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Preface

The papers included in these Proceedings were presented during the USCID Water
Management Conference, held March 23-26, 2010, in Sacramento, California. The
Theme of the Conference was Upgrading Technology and Infrastructure in a
Finance-Challenged Economy. An accompanying book presents abstracts of each
paper.

Financing infrastructure and technology, a challenge in normal times, has become
even more difficult for irrigation water supply providers as a result of the recent
tightening of the credit markets. Irrigation districts, and other water providers, face
a continuing need to upgrade technology and infrastructure even in these tight
credit markets that complicate financing. Response to droughts, climate change and
increased scrutiny of water management practices continues to drive upgrading of
irrigation infrastructure and technology.

In response to these challenges, irrigation districts are developing innovative
financing and funding solutions. These include developing partnerships with other
agencies, applying for grants, loans and other sources of financial assistance, along
with consideration of rate increases. Some are entering into agreements to transfer
water. Others are agreeing to share facilities. Some districts are utilizing
wastewater for irrigation or recharge. Irrigation districts and other agencies are
using these and other strategies to maintain and upgrade the services they provide
in these challenging financial times.

The papers presented during the Conference technical sessions and poster session
focused on these issues. Technical sessions addressed the following topics:
Innovative Technologies; Urban/Ag Partnerships; Upgrading Infrastructure;
Finance and Economics; Water and Energy Supply/Conservation; and Water
Planning.

The authors are professionals from academia; federal, state and local government
agencies; international agencies; water and irrigation districts; and the private
sector.

USCID and the Conference Chairman express gratitude to the authors, session
moderators and participants for their contributions.

Bryan P. Thoreson
Davids Engineering, Inc.
Davis, California

Conference Chairman
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CONCEPTS IN WATER RESOURCES ECONOMICS
PAST AND FUTURE

Rick L. Gold, P.E, D.WRE.!
ABSTRACT

This paper discusses the basic concepts of Water Resources Economics by exploring
water resource investment decisions in general. The paper lays out various views related
to the need and desirability of rigorous economic evaluation and contrasts that approach
with the purely political approach to securing authorization and funding. It discusses the
costs of developing ideas, the more detailed project planning and design, and the ultimate
decision of “to build or not to build”. The litany of how those decisions have historically
been made will be discussed as will the concepts of who has made them. The
development of the 1983 Principles and Guidelines and the recent re-evaluation of them
will be considered. The paper deals with how investment decisions are made from the
perspective of what funding sources are likely available for implementation. The factors
which might be considered are discussed in terms of benefits, costs, and priorities. The
paper concludes with a look to the future of water resource investment decisions and a
discussion of likely future scenarios that could lead to successful implementation.

WHAT ARE INVESTMENT DECISIONS?

Exploring Ideas Costs Money

Many people fail to grasp the significance and importance of water resource investment
decisions. Making good decisions is seldom a matter of chance. On a personal level few
would approach a decision about where to invest their money without a fair amount of
evaluation of the kinds of options that were available, the potential risks and rewards of
the options, and the likely outcome of making the investment. In a world where time is
money, investing the time to plan can be costly but not thinking things through can be
even more costly. Sound planning can make the difference between success and failure.
The overall objective in project development is to arrive at the correct solution and spend
the least overall cost in building that project.

In water resources investment, simply exploring the ideas costs money. Whether it is
your staff or a consultant who begins with your idea and starts the process of developing
and examining the options those very early phases of “thinking it through” are done by
folks who earn a paycheck. The better the job that’s done in sorting out the ideas the
better the long term prospect for getting the idea implemented. Those initial dollars spent
can pay off significantly as the process moves forward. Unfortunately many see this
upfront investment as simply delaying the start of the project. For those of us who grew
up being planners it is a critical investment in keeping us from going down the wrong
path only to retreat and start over at some later time.

! Senior Consultant, CDM, 1886 South Wasatch Drive, Salt Lake City, UT 84108: goldrl@comcast.net
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Investment decisions start with the early evaluation of the ideas to be implemented and a
sorting of options to the point where a potentially successful project begins to materialize.
Keeping this early evaluation at a general, less detailed level helps keep the costsin
check. It makes no sense to spend significant amounts on detailed study of options that
will be discarded later in the process.

Planning and Design

While some of the early exploration of ideasis also a part of “planning”, many associate
only the development of a Feasibility Report with planning. There have been, and
continue to be, lots of names for planning documents; reconnai ssance studies, appraisal
studies, feasibility studies, definite plan reports, specia studies, etc. The real focus of
planning isto sort out the alternative projects or ways of accomplishing the project to
define the actual project you plan to develop. It costs lots of money and takestime but in
the end the process |eads to the selection of the correct plan for implementation.

The next phase isdesign. The design phase usually produces the specifications and
detailed instructions for the construction of your project. This effort isvery costly and
time consuming depending on the complexity of the project. It makes sense to only spend
the money to design the actual project you intend to build. The benefits of the early
screening and winnowing processes help to arrive at the project to be implemented first
and then design it rather than spending the money designing several alternative projects
and then discarding all that design work done on a project or option that you ultimately
decide not to build. While it isnot possible to set clear budget targets for the magnitude
of funding needed for the planning phase verses that needed for the design phase it isthe
author’ s experience that a good planning effort might range in the $500 K to $1 M range
while many design efforts can cost in the $5 M —$10 M range, depending on the
complexity of the project.

Thiswhole planning and design phase is about starting with ideas and ending up with the
best possible choice of options or projects during a progressively more detailed effort.
Thisyields a process which is efficient and effective. At the end you do detailed design
of the project you intend to build and proceed with implementation.

To Build or Not To Build

Sometime during this planning and design phase is the right time to get serious about the
ultimate decision of implementation. 1t makes little sense to decide to move forward to
implement if you don’t clearly understand the project, how it will be built, where the
funding will come from to construct it, or the benefits to be derived from it. It also makes
little sense to spend all the time and money on planning for every contingency on the
project before moving toward taking the necessary steps to assure that it can be built.
Some suggest that you know you are going to implement the project from the beginning
and therest isjust details. It isthistension in perspective that makes the process of water
resource decision making so interesting. What tends to make the processes different is
the source of the money for project implementation. If it'syours and you are ready to go
you should proceed. If that funding belongs to someone else your task isreally to
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convince them to spend the money and build it. Particularly in the area of federal
funding, as will be explored later in this paper, convincing them to spend it isabig job.

WHAT ISTHE HISTORY OF WATER RESOURCESDEVELOPMENT
DECISIONS?

Groups of I ndividuals

Many early water resources development decisions were made by groups of individuals
who were spending their own money to build projects. Sometimes there were individuals
or groups of investors who provided the capital. In the case of the first five Reclamation
Projects (the Salt River Project in Arizona, the Newlands Project in Nevada, the Milk
River Project in Montana, the North Platte Project in Wyoming, and the Gunnison Project
in Colorado) authorized in 1903 each expanded on previous investments by individual
users. Undoubtedly the decisions that were made to move ahead with these projects were
based on some of the principles and theories of the day that suggested that a return on the
investment was possible. In afew cases the decision to build a project was the only
decision that would allow those early farmersto make aliving in their location. When
investors or groups of investors made decisions to fund the development is was likely
because they believed the creation of the project, including al of the secondary benefits
to be derived, was worth the price. Many of those early projects were pretty inexpensive,
by today’ s standards, and much of the work was done by the farmers with their own labor
and equipment. Some of those projects were not well funded, and the primary goal was
the delivery of water rather than to have too much concern for the long term
sustainability of the project. They figured out how to deliver the water to allow irrigation
to be successful. In many cases, it was a“figureit out aswe go” approach. This
approach resulted in wide variance in the level of success.

State Support and Projects

Along the way some of these projects sought help from their states as projects needed
funding to complete construction or to sustain the operation and maintenance. Some
states stepped in to support the projects and undoubtedly had some significant economic
decisionsto make. At that point one can only guess that the decisions were about the
sustainability of the area’s economy in general rather than just the projects direct benefits
and costs.

Eventually some of the states themselves began to consider and invest in water resources
projects for the benefit of their citizens. It isthe author’s belief that many states likely
went through some difficult decision making about whether to invest in a particul ar
project or not. The key element in moving to this broader base of support was that the
citizens of the state could tax themselves and spread the cost to all those who might
receive some of the indirect benefits. In many cases, these projects were successful but
in some cases the next logical step was to engage the federal government for financial
support.
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Federal Projects

In the late 1800s the move to set up a program within the federal government to finance
water resources projects began in earnest. Many were interested and ultimately in 1902
the Reclamation Act was passed into law giving the Reclamation Service arolein
planning, designing, building, and operating water resource projectsin the West. Itis
how these decisions, made by the Federal Government, are made that is the principal
focus of this paper. Aswe will discuss later in the paper, it is the multiple processes of
planning for and authorizing the construction and operation of these Federal projects that
creates the backdrop for some of the economic controversy that faces water resources
development in the future.

HOW ARE FEDERAL WATER RESOURCESINVESTMENT
DECISIONS MADE?

Funding a Federal Project

When the United States sets out to spend the people’ s money it becomes arelatively
complicated process. Under the separation of powers only Congress, in the Legislative
Branch, can spend (appropriate) money. The normal process for doing this, at least in
water resources situations, is by Congressfirst passing alaw authorizing the expenditure
of money for the purpose of the project, the President of the United States, in the
Executive Branch, must sign that law before it is enacted, Congress then must
appropriate the money to an agency in the Executive Branch by passing another law (an
appropriations bill), the President must also sign this law before it is enacted, then the
Executive Branch Agency is allocated the money from the US Treasury according to the
appropriations law and can spend it for the purposes for which it was authorized.

As one might guess this processis not quick and easy and there are many opportunities
for mischief. In many instances the process from introduction of a bill authorizing a
water resource project to the time the agency getsitsfirst appropriation of funding to
actually begin constructing the projects can take many, many years. For example, the
Animas La Plata Project in Colorado and New Mexico was actually authorized for
construction in 1968 and the first real construction funding began to flow to the project in
2002; thirty four yearslater! In this case the ideasfor the project werefirst considered in
the 1920s and the water rights were identified in 1938. These early years of planning all
lead up to the authorization for construction contained in the Colorado River Basin
Project Act of 1968. Many examples could be presented where this Federal process was
arduous, tedious, debated, re-visited, litigated (in the Judicial Branch), and in afew cases
succeeded. But given that this processis daunting, the Federal Government did set out
some specific procedures in order to make the decisions about which projects should be
supported during the process of authorization and appropriations.

| mplementing M or e Purposeful Processes

The 1902 Reclamation Act set the federal funding process in motion by establishing the
Reclamation Fund within the US Treasury. The original concept of the fund was that



Conceptsin Water Resour ces Economics 5

monies received from the sale and disposal of public landsin the western states were to
be placed in a special fund to be used to examine, survey, construct, and maintain
irrigation works. Once constructed, those projects were to be repaid by the recovery of
the cost of construction in ten annual payments from the farmers with the money returned
to the Reclamation Fund for use in devel oping the next Reclamation project. Obviously
many of those principles have changed over the years with additional money added to the
Reclamation Fund from the General Fund, repayment periods adjusted up to 40-50 years,
and numerous project purposes added to the mix. It isinteresting to note that littleis said
in the 1902 Act about the processes or principles to be used in making the investment
decisions. The fundamental idea was that the project be practicable and advisable from
the perspective of the Secretary of the Interior who was the decision maker.

With the enactment of the 1936 Flood Control Act as a part of Reclamation law the idea
that a project purpose (in this case flood control) could be in the interest of the general
welfare became part of law. This concept islikely based upon the 1920s work of
Professor Arthur C. Pigou in his book “The Economics of Welfare” in which the idea that
the “welfare of man” could be measured and thus that the impact of an action (like the
construction of awater project) on that “welfare” could be determined. That work also
recognized that some of that impact could be monetized and some could not. Monetized
impacts could be measured in the dollars of wages, income, crops, etc. while non-
monetized impacts like open space, scenic views, and clean air could not. Nonetheless
all the impacts on the “welfare of man” were recognized and in the 1936 Flood Control
Act we see thefirst reference to the need for benefits to exceed costs and the beginnings
of the ideas for a benefit to cost ratio.

Practices, Principles, Standards, Procedures, and Guidelines

By about the 1950s, the first attempt to provide some guidance in this direction
materialized. The Subcommittee on Benefits and Costs of the Federal Inter-Agency
River Basin Committee produced the Green Book. Thetitle of this book (with a green
colored cover) was “Proposed Practices for Economic Analysis of River Basin Projects.”
When, in support of these concepts, the Bureau of the Budget, now the Office of
Management and Budget (OMB), published Circular A-47 with a strict focus on making
sure that benefits exceeded cost for any project, many in Congress became disenchanted
with this strict test. 1n 1962 Senate Document 97 was published which set out a broader,
compromise position. It was a multi-objective approach that provided for reasoned
choices among development, preservation, and well being of people. There was no
requirement for benefits to exceed costs in Senate Document 97. However it did allow
for the Bureau of the Budget to adopt such a standard for the administration. History
would show that this need for a B/C ratio greater than 1:1 became the rule.

The Water Resources Planning Act of 1965 established the Water Resources Council and
charged that new body with the development of Principles, Standards, and Procedures.
Their effortsfirst resulted in the 1973 Principles and Standards for Planning Water and
Related Land Resources. They then published a 1980 version of the Principles and
Standards specifically for Level C planning (Implementation Studies). Ultimately, in
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1982 the Principles and Standards were repeal ed by the Water Resources Council and
replaced with the 1983 Principles and Guidelines (P& Gs) which are in place today.

The P& Gs are intended to “ensure proper and consistent planning by Federal agenciesin
the formulation and evaluation of water and related land resources implementation
studies.” They cover the implementation studies for water resource project plans of the
Corps of Engineers, Bureau of Reclamation, Tennessee Valley Authority, and Soil
Conservation Service (now the National Resource Conservation Service).

The stated federal objective of project planning is “to contribute to national economic
development consistent with protecting the Nation’ s environment, pursuant to national
environmental statutes. . .” The P& Gs require the formulation of various alternative
plans “in a systematic manner to ensure that all reasonable alternatives are evaluated.”
They require the formulation of “a plan that reasonably maximizes net national economic
development benefits, consistent with the Federal objective.” Other plans which reduce
those national economic development benefits “in order to further address other Federal,
State, local, and international concerns not fully addressed . . . should also be
formulated.”

Each alternative plan is to be formulated in consideration of its completeness,
effectiveness, efficiency, and acceptability. In evaluating and displaying the alternative
plans four accounts are established. They are 1) the national economic devel opment
(NED) account, the environmental quality (EQ) account, the regional economic
development (RED) account, and the other social effects (OSE) account. The P& Gs state
that “a plan recommending Federal action isto be the aternative plan with the greatest
net economic benefit, consistent with protecting the Nation’ s environment (the NED
plan) unless the Secretary . . . grants an exception to thisrule.” Detailed guidance on just
how to apply these processes are included in the near 150 page document.

It isinteresting to note that in 2007 a process was initiated by the Corps of Engineersto
review the 1983 P& Gs and provide revisions within two years. That process now
appears to have been taken over by the President’ s Council on Environmental Quality
which has produced afirst draft for internal agency review. That processislikely to
result in anew version in the years to come.

POLITICSAND POWER

Congress and the Administration

Given the above established processes for federal water resources decision making it is
interesting to look at the practical reality of how projects have moved forward in the
recent past. Given the complexity of these studies, the cost of these detailed evaluations,
the length of time required to complete them, and the ultimate potential for no support
from the Executive Branch of government when authorizing legislation is proposed it is
not surprising that many project sponsors seek more straight forward solutions.

The Congress of the United States ultimately must pass alaw that authorizes and funds a
project. In most cases, OMB becomes the decision maker for the administration when it
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comes to providing the position of the Executive Branch relative to proposed legislation
pending in Congress. Typically OMB views the cost of developing awater resource
project as excessive and it is virtually a given that the administration’ s testimony will not
support an authorization for construction. Given this reality, many see the obstacles of
following the administration’ s processes only to find authorization for the project not
supported by that same administration as a major disconnect. Many sponsors seek other
solutions.

Sponsorstypicaly turn to their Congressional del egation to achieve the authorization and
funding for their projects. Thisprocessis particularly effective in states where a strong
and unified delegation exists in support of the benefits of water resource development. It
isalso amajor advantage if the state has Representatives or Senators who are well placed
on the right Congressional committees and particularly if supportive Committee or Sub-
committee Chairmen are in the mix. Once Congress has decided to support the
authorization and funding, in many cases over the objection of the Administration, then
the authorization and funding bills get passed and, unless the Administrations issues are
significant enough to trigger a Presidential veto, the bills are signed into law. At this
point the Executive Branch basically becomes the conduit through which the funding
passes in order to implement the project. While this subsequently may require an annual
Congressional write-in for continued funding many sponsors see it as the best way to
achieve project implementation.

