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EXECUTIVE SUMMARY

Freshwater is a natural resource vital to the sahof humans and ecosystems. In the United
States (US), over 408 billion gallons of freshwatex consumed daily for agricultural, industrial,
thermoelectric power, and domestic uses. The USgsses a network of lakes, rivers, and
aquifers that is used to supply the nation’s frestiewneeds. Overuse and pollution stress our
freshwater supply and endanger our national welf&® the US population and industry
continue to grow, demands will overwhelm the freater supply, especially in regions that
already face issues of freshwater scarcity or intypuDespite the importance of freshwater to
the country, no national strategy for managingdbentry’s freshwater supplies exists.

The Twenty-first Century Water Commission Act of080(the Act) is an attempt to address
current and projected stresses on freshwater afplihe Act acknowledges that as the US
population and industry expand and regionally shiftoming decades, its freshwater resources
will face increasing stress and pressure. A thdnoagsessment of all viable technological,
institutional, and economical measures and strasetiiat freshwater managers can take to
alleviate this pressure will provide solutions teehfreshwater needs across the country. The
Act establishes the Twenty-first Century Water Cassmon (the Commission), which is charged
with surveying existing freshwater systems and bbgpieg a comprehensive strategy to address
future challenges. The Commission must consult viidshwater management experts at all
levels of government and the private sector to rdetee what technological, institutional,
economic, and other advances can be made to basteesafe and plentiful freshwater supplies
well into the future.

Currently, freshwater is managed at the state lefzgbvernment. This delineation of freshwater
rights ignores natural watershed boundaries. The akms to maintain localized freshwater
control while increasing regional cooperation. Acassful strategy is dependent on the
Commission understanding the scientific aspectsvatier problems and their solutions. The
climate, geography, and other physical systems mafgion determine the supply of freshwater
while the human need determines demand. No sidlgien exists for the freshwater problems
threatening the US. The Commission must analyzstiagi freshwater management programs
and form new studies to determine regionally appabtg solutions and assist regional managers
with their implementation. A thorough understandofgthe science of freshwater dynamics is
crucial to forming a comprehensive strategy to emsafe, adequate, reliable, and sustainable
freshwater supplies well into the future.

Safe freshwater is defined by the Safe Water Dnigldct and Clean Water Act, which set the
acceptable levels of various contaminants basetieginhealth effects while allowing individual
states to petition to set their own standards. Cobexmission will have to review the existing
programs and determine whether there is a needniproved standards or more federal
oversight. Freshwater quality is degraded by thditmeh of chemical pollutants, harmful
microorganisms, and physical disruptions to fresbwaources. In most cases, the safety of
freshwater for human consumption is ensured thromgfification technologies; however, at
times these technologies fail. Cryptosporidium,asapite that causes sometimes-fatal diarrheal
iliness, is resistant to standard treatments anallssnough to move through most filters. An
outbreak of Cryptosporidium in Milwaukee, Wiscongin1993 demonstrated the importance of
using the most effective technology. The Commissioth compile information on new and
existing purification methods in order to make moeendations on the best available
technology.



Adequate freshwater means the necessary amouutilalde where needed for domestic use,
irrigation, industrial use, or for any other ne€deshwater supply is driven by the hydrological
cycle, which replenishes both surface and grounelwsdurces through precipitation. In many
cases withdrawal from a freshwater source excesglenishment, causing the depletion of the
source. Freshwater availability is highly uneverroas the country; ground and surface
freshwater bodies are located in different regiang often cross state boundaries. The Ogallala
Aquifer lies beneath eight states in the Midwest anpplies 30% of total groundwater used for
irrigation in the country. This aquifer is undeciieasing stress from overuse and in some areas
water levels have dropped over 50 feet. Becausshvrater is managed at the State level,
conflict often arises when multiple states are dngwfreshwater from a single source,
threatening the quantity of freshwater available.

Reliable infrastructure is crucial to ensure theatafe and adequate freshwater supply can be
delivered to the populations that need it. The @S baxtensive water infrastructure, including
public water systems, dams, levees and wastewainient facilities; this infrastructure must
be monitored for deficiencies and repaired or regdlawhen necessary. Currently, there are
many areas in need of infrastructure improvemedtse example is the New York City public
water supply. The Delaware Aqueduct, which supph@%o of the city’s water, is leaking at a
rate of 36 million gallons per day. Deficienciesclsuas this demonstrate the benefit of
redundancy in infrastructure systems and the paldoses from inefficiency and deterioration.
In making a successful national freshwater stratélgg Commission must consider both the
improvements needed for existing infrastructure tednew infrastructure that will be needed in
the next 50 years as existing systems reach theoktiteir useful lives and demand for water
systems increases.

Sustainability is the key to ensuring that the gofakh safe, adequate, and reliable freshwater
supply is met in the long run. Sustainability reféw achieving a balance between the supply of
and demand for freshwater. Supply is driven byhiydrological cycle and the climate of a given
region, as well as patterns of use; demand steom freshwater consumption for human
purposes. In many regions, high demand is resuilifiggshwater overuse and reduced quality of
freshwater supply. The Colorado River Basin, wisdpplies water to seven states and includes
the nation’s two largest reservoirs, is an areadad of effective management. The snowpack
which provides 96% of the system’s replenishmemteislining as a result of climate change; at
the same time the population supplied by the Baasmbeen continuously increasing for decades.
The reservoirs are being depleted and the curatatof use is unsustainable. The solution to this
problem is effective management of freshwater nesmu For the Commission to successfully
plan for the future, it must examine existing wateanagement strategies, used at the local, state
and federal levels, to make recommendations onofitenal methods of reconciling human
demand with natural limitations.

Although the Commission will be forming recommenadias on the most basic of resources, the
task of forming a comprehensive national stratedyhe anything but simple. There are many
controversies surrounding science and politicstedldo freshwater. Controversies surrounding
the science of freshwater include difficulties magtifying freshwater supply, debates over the
benefits of technological versus natural solutiars] predicting the effects of climate change.
There are many different predictions about whatedffclimate change might have on

precipitation and thus freshwater availability ire tUS, making it hard to move forward with a

specific policy. Additionally, climate predictiorshow different effects across the nation, with



some regions becoming drier while others experiemeereased precipitation. These
complicating factors make it even more difficult toake decisions based on scientific
recommendations.

The uncertainty inherent in science makes for &rrtbontroversy when science comes into
conflict with politics, economics, or social valué¥ater policy decisions are made at the State
level, but because water sources are often shamedsastate boundaries there are frequently
conflicts between states over water sources. Timenton between Georgia, Alabama, and
Florida over the freshwater of Lake Lanier exenmgdifthe sensitivity of the issue and possibility
for conflict when freshwater is shared. The impoc&of maintaining freshwater systems is not
controversial, but action becomes stalled when dawath the cost; one Environmental
Protection Agency estimate suggested that $27@i8rbdollars is needed over the next twenty
years to replace public water systems; this dodsexen take into account all of the other
important water systems in need of repair. Finglyblic perception of freshwater programs is
integral to their success. For instance, greywegeycling is often considered as a means of
conservation; however, the public may not be cotafide with the idea of using “dirty” water.

The Commission is assigned a challenging task. prehensive national freshwater strategy

will have to take into account the regional varigilocalized control, and interconnectedness

that characterize the nation’s freshwater souroemaking recommendations on achieving a

freshwater supply that is safe, adequate, reliarid, sustainable for the next 50 years. This task
will be understandably difficult, but if the Comraien is successful, it will be an achievement

that helps protect the security of freshwater syjgpld avoid problems of scarcity and interstate
conflict over freshwater resources in the futuree Tommission will compile the most accurate

and comprehensive information necessary to malameendations for collaborations across all

levels of government; its success will be determhibg whether the US has a national strategy to
sustain a safe, adequate, and reliable freshwapgly 50 years into the future and beyond.



I. The Twenty-First Century Water Commission Act 2008

Overview

The Twenty-First Century Water Commission Act of080(the Act) was introduced in the
Senate by Georgia Senator John Isakson on Mar2B(8. The Act acknowledges that as the
United States (US) grows in coming decades, itemasources will face increasing stress and
pressure. A thorough assessment of the actiong, technological and economical, that the
country can take to alleviate this pressure isiafuo ensure water needs are met across the
country. S. 2728 and H.R. 135 look to establishTiae@nty-First Century Water Commission
(the Commission), a federal commission with theppse of conducting an assessment of
national water use and availability to craft recoemaiations for a comprehensive strategy to
ensure the existence of uncontaminated and subtaimater supplies in the next 50 years. The
Commission will study quantitative and qualitategsessments of current freshwater resources
and management in the US along with estimatestafdudemand. With this information it will
make recommendations on the technological, econamdcmanagement tools available to help
meet future need. The Commission is charged wittviging the President and Congress with
recommendations and reports regarding the manademéastructure, policy, financing, and
conservation of national water resources over #d BO years. The Commission will consult
with public and private experts in freshwater mamgnt and hold hearings in distinct
geographical regions of the country to develog@sclusions. The resulting water strategy will
be of major national importance, as water avaitgbénd safety are crucial for future US
environmental and economic interests.

Duties of the 2%' Century Water Commission

The act establishes that the Commission must statignal supply and demand for freshwater
and management programs across all levels of goarh and the private sector to make
recommendations on improving freshwater quality eesburces. The Commission will consult
these programs to develop the nation’s water gfyat€he act requires that the Commission
develop recommendations that observe the followweajs for a national strategy:

Leaves the main role of water oversight to indiald8tates;

Defines incentives to promote an adequate US veaigply for the next 50 years;
Avoids strategies that mandate State and localrgavent action;

Eliminates redundancies and unnecessary bureaucefeyeen Federal programs;
Considers all available technologies and methodispoove water supplies;
Captures excess water sources for drought relettanservation use;

Finances both management and public works projects;

Conserves existing water supplies addressing sue isf aging infrastructure; and

Develops additional water management initiatives.



