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• Previous to the 1990s, environmental monitoring at mine 
sites was limited to measuring the discharge to check 
whether it met environmental limits.

Equity Silver 
Mine, in 
1980s



This ‘results based’
approach identified but 
failed to prevent non-
compliance and in many 
instances resulted in 
prohibitively expensive 
environmental impacts 
and remediation costs. 

Kam Kotia Mine, 
Ontario, 

remediation costs 
several $100 

million



Faro, remediation 
costs ~$0.5 billion

The prohibitively expensive environmental impacts and 
remediation costs transferred to government if the mining 

company went bankrupt.



Recognizing that a results based approach of prevention after 
problems occur was prohibitively expensive and socially 

unacceptable, the Province and industry switched to the more 
cost effective approach of prediction and proactive prevention 

of significant environmental impacts.



Monitoring plays a major role in prediction 
and proactive prevention of impacts. This 
includes:
– increasing the understanding of the site, 
– detecting flaws in predictions and 

mitigation measures, and 
– tracking changes in site conditions. 



Pro-Active monitoring is 
needed at all stages in the 
mine life:
• Pre-mine
• During mining
• After mine closes



Prior to mining, detailed monitoring is required to determine 
baseline conditions, set environmental protection and reclamation 
objectives, predict drainage chemistry and design mitigation 
methods.  This includes the monitoring of:

• Climate
• Water quality/Hydrology 
• Groundwater

Huckleberry Mine

• Fisheries / Stream Biota 
• Wildlife
• Soils / Geochemistry



During mining, monitoring of the geochemistry of excavated rock is 
done to confirm pre-mine predictions, characterize new areas when 
mine plans change and segregate wastes with different mitigation

requirements.

Ekati Diamond Mine, 
NWT



Mines conduct detailed monitoring of the particle size, moisture
content and compaction of construction materials and performance
measures such as settlement, pore water pressure, freeboard and the 

volume of seepage to ensure structures like dams achieve 
performance objectives and are built to last.

Kemess Mine



Eskay Creek Mine

During mining, the monitoring of mitigation measures for waste 
rock and tailings includes measurement of:
– delay prior to mitigation (in this case flooding)
– volume and chemistry of both the wastes and the associated 

drainage and
– cost of completing mitigation work if the mine closes 

prematurely.



One of the most important forms 
of monitoring is measurement of 
seepage as check on the 
accuracy of predictions and 
future trends in overall site, 
discharge chemistry. 

The heterogeneity of mine 
components is a challenge in 
using site drainage to check pre-
mine predictions. One solution 
is to also monitor field test pads 
of more homogeneous material 

Loadings is as important as 
chemistry and therefore flow
should be monitored along with 
drainage chemistry. 



During mining, periodic 
monitoring of the receiving 
environment is conducted to 
determine whether discharge 
limits are protective of the 
environment.



Pinchi Lake Mine, 
Fort St James

After a mine closes, operational monitoring of the performance 
of mitigation measures, the chemistry of seepage and the health of 

the receiving environment continues. 



Snip Mine

Once portions of the mine are complete and reclamation 
starts, monitoring will track plant and soil development . 



and the resulting productivity



Monitoring of reclaimed areas includes assessing whether there is 
significant uptake of metals by vegetation. Where there are wildlife

concerns, individual and population health may be monitored.

A soil cover over 
toxic tailings at the 

Sullivan Mine



Post-closure monitoring must detect whether the changes to land 
and water courses due to mining and other processes such as 

climate change, change geotechnical, hydrological, geochemical 
and ecological conditions sufficiently to alter the mitigation needs. 

New Lake

New Lake

New 
Ponds

New Hills



For example as pits flood, the rebound in the water table may change 
the stability, drainage chemistry and discharge of down-gradient mine 
components – in this case the highly acidic waste rock at the Equity 

Silver Mine.



Periodically, the financial liability and environmental risks 
should be monitored by government and ensure security 

bonds are sufficient to cover unfunded liabilities, mitigation 
measures are improved to prevent unacceptable risk and 
contingency plans or studies are developed to address 

significant uncertainty. 



Design of the
Monitoring Plan



Every mine and mine site 
is unique and the ‘Best 
Practice’ is to develop a 
site-specific monitoring
plan based on:

• present and predicted site 
conditions,

• required environmental 
protection 

• needs of the mine and
• properties and processes 

of the mitigation 
measures.

Johnny Mountain 
Mine



• Selection of monitoring methods and interpretation of the 
monitoring results need to be based on a good understanding of 
site conditions and the variability in properties and processes 
contributing to impacts and mitigation.



One of the first steps in deciding which parameters to monitor to 
detect flaws in proactive mitigation is to identify the potential 

failure mechanisms. Potential failure mechanisms for this ditch 
include root penetration through cover, erosion, accumulation of ice, 

sediment and plant debris and damage when ditch is cleaned.



Take A Scientific Approach
• Samples should be spatially, 

temporally, physically and 
geochemically representative of 
and include the materials, 
events or locations of most 
concern.

• No amount of QA/QC, 
statistics, computer modeling 
and expert opinion will help if 
monitoring misses the key 
materials, events and locations.

• Check assumptions. For 
example, periodically sample in 
between regular sample 
locations or times to check 
sampling density.



Take A Scientific 
Approach

• Before proceeding with 
monitoring, identify the 
objectives, question(s) that 
need to be answered and 
how the answers will be 
used. 

• Present all plausible 
outcomes, hypotheses or 
mechanisms, not just the 
most easily managed. 

• Show how the proposed 
explanation(s) may be 
verified if correct or proven 
wrong if incorrect.