While the current dialog regarding “Earmarks’ seems to hint that a continuation of this
detailed direction from Congress related to agency spending may be in question, the
reality seemsto suggest that the process will continue in some fashion. Even the harshest
critics of the earmark process seem to have significantly different thoughts when the
subject is aneeded development in their state or district. One person’s “Pork” is another
person’ s much needed project that somehow was overlooked by the Administration!

It all comes down to who makes the decision and how that decision gets made. It
becomes a classic tug of war between the Federal budget and what it should be used for
and the needs of the Congress to take care of the districts and states which elect its
members. It isagreat process to watch and study and interestingly it doesn’t seem to be
much about whether the players are Republican or Democrat but rather about whose
project is at stake and what current power and politics exist.

WHAT FACTORSSHOULD BE CONSIDERED?
Benefits

One would hope that no matter which path is pursued toward the authorization and
funding of water resource projects that the driving force would be that there are
significant benefits to be achieved with the development of the project. The real issue
becomes what kinds of things count as benefits and how large are those benefits. Our
water resource history would show that early projects were based upon the benefits of
agriculture. Crops produced and wages paid were the foundation. Later flood control
damages avoided, municipa water delivered, and electrical energy produced were added.
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Ultimately recreation and fish and wildlife benefits became part of that mix. The
existence of the Environmental Quality account in the P& Gs attests to the continuing
importance of those environmental issues.

Itislikely that early projects were seen as the only way to stabilize an emerging economy
that could support settlement in some parts of the West. Continued growth in many of
those areas likely brought the need for additional suppliesin the form of expanded
capacity or additional projects. It now seems that some of that continued growth is being
viewed as a negative by some and many new or expanded projects are facing the issue
that constituent groups oppose additional water resource devel opment because they do
not want the additional growth. We seem to be moving from the “Build it and they will
come” approach to the hope that if we do not build it they will not come. There are
serioudly differing views about this approach which suggests that by not providing
additional water supply then growth can be limited. This author doubts the validity of
that approach except when the limited supply or the high cost of that supply becomes
such adisincentive that even the existing population no longer desires to stay in
residence. In my opinion, long before that time the local population changesits political
leadership and begins to support the development of additional supplies. In generdl, it
seems that as long a population continues to increase the need will exist, on the part of
public utilities and project sponsors, to continue to find additional supplies to meet the
legitimate needs of the people.

Costs

The eraof billion dollar water projectsis assuredly upon us. It isvery common to see
projects with total construction costsin the $500 million range. A few being discussed
are several billion and on the upper end are some that begin to approach $100 billion.

One of the most common responses from OMB relative to proposed projectsis that the
cost istoo high. When attempts are made to balance the federal budget or reduce the
national debt these costs are easy to target as potential cuts. Thereality isthat oncea
water resources project is started it is very difficult to discontinue that investment,
abandon the potential benefits, and deal with the stranded or sunk cost. It has happened
but not often. The more common approach is to reduce funding, stretch the construction
period, save the money now, and ultimately drive the total costs higher. It iseasy to see
why OMB fights so hard to avoid the authorizations in the first place.

One other area of cost that has become increasingly important is that of costs avoided. In
the water resources world this has most commonly been applied to flood damages and
Indian water rights settlements. The responsibility of the United States and the States to
meet the treaty obligations of the native peoplesis huge. Many of the contemporary
water resources projects are being supported based upon the need to meet those
obligations. Real water resources benefits exist for these projects and in addition by
resolving these native claims significant litigation costs are avoided. It has become a
strong argument for the development of new projects.
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It can make a great deal of sense to use atool like the benefit to cost ratio to help the
decision maker. From the above, however, it seems rather easy to see that the decision
makers have very different perspectives. OMB seeksto limit federal spending, balance
the budget and reduce the deficit. Congress seeks to meet the needs of its electorate. The
electorate likely supports the reduction of the federal budget and the deficit but sees
significant spending going el sewhere to programs they may not support. When projects
to build bridges to nowhere get funded no one is very happy. In the face of that choice
they prefer to get their share. They vote and Congress does what Congress does. Itisa
problem that the federal budget is so large; but it isadisaster if | don’'t get mine!

Priorities

Even with a clear and commonly held view of the benefits and the costs of proposed
water resource development projects there comes the issue of priorities. Asamong any
number of well justified projects which one should be developed first? Should projects
supported by the Administrative processes involving P& Gs have priority over those
authorized over the objection of the Administration? Should Congress give priority to its
authorizations over the projects supported by the Administration? On abroader scale
should the devel opment of new authorized projects have a budget priority over future
planning? Should new projects have a priority over operation and maintenance of
existing projects? Should new projects have priority over the Administrative costs of
running the agency?

It is an interesting budget exercise. It works like this. Each year OMB provides atarget
budget for the Administrative agency, the agency formulates its total budget to that target
level, the agency’ s budget is reviewed and modified by OMB on its way to the President,
the President submits the government’ s budget to the Congress, Congress holds hearings,
debates the issues, and ultimately passes an appropriations bill, and the bill is sent to the
President to be signed into law. OMB gets several bites of the apple!

It is not uncommon for OMB to reduce the agency budget and for Congress to increase
the agency budget while adding its own preferences for spending as write-ins or
earmarks. It isthrough this complex process that spending decisions are made. It’'s abit
like watching the making of sausage!

ALOOK TO THE FUTURE
L ess Federal

Given the current state of the US economy it seems only logical that securing significant
funding for water resource development projectsin the near future will be very difficult.
The current and expected federal deficit and debt will surely drive us toward reduced
federal spending in general. Fighting wars on two fronts, the looming costs of a
resolution to the health care issue, and the yet to be tackled issue of social security
challenges seems to suggest that current national priorities will not soon shift to water
resources. It isasafe bet that less federal funding will be available in the next decade.
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L ess State

Those very same economic conditions are driving state governments to significant cost
cutting measures. States like California seem to be is serious trouble. Many states are
reducing staff, limiting travel, delaying projects, and in some cases even raiding their
future water development funding programs just to balance the state budgets. It also
seems logical that some of the cuts occurring at the federal level will shift costs to the
state level. It isasafe bet that less state funding will be available in the next decade or
SO.

More Cost Sharing

Joint efforts for the most critical water resource efforts seem to make the most sense.

One potential opportunity isfor bonding for development. With interest rates at historic
low levels and a shaky stock market investment outlook for many, the potential for public
bonding by project sponsors would seem to be an attractive option. If investors could
buy state sponsored revenue or general obligation supported bonds for the construction of
infrastructure it would seem those bonds would be seen as relatively attractive investment
options. The biggest obstacle might be that the bond rating of some of those bonds might
not rise to an attractive level in these difficult economic times. In genera, however, it
seems that to get critical projects developed it well require a cost sharing approach of all
therelevant players.

Smaller Development

These redlities |ead the author to suggest that future projects will need to be smaller.
Trying to convince funders to begin projects that cost hundreds of millions or even
billions of dollarswill be an extremely tough battle. Smaller chunks might have a better
chance.

Align the Stars

Getting just the right water resource devel opment package put together has never seemed
more important. Critical support by a state’s Congressional delegation will be essential.
Agency support at the state and federal level will be important. The minimization of
negative impacts to the environment and the endangered species will be critical. Paying
attention to the energy needs of building and operating the project will be vital. Even
with al these bases covered it may take an improved or at least an improving economy to
gain the needed support.

Being able to tell the story of why any particular potential project should be moved
forward to development will become an absolute. Having the answers regarding what
those expected benefits are, what the realistic costs might be, and why the state or federal
government should invest in this project will be vital. Investing some time and money
into the planning for the project will pay off. We will al need to keep in mind that
opposition will be there and that competition for limited funding will be even more
intense. Providing water resource benefitsis a worthwhile objective but it won't go far if
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those same benefits could be achieved by the user being able to pay a more equitable
share.

Perhaps it has always been that making these water resource development decisions
required careful attention to the economic realities of the time. Therealities of the
current time seem a particularly difficult backdrop for future development. Tough
decisions lay ahead and only sound planning and solid decision making will position the
water resources world for the future.






GLENN-COLUSA IRRIGATION DISTRICT WATER BALANCE MODEL:
A FOUNDATIONAL COMPONENT OF A DISTRICT RESOURCE
MANAGEMENT PLAN
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ABSTRACT

Glenn-Colusa lrrigation District (GCID) isin the process of devel oping a Resources Plan
(Plan) to establish improved policies and decision making processes to better and more
actively manage its available water supplies. The first element of the Plan will address
Water Supplies and Transfers; it will be developed through evaluation of the district’s
recent historical and future water demands relative to available surface water and
groundwater supplies. The analyses will reveal the probabilities, magnitudes and
durations of possible future water supply shortage and surplus conditions. When
combined with supporting legal and institutional review, the analyses will provide abasis
for managing available water surface and groundwater supplies, shaping conjunctive
water management policy, and evaluating potential surface water transfers.

GCID is developing awater balance model, including related refinements to the District’s
water measurement, data management and reporting systems, to analyze historical and
possible future water supplies and demands. The water balance will be calculated on a
monthly time step for up to ten consecutive years, including winter months when rainfall
is appreciable and irrigation demands are generally low. Individua water balances will
be prepared for each of GCID’ s ten water operator areas, which can be combined to form
the balance for the overall District. This paper provides a background description of
GCID and discusses ongoing development of the water balance model and related
improvements to GCID’ s flow measurement and data management procedures.

DESCRIPTION OF GLENN-COLUSA IRRIGATION DISTRICT
Overview

GCID’s appropriative water rights on the Sacramento River began with an 1883 filing
posted on atree by Will S. Green, surveyor, newspaperman, public official, and pioneer
irrigator. Hisfirst claim was for 500,000 miner’s inches under 4 inches of pressure and
led to the establishment of one of the earliest and largest water rights on the Sacramento
River.

GCID was organized in 1920, after several private companies failed financially, and a
group of landowners reorganized and refinanced the irrigation district, retaining claim to
Green’ s historic water right. The disastrous rice crop failure of 1920-21 nearly destroyed
the district at itsinception, and the “ great depression” took a further toll, making it

! General Manager, Glenn-Colusa Irrigation District, P.O. Box 150, Willows, CA 95988; tbettner@gcid.net
2 President, Davids Engineering, 1772 Picasso, Suite A, Davis, CA 95618; grant@de-water.com
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necessary for the district to refinance in the 1930s. Additionally, the United States
purchased lands within GCID during this period that would later become three federal
refuges totaling approximately 20,000 acres.

Today, after surviving many challenges, GCID isthe largest irrigation district in the
Sacramento Valley. Located approximately eighty miles north of Sacramento,

Cdlifornia, on the west side of the Sacramento River (Figure 1), the district encompasses
approximately 175,000 acres, including 141,000 planted to agricultural crops, with rice
being the dominant crop owing to the heavy clay soils and adequate water supply.
Additionally, there are more than 20,000 acres within the three federal wildlife refuges
and 5,000 acres of private lands managed to provide wildlife habitat. Winter surface
water supplied by GCID to thousands of acres of rice land provides additional valuable
habitat for migrating waterfowl during the winter months.
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GCID’s main pump station and fish screen structure located near Hamilton City, with a
maximum capacity of 3,000 cubic feet per second (cfs), isthe largest diversion from the
Sacramento River. The District’s 65-mile long Main Canal conveys water into a complex
system of nearly 1,000 miles of canals, laterals and drains constructed mostly in the early
1900s.

In 1990, the GCID’ s Sacramento River diversion was identified as a significant
impediment to the downstream migration of juvenile salmon. Following the state and
federal listing of the winter-run Chinook salmon as endangered under the Endangered
Species Act, pumping restrictions were imposed on GCID by a court-ordered injunction,
preventing GCID from diverting its full water entitlement. A long-term solution was
developed to provide both safe fish passage past GCID’ s pump diversion and areliable
water supply to GCID by allowing them to divert their maximum capacity of 3,000 cfs.
Key components of the solution included enlargement and improvement of the fish
screen structure and the construction of a gradient control facility in the main stem of the
Sacramento River to stabilize the river channel and ensure flow to the pump intake.
These facilities were complete in 2002.

Surface Water Supplies

GCID holds both pre- and post-1914 appropriative water rights to divert water from the
natural flow of the Sacramento River. GCID also has adjudicated pre-1914 water rights
under the Angle Decree, issued in 1930 by the Federal District Court, Northern District of
California, to divert water from the natural flow of Stony Creek, a Sacramento River
tributary. In addition, as the successor in interest to Central Canal and Irrigation
Company, GCID has, under aMay 9, 1906 Act of Congress, the right to divert up to 900
cfs from the Sacramento River (Pub. L. No. 151, Ch. 2439).

From itsfirst diversions until 1964, GCID relied upon its historic water rights and
adequate water supply from the Sacramento River. The Sacramento River watershed
encompasses 27,246 square miles and has an average runoff of about 22.4 million acre-
feet. Thisisnearly one-third of the state' stotal natural runoff. In 1964, after nearly two
decades of negotiations with the United States, GCID aong with other Sacramento River
water rights diverters entered into “ Settlement Water Contracts’ with the Bureau of
Reclamation (Bureau). These Settlement Contracts were necessary at that time to allow
the Bureau to construct, operate, and divert water for the newly constructed Central
Valley Project (CVP). The contract provided GCID with 720,000 acre-feet of base
supply during the months of April through October and 105,000 acre-feet of purchased
CVP water during the months of July and August. The 825,000 acre-feet annual
entitlement recognized under the settlement contract isinclusive of GCID’ s entitlement
recognized under the Angle Decree, which, on average, yields about 15,000 to 18,000 ac-
ft/yr. During adesignated critical year when natural inflow to Shasta Reservoir isless
than 3.2 million acre-feet, GCID’ s total supply is reduced by 25%, to atotal of about
619,000 acre-feet.
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Additionally, the District holds a water right under a State Water Resources Control
Board (SWRCB) permit to divert “winter water” from the Sacramento River between
November 1 and March 31 at arate of up to 1,200 cubic feet per second (cfs). Thiswater
supply is used for rice straw decomposition, maintenance of waterfow! habitat, and minor
fall, winter, and early spring irrigation. The permit provides 150,000 acre-feet for rice
straw decomposition and 32,900 acre-feet for crop consumption.

Groundwater Supplies

Approximately 200 privately owned groundwater wells are located within GCID’s
boundaries. Most of these wells draw from the Tehama Formation at depths ranging
between 200 and 500 below ground surface. Additionally, as part of program to explore
deeper aquifer systems, GCID has completed construction of three deep wells and plans
for afourth. These wells were designed and constructed to draw from formations
generally below depths of 700 feet to minimize the likelihood of interference with
shallower, private wells.

In recent years, GCID has supplemented its available surface water supplies with
groundwater from local privately owned wells. It has accomplished this with avoluntary
conjunctive water management program. This program involves more than 100 private
landowners who are reimbursed by GCID for each acre-foot contributed to GCID’s
supply. This program has produced up to 67,000 acre-feet of supply in asingle year asa
means of offsetting critical year surface water curtailments. However, impacts resulting
from competing local needs for groundwater as well as air emission regulations have
resulted in more restricted use of groundwater.

Water Conservation

In addition to relying more on groundwater to offset surface water shortages, GCID has
an aggressive drainwater recapture program involving gravity and pumped diversions
from drainsinto district laterals for supply to farms. It is estimated that GCID currently
recycles approximately 155,000 acre-feet annually. Drainwater not recaptured by GCID
isavailable to and is an important supply source for some downstream water suppliers,
including Provident, Princeton-Codora-Glenn Irrigation District, Maxwell Irrigation
Digtrict, and the Colusa Basin Drain Mutual Water Company.

Additional water conservation measures appropriate to the conditions within GCID
include conveyance system automation, district-level water measurement, and farmland
return flow measurement. Precision farming techniques, laser land leveling, micro-
irrigation, and other on-farm irrigation technology improvements have been used
effectively within GCID in the last decade to improve water use efficiency and reduce
diversionsin times of shortage.

Water conservation measures are typically the most expensive options and can be in
conflict with the regional water management characteristics of the area. The hydrologic
characteristics of the region that GCID lies within can be described as a “ flow-through”
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system, in that the vast majority of the water not consumptively used returns to drains and
isrediverted by others, recharges the regional aquifer to the benefit of groundwater
pumpers within and outside of GCID, or returns to other waterways and is reused
downstream. Therefore, the actions of an upstream district such as GCID can have a
considerabl e effect on downstream aress.