Membership, Director, and Meetings of the Commissio

The Twenty-First Century Water Commission must twened within 90 days of passage into
law and consist of nine members. Five of these mambers will be appointed by the President,
including the Chairperson, two will be appointedtbg Speaker of the House, and the remaining
two will be appointed by the Senate Majority Leaddembers should be distinguished in the
area of water policy, represent a broad geograpbiwss-section of the US, and will serve
without salaried compensation. The Speaker of thasd and the Senate Majority Leader will
appoint a Director for the Twenty-First Century Wa€ommission. They will consult with the
both the House and Senate minority leaders to rtteie decision, the chairman of the House
Resources, Transportation and Infrastructure Cotaast and the chairman of the Senate Energy
and Natural Resources, and Environment and Pubbdk8/Committees. The Commission will
have its first meeting no later than 60 days aiteits members have been appointed.

Proceedings and Reports of the Commission

During the lifetime of the Commission, a minimum 1§ hearings must be held and may be in
conjunction with Commission meetings. At least tiearing must be held in Washington, D.C.
to take testimony from federal agencies, natiomghoizations, and Congress. Federal agencies
are obligated to 1) honor requests of informatiammf the Commission within 30 days, and 2)
temporarily assign members of their staff on a krirsable basis to assist the previously stated
duties of the Commission. The other nine hearingjsbe held across the United States, seeking
diverse testimony on water issues from all levdlgg@avernment and the private sector. The
Commission will produce bi-annual progress repdds The President, House Resources
Committee, House Transportation and InfrastruclQmenmmittee, Senate Energy and Natural
Resources Committee, and the Senate EnvironmenPahlic Works Committee. After three
years, the Commission must deliver its final repeith findings, conclusions, and policy
recommendations. The Commission must terminate acerthan 30 days after it delivers its
final report. This means that the Commission wdwde at most three years, seven months to
complete its work. Finally, the Commission is auibed $9,000,000 to carry out its tasks.



Il. Safe, Adequate, Reliable, Sustainable

The bill explicitly states that the goal of the quehensive strategy must be to “ensure safe,
adequate, reliable, and sustainable water suppti@s”and into the future. While this is a broad
mandate, it can be understood to encompass four aneas. To ensure the safety of freshwater
supply is to guarantee that it is of safe drinkquality. The adequacy of freshwater supply is
ensuring there is enough water to meet human dentaedhwater systems will be reliable if
required infrastructure is well-maintained and udes optimal technology available. Finally,
freshwater use is sustainable only if demand doésutstrip supply and freshwater sources are
managed effectively. Whether or not the strategguiscessful will be determined by whether

these four criteria are met.



1. Safe

The water strategy created by the Commission meminnmend means of ensuring that the
water supply remains safe for the next 50 yearstetly, safe water is defined primarily by the
Environmental Protection Agency (EPA) though theadl Water Act (CWA) and Safe Water
Drinking Act (SWDA). Contamination of both surfa@nd groundwater sources threatens
freshwater quality in the US. According to the SWDQe term contaminant means any physical,
chemical, biological, or radiological substance matter in water. The SWDA and CWA
establish both the levels of safe human consumpifospecific contaminants and the feasible
limits of contaminant levels in water bodies. Th&/& also regulates water pollution through
the National Pollutant Discharge Elimination Syst@MPDES) program. State quality standards
must at least meet national EPA standards.

In the US there are currently 170,000 public watestems regulated under the SDWA. All states
in the US except for Wyoming and the District ofl@uobia have received authority form the
USEPA to enforce and implement SDWA standards.uk sstate water suppliers must conduct
assessments of their water sources for vulnenaliditcontamination (“Understanding the Safe
Drinking Water Act”, 2004 and “Public Drinking WatSystems: Facts and Figures”, 2006). If a
public water supply fails to comply with the stardkaof the SDWA then the persons served
must be notified (“National Primary Drinking Wat&egulations: Public Notification Rule”,
2004 ). In 2007 alone 5,461 public water systermsirsg 20,532,704 people had health based
violations. However, this may be an underestimatioa to the inaccuracies and underreporting
inherent in the system. This elucidates the pdgsilior improvement in terms of coordination
between national and state organizations and tkepective information systems (“Factoids:
Drinking Water and Ground Water Statistics for 200Z007).

Through the National Water Quality Assessment RnogfNWQAP), the USGS is charged with
collecting long term local and national information water body quality conditions (“The
National Water-Quality Assessment Program,” 20@gncurrently, the EPA is charged with
assuring the quality of public drinking water; logily it would proceed that these institutions
should be coordinating highly on all spatial scalesprovide safe drinking water to the US
populations.

Despite existing regulation of water quality, there still areas where standards are not met.
Currently, 15 % of the nation's lake acreage afd &f the nation's river miles are under state-
issued fish consumption advisories (“Managemerdt&gry,” 2008). Methyl-mercury build up in
fish from human sources causes problems for thelpeaho depend on fish as a dietary
necessity. Since December 2004, there have bean2(240 advisories for mercury across 41
states (“Mercury Update,” 2001).

As part of a comprehensive water strategy, the Cission will have to consider how to
maintain the safety of water sources and improveeat freshwater quality into the future. The
Commission must also determine whether new stasdame appropriate, whether for different
contaminants or different levels, given projectetlfe supply and use conditions. To do so, the
Commission must develop a thorough understandinyeotiifferent types of contaminants that
threaten the freshwater supply.



Chemical Pollution

Point source contamination is defined by the EPAamg pollutant that drains directly into a
water source, such as through a pipe feed (“Watdlution,” Environmental Protection
Agency). Industrial effluent and sewage are twoanppint sources of contamination in the US.
However, these are closely monitored and reguldmedigh the EPA’'s (NPDES), which requires
industries to apply for a permit limiting water fugion discharges into US waters (National
Pollutant Discharge Elimination System, 2007). Aligh this policy has decreased the amount
of point-source pollution, there are still manylptants entering the water system. For instance,
in 2007, the National Response Center recorded735¢hemical and oil spills (“National
Response Center: Statistics,” 2007).

Non-point source contamination is defined as andyréct source of contamination to water, and
is created as water picks up contaminants whileimgoover a surface (What is Nonpoint source
(NPS) Pollution?,” 2008.). Measuring and managimg-point source contamination is very
difficult because these contamination sources amut$ of entry are hard to identify, control and
measure. A major source of non-point pollution usface runoff, water that flows back into
water sources after precipitation or irrigation (/al995). Runoff itself is not a pollutant; rather
the chemicals, metals and nutrients carried by dissolved into the water are the sources of
contamination. Urban runoff carries with it toxibesnicals and heavy metals such as lead and
mercury that can make water unsafe for humans fwgratrganisms to consume (Greenberg,
2003). Agricultural runoff is rich with nutrientsish as nitrogen and phosphorous (Spiro, 2003).
In water sources nitrate compounds released bygwdgyme and industry are the most prevalent
chemical pollutants (Figure 1). Once these contanishave entered our waterways they pose a
significant hazard to human and ecological he@ittessive input of nitrates causes high growth
in phytoplankton populations. Some of these popaiat may produce toxic compounds that
bioaccumulate in fish species that are consumetubyans. Additionally, due to the high inputs
of nitrogen large algal blooms will grow. By theopess of eutrophication, these blooms die and
are decomposed by anoxic bacteria dissolved oxygeemoved from the water, leading to
hypoxia. This suffocates the remaining organisnas thly on dissolved oxygen and creates an
environment that is uninhabitable for plants asth fi

Figure 1: Point-Source Pollution

Chemical Pounds Metric Tons Percent

of Total
Nitrate Compounds 231,367,165 105,041 89.4
Ammonia 7,917,711 3,595 3.1
Manganese Compounds 5,398,239 2,451 2.1
Methanol 3,873,380 1,759 15
Barium compounds 2,182,327 991 0.8

Figure 1: The top five chemical contaminants disgled into surface freshwater bodies in the Unitedtes.
Adapted from Thomas G. Spiro. Chemistry of thetBnwmient 2™ Edition. 2003




Case Study: Chesapeake Bay

The Chesapeake Bay is an estuary, which
an important habitat for specific aquatic life
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Biological Contaminants

Sewage effluents threaten water quality and fegld amounts of toxins and nutrients, increasing
the growth of harmful bacterial. Each year, morantl860 billion gallons of sewage enters
freshwater systems. Sources of effluent includenstovater, combined sewer overflow (CSO)
from wastewater treatment plants, livestock feaasoff, and leaking septic tanks (“Water
Education,” 2008). Sewage and wastewater can con@ious bacteria, fungi and parasites.
Common potentially harmful bacteria found in fresier includeE. coli, shigellosis, salmonella,
and cholera; fungi include Aspergillus; parasiteasist of Cryptosporidium and roundworm. In
the US 3.5 million ilinesses are reported each yean bacterial and parasitic illnesses caused
by sewage in the water system (“Effects of sewaggatninated water on human health,” 2008).



Case Study: Cryptosporidium Parasite

- . ’ Cryptosporidiosis is an infection caused by theapite

. Cryptosporidium, which contaminates both surfacel pn

e é - groundwater systems through cattle feces runjoff.

