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Damned Dams?
New Water Storage for a Sustainable West
Executive Summary
For most of the last 150 years, any new activity in the West was automatically
accompanied by new dams and surface water storage. Water use grew in lockstep with
population and the economy. During the last decades, that link was broken and we
entered a new era. Population and the economy grew, but in some places water
withdrawals did not. We all but stopped building dams and new surface water storage.
We even started taking some down. But once again new surface storage is being
planned, and some even built. This report provides a perspective from three states,
California, Colorado and Washington, on the growing interest in new surface storage.
Surveying the three states, two types of project stand out. One is very much in the
decades-old tradition of western dams. The other is very different.
Traditional projects look much like modestly updated plans from the great era of Western
dam building – a new need is filled by building a new dam and reservoir. Thanks in part
to modern environmental laws and modern environmental politics, the projects are
probably not as environmentally destructive as the old projects. But they would be
recognizable to the legendary Bureau of Reclamation Commissioner Floyd Dominy, who
would nonetheless blanch at their cost. That cost, both in dollars and the environment
probably will keep most of them from being built.
But there is a very different type of project in the works too. Two examples from
California were built not so much to increase water supplies, but rather to improve water
quality and increase the reliability of water delivery to customers in a landscape subject
to earthquakes and complex regulatory decisions. The central function of these dams is
to improve water delivery operations, and serve as essential parts of increasingly
integrated water supply systems. They were also built with significant consideration
(albeit not necessarily perfect) for the environment, and may even provide ecosystem
benefits.
These California projects are part of a nascent and important trend in water supply – an
integrated approach to meeting water needs, using sophisticated risk management,
portfolios of supply and storage options, conservation, and environmental restoration.
Collectively this approach is called “smart” water; a term coined in Facing our Future,1 a
1

Trout Unlimited, Western Resource Advocates, and Colorado Environmental Coalition, 2005, Facing .ur
Future: A Balanced Water Solution for Colorado. Available at http://www.tu.org/atf/cf/%7B0D18ECB77347-445B-A38E-65B282BBBD8A%7D/facingourfuture_lowres.pdf
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recent report on Colorado’s water system. “Smart” water systems may need a few more
new surface storage facilities, but they are likely to be off-stream, constructed after
looking carefully at all the alternatives, and relatively benign environmentally.
Of course, most storage projects fit somewhere between the traditional projects and the
“smart” projects. These transitional projects are where most water systems are today –
using the approaches of the past to address the problems of the future. “Dams for the
environment,” where a significant part of the rationale for the water supply is
environmental restoration, generally fall into this category. Some smaller projects, but
few of the most expensive large projects will be built if alternatives are carefully
considered.
Bringing water management – supply, demand, and sometimes new storage -- into the
modern era, using “smart” approaches is the challenge and opportunity for the next phase
of work on Western water.
Drivers for New Storage
Some of the forces behind the modern push for new storage are familiar, some are not.
The most important drivers identified are:
!"Population Growth. The West is growing--fast. Colorado is projected to grow
by 65% by 2030. California may add 15 million people and reach 50 million by
then.
!"Regional Economic Development. While the old adage that “water flows uphill
towards money” in the West remains true, the converse also holds – where there
is water, money follows.
!"Environmental Restoration. A new driver is repairing the damage done by the
old water systems. Four of five new storage proposals coming out of California’s
CALFED process have environmental restoration as a primary rationale.
!"Risk Management - Drought, Floods, Climate Change, Earthquakes, and
Terrorism. Risk management is moving beyond flood control and drought to
other events that could disrupt their systems. Climate change in particular is
entering the discussion in a new and serious way.
!"Promises. The most prominent example is settlement of Indian water rights
claims, which may require new storage to avoid disrupting existing claims.
However, agricultural water users may have unfulfilled contractual or other
claims that provide political support for new projects.
!"System Effectiveness. The two recently constructed reservoirs in California are
examples of projects completed to improve water quality and system operations.
“Smart” water systems may need some new storage.
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Countering New Storage Project Proposals
A variety of social and institutional factors counter the drivers for building new storage.
!"Financing. The single most important counterforce working against new surface
storage projects is the concept of “beneficiary pays.” It is particularly potent as
the federal government leaves the business of handing out all but free dams.
!"Economics. Least cost alternatives analysis is gaining importance, as alternatives
such as conservation become attractive.
!"Conservation and Efficiency. The potential for urban water conservation is huge
-- in excess of 25% of urban water use using current technology and at a price
competitive with other water sources.
!"Integrated Water Plans Integrated water management plans generally include a
mix of infrastructure improvements, environmental enhancements, and programs
such as water recycling, water use efficiency, groundwater management and
conjunctive use, water transfers and exchanges, flood protection and watershed
management. They create a framework and structure for managing investments
and risk, creating options other than building new surface storage.
!"Sustainable Communities Indian Tribes occupy important positions in water
decisions, where they hold senior water rights or have fishery rights. As
agricultural water is sold to cities, or otherwise affected, farmers’ interest in urban
conservation and reining in urban thirst grows.
Strategies and Recommendations
In this work, three elements of a progressive water agenda were identified:
!"Protect existing rivers and flows. Protecting rivers through instream flow and
other conservation work is critical to promoting a positive water agenda because it
forces consideration of alternatives to new projects.
!"Restore damaged ecosystems. Environmental restoration forces consideration of
damage already done to the environment, and helps sets the bar higher for new
projects.
!"Promote “smart” water storage and systems. Unless the thirst of the West’s
growing cities and suburbs is slaked, work on protecting rivers and restoring the
environment will ultimately be undone by the twin threats of growth and climate
change. This is a developing area where new funding and innovative approaches
will change the future of the West.
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Strategies for protecting rivers and flows and restoring ecosystems are beyond the scope
of this project. Recommendations for implementing “smart” water approaches are:
1. Support projects and organizations that use integrated approaches to water
problems.
Water problems are by their nature a combination of engineering, social, economic,
environmental and legal issues. Organizations working on the issues need to match that
nature. The Pacific Institute, working at the intersection of environment, economics and
society has substantially changed the understanding of California water managers and
politicians on the link between population growth, economic growth and water use, as
well as the role of urban conservation. More organizations adopting a multi-factor
strategy are needed.
2. Look for opportunities to support urban water agencies in moving towards
integrated, systems-based, approaches.
Some of the most innovative work in water is being done by water districts. They are
working on environmental restoration and developing integrated systems-based water
management, spending their own money to develop the concepts and techniques.
Supporting and encouraging those districts directly or indirectly to develop and
implement the “smart” water strategies is a high leverage proposition. Because the
“smart” approaches are cost-effective and increase reliability, the business community is
a natural ally. Government agencies are as well. Both should be engaged.
3. Make urban water conservation a paramount solution.
The largest threat to both aquatic ecosystems and irrigated agriculture is the West’s
population growth. But the conservation groups state that money to work on urban
conservation is scarce. The energy sector provides an evolving model for mounting
effective conservation campaigns.
4. Information – improved water measurement and quantification is necessary.
Sophisticated, integrated systems approaches require good information. Surprisingly,
water information is remarkably poor. Information is an area for advocacy organizations
to form natural alliances with water managers, government, agriculture and other interest
groups.
5. Use climate change in advocacy – carefully.
Climate change is at the earliest stage of becoming a factor in pushing for new
inappropriate surface storage. It should be used, however, to help move water
management towards “smart” approaches including conservation and integrated systems
rather than as justification for many new storage projects.
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Damned Dams?
New Water Storage for a Sustainable West

Introduction
Many have proclaimed an end to the great dam building era in the West. Decades of
engineering resulted in building upon all but a few of the best, most cost-effective dam
sites. The rise of environmental regulation makes building any significant dam an
arduous, politically difficult and expensive proposition. Initial estimates for construction
costs for major dams start in the billion dollar range and, globally, end up costing half
again as much as originally estimated.2 But those proclamations may have been
premature -- new surface storage is being built, and more is being planned.
This study is intended to provide a perspective on growing interest in new surface storage
and to suggest strategies and approaches to the western water funding community. The
states are considered: California, Washington and Colorado
In California, three new storage reservoirs of greater than 100 thousand acre-feet (TAF)
capacity have been completed in the last decade. Further, the enormous and complex
CALFED process focused on water supply reliability and environmental restoration,
resulting in ongoing feasibility studies for five significant surface storage projects.
In Washington, the Bureau of Reclamation is studying Black Rock Reservoir, a massive
project that would draw from the Columbia River and divert water to the Yakima River
to benefit agriculture and salmon. Earlier this year, the Washington Legislature funded
studies of off-stream reservoirs to store Columbia River water for use during critical
summer months.
In Colorado, the federal Animas-La Plata Project is under construction to meet water
rights obligations to three Indian Tribes, as well as provide water supplies to southern
Colorado and northern New Mexico. A dozen other water projects, some involving new
reservoirs and more using expansion of existing reservoirs, are in various stages of
planning by water districts and local municipalities to meet the needs of the state’s
burgeoning population.
River conservation activists for many years focused on stopping construction of new
dams, and were quite successful. In recent years as the number of serious proposals for
new surface storage waned, the attention of the conservation community turned to
2

Cost overruns for large dams surveyed worldwide averaged 56%. World Commission on Dams, 2000,
Dams and Development: A New Framework for Decision Making, p. 39. http://www.dams.org/report/.
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restoration of aquatic and riparian habitat, and the need for environmental flows in the
West’s rivers and streams. However, unless re-emerging and new demands for surface
storage are addressed, the gains in restoration and instream needs will be in jeopardy.
New storage projects typically rely on skimming even more of high flows, further
altering the hydrograph of rivers already severely altered. Achieving sustainable
solutions to the West’s environmental water problems will require developing sustainable
solutions to the West’s human water needs.
New dams and new surface storage will almost certainly be needed in a sustainable,
Twenty-First Century, West. However, the West, and Western water issues are in a state
of rapid transition, where the old ways of water coexist with a host of new approaches.
In the old days, the answer to a water problem was usually to build a new dam and
conveyance system, often using federal funds. That approach is still being pursued,
although sometimes the problem to be solved is water quality or environmental
restoration.
More sophisticated solutions are being developed to address water supply problems using
portfolios of water sources, demand management, explicit risk analysis, and least cost
analysis. These more modern techniques of system analysis and engineering are similar
to those used in electrical generation and transmission systems or financial portfolio
management. Embedded in these modern approaches is a growing recognition of the
need for ecosystem restoration – the water engineering approaches of the past have
caused species extinction, water quality problems and habitat destruction prompting a
growing public will to restore. And overlaying all of this is the recognition that the
climate is changing. As the West warms, the winter snowpack shrinks, reducing
unmanaged, but vital, within-year storage. Where new surface storage will fit in these
new approaches has yet to be determined.
A critical question when looking at any new surface storage proposal is the following: is
this an example of the old school of water engineering; a transitional approach; or
something new? It is often difficult to tell, and with the rapid changes taking place, what
looks new today, may be seen as a failed transitional approach in just a few years. The
task for progressive water management is to push towards effective, sustainable
solutions.
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Principal Drivers for New Storage
Economic development in the form of expanding agriculture and hydropower was behind
many of the storage projects developed during the peak of Western dam building in the
middle of the 20th century. As projects grew larger and more expensive, they more
frequently became multipurpose, often incorporating other forms of economic
development, such as recreation and urban water supplies, as well as risk management in
the form of flood control.
Today, new major water projects have enormous financial, regulatory and political
obstacles to overcome. Virtually all new projects have multiple purposes, which help
overcome those obstacles and build political support. Economic development in various
forms is still a principal factor, but other, newer, drivers are becoming important, and in
some cases provide the rationale for a project. In this study, the following factors are
identified as principal drivers for new projects.
Population Growth – Water for the burgeoning cities of the West is a common rationale
for new storage projects. However the role of conservation and making better use of
existing supplies is growing. The balance among reaching out with new storage projects,
transferring water from other uses, conservation, and system efficiency depends in large
part on the perceived difficulty of building new projects and the relative costs of the
options.
In Colorado, the Front Range cities are driving new water projects, as they will add most
of a projected 2.8 million additional people in the state by 2030, increasing population by
65%.3 Colorado’s recent Statewide Water Supply Initiative,4 (SWSI) reviewed
Colorado’s water future in light of its supplies and projected demands. Colorado’s
strategy is influenced by the perception that there is a significant amount of water
available to it under interstate agreements that it has not yet used.5 To meet much of the
demand for 2030, the unallocated water will be put to use through a number of new and
improved storage and conveyance projects. Modest urban conservation and transfers
from agriculture will meet remaining demand. SWSI notes other uses, particularly

