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Today’s Presentation
I   Th  hidd   II   Wh  i  I.  The hidden 
water resource.

II.  Why is 
ground water 
so useful?

III.  Is ground 
water widely 

used?

IV.  Issues 
affecting 

ground water.
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The World’s Water

Source:  United Nations Educational, Scientific, and Cultural Organization



12/15/2008

3

Total Global Fresh Water by 
Location (millions of cubic kilometers)

Source:  United Nations Educational, Scientific, and Cultural Organization
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U.S. Ground Water Usage

Average Annual Ground  Average Annual Ground g
Water Recharge

1,514.0 km3

5,439 m3/capita

g
Water Withdrawals

109.8 km3

432.3 m3/capita
7.3 percent of average 
annual recharge

Source: World Resources: 2000‐2001

200 Years of Mississippi River Flow to the 
Gulf of Mexico



12/15/2008

5

Convenience
Natural underground 
reservoirsreservoirs
Enormous storage 
capacity
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Contamination Barrier
Natural protection from 
contaminationcontamination
Untreated ground water 
usually cleaner and safer 
than untreated surface 
water

Expense
Relatively easy and 
inexpensive to useinexpensive to use
Bring online in phases
Low capital outlay
Wells close to where the 
water is needed
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Localized Stewardship
Relatively easy to 
developdevelop
Individuals can 
construct, operate, and 
control their own supply
Supply often on 
landowner’s property
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International Markets

UNESCO estimates that 
globally ground water provides 
about 50 percent of potable 
water supplies; 40 percent of 
self‐supplied industrial water; 
and 20 percent of irrigated 

Ground water directly supplies 
about 80 percent of domestic 
water supply in India's rural 
areas; 2.8 to 3 million hand 
pump boreholes have been 

constructed there over the past 

More than 400 million rural 
people in Sub‐Sahara Africa are 
sustained by ground water and 
about 75 percent of improved 
village and small town water 
supplies in the region are 

ground water supplied.  Some 
estimate that more than 60 

percent of Algeria's population a d 0 pe ce t o gated
agriculture.  

co st ucted t e e o e t e past
30‐year period;

pe ce t o ge a s popu at o
depends upon ground water, 95 
percent of Libya's, 80 percent in 
Mauritania, and 70 percent in 

Nigeria.

Other National Well Markets
India ‐‐ 12.3 million
China  3 4 millionChina ‐‐ 3.4 million
Germany ‐‐ 500,000
S. Africa ‐‐ 500,000
Taiwan ‐‐ 37,100
Mongolia ‐‐ 27,000
Ireland ‐‐ 10,000,
Botswana ‐‐ 7,500
Costa Rica ‐‐ 5,000
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83.3 Billion Gallons per Day

Public:

Irrigation:
• 58.04 bgd

• 70% of all 
d   

• 15.98 bgd

• 19% of all 
ground water 
use

ground water use

Source: U.S. Geological Survey’s Estimated Use of Water: 2000, March 2004

Total Fresh Ground Water 
Withdrawals: 1950 ‐ 2000

Billions of Gallons per Day

Source: U.S. Geological Survey’s Estimated Use of Water: 2000, March 2004
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Top 5 States: Ground Water

15.2 bgd

8.47 bgd

6.92 bgd

7.86 bgd

5.02 bgd

Source: U.S. Geological Survey’s Estimated Use of Water: 2000, March 2004
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Ground Water for Irrigation

Source:  U.S. Geological Survey, Estimates of Water Use
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Irrigation Wells
1998

374,956 wells
2003

379,674 wells374,956 wells
238 feet avg. well depth
148 feet avg. pumping depth
844 gpm avg. pump capacity
32,222,665 acres irrigated by 
wells
43,838,526 acre feet of 

d d

379,674 wells
238 feet avg. well depth
158 feet avg. pumping depth
819 gpm avg. pump capacity
32,342,820 acres irrigated by 
wells
43,473,978 acre feet of 

d dground water used ground water used

Source: U.S. Dept. of Agriculture and U.S. Census Farm and Ranch Irrigation Survey, 2003

Top 5 States: Ground Water Use 
for Irrigation

11.6 bgd

6.5 bgd

6.51 bgd

7.42 bgd

2.18 bgd

6.5 bgd

Source: U.S. Geological Survey’s Estimated Use of Water: 2000, March 2004
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Top 5 States: Ground Water for 
Irrigation ‐Wells