.]'. : Cryptosporidiosis is commonly spread through retcveal

. 1 . water activities, but can also infect drinking wasepplies.

o The Cryptosporidium parasite is resistant to many

;; purification techniques and is small enough to ghssugh

filters. The highest reported case of Cyrptosparnd

occurred in Milwaukee, WI in 1993, when over 40@(J0

w'e . people were diagnosed with cryptosporidiosis, wiHich
. \ include symptoms of diarrhea, vomiting and fever.

b . (“Crypto,” 2008)

Image Cryptosporidium oocysts inmodified aci«-fast stair

Physical Disruptions and Quality

Water quality is also disturbed in less obvious svdyand-cover change, such as deforestation,
opens up the land to increased soil erosion. Lasdehange, such as urbanization, increases the
expanse of impermeable surfaces, increasing patiutirough runoff. Additionally, almost half
of our country’s natural filtration systems, such wetlands, have been destroyed since the
settling of the first European colonies, and uplur®b4 an average of 814,000 acres were being
drained each year, primarily for agriculture (Hans2006). These actions not only remove a
natural function that benefits humans but alsordgstentire ecosystems. In 1991, the White
House implemented a policy of "no net loss" of wametls, and in recent years policy has
attempted to reverse the tide by creating, impm@wn protecting as many as a million acres of
wetlands every year (Hansen, L., 2006). Therehgyh level of difficulty in measuring the loss
of wetlands in the US (Squires, L.E., et al., 2004pwever, these actions show that the
government is attempting to further take advantzghe role that wetlands play in maintaining
water quality by acting as a natural filter.

Water quality can also be affected by temperatin@ge. Many industrial processes rely on
water as a coolant. Once the water has gone thrihwggimdustrial process it absorbs excess heat.
This water is then sent back into the environmesttlzermal effluent, thus altering the
temperature of the water body. Aquatic plant andnah life are often very sensitive to
temperature change, so heat pollution can be detiahto the natural systems relying on the
water body (Squires, L.E., et al., 2004).

Saltwater intrusion can occur when an aquifer isrqqumped. Typically an aquifer located in
coastal inlands consists of a freshwater layer alzodenser saltwater layer. This is separated by
a diffusion layer which creates a barrier from mgithe two different water areas. As the
freshwater is over pumped through a well, a presguadient occurs forcing the diffusion layer
to upwell and later diffuse, causing saltwater nmgsat into the aquifer. This results in an
overall increase in water salinity. The increassaif levels in groundwater is a significant threat
to food crops and public water quality in many ¢abeegions throughout the United States. In
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areas where saltwater is not available to takepthee of freshwater that is drawn out of an
aquifer, the space between the units that makehapstibstrate can collapse and subsidence
occurs (Barlow 2003). This presents a threat tdipund private property and makes impacts
from natural events such as flooding harsher anegikely (Galloway D., et al., 1999).

Figure 2: Areas of the US at Risk of Saltwater Intusion

Figure 2: Over pumping groundwater in coastal raggdeads to saltwater intrusion.
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Case Study: Saltwater Intrusion
Salinas Valley, CA

Excessive groundwater pumping has created pumpnghs (water-level depressions) in the Paso
Robles and Santa Margarita aquifers in the Nortkrastal Subarea. A monitoring program hapl
found that of the three aquifers in the study atea,aquifers, the "180-ft" and the "400-ft," had
been intruded. The third aquifer, the "900-ft" dguihad not shown signs of sea-water intrusiof
(Mills et. al., 1988). Ground water has playedadiag role in transforming California into the

nation’s top agricultural producer, most populoizdes and the 7th largest economy in the Worﬁi.

Today, ground water supplies about 40 percentefuater California uses or about 16 million-gcre
feet per year (Leedshill-Herkenhoff, I., 1985)

(Eugene et al., 2005)
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2. Adequate

The Commission must make recommendations on emsthat the national water supply is
adequate over the next 50 years. Timing water rgehavith water consumption is the
fundamental challenge in ensuring that there isughowater available to strike a balance
between freshwater supply and demand. Freshwamglysis defined by both quantity and
guality of ground and surface water sources, apcesents the water available for human use. In
the scope of the Act, freshwater demand encompé#ssesany facets of human consumption. In
forming a freshwater strategy, the Commission hale to examine the current national patterns
of freshwater supply and demand as well as theepteql patterns for the next 50 years.

The national demand of freshwater is broken dowa @ategories: electricity production (48%
of total demand), irrigation (68%), personal wedg (11%), and industry (6%) (US&GS008).
National statistics describe a general overviewtha& country’s water use; however, at the
regional and local levels demand varies considgrabsed the dominant use in a region, be it
agriculture, industry, public consumption or condtian of influences. Our freshwater supplies
in natural systems and human-made reservoirs awis) signs of depletion because current
rates of withdrawal exceed those of natural reglemient. Population growth, suburban sprawl
and urbanization have placed great demands on ationfs freshwater supply and could be
having a significant impact on our ability to maimt adequate water reserves.

Appendix A: Freshwater Consumption in the US.

Supply

Freshwater supply is determined by the hydrologatec The major driving force of this cycle is
the sun, which provides the energy to transformewdtom a liquid to a gas, driving the
hydrological cycle. These special physical and dbahproperties allow water to be transient
and pass through the earth’s systems in variousmdorin the atmosphere, evaporation,
condensation, and precipitation dominate hydrolagmvement. The interaction between the
atmosphere, biosphere, and hydrosphere form theipgegion which recharges freshwater
supply, and is necessary for human, plant and drsomaival (USGS, 2004).

The rates of evaporation and precipitation deteentie amount of water available in ground and
surface water sources. The amount of water availtdyl natural recharge to the ground-water
system and as surface runoff to streams is repiedry the amount of precipitation minus the

amount of evapotranspiration. The average evapspration rate in the US is 67% in arid areas,
meaning that only 33% of precipitation that falts used for recharging water sources; the
majority is evaporated or absorbed by plants (Reill.E., et al., 2008). Due to increasing

temperatures in these arid regions, the evapotiratign rate is increasing and is usually higher
than the precipitation rates in the long term. Th@cates high potential for future water scarcity
in these areas (Reilly, T.E., et al., 2008).
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Figure 3: Precipitation minus Evaporation

Figure 3: Difference between annual precipitataomd potential Evaporation (PET) Rates for the UdiiStates
(adapted from Healy and others, 2007)

Water measurement methods of annual precipitatiwhesvaporation for the entire country are
relatively accurate. However, a comprehensive natiwater strategy must take into account the
vast regional differences in precipitation and etegnspiration across the country. At a regional
level the hydrological cycle, and therefore theewatpply, is highly dependent on local features
such as the topography, climate, limnology of watairces and biotic components of dependent
ecosystems. For instance, the position of a lakerahénes how much groundwater and surface
water runoff are added while the size of a lakeemheines, along with climatic factors, the
amount of water lost through evaporation (Kump, 999ropography influences the extent
surface runoff; the amount of runoff from precifiba is greater at steeper slopes than at more
gradual ones. This influences where unsaturatedigt&ion flows: into surface water, into
rivers or streams, or onto flat land causing flogdhe Water Cycle: Surface Runoff’, 2007).
Even biota, most notably flora, can be consideesgnvoirs within the hydrological cycle. These
living reservoirs increase local atmospheric maesthirough transpiration as well as retain water
within their bodies (Molles, 2005). The hydrolodicgcle is a complex system incorporating
many variables; these variables differ across thmty.
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Figure 4: The Hydrological Cycle

Figure 4: Representation of the Hydrologic cyclewa State, 2008)

Demand: Surface Water

Precipitation is the major source of replenishnanwater into fresh surface water bodies. After
a rainfall, water drains from the earth’s surfaowvdrd the nearest fresh water body, either
surface or groundwater. This process determinerslad regions. In a perfect world, the
amount of precipitation would represent the amoohtwater replenishing surface and
groundwater bodies. However, surface water avditabis influenced by various factors
including infiltration into groundwater bodies, @aaation, transpiration, human use and
groundwater discharge. This accumulation of vaegalan fresh surface water availability creates
difficulty in assessing the true supply value a$ tivater source.

Approximately 80% of human freshwater used comes fsurface water sources (USGS3008).
Surface water is defined by the EPA as all watat inaturally open to the atmosphere, such as
lakes, rivers, seas and reservoirs (USEPA, 2008ye@tly, the USGS estimates that the amount
of surface water available is only 0.3% of the ltetater on the planet. The exact amount of
fresh surface water available is unknown for the tl# to difficulty in measuring ever-
fluctuating quantities. Since human industry andvisal is dependent on this water source, it is
important to understand the science issues affgasravailability.

The categories of fresh surface water use includdigp consumption, domestic use, irrigation,
livestock, industrial, mining and thermoelectricwsy. The largest consumers of surface fresh
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water are thermoelectric power using 100% of itsewaeeds from surface water at a rate of
195,000 Mgal/day, followed by irrigation which usssface water for 58% of its water needs at
rate of 137,000 Mgal/day (USGS, 2004).

With the increase in temperatures due to climatengh, evaporation rates are increasing,
allowing less of the falling precipitation to recpa our freshwater supply (Ohta, 1995). At the
same time, the demographic of the population olthi#ged States is changing, and consequently
populations are moving and expanding to differerdaa of the country. This large scale
movement is largely attributed to the economic fi&)esuch as jobs and cheaper expenses that
are becoming more prevalent in historically warm areas that have room for expansion. Also,
the first wave of the baby boomer generation igingt and moving to areas of ample sun,
warmth and leisure (US Census Bureau, 2000). Wnfately, many of these warm areas are
already suffering from water scarcity. Arid stategch as Nevada and Arizona in the west, and
Georgia and Florida in the east, have seen subEtahinot remarkable growth in the previous
decade (Figure 5).