3

Colorado Water Conservation Board, 2004, Statewide Water Supply Initiative Water Demand Fact Sheet.
http://cwcb.state.co.us/SWSI/pdfDocs/Demand_FactSheet_7-19-04.pdf
4
Colorado Water Conservation Board, 2004, Statewide Water Supply Initiative (SWSI), Phase I Report.
http://cwcb.state.co.us/SWSI/PhaseIReport.htm
5
Colorado’s water use on its major interstate rivers is constrained by interstate law (compacts, treaties,
memorandums and court decisions). For a brief description of each compact, see SWSI at pp 4-2to 4-6.
The amount of water unallocated is unclear, in part because it depends on variable hydrology, but is
reported to be 400TAF to 1.5MAF. There is, however, significant doubt as to whether any unallocated
water really remains as it would depend on how Colorado River water shortages are ultimately allocated
and uncertain hydrology. If there is unallocated water, it is primarily in the Colorado River basin, while
growth is on the Front Range. Existing senior water rights make using that water difficult; any new
diversion in the headwaters affects downstream users. Therefore, from a legal perspective, the most
available water is far downstream, near the state border. Hence proposals like the “Big Straw” which
would draw Colorado River water near the border and pump it back upstream to new uses and in exchange
for water from further upstream.
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environment and recreation, but they are not its priority, and have not been a primary
rationale for proposed projects.
Population growth can, however, be supplied with water in other ways. Since 1975,
California has added 15 million people, yet is using less water than it did then.
Conservation and increased efficiency, along with transfers of water from agriculture to
municipal and industrial (M&I) use and making better use of local supplies and
groundwater, have allowed enormous growth in the state’s population and economy with
only three major (greater than 100,000 acre-feet) new surface storage reservoirs since
1979.
Regional Economic Development While the old adage that “water flows uphill towards
money” in the West remains true, the converse also holds – where there is water, money
follows. Economic impacts from a new multi-purpose surface storage project can be
enormous and accrue to the benefit of a variety of different interests, only some of whom
pay for their benefits. Direct beneficiaries typically pay at least a portion of the costs of
the project and often include agriculture, M&I water agencies, and hydropower
customers. Depending on the level of subsidies embedded in a project, the direct
beneficiaries may pay all, or only a small fraction, of the actual allocated cost.
Local and sometimes distant communities may receive large indirect benefits from
reservoirs without paying for them at all. Construction provides a temporary impact
which brings a large, multi-year, boost to the local economy for a billion dollar project.
Then, in the increasingly recreational economy of the West, many reservoirs are ringed
with real estate developments, golf courses, marinas and their supporting businesses.
Downstream flood plains may become developable due to flood control. Rarely do these
indirect beneficiaries pay a proportionate share of the costs of the project. Local
government and chambers of commerce are often boosters for new projects as a result of
these gratuitous benefits.6
Ecosystem Restoration Ecosystem restoration is a significant driver for some new
projects, and at least a part of the rationale for most. In years past, environmental
analysis often focused on mitigation of the impacts of the project. Now, however,
improving some specific environmental condition is often an important part of the
rationale for a project.
California is a leading example of ecosystem restoration as a rationale for new storage.
Four of the five new storage proposals developed in the CALFED process are being
designed to contribute to ecosystem restoration of the Sacramento River -- San Joaquin
River – San Francisco Bay Delta. This restoration effort is not simply a matter of
concern to stalwart environmentalists. Chronic water quality problems in the Delta and
Endangered Species Act issues through the entire system threaten water supplies for
some 22 million Californians and much of the state’s agricultural production that draw
6

Washington’s Black Rock project is designed to provide agricultural water and environmental flows for
salmon, however, for local audiences, its supporters point out the positive impacts of local construction and
recreation. See http://www.yakimarotary.org/tooter/010903.pdf .
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water from the Delta. While an efficient solution entails using less water and managing
conserved water for the environment, that approach was seen in the CALFED process as
divisive and politically more difficult than building new storage. The results are
proposals to build “dams for the environment.”
Washington’s proposed Black Rock Reservoir has a similar ecosystem restoration
component. It would store water pumped from the Columbia River, and release it
through the Yakima River, benefiting irrigated agriculture and some cities downstream,
but also providing flows to restore salmon spawning conditions. Washington is also
studying new off-stream storage for the Columbia River, with a third of the water to be
used for environmental purposes.
In California, drawing distinctions between ecosystem restoration and mitigating the
impacts of a project is becoming a fine art. Because restoring ecosystems damaged by
the existing water projects is seen as a public responsibility, typically water supply
beneficiaries are not asked to pay for that portion of projects. Mitigating the impacts of a
new project, on the other hand, is usually seen a part of the cost of building a project, for
which beneficiaries are expected to pay. The incentives for project beneficiaries, is clear:
characterize projects and their costs as being for restoration rather than mitigation.
Risk Management - Drought, Floods, Climate Change, Earthquakes, and Terrorism
Risk management is taking on dimensions beyond flood control and dry years in storage
proposals. As water managers become more sophisticated in their understanding of
hydrology and other risks, they are taking seriously the possibility of disruption in their
supplies.
The severity and duration of the recent drought in the West is providing emotional, if not
technical, impetus for new projects. For Colorado and other parts of the southwest, 2002
was the driest year in the last four centuries and the region is in the midst of a multi-year
severe drought. Because water projects have almost universally been designed and
operated based upon the hydrology of only the last few decades, this severe drought is
stressing the system. Multi-year drought is a particular problem for reservoirs operated to
drain and fill every year, thus providing no over-year storage.
A growing awareness of the potential impacts of climate change is compounding the
problems water managers face. While the major global climate models are not yet
providing consistent scenarios for precipitation a few decades out, they do predict that
warmer temperatures will cause less snowpack accumulation and more extreme flood and
drought events. With snow providing less storage, and more flood control space needed,
yield of water projects will likely decline. Results from a recent report on the effect of
climate change on California included scenarios under which effect of climate change on
the two major projects ranged from increasing yield by a small amount (1 – 2.5%) to
decreasing it by up to 10%. Further, additional flows would be needed in the Delta to
repel increased salinity from rising sea level. Evaporation and plant transpiration would
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rise, increasing demand for water, and potentially reducing runoff.7 While effects of
climate change have not yet been publicly incorporated into feasibility studies or needs
assessments for any of the projects surveyed, looming climate change has entered the
discussion. In a survey undertaken in the summer of 2005, few Western water managers
were taking any steps to incorporate climate change into their districts’ plans;8 in the
interviews conducted for this study, climate change was brought up by water managers in
virtually every conversation
Water managers whose conveyance systems span hundreds of miles understand that there
is a substantial risk of disruption of supplies due to unforeseen events along the
conveyance path. Examples of possible disruption include: earthquakes throughout the
West, and especially in the coastal population centers; risk of levee failure in California’s
Delta, which could cause the major water projects to be shut down to avoid drawing
saline water; and the latest risk, disruption by terrorists. The possibility of disruption,
especially in the Delta, is one of the reasons MWD in Southern California and Contra
Costa Water District in the Bay Area built terminal storage reservoirs in the last decade;
storing substantial amounts of water near the ultimate user buffers potential disruption.
Promises Commitments made years ago may also be the force behind water projects.
The most prominent example is settlement of Indian water rights claims resulting in
construction of the Animas-La Plata Project, an un-built hold-over from the era of Bureau
of Reclamation irrigation projects. Without the Indian rights component, it is unlikely
that the project would have been built. Similarly, a recent settlement of Indian water
rights in New Mexico and Arizona provided authorization for funding surface storage if
needed.9
Commitments need not be as firm as treaties with Indian Nations to have political force.
In Washington, the state allowed the Odessa sub-basin, a portion of a Bureau of
Reclamation project, to draw down a groundwater aquifer in anticipation of Reclamation
eventually extending Columbia River supplies to the area.10 However, the extension is
unlikely, and the cost of pumping from the now deep aquifer threatens to drive good
quality farmland out of production. The plight of these groundwater irrigators was part

7

California Department of Water Resources, 2006, Progress on Incorporating Climate Change into
Planning and Management of California’s Water Resources, Executive Summary.
http://baydeltaoffice.water.ca.gov/climatechange/DWRClimateChangeJuly06.pdf#pagemode=bookmarks&
page=1
8
Unpublished survey performed for a client in summer 2005. Seattle and Portland were major exceptions.
Both had contracted with the University of Washington to perform detailed modeling of how their water
supply systems would be affected by climate change. For Portland, see
http://www.tag.washington.edu/papers/papers/PortlandClimateReportFinal.pdf. For Seattle, see
http://www.tag.washington.edu/papers/papers/Wiley_Thesis_2004.pdf.
9
Arizona Water Settlements Act, PL No: 108-451
10
Bhattacharjee, S., and D. Holland, 2005, The Economic Impact of a Possible Irrigation-Water Shortage
in Odessa Sub-Basin: Potato Production & Processing, Wash. State U. Working Paper Series WP2005-4
http://129.3.20.41/eps/urb/papers/0506/0506011.pdf
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of the political pressure that led to recent Washington state legislation authorizing
feasibility studies for Columbia River surface storage sites.11
System Effectiveness Two recently constructed reservoirs in California are examples of
projects completed to improve water quality and system operations rather than simply
increasing the quantity of water available.
Los Vaqueros draws from the Delta when flows are high and quality is good, providing
better quality water for customers and reduced demand on the Delta when salinity is high.
Further, the storage helps improve reliability of supplies from the vulnerable Delta.
Expansion of Los Vaqueros is being studied under CALFED to extend these system
effectiveness benefits to other parts of the San Francisco Bay area, and to provide
additional water for ecosystem restoration. In Southern California, Diamond Valley
allows storage and blending of water from two major imported supplies, the Colorado
River and the Delta. The reservoir helps improve the quality of water delivered and
provides flexibility in use of water from the two sources. For both reservoirs, storage
near the ultimate users reduces risk of disruption of supplies. These projects are
examples of a new type of surface storage project: projects designed primarily to improve
a water district’s system effectiveness rather than increase supplies.

11

Columbia River Basin Water Resources Management Bill, Engrossed Second Substitute House Bill 2860
(E2SHB2860). Stillmiller, J., 2006, Washington Farm Bureau, Personal Communication.
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Pushing Back on New Storage Project Proposals
Countering the factors described above are a variety of social and institutional factors that
tend to prevent building new projects. Some of these counter forces have been used for
decades by project opponents, others are newer approaches.
Financing The single most important counterforce working against new surface storage
projects is money. New water projects are hugely expensive – the price tab for a major
surface storage project starts at about a billion dollars and can go up steeply from there.
In contrast to decades past when the federal government would pay for most of a large
project, the concept of “beneficiary pays” is current. When water users are spending their
own money, they must make a business case that deters many unnecessary projects.
During the peak of federal water project construction, enormous subsidies were granted
to irrigation water users, through long term (up to 50 years) no-interest repayment
periods, shifting costs to electric power users, and allocation of portions of project costs
to others.12 But the federal government is significantly slower to fund major new water
projects now, with funding priorities shifting to war and cutting taxes, and entitlements
for baby boomers coming due. During the Clinton Administration the Bureau of
Reclamation downsized, releasing most of its staff with expertise in new construction. In
2003 the current Administration launched Water 2025,13 an initiative to address looming
water crises which made very clear that the Executive was not intending to resume
building large subsidized water projects. Congress has not embraced Water 2025, but
budget constraints have precluded investments in major federal water projects. The fate
of the carefully negotiated CALFED package when presented to Congress is telling – it
was presented as a multi-billion dollar proposal, but was authorized for only $395
million.
Several of the projects considered for this report are feasible only with significant federal
subsidies. Washington’s Black Rock Reservoir will primarily serve agriculture, fishery
restoration and future M&I needs at a cost difficult to estimate now, but likely to be
billions of dollars. Agricultural water users and the state are unlikely to be able to bear
the cost of the project. In California, several of the CALFED projects face similar
challenges. For instance, Temperance Flats in the southern San Joaquin Valley could
provide agricultural water supply only in wet years, making the project hugely expensive
for water users.
Where a legitimate business case is made for a project, modern municipal bond financing
allows state and local governments to build large projects. California’s Los Vaqueros
and Diamond Valley projects were built by water districts using bonds. Colorado’s many
proposed projects typically depend on local government financing. While bond financing
is available for legitimate projects, a problem for proponents of water projects is
12

