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Overview 

• Major concerns about groundwater sustainability 
• PEI aquifer/stream systems 
• Aquifer/stream responses to constant pumping stresses 
• Aquifer/stream responses to seasonal pumping stresses 
• Sustainable management of groundwater 
• Conclusion remarks 



Water quantity concerns 

• PEI is entirely underlain by an fractured sandstone aquifer. 
• The aquifer provides all the drinking water and a large majority 

of industrial water supplies. 
• Groundwater discharge contribute to over 65% of the annual 

stream flow, sustaining the aquatic ecosystem. 
• Increasing demands of groundwater raised the concern of 

aquifer/stream flow depletion; if groundwater should be used for 
irrigation is a live debate. 

 
• Do we have sufficient scientific knowledge for 

managing the systems? Do we have credible tools to 
inform management decision making? 
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• Sandstone formation (1200-
1600 m), overlain by 0-10 m 
of till. 

• ~200 watersheds with sizes 
of 0.02-196 km2. 

PEI aquifer/stream systems 

Charlottetown 

Souris 

(Environment Canada 2008) 

(St. Margaret PEI) 



PEI hydrological cycle 

Recharge is abundant on an annual basis, but summer recharge is limited. 

Precipitation: 1100 mm/yr. 

Groundwater contributes ~66% of stream flow 

(Jiang et al., 2012) 



Aquifer/stream responses to ambient 
stresses 
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Both stream flow and shallow water level respond quickly to 
recharge events, indicating that the groundwater is renewable 
and vulnerable to surface contamination. 



Aquifer/stream interaction 
• Constantly pumping 

groundwater reduces stream 
discharge (i.e., zero impact is 
impossible). 
 

• A pumping test can 
demonstrate short-term local 
responses of aquifer/stream 
system. 
 

• A groundwater flow model 
can predict the long-term 
effects of extractions at 
multiple wells. 

(Winter et al., 1998) 
Natural condition 

Pumping condition 

Heavier pumping condition 



Modelling vs. measuring aquifer/stream 
responses 
• Testing the effects of long-term extractions at multiple wells in a 

watershed may NOT be feasible. 
 

• Models are required for predicting the responses to due to long-
term/multiple-location stresses. 
 

• Short-term/small-scale field tests generate data, but the data alone 
cannot do as much as a model + data can do.  
 

• Boomer’s weather forecast is an good example of model 
application in daily life. 
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Aquifer/stream responses to constant 
groundwater pumping: Winter River case 
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Trend of GW extractions in Winter R.W. 

Monthly average groundwater extractions by Charlottetown
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Pumping has increased at 
0.7% per year 



Aquifer/stream responses to GW pumping in Winter R.W.  
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Winter R. flows (Suffolk) were lower than those in the Dunk and Wilmot, 
likely due to impacts by heavy groundwater extractions in the watershed. 

Winter R. stream flow vs. West R. and Wilmot 
R. stream flows 



Aquifer/stream responses to GW pumping in 
Winter R.W.  

Groundwater levels did not show long-term declining trend under constant pumping 
stresses, suggesting that aquifer mining is NOT occurring in this intensive pumping 
watershed. 



Aquifer/stream responses to seasonal 
pumping stresses: Wilmot River case 
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Modeling aquifer/stream responses to 
irrigation extraction stresses 
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The aquifer is divided into cells for modeling purposes 
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Model calibration and verification 
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Modeling scenarios 

• Assumptions: 
– Irrigation occurs on all potatoes land (1995-2001 inclusive) 

within the watershed 
– In any one year only 1/3 of potatoes land is irrigated, 

irrigation occurs only in July and August 
– Simulations include non-pumping conditions and several 

“irrigation scenarios”: 
• 5” of water applied via five, 1” applications 
• 8” of water applied via eight, 1” applications 
• 10” of water applied via ten 1” applications 
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20% reduction 

40% reduction 

Model-predicted aquifer/stream responses to 
irrigation extraction stresses (38 km2 Wilmot 
sub-watershed) 

2001 2000 



Responses to constant vs. seasonal extractions 
Winter River watershed 

• Irrigation extractions utilize 
3500 igpm (5” water 
applications) during July-Aug. 
(50 days). 
 