Figure 5: Percent Change in Resident Population fothe United States, 1990-2000

Figure 5. percent change of population for eaddtestin the US over the period of 1990-2000. (&&nsus
Bureau, 2008)
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Case Study: Climate Change Impacts on Lake Mead, Nada

Increasing air temperatures and declining predipitan the U.S. have led to decreased snowpack
and rainfall and increased evaporation.

Created by the impoundment of Hoover Dam
on the Colorado River, Lake Mead provides

freshwater to southern California apd

Nevada. Increasing water demand fr¢m
growing cities like Las Vegas and decreas|ng
snowpack and precipitation due to climate
change, make providing an adequate water
supply a serious challenge for the coming
decades. The water level in Lake Mead has
been steadily declining over the last few yeprs
and is expected to continue to decline wth
decreasing snowpack and increas|ng
withdrawal.

htto://mww.hprcc.unl.edu/nebraska/Le-Meac-2007.htm: imaae: Universitv of Nebras-Lincoln

Demand: Groundwater

Groundwater is water that sits below the surfaoe; @mmon source is aquifers which generally
consist of loosely spaced sediment or rocks thlatvith water over a period of time (Barlow,
2003). Through percolation and infiltration, watenters groundwater storage, composing
approximately 30.1% of total freshwater sources@3% 2008). It is important to understand
the replenishment process to address the problesssciated with groundwater quantity.
Groundwater replenishment is a long and complexgs®. The formation of aquifers is not a
recent event, most formed during the last glaaal period. Precipitation percolating into the
ground replenishes aquifers; however, replenishnemhuch slower than the rate of human
extraction. A groundwater system can be made upanfy aquifers and confining beds. The top
boundary of the saturated groundwater system isviter table. The presence of a water table
usually signifies an unconfined aquifer, which aifofor more rapid water recharge from nearby
surface water sources. Confined aquifers, also knasvartesian aquifers, have higher rates of
drawdown because they have less recharge abiléyaan impermeable layer made up of clay
or rock (USGS GW report). Many of these slow regkaaquifers were originally inudated with
water thousands of years ago and thus contain\pateq water deposited during the last ice age
(Rosenberg, 1999). The effects of overusing growateminclude drying up of wells and aquifers,
ground subsidence and salt-water intrusion. Dueth® inaccessibility of groundwater,
hydrologists cannot easily measure quantity levBihey can only roughly estimate the amount
available. This is problematic because it leadsrtcertainty to the level supply, which increases
difficulty in managing an appropriate water extract

Human extraction rate is a major concern for maggians throughout the US, which rely on
groundwater as their major source of freshwatere Tighest users of groundwater include
domestic, livestock and mining. Most of the majguiders are located in areas with low
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precipitation, including Texas and the Southwesgyfe 6). Population distribution in the US
indicates that human industry and populations areated in areas where groundwater
availability is a concern, and must be monitored.

Figure 6: Location of Principal Regional Aquifers

http://water.usgs.gov/nawga/studies/prag/images/&Agif
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Case Study: Ogallala Aquifer

1. Background: The Ogallala Aquifgr
underlies about 45,000 Kmof the U.S.,
encompassing the states of: South Dakgta,
Wyoming, Colorado, Nebraska, Kansgs,
Oklahoma, Texas and New Mexico. The
majority of the water in the aquifer can pe
dated back to the last ice age. It proviges
water for approximately 20% of the
irrigated land in the U.S. About 20 Rrare
withdrawn every year while the rate ¢f
recharge is only 0.5-1 inch per year.
(Rosenberg et al., 1999). One predictipn
states that the aquifer will be depleted |as
soon as 25 years (Bannerman, 2004).

Figure: Major water depletion in the
Ogallala Aquifer since predevelopment.

Source McGuire et. al., 1999

Unfortunately for policy makers, areas of high plagion growth such as the southeast and
southwest are also areas where water challengegreagest. These internal migratory patterns
are redistributing the population from areas of Emater to areas of water scarcity. Because
water is still a cheap commodity, water scarcitynat reflected in home prices and people’s
decisions to relocate do not usually take wateilawéity into account. USGS drought maps
from November B, 2008, and June 24th, 2008 provide a snapshotatérvecarcity conditions
across the nation (Figure 7).This figure shows thajor regions of the United States face
persistent water crises.
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Figure 7: Drought Conditions Across the US

Figure 7.1: Broad-scale Drought Conditions Accréiss US, November 6th, 2007

Figure 7.2: Broad-scale Drought Conditions Acroks UUS, June 24th, 2008
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Ground subsidence occurs when ground levels sickuse a significant amount of water has
been withdrawn from the groundwater below. Thisupsmaturally in unconsolidated aquifers
and confining beds that compact due to lack of wat®isture. Human withdrawal of
groundwater can exacerbate the problem. The US@@tesl that approximately 17,000 square
miles in 45 states have directly been affected blgsslence due to human groundwater
withdrawal (Cunningham and Bartolino, 2003).

Case Study: Subsidence
Joaquin Valley, TX

San Joaquin Valley, CA is one of the largest hualtarations of the
Earth’s surface topography. It resulted in excesgmundwater withdrawal
to sustain its agriculture industry. The area epto subsidence because
of the presence of fine-grained compressible camdibeds in the aquifer
from the Sacramento-San Joaquin Delta to basins throemgnal and
southern California (Galloway et al., 2000).

Figure ##. Approximate location of maximum subsiem United States
identified by research efforts of Joseph Polandtped). Signs on pole
show approximate altitude of land surface in 19255, and 1977.
(Galloway and Riley, 1999).
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3.Reliable

The Commission is charged with forming a plan thasures the safety and adequacy of the
water supply in the next 50 years. However, evehefe is an ample supply of quality water,
there must also be dependable means of delivehisgstipply to the populations who need it.
Reliability means that the water infrastructure tres functional and efficient, and appropriate
to the needs of specific locations. As the Comraissieviews existing water systems it will
make recommendations on the technological, naamel other methods available to ensure a
reliable water supply. The Act specifies that @@mmission must form recommendations on
repairing aging infrastructure, adopting new infirasture, conserving existing infrastructure,
capturing excess water and overall effective mamagg of water systems. In this case, effective
management refers to the care and monitoring ofmwafrastructure. Water infrastructure must
be carefully designed, managed, repaired, and egddatensure that there will be no breaks in
water provision and quality.

Conservation

The Act suggests that the Commission focus on ceasen methods as one way of increasing
and maintaining the water supply. Conservation iseeamly simple method for increasing
reliability of the water supply because it shouldrease availability. However, it will be difficult
for officials at the federal level to create wapeticy that encourages conservation nation-wide,
as the regional differences in water availabilitgan that very different conservation methods
are appropriate across the country. There are mamservation methods and technologies in use
and being developed. One method is less housetsd#dthrough more efficient fixtures or
reduced used on lawns and landscaping. The EPAasts that over three trillion gallons of
water would be saved per year if all homes in tHe idstalled water efficient appliances.
Another important area where more conservation austitan be adopted is agriculture, where
over 192 billion gallons of water are used each ({®enefits of Water Efficiency” 2008).
Irrigation is a major area of water use. In thery2@00, 137,000 million gallons per day were
withdrawn for irrigation. Using more efficient aguiltural irrigation practices such as drip
irrigation and remote satellite irrigation can hegauce this amount, but currently adoption is
not widespread; out of 61,900 thousand irrigatedesaconly about 4,180 thousand use
microirrigation systems (Perlman, 2005). It will bp to states to determine what conservation
measures are appropriate given the watersheds tiveecontrol.
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Figure 8: Microirrigation water use in the United States

Irrigated acres, in thousands, 2000,
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Figure 8: Irrigated acres by type of irrigation,200
http://ga.water.usgs.gov/edu/graphics/irrigationig2000.gif

Infrastructure Repairs

The United States already has extensive watersinfreture to meets demands, but this must be
maintained and updated. The benefits of keepingastrfucture at optimal capacity include
increasing the efficiency of the systems and miring water lost through leaks or disruptions.
Most importantly, maintaining water infrastructusenecessary in order to ensure the safety and
adequacy of the water supply. Ideally all infrastawe systems should be kept in top condition,
but in reality large infrastructure repair projeate extremely expensive. As a result, sometimes
repairs are delayed or inferior materials or desighosen to minimize cost. All around the
nation, States and municipalities face the probtdhwhat to do with infrastructure once it
reaches the end of its useful life. The origindtastructure created in our nation’s attempt to
harness nature has become outdated and is ineaadtdecline. Much of the country’s current
infrastructure, such as the extensive national dggtem and public water pipe systems, was
built to handle previously anticipated climate pats and now faces more extreme and variable
conditions due to global warming. A brief look hetcountry’s infrastructure situation shows a
great need for repair. In order to ensure thatmhier supply is reliable in coming decades, these
areas of improvement and oftentimes replacemengaireg to have to be prioritized. Current
infrastructure needs include:

Dams: provide a wide range of social and economic bes€fihey also create reservoirs
that supply water for a variety of uses, includindustrial, municipal, and agricultural.