See GAO, 1996, Bureau of Reclamation: Information on Allocation and Repayment of Costs of
Constructing Water Projects, GAO/RCED96-109 for a summary of Reclamation project cost allocation and
associated embedded subsidies. http://www.gao.gov/archive/1996/rc96109.pdf
13
See http://www.doi.gov/water2025/
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competition – all three states have enormous transportation and other infrastructure needs
which compete for bond financing authorizations. One factor in the failure of a water
project bond proposed by California’s Governor earlier this year was competition from
transportation, flood control and education bonds.
Economics Economic analysis answers the question “is the project worth doing” as
opposed to the financing question of “who is to pay and can they afford it.” Embedded in
that analysis are several separate issues.
First, is the well used benefit/cost analysis. Sophisticated analysis may show that what
appears to be a benefit is really not. Studies performed for the State of Washington of
additional irrigation water supplies from the Columbia River showed positive economic
returns because additional agricultural production would be sold, at prices that were
assumed to be stable. However, Texas A&M agricultural economists looked at how
prices would change with additional production and concluded that decreased prices and
crop mixes would turn the positive economic return negative – the state as a whole, and
other agricultural producers in particular, would be better off without the additional
production.14 In the process of studying the feasibility of proposed projects, there are
many opportunities to challenge economic modeling and assumptions underlying
benefit/cost analysis.
Least cost alternatives analysis is critical as Washington’s Black Rock project shows.
The Congressional authorization for feasibility studies limits the analysis to developing
surface storage options, in large part because local boosters of the project want the real
estate development potential of a large surface reservoir in addition to water supplies.
Yet there are cheaper and potentially less environmentally damaging alternatives not
being considered for providing water supplies where needed, including pumping water
from the Columbia to the lower Yakima and exchanging it for water in storage in the
upper Yakima.15 Because conservation and efficiency typically cost much less than
constructing new surface storage, least cost analysis often favors these approaches.
Economic analysis may also extend to who benefits as well as who pays. Old-style,
federally subsidized, water projects were justified on the basis of regional or national
economic benefits, without regard to who paid for those benefits. The result was the
opposite of taking of private property for public use – it was a “giving” of private benefits
at public expense. Washington’s Black Rock project may be at least in part an example
of these old-style projects in modern form – its supporters are interested in irrigation
water and local economic development with the addition of environmental restoration, all
at substantial public expense.
Conservation and Efficiency Given the growth cities in the West are experiencing,
realizing the potential for conservation and efficiency is ultimately critical to forestalling
investments in new surface storage for M&I use. Fortunately, that potential is huge.
14

Griffin, R.C., 2005, Review of the Columbia River Initiative Cost-Benefit Analyses, Report to American
Rivers. http://www.americanrivers.org/site/DocServer/GriffinFinalStudy.pdf?docID=3242
15
Sandison, D., 2006, WA Department of Ecology, Personal Communication.
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Despite fifteen million additional people and a booming economy California uses slightly
less water than it did in 1975. In California just a few years ago, conservation and
efficiency were considered in planning for the state’s future, but were not central. In the
latest California Water Plan Update 2005 urban water use efficiency is indicated as
having the greatest potential for providing additional annual water of any of the supply
strategies.16
California’s Water Use, Gross State Product and Population

Figure 1. California’s water use, population, and gross state
product between 1975 and 2001. Data are indexed to 1975. Source: the Pacific
Institute. 17
The featured role of conservation in the state Water Plan is due in large part to work by
The Pacific Institute led by Peter Gleick. The Pacific Institute in 2003 issued a policy
driven technical report on the potential for urban water conservation. /aste 1ot /ant
1ot,18 commissioned in part by the State, sets out a technical and economic case that the
cheapest form of water supply is conservation – up to 2.3 of the 7 million acre-feet
(MAF)19 annual urban water use in California could be conserved, with 85% of that
conservation at less cost than alternative water supplies. As the director of an association
of urban water districts put it, “When we saw the report, our gut feeling was that we had
to challenge it. Our consultants said that we could debate the policy [of conservation],
but technically the report was correct… We used to think ‘crazy Peter’, now it’s thank
goodness he’s there.”20
16

California Department of Water Resources, California Water Plan Update 2005, Highlights p 14.
http://www.waterplan.water.ca.gov/cwpu2005/
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Gleick, P., 2006, Testimony to California Senate Committee on Natural Resources and Water , 2/14/06.
http://www.pacinst.org/press_center/press_releases/20061402_Gleick_Testimony_CA_Senate.pdf
18
Gleick, P., et al., 2003, Waste Not Want Not: The Potential for Urban Water Conservation in California,
The Pacific Institute. http://www.pacinst.org/reports/urban_usage/waste_not_want_not_full_report.pdf
19
California Water Plan, p 22-1 cites 2000 urban water use at 8.7 MAF.
20
Macauley, S., 2006, Executive Director, California Urban Water Agencies, Personal Communication.
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On a smaller scale, other cities are already following this path. Since 1975, Seattle
population has increased by 35%, while water use has decreased. Its modeling indicates
that as much as 30 of its 140 million gallons per day use can be recovered through
voluntary conservation at reasonable cost.21

Figure 2. Seattle water consumption and population, 1975-2004. Source:
Seattle Public Utilities22
Outdoor water use is often the hardest conservation target because it involves changing
how a community looks. Tucson in the 1970’s experienced a cultural change, switching
from irrigated lawns to desert landscaping. Las Vegas is in the process of a similar
transition, but using an approach more consistent with its city culture – it is buying lawn.
Roughly half of all water used is for watering single family dwelling yards, and virtually
all of that water evaporates. Southern Nevada Water Authority is paying $1 per square
foot incentives for changing landscaping from bluegrass sod to drip irrigated desert
vegetation. The new landscaping must include at least 50% vegetative cover, to avoid
increasing the urban heat island effect of bare gravel or pavement. About 53 million
square feet have already qualified for the rebate. That amounts to a water savings of
about 9,000 acre-feet per year – 3% of Nevada’s draw on the Colorado River. While this
is a remarkable savings, it represents less than 10% of the total single family outdoor
21

Gustav, R., 2005, Seattle Public Utilities, Personal Communication.
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water use in the area – there clearly are significant landscape conservation potentials as of
yet unrealized.23
While the policy of urban conservation and efficiency is becoming accepted,
implementation is proving more difficult. Depending on the conservation approach,
action by local government, investment, and changes in personal priorities are needed.
Realizing the potential of urban conservation will require significant work on the part of
advocates, water agencies and other governmental entities.
Effective urban conservation poses a serious financial risk for water districts because
conservation is too easy. If water users rapidly and effectively adopt conservation
measures, as they often do during droughts, water use goes down sharply, which in turn
causes district revenues to drop. Because most district costs are fixed, they depend on
selling a lot of water to keep rates low. If water use drops, rates have to go up, posing
political problems. Even water managers committed to conservation must promote
efficiency slowly, matching growth rates, in order to avoid rate hikes.
Agricultural conservation is more difficult, from both a technical and policy perspective,
than urban conservation. Irrigation dominates water use in the west, so agricultural
conservation would seem to be the easiest target. However, three fundamental issues
complicate agricultural conservation. First is what water is conserved. If use of water
that would have been taken up in plants or evaporated (consumptively used water) is
reduced, there is more water in the system, which is almost always positive. On the other
hand, water that is inefficiently conveyed or applied returns to the hydrologic system by
seeping into groundwater aquifers or running off to surface streams where it is available
for other water users or the environment. Reducing return flows may or may not be
positive depending on who else uses that water. In many places, environmental uses have
come to depend on return flows as other water has been diverted to human use, yet do not
have any legal rights to that return flow. This issue of who else depends on the conserved
water is the second issue. The third issue is how the conserved water is used – for
instance whether it is put to environmental use, allows more land to be irrigated, or
substitutes for water being diverted. Each of those alternative users has a set of winners
and losers which may result in a positive or negative outcome depending on perspective.
Agricultural water conservation is a huge and important issue due to the sheer quantity of
water involved and it is ultimately vital to improving water management. Because the
circumstances of an individual conservation effort, including hydrology, legal system,
and environment, determine whether the results of that effort are positive from a
particular perspective, developing a consistent and effective approach towards
agricultural conservation has been difficult. Some states have salvage water laws that
attempt to balance the interests of the environment and water users by dedicating a
portion of conserved water to the environment. These laws have not been widely used
where adopted. Addressing the problem and opportunity of agricultural conservation
probably needs a combined effort: increased measurement (of diversions, streamflows,
23
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groundwater levels and return flows); more secure environmental water rights;
enforcement of anti-waste provisions in water codes; and quantification and enforcement
of water rights. Because these are some of the most difficult issues in water
management, promoting agricultural conservation in a balanced and progressive way will
likely require a sustained and intense effort.
Integrated Water Plans As demands grow, water managers are beginning to take a
more sophisticated view of the portfolio of water supply and demand management
options available under a variety of scenarios. Financial investors assemble portfolios of
investments with varying risk and performance attributes to achieve a goal of optimizing
return. In a similar exercise, water managers can assemble a strategy that incorporates
supply and demand management options, which allows them to prioritize investments
and manage risks. Specifics will vary according to local needs and situations, but
integrated water management plans generally include a mix of infrastructure
improvements, environmental enhancements, and programs such as water recycling,
water use efficiency, groundwater management and conjunctive use, water transfers and
exchanges, flood protection and watershed management. With more sophisticated water
strategies, water managers have options available other than building new surface storage
and can make more effective use of storage that is built.
In California, State law encourages this trend through a requirement adopted in 2002
through a voter-approved proposition.24 Within identified regions, governmental
agencies involved in water supply, groundwater management and flood control are to
cooperate in creating coherent strategies. At its worst, the results are wish lists of
projects the various agencies desire. At its best, coordination may result in agencies
actively working together, for instance when agencies responsible for flood control,
storm water, groundwater quantity and those responsible for groundwater contamination
remediation work together to make better use of groundwater basins. Southern
California’s huge Metropolitan Water District is an example of this process. Until the
mid-1990’s MWD relied primarily on imports from the Colorado River and from the
Central Valley. By 2025, MWD plans for its supply to be derived in roughly equal parts
from: the Colorado River (1.25MAF); the Central Valley via the SWP and CVP
(1.2MAF); conservation and demand reduction (1.1MAF); and a mix of local ground and
surface water, desalination and local storage (1.67MAF).25
Risk-based planning may result in a similar, if less comprehensive, approach. In the late
1980’s and early 1990’s Boulder recognized that it could not prevent water shortages due
to drought, but instead had to accept and manage the risk. It began a long process of
developing a risk-based drought management approach. The two elements of the
approach were setting risk-based drought responses and building a water system
operations model to assess the performance of Boulder’s water supply. The drought
response depends on the severity of the situation, and encompasses droughts expected no
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CA Water Code Section 10530 et seq.
Metropolitan Water District, 2004, Integrated Resources Plan, p.10.
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more than once in a millennium.26 Boulder is now working on how its water system is
likely to perform under climate change. A risk-based planning system acknowledges the
possibility of drought, lays out an action plan, and may prevent demands for new storage
facilities.
An integrated plan may reveal opportunities. When water from the Central Arizona
Project (CAP) finally reached Tucson, the city faced a series of problems. A terminal
storage and water quality blending facility was needed; initially, a surface reservoir was
proposed. However, the city realized that supplies from the CAP would be quite
variable, depending on the flows in the Colorado River and an uncertain legal future.
The solution was to use Tucson’s depleted aquifer for storage, both long and short term –
CAP water is directly infiltrated into the aquifer, and withdrawn as needed. Tucson may
use groundwater recharge and withdrawal for reuse of treated effluent as well.27
Integrated water plans hold great promise for better water management, but are generally
at very early stages of development. California is developing them under state law, but
implementation is an early stage. In Colorado, Facing .ur Future advocates for what is
essentially the approach of integrated plans, with a heavy emphasis on conservation and
meeting environmental water needs. Some Colorado municipal water providers have
expressed interest in adopting at least the report’s general approach for specific
projects.28
Sustainable Communities As the ways water is managed change, so do the ways
communities are affected. Some of these impacts create opportunities for progressive
water management, others work counter to that direction and for some, it is hard to tell
which way they cut.
Indian Tribes occupy complex positions in the world of water, which can be
characterized only in specific context. In Colorado, the Animas-La Plata project is being
built to fulfill an Indian water rights settlement, over the objections of many in the
environmental community. In the Northwest, some tribes hold the most senior water
rights and have a cultural dependence on salmon runs threatened or endangered by water
projects. They have interests in both using their water and maintaining the fish stocks.
When the CALFED new storage options were selected, the most cost-effective and
environmentally benign project appeared to be expanding the federal Shasta Dam. The
project would increase the pool of cold water needed for restoration of salmon runs. Six
years later, the project is all but dead due to its impacts on the remaining sacred sites of
the Winnemem Wintu Tribe,29 which lost most of its homeland and its salmon to
26
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inundation when Shasta was filled. Further, raising Shasta would inundate a significant
portion of the McCloud River, a river protected under state law. While Reclamation
continues its feasibility study, these impacts appear to have stalled political support for
the proposal. In Nevada, agricultural water is being bought and transferred to Indian and
environmental uses, including benefiting an endangered fish of cultural significance to
the Pyramid Lake Piute Tribe.30
Similarly, agriculture cannot be accurately characterized as being in unalterable
opposition to the objectives of environmentalists. In California, Delta farmers are as
supportive of maintaining water quality as environmentalists and thirsty cities that draw
supplies from the Delta. Transfer of water from agriculture to other uses, including M&I
and the environment has long been a fundamental approach to meeting future water
needs. Yet it turns out that such transfers have significant impacts. In Colorado, more
than 700,000 acres of irrigated land has gone out of production since 1997, generally due
to drought and transfer of water rights.31 As agricultural land goes out of production,
rural communities and business lose their economic base. The land does not revert to
pre-irrigation conditions; rather it typically becomes a weed patch, choked with the most
aggressive invasive plants. The result is that elements of the agricultural community and
the environmental community are beginning to recognize that their interests may be in
alignment. Both want sustainable use of the agricultural lands, and have a fervent interest
in promoting urban water conservation. As the director of a Colorado organization
dedicated to keeping water on agricultural land put it, “the environmental community
may be the last hope to save agriculture in Colorado.” 32
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New Storage – Same as the Old Storage?
The new surface storage projects considered in this study fall into three broad
categories— “smart” storage, traditional projects and projects that are transitional
between the two.
Smart Storage Projects in the new school fit into integrated water supply systems, are
built by districts that are adopting conservation and risk management strategies, and
minimize impact on the environment. Colorado’s Facing .ur Future report lays out ten
characteristics of “smart” water supply and storage that reasonably characterize this
approach, while acknowledging that not all would apply to any specific project and few
projects would meet all characteristics.33 Paraphrased and condensed, the characteristics
are:
•
•
•
•
•
•
•
•
•
•

