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THE SUSTAINABLE WATERS PROGRAM
Nicole Silk

Today’s water managers face many challenges in their ef-
forts to serve multiple demands upon the world’s limited
freshwater supply. Allocating water for diverse and often
competing traditional uses for water (e.g., industry, agri-
culture, urban, energy, etc.) is now even more complex
due to the implications of climate change. Society’s ex-
pectation that ecosystem health receive adequate atten-
tion and accommodation has expanded this equation
even further.

Managing for ecosystem health will certainly benefit
both our generation and those that follow us. We simply
must take good care of the systems that support us if
they are going to continue to support our multiple de-
mands. Historically, such efforts have resulted in choos-
ing either water for people or water for nature. How do we
move away from viewing ecosystem needs as competing
with human demands for water, from pitting scientists
against engineers and lawyers against water manage-
ment agencies? How do we integrate ecosystem needs
into water management?

Discussion about this paradigm shift may sound
utopian but change is already underway. Water manage-
ment agencies around the world who serve interests as
diverse as urban water supply, hydropower, flood con-
trol, navigation, and irrigation are now considering how
to modify their operations to integrate greater accommo-
dation for ecosystem health. Although the motivations for
an integrated approach may vary (economic, social, polit-
ical, environmental, etc.), sustainability has entered our
water management lexicon.

This issue of IMPACT includes a  series of articles
that explore the practical side of this trend in water man-
agement. We have purposefully left the philosophical un-
derpinnings of and theories behind what has motivated
this paradigm shift to other authors. Through the articles
included in this issue, we hope that readers will gain a
better sense of how this approach is being applied across
the country, what tools and methodologies are available
to support these efforts, and how one water management
agency – the U.S. Army Corps of Engineers – has inte-
grated this approach into their management. Collective-
ly, these articles strive to demonstrate what is possible
when we begin working across institutional boundaries
and professional disciplines.

The Nature Conservancy is committed to creating a
future in which Earth’s natural systems are conserved
and managed in a sustainable manner for people and na-
ture. Its efforts in working with water managers, scien-
tists, engineers, and others are not  an exception to this
approach (visit www.nature.org/freshwaters for more in-
formation). We hope that this paradigm shift - and the ar-
ticles included in this edition of IMPACT - inspire you as
much as they motivate us.

COLLABORATION AND ENVIRONMENTAL FLOWS
Clay J. Landry

With summer in full swing, temperatures are rising
across the country. These stresses of summer tempera-
tures coupled with low winter snow and rainfall have left
many rivers in places like southern California, the Great
Lakes region, and central Alabama water short. The chal-
lenges our rivers face this summer may be only the be-
ginning as long term climate changes start to unfold. A
recent report by the Intergovernmental Panel on Climate
Change (IPCC) warns that river flows throughout the
globe are at risk as climate change becomes more acute.
While this report may be dire, water users, river man-
agers, conservationists, and scientists are working dili-
gently and collaboratively to address and to balance
water needs with environmental flows.

One such partnership began in 2002 between The
Nature Conservancy (Conservancy) and the U.S. Army
Corps of Engineers (Corps) with a shared mission to re-
store and preserve rivers across the country. Under the
Sustainable Rivers Project, the Conservancy and the
Corps will work together to improve dam management in
order to protect the ecological health of rivers and sur-
rounding natural areas while continuing to provide ser-
vices such as flood control and power generation.

This issue of IMPACT is a collaborative effort with The
Nature Conservancy’s Sustainable Waters Program to
highlight the cutting-edge work and research the pro-
gram is conducting. I would like to give a big thanks to
Nicole Silk and Andrew Warner of The Nature Conser-
vancy for their hard work in organizing this unique and
informative issue as well as their continued dedication to
river protection.

Nicole Silk is Deputy Director of The Nature Conservan-
cy's Global Freshwater Initiative. Nicole provides strate-
gic direction and vision as well as managerial support to
this global program. She oversees technical, capacity
building, and policy related projects as appropriate and
contributes to product and tool development related to
environmental flow efforts. She also builds relationships
with water management agencies, nongovernmental 
organizations, professional societies, foundations and
donors to advance specific aspects of the program’s that
have greatly improved our ability to identify and study
ECs in the environment.

Clay Landry is the managing director and a principal of
WestWater Research, a consulting firm providing water
marketing and water-asset-valuation services to a range
of public and private sector clients. Landry has negotiat-
ed and advised on major water transactions throughout
the United States.
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As water resources managers, we have a responsibility
to meet the growing demands on our Nation’s waterways
while maintaining economic prosperity, public health,
and protecting our precious environmental resources.
This is a challenge to all water managers from Federal to
local levels. We all must find solutions to manage for
competing and conflicting demands on our water re-
sources. Population growth has increased pressure on
the demand for water and in some regions, such as the
southeast, the southwest, and the far west, population
growth has already produced water shortages and will
continue to do so in the future. Our intermodal trans-
portation system is stressed by the burdens of meeting
the enormous transportation needs of our domestic and
international economy. Communities continue to develop
in the floodplains increasing the risk to public safety.
America’s water resources infrastructure is nearing or
has surpassed its 50-year planned design life, which has
the potential to adversely affect reliability and perfor-
mance. Overlying these issues is the fact that Americans
now place environmental values near the forefront of so-
cial priorities. There is increasing emphasis on managing
watersheds as integrated systems and meeting the needs
of humans and nature simultaneously.

CHANGING ROLES

In the years following World War II, the nation expe-
rienced rapid economic and population growth, which
placed an unprecedented demand on water supplies.
There was a need to reduce flooding in communities that
were developing in floodplains and an increased need for
stable water supplies. Flood control structures were de-
signed and constructed to meet the needs of these com-
munities, and dams and reservoirs were built to store
water to provide the public a dependable water source.
The majority of the flood control structures were de-
signed to move water rapidly from vulnerable communi-
ties and the most effective engineering solutions were im-
plemented. The solutions implemented during the major-
ity of the 20th Century were not designed using complex
computer imaging or modeling, but rather with slide
rules, and were the most modern engineering solutions of
the time to protect their communities.

These engineered systems allowed communities to
prosper economically and to accommodate their growing
populations. Some rivers were turned into concrete flood
control channels and lost all resemblance of the free flow-
ing, meandering systems that provided habitat for fish
and wildlife species. Today, the U.S. Army Corps of Engi-
neers (Corps) is the world’s largest public engineering or-
ganization, consisting of 30,000 engineers, biologists,
economists, ecologists, hydrologists, and many 
other disciplines. The Corps, along with many other 
water managers, recognizes the need to keep pace with

technology and demands for information so that it can
adapt to changing conditions, situations, and social val-
ues.

In 2001, the Corps conducted listening sessions
around the country. One of the major themes voiced by
the public is that there is a critical and growing need for
an integrated approach to meeting water challenges.
Such an approach recognizes that watersheds are sys-
tems providing many different functions and values and
that stewardship of watersheds demands consideration
of the costs and benefits of the alternative uses of water
resources.  These systems flow within and between polit-
ical jurisdictions, adding to the challenges of implement-
ing an integrated approach. Integrated Water Resources
Management (IWRM) and the increased formation of wa-
tershed organizations is a growing trend. Water man-
agers are shifting the emphasis of water resources man-
agement from a project-by-project, jurisdiction-by-juris-
diction approach to a more holistic, integrated approach
that requires increased coordination and cooperation at
all levels.

IWRM must involve every level from the hydrologic
cycle of a watershed, engineering systems, economic de-
velopment, ecosystems, and responsible governmental
systems – Federal, state, and local. Water presents a
complex set of challenges and recognizing the intercon-
nection of all the systems means managing on several
layers. As water managers, we need to work together to
improve our scientific capacity for managing water and
do that in cooperation with states, localities, academia,
and other partners that have the capacity to build a long
term commitment for stronger science and better infor-
mation.  

ENGINEERS AND SCIENTISTS

Engineers and water managers recognize that im-
proving scientific capacity among operators and policy
makers is critical to implementing an integrated ap-
proach to water resources management. With only 2 per-
cent of all major rivers in the United States remaining
unregulated, water managers and engineers exert sub-
stantial influence over when and how water moves 
within our nation. They must take into consideration the
extremes of climate variability and natural disasters to
ensure uninterrupted water supplies, safe waterborne
transportation, and flood risk management to sustain

4 • Water Resources IMPACT July • 2007

WATER: ONE RESOURCE, MANY USES
Lisa T. Morales and Larry J. Prather

As the Corps develops and strenghtens the bonds

of partnership for Integrated Water Resources

Management among engineers and scientists, it

must also bring policy and decision makers and

the community of stakeholders into the discussions



our economy and well being. While meeting these de-
mands they are tasked with maintaining healthy aquatic
ecosystems that support threatened and endangered
species.

Changes in the flow regimes of highly engineered sys-
tems have contributed to loss of riverine and riparian
functions and values. Many species have been adversely
impacted by changes in water temperature, obstruction
of historic migration routes, and anthropogenically al-
tered flow regimes that have not taken ecosystem needs
into consideration. The threatened and endangered
aquatic species that depend upon healthy ecosystems are
indicators that we need to review how we operate our fa-
cilities and achieve a more holistic approach while main-
taining or improving authorized project benefits, such as
preserving reservoir levels and keeping flood damage to a
minimum. The Corps has been working to build long-
term capacity with its scientific partners including other
Federal agencies, nongovernmental organizations, and
academia, to improve the ecological performance of these
systems. Building this long-term capacity allows us to
leverage our limited funds and partner more effectively by
sharing information and bringing together a broader
body of scientific knowledge.

Another opportunity to restore natural flows is dur-
ing the re-evaluation of our nation’s large water re-
sources capital stock. Over the years the Corps has con-
structed many water resources projects that have sus-
tained our economy and quality of life. Over time eco-
nomic and environmental conditions have changed as
have the Nation’s valuation of environmental outputs. We
should commit to continual review of project outputs and
consider redirecting project purposes to incorporate envi-
ronmental factors.

The Corps is bringing together scientists and engi-
neers to review how it operates its facilities and work in
partnership with academia and other stakeholders. For
example, under the Sustainable Rivers Project, a part-
nership with The Nature Conservancy, the Corps is re-
viewing operations on a series of dams on nine different
river systems. Although the body of knowledge and sci-
ence of flow-ecology is relatively young, the Corps is able
to contribute to knowledge capital as it develops new
tools and modeling systems.  By increasing the concep-
tual, technical, and institutional tools available, the
Corps is providing planners and facility operators
groundbreaking opportunities to change the way they
manage their facilities. This knowledge will help foster
more sustainable water management in the U.S. and
around the world.

CONCLUSION

As the Corps develops and strengthens the bonds of
partnership for IWRM among engineers and scientists, it
must also bring policy and decision makers and the com-
munity of stakeholders into the discussions. Engineers
and scientists must contribute to policy formulation 
and recommendations for investment or operations. The
Corps planning model rests on a sound foundation 
aimed at systematically identifying water problems and

evaluating alternative solutions. Within that framework,
engineers, scientists, stakeholders and decision makers
can work together synergistically to achieve the plans
and strategies to integrate the full range of economic and
environmental values within our nation's watersheds.
The work will be daunting but we have begun with a solid
commitment to collaborative planning to pursue water
management improvements that contribute to environ-
mental, national, and regional economic and social goals.
We welcome stakeholders to join us in the work and
make water management better than ever.

Lisa T. Morales
U.S. Army Corps of Engineers
Directorate of Civil Works
441 G St., NW
Washington, DC 20314-1000
(202) 761-7664 / Fax: (202) 761-5654

Lisa.T. Morales@hq02.usace.army.mil
Larry.J.Prather@hq02.usace.army.mil

Lisa T. Morales currently serves as a physical scientist
and program manager at the Headquarters, USACE, in
Washington, D.C. She is responsible for managing strate-
gic relationships with national environmental organiza-
tions such as The Nature Conservancy, Audubon Society,
and Ducks Unlimited. She supports Congressional Com-
mittees in development of the Corps authorizing legisla-
tion, the Water Resources Development Act, for water
and related land resources of the U.S. As Corps Head-
quarters liaison for the National Sustainable Rivers Part-
nership with The Nature Conservancy, she guides a small
group of Corps scientists and engineers stationed in
many Districts in developing ways to operate Corps pro-
jects in more environmentally sustainable manners. Ms.
Morales completed her Bachelor of Arts in Geography
from California State University at Los Angeles in 1991
and continued graduate studies in geography at Cal
State Los Angeles.

❖ ❖ ❖

Volume 9 • Number 4 Water Resources IMPACT • 5

Water: One Resource, Many Uses ... cont’d.

AUTHOR LINK

E-MAIL

HAVE SOME COMMENTS ABOUT
THIS ISSUE OF IMPACT?

SEND US YOUR FEEDBACK
Water Resources IMPACT is in its ninth year of publi-
cation and we have explored a lot of ideas. We hope
we’ve raised some questions for you to contemplate.
“Feedback” is your opportunity to reflect and respond.
We want to give you an opportunity to let your col-
leagues know your opinions ... we want to moderate a
debate ... we want to know how we are doing. For this
issue send your letters by land-mail or e-mail to Clay
Landry (landry@waterexchange.com). Comments may
also be sent to Earl Spangenberg (espangen@uwsp.edu). 
Either way, please share your opinions and ideas.
Please limit your comments to approximately 350 to
400 words. Your comments may be edited for length or
space requirements.



