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Thirty five years ago the noted 
ecologist Barry Commoner 
wrote, in The Poverty of Power, 
that many of our environmental 
problems have arisen because 
we have lost sight of the fact 
that our financial system "ought 
to conform to requirements of 
the production system, and the 
production system to the 
requirements of the ecosystem.” 
The economic system, he wrote, 
is dependent "on the wealth 
yielded by the production system 
and the production system on 
the resources provided by the 
ecosystem.“

►►►
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The piece of Earth that
we call Virginia has been
endowed with abundant
water resources.

Over the centuries these resources have 
nourished a rich ecosystem of living beings and 
helped to found a great nation.

Today, they sustain the life and livelihood of 
more than 7.5 million persons.

Ominously, however, risky utilization is steadily 
degrading the quality of the water and is shrinking the 
supply.

INTRODUCTION

►
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The era of cheap and abundant water is 
ending and we can no longer assume that the 
supply of water is limitless.

Nor can we count on a few traditional sources 
of water to supply all of our needs. 

We must shift from practices that lead to the 
impairment and exhaustion of the water 
supply to practices that recognize the limis of 
the supply.

We must develop a new kind of water supply, 
one founded on diversified sources and 
sustainability.

►
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A Historic Shift in the Water Supply Budget

►
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TOPICS
q SUPPLY

THE WATER RESOURCES OF VIRGINIA

q DEMAND
WATER USE IN VIRGINIA

q SUSTAINABILITY
THE WATER CYCLE
SUSTAINABLE WATER SUPPLIES
A NEW WATER SUPPLY PARADIGM
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SURFACE WATER

The Water Resources of Virginia

Fresh Water
Saline Water
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STREAMS

LAKES

RESERVOIRS

Fresh Water Sources

RESERVOIRS

►
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Saline Water 
Sources
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Although Virginia’s surface water 
supply is vast, it is not limitless.

TOTAL FRESHWATER
(Streams, lakes, reservoirs, etc.)

Area: 1,000 sq. mi.

LAKES AND RESERVOIRS
Area: 500 sq. mi.

STREAMS
Length: 51,000 mi.
Discharge: 25 billion gpd

CHESAPEAKE BAY
Area: 4,400 sq. mi.
Volume: ~18 trillion gal.
Salinity: 1,500-18,000 mg/l

Area: 42,328 sq. mi.

Virginia

Data source: Virginia Dept. of Environmental Quality

►



12

GROUND WATER

The Water Resources of Virginia

GROUNDWATER

Source: USGS

►
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ARTESIAN 
WELLS

Sources of Groundwater

SPRINGS

WATER TABLE 
WELLS
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Groundwater occurs in two types of 
water-bearing rock zones called aquifers. 

artesian
aquifers

►

water table aquifer
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GROUNDWATER

There is no scientific 
method to measure 

the amount of 
groundwater in the 

rocks and sediments 
of Virginia. Thus, we 

have no precise 
information about the 

size of the ground-
water supply.

It is estimated to be
600 trillion gallons.

►
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TOPICS
q SUPPLY

THE WATER RESOURCES OF VIRGINIA

q DEMAND
WATER USE IN VIRGINIA

q SUSTAINABILITY
THE WATER CYCLE
LIVING WITH LIMITS
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Water Use in Virginia
PUBLIC

MANUFACTURING/
COMMERCIAL

IRRIGATION/
AGRICULTURE

DOMESTIC
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Users withdraw more than 1,300 million 
gallons of water per day.

excludes power generation

►
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Approximately one-half of all water withdrawals
are used for public water supply.

excludes power generation

►
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Manufacturing and commercial use accounts for 
more than one-third of all water withdrawals.

excludes power generation

►
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Domestic (household) and irrigation uses make up 
about 14 percent of all water withdrawals.

excludes power generation

►
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Virginians use four major water sources.

►
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Water Withdrawals by Source
Surface Water

76%
SURFACE W

ATER
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Water Withdrawals by Source
Groundwater

24%

GROUNDWATER

►
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VIRGINIA’S WATER RESOURCESVIRGINIA’S WATER RESOURCES

Surface Water
Freshwater

Streams    50,000 mi.
Lakes & Reservoirs    500 sq. mi.

Saline Water
Chesapeake Bay        18 trillion gal.
Atlantic Ocean

Groundwater 600 trillion gal?
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VIRGINIA’S WATER USE
        mgd

Use Category
Public 668  
Domestic 126  
Manufacturing\Commercial 482
Irrigation\Agriculture   52  

Water Source
Stream 695
Reservoir 330
Well 289
Spring   33
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TOPICS
q SUPPLY

THE WATER RESOURCES OF VIRGINIA

q DEMAND
WATER USE IN VIRGINIA

q SUSTAINABILITY
THE WATER CYCLE
NATURE’S LIMITS
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sus-tain-a-ble n.

being a method of harvesting 
or using a resource so that 
the resource is not depleted 
or permanently damaged.  

►
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TOPICS
q SUPPLY

THE WATER RESOURCES OF VIRGINIA

q DEMAND
WATER USE IN VIRGINIA

q SUSTAINABILITY
THE WATER CYCLE
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The sustainability of Virginia’s water supplies is 
ultimately dependent on the earth’s water cycle. 

►
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The water cycle sets the limits of available water.

►
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 The water cycle may be viewed as a great, global machine 
in which water moves from one storage reservoir to 
another, driven by energy from the sun and gravity.

►
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The water cycle assures Virginia a reliable 
water supply by replenishing (i.e., recharging) 

both surface water and groundwater. 
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TOPICS
q SUPPLY

THE WATER RESOURCES OF VIRGINIA

q DEMAND
WATER USE IN VIRGINIA

q SUSTAINABILITY
THE WATER CYCLE
SUSTAINABLE WATER SUPPLIES
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   The key function of the water cycle which 
sustains a water supply is the rate of recharge.