Make full use of existing supplies before increasing transbasin diversions.
Invest in cost-effective and least environmentally damaging projects first.
Integrate conservation, reuse and demand management into supply systems.
New and renovated projects should not increase risk of extinction or cause loss of
critical habitat.
Transfers that respect agricultural, instream and other water users should be
pursued before new diversions.
Improve efficiency of infrastructure and diversions, working with other water
users.
Ensure public involvement.
Use incremental approaches to more closely fit supply with demand.
Expand and renew existing infrastructure before building new.
Ensure multiple benefits from projects, including environmental and instream
needs.

The list is reasonably complete, although a few elements might be added. For instance,
from California’s Integrated Regional Water Plans, add the concept of integrating the
approaches of different facets of water management – storm water, flood control,
groundwater management, groundwater remediation and water supply. A greater
emphasis on risk-based planning and management response, as being pursued in Boulder,
could be added. From California’s CALFED, there could be a more explicit role for
environmental restoration and water quality protection. Periodic review and adjustment
of the balance among water uses (for instance diversion, power, environment, and flood
control) such as is required for federal hydropower licenses is important as well.34
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The term “re-operating” water projects is frequently used. Every water project is operated to balance
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recreation. But these objectives may conflict. For instance, increasing flood control protection requires
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Two projects reviewed are reasonably characterized as “smart” storage, acknowledging
that they are far from perfect. California’s Los Vaqueros and Diamond Valley projects
are both designed and operated to integrate effectively into sophisticated water
management systems, and have primary objectives of improving water quality.
In Washington, the Columbia River Basin Water Resources Management Bill provides
funding for initial work that sets the stage for smart water supply and storage solutions
for the Columbia. The longstanding problem the bill addresses is that low summer flows
in the Columbia River contribute to problems with salmon fisheries, resulting in a long
ban on new withdrawals from the River. The bill addresses these issues in a variety of
ways, from developing better supply and demand forecasts, to working at reducing
“paper” (unexercised) water rights. Conservation is to be the first option for developing
new supplies, but money is provided to study off-stream reservoir sites. A portion of any
water developed is to be used in-stream. Politically, the approach is supported by some
of Washington’s conservation community and by the Farm Bureau. Others in the
conservation community find the priority on new storage unwarranted prior to analyzing
alternatives and distrust the concept of dedicating only a portion of the yield of new
projects to the environment. In one significant respect, the approach is not consistent
with “smart” projects: affected Indian Tribes were not a part of the negotiations and have
expressed problems with the approach.
Traditional Projects Virtually any project seriously contemplated today would have
been considered a paragon of environmental consideration and inclusive process just a
few decades ago. Federal and state laws requiring environmental review and protection
of water quality and endangered species make all projects undertaken today better than
the old days. However, some projects do have much in common with the old ways of
doing business.
Washington’s Black Rock is being proposed primarily to firm supplies for irrigated
agriculture, provide for future M&I growth and meet fishery needs. At present,
considering the full range of alternatives to meet these needs, including potential least
cost or environmentally superior alternatives, is precluded by a Congressional feasibility
study authorization that allows only surface storage options to be developed. Building
Black Rock seems inconceivable without a couple of billion dollars in federal subsidies.
Except for the very real benefit of improving flows for one of the best remaining
Northwest salmon restoration prospects in the Yakima River, the project looks like a
traditional project from the days of the legendary Bureau of Reclamation Commissioner
Floyd Dominy. Whether that fishery benefit could justify building the project remains to
be decided as the project details develop.
In California, Temperance Flat in the Southern San Joaquin Valley also looks like a
traditional project, but with a paltry water yield that would have been rejected in decades
past. The project would have significant flood control benefits, but at the cost of
hydropower projects are a rare exception in that they are subject to periodic (every 30 to 50 years) review
of the balance among the various factors.
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eliminating thousands of acres of recreational lands and a hydropower project. Again the
billion-dollar cost seems unsupportable without significant federal support.
Transitional Projects Most projects seriously proposed today have at least some “smart”
project elements. The role for conservationists and advocates is using the technical,
political, legal and public processes available for improving the projects and the systems
into which they fit, or working to forestall the projects if adequate improvement is
unlikely.
Facing .ur Future reviewed 13 Colorado projects in various stages of development and
the opportunities for conservation reuse and temporary water transfers. It found at least
some smart elements in most of the projects. However, it also pointed out that serious
work on conservation, water reuse, and system efficiency could eliminate the need for
many of the projects.
Some of the CALFED projects highlight complicated transitional project issues. Sites
Reservoir, Shasta Expansion and the Los Vaqueros expansion all have a common
element of storing water during high flow and releasing or exchanging it to increase
flows during critical low flow periods for the purpose of ecosystem restoration and water
quality protection. The conundrum is that to a great extent, those low flows are caused
by other diversions -- the solution to excessive diversion is framed as more diversion.
Additional storage was put forward as the solution to the ecosystem problems in large
part because reducing diversions that are causing the problems was seen as too divisive.
Further, the storage solutions presented are expensive, and presumed substantial federal
support which now appears much less likely to be forthcoming. Storage for the
ecosystem restoration elements of these projects may be an example of a traditional water
project approach to a modern problem – building storage for a new water user, the
environment. Like traditional water projects for other purposes, the time for that
approach may have passed. Conservation, system efficiency, different structural
solutions (such as a through-Delta conveyance facility), buying out water rights, or other
“smart” water supply options might ultimately make more sense than the deal struck in
2000.
Where storage for the environment is undertaken, there is a fundamental problem of
accounting. Many conservationists do not trust water managers to use that storage and
water primarily for the environment. In California, where federal law dedicated a portion
of the yield of the Central Valley Project to the environment, and an Environmental
Water Account has spent hundreds of millions of dollars for water used to compensate
water users for environmental decisions, the problem of accounting and accountability is
longstanding. Significant work remains in setting up systems to account for water stored
for the environment.35
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Opportunities and Strategies
Consider a future Colorado, perhaps 50 years from now, extending the worst trends
affecting the state. Sprawling suburbs and cities line the Front Range from border to
border, carpeted with bluegrass lawns, swimming pools and landscaping fit for the
Southeast. Colorado’s proud farmers and ranchers have long since gone out of business,
selling their water for more than their land was worth and retiring. The Rockies are
snowcapped only a few months of the year – climate change – to ski, head north to
Canada. But every feasible dam site is occupied, storing the winter rains for summer
sprinkler use. A few trout are still found in the uppermost mountain streams, as summer
is just too hot and the streams are all diverted into water pipes; but fishing is a memory.
Climate change is beyond the scope of this report, but the rest of that dismal scene is not.
Sprawl, the future of agriculture, the fate of the West’s rivers, and our identity as
Westerners are all part of the water picture. On a sustainable path, the environment,
community and our identities align. In a way not even within the realm of the
conceivable just a decade ago, water supply and water storage is part of that path.
In this work, three elements of a progressive water agenda were identified:
•

Protect existing rivers and flows. This approach is being used by many in the
water/conservation movement through instream flow and other conservation
work. It is critical to promoting a positive water agenda because it forces
consideration of alternatives to new projects.

•

Seek environmental restoration – again, this is an existing element that forces
consideration of damage already done to the environment, and helps sets the bar
higher for new projects.

•

Promote “smart” water storage and systems. Unless the thirst of the West’s
growing cities and suburbs is slaked, work on protecting rivers and restoring the
environment will ultimately be undone by the twin threats of growth and climate
change. The policy and engineering of “smart” water storage and systems is still
in early stages, subject to molding by skillful and sophisticated advocacy. Best of
all, urban water managers are increasingly receptive to solution-based approaches
that help them achieve their objectives at least cost. In specific cases, other
political forces, especially agriculture and Indian Tribes, may have interests that
complement an environmental agenda. This is a developing area where new
funding and innovative approaches will change the future of the West.