A RESOURCE PLAN ASA FRAMEWORK FOR
IMPROVED DISTRICT MANAGEMENT

GCID’s core purpose isto provide reliable, affordable water supplies to its landowners.
Fulfilling this purpose requires that GCID manage its water, financial, human, and other
resources in a strategic, integrated manner. Management processes that were well
designed at the time and have served the District reliably for many years are being
reviewed and, where necessary, revised in response to new challenges and changing
conditions. The district resource plan will document these processes to serve as abasis
for policy formulation and management decision making. Some of the more important
challengesto district water supplies and the principal elements of the GCID resources
plan are described in the following sections.

Challengesto GCID Water Supplies

As previously noted, according to its settlement contract with the federal government,
GCID’ s Sacramento River supplies can be cut by 25% when Shasta Reservoir inflow is
lessthan 3.2 MAF. Thisrepresents a supply reduction of more than 200,000 acre-feet in
years when shortages occur, or about 1.4 acre-feet per irrigated acre. Historically, these
shortages have occurred about 10% of the time; however, the effects of climate change
on precipitation and runoff patterns could result in more frequent shortages.

Traditionally, GCID has responded to water supply shortages by increasing production of
groundwater and by intensifying drainwater recapture operations, where possible.
Increased frequency of shortage means that GCID will reply on these supply
augmentation measures more frequently, with unknown effects on groundwater
conditions and downstream water suppliers and irrigators.

GCID’s Sacramento River “winter” water right has become a critical supply source
because it facilitates rice straw decomposition, arelatively new, environmentally friendly
farming practice that offers an alternative to rice straw burning, and helpsto sustain
critical winter waterfow!l habitat. However, Sacramento River diversions under GCID’s
winter water right are subject to Term 91, a provision applicable to all appropriative
rights with a priority date after August 16, 1978. Essentially, Term 91 requires that
GCID suspend diversions under its winter right whenever the State Water Project and/or
federal Central Valley Project are making releases of stored project water to satisfy water
guality regulations in the Sacramento-San Joaquin Bay-Delta.

To the extent that Term 91 reduces GCID’ s ability to divert winter irrigation water,
particularly in the months of February and March, landowners have little choice but to
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rely on groundwater to meet their needs. Winter irrigation demands in GCID, while till
small relative to summer demands, are increasing, due to expansion of vegetable and tree
crops.

Resour ce Plan Elements and Objectives

GCID’ s Resource Plan will address water supplies, water transfers, operations and
maintenance, and finances. A summary of the key issues being addressed in each plan
areais presented below.

Water Supplies. The Plan will analyze various water supplies available to meet existing
and future water demands within GCID. The permits, licenses and contracts under which
GCID isallowed to divert surface water will be inventoried. For each water supply
source, the following attributes will be evaluated: conditions under which water may be
diverted (purpose, period, place of use; diversion limits, etc.); hydrology and water
supply availability; and historical diversion and use by GCID. For each supply source, an
assessment will be made regarding its vulnerability to possible future legislative or
regulatory action, climate change, and other factors that are reasonably foreseeable and
definable. Based on the preceding assessment, monthly (or possibly bi-monthly) time
series of water supply availability will be developed for each surface water source.
Different time series may be developed reflecting different assumptions about future
water supply reliability. Groundwater conditions, availability, development, and use
within GCID will be characterized. Thiswill involve describing the hydrogeology of the
region based on available production and gas well logs, hydrogeologic data, and other
information. The locations and capacities of existing production wells will be compiled
and mapped (within the limitsif available data). The existing Stony Creek Fan Integrated
Groundwater and Surface Water Model (SCFIGSM) or aregional model of the
Sacramento Valley (presently under development) will be reviewed and updated, if
necessary, based on the preceding task. The model(s) will be used to evaluate alternative
groundwater devel opment and use scenarios as a means of establishing practical,
sustainable operational limits.

Water Transfers. The Plan will characterize historical and future water transfers for
purposes of quantitative analysis. GCID has historically engaged in water transfers,
including annual transfers within the basin and occasional transfers out of the basin.
These historical transfers will be documented in terms of monthly transferred water
volumes for purposes of analysis. In addition to maintaining historical in-basin transfers,
GCID intends to meet its obligations to the Sacramento Valley Water Management
Agreement (Phase 8) and to develop a decision framework for evaluating potential future
in basin and out of basin transfers beyond Phase 8. Under this task, hypothetical future
water transfers will be characterized for purposes of analysis. Thiswill take the form of
rules defining the frequency of potential transfers, and related schedules of monthly
transferred water volumes.

Operations and Maintenance. The Plan will focus on continued reliability by GCID to
meet customer water needs at an affordable cost. The Plan will include a complete
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evaluation of all District facilities and privately owned facilities used by the District to
provide a basis and priorities for annual maintenance activities and capital improvement
plans. Annual maintenance activities and system improvements will be prioritized by
evaluating cost-benefit ratios. The plan will also evaluate the need for increased staffing
necessary for efficient year-round operations and requirements for completing system
maintenance during narrow system shut periods.

Finances. The Plan will include a master program to provide a basis for long-term
financial planning, including reserve funds and carryover, risk analysis of uncertain
budget items (e.g., water transfer revenues and power costs) to facilitate scenario analysis
for long-term planning, analyze potential impacts of major uncertain budget elements
over 5-year period by evaluating best-case, worst-case, and most-probabl e scenarios, and
examine existing rate structures, and analyze a basis for land-based and water charges.

WATER BALANCE MODEL

Obj ectives

Since 1964, GCID has prepared an annual Report on Water Measurement (annual report)
that serves as arecord of water operations for each irrigation season. It consists primarily
of aseries of tables that summarize water diversions, deliveries, drain flows and
drainwater recapture on amonthly and annual basis. The report also documents the water
rates and policies in effect each year. The report contains a large amount of information
and enables tracking of trendsin certain operating parameters.

The objective of the water balance model is to enhance the value of the data presented in
the annual report by augmenting and combining it in the form of awater balance that
accounts for all water entering, leaving and stored within the District over specified
periods for time. Beyond tracking trends in certain individual operating parameters, the
water balance will allow GCID managers to assess historical operational performance
under different water supply and demand conditions. The main outcome from the water
balance will be an improved understanding of GCID system characteristics and
operational performance, which, in turn, will provide an improved basis for identifying,
assessing and planning potential water management and facility improvements. Itisalso
expected that the water balance will reveal opportunities to improve GCID’ s water
measurement and data management processes.

A particular purpose in developing the water balance is to characterize exchanges of
water between GCID canals, laterals, drains and irrigated lands and the underlying
groundwater system through the processes of recharge (by cana seepage and deep
percolation of applied water) and discharge (groundwater pumping). It isgeneraly
accepted that the diversion and application of surface water in GCID resultsin
appreciable net recharge to underlying groundwater aquifers. The water balance will
help to improve recharge estimates, which, in turn will improve GCID’s ability to
manage underlying groundwater, including improved calibration of groundwater models.
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Phased M odel Development

The water balance model is being developed in phasesin consideration of GCID’s needs
and resources, and the adequacy historical operations data. The historical data currently
available will allow initial model development and approximate calibration. As historical
dataisimproved, the model will be refined, leading to increased confidence in model
results and interpretation. Eventually, once system characteristics are sufficiently
defined, it is envisioned that the model will be modified to function in a planning mode.
In that mode, hypothetical cropping and water demand scenarios will be user definable
and the model will calculate associated water demands. Water demands will then be
compared to available water supplies under different user definable hydrologic scenarios.

The model will be a*“datadriven”, meaning that various water supply and demand
scenarios will be specified through user selection of the datainputs. Water demand
patterns for various crop-soil-system-management-weather combinations will be
developed, and the user will be able to define model runs by specifying the combinations
he wants to evaluate. Initially, the combinations will be developed to represent past,
historical operations. Later, different combinations will be developed to represent future,
hypothetical scenarios. The demand patterns will be generated by a Water Demand
Generator and stored in a Water Information System. Similarly, various water supply
patterns will be devel oped and will be selectable by the user, for example, to represent
wet, normal, or dry conditions, or different mixes of surface water and groundwater use.
The model will then track flows through the system according to the specified water
supplies and demands and designated system characteristics selected in the model. A
depiction of the relationship between data sources, the Demand Generator, and the water
balance model areillustrated in Figure 2.
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Figure 2. Plan Data Sources, Data Bases, and Reports and Applications
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Water Balance Structure

The structure of the water balance (Figure 3) was devel oped based on consideration of
the layout of the GCID irrigation and drainage systems, the structure of GCID’ s water
operation organization, and the availability of historical water operationsdata. The
model domain was defined to include the entire area within GCID, including the three
federal wild refuges. The cities of Willows and Williams and several other towns are
contained completely within GCID but are not represented in the initial model.
Municipal water use within cities and towns, and rural residential water use, is derived
entirely from groundwater and is small relative to agricultural water use. Representation
of municipal water use may be added to future versions of the model.

GCID isrepresented by five “accounting centers’ shown as boxes within the dashed line
in Figure 3. These arethe Main Canal, Laterals, Farmland, Drains and Refuges
accounting centers, which, collectively account for al water flowing into, through and
out of GCID. The accounting centers are connected by flow paths. According to
conservation of mass, for each of these five accounting centers and time step, the sum of
inflows and outflows, plus any changesin water storage, must equal zero. Historical
discharge measurements are available for the flow paths marked with the circular cross
symbol. All other flow paths must be independently estimated or determined by water
balance closure.

Sacramento River \.T,'T.'

Colusa
Basin
Drain

Figure 3. Water Balance
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The boxes outside the dashed line in Figure 3 represent GCID’ s water sources and
drainage destinations. The flow paths that cross the dashed line represent the various
inflows to and discharges from GCID. As previoudy discussed, GCID’s principal water
sources are the Sacramento River and groundwater. Ultimately all water flowing into
GCID and not consumed by evapotranspiration (ET) is discharged to either the
Sacramento River viathe Colusa Basin Drain or to underlying groundwater agquifers.

Main Canal Accounting Center. Reliable records of Main Canal discharge are limited to
historical Sacramento River pumped diversions measured near the head of the main
canal; no records are available for intermediate locations along the canal. Therefore, the
Main Canal will be represented as a single accounting center in theinitial model. GCID
isin the process of rating several of its Main Canal checks as part of its SCADA
expansion program. When sufficient historical records are available at intermediate
locations, consideration will be given to segmenting the Main Canal into multiple
accounting centers. Among other things, this may allow more spatially discrete estimates
of main canal seepage. Dominant Main Canal inflows are pumped diversions from the
Sacramento River and deliveries from the Tehama-Colusa Canal (which also are diverted
from the Sacramento River at Red Bluff Diversion Dam). Principal Main Canal outflows
are deliveriesto laterals and direct deliveries to farms adjoining the canal.

Laterals and Farmland Accounting Centers. GCID laterals and associated farmland are
grouped into ten Water Operator Areas (WOA'’s), with each lateral belonging entirely to
one WOA. Thus, athough illustrated as a single accounting center in Figure 3, the water
balance will have ten paired Lateral and Farmland accounting centers, each pair
representing aWOA. Primary inflowsto laterals are measured deliveries from the Main
Canal and, for certain laterals, measured deliveries from the Tehama-Colusa Canal. The
primary outflow is deliveriesto farms. For the Farmland accounting centers, the
principal inflows are farm deliveries from laterals and precipitation; major outflows
include crop ET, runoff (tailwater) and deep percolation.

Drains Accounting Center. There are several ephemeral creeks that originate in the
Coast Range foot hills west of GCID and generally course southwestward through GCID
toward the Colusa Basin Drain and eventually to the Sacramento River. During winter
and early spring these creeks carry rainfall runoff, with highly variable flows depending
on rainfall duration and intensity and storm patterns. Flowstypically decrease to
insignificant levels by early spring. During the irrigation season, typically beginning in
early April, the creeks serve primarily as drains for the collection and conveyance of
irrigation return flows, including operational spills from the Main Canal and laterals and
tailwater from irrigated farmland. Individual drains (creeks) typically collect return flow
from multiple WOA' s and a single WOA may discharge tailwater to multiple drains.
Also, drains serve as awater source, and in some cases, the sole water source, for certain
laterals. Due to this complex arrangement, drains are represented in the initial model asa
single water accounting center. Roughly 80% of the drain flow leaving GCID during the
irrigation season is measured. Records are maintained of winter creek/drain flow to the
extent possible given the need to safely pass storm flows.
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M odel Flow Path Calculation Procedures and I nitial Calibration

Water balance calculations will be performed on a monthly time step with results rolled
up to monthly or longer periods for calibration, interpretation, and analysis. Calculation
of the historical water balance begins with the Main Canal accounting center, followed by
the ten Lateral accounting centers, the ten Farmland accounting centers, and the Drains
accounting center in sequence. For each accounting, the associated flow paths are
determined from historical measurements or independent estimates or by water balance
closure. Theflow path selected for closure istypically the one for which thereis no
historical record and independent estimates are |least reliable.

Initial model calibration will focus on matching modeled aggregate to historical Drain
Outflow volumes and timing during the irrigation season. Thisis being approached in
the following manner. First, historical records of inflows to GCID have been checked
and quality controlled to create the most accurate possible record of total district inflow.
Then, independent estimates of crop ET have been calculated using crop coefficients
developed specifically for GCID based on 2002 actual ET maps produced using the
SEBAL energy balance algorithm. The difference between precipitation, GCID inflow
and crop ET (plus any change in storage) represents the total GCID outflow, whichis
discharged either to drains or to underlying groundwater. Modeled drain flow volumes
will be matched as closely as possible to measured volumes by adjusting flows paths
between GCID and the underlying groundwater system; namely, Main Canal and lateral
seepage and deep percolation of applied water. Thiswill be performed first for the full
irrigation season to minimize the effects of storage changes and then on a monthly basis
to match drain flow timing as closely as possible.

Model Platform

The water balance model is being coded in GoldSim risk analysis and simulation
software. GoldSim is aflexible, dynamic system simulation platform for analyzing,
visualizing and simulating the behavior of complex natural, financial, and engineered
systems. System simulation software like GoldSim can provide a viable alternative to
spreadsheet programs because model inputs, model logic, and results processing can be
handled in amodular fashion, where information is made available plainly within

the model components rather than hidden in spreadsheet cells. GoldSim is user-friendly
and allows the modeler to quickly build model logic and build simple user interfaces for
the end-user. It was chosen for this application mainly because of its visual orientation
and to allow model operation by users with awide range in computer expertise.

SUPPORTING IMPROVEMENTSTO FLOW MEASUREMENT AND
DATA MANAGEMENT PROCESSES

Like many irrigation districts in the western United States, GCID isin the process of
improving its flow measurement and related data management processes. EXxisting
processes have evolved in a manner that adequately supported water operation and
administration, but do not necessarily support more recent efforts to refine water
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management policy and practice in response to existing and anticipated challenges to
water supply reliability.

Until 2009, GCID maintained a spreadsheet-based data management system that had
been designed to produce operational reports and summary tables contained in the annual
Report on Water Measurement.  The spreadsheet system employed macro programs to
enable semi-automated data entry, but the data was stored in a highly compartmentalized
manner, making data access, analysis and reporting difficult. The system performed
adequately for nearly 20 years for routine operations but was cumbersome for
investigative analyses and ad hoc reporting, and it was not structured to receive and
manage data from GCID’ s expanding SCADA network.

In early 2009, GCID migrated its spreadsheet data system to a Microsoft Access
relational data base. Thisinvolved extracting data stored in hundreds of spreadsheets and
assembling the datain one large Access data base. All of the historical data was
salvaged. The new data base retained as much of the terminology as possible from the
old system, including measurement site reference numbers and names. Like the old one,
the new system includes data input screens designed to facilitate hand entry of operator
reports submitted orally by radio and in writing.

One magjor objective of the conversion to a data base environment was to accommodate
the growing volume of operational datafrom SCADA sites. Over time, it is expected
GCID’sreliance on SCADA will increase and on operator reports will decrease. This
trend istypical of many irrigation districts that are implementing SCADA systems for
remote monitoring and control of water distribution systems. It is anticipated that the
capacity limits of Accesswill be exceeded and the data base system will have to be
migrated to a higher capacity platform, such as SQL server or Oracle. This migration
will be relatively straightforward now that datais stored in data base tables.

Eventually, GCID intends to house or access all of the data needed for water balance
analysisin an integrated Water Information System (WIS). A major consideration in the
design of the WIS isto enable routine updates of the water balance model by district
staff, without assistance from outside consultants.