37,300
71,554

80,000

59,150
122,000

Source: U.S. Dept. of Agriculture and U.S. Census Farm and Ranch Irrigation Survey, 1997

Ogallala Aquifer

30% of U.S. 
ground water 
used for 
irrigation is 
pumped from 
the Ogallala g
Aquifer
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U.S. Drinking Water Populations:  
1955 ‐ 2000

Source:  U.S. Geological Survey, U.S. EPA

3232 percent of U.S. p
population served by 
community water 
systems using ground 

twater sources

Source: U.S. EPA, Drinking Water and Ground Water Statistics, 2003
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1515 percent of U.S. 
population served by 
private wellsprivate wells

Source: U.S. Geological Survey, 2003

Ground Water for              
Public Supply

Source:  U.S. Geological Survey, Estimates of Water Use
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Community Water Systems: 2007Ground water sourced 
systems serve 

11,449

90,549,995 people or 
32% of population

Ground Water Sourced

40,646

Source: U.S. EPA’s Drinking Water Factoids: 2007, March 2008

2007 Public Water Systems Using 
Ground Water

6 6 r in    milli n p pl

18,151 serving 5.5 
million people 40,646serving 90.5 million peoplemillion people

82,851 serving 11.1million people

Source: U.S. EPA’s Drinking Water Factoids: 2007, March 2008
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Top 5 States: Ground Water Use 
for Public Supply

2800 mgd

583 mgd

500  
mgd

2200 mgd

1260 mgd

Source: U.S. Geological Survey’s Estimated Use of Water: 2000, March 2004

Daily Value of Ground Water Delivered 
by Public Systems

16 bgd of ground water used by public water systems16 bgd of ground water used by public water systems
Price per gallon of $0.0024227 (U.S. Midwest average 
for both surface water  and ground water systems)
Total daily value of $38.76 million
$14.15 billion annually

Cost information from 2004 Water and Wastewater Rate Survey, 
American Water Works Association and Raftelis Financial Consulting
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Top 5 States: Ground Water for 
Public Supply ‐Wells

4,964

4,971

11,444

4,446

11,279

Community Water 
Systems Only

Source: U.S. EPA’s Drinking Water Factoids: 2003, January 2004
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Ground Water for Private Supply

Source:  U.S. Geological Survey, Estimates of Water Use



12/15/2008

20

Top 5 States: Ground Water Use 
for Domestic Supply

239 mgd

189 mgd

142 mgd

132  mgd

199 mgd

Source: U.S. Geological Survey’s Estimated Use of Water: 2000, March 2004

Top 5 States: Ground Water for 
Domestic Supply ‐Wells

824,3421,121,075

978,202

912,113

794,557

Source: U.S. Census, 1990
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Daily Value of Ground Water Delivered 
by Household Well Systems

3.5 bgd of ground water used by public water systems3.5 bgd of ground water used by public water systems
Price per gallon of $0.0024227 (Midwest average for 
both surface water and ground water systems)
Total daily value of $8.5 million
$3.09 billion annually

Cost information from 2004 Water and Wastewater Rate Survey, 
American Water Works Association and Raftelis Financial Consulting

Ground Water Use from 
Private Household Wells

12.891 million households on drilled wells12.891 million households on drilled wells
917,000 seasonal households
11,055,000 year‐round
9,608,000 owner
1,447 renter
15 percent of U S  population15 percent of U.S. population

Source:  U.S. Census
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Household Wells:  1990 ‐ 2000

160000
180000

20000
40000
60000
80000

100000
120000
140000
160000

0
20000

1990 1995 1997 2000

Northeast Midwest South West

Source: Trends in the United States Marketplace for Individually Owned Private 
Water Wells, National Ground Water Research and Educational Foundation, 
1999

U.S. Census: Households Served 
by Private Wells

1970 1980 1990  9 0 980 990
Michigan 
737,245 

Michigan 
934,184 

Michigan 
1,121,075 

N. Carolina 
659,159 

N. Carolina 
821,995 

Penn. 
978,202 

Penn. 
613 197 

Penn. 
800 292 

N. Carolina 
912 113 613,197 800,292 912,113 

Ohio 
612,505 

Ohio 
692,062 

New York 
824,342 

New York 
505,154 

New York 
659,973 

Florida 
794,557 
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Household Wells
Same 13 states each year.  Reporting lags in later years which may artificially reduce 
the actual construction volume illustrated.