For the first two of these elements, identifying opportunities is not the focus of this work.
However two observations from interviewees bear reporting.
First is the role of litigation – several agency staff (who requested anonymity for the
comment) remarked on the need for, and effectiveness of, litigation. Litigation is often
needed to force an agency to address a politically difficult problem. Sometimes staff in
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the agency would like to work on the problem, but cannot without outside pressure, either
political or legal. Litigation also gets conservation interests a seat at a negotiating table
with agencies and water users, when they might otherwise be absent. However, some of
the staff also pointed out that there is a huge difference between litigation to create a
problem, and one that is strategically positioned to help create a solution to a problem.
ESA litigation was mentioned specifically as falling into both categories – the former
making situations politically worse, the latter making solutions possible.
The second comment came from representatives of agricultural interests. Several
suggested that there is much greater opportunity to work with farmers, agricultural water
districts, and farm lobbies on water issues than might be expected. They recognized that
conservationists and farmers do have common cause in some areas with respect to water.
Urban conservation, keeping water on farms, and on-the-ground conservation were
mentioned. Policy work is more complex, and requires an approach focused more on
solutions to common problems, and less on rhetoric and establishing positions.
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Recommendations for Implementing “Smart” Water Approaches
1. Support projects and organizations that use integrated approaches to water
problems.
Water problems are by their nature a combination of engineering, social, economic,
environmental and legal issues. Organizations working on the issues need to match that
nature. In interviews, comments were made such as “years ago environmental groups
had a broader mission, now they are focused on instream flows. The new issues are cross
cutting and there is nobody working on them.”36
California’s Pacific Institute is unusual in that it sees its mission as environment,
economics and society. It has expertise in each of those areas, and works most
effectively at their intersections. With a small staff working on water, it has substantially
changed the understanding of water managers and politicians on the link between
population growth, economic growth and water use. It has also changed the debate in the
state about the potential for urban conservation. In part, their success is due to
extraordinary people – Peter Gleick was recently elected to the National Academy of
Science, Gary Wolff, its former principal engineer and economist was recently named to
the State Water Resources Control Board by Governor Schwarzenegger, and Dana Hass
is now working on urban conservation for the City of San Francisco. But its success is
due to being essentially a policy-driven think tank, working at inserting new ideas and
approaches into the water debate in California using an integrated approach.
Other organizations are doing good water policy work; Colorado’s Facing .ur Future is
an excellent example. However the Pacific Institute seems to have gotten more traction
in California for three reasons. First is the messenger – it is a think tank rather than an
environmental advocacy organization. Second is the context – Colorado is still focused
on putting unallocated water to use and its efficient water rights system makes transfer of
agricultural rights attractive. Third is technical expertise -- the Pacific Institute has
gained a reputation among urban water managers for technical accuracy.
Smart water approaches require sophisticated analysis and engineering. In order for
advocates to be effective in pushing for these approaches, they must have a cross-cutting
environmental, economics, and social approach and be more technically sophisticated.
Further there are links between “smart” water resources and “smart growth” that could be
developed using integrated approaches. More organizations adopting these aligned and
integrated approaches are needed.
2. Look for opportunities to support urban water agencies in moving towards
integrated, systems-based, approaches.
Integrated systems-based water management is in the early stages of development and
adoption. Some of the most innovative work in water resources is being done by
36
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sophisticated water districts, spending their own money to develop the concepts and
techniques. An important opportunity is opening to support and encourage those districts
and individuals within them. While foundations are not generally in the business of
direct support to government agencies, indirect support in the form of prizes, conferences
and publications may be fruitful. Packaging, popularizing and providing political support
for results is high-leverage work foundations could support.
Even though large California urban water agencies are not leaping to sign up for
CALFED storage projects, and Portland, Seattle and other cities are not scrambling to
build new storage, they are far from developing fully articulated, much less implemented
“smart” systems. Working with sophisticated water agencies and in the political process
to develop and implement the “smart” water strategies is a high leverage proposition; as
the concepts are adopted, they will filter down into the smaller agencies and away from
the coasts. Technically sound advocacy carried by a variety of messengers can speed
development of the concepts and push their adoption. Because the “smart” approaches
are cost-effective and increase reliability, business is a natural ally.37 In California, the
Water Education Foundation has been an important force in getting water messages to a
broader business community.
3. Make urban water conservation a paramount solution.
The single largest threat to both aquatic ecosystems and irrigated agriculture is the West’s
population growth. If those millions of new Westerners use water profligately, the other
water users will decline. A necessary condition to achieving a sustainable water future is
urban water conservation. There are many tools available to achieve conservation – more
aggressive plumbing codes, encouraging smaller lots, incentives for reduced yard
irrigation, landscaping codes for instance. Some of the measures have other positive
effects, such as reduced energy demand and sprawl. Agricultural interests may find
common cause with environmentalists on this issue. Unless cities limit their demand for
water, agricultural communities will face an even more difficult future. But the
conservation groups state that money to work on urban conservation is scarce and
without advocacy urban conservation will proceed slowly. The energy sector provides an
evolving model for mounting effective conservation campaigns.
4. Information – improved water measurement and quantification is necessary.
Sophisticated, integrated approaches require good information. Surprisingly, water
information is remarkably poor. The US Geological Survey is actively reducing its
stream flow measurement network, not because it wants to, but because budget cuts
require it. Measurement of diversions and water use is quite variable from state to state
and place to place. Some cities still do not meter water. Without better water use, stream
flow and groundwater measurements, efforts to protect instream flows and restore
ecosystems will be futile. Sophisticated systems management is only as good as the data
upon which the decisions are based. Good information is lacking and we will need more
37
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of it in coming years, not less. Information is an area for advocacy organizations to form
natural alliances with water managers, government, agriculture and other interest groups.
5. Use climate change in advocacy – carefully.
Outside of air conditioner sales this summer, the effect of climate change on water
resources is probably the impact most commonly understood by the general population.
Stories of melting glaciers and receding snow packs are in the newspaper regularly.
Coupled with the widespread Western drought in recent years, climate change is
becoming a potent factor in pushing for new inappropriate surface storage. It should be
used, however, to help move water management towards conservation and integrated
systems approaches. Most environmentalists have been working at slowing climate
change through energy strategies rather working to adapt to the coming climate
conditions. Advocates for water-related ecosystems must develop effective approaches
to using climate change to push for “smart” water solutions, while avoiding supporting
those who would use new storage as the reflexive response to climate change.
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Conclusion
The West has enough water for its growing population, its fertile fields and its beautiful
rivers, now and for the future -- but only if that water is used carefully, efficiently and
with sophistication. The days of meeting any new water need with a new water project
are over, but just barely, and not all water managers and water users have gotten the
message. With growing populations a certainty and the reality of climate change effects
apparent, a new way of solving water problems is needed. That new way, relying on
sophisticated management, a variety of water sources, demand management, and respect
for the environment and communities affected is still a work in process open for shaping
and implementing.
“Smart” water approaches promise a new opportunity to move towards a progressive,
positive, water future.
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Case Studies
California—Water Supply Projects for Ecosystem Restoration and System
Flexibility
Washington—Black Rock Reservoir and Columbia River Basin Water Resource
Management
Colorado—Statewide Water Storage Initiative
Boulder—Risk Based Planning
Tucson—Groundwater Storage System
Seattle—Meeting Future Demand through Conservation
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Case Study - California
Water Supply Projects for Ecosystem Restoration and System Flexibility
As befits a state huge by any measure – population of 37 million, and an economy that
would rank as the 8th among countries of the world and which is responsible for about
13% of US GDP – California has a huge and complex water supply system.
Unsurprisingly, the water system is the focus of much litigation,38 legislation and
confrontation; however, despite California’s rapid population and economic growth in
recent decades, there has been relatively little construction. Instead, much of the new
demand for water has been met through conservation and more efficient use of the
existing system, along with some transfer of water from agricultural use to M&I.
Since the early 1980’s, state and federal agencies, water districts, agricultural interests,
environmentalists and others have been engaged in a series of legislative and
administrative planning and system improvement processes. The most recent iteration is
known as CALFED39, a comprehensive planning effort led by 25 federal and state
agencies focused on water supply and environmental issues where San Francisco Bay, the
Sacramento River and the San Joaquin River meet – the Delta. With over 22 million
Californians, much of California’s trillion dollar industrial economy (including parts of
Silicon Valley and Southern California), and a substantial portion of California’s vast
agricultural industry relying on water supplies associated with the Delta, Delta issues
matter, and matter greatly.
In 2000, CALFED issued a Record of Decision (ROD)40, laying out a “science-based”
approach to meeting environmental requirements, particularly under the Clean Water Act
and the Endangered Species Act, and to make better-informed decisions about future
projects. The CALFED ROD laid out an ambitious, balanced and expensive agenda,
focused on four objectives: water supply reliability, water quality, ecosystem restoration
and levee stability.
New storage is only one of eleven program elements41 identified to meet the objectives.
However, new storage was seen as a critical part of the package for two reasons. The
first was political – water users, and especially the agricultural community, sought
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For a brief summary of recent major water litigation in California see California Water Plan Update,
appendix Summary of Significant Litigation, 1998-2005, DWR.
http://www.waterplan.water.ca.gov/docs/cwpu2005/vol4/vol4-litigation-summaryofsignificantlitigation.pdf
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For more about CALFED, see http://calwater.ca.gov/AboutCalfed/CALFEDProgram.shtml.
The California Bay-Delta Authority is the successor to CALFED and is charged with implementing much
of the program outlined in the CALFED ROD.
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http://calwater.ca.gov/Archives/GeneralArchive/RecordOfDecision2000.shtml
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The eleven program elements are: conveyance; drinking water quality; ecosystem restoration;
environmental water account; levee integrity; science; storage; water management; water transfers; water
use efficiency; and watershed management. There are literally hundreds of actions in these areas that have
been carried out under the CALFED and related program banners. Collectively they have greatly improved
California’s environment and water system.
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additional storage and water supplies as part of the price for supporting the ROD.42 The
second was that new storage could allow California’s water system to efficiently and
flexibly meet the increasingly stringent environmental constraints of water quality
standards and endangered species needs. Especially in the Delta, but also in the San
Joaquin River and Sacramento River systems, more water was needed at specific times
and places for environmental needs. Because reallocating existing storage capacity to
environmental purposes would increase conflict with water users, federal water managers
believed that additional storage could be managed to meet water quality and
environmental constraints without reducing deliveries, easing conflict between water
users and the environment. Four of the five new storage proposals included in the ROD
are justified by contribution to meeting environmental standards. At least in part, these
are “dams for the environment.”
CALFED and the Delta
The impetus for CALFED was water quality as well as flows in the Delta and the related
problems of ESA-protected fish many of which must migrate through the Delta in order
to spawn in California’s rivers. Some of the most important of these issues, and principal
drivers for new storage projects, include:
!"Delta Salinity. Because the Delta is influenced by tides, freshwater from the
Sacramento and San Joaquin Rivers is needed to push San Francisco Bay
saltwater west. When freshwater flows are reduced due to withdrawals or
drought, sea water intrudes into the Delta, causing salinity to rise. This results in
problems not only for species living in the Delta, but also for two-thirds of the
state’s drinking water and much of its agricultural water which also rely on the
Delta. Many Delta islands exist because levees keep water out, drying land for
agriculture; as the island soils dry, they subside, dropping the land level well
below the water level. Should the century-old levees fail, water would rush to fill
the islands, drawing saline water further into the Delta.
!"Delta Flow Patterns. Most fresh water in the Delta is contributed by the
Sacramento coming from the north. In all but the wettest years, the San Joaquin
River contributes little to the Delta because its water is siphoned off in the San
Joaquin Valley and used.43 However, the SWP and CVP both have huge pumps
at the south end of the Delta to feed canals that send water further south. The
result is that much of the Sacramento River fresh water tends to go south to the
pumps rather than west where it would keep salt water at bay. This exacerbates
the salinity problem and confuses migrating fish that use flow and water quality
cues to navigate.
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When the ROD programs went to the US Congress for funding, California agricultural interests pushed
for funding the new storage elements first leaving many other elements behind.
43
Below the federal Friant Dam, a part of the CVP, the San Joaquin River is dry in most years. NRDC has
long been involved in litigation over dewatering the San Joaquin. This litigation is the process of final
settlement.
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!"Delta Fish Migration. The Sacramento and San Joaquin Rivers and their
tributaries were once home to salmon and steelhead runs second only to the
Columbia River system in the continental US. But those fish populations and
other species such as sturgeon and smelt are now protected under the ESA, in
large part due to the development of California’s water system. In the Delta,
migrating fish not only have to find their way through the altered flows and
quality to their home rivers, but the CVP and SWP pumps can simply suck fish
into the conveyance canals.
!"River Flows and Temperatures for Fish. For the migratory fish that make it
through the Delta, river conditions need to be managed to allow successful
spawning and rearing of juvenile fish. For cold-water fish, especially salmon and
steelhead, maintaining temperatures in the rivers is a serious problem. Under the
ESA, flows must be managed to keep eggs covered in their gravels, and the water
temperatures appropriate.
The result of these issues is a water system that cannot be managed to maximize the
water withdrawn for human use. Water must be released to manage Delta salinity and to
keep the overall flows through the Delta west towards the Bay, rather than south towards
the pumps, when migrating fish need flow cues. The CVP and SWP pumps cannot run at
full capacity, and sometimes at all, in order to protect water quality, flow patterns and
migrating fish. Some of the large dams have to be managed not only for bulk water
storage and delivery but also to release cold water needed for spawning fish, eggs and
juveniles. The result has been to affect the quantity and timing of water deliveries to
water users, and to reduce the reliability of water deliveries – all major issues for water
users. Increasing the amount of water available to be managed to meet Delta and river
environmental concerns is a major driver for many of the CALFED new storage projects.
CALFED Storage Projects
The CALFED ROD proposed new storage to address a number of different needs. Each
of the options provides some mix of water for withdrawal by agriculture and/or cities,
and water to support water quality and environmental goals.44 A brief description of the
five surface storage projects follows.
Sites Reservoir/North of Delta Storage. New storage north of the Delta in the
Sacramento Valley was identified in the ROD as a source of water to support Delta
environmental values, provide additional water for diversion by the SWP and CVP
pumps, and potentially help with flood control. The Sites Reservoir proposal is for a
large (roughly 1.8 MAF) off-stream storage location west of the Sacramento River that
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The best reasonably current summary of the CALFED surface storage project investigations is the
CALFED Bay-Delta Surface Storage Planning Progress Report, April 2005 prepared by California
Department of Water Resources, Bureau of Reclamation, and California Bay-Delta Authority, an appendix
to the 2005 Water Plan Update. http://www.waterplan.water.ca.gov/docs/cwpu2005/vol4/vol4infrastructure-calfedbaydeltasurfacestorageprogram.pdf
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could draw during high flow periods, store the water until needed, and release the water
to existing irrigation canals in exchange for reduced diversions from the river.
Sites is considered by many to be one of the two CALFED identified projects that have a
reasonable chance of being built. DWR is studying the feasibility of the project, with a
report due later this year, but has released little information so far. In particular, the
feasibility of Sites depends greatly on how it might be operated, which of the many
competing interests in water would benefit, and who would pay the billion dollar plus
cost of the project. Most water user interests are waiting to see the details, in particular
the beneficiaries, before they support the project. Environmental interests are active in
pointing point out that the cost of water from Sites would be high ($300-450 per acrefoot), that the diversion structure likely to be used impedes passage for threatened fish,
and that high spring flows would be reduced.45
Los Vaqueros Reservoir Expansion The second of the two projects generally
considered most feasible is expansion of Contra Costa Water District’s Los Vaqueros
Reservoir, one of only three larger (greater than 100 KAF) reservoirs built in California
since 1979. Its current primary use is to improve the quality of water delivered to an area
east of San Francisco Bay by drawing water from the Delta during high flow periods and
storing low salinity water for direct use or blending with higher salinity water drawn
during low flow periods. In addition, it increases the reliability of delivery by storing
water nearer the point of use in an area subject to earthquakes and the potential for Delta
levee failure. Increasing the size of Los Vaqueros could spread its benefits to a greater
portion of the Bay Area, provide greater drought supplies for Contra Costa County, or
increase water available for environmental management through exchanges. However,
Los Vaqueros was built with a promise not to expand the project, and expansion would
inundate land used for parks.
Lake Shasta Expansion Raising Shasta Dam by up to 18.5 feet, increasing storage by up
to 636 KAF, is being studied by the Bureau of Reclamation. In addition to the increased
water yield, enlarging Shasta provides an increased pool of cold water that could be
selectively released for the benefit of downstream salmon migration, spawning and
rearing. When the CALFED ROD was released, this project was thought to be very
attractive, among the most cost-effective new storage alternatives with modest impacts.
Since then, Reclamation and the State have acknowledged the impact on the remaining
sacred sites of the Winnemem Wintu Tribe46, which lost most of its homeland to
inundation when Shasta was filled. Additionally, raising Shasta would inundate a
significant portion of the McCloud River, a river protected under state law. While
Reclamation continues its feasibility study, these impacts appear to have stalled political
support for the proposal. Further, there is a real question as to which users might get
additional water; Reclamation is in the process of renewing irrigation contracts that might
dictate disposition of additional water.
45

