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1 INTRODUCTION 

1.1 BACKGROUND 

De Beers Canada Mining Inc. (De Beers) owns and operates the Snap Lake 
Diamond Project (the Project) located approximately 220 km northeast of 
Yellowknife, Northwest Territories, 30 km south of MacKay Lake, and 100 km 
south of Lac de Gras where the Diavik Diamond Mine, and the Ekati Diamond 
Mine are located (Figure 1-1). 

An Environmental Assessment Report (EAR) for the proposed mine (De Beers 
2002) was completed and submitted to the Mackenzie Valley Environmental 
Impact Review Board (MVEIRB) in February 2002.  The Board in turn 
completed a review, and recommended that the Project proceed subject to the 
implementation of measures to mitigate environmental impacts (MVEIRB 2003).  
The Board’s report and recommendation was submitted to the Minister of Indian 
and Northern Affairs in July 2003 and received ministerial approval in October 
2003.  De Beers has recently received the necessary Water Licence, Land Use 
Permit and Land Leases, and concluded an Environmental Agreement to begin 
construction and operation of the mine.  The Adaptive Management Plan (AMP) 
is a requirement of the Water Licence. 

1.2 REQUIREMENTS OF THE WATER LICENCE 

This initial submission of the AMP complies with Part B (12) of the Water 
Licence; however, it will be updated as required in Part B (13) shown below. 

12. Within ninety (90) days of License issuance, the Licensee shall submit to 
the Board an Adaptive Management Plan, which shall include but not be 
limited to the following: 

• details pertaining to how uncertainty in lake mixing and density 
stratification will be monitored, description of thresholds and 
mitigation measures; 

• details pertaining to the geotechnical performance of the North Pile, 
and relevant contingency plans; 

• details pertaining to the use of mitigation measures such as grouting, 
phosphorus abatement programs on site, enhanced sewage 
treatment, and/or artificial aeration;  

• actions to prevent discharge of waters containing high levels of TSS 
to Snap Lake; and,  
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• details outlining the link with the Aquatic Effects Monitoring 
Program. 

13. The Licensee shall submit to the Board updates to the Adaptive 
Management Plan as necessary, or as requested by the Board and or 
Inspector to ensure relevant information is accessible. 

1.3 LINK TO THE ENVIRONMENTAL MANAGEMENT 
SYSTEM 

In 2001, De Beers committed to developing an Environmental Management 
System (EMS), which conforms to the requirements of the international ISO 
14001:1996 standard.  The EMS will be expanded to apply to site preparation, 
construction, and operation phases of the mine life, as necessary to manage 
environmental aspects of ongoing work and to retain ISO registration.  As 
required by the ISO standard, the EMS will be subject to ongoing review by 
management with the aim of continual improvement. 

The five functional areas of the EMS are defined in the ISO standard to be 
Environmental Policy, Planning, Implementation and Operation, Checking and 
Corrective Action, and Management Review.  The EMS elements are linked in a 
cycle, as shown below.  The AMP is a critical component of the overall structure 
of Checking and Corrective Actions. 

Figure 1-2 Functional Areas of the EMS 
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The AMP component of Checking and Corrective Action activities within the 
EMS include: 

• the development of procedures for monitoring and for tracking the key 
characteristics of operations that can have a significant impact on the 
environment;  

• the review and assessment of operational success in meeting established 
targets that had been created to minimize environmental risk as a result 
of internal review and those stemming from third part external review 
(e.g., EAR, auditing); and, 

• the establishment of a process for investigating and correcting non-
conformances and taking corrective and preventive action to ensure that 
they do not re-occur. 

The AMP will provide more detailed information about taking corrective and 
preventative action and the application of this process to the issues identified in 
the Water Licence.  The AMP is linked to the Checking and Corrective Action 
element of the EMS cycle, which will then document that the adaptive 
management specified in the plan has actually been carried out. 

De Beers Canada Mining Inc. 
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2 ADAPTIVE MANAGEMENT  

Since the 1970’s, various descriptions of adaptive management have been 
generated by different organizations that have used the concept to manage 
uncertainty.  Adaptive management is a systematic process for continually 
improving management policies and practices by learning from the outcomes of 
operational programs.  It is a logical way of dealing with uncertainty. 

2.1 ADAPTIVE MANAGEMENT SEQUENCE 

Typically the adaptive management process is represented by a six-step cycle as 
shown in Figure 2-1.  As managers complete the cycle, information about each 
potential problem and its solutions increases, uncertainty decreases, and 
managers adapt their decisions and actions to the new information. 

Figure 2-1 Typical Characteristics of Adaptive Management  

Design
Solution

Implement
SolutionMonitor

Evaluate

Identify
Risk

Assess
RiskRevise

 

2.1.1 Identify the Risk 

Extensive monitoring of the key characteristics of operations that can have a 
significant impact on the environment is required by the Water Licence through 
the Surveillance Network Program (SNP) and the many plans that are required 
under the licence.  These monitoring and reporting requirements are organized 
through the De Beers EMS.  These programs will produce large quantities of data 

De Beers Canada Mining Inc. 



De Beers Snap Lake Diamond Project -6- August 2004 
Adaptive Management Plan 
 
 

about past, present, and future conditions at the site and in the surrounding 
environment. 

To identify a potential risk as it begins to emerge, the monitoring data are 
compared to Action Levels, which are levels that alert De Beers to the potential 
risk, causing them to initiate action.  Action levels are typically levels predicted 
in the EAR, regulatory guidelines, or licence limits.  They are generally 
conservative values, such that exceeding an Action Level does not cause an 
immediate negative environmental effect.  The AMP begins when the monitoring 
data show a change that results in levels that exceed the Action Level or a trend 
that, if it continues, will result in levels that exceed the Action Level. 

2.1.2 Assess the Potential Risk 

The first sequence of actions is aimed at verifying that there is, in fact, a risk, 
since every trend is not a risk.  The purpose of the initial actions is to clarify the 
exact nature of the potential risk and the degree of uncertainty.  Actions that may 
be appropriate during this verification period include, but are not limited to, the 
following: 

• checking the monitoring data for errors, outliers, and other explanations 
for the observed change (e.g., lapse of quality assurance/quality control 
procedures, unusual site or mine conditions that are not expected to 
continue); 

• increasing the number of samples, frequency of sampling, or range of 
analyses; 

• gathering supporting data that may provide insight (e.g., unusual 
weather conditions); 

• reviewing the Action Level to see if it is appropriate (e.g., is the 
guideline based on laboratory results for species that are representative 
of those found in Snap Lake?); 

• defining the risk as opposed to the change (e.g., an increase in nutrients 
would be a change, but a resulting increase in blue-green algae is an 
effect that might become a problem);  

• assessing the uncertainty associated with the potential risk; and, 

• determining the priority or urgency of the potential risk. 