0 2% average annual percent of growth

AL, AZ, AR, FL, KS, LA, MN, MS, NH, SC, SD, TN, WI

0.2% average annual percent of growth

Source: Annual NGWA Survey of Water Well Construction

Well Share of Private Housing 
Starts: 1990 ‐ 2000
25

5

10

15

20
Northeast
Midwest
South
West

0

5

1990 1995 1997 2000

Source: Trends in the United States Marketplace for Individually Owned Private 
Water Wells, National Ground Water Educational Foundation, 1999
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Households with Wells, by Region: 
2003 & 2005
Region/Yr. 2003 2005 Value  % of g 3 5

Change Change
Northeast 3,072,000 3,079,000 +7,000 0.22%

Midwest 3,864,000 4,008,000 +144,000 3.73%

South 4,774,000 4,648,000 ‐126,000 ‐2.64%

West 1,387,000 1,396,000 +9,000 0.65%

NATION 13,097,000 13,131,000 34,000 0.26%

Source:  American Housing Survey, 2003 & 2005, U.S. Census
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Water Themes for 
the 21st Century

1.Water for Food Production and Rural 
Development

2.Water for Cities and Urban Development
3.From Use to Management
4.From Development to Protection

Source: As identified by British Geological Survey hydrogeologist Stephen 
Foster

Gallup’s Environmental Poll ‐
2008
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Source:  National Intelligence Council’s 2025 Project
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Source:  National Intelligence Council’s 2025 Project

Source:  National Intelligence Council’s 2025 Project
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Global Water Prices

Source:  World Water & Environmental Engineering, January/February 2008

Water for Food Production and 
Rural Development

Significance to food production of current ground Significance to food production of current ground 
water mining in major aquifers
Threat to food production from rising water tables and 
salination
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August 16, 1972

Source:  http://earthshots.usgs.gov/Help-GardenCity/Help-GardenCity

August 15, 1988

Source:  http://earthshots.usgs.gov/Help-GardenCity/Help-GardenCity
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Ground Water Level Changes:        
1980‐1994

Source: 1999 Kansas Farm Facts and 1998 
Kansas Irrigation Water Use Report

Value of Acre Foot of Ground Water 
for Irrigation in Southwest Kansas

$90.74 in inflation adjusted 2003 dollars per acre‐foot$90.74 in inflation adjusted 2003 dollars per acre foot
2,345,353 acre‐feet used for irrigated agriculture in 
southwest Kansas
$212.8 billion annually without application of 
economic multiplier
$425.6 billion with “reasonable” economic multiplier 4 5 p
of 2.0

Source: The Value of Ogallala Aquifer Water in Southwest Kansas, Fort 
Hays State University, SW Kansas Groundwater Management District, 
2001
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‐ Economic Research Service, USDA, 
September 2006

Corn Belt/Ethanol States
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Corn Belt/Ethanol States

Energy and Agriculture Withdraw the 
Most Water in the U.S.

PrimarilyPrimarily
NonconsumptiveNonconsumptive

PrimarilyPrimarily
ConsumptiveConsumptive

Source: USGS Circular 1268, March, 2004

Note: Hydropower uses are not included here!
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Future Energy Development Will Put New 
Demands on Water

“P d ti   f  lt ti  f l   h    f l  f   l   “Production of alternative fuels, such as synfuels from coal or 
hydrogen from methane, also requires water, at up to triple the 
requirements for water consumption in petroleum refining.”

“In summary, virtually every alternative will require as much 
water as refineries consume now, if not substantially more.  To 
b bl d l f f lbe able to increase domestic supplies of transportation fuels 
will require significant water resources using current 
approaches and options.”

