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WATER SUPPLY IN THE US

US GAO — 36 States expect water shortages under normal conditions

Republic River: Colorado,
Nebraska, Kansas

2005 — NE pumps 82,000acft °
too much

Kansas to Supreme Court ’
Shut off all pumps w.in 2.5 mi
Fallow 500,000 acres in NE '
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Atlanta GA
October 2007
Lake Lanier — supply

( Ramapo, New York

I Three Drought

_ Declarations: 1995 —
¢ 2002
Three-Quarters of

\TE CHANGE

Supply: Groundwater
(depletion)


Presenter
Presentation Notes
Atlanta GA
October 2007
Lake Lanier – supply to 5 million people
Two-year drought 
3 months of water left 

Georgia State 
Central Pivot Systems
12 fold increase: 1950 – 1980
Groundwater pumping: doubled to 1.1 billion gallons per day
 
Florida-Alabama-Georgia
Federal Lawsuits since 1990
Apalachicola-Chattahooche-Flint River Basin Interstate Compact
 
Snow in Atlanta! 
Governor Perdue: Ban all non-essential outdoor use; September 28, 2007
Snow Mountain Park
2007 – Produced snow using 1.2 million gallons of water
106,000 showers 
Claimed “essential use” for business purpose 

North Carolina
Concord and Kannapolis (close to Charlotte)
Almost ran out of water – 1999 – 2000
 
North Carolina
Concord and Kannapolis 
Application for Interbasin Transfer from Catawba River – 2004
American Rivers – Most Endangered River – 2008
South Carolina filed suit to US Supreme Court - 2007
Out of Court Settlement – 2011 
 
The dispute centers on water diversions in North Carolina that divert millions of gallons each day out of the Catawba Basin, which is used by more than 30 cities and 17 counties for industry and drinking. Over one million people depend on the river for drinking water, while the energy and manufacturing industry—which utilize the river for power generation and cooling—employ thousands. Tens of millions of dollars are generated by several coal, nuclear, and hydroelectric power plants along the river.
 
http://www.circleofblue.org/waternews/2011/world/north-vs-south—carolina-states-settle-water-dispute-without-supreme-court/

South Platte River, Colorado
Groundwater pumping allowed by Hal Simpson 
Drought – 2002 
Colorado Supreme Court – Instructs state to enforce stop pumping of groundwater 
2006 – Hal Simpson stops use of 440 pumps, 200 farms, lay dry 30,000 acres along South Platte River 
 
Republic River 
Starts in Colorado, to Nebraska, then to Kansas
Republican River Compact 1942
Wells reduced flow in river 
Kansas sued Nebraska – Supreme Court 1998
Politics in Nebraska – no limitation on groundwater pumping / removal of board members who supported controls from the Natural Resource District board 
Nebraska exceeded allowance by 82,000 acft in 2005/2006
Kansas requires of Nebraska to shut off all pumps within 2.5 miles from river, will fallow 500,000 acres. 
 
 
Westlands, California 
600,000 acres under irrigation 
$1 billion farm revenue
2008 – cut water supply by 60% 
 
 
Arizona 
Hauling water / a way of life 
Navajo reservation / half of population hauls water 
Ash Fork, Arizona / hauling water for 13 years 
Williams Arizona / exhausted resources / drill new well 3,700 feet deep 
 
Orme, Tennessee
2007, ran out of water 
Fire  Department sends tanker three days a week to supply water 
 



* WHAT IS SUSTAINABLE DEVELOPMENT?

“Sustainable development seeks to meet the

needs and aspirations of the present
without compromising the ability to meet those of

the future”

® Brundtland Commission Report: “Our Common Future (1987)”
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Presenter
Presentation Notes
Emphasize: No mention of man or the environment; 
No need for development in absence of man; 
Sustainable Development not required except to satisfy needs of man. 


~  INTERGENERATIONAL EQUITY
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INTERGENERATIONAL EQUITY
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HOW TO SUSTAINABLY
DEVELOP A RESOURCE

® RENEWABLE resources are used at a RATE that is smaller than
its RATE of regeneration

® EXHAUSTIBLE resources are used at a RATE that is smaller
than the RAT E of development of renewable substitutes, and

® POLLUTION does not exceed the RAT E by which the
environment can assimilate it.