De Beers Canada Mining Inc. 
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2.1.3 Design and Implement the Solution 

The solution may be either an operational solution (e.g., more training or better 
procedures), or a facility design solution (e.g., increase the capacity of the water 
treatment system) or both.  There may be occasions where the solution is a 
change in a monitoring program (e.g., prescribing a lower analytical detection 
limit to prevent false positive results) or the Action Level (e.g., conducting 
bioassays to develop a more relevant site-specific threshold).  Finding the right 
solution may involve reviewing the advantages and disadvantages of several 
options.  The solution is often described in terms of mitigation measures, but it 
may be broader than that. 

2.1.4 Monitor, Evaluate, and Adjust the Solution 

Many of the potential impacts of the Project will occur gradually over time.  
Therefore, a potential risk can be identified with sufficient time remaining to 
monitor.  As the monitoring information becomes available, an analysis 
determines how the system in question (e.g., water quality in Snap Lake) is 
responding in comparison to the desired objectives of the mitigation.  Monitoring 
will reduce uncertainty related to the efficiency of the mitigation and the 
response of the environment, because it provides data that were not available 
when the EAR predictions were made or when the mitigation was initiated.  For 
example, monitoring data on the effectiveness of the diffuser in mixing effluent 
in Snap Lake will be used to confirm the assumptions used in the EAR.  
Monitoring the effectiveness of the solution is a critical part of the AMP since it 
provides the information that De Beers needs to compare the anticipated outcome 
with the actual outcome.   

Adaptive management involves learning from the successes and failures of the 
solutions that have been tried and applying this learning to develop better 
solutions.  Although many forms of mitigation are known and included in the 
Project design, the effectiveness of these measures at the Snap Lake site was part 
of the uncertainty associated with the Project.  Monitoring data will reduce this 
uncertainty.   

Monitoring data must be reviewed on a regular basis.  The value of the AMP is 
that this step is not left to chance.  If the review shows that the performance of a 
particular policy or practice is effective, no further action may be needed, but if 
the monitoring data shows that it has not met expectations, then adjustments must 
be made.  In some cases another solution must be found.  The cyclical nature of 
the adaptive management process will continue until management is confident 
that the uncertainty associated with a policy, practice or system has been reduced. 

De Beers Canada Mining Inc. 
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2.2 LINKS TO MONITORING PROGRAMS 

Monitoring is integral to the AMP, both as a means of identifying potential risks 
initially, but also as a tool to assess the effectiveness of solutions and further 
revisions to these solutions.  Adaptive management is a continual cycle of 
learning and taking action; the main source of information enabling this learning 
is provided by monitoring programs. 

The AMP will use monitoring data from the site collected through the SNP and 
other monitoring plans on the site such as the Ore Storage, Waste Rock and 
Processed Kimberlite (PK) Management Plan, and the Groundwater Quantity and 
Quality Management Plan.  Data from the SNP will be used to update an overall 
water balance for the site.  The AMP will also rely on environmental monitoring 
data, particularly data pertaining to Snap Lake obtained through the Aquatic 
Effects Monitoring Plan (AEMP), and the Sampling Plan for Total Dissolved 
Solids (TDS), Calcium and Chloride (TDS Sampling Plan). 

AEMP monitoring results, including predictions from these results are linked to 
various applications of the AMP.  AEMP results will be used specifically in the 
following AMP applications: 

• Plume Characterization (Section 2.5 in the AEMP): Uncertainty in Lake 
Mixing and Density Stratification (Section 3.1 in the AMP); 

• Water and Sediment Quality (Section 3.1 in the AEMP): Uncertainty in 
Lake Mixing and Density stratification (Section 3.1 in the AMP), 
Nutrient Enrichment of Snap Lake (Section 3.3 in the AMP), Increase in 
Total Suspended Solids (TSS) (Section 3.4 in the AMP); 

• Water and Sediment Quality, Fish Health, Fish Tasting, Benthic 
Invertebrates, and Zooplankton and Phytoplankton (Sections 3.1, 3.2, 
3.3, 3.4 and 3.5 in the AEMP): Nutrient Enrichment of Snap Lake 
(Section 3.3 in the AMP); 

• Fish Habitat (Section 3.6 in the AEMP):  Increase in TSS (Section 3.4 in 
the AMP). 

2.3 SELECTION OF MITIGATION MEASURES 

The advantage of the AMP is that it is a cyclical process of problem solving, 
learning and revising.  It is not limited to specific mitigation measures.  As the 
Project is constructed and operated, operational monitoring data will become 
available to managers.  The optimum solution that is eventually achieved may 
not be the mitigation measure identified in this 2004 submission of the AMP.  

De Beers Canada Mining Inc. 
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Part B (13) of the Water Licence acknowledges the adaptive nature of this plan 
by requesting updates to the AMP as necessary or as requested. 

Mitigation measures have been identified in the AMP.  Details pertaining to 
nutrient (phosphorus and nitrogen) abatement programs on site, enhanced sewage 
treatment, and artificial aeration are included in Section 3.3.5 since these 
measures would be used to reduce the nitrogen and phosphorus loading to Snap 
Lake or, in the case of artificial aeration, reduce the effects of nutrient 
enrichment on dissolved oxygen levels in the lake during winter, should these 
effects occur.  Details of measures that can be taken to reduce any increase in 
TSS in Snap Lake are provided in Section 3.4.5. 

Grouting is a mitigation measure used to reduce the flow of groundwater into 
localized areas of the mine.  It has limited application in reducing the overall 
quantity of groundwater flowing into the mine.  If groundwater is prevented from 
flowing into one location in the mine workings by grouting in that area, the water 
tends to seek another location.  Other mitigation measures such as changing the 
mine plan may be required if De Beers encounters substantially more 
groundwater flow than anticipated. 

Grouting is a good example of a mitigation measure that requires an adaptive 
approach since it has disadvantages as well as advantages.  Although grouting 
may appear to be a rapid and relatively easy way to reduce groundwater inflow to 
specific locations in the mine, it affects the quality of the mine water, increasing 
the concentration of TDS and the pH.  The final pH of the water discharged to 
Snap Lake can be adjusted at the water treatment plant (WTP); however, the 
increase in TDS is not reduced by treatment.  Therefore, the use of grouting may 
have to be limited to ensure that De Beers meets the Water Licence limit of 350 
mg/L of TDS in Snap Lake as a whole lake average.  Monitoring data from the 
SNP and the AEMP will be used to evaluate the use of grouting. 