GCID employs avariety of flow measurement methods, ranging from continuous
recording ultrasonic acoustic velocity meters to once-per-day weir depth measurements.
Here, too, measurement has evolved to support routine water operations and
administration, with primary emphasis on Sacramento River diversions and secondary
emphasis on mgjor internal operations (flow division) sites and drain outflows.

GCID recently completed a comprehensive evaluation and ranking of existing and
prospective flow measurement sites, considering site importance, the annual volume of
water passing the site, and measurement cost. Highest priority was placed on large,
currently unmeasured operational and boundary measurement sites. Identified flow
measurement improvements will be implemented over a period of several years.
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SUMMARY

The development of a Resources Plan is a necessary step in improving policies and
decision making processes to better and more actively manage water supplies. When
combined with supporting legal and institutional review, the Plan will provide a basis for
managing available water surface and groundwater supplies, shaping conjunctive water
management policy, and evaluating potential surface water transfers.

At the core of the plan, awater balance model will serve as the best tool to improve the
District’ s water measurement, data management and reporting systems, and to analyze
historical and possible future water supplies and demands.






APPLICATION OF CANAL AUTOMATION AT THE CENTRAL ARIZONA
IRRIGATION AND DRAINAGE DISTRICT
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ABSTRACT

The Central Arizona Irrigation and Drainage District (CAIDD) began delivering water to
users in 1989. Although designed for automatic control, the system was run manually
until a homemade SCADA (Supervisory Control and Data Acquisition) system was
developed by district employees. In 2002, problems with radio communication and
limitations of the homemade SCADA system prompted CAIDD to begin the process of
modernization. New spread-spectrum radios and RTUs (Remote Terminal Units) were
purchased along with a commercial SCADA package (iFix by GE-IP). In 2005, CAIDD
decided to pursue implementation of full automated control of a majority of district check
gates. Currently, 125 gates are under remote manual supervisory control and 129 water
levels are remotely monitored. CAIDD chose to implement SacMan (Software for
Automated Canal Management) under development by the U.S. Arid Land Agricultural
Research Center, Maricopa, AZ. The decision was made to only apply full automation at
gates that had gate position sensors. Thus purchase and installation of gate position
sensors have slowed implementation. To date, five lateral canals have been set up for full
automatic control, where SacMan routes flow changes through the canal and uses
downstream water level feedback control to correct for any errors that occur. The
ditchrider only makes changes at the farm turnouts and district-operated wells.
Automation of the Central Main canal has been tested in simulation. Control of this canal
requires special treatment, as described in a companion paper. The district is waiting
until enough of the canal is ready for automation before it turns automatic controls on
24/7, since this will require some operator training and remote oversight when problems
occur. We hope this occurs in the summer of 2010.

INTRODUCTION AND BACKGROUND

CAIDD is headquartered in Eloy, Arizona and services approximately 87,000 acres of
agricultural land in south-central Arizona. The district was originally formed in 1964 as
part of the Central Arizona Project Association’s (CAPA) efforts to bring water from the
Colorado River to the Phoenix and Tucson areas. CAPA had been raising money and
lobbying since 1946. While the urban populations in the Phoenix and Tucson areas were
growing steadily, CAPA needed to show demand for additional water supplies. Dropping
ground water levels and problems with recession cracking made the area around Eloy a
worthwhile customer for the proposed project. CAPA’s efforts were culminated by the
signing of the Colorado River Basin Project Act of 1968 by President Lyndon B.

! Electrical Engineer, U.S. Arid Land Agricultural Research Center, USDA/ARS, 21881 N. Cardon Lane,
Maricopa, AZ 85238 bob.strand@ars.usda.gov

2 Center Director, U.S. Arid Land Agricultural Research Center, USDA/ARS, 21881 N. Cardon Lane,
Maricopa, AZ 85238 bert.clemmens@ars.usda.gov
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Johnson. This act provided for the construction of the Central Arizona Project (CAP).
Construction of CAIDD canals began in the mid 1980’s and the initial water deliveries
commenced in 1987. By 1990, CAP water was available throughout the district. At that
time, all groundwater wells within the district boundaries were leased to CAIDD for a
period of 40 years.

CAIDD consists of three major regions, each supplied by a main canal off of the CAP
(Figure 1).

Casa Grandex

NC NB Central Arizona Project (CAP)

NA

Santa Rosa Canal
(Continues To Maricopa)
Managed by MSIDD —_—r

CG

Central Main "‘-:-._._,‘

SB

Unit 4 South Main Canal |

Figure 1. CAIDD Topology

The north region of the system is supplied by the Santa Rosa Canal. This 1200 cfs canal
continues past the CAIDD boundaries and services the Maricopa Stanfield Irrigation and
Drainage District (MSIDD) and the Ak-Chin Indian Community. Both are located near
Maricopa Arizona. MSIDD manages the entire length of the Santa Rosa Canal while
CAIDD manages 4 laterals and 5 direct turnouts from the canal. Additionally, there are
46 groundwater wells which either dump directly into the lateral canals, or combine with
delivery flows in the grower’s canals.

CAP water is delivered to the central region via the Central Main Canal (CMC). The
CMC has a capacity of 900 cfs in its upper reaches and supplies 7 lateral/sub-lateral
groups. The district also manages 151 wells that either pump into canals or directly into
farm ditches.
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The South Main Canal (SMC) serves the south region of the system. It has a capacity of
370 cfs and supplies 3 lateral canals. The south region is also supplied by 42 wells.

The canal system was designed with automatic control in mind. Most check structures
were originally equipped with three-phase Limitorque motors, and RTU’s & pressure
transducers manufactured by Automata Inc., Nevada City, CA. The Limitorque motors
included positioning circuitry intended to position the gate based on an analog voltage
output from the RTU. Communication was over a licensed narrow-band FM radio
system.

There are some regulating structures that were designed to be operated manually.
Generally, these sites were either located at the end of lateral canals or in areas where
power was not readily available. Others are direct turnouts from the main canals. Some
of these sites were outfitted with telemetry equipment to allow water level monitoring.
All turnouts were equipped with manual gates and solar-powered single-path ultrasonic
flow meters.

In 1989, automatic control tests were conducted on the NB lateral, but were unsuccessful
due to hardware incompatibilities and the use of a heuristic control method that did not
account for pool dynamics.

CAIDD abandoned the original control software supplied with the construction contract
and ran the system manually. Eventually, a district employee developed a home-grown
SCADA system that implemented the Automata communications protocol. This DOS-
based software could control 45 sites. Additionally, CAIDD abandoned the use of the
gate positioning circuitry and developed field hardware utilizing electronic timers. These
circuit boards, named “KT Boards” after the developer, used two timers to move the gate
for either a “Large Bump” or “Small Bump”. The time allocated for each size of
movement was adjusted with 2 variable resistors on the board.

A single gate movement was implemented using multiple instructions to the RTU. First,
the SCADA system sent a signal to the RTU to set the appropriate analog voltage output
to full scale to select the movement direction (up or down). Then a signal was sent to
move the gate for one of the two increments. On the main canals, a big bump represented
a 5 cfs movement, and a small bump was a 1 cfs movement. In order to get a +7 cfs
movement, the SCADA system would send a +5 cfs movement and two +1 cfs
movements. While this method required many communication exchanges with the field
hardware, it did function well within the existing operations.

Recent M oder nization

In 2002, the district lost the license for its narrow-band FM radio frequency due to an
administrative error. Faced with varying options, CAIDD chose to use serial frequency-
hopping spread spectrum radios; avoiding FCC licensing issues for the foreseeable future.
With the radio change, the aging RTUs were also replaced. This new equipment was
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provided by Automata. Additionally, CAIDD replaced their home-grown SCADA
system with a commercial package; iFix by GE-IP.

The new RTU was custom programmed with a time-based gate movement routine. The
movement time & direction are transmitted from SCADA software as a signed (twos-
complement) 16-bit integer value. The magnitude of the transmitted value represents the
movement time in 0.1 second increments and the sign determines the direction of the
movement. This allowed for the removal of the KT Boards from the actuator system.

In 2004, CAIDD started installing Automata gate position sensors on gates in the
northern segment of the district. These sensors house two output devices. The first is a
10-turn potentiometer which gives an absolute gate position. The second sensor is an
incremental encoder, which gives a 0/+5 volt square wave output based on gate travel.
Both devices are connected to a gear which is driven by a gear rack attached to the gate.
For the gear ratio giving a 4 ft full scale absolute position range, the incremental sensor
has a pulse width of 0.95 mm.

In order to accommodate the gate position sensor, the firmware on the RTU was
upgraded to allow an incremental gate movement by counting each rising edge of the
pulsed output. The transmission from the SCADA system is similar to the time-based
movement implemented earlier, except that the magnitude of the value represents the
number of gate position sensor pulses.

Some of the manually operated check structures were upgraded with electric motors and
telemetry. Finally, 14 turnout meters in the North region were replaced with meters from
Mace-USA, Kansas City, MO that report to the SCADA system.

To date, 129 sites are outfitted with Automata RTU’s, 125 of which control check gates.
Thirty three of these gate structures are equipped with the Automata gate position sensor.

Current District Operations— Manual & Supervisory

Constraints CAIDD is a closed, demand-driven system. There are a number of
constraints that come into play in the management of the district. CAP requires that
demand changes for the Santa Rosa, Central Main, and South Main canals be reported by
9:00 a.m. the day prior. Additionally, CAP only allows two flow changes per day at each
of the canal headings. There are occasional exceptions in case of an emergency.

There is also an electric power threshold for the groundwater wells. Should the
cumulative power consumption of the wells exceed this threshold at any time in a billing
period, the district-wide billing rate essentially doubles for that billing period.
Groundwater is less expensive than CAP water, so the district generally uses as much
groundwater as possible while still leaving an error margin to avoid the higher charges.
Generally the total district delivery is roughly 50% ground water and 50% CAP water.
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Finally, there are manpower constraints. The first shift in the dispatch office arrives at
5:00/6:00 a.m. (peak-flow months/remainder of the year). The office is manned until
4:30 p.m. throughout the year. The SCADA controls are generally unmanned through the
night. Dispatch personnel and the senior ditchrider rotate weekly in an emergency on-
call capacity and carry a cell phone with a published number.

Ditchriders arrive at 6:00/7:00 a.m. During busy times, there is one ditchrider available to
make delivery changes until 9:00 p.m. Otherwise, delivery changes are generally
completed by 2:30/3:30 p.m. On weekends, there is one dispatcher, and delivery changes
are generally concentrated earlier in the day so that ditchriders can minimize their
overtime hours.

Manual Control From the start of water deliveries in 1989, district personnel began to
develop a knowledge base for manually operating the system. Vertical staffs were
attached to all check gates and operators, equipped with tape measures marked in 0.01 ft
increments, began developing gate calibrations for each check structure in the system.
Today, the operators still carry notebooks with these calibrations to make manual
adjustments. Turnout adjustments are generally based on the reading from the turnout
meters.

Supervisory Control Through the SCADA system, dispatchers are able to route flow
changes through much of the system. Flow adjustments are input to the SCADA system.
Based on the availability of a gate position sensor, the flow changes is either converted to
a number of pulses, or seconds of gate movement (both based on field calibrations), and
then sent to the RTU. Water levels are automatically polled every 20 minutes. Through
the SCADA interface, operators can manually force an RTU to poll the water level.

Demand Management Outside of managing the canals through the SCADA system, one
of the major tasks of the dispatchers is to take demand orders from the customers and
place supply orders with CAP. This is generally a 6 step process:

1) District customers place their orders over the phone or in person by 9:00 a.m. the
day before the changes are needed. Dispatch office personnel write these orders
on a large whiteboard in the dispatch office and also enter the information into
water accounting software.

2) At 9:00, dispatchers accumulate the orders for the North region of the system and
phone the totals to MSIDD staff so that they can include those changes in their
order for the Santa Rosa Canal.

3) CAIDD personnel determine any changes to groundwater wells for the following
day, write these changes on the whiteboard, and enter them into the computer.

4) They then determine preliminary total inflows required for the CMC and SMC
systems at two different times in the following day. The time of day varies based
on how the order times for a particular part of the system are grouped, but
generally the first time is at the start of the dispatcher’s morning shift and the
other is sometime in the afternoon. Sometimes, there is some data wrangling as
entries wind up missing from either the whiteboard or the computer, or both.
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5) Next, they examine the behavior of each system (CMC & SMC) to determine an
overall overage/shortage for the prior day. If a system has been slowly dropping
over the prior day they will add extra flow to their order for the next day to
compensate, or vice versa. Based on the magnitude of the drift in the main canals,
the times may be adjusted. These changes and the timing of the orders are based
on experience.

6) Finally, they call CAP and place the order for the next day.

The bulk of the dispatcher’s day is spent taking orders & payments from the customers,
entering meter reads, and managing the canal levels & routing flow changes down canals
through the SCADA system. During the spring and summer, the ditchriders are kept
busy making delivery changes and reading well, pump, and turnout meters, cleaning trash
racks and removing weeds. In the off-peak times of the year, they assist with
maintenance on the canals.

AUTOMATIC CONTROL

Overview of the ALARC Approach

Feedforward Control Various methods have been developed to calculate a schedule for
routing known flow changes through an open channel system. One of the problems with
routing flow changes in an open channel is wave dispersion. A flow change that
originates as a square wave at the upstream end of a pool will arrive gradually at the
downstream end. Wiley (1969) developed a methodology, called gate stroking, which
addressed this problem. However, depending on hydraulic properties of the pool, gate
stroking can result in unrealistic changes in inflow.

Bautista and Clemmens (2005) proposed the use of a simple volume compensation
method based on the change in pool volume from one steady state to another. As shown
in Figure 2, for a given Manning n and downstream water level, the pool volume
increases as the steady-state flow rate increases.
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Figure 2. Pool Volume as a function of Inflow & Manning n at a given downstream depth



Application of Canal Automation 33

The delay time, 7, for routing a flow change through the pool is given by

T:VQZ —Vo (1
Qz _Ql

Figure 3 shows an example of a 25 cfs change being routed through a pool with an initial
inflow of 35 cfs and a turnout delivery of 10 cfs. If the volume change required to go
from an initial steady-state flow of 35 cfs to a final flow of 60 cfs is 45000 ft"3, then the
delay time, 1, is 45000/(60-35)/60 = 30 minutes. If the upstream gate is opened at 3:30,
then the required volume will have accumulated in the pool at 4:00 at which time the
downstream gate is then opened.
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Figure 3. Feedforward Control Example

Local Upstream Level Control Local upstream level control (LULC) is a single-input,
single-output (SISO) type of feedback control that adjusts the local gate at regular
intervals to bring the upstream water level to the setpoint (Figure 4). This type of level
control does not manipulate the inflow at the upstream end of the pool.

LFC DDLC

[T

Figure 4. Local Upstream & Distant Downstream Water Level Control



34 USCID Water Management Conference

Should the flow coming from immediately upstream drop, the gate will close to maintain
the local upstream depth and vice versa. This means that any errors in pool inflow are
passed downstream. Since the controller is matching local inflow and outflow, the
response of this type of control is generally quite fast. However, in a situation where
multiple pools are controlled by individual local upstream level controllers, any error
between upstream inflows and the combined outflows in the controlled polls will be
concentrated in the last pool. Additionally, flow disturbances caused by controllers at
upstream pools can be amplified by the controllers further downstream, possibly causing
instabilities.

Distant Downstream Level Control In its elementary form, distant downstream level
(DDLC) moves the downstream water level to setpoint by modifying the flow through
the upstream gate at regular intervals (Figure 4).

The ALARC formulation of DDLC adjusts the flow setpoint for a local flow controller
(LFC) at the next upstream gate. By separating the feedback control from the local flow
control, the hydraulic properties of the regulating structure are removed from feedback
formulation. This makes the determination of the feedback parameters much less
arduous as the parameters are determined from a linearized hydraulic response of the
pool.

In DDLC, flow errors are moved upstream, eventually matching the upstream inflows
with total pool outflow. One downside is that this type of control can be quite slow. This
is due to the long delay time between a change at the upstream end and the response at
the downstream end.

The basic form of distant downstream control is SISO. When DDLC is applied to
consecutive pools with robust flow control at each site, this formulation can reduce the
propagation of errors in the downstream direction. However, like upstream level control,
instabilities can occur due to pool interactions and resonance. To address these issues,
the ALARC control formulation utilizes a state-space approach to develop multiple-input
multiple-output (MIMO) controllers for both LULC and DDLC. Refer to Clemmens and
Strand (2010b) for details on the development of controllers based on the state-space
approach.