• Irrigation extractions utilize 
only 7% of annual recharge 
(480 igpm /6860 igpm). 
 

• Dry season stream reduction 
(i.e., 2001 weather): 20% (27 
wells/38 km2) 

Wilmot River watershed 

• Charlottetown continuous (7/24 
basis) extractions utilize 3060 
igpm. 
 
 

• Charlottetown utilizes 44% of 
annual recharge (3060 igpm 
/7000 igpm). 
 

• Dry season stream flow 
reduction (i.e., 2001 weather): 
37% (38 km2). 
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The temporal disparity between high recharge and high water demands for 
irrigation and ecology could create a seasonal water use conflict. 
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Sustainable management of groundwater 
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Criteria for groundwater withdrawals 

• Old criteria for groundwater (availability-based): extraction not 
to exceed 50% of the annual recharge for the watershed. 

 
– Using up to 50% of mean annual recharge can maintain an 

adequate groundwater balance, but may not ensure sufficient 
stream flow during seasonal dry periods of the year. 

 
• New criteria for groundwater (impact-based): should ensure 

pumping will not deplete stream flow below the threshold for 
aquatic habitat protection (seasonal dry periods). 
 

• The key question is what stream flow reduction is acceptable. 



What stream flow reduction is acceptable? 

• How much change can these fish tolerate before their 
reproduction is unsuccessful? This question continues to be a 
field of research. No figures exist to show exactly how 
freshwater species depend on groundwater or how to calculate 
the amount of groundwater that can be removed from a 
discharge zone before affecting the health of the river to which it 
is linked (Gartner Lee Ltd., 2002; Rivera, 2005). Therefore, the 
water requirements of groundwater-dependent ecosystems and 
aquatic ecosystems are not yet easily quantified, although these 
topics are receiving an increasing amount of attention from 
scientists. 
 

• There is, to date, no standard methodology for incorporating 
instream-flow protection into laws and regulations, although a 
number of provinces are examining ways to address this gap. 
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(Council of Canadian Academies 2009) 
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Many head-water streams are 
seasonal in nature! 



Goals for sustainable management of 
groundwater 
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Protection of ecosystem viability: 
Sustainability requires that 
withdrawals do not significantly 
impinge on the contribution of 
groundwater to surface water 
supplies and the support of 
ecosystems. Human users will 
inevitably have some impact on 
pristine ecosystems. 
 
Most previous attempts to define 
sustainable groundwater use 
acknowledge that the question of 
what constitutes sustainability 
involves judgment and is ultimately 
a societal decision that should be 
informed by scientific knowledge 
and sustainability principles, 
including the precautionary 
principle. 

It appears that NO authority in 
Canada at any level (local, 
provincial, or national) 
has assessed the sustainability of 
groundwater use under its 
jurisdiction or established a 
sustainable-management strategy 
in a way that fully meets the 
above-stated goals. 



Conclusion remarks 
• PEI’s groundwater is renewal, responds quickly to precipitation events 

and is vulnerable to contamination. 
 

• Groundwater and streams are closely linked; maintaining sufficient level 
of groundwater discharge is critical for aquatic habitat protection. 
 

• PEI’s recharge is abundant and overall groundwater extractions are low 
compared to annual recharge. PEI has not yet experienced aquifer 
depleting/mining. However, intensive pumping in some watersheds has 
raised local concerns. 
 

• The temporal disparity between high recharge and high water demands 
for human and ecology uses could create a seasonal water use conflict. 
 

• How much a stream can be perturbed remains unknown. 
 

• In the absence of watershed-scale test data, numerical models are 
reliable and cost-effective tools for informing management decision 
making given the relatively uniform geology in PEI. 



Thank you! 

Yefang.jiang@agr.gc.ca 

Tel: 902-370-1430 

mailto:Yefang.jiang@agr.gc.ca
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