2.4 DEVELOPMENT OF EMS PROGRAMS 

2.4.1 Background 

De Beers will have EMS programs and procedures for the Project that are 
directly related to the AMP.  Environmental Management Programs are key 
mechanisms through which the Project achieves environmental objectives and 
targets, focuses and coordinates staff efforts on key issues of concern, and 
demonstrates environmental performance.  Within these programs, De Beers will 
develop specific procedures that incorporate the applications described in the 
AMP.  In essence, EMS programs outline the overall direction.  Procedures 
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provide detailed instruction on how the large number of tasks within programs 
should be carried out.  Procedures apply to the activities that the Project can 
control, or over which it can be expected to have an influence.  The EMS 
procedures assign specific duties and responsibilities to individuals including the 
individual carrying out the task; Environmental Management Representative; the 
Site Safety, Health; and Environment (SHE) Committee; and the SHE 
Superintendent. 

Gradually the components of the AMP will become programs within the EMS, 
ensuring that adaptive management will be captured in the Project’s formal 
management process.  Many aspects of the AMP are similar to EMS programs 
and procedures making the transition relatively easy. 

2.4.2 EMS Procedures 

The following system procedures have been developed to provide a structure that 
enables adaptive management: 

• identification of environmental aspects and impacts of activities; 

• monitoring and measurement; 

• environmental objectives and targets; and,  

• environmental non-conformance incident reporting. 

Identification of environmental aspects and impacts of activities includes the 
determination of associated risks and assignment of significance, ensuring that 
the environmental aspects are considered in the setting of the objectives and 
targets and maintaining and updating information.  Risk assessment is the 
systematic evaluation of the degree of risk to the environment based on the 
probable consequences of its occurrence and the likelihood of occurrence. 

Monitoring and measurement procedures establish a documented procedure to 
monitor and measure, on a regular basis, the key characteristics of the operations 
and activities at the Project that can have a significant impact on the 
environment.  The monitoring system will track and record environmental 
incidents and non-compliance, monitor the progress towards the achievement of 
objectives and targets, and monitor progress in implementation of environmental 
programs.  The results from this monitoring will be presented quarterly at the Site 
SHE Committee and at the annual management review and more often where 
necessary. 

De Beers Canada Mining Inc. 
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Environmental objectives and targets are set and monitored for the Project to 
ensure that environmental performance is consistent with the Environmental 
Policy and other relevant De Beers commitments.  Objectives and targets are set 
for significant aspects and impacts at least annually, or more frequently if 
required, based on identification of new significant aspects and impacts.  As part 
of this process, time frames are defined, means to achieve them are identified, 
and responsibilities are assigned.  This may include the development of formal 
programs or other shorter term actions. 

Environmental non-conformance incident reporting defines a procedure to 
ensure that environmental non-conformances, potential non-conformances and 
environmental accidents/incidents are reported and effectively investigated, and 
that appropriate steps are taken for the implementation of corrective and 
preventative action to eliminate the cause and reduce the risk. 

All employees and contractors are expected to report any observed incident, 
accident, non-conformance, or conditions for potential accident/incident.  Any 
trends towards breach of any regulated limit are to be reported to the site 
supervisor and to the EMR as soon as possible so that corrective action may be 
commenced.  Serious non-conformances will be reported immediately to senior 
management (e.g., VP NWT Projects).  Non-conformance is defined as any 
deviation from work standards, practices, procedures, regulations, or 
management system performance that could directly or indirectly lead to harm to 
people or the environment, property damage, loss of process, or a combination of 
these.  Non-conformance with the EMS will be addressed through follow-up 
items requiring timely action as reported in Internal and/or External Audit 
reports. 

Corrective action and/or preventive action will be taken to eliminate the causes of 
potential incidents, as appropriate to the magnitude of the problem, and 
commensurate with the environmental impact encountered.  Corrective action 
will be taken as soon as practicable, and a root cause investigation will be 
initiated by the Responsible Person.  Root causes may also be referred to as basic 
or underlying causes.  These are the reasons why the sub-standard methods 
and/or substandard conditions occurred and the factors that, when identified, 
permit meaningful management control.  To prevent the non-conformance from 
recurring, it is important to determine the root causes.  Following the root cause 
investigation, the Responsible Person (or Mine/Operations Manager depending 
on the seriousness of the incident or non-conformance) will verify the suggested 
preventive action.  The preventive action will be documented, together with who 
is responsible and a target date established.  The target date is largely determined 
by the risk of the incident or non-conformance.  That way, issues requiring 
immediate action are acted upon immediately. 

De Beers Canada Mining Inc. 
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3 APPLICATION TO THE WATER LICENCE 

3.1 UNCERTAINTY IN LAKE MIXING AND DENSITY 
STRATIFICATION 

3.1.1 Background 

The EAR for the Project identified that water discharged from the WTP will 
increase concentrations of TDS and some major ions in Snap Lake.  The potential 
environmental impact of changes in TDS and major ions was evaluated in the 
EAR, and it was concluded that the increases were within the tolerances of 
aquatic organisms in Snap Lake and that the impact on aquatic populations would 
be minor (De Beers 2002). 

Treated effluent will be introduced into Snap Lake via a multiport diffuser to 
provide rapid mixing of the effluent.  Over the course of the Project, 
concentrations of parameters influenced by the Project (e.g., calcium, chloride, 
nitrate) are expected to be relatively uniform in the main body of Snap Lake 
except in the immediate area of the diffuser.  Concentrations of these parameters 
will likely be lower in the north arm of Snap Lake due to the narrow, shallow 
connections between these two portions of the lake. 

Seasonal differences in lake-mixing conditions will also influence concentration 
gradients.  Project water releases of TDS, calcium, and chloride will tend to 
remain near the outfall under ice-covered conditions. 

The environmental consequences from predicted increases in TDS and major 
ions were discussed at the MVEIRB Hearings and later at the Mackenzie Valley 
Land and Water Board (MVLWB) Hearings for the Project.  The MVEIRB 
Decision Report for the Project included recommendations for TDS and major 
ions, which ultimately resulted in the inclusion of conditions related to TDS and 
major ions in Part B and Part F of the Water Licence (Number MV2001L2-0002) 
for the Project. 

The Water Licence requires that the AMP include details pertaining to how 
uncertainty in lake mixing and density stratification will be monitored, and a 
description of thresholds and mitigation measures. 

De Beers Canada Mining Inc. 
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3.1.2 Monitoring 

The Water Licence also includes a requirement for a TDS Sampling Plan (Part F, 
Clause 12a):   

“The Licensee shall submit to the Board for approval, within sixty (60) days of 
the issuance of this License, a Sampling Plan for TDS, calcium, and chloride in 
the Main Basin of Snap Lake (excluding the North Arm).  The Plan shall include 
but not be limited to: 

a) rationale outlining how sampling sites and depths will be established to 
provide sufficient spatial and volumetric resolutions to establish the 
average concentrations of parameters listed under ‘Surveillance 
Network Program’ Station Number 02-18; 

This plan was submitted in July 2004.  It includes a comprehensive sampling 
program that will monitor lake mixing and any density stratification that might 
develop.  The program includes modelling that will forecast expected 
concentrations of TDS, calcium, and chloride in Snap Lake. 