The scientific community has made substantial ad-
vances during the past 10-20 years in understanding the
relationship between patterns of river flow, and the
health and ability of ecosystems to provide a range of
goods and services valued by people. In general terms,
this improved understanding recognizes that natural pat-
terns of river flows – from seasonal low flows to periodic
floods – are vital for maintaining the long-term health of
our rivers and associated floodplains and estuaries. Un-
fortunately, these advances have not been integrated
with or transformed water management practices during
this same period. In fact, during the past half a century,
societal demands for municipal water supplies, irrigation
to support agriculture, industrial water use, flood con-
trol, hydropower generation and navigation have resulted
in extensive modi-
fication of river
flows. For example,
98 percent of the
major rivers in the
United States are
regulated by dams.
Moreover, these
changes have im-
pacted all compo-
nents of river flows
including ecologi-
cally important low
flows, high flow
pulses, and floods.
Even when water
management has
considered envi-
ronmental con-
cerns, the focus has largely been limited to maintaining
some level of “minimum instream flow.”  The significant
improvements in the science of rivers of the past two
decades currently influences actual management prac-
tices on only a very small percentage of the world’s rivers.

Fortunately, an encouraging amount of work is going
on globally to develop and implement innovative water
policy and river-specific management practices that pro-
tect or restore ecosystem health while meeting human
needs for water and energy. One process for defining and
implementing river-specific environmental flows within
an adaptive management context is outlined below, along
with lessons learned from its application across the Unit-
ed States and – sparingly to date – in other countries.
The focus here is on its application in helping to guide
reservoir operations, although it is also applicable to
other water management settings.

A process for
defining and imple-
menting environmen-
tal flows within an
adaptive manage-
ment context de-
scribed by Richter et
al. (2006) is being ap-
plied across the Unit-
ed States through a
national collabora-
tion between the U.S.
Army Corps of Engi-
neers (Corps) and
The Nature Conser-
vancy (Conservancy)
under the Sustain-
able Rivers Project
(SRP). While the SRP
involves a range of ef-
forts including formal
personnel sharing, joint training, and joint software de-
velopment (see the article by John Hickey in this issue),
the cornerstone of the project is the work being advanced
at demonstration sites across the country. There are cur-
rently nine river systems enrolled in the SRP involving 26
Corps dams (Figure 1), with additional dams and rivers
under consideration. The goal of the project is to demon-
strate ecologically sustainable water management so that
it can be applied at the more than 630 dams operated by
the Corps and by other water managers globally.

Nicknamed the “Savannah Process” for the river
where it was first applied, the process described in
Richter et al. (2006) is designed to be science-based,
deeply interdisciplinary, adaptive, and flexible enough to
be customized based on available time and resources.
The Savannah Process involves the following five basic
steps (Figure 2):

1. Orientation Meeting – This is the kickoff of the Sa-
vannah Process, bringing together diverse scientists and
representatives from all key agencies and organizations
with water management interests in the basin. The re-
maining steps (Steps 2-5), expected timeline, products,
costs, and roles and responsibilities are outlined and 
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INCORPORATING ENVIRONMENTAL FLOWS
INTO WATER MANAGEMENT

Andrew T. Warner

Environmental flows defined using the Savannah

Process explicitly ignore all real or perceived

constraints to their immediate implementation, 

including those that are physical, legal, social,

political, or financial

Example River Flow Alteration
Due to Dam Operations

• Decreased low flows due to 
agricultural or municipal 
water supply

• Elevated low flows to accom-
modate pollution discharges

• Loss of small floods (2-20 year 
events) for flood control, water 
supply, or hydropower

• Sustained high flows (near 
bankfull) for flood control

• Rapid and increased fluctua-
tions in flow conditions for 
hydropower

Environmental Flows

Flow of water in a river or lake 
that sustains healthy ecosys-
tems and the goods and services 
that humans derive from them. 
Effective quantification of envi-
ronmental flows includes the 
ecologically important range of 
flow magnitudes (low flows, high 
flow pulses, and floods), as well 
as the timing, duration, frequen-
cy, and rate of change of the 
flow conditions. Globally, “envi-
ronment flows” is the most com-
mon term used, but “ecological 
flows” or the more dated “in-
stream flows” are also used in 
some places to have the same 
intended meaning.
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Incorporating Environmental Flows Into Water Management ... cont’d.

Figure 1. Current Sustainable River Project Sites (May 2007).

Figure 2. Process for Defining and Implementing Environmental Flows Within an Adaptive
Management Context (the “Savannah Process”) (modified from Richter et al., 2006).



discussed. Orientation meetings have involved between
40 and 100 people.

2. Literature Review and Summary Report – A small
team of scientists is tasked with: (a) conducting an ex-
tensive review of existing published research and gray lit-
erature related to flow-ecology relationships in the river
and similar rivers in the region; and (b) synthesizing this
information into a “summary report” designed to inform
the environmental flow workshop (Step 3). This team has
a designated lead, typically consists of 5-10 scientists,
and needs to be diverse in its expertise. For example, a
team might consist of a hydrologist or fluvial geomor-
phologist, fish and mussel experts, and riparian and es-
tuarine ecologists. Drafts of both the literature review
and summary report are distributed for comment to all
who attended the orientation meeting, with comments
addressed and the reports redistributed a month prior to
the flow workshop.

3. Environmental Flow Workshop – This facilitated
workshop, which is typically an intensive 2-3 day event,
produces two very important products. The first is a uni-
fied set of environmental flow recommendations that give
consideration to river, floodplain, and – where appropri-
ate – estuarine systems, and encompass requirements
for low flows, high flow pulses, and floods for different
year types (e.g., climatically dry, average, and wet years).
Each of the environmental flow components that make
up the recommendations are quantified (flow magnitude,
duration, timing, frequency, and rates of change) and ex-
plicitly stated in terms of the ecological processes that
are hypothesized to support (Figure 3). The second prod-
uct is a prioritized list of information gaps to help guide
research and monitoring efforts. These flow workshops
have involved between 35 and 90 people.

4. Environmental Flow Implementation – This in-
volves modifying reservoir operations or other water
management practices to create river flows as called for
in the workshop recommendations (Step 3). In terms 
of implementation, defined environmental flows tend to
fall into one of three categories: (a) those that can be 

implemented immediately without significant conflict, (b)
those that require study – typically involving computer
modeling – to assess the implications of their implemen-
tation, and (c) those with significant social and/or eco-
nomic implications that require long-term planning and
likely substantial investment to implement.

5. Monitoring and Research – As noted above, a list
of priorities for monitoring and research is one of the im-
portant products emerging from the flow workshop (Step
3). Each of the environmental flow components that com-
prise the recommendations is linked to specific ecological
processes. They are, in effect, hypotheses that are tested
through coordinated reservoir operations and monitor-
ing. These hypotheses and the scientific knowledge gaps
identified and ranked during the workshop provide a
foundation for setting formal monitoring and research
priorities.

The time and cost for this process varies. To date, en-
vironmental flows have been defined (Steps 1-3 complet-
ed) at six of the nine SRP sites, taking a total of six to 12
months and costing between $40,000 and $90,000. En-
vironmental flows have been partially implemented (Step
4) at five of these sites, along with different degrees of as-
sociated monitoring and research (Step 5). Implementa-
tion involves planning, such as storing water earlier in
the year, but it is also responsive to specific circum-
stances such as large rainfall events. Most of the engi-
neer-scientist teams meet quarterly to discuss and coor-
dinate reservoir releases and monitoring for the upcom-
ing season.  Estimated costs for monitoring and research
at SRP sites range from a low of less than $10,000 to
more than $150,000 per year. Sites at the higher end of
this range are those where more intensive fieldwork was
conducted to support computer model development.

Environmental flows defined using the Savannah
Process explicitly ignore all real or perceived constraints
to their immediate implementation, including those that
are physical, legal, social, political, or financial. The pur-
pose of the process is to define the river flows that are
necessary to maintain long-term ecosystem health. Any
necessary tradeoffs between this goal and other expecta-
tions for water management are made elsewhere. This
approach to defining environmental flows has: (1) helped
advance understanding of the ecosystem processes that
will not be supported by different management options,
and (2) highlighted opportunities to align ecosystem
restoration or protection with other more traditional
human demands for water such as improving flood con-
trol or hydropower generation.

In collaborating to move through the Savannah
Process, water managers and scientists establish work-
ing relationships that are mutually beneficial. At each of
the SRP sites where environmental flows have been de-
fined and are being implemented, formal and informal
conversations now occur between these groups on a
quarterly, monthly, or even weekly basis. The engineers
benefit from having real-time access to experts who 
can provide constructive guidance on how to meet multi-
ple management objectives in the most ecologically 
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Figure 3. A Portion of the Environmental Flow
Recommendation  for the Savannah River. The

magnitude, duration, and frequency of this
controlled flood are quantified, as are the ecological
processes that will be supported by the flow event.



beneficial (or at least benign) way. The scientists benefit
by engaging the water managers – those who control river
flows – as partners in research. As a collective, they are
positioned to run experiments to determine how different
flow conditions relate to ecosystem health and the goods
and services humans derive from healthy ecosystems.
This relationship is ongoing and allows for experimenta-
tion not only around a single event or for a single year,
but for a long series of years. This directly supports adap-
tive management and serves to advance river science.

Finally, the Savannah Process has begun to see ap-
plication beyond the SRP and the United States. The
process is currently being used to define environmental
flows for municipal water supplies involving dams and
ground water extraction in places such as the Rivanna
River in Virginia and the Verde River in Arizona. The
process is also being applied in China and Honduras, the
latter of which is faced with a dearth of scientific infor-
mation and is relying heavily on indigenous knowledge. It
is in part this flexibility that has gained the process a
growing acceptance. Moreover, it is the pairing of engi-
neers and scientists through the process that will lead to
improved management, advances in science, and better
protection and restoration of rivers globally.
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INTRODUCTION

The Sustainable Rivers Project (SRP) is an ongoing
partnership between the U.S. Army Corps of Engineers
(Corps) and The Nature Conservancy (Conservancy) to
improve the health and life of rivers by changing the op-
erations of Corps dams (see article by Andrew Warner in
this issue for more information about the SRP). Experi-
ences at different SRP sites are helping to refine a
roadmap for technical support of ecologically sustainable
water management pursued by Corps projects (Figure 1).
This collaboration between water managers and scien-
tists has also fostered the development of specific tools
through the Corps’ Hydrologic Engineering Center (HEC)
that provide information to help managers better under-
stand the implications of reservoir operation decisions.
(The mission of HEC is to support the nation in its water
re s o u rces management responsibilities through pro-
grams in research, training, planning analysis, and tech-
nical assistance.) This article details a few of the tools
being used to help study river flows at SRP sites and con-
cludes with some perspectives on technical support for
ecologically sustainable water management.

The tools described by this article do not represent
the full spectrum of technologies being applied to make
water management more ecologically sustainable.
Rather, they represent the addition to this body of work
resulting from the SRP sites and HEC engagement. For 
additional reading related to tools and approaches relat-
ed to ecologically sustainable water management, the 
following papers and websites may prove helpful 

(Arthington and Pusey, 2003; King et al., 2003; Hughes,
2001; www.fort.usgs.gov/ASTA / ; w w w . c a t c h m e n t . c rc .
org.au/research/index.html).

DEVELOPING A TECHNICAL ROADMAP

Technical support for ecologically sustainable water
management typically begins with establishing a solid
hydrologic understanding of how the river has been al-
tered. This requires the preparation and analysis of hy-
drologic data sets that compare river flows for regulated
(with reservoirs and other alterations of the flow regime)
and unregulated conditions (Figure 2). These data can be
prepared through a variety of mass-balance, stochastic
generation, or simulation approaches. Choice of method
depends on the availability and condition of gage data as
well as the budget and preferences of the study team 
investigating the river. Once completed, these data serve
as a foundation for additional technical efforts, includ-
ing processes for defining ecosystem flow recommenda-
tions. They also relate to the six linked models noted in
Figure 1.
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Figure 1. Connections Between Different Types of Models for Supporting
Ecologically Sustainable Water Management.

As awareness leads to improved scientific under-
standing (and vice versa), more strategies linking
water and ecosystem management will be identified,
which will in turn become new analytical
challenges for software tools



Defining Ecosystem Flow Recommendations

The first SRP site to complete an ecosystem flows
workshop was the Savannah River, where nearly 50 sci-
entists collaborated to formulate ecological recommenda-
tions for flows in the Savannah River (see articles by An-
drew Warner and Amanda Wrona-Meadows et al., in this
issue). During this workshop, many hydrographs were
c reated, discarded, and morphed. Facilitators were
pressed to track all of the recommendations and lacked
an easy way to present results electronically. It was noted
that a tool capable of rapidly displaying, adjusting, and
documenting hydrographs would make the formulation
process easier and if this tool was also capable of plotting
historical hydrologic data to guide the scientists upon
their request, then the product as well as the process
would be improved. These comments and others inspired
HEC and the Conservancy to collaboratively develop the
Regime Prescription Tool (HEC-RPT).

