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Complex terrain  

Impact on Long Term Monitoring  
Program Design? 

How is our Climate Changing? 











LOW LEVEL OF MONITORING 

CONCEPT: Difficult to extrapolate background 
 conditions from other areas – will need baseline and 

background monitoring built into program design.   
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Complex Terrain 

How is our Climate Changing? 
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CONCEPT: Think “intermediate term” changes – 
impacting monitoring programs  now! 



CONCEPT: Think longer duration storms 
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CONCEPT: Think snowpack in remote 
highland regions – impact on lowland sites 
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ACID RAINFALL 
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FOREST FIRE SMOKE 
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CONCEPT: impact of airsheds on water chemistry 
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CONCEPT: Climate change encompasses a wide 
variety of parameters – lot of “known unknowns” 
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How is our Climate Changing? 

Impact on Long Term Monitoring  
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CONCEPT: “Long Term” – starting on 25 years  
Coke Ovens/Tar Ponds; 50 years CBDC mine sites; 

 results here are from on-going 15 to 20+ years 

CONCEPT: BASELINE before as well as BACKGROUND during/after operations 

CONCEPT: separate out impacts due to changing climate, 
Legal-Due Diligence, another Quality guideline for comparison,  
aid regulatory research on climate change impacts/adaptation 
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CONCEPT: streamflow reducing – impact on salmonid habitat 





CONCEPT: consider “Memory Effects” and 
natural suspended sediment concentrations in  

certain river systems  





Naturally low pH-  
below 6.5 guidelines 

CONCEPT: consider natural changes in the  
evolution of water chemistry – don’t just compare 

with some guideline – expand the analysis 



“Ada” drought  
(1999-2004) 

CONCEPT: head level changes can change flow 
direction 



Semi-confined sedimentary 
bedrock below till cover 

Water table Sand/Gravel 

CONCEPT: there is natural fluctuation in groundwater 
chemistry to consider in creating stability envelopes 



~0.06 m/year 

Upper Morien Aquifer 
~0.5 km from coast 



CONCLUSIONS 

LOT OF KNOWN – UNKNOWNS in terms 
of how fresh waters will change.  This 

combined with complexity in the terrain  
require defining local conditions  

CLIMATE and ITS IMPACTS ON 
FRESH WATER RESOURCES are 

changing now at intermediate 
decadal time scales 

Monitoring baseline and 
background conditions will 

aid in delineating just 
those impacts associated 

with site operations,  
potentially minimize 

remediation costs and 
support legal  challenges 