The TDS Sampling Plan is part of an overall AEMP that addresses Water 
Licence requirements for sampling of TDS, calcium, and chloride (De Beers 
2004b), aquatic effects monitoring (De Beers 2004a), and monitoring prescribed 
in the SNP. 

3.1.3 Action Levels 

The Water Licence includes a condition requiring that the whole lake average of 
TDS in Snap Lake be maintained below 350 mg/L (Part F, Clause 11).  Part F 
Clause 11 states that: 

“The calculated whole lake average of TDS, (as described in the 
‘Surveillance Network Program’) at sampling locations comprising 
‘Surveillance Network Program’ Station Number 02-18 shall remain 
below 350 mg/L at all times” 

This whole lake average is below the threshold of effects for TDS in Snap Lake. 

The EAR predicted that project water releases would increase in concentrations 
of major ions in Snap Lake.  Consequently, action levels should not be based on 
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the presence of an increasing trend.  Instead they should be based on identifying 
when increasing trends could adversely impact aquatic populations in Snap Lake. 

The EAR for the Project determined that a conservative estimate of an effects 
threshold for TDS in Snap Lake would be 600 mg/L.  There are no Canadian 
Water Quality Guidelines for the protection of aquatic life for TDS, calcium, or 
chloride.  The EAR determined that a very conservative estimate of an effects 
threshold for calcium in Snap Lake would be 110 mg/L.  De Beers has agreed to 
adopt the British Columbia water quality guideline for chloride as a monitoring 
target; however, this is not an effects threshold. 

To address Water Licence requirements and De Beers’ commitments, there are 
four actions levels.  Action will be taken if any of the following are predicted, 
with a reasonable degree of certainty, to occur in Snap Lake: 

• The increase of TDS, calcium, or chloride exceeds that predicted in the 
EAR; 

• The whole lake average concentration of TDS is predicted to exceed 
350 mg/L; 

• The effects threshold for TDS or calcium is exceeded beyond the 
diffuser mixing zone;  

• The British Columbia water quality guideline for chloride is exceeded 
beyond the mixing zone. 

3.1.4 Adaptive Management Process 

Project loadings of TDS to Snap Lake are expected to be relatively small during 
the first several years of operations and will, therefore, not result in large TDS 
gradients or substantial increases in overall TDS concentrations in Snap Lake.  
Over time as the Project loadings increase, TDS gradients will increase and 
extend further from the diffuser outfall, and overall TDS concentrations will 
increase throughout most of Snap Lake. 

The actions taken will depend on the specific circumstances (e.g., what 
parameters are affected, magnitude, spatial extent) and issues identified in a root 
cause analysis.  Actions could include a review of site water management and 
treatment measures, and confirmation that forecast concentrations will remain 
below a level that would impact aquatic populations in Snap Lake. 
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3.1.5 Mitigation Measures 

If the concentrations of TDS, chloride and calcium in Snap Lake outside of the 
initial mixing zone are forecast to exceed 600 mg/L, 160 mg/L and 110 mg/L, 
respectively, the following actions would be taken: 

• Review the forecasts to make sure that future concentrations really have 
a reasonable potential to exceed these levels. 

• If they do, then undertake studies required to determine actual effects 
thresholds in Snap Lake.  This could include literature review, toxicity 
testing and/or mesocosm studies.  Compare forecast concentrations to 
effects thresholds. 

• If forecast concentrations are greater than effects thresholds, undertake 
an evaluation of the risk to aquatic life. 

3.2 GEOTECHNICAL PERFORMANCE OF THE NORTH PILE 

3.2.1 Background 

The EAR identified three areas of concern related to the geotechnical 
performance of the North Pile:  stability, thermal characteristics, and water 
quality changes due to seepage and runoff.  Part B Section 12 (b) of the Water 
Licence requires that the AMP include details pertaining to the geotechnical 
performance of the North Pile, and relevant contingency plans. 

Annual inspection by a geotechnical engineer of the North Pile including an 
implementation plan for addressing each of the engineer’s recommendations is 
required under Part E Section 1 of the Water Licence.  The Engineer’s full report, 
including a review of the geotechnical monitoring information, must be 
submitted in conjunction with the Annual Report described in Part B Section 5. 

A geotechnical monitoring program, with complete details of each monitoring 
location and type of instrumentation for the North Pile is required in Part E 
Section 3(d).  Detailed predicted values based on design analysis and 
corresponding threshold levels triggering precautionary measures or follow-up 
assessment is required for each monitoring parameter.  The predicted values for 
the threshold levels will be estimated upon completion of the detailed 
investigation, analyses, and reporting. 

The North Pile Monitoring Program will be an integral part of the EMS for the 
Project.  The monitoring program will encompass berm construction, reclamation 
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material placement, pile settlement and deformation, thermal and surface runoff 
conditions, seepage collection and discharge, pile covering, and final contouring.  
Information from the North Pile Monitoring Program may result in changes in either 
the operation or design of the North Pile, if the data indicate that ground conditions, 
thermal conditions, or seepage are sufficiently different from predictions to cause 
significant environmental impacts or safety concerns. 

Adaptive management is an integral part of the sequence of development in the 
North Pile.  The Starter Cell is intended to be an important source of information 
about the geotechnical performance of this structure under site conditions.  The 
results of the Starter Cell monitoring will be used to develop an adaptive 
management plan and, possibly, modify the design of subsequent cells as needed 
to obtain acceptable performance.  Unlike other sections of this submission, this 
part of the plan (Section 3.2) can only be described at a conceptual level.  A more 
detailed plan can be submitted once data from the Starter Cell is available.  The 
development sequence for the North Pile, as shown below, provides the time 
needed to incorporate the adaptive management cycle shown in Section 2.  The 
development sequence corresponds to four monitoring phases, which will 
provide the necessary data as follows: 

• Construction:  initial construction of the Starter Cell during the Site 
Capture Program period prior to operations. 

• Operations:  sequential development of the North Pile, including PK 
deposition of the Starter Cell, construction and PK deposition of the 
East and West cells from Year 0 to Year 22. 

• Closure:  sequential closure of the North Pile, including PK deposition 
completion and capping of the Starter, East and West Cells from Year 3 
to Year 22. 

• Post Closure:  monitoring of the reclaimed North Pile. 

3.2.2 Monitoring 

3.2.2.1 Stability 

The purpose of stability monitoring is to identify potential changes in physical 
conditions, including but not limited to, pile settlement, lateral slope movements, 
loss of ground, disrupted drainage, and erosion conditions, that may lead to 
containment instability so that as a first priority, these conditions can be 
mitigated prior to the occurrence of any instabilities.  The second priority of the 
monitoring program is to mitigate the potential instability conditions prior to the 
development of any major change in ground conditions or instabilities.  Finally, 
the monitored conditions will be stabilized prior to closure. 
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Analysis of the movement or deformation of the containment berms will be based 
on monthly survey measurement of the berm crests and downstream slopes in 
comparison to original baseline location data.  Conventional land survey data will 
be used to assess settlement, heave, or lateral movement.  If movement is 
detected, more frequent measurements may be required to adequately assess the 
movements. 