Herman Daly
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RENEWABLE AND
EXHAUSTIBLE RESOURCES
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WATER:
RENEWABLE OR EXHAUSTIBLE?
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@ .
£ 5 o
S I -
7 3 <
& o -
= < &
= ()] O
< i —
Q
Q
'— 0
- D
< S
© b
o0

7,972mi

42mi

SUSTAINABLE WATER SUPPLY AND CLIMATE CHANGE



GROUNDWATER OR RIVER WATER?
POTENTIAL FOR SUSTAINABLE DEVELOPMENT

AN\ Daily Use of Water AN\

RT >>>> Usage

Residence Time = 1,400 years Residence Time = 16 to 18 days

e —1
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GROUNDWATER FOOTPRINT
GLOBAL FOOTPRINT = 3.5

Aquifer
Area (Ap)
s S North China Plain
Groundwater g
Footprint (GF) : 48 %%
. Upper f/
. High .
Western Mexico Plgins ,Izl\:)a::)han Persian Ganges
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GLOBAL GROUNDWATER DEPLETION

Average
= Groundwater
Depletion

GROUNDWATER DEPLETION (KM3)
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RIVER WATER
PREFERRED SOURCE OF FRESH WATER
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LOW HYDROLOGIC VARIABILITY
SEASONAL LOW FLOWS ONLY

River Flow

® Daily Renewal

® Variable Flow

® Need for Run-of-River
Storage to Supply during

Water Low Flow Season
Shortage

FLOW

- — — - Water Demand

MONTH
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MULTIPLE YEAR DROUGHTS
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HYDROLOGIC VARIABILITY
DETERMINES DAM CHOICE
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VALUE OF CARRY-OVER STORAGE IN REGIONS
-~ WITH HIGH HYDROLOGIC VARIABILITY

High Hydrologic Variability

| WITH DAM AND CARRYOVER
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RUN-OF-RIVER AND CARRYOVER
STORAGE REGIONS
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CLIMATE CHANGE AND WATER SUPPLY
i TWO IMPORTANT VARIABLES

CHANGE IN MEAN ANNUAL RIVER FLOW

CHANGE IN HYDROLOGIC VARIABILITY
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CLIMATE CHANGE
HYDROLOGIC VARIABILITY TO INCREASE

Inadequate Knowledge

=
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CLIMATE CHANGE
HOW MUCH WOULD VARIABILITY INCREASE

Current Conditions Assume 25% Increase
in Variability
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HOW TO PREPARE FOR CLIMATE CHANGE:
DESIGN AND BUILD ROBUST INFRASTRUCTURE

- NEaa
Increased Hydrologic B et S p S S ™y
Variability due to Climate L M. TV e — N
Change g Trel e
[} ~ ~
. . . z b ~ ~~\
® Reduction in Yield S S.. ~e
S Se ~
® To Maintain Reliability of 5 M
> \\
Water Supply S
Construct Reservoir N S
Storage Spaces that ' VT
are as LARGE as |
possible
Coefficient of Variation
Reservoir Volume = 2 MAF
= mm mm Reservoir Volume = MAF
= mm == Reservoir Volume = 0.6 MAF
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POPULATION

DAM CONSTRUCTION AND GLOBAL

-

World Population (Billion)
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RESERVOIR SEDIMENTATION —
THE STORAGE SPACE ENEMY
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GLOBAL STORAGE IN LARGE DAMS
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US STORAGE
LARGE WATER SUPPLY & IRRIGATION

Total Cum

Sedimentation
====Net Storage

Normal Reservoir Volume (km3)

PROJECTION
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DUAL NATURE OF RESERVOIR STORAGE
RENEWABLE OR EXHAUSTIBLE — DEVELOPER’S CHOICE
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LIMITED NUMBER OF DAM SITES
CONSEQUENCE OF CURRENT DEVELOPMENT POLICY
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Cumulative Yield (108mS3/yr)

HIGHER COST

NEED MORE DAMS AT

SEDIMENTATION

US$/m3 yield

Cumulative Yield (108mS3/yr)

Cumulative Yield (108m3/yr)

FUTURE GENERATIONS
CONSEQUENCE OF CURRENT DEVELOPMENT POLICY

INADEQUATE STORAGE

SPACE

pr

|

NO STORAGE SPACE LEFT

US$/m3 yield

US$/m3 yield
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MAKING THE RIGHT CHOICE: RENEWABILITY
RESERVOIR SEDIMENTATION MANAGEMENT OPTIONS

Manage amount of sediment
generated by the catchment

Allow sediment inflows to pass
through or around the reservoir

Remove sediment which
accumulates in the reservoir

B Check Dams

®  Forestation ®  Sluicing
®  Density Current Dredging
Venting Excavation
®  Bypass Hydro-suction