   A water supply that is recharged rapidly, 
within days, weeks, or months, is a renewable 
resource.

   A water supply that is recharged very slowly, 
in centuries or millenia, is a nonrenewable 
resource.
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E

Natural surface-water systems are in a state 
of balance between inflows and outflows. 

►

inflows
outflows
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P

The chief inflows are precipitation and 
groundwater recharge (baseflow).

GW
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P

The chief inflows are precipitation and 
groundwater recharge (baseflow).

►

GW

I
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P

E

The chief outflows are 
evapotranspiration and runoff. 

►

E

RO
GW
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P

Surface-water systems are a 
renewable resource because they are 
recharged rapidly, in days and weeks. 

►

A RENEWABLE 
RESOURCE

GW
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Predevelopment groundwater systems are also in a 
state of balance between inflows and outflows.

Source: USGS

dischargegroundwaterflow

P P

recharge

►

inflows
outflows



42

The shallow water table aquifer is 
recharged rapidly, in days and weeks, 

and is a renewable resource..

Source: USGS

inflow

outflow

P P

recharge

►

A RENEWABLE
RESOURCE
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Artesian aquifers may take hundreds or 
thousands of years to recharge and are, for all 
practical purposes, a nonrenewable resource.

Source: USGS

inflow

outflow

P P

recharge

►

A NONRENEWABLE
RESOURCE
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Large, long-term withdrawals upset the hydrologic 
balance by increasing outflows and reducing the 

storage capacity of the water supply.

surface water withdrawals
groundwater
withdrawals
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Therefore, in order for a water supply to be 
sustainable, water withdrawals must be limited.

surface water withdrawals
groundwater
withdrawals
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A surface-water supply is 
sustainable when water 

withdrawals are limited to 
quantities that do not reduce 

streamflow (or storage capacity) 
to a level that creates 

unacceptable damage to the 
hydrologic and ecologic 
qualities of the system.

►
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Large surface-water withdrawals result in the 
reduction of normal streamflow and the alteration of 
the magnitude and timing of high and low flow 
events. 

These changes are known to produce the following 
adverse hydrologic and ecologic effects:

  lowered water levels;
 reduced available water for downstream uses;
 increased summer temperatures;
 increased concentration of pollutants, including
    stormwater runoff;
 loss of wildlife habitats;
 increased saltwater intrusion; and
 undesirable changes in stream channel 
    configuration.

►
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time

w
ith

dr
aw

al
s

hydrologically & ecologically 
sustainable limit

Thus, surface-water withdrawals should not exceed an 
hydrologically and ecologically sustainable  level. 

►
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A groundwater supply is 
sustainable when the rate of 
water withdrawal is less than 
or equal to the rate of aquifer 

recharge.

►
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time

w
ith

dr
aw

al
s

recharge rate

Thus, groundwater withdrawals should be limited 
to no greater than the rate of aquifer recharge. 

►

W = R
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time

w
ith

dr
aw

al
s

recharge rate

Groundwater withdrawals greater than the 
rate of aquifer recharge are unsustainable. 

UNSUSTAINABLE

►
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TOPICS
q SUPPLY

THE WATER RESOURCES OF VIRGINIA

q DEMAND
WATER USE IN VIRGINIA

q SUSTAINABILITY
THE WATER CYCLE
SUSTAINABLE WATER SUPPLIES
A NEW WATER SUPPLY PARADIGM
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time

w
ith

dr
aw

al
s

sustainable limit

Virginia's surface-water withdrawals have grown steadily 
until they are now approaching the sustainable limit.

►

SURFACE WATER
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time

w
ith

dr
aw

al
s

recharge rate

Groundwater withdrawals have likewise grown 
steadily and, on the Virginia Coastal Plain, 
already exceed the aquifer recharge rate. 

GROUNDWATER
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time

w
ith

dr
aw

al
s

recharge rate

Groundwater withdrawals have likewise grown 
steadily and, on the Virginia Coastal Plain, 
already exceed the aquifer recharge rate. 

GROUNDWATER
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time

w
ith

dr
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al
s

recharge rate

A shrinking groundwater supply will cause 
withdrawals to peak and then decline. 

►

GROUNDWATER
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time

w
ith

dr
aw

al
s

sustainable limit

Eventually, surface-water withdrawals will reach 
their sustainable limit and cease growing.

►

SURFACE WATER
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time

w
ith

dr
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recharge rate

Eventually, after peaking, groundwater withdrawals 
will fall steadily to near the recharge rate.

►

GROUNDWATER
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Historically, Virginian's have obtained their water from 
two sources: groundwater and surface water.

►

GROUNDWATER

SURFACE WATER

Virginia's 
Water Use 

Budget

Today
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The future will see surface-water and groundwater 
withdrawals leveling off at sustainable levels.

Virginia's 
Water Use 

Budget

Future
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Limited surface-water withdrawals and declining 
groundwater withdrawals will force the adoption of 

many non-traditional water sources.

►

Virginia's 
Water Use 

Budget

Future
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TRADITIONAL WATER SOURCES
Surface Water

Streams and Lakes
Reservoirs

Groundwater
Artesian Wells
Water-Table Wells
Springs

NEW TECHNOLOGIES
Desalination
Water-Saving Plumbing
Low-Impact Land Use Practices

PROMISING DEVELOPMENTS
Water Reuse and Recycling
Rainwater Harvesting
Changing Behavioral Practices

A New Water-Supply Paradigm

►
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VI S I T
www.groundwatervirginia.com