Depending on the location, type, and nature of observed movement, more 
specific response may be required as outlined below. 

• Movement greater than the survey accuracy would trigger an immediate 
visual inspection of the suspect area and an immediate re-survey of the 
suspect area. 

• Trends in the movement data would be assessed.  If ongoing movements 
are at the toe, or in front of the toe, immediate investigation would be 
carried out. 

• Heave would be assessed based on time of year and prior survey data.  
If heave is occurring in winter, it may indicate ground freezing.  
However, if heave is detected during the summer months, a failure 
surface may be developing. 

• Ground settlement observed at the toe in summer months could indicate 
ground thawing.  Ground settlement observed at the toe during winter 
months is expected to be less apparent and would suggest that the 
movement may be associated to seepage piping and loss of ground. 

• Lateral movements represent the greatest risk of all ground movements 
as this condition may involve the development of a shear plan near the 
base of the pile in the foundation soil above the bedrock, or creep may 
be occurring in undetected ice layers within the foundation soils or 
within ice layers formed in the containment berm. 

• Settlement or heave at the crest of the containment berm would be a 
lesser risk.  Based on existing preliminary analyses and field experience, 
the berm crest will settle over time as a result of the construction and 
operational placement process.  The berm will probably heave in the 
winter.  Detail design analyses could provide an estimate of normal 
range of movement. 

3.2.2.2 Temperature  

The purpose of thermal monitoring is to test predictions regarding thermal 
conditions within the North Pile by monitoring ground temperature, formation of 
ice lenses or wedges, and rate of re-freezing prior to closure. 
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Baseline conditions will be established at least 12 months prior to construction 
and thermal monitoring will be carried out at regular intervals during sequential 
development of the North Pile to update thermal model predictions of the change 
in thermal conditions in the pile foundation, containment berms, reclamation 
materials, perimeter drainage berm, and natural drainage courses to Snap Lake. 

Operations will use the thermal monitoring of the downstream berm conditions to 
determine when the ditch is frozen to allow the collection ditch to function as 
designed.  More extensive thermal and seepage monitoring of the groundwater 
runoff will be required during this initial development period until the desired 
level of re-freeze is achieved.  The thermal monitoring will be continued to 
determine if less favourable temporal trends occur. 

3.2.2.3 Seepage 

The purpose of the North Pile seepage monitoring is to test the performance of 
seepage control.  Water level data from piezometers will be used to estimate 
seepage rates from the North Pile including hydraulic gradient and conductivity 
from at least two water levels along the flow path.  Evaluation of the data along 
with visual and thermal monitoring will be used to assess the amount of seepage 
water reporting to the seepage collection ditch and the amount seeping past the 
containment structures to Snap Lake. 

Spatial and temporal trends in pH of seepage water will be evaluated in order to 
assess the presence of acid-generating materials within the North Pile as 
determined from samples obtained from the piezometers downstream of the 
North Pile and seepage collection ditches.  The Groundwater Quantity and 
Quality Monitoring Program and the SNP all contribute seepage data. 

3.2.3 Action Levels 

3.2.3.1 Stability 

Action levels are based on unacceptable movement trends, such as settlement, 
heave or lateral movement that could lead to surface cracking, ground instability, 
containment overtopping, ditch blockage, ground erosion, or ditch breach. 

3.2.3.2 Temperature 

Action levels will include changes in thermal conditions in the pile foundation, 
containment berms, reclamation materials, perimeter drainage berm, and natural 
drainage courses to Snap Lake. 
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Unacceptable thermal conditions include excessive thaw settlement of the pile, 
insufficient re-freeze of the reclaimed materials, insufficient re-freeze of the 
foundation soils beneath the downstream ditch berm, or increased thaw of the 
downstream drainage courses to Snap Lake. 

3.2.3.3 Seepage 

Action will be taken if seepage rates exceed those predicted in the EAR, or the 
direction of seepage flow is unanticipated.  If the pH of seepage water at one or 
more locations shows a persistent pattern of acidity or alkalinity (i.e., if 
anomalous pH is noted for more than four consecutive months in any monitoring 
year), then follow-up action will be triggered. 

3.2.4 Adaptive Management Process 

3.2.4.1 Stability 

Analysis of temporal trends will include evaluation of monthly survey data to 
check for trends in the status of ground conditions of the North Pile as each cell 
is developed.  This information will be examined for increasing trends in ground 
movement.  For example, if an increasing monthly trend at a downstream slope is 
detected, an investigation and examination of causes and corrective actions will 
be triggered to ensure that ground stability remains within design specifications. 

If additional data confirms unacceptable movement, then corrective action will 
be taken to remedy the observed movements.  The corrective actions would 
involve a review of the engineering design, assessment of existing structures 
constructed to date, and implementation of corrective measures by operations. 

3.2.4.2 Temperature 

The thermal monitoring results will be used to track potential changes in thermal 
ground conditions and to update thermal model predictions as input to operation 
planning for pile reclamation.  Analysis of temporal trends will include 
evaluation of monthly thermal data to check for trends in the status of thermal 
ground conditions of the North Pile as each cell is developed.  This information 
will be examined for increasing trends in ground thaw.  If inadequate conditions 
are identified by the thermal monitoring, corrective measures will be triggered 

3.2.4.3 Seepage 

The North Pile Monitoring Program will provide advance warning if seepage 
rates exceed those predicted in the EAR, or if the direction of seepage flow is 
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unanticipated (resulting in less seepage being captured by the drainage control 
system).  If either of these unexpected conditions is detected, a re-evaluation of 
the potential impacts of seepage will be conducted. 

Spatial and temporal trends in pH of seepage water will be evaluated in order to 
assess the presence of acid-generating materials within the North Pile.  If the pH 
of seepage water at one or more locations shows a persistent pattern of acidity or 
alkalinity, then follow-up action will be triggered.  There is overlap between an 
investigation of seepage from a geotechnical performance perspective and the 
Acid Rock drainage (ARD) Monitoring Program, which includes annual 
monitoring of potential ARD. 

3.2.5 Mitigation 

3.2.5.1 Stability 

The corrective actions would involve a review of the engineering design, 
assessment of existing structures constructed to date, and implementation of 
corrective measures by operations.  The corrective measures may require repair 
or modification to existing structures, construction of additional containment 
berms to stabilize the movement, and/or modifications to existing placement 
operations, such that future pile development is completed within acceptable 
ground movements. 