See Evans, S., 2006, “Surface Storage Projects Create Unacceptable Problems” Headwaters 28:4, Friends
of the River.
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See http://www.senate.gov/~scia/2002hrgs/060402hrg/Franco.PDF for a perspective on the tribe’s
history and position on the Shasta Dam expansion.
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Delta Wetlands Delta islands are typically patches of land protected by levees with a
twist – they have sunken below the level of water in the Delta. The Delta Wetlands
project would flood two such islands and use the levees to keep water in, rather than out.
The result will be a 217,000 acre-feet reservoir in the middle of the Delta. The project is
being privately developed, and has received essentially all of the necessary permits.
However, in late 2005, Jeff Mount, a Geology Professor at U.C. Davis, and a member of
CALFED’s science advisory board released a paper that suggested Delta levees were
subject to a two in three risk of catastrophic failure in the next 50 years from a
combination of subsiding ground, earthquakes and rising sea levels.47 This startling
result makes a significant long term investment in establishing a reservoir in the Delta
look excessively risky. The project appears dead.
Temperance Flat Dam/Upper San Joaquin River Storage Several additional storage
sites are in early feasibility study consideration by the Bureau of Reclamation in the
upper San Joaquin River, with a reservoir at Temperance Flats the leading candidate.
However, in all but the wettest years, little or no water is released from the CVP Friant
Dam downstream of the proposed sites, making the yield for any additional storage
minimal, and driving up the cost per acre-foot. Preliminary estimates from the Bureau of
Reclamation suggest that additional water storage benefits of 100- 253,000 acre-feet are
possible, but modeling has not considered impacts on the Delta. In June 2006, settlement
was announced in the 18th year of litigation by NRDC against the Bureau of Reclamation
and Friant water users over the dewatering of the San Joaquin River below Friant and
consequent extirpation of a salmon run. The potential end to this litigation removes one
obstacle to the new storage project, but also will likely require release of water from
Friant Dam, potentially affecting water available for the new dam. (Terms of the
settlement have not been disclosed.) The new project is primarily supported by those
interested in flood control, additional agricultural water, and recreational use of a new
reservoir.
CALFED’s storage projects are being studied but at this point appear to have a low
probability of being built. The Delta Wetlands project is all but dead due to the risk of
levee failure. Expansion of Shasta would have severe effects on an Indian Tribe.
Temperance Flats would store water only in wet years, but might have flood control
benefits. Sites Reservoir is technically attractive, but no water user has been willing to
say that they would buy the water. Los Vaqueros expansion would make sense, if the
southern and eastern portions of the Bay Area worked together on an integrated water
system, but that has yet to happen. Perhaps most important, Congress and the current
Administration have shown little interest in investing billions of federal dollars in
building new California dams. CALFEDs decision to build its way out of an
environmental problem and at the same time supply more water to California users was
47