The LFC maintains the flow through the local regulating structure at a specified flow
setpoint. This setpoint can be modified by flow changes prescribed by the feedforward
control as well as those generated by the DDLC.

The ALARC approach allows the flexibility of combining both types of level control.
Consider the profile view of the NB lateral at CAIDD (Figure 5). The pool upstream of
NB-13 has little storage and the turnout at that site is very sensitive to changes to the
water level in that pool. Additionally, the pool between NB-14 and NB-16 has two
inverted siphons that greatly increase the time for a flow change to reach NB-16. Finally,
the gates at both NB-16 and NB-17 are manually operated.



Application of Canal Automation 35

8 SideViww - [E\SDEKTT 1AM, 1l s kboss tworrkd 4]

Figure 5. Side View of NB Lateral

As shown in Figure 6, utilizing the fast response of LULC at NB-13 avoids large
fluctuations caused by the lack of storage at the site and maintains the turnout flow. The
state-space feedback essentially skips that pool. During daytime operation, it is best to
avoid controlling water levels at sites with manually operated gates. With no flow
control at such a site, improper or poorly timed gate adjustments can have a large impact
on the controller response for the whole lateral. Nonetheless, it is advantageous to enable
control at such a site during long periods with no delivery changes in order to drive the
level to setpoint. Given the long delays in the NB-16 pool, creating a separate, highly
damped state-space feedback loop allows the level to be controlled without the large
fluctuations in the pool directly impacting the loop that controls the upstream portion of
the lateral.

NB-16

Figure 6. Combining LULC and SSFB
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Control Software

SacMan (Software for Automated Canal Management) is a research tool developed by
the ALARC to test control methodologies (Clemmens and Strand 2010a). SacMan
consists of two programs. SacMan Order (Figure 7) provides an interface for entering
orders and calculating a feedworward schedule.

There are currently three types of orders available. The first is “Start of Day”. This order
type is used to specify orders already starting. It is used to establish the initial conditions
if the software has not been used for some time. The second is a typical future order
specifying the time that a change is to arrive at its destination. Using Eq. (1), the
feedforward calculation for this type of order starts at the destination point and delay
times are then computed working in the upstream direction. The third type is an “ASAP”
order to handle the routine question of “How soon can you get water to me?” This order
type calculates the feedforward schedule starting at the top of the system, summing the
delays computed from Eq. (1) in the downstream direction, and computes the arrival time
if the schedule were initiated five minutes from the time of the date entry.
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Figure 7. SacMan Order

Once the schedule is reviewed, the operator can post the schedule to the SacMan Control
Program (CP)
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SacMan CP (Figure 8) provides a user interface to configure the control implementation.
It allows the operator to determine which canals or individual sites are under automatic
control and the type of control applied. Additionally, it maintains a real-time event queue
consisting of 5 types of events (in priority order):

1) System Diagnostics (Observers)

2) SCADA data reads

3) Central feedback control calculations — DDLC

4) Feedforward modifications to flow setpoints (Usually from SacMan Order)
5) Local control calculations — LULC, LFC

The queue uses a multi-threaded approach to minimize impact on computer resources
while waiting for the time to execute the next event.

Both SacMan CP and SacMan Order utilize proprietary iFix libraries to communicate
directly with the iFix process database. Both programs have been developed with the
flexibility to connect to other data sources.
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Figure 8. SacMan CP

The program provides the option of allowing the operator to approve both flow setpoint
changes prescribed by the downstream level control as well as gate movements calculated
from the local level & flow control events. After a set delay, the changes are
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automatically approved. Additionally, SacMan CP provides an option for sound cues to
the operator to warn of large flow changes and gate movements.

| mplementation at CAIDD

The North region of CAIDD presents an interesting management scenario. CAIDD
controls the lateral canals, while the Santa Rosa Canal, which supplies the CAIDD
canals, is managed by MSIDD. The first two pools of the Santa Rosa Canal are very
large, and provide a great storage buffer. At times, MSIDD takes advantage of this
situation, disrupting the flows into the NA, NB, and NC laterals of CAIDD by either
quickly raising or lowering the water levels in the Santa Rosa pools. With the installation
of gate position sensors, it was possible to begin automatic control implementation on the
North side of the district with the hopes of providing constant flow to the laterals and
better customer service to the growers. Automatic control has also been implemented on
the CA and CD laterals of the Central region of CAIDD.

For routine use at CAIDD, SacMan is installed on an iFix SCADA View node (Figure 9).
This allows automatic control to be implemented without competing with dispatch
personnel for the SCADA computer. While some laterals are being controlled
automatically by SacMan, CAIDD dispatchers can continue supervisory control on the
rest of the district. The iFix View node automatically routes data exchange between
SacMan and the iFix process database on the SCADA node over the district LAN using
proprietary TCP/IP-based communication. From SacMan’s point of view, this interaction
is seamless.

RTU
SacMan Control Computer SCADA Computer
SacMan Control
Program
£ RTU
SacMan - Orders GE IModbus Spread-
Program Modbus over Spectrum ==
9 Driver RS-232 Radio System
iFix - iFix
iFix over TCP/IP SCADA Node RTU

Figure 9. SacMan Implementation at CAIDD

A typical day starts by verifying the day’s orders for the canals that are currently under
automatic control. Care must be taken to ensure that the automatic routing will result in a
realistic schedule for each operator. Once verified, the feedforward schedule is posted
from SacMan Order to SacMan CP. Throughout the day, growers call the dispatch office
to slightly modify their orders. Usually, these calls are placed far enough in advance to
allow the feedforward schedule to be updated. When in operation, the automatic control
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manages the water levels quite well. As an example, Figure 10 shows the water level
deviations in the NC lateral for 14 days starting 1 August 2009. The automatic control
was engaged from the evening of 6 August through mid-afternoon on 11 August. The
canal was under supervisory control for the remainder of the time.

NC-Lateral

0.5

Deviation from Operating Level (ft)

-1.5 ."”\

L T x T . T 4 T ¥ T ] T T 1
8/1/2008 8/3r2008 8/5/2008 B/712009 B8/9/2009 8/11/2009 8/13/2009 8/15/2008

Date

Figure 10. Feedback Control Performance on NC-Lateral
FUTURE WORK

From a supervisory control standpoint, CAIDD has found position sensor based gate
movement to be superior to the original time-based movement. This is primarily due to
fact that the gate position sensor compensates for the hysteresis in the motor when
changing movement direction. They will continue to install gate position sensors as
funding is available.

With automatic control implemented on the three north region laterals and CA & CD
laterals in the central region, the focus moves to the Central Main Canal. The combined
flow capacity of the CF and CG laterals is 450 cfs. The concern is that implementing
automatic control on these laterals with the CMC still under supervisory control could
result in large unexpected water level deviations in the CMC.

Initially, local flow control will be implemented on the rest of the lateral head gates on
the CMC system. Automatic control will be extended down the remaining CMC laterals
as funding allows for the installation of gate position sensors.
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To this point, the state-space formulation of the feedback control has assumed complete
control of the canal inflow. As noted earlier, the inflow to the CMC generally changes
only twice each day. A new formulation has been developed that spreads flow
mismatches across the pools of the canal. Should inflow not match demand, this control
would spread this mismatch across all pools by equalizing the pool water level errors.
Details of this control approach are discussed in a companion paper. Preliminary real-
time testing will commence in the spring of 2010.

At this point, the automatic control is only in operation while ALARC staff is available.
This is partially due to the fact that SacMan is still a research tool and continually being
upgraded. The focus of the software development has been on proving the concepts of
the ALARC automatic control approach and not on usability. User interface, control
configuration, and startup issues will be addressed in the spring of 2010 to facilitate the
integration of automatic control into routine district operations during the 2010 irrigation
season.

The automatic control is most effective if it is allowed to run continuously. Up to this
point, ALARC staff has monitored the automatic control on a 24 hr basis. To conform to
current district staffing hours, an alternative “night mode” is under consideration. This
would allow control on selected laterals to be limited to local flow control at the head
gate, thereby limiting the number of sites running in an unsupervised fashion, but still
maintaining some control on the system. Additionally, alarm monitoring software will be
evaluated in 2010. This software will notify on-call personnel by phone, email, or text
messaging should designated SCADA alarms appear. More robust alarm monitoring will
also be added to SacMan.
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DISTRIBUTING FLOW MISMATCHESIN SUPPLY-CONSTRAINED
IRRIGATION CANALSTHROUGH FEEDBACK CONTROL

Albert J. Clemmens, P.E. PhD'
Robert J. Strand®

ABSTRACT

The operation of main irrigation canals is complicated in situations where the operator
does not have full control over the canal inflow, or where there are very long
transmission distances from the point of supply, or both. Experienced operators are able
to control the canal, but often supply errors are simply passed to downstream, thus
creating problems further down the system. In previous work, the senior author showed
that it is important to contain such errors and not let them pass downstream. With
automatic upstream level control, all flow errors are passed to the downstream end of the
canal. Distant downstream water level control requires full control of canal inflow.
Without this, most errors will occur toward the upstream end of the canal. An alternative
scheme is offered here where the canal check gates are controlled based on the relative
water level error between adjacent pools. The scheme uses a simple linear model for
canal pool response. The scheme is implemented as a multiple-input, multiple-output
scheme and solved as a Linear Quadratic Regulator (LQR). Thus all gates respond to
relative deviations from water-level set point. The scheme works to keep the relative
deviations in all pools the same. If the canal has more inflow than outflow, the scheme
will adjust gates so the water levels in all pools will rise together with the same deviation
from set point. It thus distributes the error over the entire canal. When in equilibrium,
operators will be able to judge the actual flow rate mismatch by the rate of change of
these levels. The scheme acts like a combination of upstream level and distant
downstream level control. It was tested on a simulation model of the Central Main Canal
at the Central Arizona Irrigation and Drainage District, Eloy, AZ.

INTRODUCTION

Over the last several decades, irrigation districts have become more flexible in the service
that they provide to users. Farmers need some level of flexibility in order to be efficient.
This is particularly important where water is limited. However, irrigation districts are
often constrained by their water supply infrastructure or by their water supplier. This
hampers their ability to accommodate some requests by water users. Most districts
require water users to request water ahead of time, so that they will have time to bring
water to the site and arrange delivery. Order times are typically one to three days before
the delivery is to begin. If the district stores water in a reservoir, it may take considerable
time for the water to flow from the reservoir to the irrigated area. If the transmission time
is more than a day and water order times are long, water users may feel constrained.

! Center Director, U.S. Arid Land Agricultural Research Center, USDA/ARS, 21881 N. Cardon Lane,
Maricopa, AZ 85238 bert.clemmens@ars.usda.gov

2 Electrical Engineer, U.S. Arid Land Agricultural Research Center, USDA/ARS, 21881 N. Cardon Lane,
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In addition, water users sometimes need to change their water orders to deal with
unforeseen circumstances. Irrigated farming requires a lot of adaptation in order to be
successful. Thus changes in water orders are common. Districts that receive water from a
water conservancy district or similar water authority are also sometimes constrained in
their ability to change water orders.

Some districts use small regulating reservoirs along their canals to deal with the
mismatches that inevitably occur. Other districts operate with small spills at the
downstream end. In this paper, we describe a new water level control technique that takes
the mismatches in supply and demand and distributes them over all canal pools. As such,
the method effectively uses the canal as a storage reservoir. The method was tested on the
Central Main Canal of the Central Arizona Irrigation and Drainage District through
unsteady-flow simulation. Tests on the actual canal were delayed beyond the date of this
publication.

EXISTING CANAL CONTROL METHODS

A common method for controlling canal check gates is to use some form of water level
control, with the assumption that if the water levels are correct, then turnout flows will be
correct. With upstream control, a check gate is typically adjusted to bring the water level
to the target water level. If the water level is too high, the check gate opening is increased
to allow more flow to pass through the structure, and thus the water level decreases. If the
water level is low, the gate opening is reduced, decreasing the flow downstream. Good
canal control can be achieved with this method if the correct amount of flow is supplied
to the head of the canal. The operator sets the turnout gate so that when the water level is
at the target level, the correct flow will pass through the turnout gate. Then, the upstream
controller will pass the correct flow downstream from each gate. Upstream controllers are
generally considered SISO — Single Input-Single Output (one water level — one gate). If
there is an error in the canal inflow or if any of the turnout gates are set wrong, all the
errors will pass downstream to the last canal pool. The operator thus must wait until these
errors accumulate downstream before a reasonable correction can be made upstream.
Uncorrected, these errors with either cause the last user to receive too little flow or cause
a canal spill. Even if the gates and flows are initially set correctly, flow can drift over
time because of weed plugs, changes in backwater downstream from turnout gates, etc.

Downstream water level control is intended to avoid the problems caused by the
mismatch between supply and demand. When a water level deviates from the target
value, control signals are sent to upstream gates to either increase or decrease the flow.
Downstream controllers are slow relative to upstream controllers since they have to wait
for flow changes to travel the length of the each pool. Downstream controllers essentially
require an unlimited water supply at the canal head gate. A comparison to manual
operation will give an idea of the magnitude of these changes.

When a canal operator releases the flow from the canal head gate, it takes some time to
travel downstream to the turnout, thus there is a delay between the head gate flow change
and the turnout flow change. Operators learn this timing through experience. The flow
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change times the delay time represents an additional volume that is added to the canal.
Suppose a sudden change in the turnout flow occurs prior to a flow change at the head
gate. If the operator immediately changes the head gate flow in response, it will be too
late to accommodate the initial change in flow at the turnout. The canal water levels will
change. To account for this delayed response at the head gate, the operator may make a
larger flow change to account for this volume. So for example, if the turnout suddenly
decreases by 10 cfs, the operator may decrease the inflow to the canal by 15 cfs for a
while, and then change back to the 10 cfs decrease to match flow rates.

Feedback controllers respond in the same way, although they don’t know what changes
occurred. They only know that the water level deviated. Thus feedback controllers often
makes larger flow changes at the canal head gate than the change in flow downstream
because or the delay time and volume change in the pool. Even though this occurs for a
short time, such flow changes may not be acceptable, or even feasible.

CONTROL BASED ON DIFFERENCESIN WATER LEVEL ERRORS

With automatic upstream water-level control, a check gate is controlled based on the
water level just upstream. With automatic downstream level water level control, a check
gate is adjusted based on the water level at the downstream end of the next pool
downstream, or upstream from the next check gate downstream. Control actions are
based on the water level error, €;

& =Y~ (1)
where Y; is actual water level, SP;, the water level set-point and where | identifies the
check gate.

In the approach proposed here, control actions are based on the difference in water level
error, D;;

D =¢-¢e, (2
where for example if j=1, the control of check gate 1 is based on the water level just
upstream from check gate 1 minus the water level error just upstream from check gate 2.
Thus this represents a combination of upstream and downstream control. This controller
differs from these two methods in an important way. If for example, the water levels in
both pools are say 0.1 ft above the set point, this controller takes no action since D; = 0.

For upstream control, if we have 7 canal pools, we can control 7 gates; excluding the
head gate, but including the furthest downstream gate. For downstream control, we also
can control 7 gates, but including the head gate and excluding the most downstream gate.
For this difference controller, we would only have 6 water level differences. Thus we
control only 6 gates; excluding both the head gate and the most downstream gate. The net
result is that this controller does not influence the inflow to the canal and it does not
influence the turnout flows or spills. A diagram of this controller is shown in Figure 1.
Instead, it adjusts the internal check gates to provide equal water level deviations for all
pool, thus using the canal as a reservoir to mitigate inflow/outflow mismatches. It is
recognized that this can only be done on a temporary basis. If the inflow and outflow are
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Figure 1. Schematic of Difference Controller, with varying levels of detail: a) simple PI,
b) fully centralized.

roughly the same, the water levels in all pools will eventually stabilize at some level,
likely close to the set points, but perhaps a bit off. If the inflow is greater than the
outflow, all water levels will increase at a constant rate based the size of the flow
mismatch and the backwater area upstream from each pool. If the inflow is too low, the
water levels will drop at a more or less constant rate. The operator must eventually
intercede to either increase or decrease the canal inflow or the demands, otherwise the
canal will overtop or turnout flow will eventually decrease due to inadequate head.