The latest SRP site to complete an ecosystem flows
workshop was the Willamette River (see article by Leslie
Bach et al., in this issue). It was the first to use HEC-RPT
(Figure 3) to help groups of people reach informed agree-
ments about how to manage the flow regime of a river.
Recommendations formulated in HEC-RPT can be ex-
ported for analysis in other software, including reservoir
operations, river hydraulics, and ecosystem assess-
ments.

Operations, Hydraulics, and Ecosystem Assessment

Generally, of the six linked models in the center of
Figure 1, reservoir operations, river hydraulics, and
ecosystem assessment are at the core of technical sup-
port for ecologically sustainable water management.

Reservoir operations models simulate the storage
and release of waters in systems of reservoirs. These
models are typically either rule-based simulation or goal-
based optimization models, or a combination of the two.
Simulated water releases in rule-based models are guid-
ed by rules specified by the modeler (e.g., a minimum
flow rule might say “avoid releases less than 10-cfs”).
Rules are created, prioritized, and modified to make sim-
ulated releases agree with how the reservoirs are actual-
ly operated. When the model is producing reasonable re-
sults, rule sets can be changed to test different manage-
ment approaches (start with current operations and
change from there). Optimization models take a different
approach – they make decisions that optimize the net
benefits of the water, subject to user defined constraints.
This is a nice complement to rule-based approaches be-
cause it encourages study teams to consider a different
perspective about operations (start at an optimized oper-
ation and change from there). HEC-ResSim (Reservoir
System-Simulation) is a rule-based model being applied
at a number of SRP sites (Figure 4).

River hydraulics models use channel topographies to
translate flow rates to river depths, velocities, inundated
areas, and a host of other output. Models are described
by the number of dimensions in which water velocities
are computed (1-d means that velocities are computed in
line with the river channel at any given cross section, the
second dimension adds a velocity component from bank
to bank, and the third adds a vertical velocity within the
water column) and by whether the model performs
steady (flow values are simulated independently) or un-
steady state (time series of flow are simulated) calcula-
tions. The River Analysis System (HEC-RAS) is a 1-d
model that performs steady and unsteady state simula-
tions (Figure 5). It also has recently added algorithms for
computing stream temperatures and sediment transport.
Hydraulic modeling is a critical step in understanding
the physical connections between land and water, which
enables a more detailed look at ecosystem dynamics.

Ecosystem assessment techniques and the software
that support them run the gamut from simple regression
equations that compute biomass based on variables like
river flow and reservoir storage to complex models for
simulating things like forest or fish population dynamics.
Towards the middle of that spectrum is the Ecosystem
Functions Model (HEC-EFM), a tool that helps translate
changes in a flow regime to an ecosystem response using
statistical and spatial analyses (Figure 6). As part of the
progression of models, output from reservoir operations
and river hydraulics models are fed into HEC-EFM,
which then computes how those changes affect different
aspects of the ecosystem. Statistical and spatial results
are generated to estimate the direction and magnitude of
ecosystem changes.
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Figure 2. Regulated (Obs) and Unregulated Flows for
the Middle Fork Willamette River at Jasper, Oregon.
There are three major reservoirs upstream of this 
location. Note the reduced peaks to limit downstream
flooding, increased flows in the spring and summer to
meet downstream flow targets, and the seasonal 
capture (spring) and release of volume (fall) as the
pools are brought up from and drawn down to winter
levels, respectively. Data prepared by Portland Dis-
trict, USACE.



CONCLUSIONS

By fostering dialogue between water managers and
biologists about how to make water management more
ecologically sustainable, efforts like the SRP are helping
to illuminate new opportunities to improve the methods
and tools used in technical support of ecologically sus-
tainable water management.

The tools detailed above are primarily engineering
software. Development of models in the water manage-
ment arena has typically been guided by the needs of en-
gineering tasks like floodplain delineation and reservoir
simulations for flood routing, hydropower, and water
supply. Ecosystem concerns have not been dominant in-
fluences. This has created engineering software with
much latent potential for environmental applications, as
demonstrated (in a small way) by the partnered develop-
ment of HEC-RPT, which adopted many of its compo-
nents from existing software.

There is a growing awareness of the influence of
water management activities on ecosystems. As aware-
ness leads to improved scientific understanding (and vice
versa), more strategies linking water and ecosystem man-
agement will be identified, which will in turn become new
analytical challenges for software tools. Funding path-
ways that encourage ecologists and biologists to partici-
pate more in the evolution of engineering models are
needed to accelerate the growth of these technical capa-
bilities.
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Figure 3. Main Interface of HEC-RPT With Results From the Willamette Flows Workshop. The software
allows users to view historical data (note that the time series in the upper plot are the same

as those in Figure 2) and electronically trace flow recommendations for the ecosystem
and other perspectives on how the river might be managed.
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Figure 5. Main Interface (bottom), Geometric Data Editor (middle) and Cross Section View (top) of an HEC-RAS
Application for the Bill Williams River, Arizona. Two steady state profiles are shown in the cross section view. The

solid horizontal line is the simulated water surface for 7,000-cfs, the current maximum release rate of the
upstream reservoir. The dashed line is the water surface for 100,000-cfs, which is close to the historical

maximum flow in the pre-dam record. Application created by Van Crisostomo, Los Angeles District, Corps.

Figure 4. Main Interface (left) and Reservoir Editor (right)
of an HEC-ResSim Application for the Savannah River

Basin. Rules for operation of J. Strom Thurmond
Reservoir are visible in the editor Application
created by Jason Ward and Stan Simpson,

Savannah District, Corps.
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Figure 6. Figure shows an HEC-EFM Analysis of Simulated Cottonwood Establishment Produced by an
Experimental Flow Release (bottom left) From Alamo Dam on the Bill Williams River, Arizona. Three

recession rates (1 inch, 2 inches, and 3 inches per day) were tested as suitable for cottonwood
recruitment. Each rate was used as a statistical parameter in HEC-EFM, which computed the point
on the recession limb where the rate was last exceeded. These statistical results were output to the

main interface of HEC-EFM (top) and then modeled using HEC-RAS and GeoRAS to generate
spatial layers (bottom right) showing where cottonwood seedlings were predicted to establish.



How can something exist and not exist at the same
time, effect change yet remain almost invisible and virtu-
ally unknown? Such a situation would not appear to be
a formula for success. But, it is, and therein is the story
of the Green River Conservation Partnership.

Citizens and agencies of Kentucky and the Federal
government had been working in their own areas of in-
terest in the Green River basin for many years. Mammoth
Cave National Park (MCNP) was largely a result of citizen
involvement. Contamination of Lost River and Hidden
River caves prevented visiting such until pollution was
ended as a result of U.S. Environmental Protection
Agency involvement in the early 1990s.

The Nature Conservancy (TNC) began its involvement
in the Green River basin in the late 1990s and served as
a catalyst to bring together many parties sharing an in-
terest in the river. The National Park Service, the U.S.
Army Corps of Engineers (Corps) and others had worked
together before but now there seemed to be a more com-
mon and unified purpose – protection and restoration of
the Green River. These projects include the Sustainable
Rivers Project, the Handy Riparian Habitat Restoration
Project, Mussel Propagation and Reintroduction, Conser-
vation Reserve Enhancement Program and the possible
removal of Lock and Dam No. 6.

GREEN RIVER BASIN

The Green River basin is located almost entirely in
west central Kentucky covering more than 9,300 square
miles. Topography varies from gently rolling in the east to
the moderately rugged Western Kentucky coalfields and
then into a broad, nearly flat alluvial flood plain as the
Green River joins the Ohio River. Generally, the lower
third of the basin has more flooding due to relatively level
terrain. The middle third, especially tributaries, is great-
ly impacted by acid mine drainage. Threats to the upper
third, the area of Green River Bio-reserve, include agri-
cultural runoff and timbering.

SUSTAINABLE RIVERS PROJECT

The Green River is one of the most biologically di-
verse rivers in the country. Among its 151 species of fish-
es and 71 species of freshwater mussels are 12 endemic
fishes, more than 35 imperiled aquatic species, and 10
threatened or endangered species that depend on the
river and its tributaries for their life cycle requirements.
Examples include the eastern hellbender, American eel,
and gray and Indiana bats. The Green River forms the
base level for on-going development of the Mammoth-
Flint Ridge cave system, the longest mapped cave system
in the world. The endangered endemic Kentucky Cave
Shrimp is one of many species dependent upon this 

subterranean habitat. The Green River holds the last
known reproducing population of the endangered ring
pink mussel.

Green River Lake became the first Corps project to
receive approval for permanent operation for ecological
benefits downstream of a Corps reservoir as part of the
Sustainable Rivers Project, a joint effort of the Corps
TNC. Final approval was granted on May 16, 2006. This
approval was the culmination of a collaborative effort
that had its beginnings with a fall 1998 meeting between
the Corps’ Louisville District and TNC.

Beginning in 1999, TNC and Corps staff worked to-
gether to develop reservoir management alternatives that
were ecologically sustainable while maintaining autho-
rized project purposes. A preferred plan was identified
and implemented on an experimental basis in December
2002. The most important changes are: raising winter
pool elevation; delayed fall drawdown and spring filling of
the lake; greater use of maximum releases during non-
crop seasons; increased releases following crest of down-
stream high water events; and passing of precipitation
events, especially summer thunderstorms, through the
uppermost gates of the lake’s multilevel control tower as
much as possible. Benefits realized from these changes
are: improved conditions for reproduction of aquatic
species, especially endangered mussels; improved water
quality of releases primarily during fall drawdown; ex-
tended recreation season on the lake; and variability of
releases mimics natural hydrograph prior to dam con-
struction. While temperature control is improved, periods
of colder water releases remain a concern during the
spring.  Experimental operations were evaluated for three
years prior to becoming permanent. It was this joint ef-
fort at Green River Lake that led directly to the estab-
lishment of the Sustainable Rivers Project.

There have been physical changes in the stream
channel, especially within the first 32 miles. Greater
movement of bedload sediments, large woody debris, and
braiding of gravel bars has been observed and is associ-
ated with higher releases during fall drawdown. The 
effect is a return to more naturally occurring stream
processes within this reach of river, a positive impact
with regard to maintaining and restoring downstream
channel and stream habitat lost to vegetative encroach-
ment and sedimentation over the previous 33 years of 
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operations. Another important physical change is elimi-
nation of unnatural backflows into Mammoth Cave
caused by fall drawdown of Green River Lake.

THE HANDY RIPARIAN HABITAT
RESTORATION PROJECT

The Corps and TNC were evaluating the Green River
Lake operation when, in 2000, Congress authorized non-
governmental organizations as cost-sharing partners for
certain Corps authorities. The Handy Riparian Habitat
Restoration Project became the first such cost shared
project between the two organizations. The project con-
stitutes 32 stream miles immediately downstream of the
lake. The U.S. Fish and Wildlife Service identified this lo-
cation as the greatest contributor of sediment to the
upper Green River.

At their confluence, the Green River and Russell
Creek have watersheds of 743 and 289 square miles, re-
spectively. The uncontrolled watershed of the Green
River was reduced to 61 square miles with lake im-
poundment. Russell Creek became the dominant stream
as its watershed is not controlled by any reservoir. For 33
years Russell Creek directly impacted the project site,
eroding soils and removing bottomland hardwoods while
increasing sediment load and degrading aquatic habitat.

Green River Lake eliminated most out-of-bank flood-
ing in the project area. Prior to impoundment, the project
area experienced out-of-bank flooding with each five-year 

storm event. Now flooding occurs only with a 100-year
event. Lack of flooding severely restricts natural recruit-
ment of native trees by eliminating the primary method of
seed dispersal.

The project was constructed in the fall 2001 and
plantings were finished in spring 2002, all while opera-
tional studies of the lake and river were ongoing. At a
May 2002 project dedication, Louisville District of the
Corps and the Kentucky Chapter of TNC signed the first
partnering agreement between two local units setting the
stage for others that followed. This agreement also bene-
fited the review and approval process for revised opera-
tion of the lake.

MUSSEL PROPAGATION AND REINTRODUCTION

During this same period, the National Park Service
constructed a facility for freshwater mussel propagation
in MCNP. The facility at Tennessee Technological Univer-
sity, in cooperation with the U.S. Geological Survey, rais-
es mussels for reintroduction into suitable habitats in
the Green River basin. The Freshwater Mollusk Conser-
vation Center of Kentucky Department for Fish and
Wildlife Resources operates the MCNP facility.

These and two other similar regional facilities are
making important advances in propagation of mussel
species. Reintroduction of species or augmenting of ex-
isting populations is expected soon as in-stream habitat 
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Green River Handy Riparian Habitat Restoration Project (or simply, GR ecosystem restoration
site) Near Greensburg, Kentucky (photo by Richie Kessler, TNC, Winter, 2000-2001).



responds and stabilizes under the SRP operational plan
for Green River Lake.

CONSERVATION RESERVE
ENHANCEMENT PROGRAM

The U.S. Department of Agriculture, the Kentucky
Department of Conservation, and the Kentucky Depart-
ment of Fish and Wildlife Resources, cooperatively oper-
ate the TNC-initiated Conservation Reserve Enhance-
ment Program (CREP) within the bio-reserve. The pro-
gram provides payments to land owners along the river
and tributaries to put land into conservation easements
requiring certain land management practices. CREP was
very beneficial to the revised operation of Green River
Lake and its approval as the first SRP project through re-
moval of low lying lands from agricultural production.