Ten percent of American cropland is irrigated usiager stored in reservoirs. In addition
to helping farmers, dams help prevent the lossfefdnd property caused by flooding.
Flood-control dams impound floodwaters and therast them at slower flow rates to
the river below the dam by storing or diverting #ecess floodwaters. They provide
enhanced environmental protection, such as thentrete of hazardous materials and
detrimental sediments. Throughout the US retaimiags allow for mine tailings from

1,300 mining operations to be with held from emgrthe environment. The US relies
heavily on hydropower. Dams produce over 103,80@awatts of clean renewable
electricity to our nation. The reservoirs and kakreated by dams provide for an
intricate system of inland river transportationatneg shipping routes hundreds of miles
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inland. Also, dams create recreational facilitibsating, skiing, camping, picnic areas
and boat launch facilities are all supported by sl&tBenefits of Dams”, 2006).

According to the 2005 update to the National Ineeynbf Dams there are 79,500 dams in
the US. However, like any man made infrastructaasl have a life expectancy. In 2003,
30% of all dams in the National Inventory are aiste50 years old. Approximately 3,243
had deficiencies that left them more susceptibl@itare. Approximately one third of the
dams in the US pose a "high" or "significant” ritkhey fail (Power, 2008). Breaching
weakens the structure of the dam and can causeedfanithin moments or over long
periods of time. The potential dam failure is ira=gi®g as infrastructures age and storm
intensity is increasing with climate change. Then@ussion will be faced with the
daunting task of devising strategies to deal with tssue of aging dams (“National
Inventory of Dams”).

Figure 9: Dam Use by Category

Hydroelectric 2.9% Deebris Control 0.8%
Undetermined 3.8% — Mavigation 0.4%
Tailings & Other 8.0% :

Recreation

Irrigaticn SR 4%

11.0%

Fire & Farm
Ponds
17. 1%

http://www.fema.gov/hazard/damfailure/benefits.shtm

Leaky pipes 20-40% of our daily drinking water is lost to kgapipes. Of these leaks

50% are attributed to post-war piping of lower dya(Hodge, 2008). The Delaware
Aqueduct, which provides 50% of New York City’s wasupply, is currently leaking 36

million gallons of water per day. It can not be tsHown for repairs, however, until a
third pipe is constructed to supply the water neefishe city. Public water supply

infrastructure is in need of repair nationwide, lation is restricted by cost; the EPS
estimates it would cost $276.8 billion over 20 getr repair all of the systems in the
country (“Drinking Water Infrastructure Needs Sunand Assessment”, 2005).

Levees there is no national oversight of levee systetis;majority of building, repair,
safety and control of levees is done on the loeatll However, most rivers run though
many localities and cross state borders. The nafueyees is such that the condition and
construction of a levee system upstream affectsasodownstream. This relationship
demonstrates the need for some degree of fedeeabigtt of levee construction and
repair. A federal overseer would ensure that leudfeastructure can work most
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effectively as a single system. The weakness ofsgstem was exposed during the
summer of 2008 when severe flooding overloadedetees along the Mississippi River.

The levee infrastructure was insufficient to protagainst the high flood levels. The

levees were built to a 100-year flood standard, guén the increasing prevalence of
severe weather events due to global warming, tlisdard is not sufficient to protect

populations in the floodplains (“Workshop identsfieesearch needs to protect levees,”
2007).

Wastewater infrastructure: just as it is crucial that the US have relialifgastructure to
deliver safe water, it must also maintain the istinacture to remove and treat wastewater.
There are approximately 16,000 wastewater treatsystems in the country, and many
are in poor condition as a due to lack of investimerrepairs and updates. Blocked or
broken pipes result in sanitary sewer overflow (S@eleasing in as much as 10 billion
gallons of raw sewage into water bodies each y@kter systems in need of repair are
unable to handle major storms or snowmelt, resulim combined sewer overflows
(CSOs) the discharge of untreated wastewater Hiradb water sources, an estimated
850 billion gallons per year (“Impacts and ContwblICSOs and SSOs”, 2004). The EPA
estimates that the cost to replace existing wasevegstems and build new ones to meet
demand will be as much as $390 billion over 20 yédudget”, 2005)

New Technologies

In its assessments of water systems the Commisgilbrhave to consider new technologies
becoming available for water infrastructure. Newhteologies may have high potential to help
alleviate stress on the water system, but many teetynologies are extremely expensive and
have not yet been proven to the level of confidenrecgiired to be adopted on large scales. The
Commission is assigned to explore all availablehrietogical methods for alleviating the
nation’s water problems. By finding the most appiate technological solutions for providing
safe and ample water, water managers can alsoeittibat the sources are reliable. No single
solution, technological or otherwise will solve aflthe country’s problems. Different solutions
will be appropriate for different problems in diféat locations. In many situations combinations
of technologies and management strategies willgtenal to address regional-specific problems.
The Commission will need to have a thorough undedihg of the many options available in
order to successfully make recommendations to wagsragers on maximizing the reliability of
the water supply.

Appendix B: Technologies for improving safety adeqacy and reliability of water supply.
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4. Sustainable

The focus of the Act is to ensure that water s@spéire safe, adequate and reliable, not only in
the present but also into the next 50 years. Hergbal to be achievable, water use must be
sustainable: more water cannot be used than idahlai In this sense, sustainability is a
management issue; water resources must be carefialiyaged to ensure that demand does not
outstrip supply. Additionally, avoiding contamir@ati will be paramount to ensuring that
freshwater systems are not damaged or depletechbagpair. The Act is explicit in insisting
that the Commission study existing managementegfies and consult experts and managers
representing Federal, State, Interstate, and bpahcies as well as those from the private sector.
The study will have to integrate complex managensénategies with scientific observation and
data analysis in order to regionalize sustaingbgirategies. In terms of applicability, this is
especially important given the variation in the @vadupply and demand across the nation. The
means to achieve sustainability are dependenteretifional context.

Sustainability is an end. At the community levalstainability is going to be achieved by
effective management. In this case, that meanstimgeand enforcing a trend toward a
sustainable freshwater use. However, due to clitiagage, achieving sustainability will be like
shooting at a moving target. As the climate chandeg areas are predicted to become drier,
creating more variability in available water supglyCC, 2007). This means that in order to
compensate for the predicable change in envirormheobnditions, a sustainable water
management plan will have to include adaptive mamamnt strategies with considerable
contingency components. In terms of managememhjirweach local area sustainability should
be centered on individual behavior. All regionadanational sustainability programs and
initiatives will fail if the individual is not give the proper reasoning and incentives to conserve
water sources.

Defining Sustainability
Local

For local municipalities, the entire idea of wateanagement will have to be restructured to
focus on ensuring water availability for the comrtyunIn order to asses how to accomplish this
goal, ongoing collection and use of hydrologic daiihbe necessary. To implement the national
strategy, the report will likely recommend succabkslilding code practices, such as installing
low flow technologies in the home, reducing watgriaf lawns, reducing evaporation of
reservoirs, aqueducts, and fixing leaky infrasuet For examples, in the case of cities in arid
climates, residents could be prohibited from havarge, grassy lawns or swimming pools. As
maximizing use of available water becomes more mapd there will be a greater emphasis
placed on keeping chemicals and contaminants outhef hydrologic cycle. In terms of
sustainability, more clean water means more watailable. This is an important concept for
localities to address. In the report the Commissidhshare the best management practices that
lead to the highest conservational measures andemreéhe most pollutants from entering
freshwater sources.
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Regional
Infrastructure

State and regional authorities must improve inftacstire design and reliability in order
to implement new technologies, which will help asla water supply sustainability.
Efficient and effective drinking water treatmentampls, sewer lines, drinking water
distribution lines, and storage facilities will ems protection of human health, access to
clean water, and enable ecological sustainabiltyvall (“Sustainable Infrastructure for
Water and Wastewater”, 2008). Providing clean wagficiently not only benefits
humans, but ecosystems as well. Maintaining susbenmanagement practices in terms
of infrastructure can free up more water for ectesys, which in turn have the ability to
provide services, such as microclimate regulatiod aatural filtering. Using natural
processes to take care of some water filteringge®es may reduce the capital outlays
required to provide clean drinkable water for thiblg supply.

Management Cooperation

The other critical component of reaching sustailitsghs achieving regional cooperation

regarding shared water sources. Common pooledime=® are often overused if left

unregulated. Assessing and monitoring the condibiotihese common resources through
integrated data monitoring networks will help potdand respond to water resource
problem areas. As scarce water resources become storssed, setting up legal
frameworks to ensure equity in water distributiol Wwe necessary. In the high plains,
state water laws and local groundwater managemestticts regulate groundwater

withdrawal (Peterson, 2003). Currently, these sthtve different regional cooperation
strategies on effective use of large water sourCesating common frameworks for

water management will ensure that water resouneegquitably distributed to meet the
needs of all stakeholders.

National

The report may recommend that the federal goverhereate coordination between policies to
improve water quality and quantity. Through thisoqgass, a focus on multi-objective-
optimization would ensure sustainability water dutgrand quality. For the US, this would mean
allocation cooperation will become coordination wiiter use. This comprehensive resource
planning takes into account the impacts that off@icies have on water resource uses and
attempts to address any conflicting incentivesespurce conflicts that may be created as a result.
For instance, the EPAct of 2005 encourages thelagricultural based ethanol and biodiesel in
the transportation sector by providing financiatentives to make ethanol production facilities
functional by 2010 (EPAct, 2005). Currently, 93limon acres of corn are planted annually and
14.3% of that is used for ethanol production (Mggaon, 2006). Converting land to agricultural
production increases the demand on water supplyedsas increases the risk of non-point
source pollution. Water-use incentive polices maustaddressed comprehensively in order to
create an effective national water plan that l¢adsistainable resource use.