MODEL FORMULATION

The canal response is described by a state-space model, where the Integrator-Delay (ID)
model is used to describe canal pool response (Schuurmans et al 1999). The ID model is
a simple linear model with a time delay that relates the water level to changes in the
upstream and downstream gate flow.

tQ.
yj(t):yj(o)_% t<1x
]
3)
_ t-7)Q. _1Q; t> 1
y; () =y;0)+ A A

J i
where Q; is a change in flow rate at gate | (i.e., the gate just downstream from y;), t is
time, 7; is delay time in pool j, and A is the backwater surface area of pool j. (Note that
we can replace Y; with € since the set point would be subtracted from both sides of Eq. 3.)
Applying the ID model to the difference in water level error gives:
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Q. tQ.,,
] j+1 (4)
D;(t)=D,(0)+ (t-7,)Q,_, _tQj 3 (t—7,,)Q; +_'[Qj+1 t>1
A A A A

i i i+1 +1
where the terms with (t-1) are only included when positive. Eq. (4) is discretized over a
time step At with the following procedure, in which the water level response to prior flow

changes is distributed proportionately among prior flow changes at discrete intervals, k.

(t-7)Q;, At
7=0 _Aj :_QJ l(k)
(t-7)Q;, _ At (At T) Nz
O<reat T —Ak[Qk (0= =+ Qe (k=D)] -
(t-7)Q;., (2At 2 (71— At)
At <7 <2At T:X[Qk (k-D)——+Q,_(k—-2)—=
j

For example if the delay time is 0.3 times the time step, then 70% of the response is
attributed to current time step and 30% is attributed to the previous time step. This
method allows us to account for past control actions even when the delay is much longer
than the time step of the controller.

Here we use the LQR method as described by Clemmens and Schuurmans (2004), which
uses a state-feedback control with a control law of the form

Q(k) =- K x(K) (6)

where Q(K) is the vector of control actions at time K (one element of the vector for each
control structure or gate), K is the controller gain matrix, and X(K) is the vector of states
at time K. Here the control actions are changes in gate flow rates. A separate flow
controller is used to adjust the gate position to provide the correct flow rate, which
provides a master-slave control scenario.

Values of the gain matrix, K, are determined by minimizing the penalty function, J:
=3, ,D0"SD(K)+Q(K) RQ(K) 7

where D(K) is the vector of water level errors at time K, Sis the penalty function for water
level errors (usually an identity matrix), and R is the penalty function for control actions
(only main diagonal elements are non zero). Standard control engineering solutions are
available for computing the gain matrix K that minimizes J, subject to the state transition
equations (Schuurmans 1997). The result is a multiple-input multiple-output (MIMO)
Proportional-Integral (PI) controller where all water level errors (and some prior changes
in structure flow rates) influence the recommended changes to all structure flow rates,

Q(k).

Eq. 4, with the discretization shown in Eq. 5, is put into state space form
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X(k +1) = Ax(k) + BQ(K) q

D(k) = Cx(k) ®)
In this formulation, the state vector is in incremental form such that it includes changes in
water level difference, AD;; prior control actions, Q;(k); and prior water level differences,
D;.

X(k+1)=[AD,(k+1)

Q (k)

Ql(k - nz)
AD, (k +1)

, (K
Q, (k) )

Qz (k - n3)

...for all pools

D, (k)

D, (k)

...for all pools]
where ADj(k+1) = Dj(k+1)-Dj(K) and the number of prior control actions at gate j depends
on the number of delays in the next pool downstream, pool j+1. Values of K multiplied
by AD terms give the proportional action and by D terms give the integral action. Values

of K multiplied by the prior control actions allows control based on lag-time predictions
(e.g., as in the Smith Predictor of Deltour and Sanfilippo 1998).

If all water levels are of equal importance, Sis represented as an identity matrix. Values
of R are used to tune the controller, and reflect the relative importance of water level
errors and gate flow changes in Eq. (7). Here the values for the diagonal elements are
adjusted according to the square of the flow rate capacity of the pool downstream. The
intent is that a 1 cfs change in a 100 cfs canal should have the same penalty as a 2 cfs
change in a 200 cfs canal. (See Clemmens and Schuurmans 2004 for details).

The ID model is only appropriate for canal pools where a portion of the flow is under
normal depth. For pools with backwater, one must also consider reflections waves. For a
simple pool under backwater, the response of the canal is influenced by the backwater
surface area, A and the resonant frequency. However, for pools with intermediate
structures, such as culverts, there can also be a delay time due to the backwater that
occurs upstream from these structures. The resonant frequency depends on the locations
of the structures. For upstream control, the resonant frequency can be estimated from the
speed of the celerity wave from the check gate to the next structure upstream, where the
celerity, ¢ = (gD)"%, where D is the hydraulic depth and g is the acceleration of gravity.
This frequency often dominates.

Schuurmans (1997) recommends a linear filter of the form
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Dy (k+1) =FDg (k) + (1-F)D;(k+1) (10)

where Dy; is the filtered value used for control and D; is the measured value from Eq. 2.
The filter time constant, Tz, is found from (Schuurmans 1996)

T, = /A;Rp (11)

where R is the resonance peak height and o, is the resonant frequency (1/Py, Py =

resonance period). The filter constant is then found from:
Fo=em' (12)
where Tsis the sample time interval. Schuurmans (1996) recommends Ts< 0.3 Tt. The
time delay caused by the filter can be estimated from:

F

tdelay :ﬁTs (13)

c

Control can be improved with the use of feedforward actions. However, since inflow
changes are not matched to demand changes, an alternative form of routing was devised.
Since the concept is to store excess water among all pools, each known inflow or outflow
is routed proportionately to all pools, based on their relative storage, as reflected by the
backwater surface area. Volume compensation (Bautista and Clemmens 2005) is used to
route each inflow and each outflow, individually. Here, the routing time delay is
determined from

AV
At = E

where AV is the volume change resulting from flow change AQ. The volume as a
function of flow rate is found from

V=aQ’+c (15)
where a, b, and ¢ are empirical constants. Values for these coefficient change with flow
resistance (Manning N) and downstream water level.

(14)

EXAMPLE

The Central Main Canal at the Central Arizona Irrigation and Drainage District (CAIDD)
is used to test the difference controller. Details of the canal are provided in Table 1. ID
model properties were determined through unsteady flow simulation with Sobek (Sobek
2000). Step tests were used to determine delay times and backwater surface areas
(Schuurmans et al 1999). Pools 3, 4, 5, and 6 have culverts that would influence
resonance waves. Pools 1, 2, and 3 do not. The frequency of celerity waves was
computed based on the entire pool length and based on the distance from the check gate
to the closest culvert upstream. Then, a series of step changes in flow at those frequencies
(rounded to nearest min.) were input to each pool (separately). The magnitude of the flow
change was such that if flow was governed by the ID model it would cause a change in
depth of + 2 in (5 cm) [2 in = 2P, AQ /Ag]. For the pools with culverts, the resonance
peak height (maximum change in water level) was higher and well above the expected 2
inch deviation.
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Table 1. Central Main Canal physical properties (CAIDD).
(Side slopes 1.5:1.0 Horizontal to vertical, Manning n = 0.015).
(Lengths and drops do not include all siphons. Total length 94,508 ft. total drop 27.7 ft)

Capacity | Length* slope Bottom Depth Drop*
width
Pool cfs ft ft/ft ft ft ft

1 900 | 17,119 0.00013 12 12.2 22
2 900 7,144 0.00013 12 12.2 0.9
3 900 7,234 0.00040 12 9.9 -5.6
4 900 | 17,039 0.00018 12 11.5 -3.3
5 600 | 20,057 0.00010 12 10.8 -1.6
6 350 | 14,907 0.00016 8 8.4 -3.2
7 170 | 10,091 0.00010 4 6.9 -1.6

Total | 93,591 -18.4

*From start of reach downstream from one check gate to canal bottom at next check downstream. So
includes mid pool siphons, but not siphon or drop just downstream from check gates.

Table 2. Canal pool properties at 60% of capacity.

(2 minute observation interval, 10 minute control interval.)

Backwater | Area | Delay | Water | Resonance | Resonance | Filter Filter | Delay
Surface time level period Peak constant | delay | Terms
Area set Height (x/16)
point
Pool ac % min ft min s/ft* min

1 16.1 23 4.5 11.0 44 0.0029 14 14 -

2 7.4 11 0.5 11.0 18 0.0054 14 14 2

3 4.5 7 5.5 8.7 11 0.0032 13 8.7 2

4 13.9 20| 10.5 9.5 16 0.0025 14 14 3

5 13.6 20 18 7.4 15 0.0047 14 14 4

6 7.7 11 12.5 7.2 11 0.0047 14 14 3

7 54 8 6 6.25 34 0.0051 14 14 2
Table 3. Coefficients for volume- Table 4. Schedule of demand and supply

discharge relationships, Manning n = changes for multiple change test.
0.014. Initial | Site of Flow Time
a b c Flow | change | change
Pool | ft'(Ps - ft’ site | (cfs) cfs

1 1.30 1.961 4,526,026 CAP 459 CAP 258 | 6:00

2 0.20 1.958 2,101,785 CM-1 424 Pool 1 -17.7 | 10:00

3 2.52 1.775 1,018,566 CM-1 388 Pool 4 -17.7 | 11:00

4 4.03 1.847 3,363,685 CM-1 353 Pool 7 -17.7 | 12:00

5 859 1.888 3,490,771 CM-1 282 Pool 5 +7.1 | 15:00

6 12.29 1.829 1,412,312 CM-1 177 CAP 20.1 | 16:00

7 649.96 |  1.286 347,471 CM-1 88
CM-1 71

The resonant frequency was computed for each pool based on the length of the entire
pool and the length of the downstream portion of the pool. The filter constants used in the
many SCADA systems are express as F = x/16. We chose to observe water levels every
two minutes. Eq. (12) was used to determine filter constants, which are shown in Table 2.
The state space model (Egs. 4, 5, 8, 9) used the sum of the pool and filter delay times.
The feedback control interval was selected as 10 minutes, resulting in the number of
response delays for the state vector, X, shown in Table 2. Eq. (6) was used to determine
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the gain matrix K based on minimizing J in Eq. (7) subject to the constraints in Eq. (8).
(For these tests, only the fully centralized controller was studied, with full lag time
prediction and upstream and downstream decoupling.) Steady flow simulation results
were used to determine the constants relating volume to discharge for Eq. (15) with a
Manning n= 0.014 (Table 3).

The intent for operation of the Central Main Canal is to have all lateral head gates under
flow control such that all errors in flow settings must be absorbed by the main canal.
Canal inflow is determined by water orders to the Central Arizona Water Conservancy
District (CAP) which are made the previous day and not under control by CAIDD. The
first set of tests was made with a simulation model of the canal with the unsteady-flow
simulation software, Sobek (Sobek 2000). Prior to running a test of the controller, a
steady-state condition was set up with a flow of 459 cfs (13 m’/s) at the headgate,
dropping to 71 cfs (2 m’/s) at the downstream end, with laterals taking the flow in
between, as shown in Table 4. Then at 10:00 outflow from the canal was increased by 10
cfs without a corresponding change in canal inflow. Three tests were run with extra
outflow in one pool at a time in pools 1, 4 and 7. The full centralized difference controller
was run for all tests with all lateral flows held constant. This should cause all canal pools
to drop, eventually by a constant rate since the turnout structures are under flow control.
The results are shown in Figures 2, 3 and 4.

In Figure 2, note the initial drop in the level in pool 1. However, the controller eventually
brought it back in line with the other water levels. In Figure 3, the water level deviates in
pool 4, but recovers a little more quickly. In Figure 4, the water level in pool 7 drops
significantly before recovering. These results are reasonable since pool 4 has two
neighboring pools from which is can get recovery; while pool 7 is at the end of the canal
where the flow change is a much larger fraction of capacity, the downstream gate is not
adjusted, and there is a significant delay time in changes from gate 6.
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Figure 2. Water level errors for example problem with -10 cfs change in pool 1 (C-1).
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Figure 3. Water level errors for example problem with -10 cfs change in pool 4 (C-4).
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Figure 4. Water level errors for example problem with -10 cfs change in pool 7 (C-7).

The second test was meant to deal with the incompatibility between the water supply
schedule and the schedule of water demands to laterals, and farmers downstream. Starting
at the same initial condition, changes in the canal inflow and to the laterals for this test
are shown in Table 4. Eq. 14 was used to determine the routing of flow changes to
distribute each inflow or outflow to all pools. Table 5 shows the flow changes and how
the flow change for each was distributed to the pools (negative pool flow is turnout
increase). Note the bold time represents the scheduled change. These schedules were
overlapped.
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Table 5. Schedule of check gate changes for multiple change test.

Q Time Q Time Q Time Q Time Q Time Q Time
(cfs) (cfs) (cfs) (cfs) (cfs) (cfs)
CAP 25.8 6:00 20.1 | 16:00
CM-1 19.7 6:15 4.1 9:59 4.1 10:31 -13.5 | 10:00 -1.7 13:50 154 16:16
CM-2 16.9 6:17 6.1 10:01 6.1 10:33 -11.6 10:02 2.4 13:52 13.2 16:18
CM-3 15.2 6:25 7.2 10:09 7.2 10:41 -10.4 10:09 -2.9 14:00 11.9 16:26
Cm-4 10.0 6:43 10.8 10:27 -6.8 | 11:00 -6.8 10:28 -4.3 14:18 7.8 16:44
CM-5 4.9 7:24 14.3 11:10 -3.3 11:42 -3.3 11:10 1.3 | 15:00 3.8 17:26
CM-6 2.0 7:51 16.3 11:38 -1.4 12:11 -1.4 11:38 0.6 15:28 1.6 17:54
CM-7 8:41 12:00 18:47

The results are shown in Figure 5. Note that from 6:00 to 11:00 supply exceeded demand
such that all the water levels rose. After 12:00, demand was more than supply such that
the water levels dropped. The last supply flow change at 16:00 matched the inflow to the
outflow (values in Table 4 don’t add due to round-off error). The final error in water
levels results from a volume mismatch between inflow and outflow timing. Of
importance is that all the water levels eventually tracked each other. The volume
associated with the difference in levels at the end of this test represents roughly 25 cfs for
1 hour. The small size of Pool 7 causes more deviation in the water level there. This
method provides a convenient method for overcoming the mismatch in timing between
supply and demand, while at the same time providing reasonable water level control.
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Figure 5. Water level errors for numerous, uncoordinated flow changes.
DISCUSSION

Control of water level differences among pools appears to be an effective way to deal
with the complexities of main canal control. It allows an easy method to account for
short-term demand/supply mismatches. It is a good mix of upstream control to maintain
water levels and downstream control to avoid spills. Obviously this controller will not
adjust supply and demand and will eventually lead to control failure. So it is up to the
operator to work toward matching supply and demand through water supply ordering and
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interaction with water users. The intent of the method is to overcome the problem of
distributing flow errors through the canal system, and instead concentrates them in the
main canal.

It is possible to design these controllers as simple PI devices, so that they can be
implemented with peer to peer communications between PLCs, but this has not been
tested. It is also possible to put more weight on water level errors in some pools than
others, thus avoiding deviations where pools have tighter constraints, but this method has
also not been tested.
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CREATING THE IDEAL COMMUNICATION NETWORK|

Dan Paladino!
ABSTRACT

The internal expectations for irrigation water supply and other water providers are
daunting today — especially with the economy and tighter credit markets. What are the
current and future communications needs for your organization? What technologies are
out there? Which technologies can be used together to create a reliable communication
network? What happensif you make the wrong decision?

Numerous communication technol ogies have been introduced into the irrigation and
water management market over the years all claiming to be the best and most reliable
communication tool. How do you decide what is truly best for your situation? For your
organization’s future expansion? For the changing needs of your organization? Can you
count on your technology partner to support its technology moving forward?

This session will help you navigate potential ‘pitfalls' of creating your ‘ideal’ network
within current challenging industry and financia obstacles. It also will help you take the
next step as you both identify and select the ideal technology or technol ogies to meet
‘your’ needs, as well as provide direction in selecting atechnology partner(s) that will
make your job easier.

Y ou will learn how you can combine existing infrastructure with new technology to
create arobust and reliable communication network within the irrigation district and
other related deployments.

INTRODUCTION AND BACKGROUND

There are many challenges that one will encounter when piecing together the ideal
communication network. While many would have you believe that you can easily
accomplish your communication goals with a single product, just remember one thing —
you can't!

Historically many mistakes have been made due to lack of planning, insufficient research
and of course the mother of all mistakes--poor decision-making. It is human nature to
want to trust our colleagues, our neighbors, the nice sales person from the company you
just learned about, or the reliable representative you' ve known for years. The first piece
of adviceisyou will take the fall for abad decision.

If you keep in mind the consequences of making a bad decision you are on the right track
to creating the “lIdeal Communication Network.”