3.2.5.2 Temperature 

If inadequate conditions are identified by the thermal monitoring, corrective 
measures will be triggered to ensure that groundwater seepage and collection 
remains within design specifications.  For example, the downstream drainage 
ditch berms are designed to insulate the ground to minimize the depth of active 
thaw and maintain permafrost conditions above the drainage level in the 
perimeter ditch.  Construction of the perimeter ditch for the East Cell will be 
constructed well before it is needed to allow the ground downstream of the 
perimeter ditch to refreeze. 

3.2.5.3 Seepage 

If the re-evaluation of potential impacts shows unanticipated impacts to Snap 
Lake, corrective actions will be designed and implemented.  For example, the 
permafrost barrier down gradient of the perimeter seepage collection ditch could 
be expanded so that it blocks further seepage. 
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If the pH of seepage water shows a persistent pattern of acidity or alkalinity, the 
follow-up action may proceed in the following sequence:  

1. further investigation of the spatial extent, flow volume/rate and flow 
direction of seepage encountering acid/alkaline-generating materials in the 
North Pile;  

If spatial extent or flow direction and volume produce an assessment of risk to 
surface water or plants then: 

2. evaluation of options for control or diversion of seepage to prevent impacts 
on surface water; and, 

3. investigation of whether plant roots extend into the PK;  

If plant roots extend into the PK and bioavailable metals are present at 
concentrations that exceed background, then: 

4. corrective measures will be engineered and implemented by operations. 

Corrective measures may include excavation and relocation of the acid 
generating materials to a more stable location, covering the acid generating 
materials and/or freezing the acid generating materials using mechanically active 
or passive freezing systems. 

3.3 NUTRIENT ENRICHMENT OF SNAP LAKE 

3.3.1 Background 

The majority of Arctic lakes are classified as oligotrophic to ultra-oligotrophic 
(i.e., productivity is low to very low) and are characterized by low biological 
diversity.  Snap Lake is unique for the area in that it is classified as an oligo-
mesotrophic lake, characterized by low to moderate nutrient concentrations.  
Based on the existing levels of total phosphorus, Snap Lake is placed within the 
upper oligo-mesotrophic range (De Beers 2002).  There will be additional 
nutrient inputs into Snap Lake as a direct result of the discharge of treated 
effluent (estimated annual loading of 0.59 kg/d of total phosphorus).  This may 
result in a small increase in primary productivity in Snap Lake.  While nutrient 
concentrations within Snap Lake will increase, the magnitude of this change is 
not expected to be beyond the range of an oligo-mesotrophic lake. 
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Part B, Section 12c of the Water Licence requires that the AMP include details 
pertaining to the use of mitigation measures such as grouting, phosphorus 
abatement programs on site, enhanced sewage treatment, and/or artificial 
aeration. 

The mitigation measures identified in Section 12(c) are, with one exception, 
primarily aimed at reducing the impacts of increased concentrations of the 
nutrients phosphorus and nitrogen in Snap Lake.  Although grouting may have a 
minor effect on nutrients, it is primarily linked to increases in TDS and is 
addressed in Section 2.3.  Increases in nutrients may cause an increase in 
productivity in Snap Lake and, indirectly, a decrease in dissolved oxygen.  The 
water quality program within the AEMP submitted in July 2004 (De Beers 
2004a) will focus on changes in nutrient enrichment, dissolved oxygen, and 
ammonia, nitrate, and other contaminants.  Thus the AEMP and the SNP are the 
primary monitoring programs that will be used to determine whether the 
mitigation measures mentioned in Part B, Section 12c are necessary. 

3.3.2 Monitoring 

The principal objective of the Water Quality Component of the AEMP is to 
provide information that will allow De Beers to evaluate changes in water quality 
in Snap Lake resulting from the construction, operation, and closure of the 
Project.  This information will contribute to adaptive management of “chemical 
mass loadings” that could impact water quality in Snap Lake.  The program also 
complies with the water quality related conditions specified in Part G of the 
Water Licence.  Specific Water Licence conditions applying to the AEMP 
(Part G) include the following requirements related to nutrients: 

2 d) monitoring of the following as indicators of nutrient enrichment in Snap 
Lake:  
i. total phosphorus, dissolved phosphorus and orthophosphate, 

nitrate, nitrite, ammonia and Kjeldahl nitrogen; . . . 

2 e)  a verification of the Environmental Assessment predictions relating to 
the trophic and dissolved oxygen status of Snap Lake through the 
monitoring of: 
i.  dissolved oxygen concentrations in profiles at deep portions of 

Snap Lake with monitoring occurring under the ice in late winter 
and in late summer;  

ii. concentrations of total phosphorus, orthophosphate, and 
dissolved phosphorus in connate groundwater and mine effluent 
on a regular basis and in Snap Lake under ice in March and in 
early summer; . . . 

De Beers Canada Mining Inc. 



De Beers Snap Lake Diamond Project -23- August 2004 
Adaptive Management Plan 
 
 

A total of 10 monitoring stations will be sampled to characterize concentrations 
of nutrients in Snap Lake.  Water quality samples will be collected at each 
AEMP monitoring station over four seasons in each year.  A vertical water 
quality profile will be measured for all field parameters, including dissolved 
oxygen at each sampling station, for each seasonal sampling period. 

All of the stations monitored for TDS, calcium, and chloride will also be 
monitored for dissolved oxygen.  These stations encompass a range of depths, but 
are focused in basin (depression) areas, where lower dissolved oxygen 
concentrations are more likely to occur. 

Once a sufficiently long data record has been collected, trend analysis will be 
undertaken annually at all water column and sediment sampling locations to 
determine both the magnitude and potential significance of apparent temporal 
trends observed in the data. 

The Snap Lake water quality model will be updated annually and compared to 
monitoring results to validate EAR modelling for nutrients, and to recalibrate and 
to refine the model as a forecasting tool.  Modelling of future water quality 
conditions in Snap Lake and forecasted changes in water releases, will be 
combined with trend analysis results to forecast future water quality conditions in 
Snap Lake. 

3.3.3 Action Levels 

The EAR predicted that project water releases would increase concentrations of 
nutrients in Snap Lake.  Consequently, action levels should not be based on the 
presence of an increasing trend.  Instead they should be based on identifying 
when increasing trends could adversely impact aquatic populations in Snap Lake. 

Action levels for water quality will be based on comparison to three criteria: 

• rates of increases of water quality parameters predicted in the EAR; 

• water quality guidelines for the protection of aquatic life; and, 

• thresholds that would impact aquatic populations in Snap Lake. 