Over the long run, sustainability begets stabiliijie commission will do well to outline the
policy mechanisms that create sustainability ardctianges that will be necessary to make them
possible. In this case, it may turn out that atgpmanagement ideas are the most efficient for a
particular watershed. This could lead to recommgods that eliminate the idea of state and
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regional water management in favor of watershedaapdfer based management. This would be
done to achieve the most cost-efficient infrastitetand sustainability management plans.
Additionally, using advanced management framewavksild help avoid large aquifer draw

downs and resource conflict in a much more effectivanner. However, implementation of
atypical water management frameworks will be depah@n regional and local acceptance of
widespread change in current water management iaegeomal structure. Unfortunately, the

policy which would likely be most scientifically k& and successful in achieving sustainable
water use would politically be the most difficudtiitmplement.
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I1l. Issues and Controversies

Science will be key in mitigating water problemghie Twenty-First Century, however, it is also
important that the Commission understand the naitiszience and the controversies that arise
due to scientific uncertainty or misunderstandinigsues and controversies will arise in two
ways. The first is through disagreements amongsthentific community over what constitutes
“good science” and the second is through the adrifietween science and the arenas of politics,
economics and social values. The Commission will rhest successful in forming a
comprehensive water strategy if it acknowledgesseah&ontroversies. Additionally, the
Commission will have to take care to conduct asyrsndies as possible to cover the range of
scientific findings and communicate its recommeimhat to politicians, economists, and
members of the general public in a clear and utaledsble way. To create a useful report and
viable strategy, the Commission will need to camdilly underscore the importance of science in
maintaining the water supply and in making the stig®ssible decisions.

Controversy within the Scientific Community
Issue: Quantifying Water Supply

Quantifying our water supply is instrumental in d®ping a policy to preserve our nation’s
freshwater resources. However, different methodsqgfeantifying water supply may produce
differing pictures of water availability in the Uad States. When focusing on water supply for
the US as a whole, it may appear that we have andamce of water. The continental US
receives 1,400 billion gallons per day (bgd) frominfall, retains 280,000 bg in reservoir
capacity and stores 28,000,000 bg in groundwatgtiesys (Frederick, 1995). According to this
measurement, of this available water the US us8sbgd and only 94 bgd of the water used is
consumptively lost. These numbers equate to anuatiecsupply of water for the US over the
next 50 years (Center for Sustainable Systems,)26{28vever, these numbers are estimates and
do not reflect the uncertainty in our ability teepisely measure water availability. Additionally,
these figures do not take into account regionafitigion of water.

Inadequate scope of water quality analysis in laggtimates gives rise to controversy
surrounding the issue of water availability. Regilbn water supply is not evenly distributed,;
some areas experience floods while others suféen fregular drought. In June 2008, floods in
the Midwest claimed 13 lives and cost an estim&®@® billion dollars. The total cost of the
flood has not yet been accounted for, but is exgoetd surpass the 1993 Missouri River flood
damage total of $12 billion dollars (Feldman, 2008)contrast, the Oklahoma Panhandle was
granted disaster relief funds in July 2008 to ceith record drought conditions; the area has
received only 18% of the average rainfall it nodyeatceives (Littlefield, 2008).

Water availability varies temporally and spatiallgross the US and is reflected in long-term
weather patterns. Seasonal variations generalfijtiea surplus of water in the US during spring,
fall, and winter seasons when rainfall is relatpMeigh and usage is low. However, some regions,
especially in the south and west of the nation,eegpce drought during the summer months
when rainfall is low and usage is high. The Comiarssnust face the issue of regional and
seasonal variations in water availability across tountry. Despite shortcomings, national
statistics paint an accurate picture of currentewafuantity issues across the country. The
uneven distribution of water gives rise to inteissteontroversies when drought stricken states
struggle over limited regional supply. Increasingpplation and global climate change have
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already increased weather variability and accortintipe IPCC report on climate and water, will
likely exacerbate these problems through increademand and intensifying extreme weather
events such as drought in the future (Bates, 2008).

Issue: Difficulty Predicting Climate Change

For the past century, the US has faired well indjgteng water availability patterns to know
when to plant, conserve water, regulate resenagacity and harvest crops. However, recent
decades have shown greater variability and interefitweather events. This puts significant
attention on the issue of weather forecasting. grireary contributor to climate change is global
warming, which is causing increased evaporatioesraif surface water and low mountain
snowpack that feeds major rivers (Egan, 2001). @tnchange stems from increased radiative
forcing due to accumulating greenhouse gas coreténis. The increase in temperature directly
impacts climate system patterns, including preatmh and evaporation rates, the determinants
of surface and groundwater levels (“Climate Chamgesic Information,” 2008). In order to plan
ahead for changing water availability patterns,egoments and industries dependent on water
have turned to scientists for projections of futclimate patterns.

Weather predictions come in different levels ofuaacy. Currently, short-term forecasting can
provide high resolution predictions up to three thenin advance and long-term predictions
provide broad resolution data about our future.d-term predictions, looking ahead 50 to 100
years, continue to improve, but they are subjectdotroversy (Redding, 2008). Long-term
predictions are based on models that extrapolat®a fspast records and attempt to account for
multiple variables to predict future climate patierDue to the virtually unlimited number of
variables and difficulty predicting each indeperdesriable there are an unlimited number of
model predictions. However, there are still largenbers of models that show similar trends or
that can be averaged together to provide an ageeeatimate for the long term future. The
resolutions of these long term predictions: "aremexessarily about specific weather events, but
they do give us a good idea about what kind of heyaio expect over the long run in a particular
part of the country,” claims Noah S. Diffenbaughember of the Purdue Climate Change
Research Center (Boutin, 2005). On June 28, 200b8ate modeling scientists met in Aspen to
discuss short-term climate predictions for the ried¢ade. The meeting was called together by
concerned parties such as skiing and agricultadaistries who have economic interests in these
predictions. When asked, scientists say it is Hardnake short-term predictions, but some
skeptics say that climate scientists are unwiltmgtake their reputations on predictions that will
be proven or disproven within their lifetimes (Redy 2008). The variation in competing
predictions models is clear (Figure 10).
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Figure 10: Climate Change Projections

9.1 9.2

Figure 10.1 Community Climate System Model of pretion patterns. The lighter colors
indicate (red) drier conditions and darker colotse) indicate wetter conditions.
Figure 10.2: Diffenbaugh’s precipitation model fitve next century.

Issue: High-Tech versus Low-Tech Systems

Another controversy related to preserving and iasirey the water supply falls within the debate
between those who believe technological systemsharbest remedy for meeting water demand
and those who prefer low-tech or non-technical tsmhg. Natural systems still play a valuable
role in our water supply. Most treatment plants mimnd enhance natural nutrient and toxin
removal systems. Natural systems such as wetlaffds many auxiliary benefits to water
systems such as absorption of excess water duong €vents and erosion buffers. Increasingly,
such systems have been developed as prime retd éstaesthetic or agricultural purposes over
the last century. The loss of these systems ha® ladlecline in the function of our water system
as a whole. Society has tried to counter naturstiesy loss with its own man-made infrastructure
of dams, levees, treatment centers, and pump s¢atf@urrently, States are developing a new
appreciation for the water quality services thatira systems provide and are exploring ways to
preserve the remaining wetland ecosystems or descaays to create systems that duplicate
their functions (Edwards, 2003). After losing ovelf of these natural systems, research of the
economic benefits of keeping the remaining natgyatems versus replacing them with man-
made infrastructure is beginning (Status and TreR0dB6). This assessment will prevent the use
of valuable natural ecosystems for alternative pseg. Classifying and placing monetary value
on these natural systems is a growing debate becaatsire provides such a wide range of
functions. Florida recently spent $1.7 billion @do# in a campaign to save the Everglades
(Kleinberg, 2008).

On the other side of the controversy are the tdogmal optimists. Many believe that
technological solutions are the best option gives complexity of water issues in the United
States and beyond (Porcelli, 2003). However, sohtheotechnology currently in development
is still at an early phase and is not nearly refladyvide scale implementation. One plan is being
tested in Utah to alter the effects of shiftinggypéation patterns. The process of cloud-seeding
is being studied as a viable solution to decreasangfall. Cloud-seeding works by injecting a
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super cooled compound into the atmosphere suchivas ®dide. The compound cools the air
which induces condensation and freezing of wat@owrdo form clouds and increase rain or
snowfall. Cloud-seeding has shown increased rainfatertain regions by artificially creating
rain clouds (Griffith, 1991). China has been usthg technology for decades over its dry
northern and western plains to increase rainfalll i@ now planning on using the technology to
control weather and clean the air during the 20@8mer Olympics (Associated Press, 2007).
However, using cloud-seeding to increase the amaintclean water available is still
guestionable. It is difficult to distinguish inceseal rainfall results from natural variability. The
Commission will have to discern which options atglyf developed and applicable, what
technologies in development will be feasible foe us the US and what the costs of these
technologies are. In order for the Commission tesbecessful it must develop a strategy that
incorporates new technology but takes into accdbet costs and difficulties of adopting
unproven technologies. No state can be expecteddity make a large investment in technology
that is not yet proven.

