B2 dam construction, ongoing oversight of mine 

closure design. 

    

I am engaged as independent geotechnical reviewer for 3 dams in BC, including the rehabilitated Mt. 

Polley dam. 

 



Key Project Experience   

 

Indigenous & Northern Affairs Canada and Government of Northwest Territories 

 Giant Mine; 

o Ongoing engineering related to arsenic storage bulkheads and chamber water management  

o Design and construction supervision of bulkhead 14A for containment of arsenic waste  

 Design engineer partner and lead field engineer for re-construction of the B2 Dam in Yellowknife 

 Ongoing Peer Review of Giant Mine remediation planning process 

 Faro Mine, member Technical Review Committee, technical support to Peer Review Panel 

 Jericho Mine, Doris North Mine, Meadowbank Mine, Diavik Mine, Ekati Mine, Snap Lake Mine, 

Cantung Mine, Colomac Mine review of closure plans and security estimate. 

 Project manager/technical advisor for water management and site maintenance of the Colomac Mine. 

 Pre-feasibility closure plan development, Mt. Nansen Mine 

 Estimation of mine closure costs on Brewery Creek, Mt. Nansen, Western Copper & Dublin Gulch 

mines. 

Tulsequah Chief Mine 

 Project lead for the original closure assessment of Tulsequah Chief in 1992 on behalf of Redfern 

Resources.  That work involved site assessment and concept level plans for mine flooding with 

bulkheads to reduce the effects of ARD.   

Kemess North Mine  

 Conceptual design and costing of alternative mine waste disposal strategies for the Kemess North 

Mine for consideration by the Canada Environmental Assessment Agency Panel and stakeholders 

Skeena Resources Ltd. 

 Closure planning and assistance with due diligence assessment for 3 former mines in BC. 

Bralorne Gold Mine  

 Closure planning and ongoing participation in closure studies and conditions of permit. 

Mt. Polley Mining Corporation 

 Member of Independent Review Board for raising of the repaired embankment and ongoing TSF 

operations. 

Casino Corporation 

 Lead engineer for closure planning for Casino Project, Yukon 

Faro Mine Closure Planning Office 

 Technical manager for ongoing closure planning studies. 

 Chief Engineer for ongoing care & maintenance of the Faro site (2009/10) 

Rofomex phosphate mine, La Paz Mexico 

 Design of repairs to 2 major tailings dams and modifications to tailings management strategy 

 Design of new tailings area for future production. 

Aurcana Resources Inc. 

 Design of drainage systems and dam raising methodology for 2 dams in central Mexico, 

 Pre-feasibility design of tailings dam and impoundment liner for silver mine in Texas. 
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