Pressure Flushing

Drawdown Flushing
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CURRENT ECONOMIC ANALYSIS APPROACH

B,
0 1 2 3 4 n-1 n
Hc B [] ] L O
A No Assignment of Cost

due to Storage Loss

NPV =Zn:Bt d' —A—Zn“c-dt
t=0 t=0

1
C@+r)
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CURRENT ECONOMIC ANALYSIS APPROACH
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. CURRENT ECONOMIC ANALYSIS APPROACH

Sustainable Investment

Present Value

Current Paradigm

30 years O

Time

Gregory L. Morris — personal communication
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CORRECT ECONOMIC ANALYSIS APPROACH
i HOTELLING PRINCIPLE

® Hotelling: Price of an Exhaustible Resource increases with the discount rate
(i.e. Discounted value does not change)

I . B E B =
- 7 7
A 7 2 2 7
, 7 ? ? /
/ f f / / -
2 i’
PV =D NF’szn:Bt-dt—A—Zn:C-dt—D
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Assumed Value of
Storage =0
I

|
|
|
|
|
|
|
v

VALUE OF RESERVOIR STORAGE SPACE

40 x Annual Benefit

Current
Paradigm

Correct
Value
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ECONOMIC VIABILITY
HOTELLING PRINCIPLE

1.
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GUIDING PRINCIPLES

Sustainable Development is
accomplished

if
® Intergenerational Equity is

Created

through

® Harmonizing the Engineering,
Economic and Environmental
Requirements of Projects
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CREATING INTERGENERATIONAL EQUITY
NEED FOR REGULATION

n-grams for the words “1960”, “1970” and “1980”

Relative Frequency (%)

/

/ \
AANEANAS
[ ] N T~
J —

® Man is selfish, self-centered and focused on the present

® Policy and Government Regulation Required to Ensure Sustainable
Development
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RESERVOIR RESURVEYS IN US
DOES THIS MAKE SENSE??

“Dam Building Era”’ < ———
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Number of Surveys

We cannot solve the problem if we do not know its magnitude
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RECOGNIZE IMPORTANCE OF STORAGE
" ws= ACKNOWLEDGE CLIMATE CHANGE EFFECTS

Reliability = 99%
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ACKNOWLEDGE DUAL NATURE OF
STORAGE ECONOMIC ANALYSIS

t
Benefit
| I | | I |
. I I | I I
£ 1 2 3 4 n-1 " Cost
Hc B O | | O
" No Assignment of Cost
due to Storage Loss
Bt
Benefit
| I I | I | |
. I I I I I |
0 1 2 3 4 n-1 " Cost
I B B E = E n
7
] . 7
Losing Storage as an ﬁ
Exhaustible Resource ﬁ
‘D

Hotelling Principle

INCORRECT

CORRECT
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DESIGN AND OPERATION
PARADIGM SHIFT REQUIRED

Planning & Design Construction O&M Disposal

Conventional Design Life Approach
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O&M

Sediment
Removal

Planning & Design Construction

Refurbishment

Preferred Approach: Life-Cycle Management Approach
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CONCLUSIONS

®  Creation of Intergenerational Equity: ®  Policy

Central Theme of Sustainable Regulate Need for Sustainable Development

Development _ : :
- Creation of Intergenerational Equity

= Water Source Selection Harmonize Engineering, Economic and

) Environmental Project Requirements
River Water Preferred

Resource Selection

Groundwater — Non-sustainable
- River Water or Groundwater

® Reliable Water Suppl
PPY Recognize Importance of Storage

Need Storage - Allow for Effects of Climate Change

Need for Storage will Increase with - Resurveys of Reservoirs
Climate Change

Regulate Correct Implementation of
®  Dual Nature of Storage Space Economic Analysis

Exhaustible: - Hotelling Principle
Loss of Storage to Reservoir

Sedimentation Regulate Life Cycle Management Approach /

Importance of Sediment Management

Renewable: : . . . - Incorporate Sediment Management
Implement Reservoir Sedimentation Technology in All Dam Designs
Management

- Sustainably Manage Existing Infrastructure
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US STORAGE
= ALL LARGE DAMS

Total Cum
Sedimentation

====Net Storage
...... 2009

Normal Reservoir Volume (km3)

PROJECTION
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US STORAGE
PER CAPITA (ALL LARGE DAMS)

Per Capita Storage (m3/person)
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US STORAGE
PER CAPITA (WATER SUPPLY & IRR.)

Per Capita Storage (m3/person)
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