A bump in the road is noticed at the 
‘School of Continuous Improvements 

and Small Wins’



Consider the Cost-Effectiveness
• Additional monitoring should only be done if it is likely to 

significantly reduce the environmental risks and liability. 
• Continually check the relevance of monitoring methods to the 

overall objectives. At some point, additional mitigation 
measures may be more cost effective than more monitoring.

Dealing with Uncertainty
• There is always significant uncertainty regarding mine site 

conditions and future performance.
• Sensitivity, gap analyses and risk assessment should be used 

to determine the impact of possible inaccuracies and the lack 
of precision on the overall environmental risk and liability. 



When to Stop Monitoring?

Monitoring should continue until 
there is no longer significant 
uncertainty regarding the proactive 
detection and resolution of problems.



Monitoring is required for as long as maintenance 
of mitigation measures may be required, which for 
structures for water management and mitigation, 
such as those shown below, is indefinitely.

Kemess South

Dam
Spillway and 

Discharge Channel

Diversion Ditches

Soil Cover over 
sulphidic wastes 

used to build Dam



Mitigation without 
monitoring is
equivalent to driving a 
car without a wind 
shield or a gas gauge –
crashes and 
breakdowns will be 
inevitable.
Monitoring is required 
even for the simplest 
components (e.g., O-
ring and space shuttle).



Monitoring is also required for as long as there is 
significant uncertainty regarding the chemical alteration 

of the rock and drainage chemistry.

There is significant uncertainty regarding drainage 
chemistry at over 40 major mines in British Columbia.

Kitsault 
Mine



Environmental problems such as mass wasting or 
deterioration in drainage chemistry may many decades. At 
Island Copper, it took 17 years for the first acidic drainage.



Challenges 



Atmosphere

Cover Material

Percolation

Method B: Full-Size Lysimeter

Waste Rock

Many key properties are difficult or impossible to measure. An 
example of this is infiltration through soil covers. 



Many monitoring 
locations are difficult to 
reach, especially during 
snow melt, which is 
often the most important 
time of the year. 



• Project and site knowledge that is critical in the 
interpretation of monitoring data is frequently lost with 
staff changes, company takeovers, mine closures and 
government downsizing. 
– Need to ensure information is preserved in a safe, 

secure usable form.
– Monitoring databases should allow the tracking of 

changes to key properties or components of the site.
– Operating manuals for monitoring should include 

protocols for sampling and analysis, sampling 
equipment, frequency and methods, sample storage, 
transportation, preparation, analysis and reporting



Tailings Impoundment* #

Pits*

Waste Rock Dumps

Treatment 
Sludge*

Mines have large number of components

Use of mine 
wastes for 

construction#

Ditches and sumps to collect 
contaminated drainage

Concentrate

Small 
Underground

Ponds and 
pumps



Challenge: Regulatory Overload
- More public consultation and more meetings
- Cumulative increase, especially closed mines

Mines with Major 
Environmental Concerns in BC

Number Cumulative  
#

Historic 10 10

Closed 1970-1990 18 28

Recently Closed 20 48

Operating 12 60





There are now more than 60 major mines in B.C. with a potential for 
significant uncertainty or long-term mitigation requirements



Political and Financial Pressure
Often strong pressure to reduce monitoring costs (cut red tape) and 
ignore monitoring results. Pressure to approve development without 
supporting monitoring results is costing the public many $ billions in 

Canada and the United States. 

Faro Summitville



Monitoring can be a call to action, but on its own cannot prevent 
impacts.  

Maintenance, adaptive management and contingency plans based 
on monitoring will only prevent impacts if there is sufficient time 
and resources and sufficient information about what corrective 
measures are required.



Mining is a very different business now compared to 10 to 20 
years ago, with vastly improved practices.

Conclusions



While monitoring practices have improved, major challenges remain: 
– complexity of mines sites and large information requirements; 
– difficulty measuring many important parameters; and
– highly specialized, time consuming nature of the work.

Pinchi Lake Mine, 
Fraser Lake



Granisle Mine

Bell 
Mine

Due to the large 
environmental impact and 
costs if things go wrong, 
proactive monitoring at mine 
sites is very important both to 
the economy of Canada and 
the regions in which the 
mining industry operates.

Hard work, resources and a 
commitment by both 
government and industry is 
required to sustain these 
monitoring programs.



Duthie Mine, 
Smithers 2005

The devil is in the details. Need to ensure issues are being monitored 
in sufficient detail; by persons with adequate motivation and 

expertise; and in a timely manner.



• Monitoring methods and interpretation of the monitoring 
results needs to be based on a good understanding of site 
conditions and properties and processes contributing to impacts 
and mitigation.



Johnny Mountain, 
May 19th, 1999

Site conditions are also 
important in determining
logistical constraints.
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Due to the large 
environmental impact 
and costs if things go 
wrong, monitoring at 
mine sites is very 
important both to the 
economy of Canada 
and the regions in 
which the mining 
industry operates.

Smithers

Houston

Equity 
Silver Mine



proactive monitoring includes measurement of the geochemistry of 
excavated rock, the construction and performance of mitigation 
measures, the rate and chemistry of seepage from different site 

components and the health of the receiving environment,.

Highland Valley 
Mine



• Personnel with proper technical training, 
experience and motivation should be accountable 
for the terms of reference, methodology and 
interpretation of results



• Mine reclamation and 
environmental protection are 
relatively new fields and there 
is a continual need to upgrade 
knowledge.

• It is important that all those 
involved, not just the 
specialists, are properly 
informed (e.g., persons 
conducting sample 
preparation)

• Professional reliance has had 
limited success to date, 
perhaps because this is a 
specialized and 
multidisciplinary subject. 



Challenge: Changes in land use may alter monitoring 
questions and how results are interpreted.

Highland Valley 
Mine
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