! Business Development Manager, FreeWave Technologies, 1880 S. Flatiron Court, Suite F, Boulder, CO,
80301, dpaladino@freewave.com
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STEPSFOR SUCCESS

Aswith achieving any goal one must understand where they want to end up. If you want
to end up with a communication network that doesn’t meet your needs today or in the
future then all you need to do is buy afew communication devices for alow price, install
themin the field and let the good timesroll! However if you want to build a
communication network that meets both your current needs AND your long-term goals
then take the time to build a communications strategy complete with tactics and
measurabl e objectives.

The intent of this paper isto outline good processes and provide stepsto assist you in
deploying a communication network that can meet your objectives and needs for many
yearsto come.

Step 1 — Identify Needs, Goals and L imitations

Without physically identifying your current needs, your future goals and your real or
potential system limitations you will never be able to “create” the perfect communication
network. In thisfirst step consider the equipment or locations you want to communicate
to or from. Understand what the future communication plan is. Will you be utilizing a
high-speed backbone with complete need for | P addressability? Are you up to speed on
internal or federal security standards? How often will you be required to refresh the data?
Will you need data by exception or timed poll and response data? What type of
equipment (PLC, RTU, other) will the communication device(s) be connected to? What
type of datainterface capability does the equipment have? What equipment will you be
installing in the future? These are just afew of theinitial questions you will need to
address.

As a starting point, an important recommendation would be to speak with managers
within your own organization and ask what efforts have been made to date on the
communication front. Start with the IT department! Second, seek out a trusted source that
has recently gone through the process. Take advantage of their planning successes and
failures. Use their experience! Everybody wants to either show their new system, brag
about their success, or at the very least help afriend or colleague.

Step 2 — Are There any Budgetary Concerns or Limitations?

Nothing derails a great plan quicker than lack of dollars. Just think about that vacation or
new boat you always promise yourself.

Budget is always step two for areason. After determining your needs, you better know
what you' re able to spend. This may be the most “fuzzy” area because so many costs are
hidden in the actual roll-out and long-term support of a system.

Generally, during the purchase cycle you get a quote, justify the cost--sometimes at the
expense of headcount--then you submit the request for budget approval and wait for the
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dollarsto be distributed. Unfortunately, the cost of buying (budgeted capital dollars) is
sometimes dwarfed by the cost of maintaining (operating budget) a system and/or
keeping it running. Know the support available from both the seller and the manufacturer.
Thisincludes warranty and “ promises.” Remember, one day that nice salesperson may be
moving on or the manufacturer that sold the equipment may be acquired and you don’t
want to have to buy what was promised as part of the deal. In addition, shipping and
taxes will add to the total cost.

Step 3 - Know the Market and the Available Technologies

Thisiswhere the rubber meets the road. It’stime to research al available options, to
learn what isreally available and what is going to be available in the future. Don't fall
for the old “we are going to release it next year” routine. Buyer beware is a popular
saying for areason! Talk with colleagues within your organization. Attend association
meetings and trade shows. Proactively contact manufacturers. Remember not all
manufacturers know your specific situation and your needs. Just because a salesperson
has not called you does not mean he doesn’t have what’ sright for you. Today’s
communication products vary in every possible way. Each manufacturer or technology
has advantages and disadvantages. Don't think because big dollars are spent advertising
that the product being advertised is best for you. | remember a car manufacturer from

Y ugoslavia being advertised on TV and in publications. What happened to that car? My
point is not that advertised products are bad, but more so that not all good products are
advertised!

It isalso very important to know and remember that not a single product--and likely not a
single manufacturer--can meet all of your needs. Thisiswhy the process starts with Step
1 — identify needs, goals and limitations.

Investigate as many options as possible. Look at serial communication, Bluetooth,
Ethernet, Microwave, landlines and cellular networks--anything that is available. Just be
sure to learn the true limitations of each. These limitations will include cost (installed and
on-going), reliability, technology obsolescence, capabilities and flexibility. Also learn the
benefits of each. How has the product performed over the years? Does the manufacturer
stand behind his product and deliver on his promises? Is this technology proven or isit
end of life?

Next, as you will probably not deploy a brand new communication network all at once,
learn how the products work between various generations from the same manufacturer.
If, for example, aradio manufacturer is not compatible between past, current and future
generations, you could be in trouble when you need to expand your network in three or
four years.

Understand how you can combine technol ogies to meet your needs. If you need mobile
access to your Supervisory Control and Data Acquisition (SCADA) network, find
somebody that offersit. If you have a microwave tower place, useit. Piggy-back slower
licensed radio networks with faster 902 to 928 megahertz (MHz) frequency hopping,
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AES encrypted networks. Know that you can install 1/0 capable radios (analog and
digital signal, 4 to 20 and 1 to 5) to relay contact closures or other data without adding a
new PLC or RTU. Technologies have advanced over the years, so toss out your old
perceptions and learn how today’ s technology can work for you.

Step 4 — System Design, Deployment and Support

Thisisthe step that can bring great planning, great research and legendary negotiating to
itsknees! Be prepared to preplan your installations by taking the extra step to have path-
studies and network design models completed. Most reputable organizations will offer
these services for little or no charge or will wave the fee if you buy their equipment.
Generally you will work in cooperation with your suppliers to establish network
expectations and gather GPS coordinates for entry into a computerized software program
that can provide you with communication paths, fade margins, Fresnel zone,
topographical mapping, etc. for your future network.

After reviewing the path-study and network design information, focus on preparing a
detailed project plan. This plan should detail the installation stages prior to actual
deployment. Have meetings with manufacturers, installers and anybody elseinvolved in
the project and don’t forget to assign a project manager!

Interview and pre-qualify personnel for the actual installation. If the personnel are
internal, require that they receive factory training prior to starting the install. If you don’t
have the staff, ask the vendor.

Y ou’ ve planned, selected the right technology and you have your installation strategy, so
you’ re almost there. Only one minor, yet commonly overlooked detail remains.
Accessories! Do not skimp on accessories! Coaxial, antenna, surge protection, band-pass
filters and proper sealing against the elements are just a few accessoriesto consider.
Nothing will derail acommunication network quicker than the wrong coaxial, wrong
antenna, bad connection or the desire to save afew dollars on surge protection.

Lastly, make sure that whoever sold you the equipment is as committed to its success as
you are. It is not unreasonable to expect a dedicated technical contact(s) that is available
to assist you by phone 24 hours aday, seven days aweek, 365 days ayear.

UTILIZING THESE STEPSFOR SUCCESS

This paper is meant to act as atemplate for assisting you in creating your ideal
communication network. The utilization of the above steps or at |east the concepts
described within will dramatically increase the likelihood of creating a communication
network that will meet the needs of your organization for years to come. Carefully
studying and anticipating your network needs will help you determine what type of
equipment you should invest in. Don't be coerced into being sold equipment or
technology that works fine today but will be obsolete in just afew years. Knowing your
real needs will allow you to strategically gather information, interview potential suitors



Communication Network 57

and eliminate what is not right for you. It will also help prevent the financial mistake that
could cost you the career you' ve worked so hard to build.

Be prepared to be shocked by what you learn. Know that you will find that a combination
of many different technol ogies and manufacturers will likely be the right decision for
your future system. Past beliefs will soon turn to misconceptions unless you take the time
to research and select appropriately for your well-planned system. Share the
responsibility of defining actual needs on what is most critical within your organization.
Use references from your community and remember that your community might be the
association member next door or asimilar organization on the other side of the country.

Asyou move forward and have a greater understanding of your ideal network, you'll
have greater confidence in making your selections, overseeing the project and getting
what you want. This confidence isadirect result of having invested time into identifying
your goals, understanding your network needs and having afirm grip on the technologies
and equipment available to you, how they enhance one another and how they will serve
you for years to come.

CONCLUSION

The perfect network can only be achieved by utilizing everything that is available. By
employing the above steps, a“Hybrid” network can be created which not only meets the
current needs but establishes a game plan for future growth. This future growth can and
should be physical aswell as spatial. It should meet your needs and the needs of your
internal and external customers. Y our communication network is a solution that considers
budgetary constraints and technology advancements. It combines existing infrastructure
with future hardware selection and deployment. It anticipates the unexpected and is
prepared for reliable delivery, control of your resources and processes and the security to
protect your critical infrastructure.
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Bekele Temesgen, Ph.D.!
Kent Frame?

ABSTRACT

The California Irrigation Management Information System (CIMIS) manages over 130
active weather stations throughout the state. Archived data is also available for 75
additional stations that have been disconnected from the network. Most of these stations
produce estimates of reference evapotranspiration (ETo) for the station location and their
immediate surroundings. Because of California’s diverse landmass and climate,
however, many locations within the state lack a representative CIMIS station. Some
counties, for example, do not have a CIMIS station at all and others have only one or two
stations. As a result, there are significant spatial ETo data gaps. In an attempt to mitigate
this problem, CIMIS initiated a project in 2003 to investigate the possibility of coupling
remotely sensed satellite data with point measurements to generate spatially distributed
ETo values.

In cooperation with the University of California Davis’s Center for Spatial Technologies
and Remote Sensing (UCD CSTARS), CIMIS developed a model that derives daily solar
radiation from the visible band of the National Oceanic and Atmospheric
Administration’s (NOAA) Geostationary Operational Environmental Satellite (GOES)
and couples it with air temperature, relative humidity, and wind speed interpolated
between point measurements from the CIMIS stations. Two interpolation methods,
DayMet and Spline, are selected based on accuracy of results, code availability, and
computational efficiency. Daily ETo values are calculated using the American Society of
Civil Engineers version of the Penman-Monteith equation (ASCE-PM) at 2-km spatial
resolution. The accuracy of the ETo estimate was tested using cross validation
techniques and we are confident that this product will assist the people of California in
saving water and energy.

INTRODUCTION

The California Irrigation Management Information System (CIMIS) is a program in the
California Department of Water Resources (DWR), Division of Statewide Integrated
Water Management, Water Use and Efficiency Branch, that manages a network of
automated weather stations throughout California. Currently, there are over 130 active
weather stations on the CIMIS network that collect and transfer data at prescheduled
intervals to polling computers at the DWR headquarters. The polling computers reformat
the raw data and import it to the database servers where the data will go through quality

! Corresponding Author. Staff Land and Water Use Scientist, California Irrigation Management
Information System (CIMIS), Department of Water Resources, P.O. Box 942836, CA 94236. Email:
temesgen@water.ca.gov.

2 Senior Land and Water Use Scientist, California Irrigation Management Information System (CIMIS),
Department of Water Resources, P.O. Box 942836, CA 94236. Email: kframe@water.ca.gov.
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control processes and stored. There are also about 75 inactive CIMIS stations. Inactive
stations are stations that have been removed from the network, for various reasons, but
the archived data is still available.

CIMIS was developed by the California Department of Water Resources (DWR) and the
University of California Davis (UCD) in 1982. DWR assumed management and
operations of CIMIS in 1985 and has since been providing estimates of reference
evapotranspiration (ETo) and measured weather parameters at the weather stations. ETo
is evaporation plus transpiration from grass surfaces on which the CIMIS weather
stations stand. CIMIS uses the modified Penman equation, further modified for
conditions in California, to calculate ETo. CIMIS’s version of the modified Penman
equation is referred to as the CIMIS Penman equation in some literatures. CIMIS also
provides ETo values calculated using the American Society of Civil Engineers (ASCE)
version of the Penman-Monteith equation for interested users. Studies have shown that
there are no significant differences between ETo values calculated by the CIMIS Penman
and the ASCE version of the Penman-Monteith methods (Temesgen et al. 2005).

Although CIMIS is one of the largest agro-meteorological weather station networks in the
world, the data from its stations represent only a small fraction of microclimates in the
State, resulting in significant spatial data gaps. Recognizing this fact, CIMIS and the
University of California Davis (UCD) remote sensing scientists have developed a model
that couples remotely sensed satellite data with point measurements from the CIMIS
stations to provide daily maps of ETo for the entire State.

Remote sensing has made remarkable advances in recent years enabling scientists to
produce spatially distributed estimates of ETo and other products. The accuracies of
these products, however, depend on the models used and atmospheric conditions at the
time of data acquisition. The specific model that CIMIS and UCD developed derives
solar radiation data from the Geostationary Operational Environmental Satellites (GOES)
and interpolates other weather parameters measured at the CIMIS stations using data
interpolation methods that depend on the density of ground stations. The more stations
there are in a given area the more accurate the interpolated parameters will be. Two
interpolation methods selected for this purpose are the Spline and DayMet methods.
Brief descriptions of the methodology used will be presented in the following sections.

ETo Equation

The Penman-Monteith equation has been accepted by many researchers as a standard
method for estimating ETo (Smith et al. 1991; Allen et al. 1998; Allen et al. 2000; Walter
et al. 2000; Itenfisu et al. 2000; Howell et al. 2000). Therefore, CIMIS decided to use the
ASCE version of the Penman-Monteith equation for estimating daily ETo values at 2-km
spatial resolution for the entire state of California. The ASCE version of the Penman-
Monteith equation for daily ETo calculations is given as:
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0.408A(RN-G)+y G, U,(e —e,)
_ T+273
ETo= (1)
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where ETo is reference evapotranspiration (mm d™"), Rn is net radiation(MJ m™ d™"), G is
the soil heat flux (MIm™ d™), (es - e,) is the vapor pressure deficit of the air (kPa), e is
the saturation vapor pressure (kPa), and e, is the actual vapor pressure (kPa), A is the
slope of saturation vapor pressure-temperature curve (kPa °C™"), v is the psychrometric
constant (kPa °C™"), T is mean daily air temperature (°C), C, is the numerator constant for
the reference type and calculation time step, Cq4 is a denominator constant for the
reference type and calculation time step, U, is mean wind speed at 2-m height (m s™).
For grass references, the ASCE Penman-Monteith has a C, value of 900 and a constant
Cq4 value of 0.34 for daily time steps.

The soil heat flux for a daily time step in Equation 1 is assumed zero. It has been
established that this is a reasonable assumption since the fluxes entering and leaving the
soil on a daily basis are about the same. The ASCE Penman-Monteith procedure for
calculating Rn from measured weather parameters is (Allen et al., 1994, 1998):

4 4

T +T,
Rn:(l—a)Rs—a[ K ma"z K_min ](0.34-0.14@(1.35%—0.35} (2)
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where a = surface albedo, Rs = measured or estimated solar radiation (MJ m>d™"), o =
Stefan-Boltzmann constant (4.901 x 10° MJ K* m d'l), Tk max = maximum absolute
daily air temperature (°K), Tk min = minimum absolute daily air temperature (°K),e, =
actual vapor pressure (kPa), and Rso = clear sky solar radiation (MJ m>d™").

The solar radiation and surface albedo in Equation 2 were derived from the GOES data

and will be described later. Saturated and actual vapor pressures in both Equations 1 and
2 were calculated using Tetens method as:
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where €°(T) is the saturation vapor pressure ( kPa), T is air temperature (°C), and Tdew is
the dew point temperature (°C).
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The slope of saturation vapor pressure-temperature curve and psychrometric constant in
Equation 1 are calculated using various empirical equations listed in Allen et al. (1994,
1998). The clear sky solar radiation is estimated using the Heliosat method. Heliosat is a
European model that is designed to convert imagery acquired by the geostationary
satellites into maps of solar radiation received at ground level
(http://www.helioclim.net/heliosat/index.html). Maximum and minimum air
temperature, dew point temperature, wind speed, and relative humidity values are
estimated at each 2-km grid point using the two interpolation methods listed above and
described below.

THE CIMIS-GOESMODEL

The model that is used to create daily maps of ETo and Rs is referred to as the CIMIS-
GOES model in this document since it combines data collected by the CIMIS stations
with data collected by the GOES. Figure 1, taken from Ustin et al. (2005) and Hart et al.
(2009) , shows an overview of the steps involved in calculating ETo at each 2-km grid.
The chart includes steps for the derivation of Rs from the GOES and interpolation of
measured weather parameters from CIMIS stations.

Solar Position
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Figure 1. A chart showing the model used by CIMIS to map daily ETo values for the
State of California.

Solar Radiation M odel

Solar radiation is the most important parameter in the calculation of ETo using the
Penman-Monteith equation. Therefore, it is important that Rs estimates be as accurate as
possible. The model that was chosen to derive Rs at each 2-km grid from the GOES data
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is the Heliosat II model. The model estimates Rs by combining model prediction of Rso
with estimates of cloud index from the GOES imager visible channel data. Therefore,
this method does not depend on measurements of Rs at the individual CIMIS stations.
According to Hart et al. (2009), the clear sky solar radiation model used is part of the
Heliosat-II program (Rigollier et al. 2000, 2001, Leferve et al. 2002).