3.3.4 Adaptive Management Process 

The focus of the data analysis is to establish trends in water quality parameters in 
Snap Lake, and to compare those trends to EAR predictions, and guideline and 
threshold levels in Snap Lake. 
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3.3.5 Mitigation Measures 

3.3.5.1 Nutrient Abatement Programs 

Nitrogen 

The nitrogen abatement program will focus on removing nitrogen at the source.  
Since the primary source of nitrogen will be the use of explosives in the mine, 
proper procedures will be put in place to limit the amount of wastage and ensure 
proper clean-up when spills or misfires occur.  This is critical for safety, but the 
same cleanup procedures will reduce nitrogen concentrations in mine water.  
There are two additional supporting methods of nitrogen abatement.  The first is 
to limit the number of people underground who are going to be using explosives.  
It is easier to provide proper training and supervision to a small group and make 
sure that everyone using explosives understands the environmental, as well as 
safety, aspects of using explosives.  Distribution and spillage issues can be 
addressed better when only a small number of people are responsible.  Secondly, 
De Beers will use bulk emulsion instead of the more common ammonium nitrate 
fuel oil (ANFO) explosive.  Bulk emulsion is less soluble in water than ANFO, 
which will minimize the possibility of nitrogen leeching into the mine water 
before spillage can be cleaned up. 

Nitrogen removal at the WTP would involve denitrification, which requires the 
addition of ferric sulphate before the filtration to improve the nitrogen removal 
during filtration. 

Phosphorus 

The primary source of phosphorus in the mine will be the incoming groundwater.  
Phosphorus may be present in either a particulate form or dissolved form.  
Mitigation would involve speciating the phosphorus to determine the form that is 
present in the mine water and then applying the mitigation.  If phosphorus is 
present as a particulate (e.g., appetite), it will be removed as part of the 
suspended solids removal in the WTP.  All measures to improve removal of TSS 
in the mine water will also remove phosphorus that is in this form.  Phosphorus 
may also be dissolved form (e.g., orthophosphate).  Ferric sulphate, which will be 
used as a coagulant in the WTP, will also precipitate dissolved phosphorus if it is 
present.  Therefore enhanced phosphorus removal would involve either 
improving suspended solids removal or precipitating the phosphorus with iron by 
increasing the ferric sulphate. 

The phosphorus abatement program will also include consideration of 
phosphorus content in the materials (e.g., cleaning materials) brought to site.  The 
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EMS programs and procedures ensure that environmental issues are adequately 
considered, and appropriate controls and precautions are implemented for all 
items brought to the site.  De Beers, site maintenance, and contractor personnel 
must fill out specific purchase request forms and submit them to the Site 
Supervisor or designate indicating what they are ordering and if environmental 
concerns exist for this product.  The Environmental Coordinator or designate is 
responsible for controlling the purchase of materials, and ensuring that adequate 
environmental information is provided for the materials before their shipment to 
site. 

3.3.5.2 Enhanced Sewage Treatment 

The sewage treatment can be enhanced by either improving the operation of the 
treatment plant or making changes to the plant.  A performance review is the first 
step in determining if either or both may be required.  A performance review will 
be completed by October 2004 to make sure that the technology that has been 
recommended will in fact achieve the treatment objectives.  The performance 
review will form the basis for a decision on the full scale facility with respect to 
optimum process design and chemical use. 

3.3.5.3 Artificial Aeration 

There are numerous types of aeration designs, which can generally be placed into 
three categories: mechanical aeration, pure oxygen injection, and artificial 
circulation.  Mechanical aeration often involves pumping water out of the lake 
and allowing it to flow over external baffles.  This method would not be effective 
during the extremely cold winter temperatures at Snap Lake.  Increased aeration 
by pure oxygen injection involves injecting oxygen near the lake bottom and 
allowing the small bubbles to rise through the water column.  The bubbles of 
oxygen released to the lake require sufficient contact time for the oxygen to 
dissolve in the water.  Lack of contact time as the bubbles pass through the 
relatively narrow strata of low oxygen water near the bottom may reduce the 
effectiveness of this measure.  The transportation of oxygen to site is also 
undesirable from the perspective of safety and increasing the number of trucks on 
the winter road.   

Artificial circulation eliminates stratification by way of mechanical pumping or 
injection of compressed air from a diffuser at the bottom of a lake or reservoir.  
This method is one of the most commonly used lake restoration techniques (Cook 
et al. 1986) and has the greatest potential for mitigating winter stratification and 
related dissolved oxygen issues.  Often the goal of aeration is not to aerate the 
entire water body but rather to create an oxygen-rich refuge area for fish.  The 
level of oxygen maintained depends on the fish species in the water body. 
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The treated effluent will be discharged to Snap Lake through a diffuser.  In 
addition to dispersing the effluent by creating turbulence, the diffuser provides 
artificial aeration within the mixing zone.  Aeration of Snap Lake beyond the 
mixing zone would be done to increase dissolved oxygen concentrations in the 
water column. 

Snap Lake is known to have local areas of low dissolved oxygen under ice cover 
under baseline conditions, although refuges with higher dissolved oxygen levels 
are currently available to fish.  Whether artificial aeration in areas of Snap Lake 
other than the mixing zone will be needed will depend on the continued presence 
of suitable refuges allowing fish populations to overwinter in the lake.  The need 
for artificial aeration will be determined from monitoring of dissolved oxygen 
levels at different depths and locations during the winter and the oxygen 
requirements of the fish species in Snap Lake.  Should mitigation be required, the 
optimum method would be selected from the many options available and 
assessed as part of adaptive management. 

3.4 INCREASE IN TOTAL SUSPENDED SOLIDS 

3.4.1 Background 

A potential increase in TSS in Snap Lake may come from four sources: 

• discharge of treated effluent; 

• construction of rock embankments associated with the water intake and 
treated effluent pipeline;  

• lengthening of the current airstrip; and, 

• uncontrolled surface runoff. 

Suspended sediment in water pumped from the mine and from the drainage ditch 
network on site will be treated by the WTP.  Removal of suspended solids, and 
the metals and phosphorus associated with the suspended solids, is the primary 
function of the WTP.  It is predicted to reliably achieve a high degree of 
suspended solids removal as discussed in the EAR and the Updated Project 
Description.  In the unlikely event that TSS levels in the final effluent increase 
beyond predicted levels, there are a number of short- and long-term measures 
that can be taken to reduce TSS. 

Both the water intake and the treated effluent pipeline will be constructed along 
the shoreline in Snap Lake.  Placement of rockfill along the lake shoreline will be 
required at both locations.  Construction activities will take place in the water and 
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have the potential to increase TSS, which may in turn affect fish habitat, as silt is 
deposited on the lake bottom. 

The majority of the runoff on the Project site will be collected and diverted to the 
site drainage collection ditch network.  However, there may be some minor 
sources of uncontrolled runoff such as the following:  

• culvert at airstrip; 

• bulk sample mine rock pad; 

• quarry runoff; 

• winter access road; 

• road to bulk emulsion plan; and, 

• emulsion plant area. 

In addition to the above locations, lengthening of the current airstrip has the 
potential to generate sediment during construction.  This sediment may not be 
captured by the drainage ditch network and will be included with the 
uncontrolled runoff in this section. 

Part B, Section 12(d) of the Water Licence requires that the AMP includes 
actions to prevent discharge of waters containing high levels of TSS to Snap 
Lake. 