Mount J, Twiss R. 2005. Subsidence, sea level rise, seismicity in the Sacramento-San
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based on an assumption that water was more limited than federal money. That
assumption appears to have been false.
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Case Study - Washington
Black Rock Reservoir and
Columbia River Basin Water Resource Management
Two proposals for significant storage are being studied in Washington. Both involve
storage of winter high flows from the Columbia River for use during the drier summer
months.
Black Rock Reservoir
The Yakima River Valley is one of Washington’s most productive agricultural areas, as
well as one of the best prospects for a sustainable population of salmon on Columbia
River tributaries. Its problem is water – there is large demand for water from agriculture,
its population is growing, and improving and maintaining the salmon population requires
more habitat and properly timed flows. In wet years, the water is tight, in dry years, there
are serious conflicts.
Most irrigation water in the valley is from the Bureau of Reclamation’s Yakima Project.
The Project supplies water to 464,000 acres from storage reservoirs and a number of
diversion dams.48 The Yakima Project has limited over-year storage, resulting in
significant shortages of water to agricultural producers in dry years. Endangered species
considerations further limit dry year deliveries. Expanding existing reservoirs or building
a new reservoir on the Yakima would not help in dry years – there is not enough water in
the system.
Benton and Yakima Counties and the Yakima Basin Storage Alliance,49an organization
with wide agricultural and business membership, are pushing for a major new off-stream
reservoir that would draw from the Columbia River, and send the water through the
Yakima River, serving farms, towns and salmon. The Yakima Nation is on record as
supporting the concept of additional water for the Yakima River. The local interests see
additional water as providing reliable supplies for agriculture, adding to supplies for the
cities and towns in the valley, improving salmon habitat and providing excellent
recreational opportunities both on a fast-flowing river and at the new reservoir.
In 2001, a reconnaissance report commissioned by the two counties found Black Rock
Reservoir to be technically feasible.50 That was followed in 2003 by Congress
authorizing the Bureau of Reclamation to enter into a feasibility study of surface storage
(but no other options) for the Yakima. Reclamation is in the process of its investigation,
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See the Bureau of Reclamation Dataweb description of the Yakima Project.
http://www.usbr.gov/dataweb/html/yakima.html#general
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See http://www.ybsa.org/black_rock_reservoir.htm
50
Washington Infrastructure Services, 2002, Yakima River Storage Enhancement Initiative: Black Rock
Reservoir Study, Final Report. ftp://ftp.owt.com/pub/bc/br%20recon%20study%20text%20only.pdf
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most recently (May 2006) narrowing the alternative to be considered to a much smaller
reservoir on the Yakima River. 51
Black Rock Reservoir would be a large, roughly 1.7 MAF, storage reservoir, designed to
meet at least 70% of irrigation needs during a three year dry period. It would use large
pumps (up to 4000 cfs) to draw from the Columbia River near the Priest Rapids dam and
send the water about 5 miles to the reservoir site. Stored water would be used in the
lower Yakima in exchange for water from the upstream Reclamation reservoirs. The
upstream water could be managed for other purposes, including fish. Cost for the project
was estimated in 2001 at $1.8 billion and would provide benefits from only $34 to $63
million per year, exclusive of any salmon benefits.52
As the project moves from its reconnaissance phase, it will need a $3.5 million federal
appropriation and $2.1 million state contribution in FY08-09 for a formal Bureau of
Reclamation feasibility study.53
The project faces serious problems. Money is the fundamental issue. With a 2001
estimate of $1.8 billion, a realistic current cost might be in the $2-4 billion range.
However, there is great uncertainty, especially about the need for grouting of the basalt
upon which the dam would be built, and escalating construction costs.54 The federal
government has shown little interest in building multi-billion dollar reservoirs for
irrigation and fish in recent years. It seems unlikely that the State of Washington and
local irrigators would be willing to foot the bill. Another problem is taking water from the
Columbia River, which has been subject to long and contentious limits on new
appropriations.
As long as the project is being considered under the Congressional authorization for the
feasibility study, Reclamation is limited to looking at surface storage options. However,
when the project moves to a NEPA/SEPA review, a broader array of alternatives can be
analyzed.
Columbia River Basin Water Resources Management Bill
In early 2006, the Washington Legislature passed the Columbia River Basin Water
Resources Management bill, a landmark compromise among agricultural interests,
members of the environmental community and the Department of Ecology over
additional withdrawals from, and instream flows in, the Columbia River.
In 1980 the first instream flow rule was established for the Columbia by the State,
limiting diversions when the total river flow during the dry summer period is below 60
million acre-feet at the Dalles and gauged flow at specific points dropped below set
51
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levels. Following listing of sockeye salmon in the Snake River under the ESA, Ecology
stopped issuing new appropriations from the Columbia and Snake Rivers until a study of
the needs of the fish was completed. In 1997, the moratorium was lifted, but under tight
constraints on issuing new rights. Any water rights application had to be evaluated for
impacts on fish and the river, in consultation with federal, state, local and tribal
governments. Between 1991 and 2005, Ecology processed only 10 water rights
applications for the Columbia. Following lawsuits by irrigators and Washington’s water
policy group (Center for Environmental Law and Policy (CELP)), in 2005, then Governor
Locke launched the Columbia River Initiative, an effort to negotiate a program to protect
salmon in the Columbia and provide access to additional water. Subsequent rulemaking
failed. Governor Gregoire launched a stakeholder effort called the Columbia River Task
Force in an effort to resolve the situation.55 That task force, while making progress, was
not moving to resolution.
In late 2005, Washington State Senator Bob Morton (R.), from the agricultural northeast
part of the state and Senator Eric Poulson (D.) whose district includes urban West Seattle
and Vashon Island called a small group of people together to negotiate a deal. Each
Senator selected three parties: Morton selected the Farm Bureau and 2 other agricultural
groups; Poulson selected Ecology, the Washington Environmental Council and American
Rivers. Notably absent were the Tribes, CELP, and local government interests. The 6
parties, guided by the Senators, began a negotiation over terms and conditions for future
withdrawals from the Columbia.
The Governor wanted a break in the water conflicts and saw political opportunities in
reaching out to agricultural eastern Washington. The Farm Bureau wanted more water
for agricultural production and a way around the stringent rule applied to any water rights
application. Some of the agricultural interests had specific goals for making their water
use easier. They also wanted relief for a set of 350 farmers in the Odessa subbasin, a
portion of the federal Columbia Basin Project for which conveyance of surface water was
never built. The Odessa farmers have been, with Ecology’s agreement, mining
groundwater for decades, and are now about out of water. Farmers going out of business
because they ran out of water would be a potent political message for anyone running
against the Governor or some of the legislature. The environmental groups wanted
conservation and additional instream flows. While they felt pressure from the Governor
to cut a deal, they had a good record on stopping bad bills and felt secure that the
Democratic Governor and Legislature would backstop them. Senator Paulson committed
to killing any bill that the environmental organizations could not live with. As one
environmental representative put it “Only Gregoire with a Democratic House and Senate
could pass a bill that provided eastern Washington with a new water supply.”56
The result was the Columbia River Basin Water Resources Management bill, which gave
something to every interest at the table. New water supplies are to be developed, with
conservation as the first option, but also with a clear priority on new storage. The bill has
55
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good water management provisions, including development of a supply and needs
assessment, an assessment of unexercised water rights, and procedures for “voluntary
regional agreements” which allow a new water right to be issued when water is conserved
elsewhere. Instream flows will benefit from a one-to-one mitigation from water
developed by voluntary regional agreements, and receive one-third of any water
developed from new storage.
A commitment to careful review of new storage was vital to the agricultural interests.
The bill provides up to $200 million in bond funds for water projects. One-third is to be
used for conservation and other projects. Two-thirds is to be used to develop new storage
options. Part of the earlier work on the Columbia was developing candidate off-stream
reservoir sites. This money will fund development of a concrete reservoir proposal.
Ecology has winnowed potential reservoir sites down to 5, and has started review. They
are looking for roughly a 1 million acre-foot reservoir, with one-third of yield for
instream flow, 100,000 acre-feet for M&I and the rest for agriculture, including the
Odessa sub-basin. A large reservoir like this would be expensive and would probably
require federal money. It is expected that the fishery portion would be paid for with
public, not user, funds.57
Serious criticism has been leveled at the deal for excluding the Tribes, particularly the
Yakama Nation. The Governor and Ecology are working to incorporate Tribal interests
after the fact. Because the Tribes in general, and the Yakama Nation in particular, are not
active participants in legislative action, incorporating their interests in the negotiation was
left to Ecology, which apparently did not adequately consult with the Tribes.
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Case Study -- Colorado
Statewide Water Storage Initiative
In August 2003 the Colorado Water Conservation Board (CWCB) launched a 15-month
planning process known as the Statewide Water Supply Initiative (SWSI) which resulted
in a 2005 report58 and a subsequent, ongoing effort. The stated goal of SWSI is to help
the state maintain adequate water supplies for its people and environment. Driving the
initiative is the rapid growth of cities along the Front Range of the Rockies. By 2030,
Colorado expects to add 2.8 million people, of whom 2.4 million will live along the Front
Range.
The SWSI process was remarkably inclusive, bringing together general interests,
conservation organizations, water districts and users. The study was designed to help
decision makers understand how much water Colorado needs in the future, and where
that water would come from. Basin Roundtables, organized by the eight major river
basins, brought water districts, water users, business, conservation and recreation
interests together to address conditions in their areas. They were intended to provide the
substantive review, analysis and planning in the process.
The Initiative was very unusual for the State, because in Colorado, water management
and planning is the responsibility of local communities and water users. Smaller
communities and water users were initially skeptical, because they understand the force
of population growth is working to bring water to the growing Front Range.
In addition to the SWSI goal of understanding current and future demands to 2030 for
water in every region of the state, it attempted to identify potential solutions for meeting
these demands. SWSI addressed demand by forecasting population, and multiplied that
by per capita water use rates, with a minor adjustment for the effect of more efficient
federal plumbing fixture standards. Conservation beyond that was considered a future
water supply option.59 It then compared this forecast demand to the existing supplies and
identified a gap of about 630,000 acre-feet needed for the new population. SWSI
assumed that a set of a dozen or so projects and processes, including reservoir
expansions, rehabilitation and new construction now in some stage of planning, will be
constructed by 2030. That leaves a ‘‘gap’’ of about 118,200 acre-feet of supply to be
developed.
The approach SWSI took is to assume local entities will develop as much water as
possible and let transfers from agriculture and conservation make up the difference.
Water for the environment and Colorado’s $8.5 billion tourism industry are left for future
consideration.
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This general approach is in keeping the Colorado’s perception that it has legal rights
under interstate compacts and agreements to additional water. Colorado’s water use on
its major interstate rivers is constrained by interstate law (compacts, treaties,
memorandums and court decisions).60 The amount of water unallocated is unclear, in
part because it depends on variable hydrology, but is reported to be 400,000 acre-feet to
1.5MAF. There is, however, significant doubt as to whether any unallocated water really
remains as it would depend on how Colorado River water shortages are ultimately
allocated and uncertain hydrology.
SWSI’s greatest failing is that it takes a business as usual approach to a condition,
population growth, that it acknowledges poses a serious problem to the existing system.
Several conservation organizations addressed this failing with a report outlining solutions
based on conservation and efficiency.61
Phase II of SWSI is now underway. In this effort the major uncertainties of the first
Phase are being examined --- in particular the ‘‘gap’’, and water for recreation and the
environment.
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Case Study – Boulder
Risk Based Planning
Sophisticated modeling of its water system using centuries of hydrology is the hallmark
of the City of Boulder’s approach to the risks posed by uncertain and variable climate.
Colorado’s historic drought of 2002 went well beyond any drought in recent decades. On
Boulder Creek, the city’s main water supply, even water rights with a priority date as
early as 1860 were called -- compelled to stop diverting in favor of a senior rights holder
– at the height of the drought. However, using reconstructed hydrology derived from
tree-ring records, Boulder water managers learned that this drought was exceeded by a
drought in the early 1700’s, and so was within the realm of historical possibility.
Colorado’s naturally semi-arid and variable climate creates an ever-present possibility of
drought for Boulder. The questions facing Boulder are: how bad has drought been
historically; how much worse might it be; and are Boulder’s water supply system and
drought responses up to any challenges posed? In the late 1980’s and early 1990’s
Boulder recognized that it could not prevent water shortages due to drought, but instead
had to accept and manage the risk of drought. It began a long process of developing a
risk-based drought management approach. The two elements of the approach were
setting risk-based drought responses and building a water system operations model to
assess the performance of Boulder’s water supply.
The first element was to set tolerable recurrence intervals for drought and drought
response – just as in flood control where planning may be for a flood of specific
recurrence interval (such as a fifty-year flood or a hundred-year flood). Boulder now
recognizes four risk-based drought stages:62
!"Recurrence intervals of up to 20 years - Boulder will make every effort to fully
supply all municipal demand;
!"Recurrence intervals of between 20 and 100 years – Boulder has both moderate
(Level I – voluntary restrictions, 8% reduction target) and serious (Level IImoderate limitations on outdoor use, 14% reduction target) drought responses
within this risk range.
!"Recurrence intervals of between 100 and 1000 years – Boulder has drought
responses that are severe (Level III- severe limitations on outdoor use, 22%
reduction target) and extreme (Level IV- restrict indoor use to essential needs and
accept widespread die-off of trees, shrubs and turf, 40% reduction target) in this
risk range.
!"Recurrence intervals of over 1000 years – Extreme drought may result in
curtailment of even public health, safety and welfare needs.
62

Boulder Public Works Department, 2003, Draft Drought Plan.
http://www.ci.boulder.co.us/publicworks/depts/utilities/conservation/DroughtPlanVol1.pdf

42

The second element of the effort was quantifying reliability of the Boulder water system
– how it measures up against the drought recurrence standards. Answering the reliability
question required developing a detailed a water system model that could accurately
represent the complex water rights, hydrology and operations of the Boulder Creek
watershed, as well as the contribution of the trans-continental divide diversions to
Boulder’s supply. However, reliable data to use as inputs to the model dated back only to
about 1950. To reasonably assess long-recurrence interval droughts, Boulder extended
its hydrological inputs back 300 years by using a combination of synthetic hydrology
based on tree-ring data and historical data.63
Recognizing the sensitivity of its system to overall water demand in the face of drought,
Boulder has established a modest goal of 10% reduction in per capita demand by the time
building within Boulder is complete. This would have the effect of reducing the current
trend in projected demand of 31,700 acre-feet to about 28,800 acre-feet. Boulder’s
conservation efforts to date have emphasized consumer education and technical
assistance for major water users, especially in irrigation and businesses. It has relied on
fixture upgrades under the plumbing code, rather than rebates for low water use fixtures
such as toilets.64
While Boulder’s conservation efforts are decidedly modest, the risk-based planning
system is innovative and effective.
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Case Study – Tucson
Groundwater Storage System
In a desert where temperatures regularly hover in the 100’s, and essentially no local
surface water supplies, Tucson has water problems. Its access to groundwater has been
legally curtailed, its population is projected to double in the next 50 years, and the
imported surface water supply it depends on is part of Arizona’s certain-to-beincreasingly-variable Colorado River entitlement. Meeting demand, while decreasing
reliance on groundwater by using an inherently variable Colorado River supply, is a huge
challenge.
Tucson’s Water Supply
Population growth is only one of Tucson’s water issues, but it drives many of Tucson’s
problems. Tucson currently delivers about 138,000 acre-feet to about 680,000 residents.
By 2050 that is anticipated to increase to 250,000 acre-feet to 1.3 million people.65
Until the 1990’s Tucson obtained all of its water from the vast aquifer underlying the
city. However, the federal government insisted that Arizona limit its groundwater
pumping as a condition to approving construction of Central Arizona Project (CAP), the
336-mile canal that delivers Colorado River water to Arizona’s cities, Indian reservations
and farms. Arizona limited Tucson to pumping its aquifer at a “safe yield” by 2025 and
access to groundwater mining to about 5 million acre-feet. In the 1990’s deliveries began
from the CAP. Tucson’s share is about 136,000 acre-feet, just about the current water
demand for the Tucson service area. Reallocation of the CAP as part of an Indian water
rights settlement is expected to bump that to as much as 144,000 acre-feet. However, that
CAP allocation is more than 100,000 acre-feet shy of the demand forecast for 2050.
Tucson plans to obtain the remaining water from several sources. Arizona does not
permit Tucson to use the roughly 50,000 acre-feet of natural recharge to its aquifers,
except as a part of the 5 million acre-feet groundwater limit. Tucson anticipates
obtaining legal access to this natural recharge. Non-potable effluent reuse, for turf and
landscape irrigation, will increase from the current 13,000 acre-feet to 20,000 acre-feet.
The remaining 40,000 acre-feet will come from reuse of effluent for potable supplies, and
water purchased from other sellers, such as agriculture or the Indian water rights.66
Colorado River Uncertainty
On the Colorado River, claims to water far exceed any reasonable expectation of supply.
In the case of shortage on the Lower Colorado River basin, the CAP draw on the
Colorado may be reduced or cut off entirely. Arizona Department of Water Resources
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modeling of the CAP supply suggests the likelihood of shortfall reaches to 20% to 60%
in any year after 2020, depending on reservoir storage, weather, and shortage rules to be
adopted by the Secretary of the Interior.67 Tucson’s Colorado River supply is at further
risk because it is at the end of a 366 mile supply canal; physical damage to the canal or
other upset may disrupt deliveries. The result is that while Tucson is planning to depend
on Colorado River water, it must do so with the understanding that the supply is far from
secure.
Conjunctive Use – Surface and Ground Water
Tucson originally intended to use Colorado River water directly in its water system, and
planned to build a terminal surface reservoir for interim storage. However, severe water
quality problems (corrosion, red water, and scale) with CAP water caused Tucson to stop
directly delivering CAP water in 1994. It turned to a system of using CAP water to
recharge the Tucson aquifer and recovering the water, blended with groundwater, for use
in its supply. Tucson now has one recharge and recovery plant operating with another
soon to open; together they will have the capacity to recharge 2/3 of the CAP allotment.
Because Tucson’s water system was built around groundwater pumping, it already has
much of the infrastructure needed to recover and use groundwater.
This conjunctive use system also helps to solve the problem of variation in Colorado
River deliveries. So long as Tucson can receive enough CAP water on a long-term
average, through its direct allotment, supplemented by purchases from Tribes or
agriculture if necessary, it can maintain the proportion of CAP water it is depending on
for a balanced long term supply.
Water Quality
Water quality poses a long-term problem in the use of CAP water because the Colorado
River averages about TDS of 650 mg/l. Tucson customers have expressed a preference
for water with TDS of less than 450 mg/l. As Colorado River water is used to recharge
the aquifer, eventually the recovered groundwater water will approach its salinity levels,
with an equilibration level approaching 600 mg/l. At that point, Tucson will either deliver
lower quality water than customers want, or be forced to use a desalination process.68
Effluent Re-use
In Tucson’s arid environment, effluent is a significant resource. Tucson supply now
includes about 8% non-potable effluent used primarily for turf and landscaping irrigation.
For its water supply to 2050, Tucson intends to continue use of non-potable effluent at
about 8% of total water supply, believing that that level represents a reasonably
achievable goal. The real opportunity for reuse is in potable use. Tucson proposes to use
up to 40,000 acre-feet per year of effluent in potable use, after treating the water to
beyond drinking water standards. Customer acceptance issues may preclude direct use of
67
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treated effluent in the drinking water system; however, indirect use through groundwater
recharge and recovery may be acceptable. Non-traditional water quality issues,
particularly personal care products and pharmaceuticals, are of increasing concern;
treatment systems that effectively and economically remove these chemicals are still in
development. If additional Colorado River water can be obtained, the decision to use
potable effluent may be deferred.69
Conservation
Water conservation in Tucson is one of the west’s great success stories. In the 1970’s
Tucsonans used water profligately. However, a 1977 campaign to “Beat the Peak,” and
reduce infrastructure costs of meeting peak demand, prompted a much more systematic
response as Tucson gradually shifted to xeriscape and limited water use. Now Tucson
uses an overall 177 gallons per capita per day (GPD), with only 120 GPD household use.
Most of this conservation is ethics based, and results from education and incentives,
rather than ordinance and regulation. Tucson anticipates continuing with educational and
incentive programs in the future. However, if other supply options, such as potable
effluent use or acquisition of CAP water, are not successful, Tucson may consider
mandatory conservation measures.
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Case Study – Seattle
Meeting Future Demand through Conservation
Seattle might be the last place one would expect to be concerned about a shortage of
water – it is, after all, famous for its rain. But even in this rainy city, conservation has
been a spectacular success.
Seattle’s Water Supply
Seattle Public Utilities supplies water to about 1.35 million people, less than half of
whom live in Seattle proper. Water for Seattle comes largely from two Cascade
Mountains watersheds, with about 70% from the Cedar River and 29% from the Tolt
River, with the remaining 1% from groundwater. Total firm yield supply amounts to 171
MGD, or 191,500 acre-feet per year. Seattle uses a risk-based approach to defining
system yield, accepting a 2% chance of not meeting demand (98% reliability).
Conservation has been a major factor in managing Seattle’s water for some time. In
1975, Seattle Public Utility’s served just less than a million people, and used about 140
MGD to do so. In 2004, Seattle serves about 1.35 million people, using that same 140
MGD. Total per capita consumption has declined from about 150 gallons per person
per day (GPD) in 1975 to about 105 (GPD) in 2004. Conservation supplied the water
needed for 350,000 new customers.

