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Outline

� Basics on GW/SW interactions

� Models for analysis of complicated problems

� Political challenges and how to respond to 
questions about models



Groundwater is part of the 
hydrologic cycle



RECHARGE

DISCHARGE

Real aquifers are 3-dimensional!



Typical ground-water flow system



Simple….yet complicated!



Objectives in Groundwater Management

� Water-level declines

� Subsidence

� Changes to water budgets



What are the sources of water to 
pumping wells?

• Initially, a well draws water from storage

• With time, greater percentages of pumped 

water is derived from capture of available 

ground-water discharge

– from streams

– from evapotransipration

– from springs

– from ground-water flow to adjacent downstream 

aquifers 

– Also can capture recharge areas in adjacent 

basins



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



Capture (streamflow
depletion)

� C.V. Theis (1940) –
seminal paper

� Increase in 
recharge+decrease
in discharge

� Factors that affect 
capture

� All about “where” 
and “when”



Effects of GW withdrawals



Effects of GW withdrawals
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Total depth: 45 feet

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

Well near Martinez Hill









The Classic “Capture Curve”





More Complications



What is a groundwater model?

� A replica of a “real-world” groundwater 
system

� Can be:
� Sand packed in a glass container

� Electrical analog

� Viscous liquid

� Numerical



Model and lab experiment



Electrical Analog Model



Numerical Model



Experiment on model



Model Accuracy

� Dependant of the level of understanding of 
the flow system

� Requirements:
� Some level of site investigation

� Accurate conceptualization 

� Old quote: “All models are wrong but some 
are useful”

� Accuracy is always a trade-off between 
resources and goals



Types of Models
(from Anderson and Woessner, 1992 Applied Groundwater Modeling)

1. Predictive— Purpose is to predict system 
response to stresses. Requires calibration to 
heads, flow, etc. This is the type of model 
that most of us try to construct.

2. Interpretive— Purpose is to try to 
understand how a system works, organize 
field data. Not necessarily calibrated.  

3. Generic— Purpose is to analyze dynamics 
of hypothetical systems that may incorporate 
important characteristics of actual systems.



• Costly to construct

• Time consuming

• Difficult to test alternate conceptual
models

• Solutions are rarely unique

• Predictions are rarely accurate

Bad …

The Bad and the Good of Models



The Bad and the Good of Models

Models can… 

• assimilate all information in a system 

• account for complex properties and 
geometry of the real-world

• test concepts and hypotheses

• test multiple scenarios in a consistent way

• Evaluate data needs

• Tell you which pieces of information are 
most important

Good 



Philosophy

“The purpose of computing 

is insight, not numbers”

—R.W. Hamming



Northern Arizona Groundwater-flow 
Model

� Large swath 
of state

� No artificial 
boundaries



Northern Arizona Groundwater-flow 
model

� Purpose

� Test assumptions

� Develop water budgets

� Analyze development 
scenarios

� Stream-aquifer 

interactions

� Synthesizes 
knowledge of systems

� Calibrated to data



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



The hypothetical future

Upstream 

Clarkdale 

gage



Upstream 

Clarkdale 

gage

Additional decrease of 

2,700 to 3,800

acre-feet per year 

attributable to pumping

The hypothetical future



Verde Valley Capture Maps



Where’s the controversy?



Prescott

Prescott Valley

Verde Valley

Big Chino



GW-SW Connections



Running afoul 
of the law!



One thing leads to another….

“That young whippersnapper…..”“That young whippersnapper…..who 

doesn’t know anything” – KYCA 1490

USGS



Uncertainty?

� Best thing since 
sliced bread!

� It’s worthless!



The NARGFM can be used for:

Scientific Experiments

Water-Resources Management

Policy neutral,

yet policy relevant



Thank you!

Questions?



GW-SW Connections



� Misconceptions of GW-SW relations

� Are often intuitive (and therefore hard to debunk)

� Are broadly shared by public, resource 
managers, and technicians alike

� Are my lead in to “water security”!

� Four myths……



Myth 1: Direction of Flow Matters



Myth 2: Withdrawals up to average 
recharge are “safe”

� Withdrawal = recharge means no GW 
outflow

� Amount of capture depends on 
withdrawals, not recharge

� Other effects at withdrawals < recharge 
include subsidence, water-table declines, 
reductions in water quality



Myth 3: Depletion stops when 
pumping ceases

� A. Well pumping

� B. Well off, cone 
refilling

� Cone refilled, flow 
system restored



Myth 4: Confining layers prevent 
capture
� Confined aquifers never 

completely isolated

� Gradients (slope) demonstrate 
recharge and discharge 
(connected somewhere)

� Confining layers can slow 
down…….or speed up capture!

� Models are needed to 
understand effects of 
confining layers



New USGS report:

Circular 1376—

Streamflow depletion by 

wells

http://pubs.usgs.gov/circ/1376/



Case Study—GW Model of the

Upper San Pedro Basin

Simulating GW flow system 
within 

Sierra Vista Subwatershed

and Sonora, Mexico

Regional alluvial aquifer-
system

and bedrock aquifers



Need for a GW Model
• Population in Sierra Vista and Fort 

Huachuca is rapidly increasing
• All water supply is from wells in the 

alluvial-basin aquifer
• Ground-water discharge also 

supports streamflow in the San 
Pedro River and adjacent riparian 
vegetation

• Many groups including the Riparian 
Conservation Area are concerned 
that continued ground-water 
pumping could dry up the river and 
kill the vegetation

• A well-constructed model will help in 
understanding the amount and 
timing of effects of the GW 
withdrawals on the riparian system



GW Model of the

Upper San Pedro Basin

• Purpose of New GW Model

(as opposed to existing models)

– Incorporate better understanding of the GW flow 

system

– Provide San Pedro Partnership with a GW model 

tool that can be linked to the DSS.

– More accurate representation of stream-aquifer 

interactions and results of Partnership activities



GW BUDGET

Annual ground-water withdrawals in the Sierra Vista subwatershed and 

Sonora, Mexico portions of the Upper San Pedro Basin, 1902-2002.
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Average annual 

recharge rate 21 cu-hm



GW FLOW SYSTEM

Water-Level Altitude

2002
C.I. 20 METERS

Perennial GW 

discharge

Losing stream 

reach

Recharge



Charleston Charleston BaseflowBaseflow

Winter 7-Day Low Flow at Charleston, 1936-2003

y = 0.0248x - 34.43
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Charleston (Jan. 15 through Mar. 15)

Charleston 5-yr moving average

Linear (Charleston (Jan. 15 through Mar. 15))

2003 streamflow data not yet verified.

Winter values calculated using only data from January 15 

to March 15 of each year, which is the period of 

maximum winter recovery of low flow following the 

previous months of water use by near stream vegetation 

and ground-water withdrawals.  

Summer (June) 7-Day Low Flow at Charleston, 1936-2003

y = -0.0325x + 66.43
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Theoretical 
Capture of 

Ground-Water 
Discharge
at 50 years

Model layer 4
The primary alluvial 

aquifer