LOCK AND DAM NO. 6

The Corps Louisville District has recommended re-
moval of Dam 6 allowing restoration of 17 river miles, al-
most all within MCNP, to natural conditions. The river,
upstream of MCNP, is designated an Outstanding Re-
source Water. Such designation ends at the upper reach
of Pool 6. It is expected that the 17 mile stretch will at-
tain the same physical and biological characteristics as
that of the nearly 100 miles of Outstanding Resource
Water upstream. At present, removal remains only a con-
troversial proposal.

LOOKING AHEAD

The Corps Louisville District, TNC, and the many
partners of the Green River Conservation Partnership are
involved with: (1) monitoring reservoir operations and bi-
ological and physical responses; (2) considering modifi-
cations to existing outlet works of dams; (3) developing
comprehensive reservoir regulation system for all four
basin lakes; (4) removing Lock and Dam 6, restoring 17
miles to free flowing stream environment; and (5) study-
ing/implementing SRP practices at Barren River and
Nolin River lakes if practicable.

CONCLUSION

The Green River Conservation Partnership has no
formal organization, no charter, no rules and regulations.
Rather, it is the sum of its parts and members working
together in their own areas of expertise toward a common
goal to protect and improve the river. There has been sig-
nificant progress in the past decade. Recognition of ac-
complishments of the many partners is indicated by
those who have visited during this period including: U.S.
Senator Mitch McConnell; Secretary of Agriculture Anne
Venneman; Christine Whitman, Director of U.S. Environ-
mental Protection Agency; General Robert Flowers, Com-
manding General of the Army Corps of Engineers; Assis-
tant Secretary of the Army John Paul Woodley; and Steve
McCormick, President, The Nature Conservancy. The 
efforts of two partners, the Louisville District, Corps of

Engineers, and the Kentucky Chapter, TNC, even led to
the development of a national program, the Sustainable
Rivers Project, to enhance environmental productivity
and sustainability of the nation’s freshwater streams. Not
bad for something that doesn’t really exist!
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tal Resources. He has been recognized by the USACE for
achievements including the discovery of the first repro-
ducing population of the endangered Indiana bat in Ken-
tucky; creation of 1,400 acres of wetlands for bald eagles
and migratory waterfowl near the confluence of the Ohio
and Mississippi rivers, and acquisition of almost 2,100
additional acres for mitigation; monitoring freshwater
mussel populations for the past 20 years; developing
dredging disposal criteria to benefit the endangered inte-
rior least tern; and managing the first cost shared
ecosystem restoration project between The Nature Con-
servancy and the USACE.
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A truism of managing natural systems is that Mother
knows best. This is being applied to the management of
Alamo Dam to return elements of the natural hydrograph
to the Bill Williams River (BWR). This article explores the
unique gifts Mother Nature gave to the BWR system, the
BWR’s natural hydrograph, and why so much work is oc-
curring to manage this river’s natural resources. This ar-
ticle also highlights a few tools that have been developed
to apply the best of the river sciences to questions about
balancing human water needs with the needs of the en-
vironment. Finally, it touches upon the importance of
having a commitment to experimentation and to moni-
toring.

The BWR drains over 5,000 square miles of sparsely
vegetated (and sparely populated) Arizonan desert coun-
try. After the Salt River and Verde River, the BWR water-
shed is Arizona’s largest. The BWR is tributary to the
lower Colorado River (LCR) and one of only three peren-
nial tributaries to this section of the Colorado. Much of
the interest in the ecology of the BWR stems from the al-
most complete paucity of functional riparian habitat on
the Lower Colorado River (LCR) itself.

Historically, the BWR was primarily used by humans
for farming, ranching, and mining. Mr. Bill Williams him-
self was a beaver trapper who was infamous for going
“wild” for long stretches of time, reappearing in town,
beaver pelts over his shoulder, when most bets were he’d
long since died.

While the hydrology of the BWR today is very differ-
ent than it was before 1968 when Alamo Dam was con-
structed (see Figure 1), for a variety of reasons the river’s
riparian system has maintained a higher level of natural
function than is typical of altered river systems in the
American West. This habitat diversity maintains a con-
comitant and exceptional degree of biodiversity within
the LCR. BWR represents about half the acreage of the
mature large-stand cottonwood-willow forests left in the
LCR (see Figure 2). It supports over 350 bird species, and
11 of the LCR’s 34 butterfly species are now only found
in the BWR basin. Its upper tributaries have significant
native fish populations. This habitat diversity helps
maintain a concomitant, exceptional and now unique 
biodiversity on the LCR. The BWR National Wildlife

Refuge has documented over 1,000 species including 56
mammals, 29 fish, 304 plants and fungi, 54 amphibians
and reptiles, and 261 invertebrates. Many of these
species are no longer found elsewhere on the LCR.

While there are encouraging signs of ecological
health on the BWR, the presence of Alamo Dam has dra-
matically changed fundamental physical and biological
processes on the BWR. Based on an analysis of hydro-
graphs generated from available data (BWR has been 
gauged since the 1890s), the BWR is the poster child of
the flashy southwestern river, prone to apocalyptically
large floods, followed by months of quiet, dry weather.
Statistically, the BWR has been described as being the
southwest’s “flashiest” watershed (TetraTech, 2002).
Looking at the reach below Alamo Dam, the system’s ge-
omorphology presents a classic hour-glass land form.
Stretches of tight canyon are broken by large flood plains
filled at depth with porous sedimentary rock (alluvium).
During extended dry periods, there typically is no flow in
the BWR in the upstream parts of these floodplains. How-
ever, at the lower ends of these floodplains, as the river
valley begins to contract from broad floodplain to canyon,
water typically reappears, bubbling out of         the satu-
rated alluvium to form stretches of perennial flow. Over
the river system’s lower 40 miles, the system possesses
some four to five ephemeral reaches, and a similar num-
ber of stretches with fairly dependable perennial flow.
Thus, for any given level of base flow in the river system
(typical base flow-releases out of Alamo Dam are between
20-50 cfs), any number of flow conditions can be mani-
fested over the 40 river miles below the dam.
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Figure 1. Annual Peak Flows
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Understanding the pattern represented by this river’s
hydrology is tricky enough, but linking the river’s biology
to its hydrograph proves even more challenging. Much of
the scientific work on the BWR has focused on linking
the flow regime (which can be highly controlled with re-
leases from Alamo Dam) to biotic responses and needs.
How do low summer flows affect new tree seedlings? How
do high flows in the fall impact aquatic organisms? How
much of a flood does it take to remove beaver dams? To
allow scientists and managers to grapple with these types
of questions, much effort has been expended to develop
tools to evaluate system response to dam releases. Use of
experimental floods (based on the natural hydrograph),
has been a fundamental and critical part of this tool de-
velopment effort.

Tools that have been utilized to model the system
have primarily been generated by the U.S. Army Corps of
Engineers Hydrologic Engineering Center (HEC). Models
include a one-dimensional hydraulic model with GIS in-
tegration capabilities based on Light Detection And
Ranging (LIDAR) generated topographic information
(HEC-RAS); a reservoir-operations simulation model
(RES-SIM); and an integrated physical-biological model
in which spatially specific biotic responses are predicted
based upon quantitative estimates of ecosystem flow re-
quirements (Ecosystem Functions Model or HEC-EFM)
(Shafroth and Beauchamp, 2006). These tools have al-
lowed predictions on the biological relevance of flow
events. What flow or range of flows are likely to establish
woody riparian seedlings ... or develop and maintained
desired aquatic habitat?

The increased accuracy and range of functionality
that is associated with today’s predictive models has im-
proved our ability to manage complicated natural sys-
tems. These tools allow the scientist and the manager to
generate much more detailed hypotheses that can then
be ground tested for model refinement and calibration.
The role of experimental flows is critical in this dynamic:
there is no substitute for testing flow-related theories or
assumptions with actual flow events.

The scientists and managers working on the BWR
have recently conducted a series of experimental releas-
es from Alamo Dam, looking at the pre-dam hydrograph
for design guidance. Experimental releases occurred in
2005, 2006, and 2007 with varying goals and objectives.
The primary goal associated with the 2005 releases was
to evacuate the reservoir after a series of large and sus-
tained storm events filled Alamo Lake with over 400,000
acre-feet during a period of 120 days (breaking a grueling
six-year drought). Beyond this flood control objective, a
secondary objective was articulated – could the releases
be timed and shaped such that the dam releases could
mimic the function of natural flows and help to establish
a new generation of cottonwood-willow? This successful
experiment (many thousands of seedlings established in
2005 have survived into the spring of 2007!), highlighted
the usefulness of mimicking elements of the natural hy-
drograph, most especially in regards to the seasonality of
the flow event.

In March 2006 and April 2007, two more experimen-
tal releases were conducted (with high flows of 2,000 cfs
and 1,000 cfs, respectively). Both of these events were
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Figure 2. Cottonwood-Willow Gallery (Bill Williams River NWR, Arizona).



smaller than the 2005 releases (which equaled the dam’s
maximum release of 7,000 cfs). The 2006 and 2007
events were designed to allow physical and biological ob-
servations during flows that occupied the lower end of
the system’s flood regime. All of the experimental flows
had biologic objectives. What would these flows do to
newly-repaired beaver dams? What shifts could be ob-
served in the aquatic insect community? While results
are still being analyzed, early indication are that both of
these flow levels made significant changes in beaver
dams (a high percentage encountered significant dam-
age, while a few were washed out completely) and aquat-
ic insect communities (a shift towards more lotic native-
dominated taxa directly after flows were observed).

In summary, the experiences on the BWR are similar
to work going on around the world, where people are
using science to help determine if development and use
of water leaves room for protection of flow-dependent
wildlife. The work of the BWR team (please go to http://
billwilliamsriver.org for more details) has demonstrated
that it is critical to look at the natural hydrograph to
identify broad ties between flows and the biota. This link-
ing of the hydrograph to the biology forms the corner-
stone of achieving environmental goals associated with
dams and the like. Our work on the BWR has shown that
using experimental flows that mimic some portion of the
natural hydrograph is a most effective learning tool.

Finally, not enough emphasis can be placed on the
need to have a significant and durable commitment to ex-
perimentation and monitoring. With all the advances in
river science over the past few decades, we are still limit-
ed in our ability to accurately characterize natural dy-
namics. This is doubly true when we attempt to amelio-
rate environmental damages caused by human induced
changes. As most of the world’s river systems are altered
by human actions of some sort, it is incumbent upon us
to look at pre-altered “natural” conditions to glean those
natural processes  and functions that we can encourage
and facilitate (even in reduced form and scale) to further
the goal of  environmental benefit. The work discussed in
this paper strongly suggests that mimicking parts of the
natural hydrograph is a great place to start.
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INTRODUCTION

Rivers of the Southeastern United States traverse a
wide coastal plain where they are characterized by broad
floodplains and expansive estuaries. Because of ample
rainfall and the flat terrain, these rivers were historically
subject to large, frequent floods, particularly in the
spring or associated with tropical storms or other major
rain events. Because floods can be hazardous to human
settlements, extensive networks of dams have been built
on many, if not most, major Southeastern rivers, and
river flows have been closely regulated to minimize flood-
ing. This has made it difficult for managers to meet com-
peting interests for water such as property protection,
hydropower, or recreational needs, along with the needs
of downstream habitats and species. The services provid-
ed by healthy functioning floodplains are rarely consid-
ered in management plans. Floodplains provide flood
protection, water reclamation, pollution abatement,
aquifer recharge, wildlife habitat, and recreation oppor-
tunities. Estuaries and their associated tidal marshes are
vital natural areas, providing habitat for fish, shellfish,
and wildlife; maintenance of water quality via waste as-
similation and nutrient processing; climate control via
carbon sequestration; prevention of sediment erosion;
and protection from storms. Riverine, floodplain, and es-
tuarine habitats may become degraded by regulation, be-
cause many biological functions in these crucially impor-
tant ecosystems rely on natural variation in flows includ-
ing flooding.

FLOODPLAIN ECOLOGY

The periodic inundation of floodplains is believed to
be the major factor in sustaining the ecological functions
of river-floodplain systems (see review in Junk and
Wantzen, 2006). The high overall productivity and biodi-
versity of these systems is due largely to the many-fold
increase in aquatic areas occurring upon floodplain in-
undation. Flood pulses can exert a range of influences
such as shaping the morphology of river channels and
floodplains, affecting soil oxygen and moisture levels, and
impacting biological and chemical transformations
among nutrient pools. Flood pulses regulate plant repro-
duction, with seedling establishment only successful
under certain hydrologic conditions (Schneider and
Sharitz, 1988). Flood pulses during the plant dormant
season (October-March) can increase soil moisture, dis-
perse seeds, and inhibit germination of upland species
(those species not considered wetland residents), on
lower elevation sites.