‐ Energy Demands on Water Resources, U.S. Department of Energy, December 2006

Future Energy Development Will Put 
New Demands on Water

Many newer technologies will be more water 
intensive
Biofuels and hydrogen economy would require 
significantly more water than fossil transportation 
fuels
Constraints will grow for power plant siting 
because of water for cooling needs, advanced 
scrubbing, and CO2  removal
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Water for Cities and Urban 
Development

Ground water and contaminant load surveys, with y ,
identification of all significant stakeholders
Municipal planning to constrain ground water 
abstraction and guide sanitation schemes
Using wastewater more effectively, either directly, or 
indirectly, through aquifer recharge

30%

10% 15%

Projected 
Population 
Growth

50%

%

30%

40%

10%

30%

15%

5%

20%

20%

Source: USGS Circular 1200 (Year 1995), EPRI 2003

Growth 
(2000-2020)
Source: NETL (2002)

35%

Heavy reliance on 
irrigation in agriculture

Slide courtesy of Electric Power Research Institute
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95% of America’s community water systems need 
to spend now to comply with SDWA regulations 

and related obligations

U.S. water and waste water infrastructure repair 
and replacement needs over next 20 years
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Costs to replace aging centralized water distribution system 
pipes alone over the next 20 years, according to the           

American Water Works Association

Source:  Public Works, 1998
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From Use to Management

Lack of awareness of the consequences of excessive Lack of awareness of the consequences of excessive 
exploitation and hence inadequate consensus for 
action
Definition of ground water abstraction rights, and 
thereby mobilization of stakeholder participation



12/15/2008

41

From Use to Management

Uncertainty of resource evaluation due to inadequate Uncertainty of resource evaluation due to inadequate 
monitoring of aquifer behavior
Undervaluation of ground water, leading to 
economically inefficient allocation and use, and 
under‐investment in water conservation and resource 
management

From Use to Management
Transformation of government organizations to enable g g
them to facilitate the management process
Raising political and public awareness of the need for 
sustainable management
Development and application of ground water 
resource decision‐support systems
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From Use to Management

Assignment and consolidation of ground water rights, Assignment and consolidation of ground water rights, 
and introducing realistic abstraction charges
Stimulation of stakeholder participation through the 
formation of aquifer‐use associations

From Use to Management

Breaking the paradigm that aquifer recharge is fixed, g p g q g ,
rather than variable with climatic cycles/changes and 
with modifications to surface water engineering and 
irrigated agriculture
Recognition of the interaction/interdependence 
between ground water and surface water
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From Development to Protection
Growing volume and complexity of contaminant loads Growing volume and complexity of contaminant loads 
as a result of inadequate handling, disposal, and reuse 
of waste water
Widespread diffuse contaminant load due to leaching 
of agrochemicals and derivatives

From Development to Protection
Identifying areas where aquifers are vulnerable to y g q
pollution due to insufficient intrinsic pollutant 
attenuation capacity, especially in the capture areas of 
major ground water supply sources
Controlling the subsurface contaminant load in such 
areas by appropriate land use controls
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From Development to Protection
A more integrated approach to the management of A more integrated approach to the management of 
ground water and waste water in urban areas
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From where will more 
water come?

No shortage of water  shortage of No shortage of water, shortage of 
good water management.

Too many people living in places Too many people living in places 
where there isn’t enough water.

From where will 
more water come?

DesalinationDesalination
Conjunctive use of ground water and surface water
Better agricultural irrigation practices
Water conservation devices
Less water usage in industrial processes
ReuseReuse
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Desalination

Graphic: Wall Street Journal, March 11, 2008
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Water Reuse Projection

Source:  R.J. Wimmer, UltraPure Water 2004 conference

By 2010
Water and waste water prices will continue to Water and waste water prices will continue to 
increase
Will stabilize between 1 and 1.5% of median 
annual U.S. household income – about 2x the 
current prices
Water desalination will approach raw water Water desalination will approach raw water 
transport and treatment prices by 2010, making 
water availability virtually unlimited within 1,000 
vertical feet of the world’s oceans
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By 2050
Water prices will be better rationalized to water Water prices will be better rationalized to water 
quality, quantity, and specific end‐uses
Less engineering of water projects and more value 
engineering of water for specific applications

Additional NGWA Resources
U.S. Ground Water Industry Market Backgrounder, U.S. Ground Water Industry Market Backgrounder, 
2002, NGWA Press

Trends in the United States Marketplace for 
Individually Owned Private Water Wells, 1999, National 
Ground Water Research and Educational Foundation

2003 Water Well Contractor Survey, 2003, NGWA Press 
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Additional NGWA Resources
Spreadsheet summaries of:p

U.S. water well contractor business statistics
Ground water use by state and demand
Irrigation use of ground water and wells
Public water systems using ground water
Pump and drilling machine production

800 551 7379800‐551‐7379
www.ngwa.org
kmccray@ngwa.org