Economic, Social and Political Issues
Issue: Public Perception

Another potential issue arising in the national evagtrategy is the public perception of new
technologies employed in maintaining the water supfyastewater recycling is a new method
used for treatment in which water is treated orfied#int levels; primary, secondary, tertiary,
osmosis and UV treatment. This treatment is enargylabor intensive, but yields an extremely
clean, consumable product. The current operatioostl of these new facilities is approximately
$550 per acre-foot (Weikel, 2008). This is slightigher than the upper limit in a wide range of
historic treatment costs which reach as high a® $&0 acre-foot (Lightfoot, 2008). However,
the recycled water process yields a product cledrar most cities’ drinking water. The EPA
estimates the average cost to treat and delivaekidg water using traditional systems at about
$680 per acre-foot. This cost is considerably mtben the new treatment technology but is
somewhat misleading; only 15% of the $680 is usedreatment and the rest goes to transport
(“Cost accounting and budgeting for improved wastiew treatment”, 1998). The current
process uses significant amounts of energy for pogngrinkable water far away into an aquifer
because public opinion deems it unacceptable tkaacycled water directly from the treatment
facility (Cavanaugh, 2008). The recycled waterlisady within the municipality and it requires
far less money to deliver it to nearby users themaving it to a distant reservoir. By using
recycled water within the city, the cost of trangge cut down as well as the treatment price.
Ultimately, this leads to a cheaper, more efficater system (Weikel, 2008). The Commission
will have to take public perception into accountemhpromoting water management strategies,
and will have to carefully convey messages to dtuesits about the safety and benefits of
treated and recycled water.

Issue: Science versus Politics

A key responsibility of the Commission is estahligha water resource management system that
spans State borders. Issues that the Commissiatdskeep in mind during this process are that
different states have different definitions of cleavater for each of its different uses.
Additionally, increased usage coupled with globalming is stressing the existing water supply
(Hutson, S.S., et al., 2004). This amplified usaigates more situations where one community’s
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wastewater is entering another's water source (&VBfata Program,” 1995). Wastewater from
industries and municipalities is used and filtenedmany different ways and discharged into
different systems. Currently, wastewater from vasi@areas is required to meet minimum levels
based upon EPA determined standards, which vargralgmt on the sources of the wastewater.
States also apply their own standards, which mesttror be more stringent than EPA standards,
which are established by the Clean Water Act. Mahthese limits are based on the current
level of technology and the cost associated withdomg water to a certain level of purity. In
many cases standards are not met because technslogydated (Willis, J., 2000). Improving
technology and creating a unified quality of drimi water standard could lead to the
development of more appropriate nation wide stadwlar

Case Study: Water Stress and Conflict between State

Decreasing water supplies from intensifying drosgloupled with urban growth, can lead

disputes over shared water resources.

The Atlanta Journal-Constitution

(Goodman, 2008)
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Issue: Science versus Economics
Costs of replacing old infrastructure and adoptingnew infrastructure

All around the nation, States and municipalitieseféhe controversy of what to do with aging
infrastructure. The original infrastructure createdour nation’s attempt to harness nature has
become outdated and is in a state of decay. Unowisdl development has led to a patchwork
system rather than a coherent one. Much of the togancurrent infrastructure, such as the
extensive national dam system and public water pystems, was built to handle previously
anticipated climate patterns and now faces moreemd and variable conditions due to global
warming. In the past, our nation has mistakenlyieed planning and reliability for cost. We
now face the challenge of replacing these systéns. of the primary reasons for delaying the
replacement of inefficient infrastructure is coShe estimated cost for the US to replace its
plumbing system is $277-480 billion dollars (Lor2§08). As demand for water grows, so will
its cost; eventually, it will be more efficient teplace the leaky municipal water pipes and shift
to more efficient technologies.

Other technological advances can help preservewtter supply. As we use more land for
infrastructure, we tend to reduce ecosystem funstid’aved surfaces and buildings cannot
absorb runoff as well as natural surfaces. As altiesian-made surfaces tend to increase flash
flooding and combined sewer overflow incidents @eie 2008). There are multiple methods for
coping with increasing water problems in the ca$ecambined sewer overflow. Some
municipalities have turned to permeable pavemengerg roofs, catchment basins, or a
combination of methods to control excess influx pofluted water to sewers during heavy
rainfall events. Permeable pavement, such as faurhicago, allow rain water to enter the
groundwater system as it would naturally, redudingding, increasing groundwater recharge
and naturally filtering water (Fiegel, 2008). Catwnt basins, like the ones found in New York,
offer alleviation of flooding but do not activateya natural process (Plumb, 2008). The
Commission should be aware of the pros and cortkeobptions available and where options
will be most practical.

Issue: Science versus Society

Water supplies are threatened in areas where watbearge is low but demand is high. Areas
where recharge is low are attractive for agriceltbecause of the soil quality and amount of sun;
however, many of these regions are also among sbnime driest. Some of these areas are also
undergoing the highest population growths. Accagdmthe Negative Population Growth (NPG)
database, Nevada, Arizona, Georgia, and Colorasie kaen the largest growth over the past
decade; at the same time these States are fachegeseater shortages. Additionally, climate
change may only amplify the already desperate ¢iandi in many regions, making dry areas
drier and wet areas wetter.

According to current predictions by the Intergowveemtal Panel on Climate Change (IPCC)
water systems will be under increasing pressurersguy global warming and population

trends. Climate change will not affect all regioegually; some will experience increased
precipitation while others will suffer increasedodght (Bates, 2008). Diversion from wet

regions to dry regions may be a solution, but malitentrenchment, proper planning, and
economic problems will be the primary issues inlangentation. Large water systems spanning
interstate borders, such as the Missouri Rivergehlagen harder to manage given changing
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climate patterns and different water flows in diffiet regions (Prato, 2003). Alleviating this
pressure by discouraging further settlement of mgions and building in historical flood plains
and encouraging more conservative water practioes smcial changes that would be
controversial and hard to implement without maddipwsupport. Technology and understanding
of water supply and demand combined with projestiohfuture water availability suggest that
water intensive development in arid regions is a®&ustainable practice; however, the general
public will most likely be adverse to restrictionis where they can or can not live.
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IV. Conclusion: Measuring Success

With respect to the legislation, the success if Taenty-First Century Water Commission Act
of 2008 is defined as meeting the goals of a safequate, reliable and sustainable water supply.
The Commission must address these goals throughirapfart strategy comprised of effective
management, repairing current infrastructure, zitig new technology, and conservation. At the
broadest level, the goal of the Commission is todresk the freshwater needs of the country in
terms of quantity and quality of water. Therefameasuring the success of the national water
strategy will be done through indicators of quabtyd quantity and the reliability of freshwater
infrastructure in providing access to these suppliethese goals are met in 50 years, it will in
itself be the indication that the nation has achiesustainability in its freshwater use.

The Commission must consider not only current wagieality and quantity but also future
projections. As a result existing indicators may Io® adequate in evaluating success. Therefore,
measuring program success will also depend upamguskisting water quantity and quality
indicators and developing new ones based on mafelsture water supply and demand. A
major challenge the Commission will face when duieing indicators of success will be
reconciling differences between national and fedstandards. Federal water guidelines are
issued through the EPA under authority of the CM#&ater Act and the Safe Drinking Water Act.
While the guidelines are issued by the federal guwent, water management and
implementation is done at the local and regionatle The current arrangement has led to the
development of a varied set of standards for maagwrater quality and quantity that differs
between regions as a result of differences in d¢kmgeography, needs, priorities and funding
(Keller, 2008).

The delisting and listing process under the CWAng example of standard variations among
states despite national federal guidelines. Irctse of Alabama and Colorado, the difference in
listing was the result of variations in methodolagyd sampling. Alabama listed a creek in 1992
for exceeding the fecal coliform based on a sing@dence of excessive levels in the water
while in Colorado, a listing was based on dataeoddd 229 times over a six year period (Keller,
2008). In addition to standard variation betweetest, there is also the problem of decentralized
data collection that poses a difficulty when formia national strategy. These variations should
be addressed to measure success of the progranai@tgzu

Challenges

A major challenge in determining the success o¥igiing a sufficient quantity of water is the
lack of centralized withdrawal data available. Aclog to a US Geological Society Report to
Congress, data for withdrawal rates are availabie deattered throughout State and Federal
agencies including the Department of Agricultureydéau of Economic Analysis and Bureau of
the Census. In addition many local agencies andpnofits collect withdrawal information.
Without a central database of information it wik Wlifficult for the Commission to assess
national freshwater trends and form a strategy siastainability. In addition, much of the
available information is outdated. For instance, ldst major groundwater assessment was the
USGS Regional Aquifer System Analysis between 1878 1995. (“Report to Congress”, 2002).
The tasks assigned to the Commission include camgpéds much information as possible and
conducting new studies for use in recommending masnagement strategies.
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Quantity Indicators

Currently, the USGS monitors indicators that deteerguantity on a daily basis at its 8,682
sites in 21 different water resource regions (“&cef Water”, 2008). Current indicators that are
monitored are stream levels, streamflow dischargsfall and runoff rates. Much of this
information is affected by climate patterns andgyaphical variation, making it important to
compile regionally-specific data (Backlund et &08).

Another measure of the amount of water availabldesamount that is withdrawn for use. The
average U.S. household uses 50 to 85 gallons petodmeet domestic needs. If other needs
dependent on water are factored in, such as therwaed to grow food crops, 1,200 gallons are
needed to sustain each American (“Water SupplyQ520Sustained demand at current levels
will not be possible if adequate water suppliestarbe maintained for future generations. The
Commission will have to compare data on the speoifuantity of water available and
hydrological data with data on human consumptiontridy measure adequacy and the
sustainable use of freshwater sources. Sustaityatgljuires that the removal rate of freshwater
does not exceed the replenishment rate. This Igaiticular importance to monitoring
groundwater levels, as the absolute amount of asahter in aquifers is not well known and
they are typically replenished must more slowlyntisairface water bodies. This is even more
important because the US has been increasinglingeimuch more heavily on groundwater. In
2000, there was a 14% increase in groundwater vetial compared to 1985 (Hutson et al,
2004).