When the frequency of floods is reduced in areas of
intermediate (or higher) elevation, it may result in drier
soil conditions that allow invasion of upland species.
Thus, in rivers where pulses have become regulated, tree
species that dominate juvenile size classes (saplings,
seedlings) may have a different flood tolerance than
canopy species that were established prior to flow regu-
lation. In contrast, floods occurring during the growing
season limit tree seedling survival during the early phas-
es of recruitment, and summer floods of more than a few
days are likely to cause mortality of newly established
seedlings. The copious plant growth on floodplains, espe-
cially trees, becomes an important source of organic mat-
ter input (leaves, wood) throughout the system. Once de-
composed, some organic materials move into the channel
and then to downstream habitats.

In addition, healthy floodplains support a communi-
ty of invertebrates (insects and crustaceans) and fish
specifically adapted to live and breed in wetlands. Most
fish activity in Southeastern floodplains occurs during
the winter and spring flood pulses. Floodplain habitat
availability to riverine fishes depends on the physical ex-
tent and duration of floodplain inundation, the rate of
rise and fall of the flood-pulse, and pulse seasonality.
Rapidly rising and falling pulses, which also tend to be
short in duration, are unlikely to provide meaningful
benefits to fishes. Pulses that occur when water temper-
atures are low also are less likely to benefit fishes than
pulses that coincide with spawning and juvenile growth
periods (typically spring and early summer months). Per-
haps the primary reason that fish move onto floodplains
is to exploit invertebrates as food, and like fish the resi-
dent invertebrate community is strongly influenced by
the character of flood pulses.

Nonaquatic animals can also be affected by flood
pulses. Late spring floods can destroy nests of ground-
nesting birds, but prolonged late flooding provides
canopy birds with protection from a variety of nest preda-
tors. Longer-term effects on bird communities will likely
reflect the frequency (both within the year and annual
rate) of flood pulses, as well as changes occurring in the
plant community.
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ESTUARY ECOLOGY

As flood pulses make their way downstream they ul-
timately influence estuaries and their associated inter-
tidal marshes. Because tidal wetlands are regularly in-
undated to levels that are primarily influenced by sea
level (Figure 1), flood pulses have a different effect in
these areas as compared to upstream. Rather than in-
creasing the period or extent of inundation, a flood pulse
in a tidally-influenced area will be manifest as a slug of
low salinity water. The distribution of many estuarine re-
sources, including marsh plants, plants, animals or bac-
teria that live on tidal creek sediments or living within the
water column can shift in response to changes in salini-
ty. Changes in the pattern of inflow will also affect the de-
livery of nutrients, organic matter, and sediment, which
can in turn affect estuarine productivity rates and troph-
ic structure (Alber 2002). The effects of freshwater puls-
es are likely to vary depending on the length of the pulse
as well as the individual life histories of estuarine or-
ganisms, but freshwater regulation can affect migration
patterns, spawning habitat, and species diversity of
both fish and invertebrates (Drinkwater and Frank
1994).

A short-term period of reduced salinity (i.e. days to
weeks), that occurs with a flood pulse, is likely to affect
the distribution of motile organisms as they move 
to stay in water of a preferred salinity. Wetland plants 

and sedentary organisms (such as oysters or benthic in-
fauna) are generally able to tolerate a range of salinities.
Over the longer term (years), however, a regular regime of
flood pulses may well cause more permanent shifts in the
distributions of all organisms, with effects on population
dynamics and community composition.

To the extent that decreased flow tends to “squeeze”
the estuary this may result in decreased areas of appro-
priate habitat. Upstream habitats in particular, such as
tidally influenced forests and marshes, are most likely to
show an immediate and measurable response to changes
in freshwater inflow than habitats closer to the ocean. It
is not clear how a change in the intertidal marshes, par-
ticularly a shift from tidal fresh to salt marsh, will affect
the ecosystem services that marshes provide. Plant di-
versity is higher in tidal fresh as compared to salt marsh-
es, but trends in overall biodiversity are less clear. Recent
studies have shown that, while primary production is
equivalent in fresh and saltwater marshes, rates of de-
composition are much slower in fresh than salt marshes,
leading to increased accumulation of soil and higher con-
centrations of organic carbon and nitrogen in fresh
marshes (Craft 2007).

In addition to upstream management of dams and
reservoirs, other types of perturbations will also affect 
estuarine areas. Channel dredging and sea level rise will 
both result in increased upstream penetration of sea-
water and an associated decrease in the low salinity 
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Figure 1. Overlooking Doboy Sound Salt Marsh, Georgia (photo by Amanda Meadows).



habitat, whereas an increase in storm activity will in-
crease freshwater flow. Understanding the implications
of changing flooding regimes and the delivery of freshwa-
ter to estuarine habitats will remain an important area of
study.

THE SAVANNAH RIVER PROJECT

The Nature Conservancy (TNC) scientists are working
with partners to protect downstream aquatic habitats in
the Savannah River basin, Georgia, by advancing ecosys-
tem flow restoration and adaptive management. The U.S.
Army Corps of Engineers (Corps) maintains three large
dam and reservoir projects within the basin. Under the
water management regime of the last 50 years, there has
been a removal of natural variability in the hydrograph
including a reduction in peak flow volumes and frequen-
cy (Figure 2).

The Corps in partnership with TNC has released ex-
perimental controlled flood pulses per scientific recom-
mendations developed specifically for the Savannah
River. In order for the Corps to adopt ecological water
management as standard practice, flow recommenda-
tions, or flow restoration hypothesis, must be tested in a
scientifically credible manner. TNC and partners such as 
the U.S. Fish and Wildlife Service, Georgia and South 

Carolina Departments of Natural Resources, The Univer-
sity of Georgia, Savannah State University, The South-
eastern Natural Sciences Academy, and Augusta State
University have begun to implement monitoring ap-
proaches to determine pre-controlled and post-controlled
flood release conditions (Figure 3).
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Figure 2. Comparison of Pre-Dam and Post-Dam Monthly Average Flows on
the Savannah River, Measued at Augusta, Georgia, From 1884 to 2001.

Figure 3. Dr. Darold Batzer and His Students
Sampling the Savannah River Floodplain
During an Experimental Controlled Flood

(photo by Andrew David Tucker).



This effort of supplying science to support ecosystem
flow restoration has been successful because of the work
of professors, students, agency biologists, Corps hydrol-
ogists, and volunteers. Initially flood pulses have been
measured with dynamic response indicators such as
floodplain fish use, quantity and duration of floodplain
flooding, anadromous fish movements, shifts in flood-
plain invertebrate communities, water quality, and a
temporary shift in the average location of the saltwater/
freshwater interface in the estuary (Wrona et al., 2007).
Bench mark, or long-term indicators such as riverine
freshwater mussel populations or floodplain tree recruit-
ment and growth will need to be measured over decades.
Although the adaptive management process essential to
ecosystem flow restoration in the Savannah depends on
rigorous scientific measures, funding sources for this
type of science, especially long-term monitoring, are
scarce. The cost of both short and long-term monitoring
is high and is difficult to “sell” to the public as an impor-
tant conservation action.

The Savannah River provides an opportunity to give
much needed definitions to the concept of adaptive man-
agement as well as the opportunity to test large scale
aquatic ecosystem response to flow restoration. By con-
tinuing to monitor the effects of flow restoration and feed-
ing these results back into the adaptive management
framework, we will be able to advance the Savannah
River as successful example of ecologically sustainable
water management.
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INTRODUCTION

Over the last 50 years, river management has evolved
from an emphasis on economic outputs to one that in-
cludes consideration of broader human values. Agencies
and organizations are “retooling” to account for the
changing paradigm, and new and expanded partnerships
are forming to meet multiple, and sometimes conflicting,
goals. In Oregon’s Willamette River Basin, managers and
interest groups are using innovative scientific and 
decision-making approaches to seek this balance. This
article describes a process for developing strategies to im-
prove flow regimes and floodplain function in the
Willamette Basin. The process is founded on unique part-
nerships, collaborative approaches for synthesizing sci-
entific information and developing environmental flow
recommendations, and an adaptive and integrative
framework for implementing these changes.

THE WILLAMETTE RIVER BASIN
AND THE RESERVOIR SYSTEM

The Willamette River is the largest river system in Oregon
and the 13th largest river, by volume, in the contermi-
nous United States. The mainstem river is 180 miles long
and there are over 11,000 miles of streams and rivers
within the basin. The river is vital and literally central to
the region: 19 cities and towns, including the three
largest population centers in Oregon – Portland, Salem,
and Eugene-Springfield  – are situated along, or near, the
banks of the Willamette River and its tributaries. Nearly
70 percent of all Oregonians live within 20 miles of the
river.

The Willamette Basin is home to a rich diversity of
native fauna and flora including 31 fish, 18 amphibians,
15 reptile, 154 bird, and 69 mammal species (Hulse et
al., 2002). The river and its tributaries support important
runs of anadromous and resident fish including salmon,
steelhead, and trout. The basin’s floodplains and wet-
lands provide habitat for the Oregon Chub, the western
pond turtle, Fender’s blue butterfly, and many sensitive
plant species. The Willamette Valley’s location on the Pa-
cific flyway makes it an important area for migrating and
wintering waterfowl.

The U.S. Army Corps of Engineers (Corps) operates
13 dams in the Willamette Basin - 11 multiple purpose
storage reservoirs and 2 regulating reservoirs. All 13 of
the dams are located on major tributaries; there are no
Corps dams on the mainstem Willamette River. The dams
are operated as a system (Figure 1), with flood damage
reduction a primary purpose. Hydropower, navigation, 
irrigation, municipal and industrial water supply, 

recreation and flow augmentation for fish, wildlife, and
water quality are also authorized purposes. In total, the
dams control flows on six major tributaries affecting ap-
proximately 27 percent of the total geographic area of the
basin and 42 percent of the upper basin above Salem.
Operation of the dams has changed the volume and tim-
ing of water flow in the river, resulting in reduced peak
flows, increased low flows, and limited natural flooding
events (Figure 2).

Modifications to river flow and water temperature,
and loss of channel and floodplain habitat, have con-
tributed to the decline of native fish populations. Of the
31 native fish species that occur in the basin, seven are
listed by the Federal or state government as endangered,
threatened, or sensitive. In 1999, following Federal En-
dangered Species Act listings of Chinook salmon and
winter steelhead, the Corps began implementing changes
in Willamette system operations to better meet the flow
requirements of the listed species. An Interagency Flow
Management Workgroup consisting of approximately 20
Federal, state, and local entities, recommended flow tar-
gets in the mainstem river to assist migration of Chinook
and steelhead salmon. A critical and important first step,
these targets only addressed listed fish species and did
not consider impacts to flow in the tributaries, key areas
for spawning and rearing. Additional efforts are now fo-
cused on providing tributary flows to meet habitat re-
quirements for fish and other aquatic species.

The system of 13 Corps dams on six major tribu-
taries offers a relatively high degree of operational flexi-
bility. The Corps is able to use different combinations of
reservoir fill and release to meet both mainstem river
and tributary flow requirements, balancing the life cycle
needs of multiple aquatic species with other operating
purposes. The complex system of reservoirs allows the
Corps to account for year to year variability in hydrolog-
ic conditions across the major subbasins. To utilize this
flexibility most effectively, managers need more informa-
tion on the flow requirements of native species and com-
munities.
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Restoration and conservation of riverine resources

will require addressing several other challenges

including water temperature control and fish

passage at the dams, point-source and nonpoint-

source discharge to the rivers, hatchery manage-

ment, and upland and urban impacts
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Figure 1. Map of Willamette Bsin and Schematic of Willamette Reservoir System.

Figure 2. Graph Showing Changes in Observed Flow on the Middle Fork River at
Jasper, Oregon, Following Construction of Lookout Point and Falls Creek Dams.

Willamette River Oregon: Moving Toward Basin-Wide Flow and Floodplain Restoration . . . cont’d.



UNDERSTANDING THE SCIENCE: DEVELOPING
ENVIRONMENTAL FLOW RECOMMENDATIONS 

In 2006, The Nature Conservancy (TNC) and the U.S.
Corps of Engineers (Corps) launched a project to deter-
mine environmental flow requirements for the Willamette
River and its tributaries, and to design and test alterna-
tive flow releases from the dams that can meet these re-
quirements without compromising the other purposes of
the dams. As part of the Sustainable Rivers Project – a
national partnership between TNC and the Corps – the
Willamette is one of nine demonstration sites around the
United States where scientists are addressing environ-
mental flows and floodplain mangement (see article by
Andrew Warner in this issue). The work expands upon
the flow targets established by the Interagency Flow Man-
agement Workgroup by integrating information on addi-
tional species and communities, and by considering flow
targets in the tributaries.

Initial efforts are focused on a pilot study in the Mid-
dle and Coast Fork subbasins of the Willamette River,
which contain 6 of the 13 Corps dams in the basin. In
conjunction with the flow study, these tributaries are
currently the focus of an ongoing study to identify oppor-
tunities to restore natural floodplain function and pro-
mote ecosystem restoration, natural flood storage and
other benefits.

