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Groundwater is part of the 
hydrologic cycle 



RECHARGE 

DISCHARGE 

Real aquifers are 3-dimensional! 



Simple….yet complicated! 



Groundwater/ 
Surface Water 101 

 A. Initial Steady State 
 

B. All flow to well from 
storage 
 

C. Changing gradients 
change flow system 
 

Extreme case - flow 
previously toward 
stream reversed 

 



Two Sources of Water to a Well 

 
1. Aquifer Storage 

 
2. Capture 

1. Increased recharge 
2. Decreased 

discharge 
 Streamflow or 

Evapotranspiration 
 



Capture (streamflow 
depletion) 
 C.V. Theis (1940) – 

seminal paper 
 Increase in 

recharge+decrease 
in discharge 
 Not about “if” 
 All about “where” 

and “when” 



What Influences Capture Rate? 

1. Aquifer properties  
(diffusivity) 
 

2. Distance between 
well or recharge and 
stream 
 

 (Not flow rate, not 
recharge, not 
direction of flow, not 
pumping rate) 

 



Aquifer Diffusivity 

 
 D = T/S 
 D = Diffusivity 
 T = Transmissivity 
 S = Storage  

 
 Where and when are the only questions 
 Recharge, flow direction, pumping rate are not 

factors 
 

 



Simple….yet complicated! 



The Classic “Capture Curve” 



Effects of GW withdrawals 



Effects of GW withdrawals 
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Well D-15-13 22DCC2 
Total depth: 45 feet 

Well D-15-13 23CCB2 
Total depth: 280 feet 

Well near Martinez Hill 





 



Groundwater models – simulating 
reality 
 A replica of a “real-world” groundwater 

system 
 
 Can be: 
 Sand packed in a glass container 
 Electrical analog 
 Viscous liquid 
 Numerical 



Electrical Analog Model 



Numerical Model 



Model and lab experiment 



Modeling in the “Real World” 



Superposition Analysis 



Northern Arizona Groundwater-flow 
model 
 Purpose 
 Test assumptions 
 Develop water budgets 
 Analyze development 

scenarios 
 Stream-aquifer 

interactions 
 Synthesizes 

knowledge of systems 
 Calibrated to data 

 



GW-SW Connections 





……is this the Real World? 



Proposed 
Pipeline 

 

Prescott 
Prescott Valley 

Verde Valley 

Big Chino 



Upper Verde Area’s Problem 

 State Groundwater 
Management Law 
 
 Surface-water 

resources (limited) 
 
 Limited groundwater 

resources 

 



Phoenix’s Problem 

 Verde River 
accounts for 
significant supply 
 
 Growing 

populations 
 
 State Law – SW/GW 

connection (or not) 

 



Running afoul of the law! 





 



One thing leads to another…. 

  

“That young whippersnapper…..” “That young whippersnapper…..who 
doesn’t know anything” – KYCA 1490 

USGS 



The past: 1910–2005 modeled base flow 
Upstream 
Clarkdale 

gage 



The past: 1910–2005 modeled base flow 
Upstream 
Clarkdale 

gage 



The past: 1910–2005 modeled base flow 
Upstream 
Clarkdale 

gage 

No human stresses 

With human stresses 



1910–2005 modeled base flow 
Upstream 
Clarkdale 

gage 

Decrease of 4,900  
acre-feet per year 

attributable to pumping 



Upstream 
Clarkdale 

gage 

Additional decrease of 
2,700 to 3,800 

acre-feet per year 
attributable to pumping 

The hypothetical future 



Epilogue 
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