3.4.2 Monitoring 

3.4.2.1 WTP Effluent 

The final combined WTP and sewage treatment plant effluent (SNP Station 
02-17) must be monitored to determine compliance with the Water Licence.  This 
monitoring includes continuous in-line monitoring of turbidity and sampling for 
TSS analysis every six days.  Monthly sampling of turbidity and TSS is also 
required. 

3.4.2.2 Shoreline Construction 

The amount of TSS and turbidity released during construction of rock 
embankments associated with the water intake and the treated effluent pipeline 
(SNP Stations 02-22 and 02-23), will be monitored according to the 
specifications listed in the Fisheries Authorization issued for this Project.  This 
monitoring will have a limited time frame during the construction period. 
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As proposed in the AEMP submitted to the Board in July 2004, turbidity (light 
penetration), TSS, and sedimentation will be measured twice daily as a minimum 
during construction.  The frequency would increase if samples are highly variable 
throughout the construction period.  Data from sediment traps will be compiled 
and trends compared. 

Contingency planning will include the installation of sediment traps in five to 10 
additional areas.  These traps may be installed over known sensitive habitats, 
such as spawning areas, that have potential to be exposed to siltation.  Observed 
migration of a sediment plume would trigger sampling of sensitive habitats 
potentially influenced by the plume. 

3.4.2.3 Uncontrolled Runoff 

Water quality monitoring will be conducted at SNP stations 02-04, 02-05, 02-06, 
02-07, 02-08, and 02-09, which are the uncontrolled runoff sites listed in 
Section 3.4.1.  Samples will be collected during rainstorm events and the spring 
freshet if there is sufficient flow volume to allow for measurement.  Grab water 
samples will be taken at each sampling location for turbidity and TSS analysis as 
described in the AEMP. 

3.4.3 Action Levels 

3.4.3.1 WTP Effluent 

Part F, Section 9 of the Water Licence requires that the maximum concentration 
of TSS of any grab sample from the water and sewage treatment plants discharge 
at SNP Station 02-17 is 14 mg/L.  The average monthly limit for TSS is 7 mg/L. 

3.4.3.2 Shoreline Construction 

Action levels are based on requirements for mitigating TSS during construction 
of the embankments as outlined in the Fisheries Authorization. 

3.4.3.3 Uncontrolled Runoff 

Data analysis will be based on a comparison to guidelines for the Project.  Trends 
in TSS concentrations will be compared to both pre-construction data and 
criteria.  The Water Licence Criteria for TSS are a maximum concentration in 
any grab sample of 100 mg/L and an average monthly limit of 50 mg/L.  The 
Water Licence states in Section F Item 8(c), that the uncontrolled surface runoff 
occurring during the construction period is required to meet these TSS criteria. 
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3.4.4 Adaptive Management Process 

3.4.4.1 WTP Effluent 

The adaptive management process for the final effluent is a continuous process.  
Monitoring allows for immediate response to changes in TSS.  If in-line 
monitoring for turbidity indicates that turbidity is increasing, the cause of the 
increase can be investigated almost immediately.  Continuous turbidity data from 
the final mine water collection sump, the North Pile drainage ditch, the core 
facilities area collection ditch near the Water Management Pond (WMP), and the 
final discharge (SNP Stations 02-01, 02-02, 02-03, and 02-17) would be 
reviewed to determine the source of the increase.  A range of mitigation options 
are available, depending on the cause of the increase, as discussed below. 

3.4.4.2 Shoreline Construction 

If sampling results indicate that levels of TSS are above the Action Level during 
construction of the embankments, a review will be triggered through the AMP.  
Sources of TSS will be determined and corrective measures will be taken to 
reduce sediment release to guideline levels. 

3.4.4.3 Uncontrolled Runoff 

If sampling results from uncontrolled runoff, including runoff from the 
lengthening of the airstrip, indicate that levels of TSS are above Water Licence 
criteria, the source will be found and corrective measures will be taken to reduce 
sediment release to the levels outlined in the Water Licence. 

3.4.5 Mitigation 

3.4.5.1 WTP Effluent 

Short-term Measures 

During pre-construction, mine water is first discharged into the WMP where 
preliminary settling can occur.  From there, water is pumped into the WTP.  
Actions can be taken to increase the amount of suspended solids removal in the 
WMP by increasing the residence time of the mine water in the WMP.  If the 
mine water discharge and the treatment plant intake are located close together, 
short circuiting occurs and the residence time is reduced.  Short-circuiting 
between the mine water discharge and the WTP can be reduced by placing a 
floating curtain between the outlet and the inlet or by moving the location of the 
mine water discharge. 
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Measures can also be taken that increase the quantity of suspended solids that are 
settled out before the mine water reaches the WTP.  Systems to add flocculent to 
the mine water at either the mine water sump or the WMP will improve the 
settling of suspended solids before the mine water reaches the WTP.  This will 
improve filtration efficiency and the quality of water leaving the WTP. 

Suspended solids removal can also be improved within the WTP by adding 
coagulant and flocculent in the thickener before the mine water reaches the filter. 

Long-term Measures 

Long-term measures include both operating procedures and the WTP.  WTP 
performance could be optimized by adjusting the operating parameters such as 
chemical dosages or the set points (e.g., backwash times, air wash times). 

If the increased concentration of suspended solids in the effluent is due to 
overloading of the WTP, more filtration capacity could be added to the treatment 
plant.  The capacity described in the Project Description is expected to be 
adequate, but this will be verified by trend analysis.  If trend analysis predicts 
that the WTP may become overloaded, capacity can be increased in advance. 

Contingency Measures 

If TSS increase is due to a mechanical problem in the WTP, the mine water will 
be diverted to the WMP, which will be maintained at a low water level to provide 
capacity for this contingency.  If necessary, coagulant and flocculent could be 
added to the WMP so that it could be used for suspended solids settling rather 
than just storage. 

3.4.5.2 Shoreline Construction 

Both the water intake and the treated effluent pipeline will be constructed along 
the shoreline in Snap Lake.  A silt curtain will be used to minimize the amount of 
solids suspended in the water during construction of both embankments as 
required in the Fisheries Authorization.  The performance of the silt curtain will 
be closely monitored to verify it’s success and improvements will be made where 
necessary through the adaptive management cycle. 

3.4.5.3 Uncontrolled Runoff 

Because the sediment released from these sources by storm events will travel 
overland prior to reaching any waterbody, highly effective mitigation options are 
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available such as diverting flow to settling pond areas, or using silt fences or 
other materials to intercept and remove sediment. 

If sampling results from airstrip construction indicate that levels of TSS are 
above the criteria, the source will be found and some, or all, of the following 
corrective measures will be taken to reduce sediment release: 

• a change in construction practices; 

• additional mitigation; or, 

• a pause in construction until weather conditions are more favourable. 
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