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Fundamental Questions 
Are the effects of current groundwater allocation 
acceptable? 

If current allocation is acceptable, will the effects of 
additional groundwater allocation be acceptable? 

How is acceptable defined? 
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Groundwater Yield 
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Groundwater Yield 
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Diagram of Yield Concepts 

• Quantity of extractable groundwater 

• Recharge rates and storage conditions 
• Water quality 
• Discharge rates and environmental flows 

• Legal constraints 

• Economic feasibility 
• Inter-generational equity 

Yield 

Aquifer 
performance 

Aquifer 
governance 

After Pierce et al. (2013) 
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Groundwater Yield 
“… consideration of the present and future costs and 
benefits may lead to … mining groundwater, perhaps 
even to depletion … [or they] may reflect the need for 
complete conservation. Most often, the optimal 
groundwater development lies somewhere between 
these extremes.” (Freeze and Cherry, 1979) 

“… aquifer yields can be viewed through the lens of an 
adjustable continuum. By [using] the concept of a 
continuum … a framing device for describing the 
selection of an aquifer yield emerges.” (Pierce et al. 
2013) 
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Aquifer Yield Continuum 

All discharge is captured,  
experience continuously falling  
water levels everywhere in  
aquifer.  Possible land subsidence.   
Possible partial dewatering of  
aquifer. Loss of bequest volume. 

Partial to complete dewatering of  
aquifer.   Major land subsidence,  
fissures, collapse, seismiscity,  
leading to permanent loss of  
aquifer for all uses.  

Groundwater dependent  
ecosystems will be stressed within  
natural variations experienced but  
essentially intact.  No observable  
or statistically significant effects on  
groundwater-fed streams,  
wetlands, springs. 

Groundwater-fed streams,  
wetlands, springs are constant at  
minimual tolerable level with  
notable stress on groundwater- 
dependent ecosystems. (Tolerable  
changes in subsidence, change in  
head, change in chemistry, change  
in baseflow) 

Baseflow goes to zero resulting in  
all groundwater-fed streams,  
wetlands, and springs drying up net  
of return flow, but water table  
levels stay constant. 

Permissive 
Sustained Yield 

(PSY) 

Maximum 
Sustained Yield 

(MSY) 

Sustained Yield 
(SY) 

Permissive 
Mining Yield 

(PMY) 

Maximum 
Mining Yield 

(MMY) 
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Aquifer Yield Continuum 
(after Pierce et al. 2013) 

Permissive Sustained Yield (PSY) 
P = RP - DPSY 

Maximum Sustained Yield (MSY) 
P = RP - DP 

Safe Yield (SY) 
P = RP 

Permissive Mining Yield (PMY) 
P = Vo – Vmin + RP – Dmin 

Maximum Mining Yield (MMY) 
P = Vo + RP 

P = Discharge from pumping 
RP = Recharge due to pumping 
DPSY = Discharge required to           

maintain PSY conditions 
DP = Discharge to maintain MSY 

conditions 
Vo = Original volume of water in place 
Vmin = Minimum volume of water 

remaining under PMY 
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Aquifer Yield Continuum - Modified 
Permissive Sustained Yield (PSY) 

 P = fDPSY x R, where fDPSY=0.1 and R from hydrographs analyses 

Maximum Sustained Yield (MSY) 
 P = fDP x R, where fDP = 0.5 

Safe Yield (SY) 
 P = R 

Permissive Mining Yield (PMY) 
 P = Vo x fVmin + R, where fVmin = 0.01, and Vo = Vaq x n estimate 

Maximum Mining Yield (MMY) 
 P = Vo + R 
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Aquifer Yield Matrix 

Aquifer PSY 
(m3/yr) 

MSY 
(m3/yr) 

 

SY 
(m3/yr) 

 

PMY 
(m3) 

 

MMY 
(m3) 

Aquifer 1 V1PSY V1MSY V1SY V1PMY V1MMY 

Aquifer 2 V2PSY V2MSY V2SY V2PMY V2MMY 

Aquifer 3 V3PSY V3MSY V3SY V3PMY V3MMY 

Aquifer 4 V4PSY V4SY V4SY V4PMY V4MMY 
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AGS Yield Matrix Work to Date 

Upcoming AGS Open File Report: Klassen and Smerdon (2017) 
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Area of Interest 
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Allocations in the Paskapoo Fm 
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Percentage of PSY 
All Paskapoo Fm Allocations 
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Area of Interest for 
Additional Analysis 

Source of Duvernay prospectivity is AER’s Duvernay Reserves and Resources Report 
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PSY Aquifer Yield Volumes 
by Sub-Basin 

• Iosegun ~ 8% of total PSY volume from all three 
sub-basins 

• Upper Little Smoky  ~ 86% of total PSY volume 
from all three sub-basins 

• Waskahigan ~ 5% of total PSY volume from all 
three sub-basins 

Total PSY 
volume all 

3 sub-
basins 
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Groundwater Diversion, Hydraulic 
Fracturing - Iosegun River 

57% used in Duvernay Fm. 
development 
43% available for other uses 



AGS 

Groundwater Diversion, Hydraulic 
Fracturing – Upper Little Smoky R. 
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Groundwater Diversion, Hydraulic 
Fracturing – Waskahigan River 
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Conclusions 
The Aquifer Yield Matrix approach provides a 
means to understand current allocations of 
groundwater in the context of the potential 
repercussions of those allocations 

Total current allocations might be exceeding 
some of the thresholds between yield 
categories 

Sourcing for hydraulic fracturing contributes to 
total diversions, but it does not exceed the first 
aquifer yield threshold on its own 
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