Source: Seattle Public Utilities
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Conservation had at least an indirect role in ecosystem restoration for Seattle as well. In
2000, after more than 6 years of negotiation, Seattle entered into a Habitat Conservation
Plan under the Endangered Species Act for the City’s main water supply, the Cedar River
watershed. One of the main components of that HCP was a set of agreements about
instream flows for the River, and limitations on the City’s right to divert water. Because
Seattle had reduced its average daily water consumption through a combination of fixture
efficiency (for instance, low flow faucets and toilets), behavioral changes by residents,
and leak prevention, Seattle officials felt comfortable setting limits on its diversion rates
from the Cedar River.70 Had it not been for the effectiveness of the conservation
measures, the instream flow provisions of the HCP might not have been acceptable.
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Damned Dams?
New Water Storage for a Sustainable West
Principal Interviews Conducted
March - July 2006
Washington
Derrick Sandison, Department of Ecology
Black Rock is one of two storage projects Reclamation is considering for the
Yakima to address shorting agricultural water deliveries in dry years. Other
solutions, such as pumping water up from the Columbia to the lower Yakima and
exchanges are likely cheaper and more feasible. But the Congressional
authorization allows only surface storage to be considered due to political
pressure. The cost benefit ratio will not allow the project to be built unless much
of the cost is characterized as being for fish recovery. The Columbia Basin Bill
work is just beginning, with site selection narrowed down to 5. There are a
number of solutions to Odessa subbasin problem, which was caused in part by the
state. Suggested that a think tank approach is needed – stick to your principals,
but free, broad thinking is needed.
Gary Passmore, Colville Tribes
The Colville Tribes do not have much interest in new storage and do not want a
new reservoir on their land. Fishery issues are much more important.
Joe Stohr, Department of Ecology
Large storage projects are very difficult politically, financially, environmentally.
Much more likely to get small to medium projects done, and aquifer storage is
very promising. Funding Black Rock is an enormous challenge. Water 2025 and
John Keyes made that clear. There is great promise in system integration. There
are many single purpose flood control or hydropower dams that could be used for
water supply in part. The water management system is antiquated – no way to
investigate validity of 167,000 claims or measure the water. Addressing that
problem will only happen if senior rights holders want it, as the juniors do not.
Only when the spigot is turned off are alternatives investigated.
Tom Ring, Yakima Nation
The Nation’s formal position on Black Rock is that it should be studied. Tribe is
concerned about fisheries, but the best habitat is blocked by Reclamation dams
without fish ladders. There is much possibility for improvement in Yakima
hydrograph using the existing storage, but would need changed priorities. The
Tribe is very unhappy about being cut out of the Columbia River Bill. The Bill is
unclear and assumes storage is the only answer, when there are a number of other
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approaches. They have less faith in NEPA/SEPA than environmentalists seem to
have.
John Stillmiller, Farm Bureau
The Farm Bureau sees the Columbia Basin bill as a huge victory because it sets
out the need for more storage, a very unexpected result with this legislature and
enviros at the table. Politics made this work – the Governor wanted to do
something for the east side, as did the legislature; Ecology’s guilt over Odessa
helped. The Personalities of the negotiators was also very important. This might
be a lightning strike, never to be repeated, but it did help create relationships.
Ken Slaughtery, Department of Ecology,
With Hedia Adlesman listening in and commenting.
Funding for large dams is difficult, neither feds nor state are interested in a 2+
billion dollar dam. Costs of 10’s to 100’s of millions are feasible. Odessa was a
potent political issue, forcing the state to do something. Seattle may meet its
needs through conservation, but surrounding growth areas cannot. Probably will
look to converting single purpose flood control or hydro dams to multi-purpose
rather than build new. There is lots of storage available not being used for water
supply, need to integrate projects. WA not doing IWRP – California is. WA
needs broader thinking. A think tank/policy shop is needed.
Hedia noted narrow thinking about complex issues from enviros – they are overly
focused on instream flows.
Mo McBroom, Michael Meyers, Washington Environmental Council
Gave a history of the Columbia Basin Bill. Unusual political circumstances made
trying to do a deal necessary and worthwhile. Agriculture has long been pushing
for access to additional Columbia River water and additional storage to make that
possible under ESA limitations. With a Governor and Department of Ecology
supportive of conservation and with the strong backing of a state Senator,
environmentalists felt that a deal could be negotiated that put conservation and
protection of instream flows first. Within that context, they could make any new
supply options, including off-stream storage, environmentally beneficial. WEC
and American Rivers believe that they reached a deal that was positive for the
environment and water management.
Martin Baker, Seattle Public Utilities
When Seattle was negotiating the Cedar River HCP, it ran scenarios of future
water consumption to see if it could live with limitations on withdrawal rates.
Because average annual withdrawal had fallen from 147 MGD in the mid 1980’s
to 90 MGD today, the HCP limitations were acceptable. That decline was due to
fixture replacement, behavioral changes in water users after several droughts and
reduction of losses from leaks in the system.
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California
Barry Nelson, NRDC
There are fatal problems with all of the CALFED projects, and fundamentally
they take more water from the environment for the environment. Urban agencies
don’t want to pay for any of them because they have more reliable and cheaper
alternatives in conservation, wastewater reclamation, groundwater and
desalination. That leaves agriculture, which cannot pay enough. Hard to see how
any get built. Governors Bond act failed because he tried to outspend the
Democrats, and they would not go along.
Virgil Welch Planning and Conservation League
Several bond acts were floated; ultimately the Democrats and enviros killed the
Governors water bond, which favored R interests, in favor of the others. Now he
is seeing interest in conveyance – a peripheral canal.
Steve Evans, Friends of the River
Governor’s bond act favored agriculture and Republican interests, which did not
fly in a legislature controlled by D’s. The great CALFED alliance is no more –
failed under its own weight. For urban interests, efficiency is much less
expensive than new dams, so they have tacitly withdrawn support.
Implementation of conservation and efficiency work is a problem and
opportunity.
Steve Roberts, Department of Water Resources
Studies on CALFED dams proceeding, but without interests stepping up to pay
for the projects. He thinks Sites is most promising, but a beneficiary other than
the environment unclear. As long as the environment benefits, other interests do
not want to pay.
Steve Macaulay, California Urban Water Agencies
His general sense is that no business case for new storage has been made, so
nobody wants to pay for it. Los Vaqueros would make sense for the greater south
Bay, but no cooperation. Urban agencies have alternatives. Conservation work
of Pacific Institute was a real shock. Groundwater banking easier to do because
can do in smaller chunks. Climate change turned a corner in the last 6 months,
but water managers are still thinking that it is manageable. He is less optimistic.
Dennis O’Connor Senate Natural Resources and Water Committee
None of the projects make economic sense, so probably won’t be built without
huge amounts of federal money. May have some flood control issues in San
Joaquin, but that remains to be seen. IRWM makes a huge difference, especially
in linking flood control, ground water. Peter Gleick has made a difference in
conservation, changed debate. Advocates must understand technical issues and
politics to really be effective.
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David Guy, Northern California Water Agency
Sites is really the only viable project, not as ideology, but for planning for future.
But paying for management and flexibility rather than direct water is a tough sell.
Farmers very open to on the ground conservation work.
Heather Cooley, Pacific Institute
Comparative advantage is working on environment, economics and society. They
are starting a US water project, but have been limited to California domestically.
Jim Snow, Westlands Water District
They support surface storage in several forms. His perspective is that there is a
lot of talking in water, but not much listening. Could use more people or
institutions that can listen and solve problems rather than posture.
Alf Brandt, Assembly Water, Parks and Wildlife
Bruce Babbitt made storage a central part of CALFED because it seemed the only
way to get water for flexibility, efficiency and even fish. IRWM is very
important, not gotten a lot of attention, but it is the future. Water Education
Foundation and Pacific Institute are critical to changing landscape.
Colorado
John Singletary, Director Lower Arkansas Conservancy District
In the Arkansas River Basin, Front Range cities buying water is the biggest threat
to farming and farm communities. His organization is acquiring water rights and
conservation easements with the intent of keeping the water on the land. They
may lease water to cities, but rotate water to keep land in production. The
environmental community is the last best hope to save agriculture in Colorado.
David Nickum, Colorado Trout Unlimited
Expressed concern about Phase II of SWSI, especially the Conservation, Gap,
Instream flow and Recreation efforts. Most easy transbasin diversions completed,
the next set require taking water lower and much greater pumping costs, implying
that the projects will get more expensive.
Melinda Kassen, Trout Unlimited
Conservation is the only feasible solution, see Facing our Future. Funding and
work on conservation is difficult, but feasible. Real need for additional funding.
Bart Miller, Western Resource Advocates
Phase I of SWSI did not prioritize or integrate, rather reported on what
municipalities and district were doing. The fundamental strategy to 2030 is to use
unallocated water (400TAF-1.5MAF), put boundaries around instream and
recreational water, and use transfers and conservation for the rest. After 2030 –
unclear, but agriculture suffers. Facing our Future focused on conservation,

52

making better use of existing supplies and groundwater conjunctive use. Some
interest from water districts in gaining support for reuse and other projects.
Gene Reitz, EPA
There are a significant number of projects in some stage of environmental review
– 6 to 8. Not all projects cross federal agency desk. Federal agencies are not
taking the kind of stands as they did with Two Forks, making building projects
easier. Climate change and instream flows are huge and growing issues.
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