In January 2007, the TNC and the Corps brought to-
gether leading biologists, hydrologists, and engineers 
from numerous state and Federal agencies, academic in-
stitutions, and nongovernmental organizations to devel-
op environmental flow recommendations for the Middle 

and Coast Forks. The workshop discussions were in-
formed by a literature review and summary report on the
flow requirements of key species and ecological process-
es in the Willamette Basin compiled by the Institute for
Water and Watersheds at Oregon State University (Gre-
gory et al., 2007) as well as information on channel dy-
namics and floodplain morphology. A key tool utilized
during the flow workshop was the Regime Prescription
Tool (RPT), a graphical interface developed jointly by TNC
and the Corps designed to help workshop participants vi-
sualize streamflow data and proposed environmental flow
recommendations (see article by John Hickey in this
issue). The workshop resulted in recommendations for
specific environmental flow components, including sum-
mer low flows, winter bankfull flows, and fall and spring
pulse flows, to meet key ecosystem functions (Figure 3).
Workshop participants defined these flow components in
terms of magnitude, duration, frequency, and rate of
change.

MAKING IT WORK: IMPLEMENTING
ENVIRONMENTAL FLOW RECOMMENDATIONS

The flow recommendations generated through the lit-
erature review and workshop process can be grouped
into three categories for implementation: (1) flow volume
and timing adjustments that are within the operational
flexibility of the Corps under current project authoriza-
tions and water control manuals; (2) larger scale adjust-
ments that may fall within current operational flexibility
and authority but will require more detailed evaluation of 
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Figure 3. Example of How the Hydrograph of a Single Year, Water Year 2003, Could be Modified to Meet the 
Recommendations of the Flow Workshop. A hydrograph consistent with the recommendations, represented by the
thick line, consists of flows already provided by the managed hydrograph (gray line) and modifications to the managed
flows required to meet the recommendations (black line). The thin, dashed gray line shows the managed hydrograph
during those periods where the recommended hydrograph departs from the managed hydrograph. The thin, solid black
line shows the unregulated hydrograph for that water year.



tradeoffs; and (3) major changes in operation which are
clearly outside of the Corps’ operational discretion and
would require a thorough feasibility evaluation and pos-
sible reauthorization action. The recommendations
falling into Category (1) are currently being integrated
into the 2007 Willamette Conservation Plan (WCP), which
guides reservoir operations during the conservation stor-
age and release season. The Corps hopes to be able to im-
plement some of the recommendations, including pulsed
flow releases up to bankfull, during annual reservoir
drawdown in fall 2007, and again during spring refill in
2008. Monitoring and evaluation will be critical to deter-
mining the success of these initial flow recommenda-
tions. Computer modeling and field monitoring will be
conducted to evaluate the response of the ecosystem to
flow changes and will be used to adaptively adjust dam
operations as needed.

Category 2 and Category 3 recommendations will re-
quire more thorough modeling and evaluation of different
alternatives on downstream volume and timing of flows
and on reservoir refill and storage conditions before they
can be implemented. One example of these kinds of rec-
ommendations is small-scale flood-like events over bank-
full limits. The Corps may also need to complete decision
documents, environmental compliance, and public re-
view under the National Environmental Policy Act prior to
implementing these actions.

Community participation is a critical element of the
process. With large population centers located along the
river, restoring environmental flows and floodplain func-
tion will be challenging. In addition, the dams provide a
variety of goods and services, including energy produc-
tion that does not contribute to greenhouse gas emis-
sions, and major recreational opportunities. These issues
cannot be fully addressed through the flow management
process, and will require further assessment by state and
local governments and stakeholders. At the onset of the
flow management project, a meeting was held to inform
key stakeholders about the project. The meeting was at-
tended by 86 individuals representing 34 entities, in-
cluding city and county governments, state and federal
agencies, and river-related organizations. Continued par-
ticipation by this stakeholder group will be essential for
successful implementation.

Flow and floodplain restoration are only part of the
solution. Restoration and conservation of riverine re-
sources will require addressing several other challenges
including water temperature control and fish passage at
the dams, point-source and nonpoint source contami-
nant discharge to the rivers, hatchery management, and
upland and urban impacts. Despite the uncertainties
and challenges, a diverse group of partners is committed
to working together to develop flow regimes that can bal-
ance multiple goals, and then to implement, learn from,
and adapt the flow targets as one step in restoration of
the Willamette River. 
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ACROSS
1 followed by bow or dresser
6 adverse to
10 request
14 make bubbly
16 a hoop
18 care
20 loc. of Tenn. R.
21 art colony
22 cousin of ave.
23 pester
24 chow _____
26 ogling
29 loc. of Grand R.
31 did not surpass
34 Nile blocker
36 season of fasting
37 a newt
38 two pts.
39 method of chemical analysis
42 hint
46 adherent of dictatorship
48 Bing Crosby, for one
49 library sound
50 transgress
51 pitcher’s stat
53 2-yr-old’s response
54 atomic no. 50
55 each
57 trysts
60 1949 org.
62 length * width
64 painter’s choice
65 emcees
67 slowpoke
69 long time period
71 tourist
73 an eccentric
76 pot cover
77 USNA grad.
78 lunatic
79 seasonal carol
80 raw material
81 under

DOWN

1 a launcher

2 rod’s partner

3 tree decorations

4 downcast
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▲ Water Resources Puzzler (answers on pg. 30)

5 followed by cling or electricity

6 crazy

7 by _____: alone

8 tightened

9 part of Hispaniola

10 pointed tines

11 anagram of sail

12 an obscure riddle

13 title of honor

15 lacking sense

17 _____ Cola

25 players of minor parts

27 a snowman?

28 Carrie _____

30 Hell

32 not one or the other

33 Peggy and Marvin

35 withhold

38 half of hf.

40 diva’s song

41 wrapping type

43 admitted as 12th st.

44 still output

45 orals

47 small duck

49 austere

52 parts of stairs

56 anagram of sealer

58 newspaper item

59 _____ state: nickname of

Missouri

61 Laotian monetary unit

63 middle ear bone

66 Martian mare

68 teacher’s deg.

70 Nina or Ferdinand

72 Chem. suffix

74 inlet

75 digital audiotape (abbr.
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I am sure that you, along with
millions of Americans, wit-
nessed the graduation cere-
monies at Virginia Tech and
felt the sadness of knowing
that many of our water col-
leagues were not there.  Let us
continue to keep them in our
thoughts and prayers.

Everywhere that I have
recently traveled I run into
people who want to talk about
AWRA and what it and its

members have been doing. You all are very busy and rep-
resenting our organization well. The flag of AWRA flies
high because others see the fine work that is going on.
Thanks for your contributions.

In May, I was asked by the House of Representatives
Committee on Transportation and Infrastructure to testi-
fy before its hearing on water and climate change. (My
testimony can be found on the AWRA website.) It was a
privilege to go before this committee to discuss the chal-
lenges that climate change will bring to the water com-
munity and to point out to the committee the nation's
continuing reluctance to develop the policies and plans
that we will need to cope with climate change and its im-
pacts. While it was a personal privilege to appear, the op-
portunity arose because the committee recognized the
role that AWRA plays in communicating water issues to
the public and in developing solutions to these problems.
At the national meeting of the Association of State Flood-
plain Managers, I was pleased that FEMA’s Mitigation Di-
rector, in discussing actions being taken in the nation to
deal with the growing flood problem, cited our January
water policy dialogue as one of the action agents in mov-
ing solutions ahead. Those of you who attended our spe-
cialty conference in Vail in June saw the quality of the
conversation about emerging contaminants that took
place among individuals from AWRA and the profession-
al community at large.  While this is truly a challenging
area for water resources, I was heartened by the forward-
looking approach being taken by many who are at the
front lines in water quality science and the useful role
played by AWRA in bringing attention to the topic.  
This November's annual meeting promises to provide an
outstanding opportunity to continue these discussions
and blend them with our knowledge and interest in the
many other aspects of national water resources.

Interest in the annual meeting continues to grow in
both numbers of potential participants and in the
breadth of the subjects that will be discussed in Albu-
querque. Although the venue itself will offer us pleasant
memories of our meeting, I continued to hear that people
are coming to Albuquerque because they want to be
where the important discussions are going to take place
and to connect with those who will have a role in making
critical decisions about water in the years ahead. The in-
terest in Washington, New Mexico, and the rest of the
western United States has been extraordinary. Be pre-
pared for a busy four days and plenty of opportunities to

meet new friends. My hat continues to be tipped to Mike
Campana and his committee for all of their work. I urge
you to get your hotel reservations in quickly and to reg-
ister as soon as possible.

Ken Reid, AWRA’s Executive Vice President, and the
AWRA staff continue to do everything possible to improve
the quality of service we are giving our members. During
the spring, I asked Tom Johnson, one of our board mem-
bers, to lead a committee to examine how new technolo-
gies in the IT field might enable us to provide you, the
members, faster and better information about subjects of
interest to you. Tom was joined on the committee by Dave
DeWalle, John Grounds, and Gary Whitton (our own Bill
Gates). The committee's report has been circulated to the
board and we will discuss it during the late summer to
determine what steps we ought to take now and in the fu-
ture. Tom has many suggestions that merit strong con-
sideration.

In late April and early May I had the opportunity to
talk with more than a dozen state section presidents and
senior leaders about how we might work better as a team
in moving the goals and objectives of AWRA forward. The
quality of our field leadership is outstanding and the in-
terest being generated in AWRA activities in the sections
continues to grow. I thank these leaders for their efforts.

I continue to ask that, if you have ideas about how to
make AWRA a better organization, you would share them
with us. Send me an email at gegallo@umd.edu or give
me a call (571-334-2103). Thank you again for what
you're doing for the Association and our nation's water.
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FEDERAL LENDING PROGRAMS FALL SHORT OF
DRINKING WATER AND WASTEWATER NEEDS

The House of Representatives appropriated $1.5 bil-
lion in March to repair and upgrade sewage systems in
need of overflow control. The bill, now being reviewed by
the U.S. Senate, is one of many attempts to increase
funding for drinking water and wastewater programs.

Despite interest by private capital markets, water
utilities and municipalities continue to pressure Con-
gress to provide Federal funding for drinking water and
wastewater capital improvements. The pressure comes
from additional demands to meet stricter clean water
standards, improve water supply security, and to up-
grade aging infrastructure.

Studies from the Water Infrastructure Network, Con-
gressional Budget Office and the USEPA estimate the in-
vestment and operation and maintenance needs through
2019 are anywhere from $70.7 billion to $128.5 billion
each year. The amount of financing available through the
Clean Water Act and the Safe Drinking Water Act is be-
tween $60.5 and $69.2 billion annually, according to the
same studies. The question public officials are debating
is how to finance the remaining needs.

Arguably water conservation and full-cost consumer
rates are the most efficient solutions.  Water conservation
programs such as the use of water-efficient products can
reduce infrastructure needs by decreasing water demand
and wastewater flow. More efficient water pricing that re-
flects the real cost of service would provide a financial in-
centive for private investment on infrastructure.

Currently, local government officials estimate that,
on average, ratepayers pay about 90 percent of the total
cost to build their drinking and wastewater systems and
federal funds provide the remainder, according to a Con-
gressional Research Service Report released on March
19. Furthermore, water bills are relatively small com-
pared to other common utility and service bills paid by
most households. City officials say that raising water fees
will not cover the growing needs, especially in communi-
ties with declining populations. As a result, the water
utilities have been consistently proposing legislation to
expand Federal funding programs. However, the signifi-
cant funding proposals fail to achieve bipartisan support.
The parties disagree on the level of funding in compari-
son to other Federal needs, on the amount of private in-
vestment needed, and on add-ons like requiring subcon-
tractors to pay a prevailing wage.

DRINKING WATER AND WASTEWATER
FUNDING PROGRAMS

Currently, the state and Federal support for drinking
water and wastewater systems come from three financing
programs. The first is the wastewater State Revolving
Fund (SRF) developed in 1978 from the Clean Water Act.

The program provides loans, refinancing, insurance, loan
guarantees, purchase debt, and security for leveraging.
The financing can be used by public water systems to im-
prove facilities or comply with nonpoint source pollution
abatement requirements. The Federal government ex-
panded the SRF to include drinking water systems in
1996. The drinking water SRF is similar to the waste-
water fund but offers loans to both public and private
water systems for projects to upgrade or replace drinking
water source, treatment, storage, transmission, and dis-
tribution systems.

The two lending programs allow states to make loans
at below the market interest rate, including a zero inter-
est rate using a mixture of Federal and state funds. The
annual principal and interest payments begin one year
after the project completion and are fully amortized 20
years after the project completion. For drinking water
programs, economically disadvantaged communities can
have up to 30 years to repay the loan. The drinking water
SRF also allows 30 percent of capitalization grants to be
used to provide loan subsidies to disadvantaged commu-
nities.

The third program is part of the U.S. Department of
Agriculture Rural Development Act. The Act supports
basic amenities, alleviates health hazards, and promotes
the orderly growth of rural areas. The drinking water and
wastewater programs offer loans and grants for systems
serving less than 10,000 people.  

THE DEBATE OVER EXPANDING
THE FEDERAL LOAN PROGRAMS

Under the current funding levels, drinking water and
wastewater systems fall short of the annual funds need-
ed for drinking water and wastewater systems. The
USEPA GAP Analysis estimates anywhere from a $1.9-
billion to a $59.4-billion gap between the annual baseline
funds available and the annual funding needs from 2000
to 2019.

Congress has reacted to the study by considering
bills to increase funding levels. But the amounts have
been higher than levels the White House has supported.
Opponents of increasing funding argue for privatization
of the water systems. Better management practices such
as public-private partnerships and consolidation can in-
crease the draw on private funds to fill the demands.