Consumption can also be monitored as a proxy ferefifiectiveness of conservation efforts. In
1998 Las Vegas passed a law that provides $1.50sgeare foot of lawn removed from
residential or commercial properties. Measuringcsas in this case would involve monitoring
the effectiveness of such incentives in reducingewaonsumption in the residential sector
(Southern Nevada Water Authority, 2008).

Quiality Indicators

Human activities degrade water quality throughnstee agricultural and industry activities. As
a result of anthropogenic activities, many of naltwvater systems have been damaged. In the
National Coastal Condition Report, estuaries ared Gneat Lakes were examined for overall
national condition and all six of the major regiomere either in poor or the low range of fair
conditions (“Overall Condition of Estuaries and @rd.akes 2000”, 2001). Indicators used
included water clarity, dissolved oxygen, levels paillutants (organics and inorganic) and
eutrophic conditions. The Commission can use thefieators to track progress in water quality
improvements in surface and groundwater bodies.d¥ew improvements can only be made if
the causes of quality degradation are monitoresedis

In 2006 US farmers used more than 21 million tdnsitmogen, phosphorus and other fertilizers
that made their way into the Mississippi river awentually into the Gulf of Mexico (Walsh,
2008). In addition, urban runoff and sewage istepdnto many of the nation’s surface water
bodies. New York is one of many cities that has ioilastructure with a combined sewer
overflow (CSO) system. When there are major stovents, excess stormwater that cannot be
treated is directly ejected into the Hudson and Bagers as CSO. The reduction of pollutants,
both point and non-point source, entering freshivsderces is an important indicator of success
for the national water strategy. The Commission halve to decide whether current acceptable
contaminant levels are adequate or if new standdrasld be formed.
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The indicators that the Commission will use to datee the success of its freshwater
management strategy are primarily monitoring meismas; it will become important to not only
monitor but respond appropriately to the outcoméhefsolutions. Adaptive management of the
strategy will become essential. Through programcesg indicators for water quality and
guantity, we will be able to monitor how the Comsm’'s goals are being met across the
country and determine how to best address thegessm a regional basis to provide a plentiful
and clean freshwater supply to Americans for thd B8 years.

Conclusion

The Twenty First Century Water Commission will besigned a challenging task. A
comprehensive national freshwater strategy willeh&y take into account regional variability,
localized control, and the interconnectednessdhatacterizes the nation’s freshwater sources in
making recommendations on achieving a safe, adegueliable, and sustainable freshwater
supply for the next 50 years. This task will be enstiindably difficult, but if the Commission is
successful, it will be an achievement that helpsisethe nation’s freshwater supply and avoid
future problems of scarcity and interstate confticer freshwater resources. The success of the
Commission can be determined by whether it is dapab compiling the most accurate and
comprehensive information to make recommendatibas will assist freshwater managers in
critical decision-making processes that will sedinenation’s freshwater supply. The success of
the Twenty-First Century Water Commission will mititely be measured by the availability of
clean, plentiful water for the entire United Stabesr the next 50 years.
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Appendix A: Overview of Freshwater Consumption in he US by State
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Appendix B: Overview of Technological Options

Technology | Product Description Where Applicable Pre/cons
Desalination | Clean water, Saltwater is forced through a | Near the ocean, cost Clean water from salt
hypersaline brine microscopic membrane, only | increases with the water/high energy
water, high energy | water and not its dissolved ions distance sea water must | consumption, brine
consumption pass through be pumped and the lack of
space to put brine water
Injection Water into aquifer is| Water is pumped back into an | Anywhere there are Clean water by natural
filtered by natural aquifer that public water is ground water shortages arfiltration recharge depleted
processes drawn from, it is filtered by high groundwater water table has ecological
natural processes similar to extraction rates combined benefits and water security
granular filters with water scarcity benefits/water must be
highly treated before
injection
Granular Particulate free Granular filtering medium Anywhere the incoming | Effectively removes
filter water removes contaminants as the | water needs to have suspended contaminants
water passes through suspended contaminants| /does not effectively addreds
removed other forms of
contamination
Fiber filter Particulate free Fiber filtering medium removes Anywhere the incoming | Effectively removes
water contaminants as the water water needs to have suspended contaminants
passes through suspended contaminants| /does not effectively addregs
removed other forms of
contamination
uv Sterile water UV light is used to destroy Anywhere bacterial effectively removes
disinfection bacteria, and sometimes contamination is a suspended contaminants
chlorine species problem /does not effectively addregs
other forms of
contamination
Distillation Pure Water distillation removes many if nptAnywhere chemical and | effective purification/high
all contaminants from the water bacterial and viral energy requirements to
contamination exist and a distill water
single solution Is needed
Fog Pure Water nets condense fog water into| Supplies where new waterCreates new water
catchin drinkable water that was not previously | supplies/not very much
9 available for extraction | water created, requires fog
(regionally limited)
Rain Landscape and grey Catchment systems collect In rainy areas. Offsets usgCreates new water
catchment water uses rainwater and stores it for later| of potable water supplies/limited by the
use effectively reducing amount of annual
consumption precipitation
Cloud Potentially increased Sulfur nitrate causes clouds to| Areas with low Creates new water supplieg/
seeding precipitation precipitate precipitation not proven/ unpredictable
Ozone Sterile water Ozone destroys bacteria At pointe®bacterial | Removes bacteria/other
decontamination contaminants remain
Wetlands Cleaner water, Natural processes filter and Many places where Provides ecosystem servicgs

Ecosystem services

purify water

natural wetlands exist/
existed

regenerates ground water/
not purified to drinkable
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Technology | Product Description Where Applicable Pre/cons

Catchment | Water infiltrates and| Natural processes filter and Urban areas to catch Filters contaminated runoff

ponds is purified by natural| purify water runoff and filter centralized around storm
processes events

Erosion lower sediment coconut bales, sediment traps,| Ranches, construction prevents water

controls concentrations and | and hydro seeding prevent soil sites, changing land use | contamination/ complicated
lowered sediment | contaminants from entering zones to implement in everywhere
entry into water water body that sediment pollution
bodies improved exists or to find the right
water quality, lower place to implement
silting

Infiltration more water available Natural processes filter and Urban areas to catch increases water available fq

basins for ecosystems or | purify water runoff and filter ecosystem use and in the
groundwater table groundwater table/ take up

valuable urban real estate
Bioswales, More water available Natural processes filter and Urban areas to catch Filters contaminated runoff

green spaces

for plants or
groundwater table

purify water

runoff and filter

feeds water to ecosystem /
not as effective at creating
water availability or
increasing quality as other
methods

Water
Reclamation

30% pure water if
primary treated, 70-
80% pure water if
secondary treated,
drinkable water if
tertiary treated

Mechanical, biological and
chemical filtration methods are
used to remove human and
industrial contaminants from
water

Anywhere significant
waste water amounts are
generated by humans or
industry

Clean water, variable leveld
of treatment depending on
investment/ expensive,
require extensive
infrastructure and
monitoring, and power
hungry

Adapted from United States Geological Survey: wsgsLgov
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Appendix C: Glossary

Adequacy. In the context of freshwater, adequacy referhéosupply of satisfactory quantities
of freshwater for the nation’s various needs.

Aquifer: An underground layer of permeable rock that dostareceives, and discharges
freshwater.

Conservationt The practice of reducing water consumption throogpre efficient technology or
improved methods and behaviors.

Effective Management In the context of the bill, it refers to the @brative nature in which
water needs to be managed in order to avoid tramgtzoy conflicts and achieve equitable gains.

Erosion: The movement of surface solids due to the fofcemaving water. In particular, this
relates to the loss of topsoil that is useful fgriaulture and the movement of nutrients and
contaminants into freshwater systems via displaceéifnem the ground.

Eutrophication: An increase in an aquatic or coastal ecosystemimary productivity as a
direct result of increased nutrient loading intattecosystem.

Groundwater: Freshwater located beneath the ground surfacsoiinpore spaces and rock
formations.

Hydrological Cycle: The closed system on earth of water movementmous phases due to
evaporation, precipitation, runoff, and flow.

Infrastructure : In the context of water, it refers to man-madeigtres designed to store,
transport, purify, or treat water.

Irrigation : The artificial application of freshwater to soils
Pollution: The introduction of harmful contaminants into #evironment.

Recharge Rate The rate at which a freshwater system, such ascafer, receives water
annually from upland flow or percolation.

Reliability : In the context of freshwater, it refers to theligbof infrastructure to constantly
supply adequate quantities of freshwater to sosietyd-users.

Redundancy The duplication of critical components of a syst® increase reliability in case of
future failures.

Safety. In the context of freshwater, it refers to the@vsion of freshwater with appropriate
quality for drinking or other purposes.

Saltwater Intrusion: The mixing of freshwater with saltwater due tdrap in freshwater levels
inland or an increase in sea level, increasingisalontent in water.

Stormwater Runoff: Freshwater from precipitation that flows into &avaterways or sewer
systems, carrying soluble and insoluble materiatls it

Subsidence The sinking of land surface due to decreased m@atssure and loss of moisture
content in soils resulting from heavy withdrawals.

Surface Water. Any freshwater at the Earth’s land surface, saghivers, streams, and lakes.
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Sustainability: In the context of the bill, it refers to the atyilto balance supply and demand in
society for an unforeseeable period of time.

Thermal Discharge The disposal into surface water of warm freshwttat was initially taken
in as cold freshwater.

Watershed The total area that drains into a water basiohss the Chesapeake or Mississippi
watersheds.

Withdrawal : The removal of freshwater from a system for satipurposes.
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