A compromise is to increase private investment
through extending public financing to private companies.
Currently, the drinking water Federal loans apply to both
private and public community water systems. The waste-
water SRF only applies to public systems. Expanding the
financing to private wastewater utilities could attract
more private investment. Also, the government can en-
courage public-private partnerships and privatization
through Private Activity Bonds (PABs). PABs extend a tax
exempt status to public and private partners on interest
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earned. Currently, PABs are limited by volume. Oppo-
nents of publicly financing the private sector say that it
forgoes Federal tax revenue and interferes with the mar-
ket by supporting some private investment more than
other private investment.

While the debate continues, more interim solutions
seem to be full-cost pricing to ensure that sufficient 
revenues are in place to support the costs to construct,
maintain, and operate the infrastructure; water conser-

Often it seems we are so busy putting out daily fires
that we do not ever get to accomplish anything of real sig-
nificance – those things that would make us happiest in
the long run. Life becomes something to “get through” in-
stead of an exciting path to greater fulfillment.

The efficiency of technology only increases the pres-
sure we feel to do even more than ever before. All of it
leaves us feeling too busy and robbed of a sense of ac-
complishment. So what can we do to increase personal
productivity? Below are some tips to help you to get more
done in less time – and do what you really want to be
doing.

Often busy-ness is a cover for not really knowing
what’s the best thing to be doing. To get around this, you 
have to know what your priorities are in the moment. To
determine this you need know what your larger life pri-
orities are.

Stephen R. Covey, best-selling author of “The 7
Habits of Highly Effective People,” suggests writing a per-
sonal or organizational mission statement, a statement
that summarizes your higher purpose and goals in life.

Without a mission, you won't be able to say no to
tasks. You can only know what to say no to when you
know what to say yes to first.
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Federal and State Drinking Water and Wastewater Systems Funding Programs

Water Pollution Control Drinking Water Revolving USDA Rural Development
Revolving Loan Fund Loan Fund Loan and Grant Programs

Year Authorized 1987 1996 1972

Eligible Uses Loans; refinancing; insurance; Loans; refinancing, insurance; Loan guarantee; grants
loan guarantee; purchase of debt; loan guarantee; purchase
security for leveraging; 4% grant of debt; security for leveraging
for administration

Terms Interest between 0 and market Interest between 0 and market Grants can cover a maximum of
rate; 20-year terms; longer terms rate; 20-year terms; 30-year 75% of eligible facility develop-
allowed in some states terms, and subsidized loans ment costs; loan guarantees are

(principal forgiveness) for for up to 90% of any eligible loss
economically disadvantaged incurred by the lender and 
systems lenders pay a 1% guarantee fee,

which may be passed on to the
loan recipient

Eligible Projects Projects for wastewater treatment Projects to upgrade/replace Improvements for water supply
plants; qualified nonpoint source drinking water source, treat- and distribution systems and
and estuary improvement projects ment, storage, transmission, waste collection and treatment

and distribution systems; acquiring land; acquisi-
tion of water sources and water
rights; pay costs such as legal 
and engineering fees necessary
to develop the facilities

vation to encourage efficient water use; and resource co-
ordination between water systems in the same water-
shed.

Clay J. Landry (landry@waterexchange.com)
Christina Quinn (Quinn@waterexchange.com)
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We can learn all the self-management tricks in the
book, but none of them will be worth a dime if we do not
follow through and use them. That is where self-disci-
pline comes in. There's no easy, painless way to enforce
self-discipline, but if we do not utilize it, we will be left
forever unfulfilled.

Brian Tracy, one of the world's top business speakers
and author of 35 books on business and personal pro-
ductivity, offers some very simple advice: simply start
doing what you know you need to do. Stop pushing it off
for later. Once you start seeing the results active self-dis-
cipline yields, the desire for the payoff begins to become
greater than your resistance to taking action.

To more easily promote successful self-discipline,
Covey and Tracy suggest breaking down tasks into small-
er chunks and then simply focusing on taking the first
steps. This way all your tasks and goals won’t feel so
overwhelming, which makes it easier to take action.

David Allen, author of “Ready for Anything,” points
out how crises typically arise because secondary priori-
ties have been neglected. He suggests working on unfin-
ished tasks to open up your creativity. It is more difficult
to focus on the bigger, more urgent tasks when you are
painfully aware of ongoing but necessary projects that
you never seem to start, such as reorganizing your files,
catching up with your accounting, or updating your
phone book. So set aside some time – even if it is just an
hour or two a week – to work on these longer term, but
less urgent projects. Just don’t let these tasks become
distractions from working on the bigger picture goals.

Work when you're supposed to be working! ... If you
want to maximize your productivity at work and balance
it into the larger scheme of your life, focus is crucial.
Tracy says the reason people’s lives get out of balance is
not because they have too much work to do, but because
they do too little work. And he means they waste too
much time when they are supposed to be working. If you
have to, turn off the phone and shut down your email.
You will find the more work you do get done, the better
you feel – which motivates you to keep doing more of the
same. 

And some quick tips …
• Write out your goals.
• Break down your goals into actions.
• Break down these actions into bite-sized chunks. 
• Schedule these chunks into your planner.
• Follow through with action.
• NEVER give into the temptation to do the small 

things first just because they're small.
• Intersperse periods of intense work with periods 

of recovery, even if brief.

(Marshall Brown, a certified career and executive coach
has always had a passion for helping people find ways to
live more fulfilling lives. As a coach, Marshall helps indi-
viduals to find their passions and encourages them to
move ahead in reaching their goals.)

marshall@mbrownassociates.com or visit
www.mbrownassociates.com (202.518.5811)
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WHAT’S UP WITH WATER?
Eric J. Fitch

LAND, WATER, AND THE
UNDISCOVERED COUNTRY

As an academician, May is always my season of con-
tentment. My students either graduate or go forth to
other fruitful endeavors such as internships, jobs, or like
activities. At the same time, for the last decade, I’ve
helped to organize and participated in YES (Young Engi-
neers and Scientists) Days. This is an event where par-
ticipants from local industries, agencies, and colleges
spend a couple of days putting on talks and exhibitions
to help interest our local 7th graders in studying  science
and engineering. In these young faces I see the undis-
covered country, the Future.

Two recent sets of publications have captured my in-
terest and have caused me to worry for both my college
students and those 7th graders regarding the world and
the problems that we baby boomers are leaving them. I
was recently listening to NPR when the host interviewed

Cullen Murphy, author of “Are We Rome?” It is a fasci-
nating study comparing the Roman Empire in its wani-
days and the “American Empire.” Obviously there are
clear parallels, but there are some surprising areas of
similarity and dissimilarity (e.g. many people assume
that Rome fell at its most “decadent” period and fear for
America because we seem decadent to them). Actually,
Rome was arguably at its most religious, even pious in
modern terms. There was probably genuine surprise that
Rome fell to the “pagan” barbarians wondering why God
did not save them. This year I have also been following
the releases of sections of the current report of the Inter-
governmental Panel on Climate Change (IPCC); the inter-
national body of scientists and other authorities who are
pulling together the best information on climate change.
My reactions coming away from reading these materials
placed me in a less sunny frame of mind. I harken back
to an earlier time in our history and a set of cautionary
tales shared by a USDA/SCS scientist W.C. Lowdermilk.
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Lowdermilk was the assistant chief soil scientist of
the Soil Conservation Service (now the Natural Resource
Conservation Service) from 1933-1947 who traveled 
throughout the Middle East, the Mediterranean basin,
and China in 1938 and 1939. He visited the sites of great
ancient civilizations and studied the historical soil and
water conditions. He wrote up his observations and pub-
lished them in a Soil Conservation Service Bulletin (AIB
No. 99) in 1953. Since then, the bulletin entitled “Con-
quest of the Land through 7,000 Years” has become the
most requested publication in the history of the USDA.
Part travelogue, part conservation science report, and
part jeremiad, this 24-page pamphlet both eloquently
and colloquially relates a correlation between the fall of
past civilizations to abuses of their land and fresh water
resources. He also shared his observations with regard to
successful conservation practices and finished with cau-
tionary tales regarding conditions here in the United
States (U.S.). At the conclusion of the booklet, he shared
a reflection that he had while visiting Palestine (aka Is-
rael). He wondered if Moses should have given an
Eleventh Commandment to the Hebrews and all hu-
mankind: “Thou shalt inherit the Holy Earth as a faithful
steward, conserving its resources and productivity from
generation to generation. Thou shalt safeguard thy fields
from soil erosion, thy living waters from drying up, thy
forests from desolation, and protect thy hills from over-
grazing by thy herds, that thy descendants may have
abundance forever. If any shall fail in this stewardship of
the land thy fruitful fields shall become sterile stony
ground and wasting gullies, and thy descendants shall
decrease and live in poverty or perish from off the face of
the earth.”

Today in the U.S. those of us in the field of water
management have some great advantages over Lowder-
milk, though we see many of the same things. From my
father’s generation, through my generation, and down to
the generation of my niece and nephews, the ones com-
ing into its majority today, we have made quantum leaps
in our knowledge and understanding of the natural
world. On top of the advances in understanding of the
physical and biological nature of this world and its dy-
namics like those represented by the IPCC reports, there
has been a steady march forward in terms of analysis of
the human part in the grand equation. For example,
many of us matriculated debating neo-Malthusian analy-
ses which have shown us the consequences of overpopu-
lation and excessive resource consumption (e.g. “The
Limits to Growth” and “Beyond the Limits” by Donella
Meadows et al with the cornucopian arguments of Kahn,
Wildavsky and Simon). Social scientists from anthropol-
ogy and geography to political science and sociology have
finely dissected the interrelationships of humans and na-
ture (e.g. “The Long Summer” and “The Little Ice Age” by
Brian Fagan). Progressive thinkers have helped us to in-
tegrate this knowledge into a workable dynamic for adap-
tively managing human civilization to mesh with the nat-
ural world (e.g. “Design With Nature” by Ian McHarg). In
addition, we have hope and optimism in these social tools
and forces. To paraphrase a popular TV series of my
youth, “...we can rebuild it. We have the technology. We

have the capability to build a better world ...better,
stronger, faster.” But that better world is not one depen-
dent upon our domination of the world, but in adapting
to change and preserving as much as we can of the mas-
ter blueprint.

Where Lowdermilk had the advantage was in a dif-
ferent kind of faith; not faith in a higher power (which he
seemed to have in abundance) but a faith that seemed to
be much more in abundance in the 1930s-1950s in this
country. Throughout most of my lifetime, we have had
leaders in government tell us that government cannot do
anything right, and it is getting harder now to disagree. If
you read Jean Edward Smith’s eponymously titled new
biography of FDR, you can see into another time; a time
when people had faith in government to do great things
and great things were done regardless of party. FDR, Tru-
man, and Eisenhower all came out of this mold. JFK gave
us hope and vision; LBJ tried to fulfill JKF’s vision. Since
those days we have been on a ride of diminishing expec-
tations; with our leaders being sabotaged by combina-
tions of personal flaws, disloyal opposition and rampag-
ing cynicism. Unfortunately, this growing lack of faith in
government took place while we were just starting to con-
front key environmental problems nationally and global-
ly. Today, we face a rapidly changing world with Malthu-
sian dilemmas becoming bigger and bigger wolves at the
door. I argue that population growth and diminishing
safe water, soil, food, and other critical resources along
with debts of money and good will must force us to have
faith in government. If we are to have at least the same
quality environment to hand over to the next generation
as we have today, active integrated management of water
and soil resources from a national perspective is the min-
imum we need. Lack of faith in our abilities and incom-
petence are no longer luxuries we can afford.

The IPCC report tells us that we are already past or
rapidly approaching some key “tipping points,” and that
significant changes are already happening. Studies indi-
cate we are losing massive numbers of species and habi-
tats nationally and globally. If projections prove accurate,
sea level rise will threaten coastal habitability for many
states, and completely obliterate some other nations be-
fore these 7th graders are ready for retirement. Critical
attention to resource management and habitat preserva-
tion on a national and global level is an immediate ne-
cessity and that can only be done by countries, govern-
ments, and people who believe in themselves. As for the
U.S., we need to go beyond national water and land use
plans that are simply “plans,” and go for implementation
that has teeth. We need to have faith that through gov-
ernment, in conjunction with business and nonprofits
and communities, we can address the question of green-
house gas emissions and adaptively manage the changes
that are going to take place to optimize protection of hu-
mans, our built environment, and the natural wealth of
our environment.

fitche@marietta.edu
❖ ❖ ❖
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In a previous Water Resources IMPACT column we ex-
plored the various types of lawyers and practice areas
that are involved in water resources issues and projects.
Just as different professions (economics, engineering,
planning, etc.) have their own language and terminology,
the different practice areas of law have specialized terms
and ways of communicating in a written and verbal for-
mat. In order for a nonlegal water resources professional
to be an ‘informed consumer’ of legal services, it is im-
portant to appreciate the legal language, and in particu-
lar, the importance to lawyers of a ‘term of art.’ In this
column we will explore a basic framework for legal ‘terms
of art;’ Latin words and phrases, specific or defined
terms, and common legal phrases.

Clearly a great deal of confusion can result when pro-
fessional communications use language that has differ-
ent meanings for different readers. One of the ways that
attorneys distinguish themselves from other professions
is with the use of Latin words and phrases, or other legal
terminology. We would encourage nonlegal water re-
source professionals to ask their attorneys for an expla-
nation of any legal terms for two basic reasons. The first
is that an attorney is likely assuming that everyone
knows what she or he is referring to unless asked, and a
misunderstanding about the nature and extent of an af-
fidavit, motion, or expert report could be very significant
for everyone involved. The second, from our own experi-
ence, is that the process of explaining the legal term can
be as useful for the attorney as for the audience. We have
had, on occasion, a surprising insight trying to explain a
legal term to a colleague, sometimes to our dismay. As an
‘informed consumer’ of legal services you should be con-
cerned if your attorney co-worker is unwilling or unable
to explain the legal terminology that they are using.

Latin words and phrases are perhaps the most ob-
scure communication that one will hear from an attor-
ney. If an attorney shakes her head and says that “the
darned judge acted sua sponte” and then proceeds to talk
about a plan of action and who needs to do what, others
may be left wondering what happened to the other work
plans and assignments. In this instance, the term sua
sponte means that the judge acted on her own accord
and not in response to a motion or court filing. Judges
can and do act in ways that they think are in the best in-
terests of a case, and it can be particularly frustrating to
attorneys who wanted the opportunity to brief and argue
the same issue. Our favorite legal Latin phrase, which
comes up in many conversations with clients, is res est
misera ubi jus est vagum et incertum, or ‘it is a wretched
state of things when law is vague.’

Common legal phrases are similar to the Latin 
phrases above, except that some attorneys or nonlegal 

professionals may confuse a legal term with its nonlegal
definition. In transactional legal work, the terms ‘offer’
and ‘acceptance’ have very particular meanings and they
are truly ‘terms of art,’ interpreted by the judiciary and 
intentionally used by attorneys in the practice of law. An
‘usufructuary’ property right to water makes clear a
lawyer’s need to distinguish the relationship of the pub-
lic and a water right owner to a water right in contrast to
many other types of property interests that one may have
in land or personal property. We mention the usufructu-
ary right in water law since the right to use and enjoy the
benefits of water which is held by the public is a unique
aspect of water resources. ‘Offer,’ ‘acceptance,’ ‘usufruct,’
and ‘sua sponte’ are all explained best in the venerable
Black’s Law Dictionary that most attorneys will have
somewhere on their bookcase. Most attorneys will also
have stories about how Black’s tortured them or saved
them in law school. Unfortunately, the Black’s publishing
company has not made itself available online for free.  We
recommend the Merriam Webster’s Dictionary of Law at
the Findlaw site (dictionary.lp.findlaw.com) or Nolo’s
Everybody’s Legal Dictionary (nolo.com).

Lastly, specific terms may be defined by contract,
court case, or other written document and are most like
the forms of terminology used by the nonlegal water re-
source professions. If one needs to determine the mean-
ing of ‘induced drawdown’ or ‘fixed overhead and re-
placement costs’ then hopefully a local or professional re-
source can be consulted.

Written and verbal skills are the core competencies of
a lawyer. The language used, an in particular ‘terms of
art,’ are especially important to a lawyer’s work. The con-
flict and confusion that can come from alternate defini-
tions is particularly high in the water resources field be-
cause of the variety and number of other professions that
work on such projects. We hope that this short article en-
courages nonlegal professionals to become more in-
formed consumers and will make transparent that which
legal terminology can obscure.

ksharwood@ci.santa-fe.nm.us
mhenrie@bhfs.com

❖ ❖ ❖

TERMS OF ART AND OTHER (MIS-) COMMUNICATIONS
Michelle Henrie and Kyle S. Harwood
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▲ JAWRA Technical Papers ... June 2007 • Vol. 43 • No. 3

TECHNICAL PAPERS

• Hydrology and Water Budget for a Forested Atlantic Coastal Plain Watershed, South Carolina

• Nutrient Uptake in a Large Urban River

• Mathematical Model on Flow Regime and Water Harvesting in Inundation Plains

• Relationship of Land-Use/Land-Cover Patterns and Surface-Water Quality in the Mullica River Basin

• A GIS-Based Approach to Watershed Classification for Nebraska Reservoirs

• Valuing Water Rights in Douglas County, Oregon, Using the Hedonic Price Method

• Variation of Nitrogen Concentrations in Stormpipe Discharge in a Residential Watershed

• Relative Influence of Streamflows in Assessing Temporal Variability in Stream Habitat

• Time Series Analysis of Nebraska Daily Rainfall Data to Simulate Atrazine Runoff

• Dynamic Modeling of Ground-Water Quality Using Bayesian Techniques

• Dynamic Control Switching Applied to Water Resource Management Simulation

• Upstream Channel Changes Following Dam Construction and Removal Using a GIS/Remote Sensing Approach

• Managing the Commons Texas Style: Wildlife Management and Ground-Water Associations on Private Lands

• Effects of Impervious Cover at Multiple Spatial Scales on Coastal Watershed Streams

• Use of a Wetland Index to Evaluate Changes in Riparian Vegetation After Lifestock Exclusion

• Hydrograph Separation by Incorporating Climatological Factors: Application to Small Experimental Watersheds

• GeoTools: A Toolkit for Fluvial System Analysis

• Modeling Pre- and Post-Dam Removal Sediment Dynamics: The Kalamazoo River, Michigan

• Predicting River Floodplain and Lateral Channel Migration for Salmon Habitat Conservation

• Five Hundred Years of Hydrological Drought in the Upper Colorado River Basin

• Mapping Three-Dimensional Water-Quality Data in the Chesapeake Bay Using Geostatistics

• History and Development of the NRCS Lag Time Equation
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The American Water Resources Association's Annual Conference will be held in Albuquerque, New Mexico, November 12-15, at
the Embassy Suites Hotel. We expect this conference to be one of AWRA's largest, as a record 414 abstracts have been received.

On the Sunday (November 11) before the conference begins, AWRA will stage as many as four (4) workshops at the 
Embassy Suites. These can be as short as 2 hours or as long as 8 hours. We are now soliciting workshop proposals. If a proposal
is accepted, AWRA will collect the fees for the workshop conveners via the registration process. AWRA can offer CEUs.

If you would like to have AWRA consider a workshop proposal, please send a Word document (no more than one page)
to Michael Campana (aquadoc@oregonstate.edu) and Karl Williard (williard@siu.edu) by July 31, 2007. It should contain the fol-
lowing information:

(1) Title of Workshop
(2) Name, affiliation, contact info (email, phone) for the convener(s)
(3) Length
(4) Special needs (PowerPoint projector, DVD player, each attendee needs to bring a laptop, wireless

Internet access, etc.)
(5) Previous offerings (number of times)?
(6) Target audience
(7) A brief (1-2 paragraphs) description of the objectives, what will be covered, etc.

SOLICITATION
FOR WORKSHOP

PROPOSALS
(DUE JULY 31)

WORKSHOPS WILL BE HELD ON
SUNDAY, NOVEMBER 11, PRIOR

TO AWRA’S ANNUAL
WATER RESOURCES CONFERENCE

November 12-15, 2007



AMERICAN WATER RESOURCES ASSOCIATION MEMBERSHIP APPLICATION – 2007
MAIL THIS FORM TO . . . AWRA • 4 WEST FEDERAL ST. • P.O. BOX 1626 • MIDDLEBURG, VA 20118-1626
FOR FASTEST SERVICE . . . FAX THIS FORM (CREDIT CARD OR P.O. ORDERS ONLY) TO (540) 687-8395

QUESTIONS? . . . CALL AWRA HQ AT (540) 687-8390 OR E-MAIL AT INFO@AWRA.ORG

➤➤  COMPLETE ALL SECTIONS (PLEASE PRINT)

LAST NAME FIRST MIDDLE INITIAL

TITLE

COMPANY NAME

MAILING ADDRESS

CITY STATE ZIP+4 COUNTRY

IS THIS YOUR ❑ HOME OR ❑  BUSINESS ADDRESS?

PHONE NUMBER FAX NUMBER

E-MAIL ADDRESS

RECOMMENDED BY (NAME) AWRA MEMBERSHIP #

➤ STUDENT MEMBERS MUST BE FULL-TIME AND THE APPLICATION
MUST BE ENDORSED BY A FACULTY MEMBER.

PRINT NAME SIGNATURE

ANTICIPATED GRADUATION DATE (MONTH/YEAR):

➤➤  KEY FOR MEMBERSHIP CATEGORIES:
JAWRA – JOURNAL OF THE AWRA (BI-MONTHLY JOURNAL)
IMPACT – IMPACT (BI-MONTHLY MAGAZINE)
PROC. – 1 COPY OF AWRA’S ANNUAL SYMPOSIUM PROCEEDINGS

ENCLOSED IS PAYMENT FOR MEMBERSHIP (PLEASE CHECK ONE)
❑  FULL YEAR ❑  HALF YEAR

❑ REGULAR MEMBER (JAWRA & IMPACT) ...................................$150.00
❑ STUDENT MEMBER (IMPACT) FULL YEAR ONLY............................$30.00
❑ INSTITUTIONAL MEMBER (JAWRA, IMPACT, & PROC.).................$325.00
❑ CORPORATE MEMBER (JAWRA, IMPACT, & PROC.) ....................$425.00
❑ AWRA MEMBERSHIP CERTIFICATE ..........................................$11.00

➤ FOREIGN AIRMAIL OPTIONS: CONTACT AWRA FOR PRICING.

➤➤  PLEASE NOTE

∗∗ MEMBERSHIP IS BASED ON A CALENDAR-YEAR; AFTER JULY 1ST REGULAR,
INSTITUTIONAL, OR CORPORATE MEMBERS MAY ELECT A 6-MONTH MEMBER-
SHIP FOR ONE-HALF OF THE ANNUAL DUES.

∗∗ STUDENTS DO NOT QUALIFY FOR HALF-YEAR MEMBERSHIP.
∗∗ REMITTANCE MUST BE MADE IN U.S. DOLLARS DRAWN ON A U.S. BANK.

➤➤  PAYMENT MUST ACCOMPANY APPLICATION

PAYMENT MUST BE MADE BY CHECK OR ONE OF THE FOLLOWING CREDIT CARDS:
❑ VISA ❑ MASTERCARD ❑ DINERS CLUB ❑ AMEX ❑ DISCOVER

CARDHOLDER’S NAME

CARD # EXP. DATE CSC #

SIGNATURE (REQUIRED)

➤➤  YOUR PRIMARY REASON FOR JOINING? (CHECK ONE)
❑ TO RECEIVE INFORMATION THROUGH JAWRA AND IMPACT

❑ NETWORKING OPPORTUNITIES

❑ TECHNICAL COMMITTEE INTERACTIONS

❑ CONFERENCE DISCOUNT

❑ EMPLOYMENT OPPORTUNITIES

❑ OTHER:

➤➤  HOW DID YOU LEARN OF AWRA? (CHECK ONE)
❑ PROMOTIONAL MAILING

❑ INTERNET SEARCH

❑ JOURNAL (JAWRA)
❑ IMPACT
❑ BOSS/FRIEND/COLLEAGUE

❑ EMAIL RECEIVED

❑ OTHER:

DEMOGRAPHIC CODES
(PLEASE LIMIT YOUR CHOICE TO ONE IN EACH CATEGORY)

JOB TITLE CODES EMPLOYER CODES WATER RESOURCES DISCIPLINE CODES

CF Consulting Firm
EI Educational Institution (faculty/staff)
ES Educational Institution (student)
LR Local/Regional Gov’t. Agency
SI State/Interstate Gov’t. Agency
IN Industry
LF Law Firm
FG Federal Government
RE Retired
NP Non-Profit Organization
TG Tribal Government
OT Other

EDUCATION CODES

HS High School
AA Associates
BA Bachelor of Arts
BS Bachelor of Science
MA Master of Arts
MS Master of Science
JD Juris Doctor
PhD Doctorate
OT Other

AG Agronomy GI Geographic
BI Biology Information
CH Chemistry Systems
EY Ecology HY Hydrology
EC Economics LA Law
ED Education LM Limnology
EG Engineering OE Oceanography
FO Forestry PS Political
GR Geography Science
GE Geology OT Other

JT1 Management (Pres., VP, Div. Head,
Section Head, Manager, Chief
Engineer)

JT2 Engineering (non-mgmt.; i.e., civil,
mechanical, planning, systems
designer)

JT3 Scientific (non-mgmt.; i.e., chemist,
biologist, hydrologist, analyst,
geologist, hydrogeologist)

JT4 Marketing/Sales (non-mgmt.)
JT5 Faculty
JT6 Student
JT7 Attorney
JT8 Retired
JT9 Computer Scientist (GIS, modeling,

data mgmt., etc.)
JT10 Elected/Appointed Official
JT11 Volunteer/Interested Citizen
JT12 Non-Profit
JT13 Other

PLEASE NOTE YOUR SELECTED CODE
NUMBERS FROM ABOVE

JOB TITLE CODE ......................................
EMPLOYER CODE .....................................
WATER RESOURCES DISCIPLINE CODE ............

EDUCATION CODE ....................................
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