The cloud index is estimated by comparing what is observed at the satellite sensor to
what would have been observed if there was no cloud (Leferve et al., 2002). Ground
surface and atmospheric (cloud) reflectance values needed to calculate the cloud index at
each pixel are derived from time series of images. The assumption is that at some point
in the time series the clouds are non-stationary and that the minimum value observed will
provide estimates of ground reflectance and maximum value observed will provide cloud
reflectance. The model then calculates clear sky index from the cloud index using
empirical equations. The clear sky index, by definition, is the ratio of the observed
radiation to the clear sky radiation. Therefore, solar radiation at each pixel is calculated
by multiplying the clear sky index by the clear sky radiation.

For each location in California, the sunrise and sunset times are calculated daily. Within
the sunlit period, GOES data are available for each hour. From each of the hourly GOES
images, a clear sky index is calculated. This factor is assumed constant over the time
intervals chosen. Clear sky solar radiation is also calculated for each of these intervals.
The clear sky radiation and clear sky factor are used to calculate the actual radiation for
each interval. Finally, the contributions from all intervals are summed to get the daily
estimate of solar radiation.

The solar radiation model uses an analytical integration over solar angles and it is simple
to change the frequency of the GOES cloud cover estimates. Therefore, missing cloud
cover estimates, caused by lost GOES images, can easily be handled by extending the
intervals adjacent to the missing time frames. The analytical integration assigns
appropriate weights to the remaining cloud cover estimates. Atmospheric transmission in
the model combines aspects of aerosols, relative humidity, ozone, and molecular
scattering into a single parameter, the Linke turbidity (Ustin et al., 2005; Hart et al.,
2009). The larger the Linke Turbidity, the larger will be the attenuation of the radiation
by the clear sky atmosphere. Seasonal values of the Linke turbidity are derived from a
world database of turbidity estimates (Remund et al. 2003).

Figure 4 shows comparison of the estimated and measured Rs values at all of the CIMIS
stations from February 2003 through April 2006. Although there are some scatters,
regression fits show a very good correlation between the two. It should also be noted that
the measured Rs that is used in Figure 2 has not been assessed for potential measurement
errors, which is not uncommon when dealing with such a large network. CIMIS is
currently in the process of conducting analyses and expect to publish results in the near
future.
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Figure 2. GOES estimated Rs versus Rs measured at individual CIMIS stations.

Data | nterpolation

As stated above, daily maximum air temperature (Tx), daily minimum air temperature
(Tn), average daily dew point temperature (Tdew), and average daily wind speed at 2
meters (U2) are derived by spatially interpolating point data from the CIMIS network.
Spatial interpolation generates surfaces of continuous fields from data collected at
discrete locations. A number of different interpolation methods, ranging from the
simplest to the more sophisticated ones, were considered for this model. According to
Hart el al. (2009), many researchers have indicated that simple methods can be used to
interpolate climatic variables from dense and evenly distributed measurement sets
(Philips and Marks 1996, Mardikis et al. 2005). However, when generating surfaces of
weather data over California using CIMIS data, it is necessary to interpolate over large
regions of complex terrain with sparse and unevenly distributed weather stations. Figure
3 shows the spatial distribution of the sparsely distributed CIMIS stations. As can be
seen from the figure, areas in central valley have a dense distribution of stations whereas
mountainous, urban, and desert regions are less represented. This distribution pattern is
the result of CIMIS’s original objective of serving California’s agricultural growers
irrigate efficiently.

It has been suggested that the incorporation of elevation improves interpolation results in
cases where topography is an important factor for determining climatic variability (Daly
et al. 1994, Thornton et al. 1997, Price et al. 2000). Figure 3a shows CIMIS station
locations and groups them by elevation, with higher elevation stations having larger
symbols.
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Figure 3. CIMIS weather stations. (a) Station locations, with larger symbols for higher
elevations. (b) Histograms of elevations for California versus CIMIS stations.

Figure 3b shows the difference in the distribution and range of the elevation, comparing
the CIMIS stations and California as a whole. Figure 3b clearly shows that mountain
regions are under-represented. Taking all of these factors into consideration and based on
computational efficiency, availability of codes, and accuracy of results, the Spline and
DayMet methods were selected to interpolate the weather parameters measured at
individual CIMIS stations.

Spline is an interpolation method that fits a surface through or near known points using a
function with continuous derivatives. Two- and three-dimensional Splines were used
based on which weather parameter is to be interpolated. Parameter values that control the
properties of the interpolation function were selected using the cross-validation technique
and visual observation of results. Cross-validation involves deliberately leaving out the
measured parameter at one or more stations and comparing the model output to the
measured value.

DayMet is an interpolation method that was developed at the University of Montana to
generate daily surfaces of temperature, precipitation, humidity, and radiation over large
regions of complex terrain ( http://www.daymet.org/ ). It applies the spatial convolution
of a truncated Gaussian (TG) filter with a set of observations and determines the weights
associated with a given weather station for each point where weather parameters are to be
determined, depending on the distance and density of the stations. The truncation and
shape parameters for the DayMet model are determined by searching the parameter space
and selecting the value that minimize the root mean squared error (RMSE) using the
cross-validation method.

Maximum daily air temperature, minimum daily air temperature, and average daily dew
point temperature from the CIMIS station sites were first normalized to represent values
at sea-level. The data is normalized using a statewide average lapse rate adjustment of 5
°C/km for Tx, Tn, and Tdew. The normalized data was then interpolated using the two-
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dimensional Regularized Spline with Tension (RST) and the DayMet methods. These
temperatures were then adjusted for elevation using the lapse rate stated above. Because
the CIMIS stations are not located in all geographic locations, both methods have some
limitations in some areas of the State. Therefore, a decision was made to use an
arithmetic average of values derived using both methods to create spatially distributed
temperatures. Figure 4 shows average daily air temperature maps for a single day [June
18, 2005] created using this approach.

Relative humilities are measured at the CIMIS stations and the corresponding vapor
pressures calculated by the datalogger. However, we decided to calculate both saturated
and actual vapor pressures at each pixel from the interpolated temperatures to minimize
the number of interpolated parameters and associated errors. Finally, the wind speed at
2-meters was interpolated using the three-dimensional RST method. It is worth
mentioning that we found the wind speed interpolations to be the most unreliable since a
single station with high wind speed values can cause anomalous effects. Therefore, we
are working on improving wind speed estimation methods as we continue refining the
entire CIMIS-GOES model.

(b)

Figure 4. Results of air temperature interpolation using the different methods discussed
above for June 18, 2005. (a) The DayMet method, (b) The 2-D Spline on the normalized
values, and (c) the final approach with elevation correction.

REFERENCE EVAPOTRANSPIRATION

The final model output is reference evapotranspiration at each pixel. The daily ETo
information is used for many purposes including irrigation scheduling and other water
management practices. The accuracy of ETo values estimated from these methods
depends on many factors. One such factor is the accuracy of the remotely sensed Rs data,
which is in turn significantly affected by atmospheric conditions (e.g., cloudiness) and
surface conditions (e.g., snow cover). Therefore, mountainous areas with snow cover and
coastal areas with cloud and fog are more susceptible to errors.
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Another important factor affecting the accuracy of ETo estimation by this model is the
accuracy of the interpolation methods used. Interpolation methods in general are affected
by the density of the weather stations and geographic features of the region. Since most
of the CIMIS stations are concentrated in lowland agricultural areas, the mountains are
again more susceptible to errors resulting from data interpolation due to the low density
of weather stations. CIMIS is currently working on reducing these potential errors by
refining the models. We believe that the ETo estimates provided using this method will
be more accurate when compared to using data from a distant weather station with a
different microclimate.

PUBLIC ACCESSTO THE DATA

After rigorously testing the product over an extended period of time, CIMIS released it to
the public on September 9, 2009. Since then, we have received many positive comments
from the public. We have also received information that the data is being used in water
conservation programs by many water agencies. The daily ETo and Rs map is located at
http://wwwcimis.water.ca.gov/cimis/cimiSatSpatialCimis.jsp. Figure 5 shows the view
of the Spatial CIMIS tab and its associated links, such as Spatial Overview, Spatial
Model, View Maps, and Map Reports. The Map Reports link is where users go to
retrieve the data using an interactive Google Map Interface.

The Map Reports Help link on the Spatial CIMIS page provides detailed technical
instructions for selecting locations, saving selections, scheduling automated email
delivery, and generating reference evapotranspiration (ETo) and solar radiation (Rs) data
reports at a 2-km spatial resolution from the Map Reports page.

*am  CALIFORNIA vnv cotnen stave et omerace.

cImIs RESOURCE

DaTA CENTER My CIMIS

General

Spatial CIMIS

Spatial Overview

Spatial Model The Spatial GIMIS page provides the ability to view daily reference evapotranspiration
(ETo). daily solar radiation (Rs), station location, and long-term average ETo zones maps
View Maps and to generate daily ETo and Rs data at 2 km spatial resolution for the State of California.
ETo Map

Solar Radiation Map
Station Location Map
ETo Zones Map

Generate Report General

Spatial Overview The describes the needs for developing spatially distributed data and presents a
Logon brief outline of the processes involved.
Map Reports : . )

Spatial Model The Spatial Model presents a brief description of the methodology used for

Map Reports Help developing spatially distributed data (maps) and provides links to useful

Figure 5. The newly released Spatial CIMIS tab assists users
to view maps and retrieve data.
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A point of interest can be selected using geographic coordinates, physical addresses, or
zip codes. Coordinate selections can be specified by manually entering latitude and
longitude values as an Address Search or by clicking points on the Google map interface.
A maximum of 10 points can be selected at a time. The names and geographic
coordinates of all selected points will display in the text boxes below the Google Map.
These names can be replaced with new names that would help users to easily identify the
points (example, alfalfa field, golf course, etc.). Plans are also underway to improve the
features and make it more user-friendly.

Selections for the unit, date range, and data format for map reports are similar to the
standard CIMIS data retrieval process. The user may specify the unit as English or
Metric. The size of the data retrieved depends on the number of data points and the Date
Range selected. Data can be generated in Web Report, CSV with Headers, and XML
formats. Scheduling automated email deliveries will only be in CSV and XML formats.

After selecting data points, delivery methods, units, date range, and data format, users can
click on the Submit button at the bottom of the page to generate the report interactively.
Scheduled reports will be delivered via email after 6:00 a.m. Pacific Standard Time. The
Save button has to be clicked to the selected specifications.
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ABSTRACT

The Surface Energy Balance Algorithm for Land (SEBAL®) is used worldwide to
estimate actual evpotranspiration (ET) at different spatial scales (individual fields to
entire basins) and temporal scales (water year, growing season, individual day, etc.).
SEBAL has been successfully applied on various surface types including crops, riparian,
natural vegetation, playas, and wetlands. Comparisons of SEBAL actual ET results with
reliable ground based measurements (Eddy covariance, Bowen ratio, lysimeter, water
balance and scintillometer) have shown close agreement with differences ranging from 1
to 5% when compared to reliable ground-based estimates over a growing season when
the model is applied by experienced operators.

This paper describes near real-time application of SEBAL® (Version 2009) to produce
weekly maps of actual ET, crop coefficients, and biomass production for California’s
Central Valley. Each week, the maps for the prior week are produced and posted to the
Internet. The maps are developed using MODIS multispectral satellite imagery with an
end resolution of 250 meters. This paper discusses potential application of near real time
actual ET maps by water managers, water supply agencies and irrigators.

INTRODUCTION

Accurate evapotranspiration (ET) estimates are necessary to quantify irrigation demands
and support better utilization and management of existing water supplies. In California
and other arid areas of the West, where fresh water supplies are limited and perhaps
becoming scarcer, it is becoming more difficult to satisfy urban, environmental, and
agricultural demands.

The Surface Energy Balance Algorithm for Land (SEBAL) is a widely used energy
balance model that uses satellite based surface radiances coupled with ground based
meteorological data to estimate evapotranspiration (ET) (Bastiaanssen et al., 2005). ET
is the major component of the crop water requirement for agricultural areas and of the
depletion of stored precipitation in non-agricultural areas.

SEBAL ET estimates have been compared with reliable ground-based ET estimates from
methods including eddy covariance, Bowen ratio, scintillometer and water balance.

" SEBAL North America, Inc., 1772 Picasso Avenue, Suite E, Davis, CA 95618, www.sebal.us.
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These validation studies have shown that SEBAL ET estimates agree with reliable
ground-based estimates within 5% (estimated 95% confidence interval) across a series of
monthly or more frequent images representing a growing season. Table 1 provides a
summary of selected projects in California where SEBAL results were validated with
reliable ground-based estimates.

Most of the information used by SEBAL is extracted from remotely-sensed satellite
images. Additionally, local meteorological data is used when available. SEBAL is a
cost effective way of monitoring ET over large areas. A study conducted in Idaho by
Morse (2003) showed that the cost of monitoring water use with traditional methods in
the eastern Snake River Plain was three to five times the cost of using the SEBAL energy
balance model.

Table 1. Validations of SEBAL ET in California

Compar|son Location Duration Crop Difference Reference
Technique
Surface Sacramento 7 months Rice 5% Unpublished
Renewal Valley
Weighing San
. Joaquin 7 months Peach 5% Cassel (2006)
Lysimeter
Valley
Weighing San
. Joaquin 7 months Alfalfa 2% Cassel (2006)
Lysimeter
Valley
Imperial .
Water Irrigation 12 months Irr!gated 1% Soppe et al (2006)
Balance District Agriculture

SEBAL is currently being applied to generate near-real time ET, crop coefficient, and
biomass production estimates for California’s Central Valley. The operational data
products consist of spatially distributed grids of actual evapotranspiration, crop
coefficients, and dry biomass production and are available on a weekly basis. A
combination of satellite images from the MODIS Aqua and Terra satellites and a
combination of ground-based observations and gridded weather data from the California
Irrigation Management Information System (CIMIS) are used to produce these data.

This paper presents sample results and discusses the potential uses and applications of
SEBAL as an operational tool to support water management.

METHODOLOGY

SEBAL Modél

SEBAL (Version 2009) is culmination of more than 20 years of active research and has
been applied successfully in fifteen countries over a variety of surface types. SEBAL
utilizes an energy balance approach by partitioning the net solar radiation (R,) available
at the Earth’s surface into its major consumers, including soil heat flux (G) and sensible
heat flux (H), calculating latent heat flux (a measure of ET) as a residual term. A detailed
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explanation of the SEBAL model, its applications and validations can be found in
Bastiaanssen et al. (2005). A brief conceptual summary is provided herein.

The net radiation flux (R,) is estimated from the incoming solar radiation, accounting for
incoming and outgoing shortwave and long wave components (both reflected and
emitted). The soil heat flux is estimated as a function of R,, surface temperature and
Normalized Difference Vegetation Index (NDVI) that accounts for the effect of
vegetation cover. The sensible heat flux (H) in SEBAL is estimated using a unique ‘self-
calibration’ procedure. H is first estimated at two extremes (“hot” and “cold” pixels) and
is then scaled between these two extreme temperatures for all pixels within the satellite
image. The latent heat flux (LE), which is the amount of R, consumed to vaporize
available water as ET, is estimated as a residual of the energy balance based on the
principle that energy can neither be created nor destroyed. The latent heat flux is
converted into an equivalent depth of water consumed during the process of
evapotranspiration using Equation 1:

1
ET,=—IR, - (G+H)|, (1)
Ap,,
where ET, is the actual evapotranspiration at the instant of satellite overpass, A is the
latent heat of vaporization of water, and p,, is the density of water.

The instantaneous ET, is extrapolated to daily and longer periods by combining spatially
distributed weather conditions from ground-based meteorological stations, evaporative
fraction ( A ), and net available energy (R,-G). Advection effects are estimated from
average daily and periodic weather conditions and are incorporated in the ET, estimates.
The advection correction accounts for additional horizontal transfer of energy between
pixels in the satellite image.

SEBAL Lumped Crop Coefficients

Crop coefficients are utilized to estimate crop ET and may be developed for other land
surfaces as well. Most published crop coefficients assume stress-free conditions (optimal
soil moisture levels, disease/pest free crops, etc.,) with no environmental and/or
management related stresses; however, actual growing conditions often include such
stresses that reduce ET from potential levels.

To a certain extent, published crop coefficients can be calibrated to represent actual
growing conditions, but the process requires detailed field information. To overcome this
difficulty, SEBAL utilizes actual ET to derive crop coefficients that represent actual field
conditions (Equation 2).

ET
K, =—, 2
=37 @

o
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where K is the actual crop coefficient, ET, is the CIMIS reference ET and ET, is the
actual ET estimated by SEBAL.

SEBAL Biomass Module

Total dry biomass production is estimated as a function of photosynthetically active
radiation (Monteith, 1972), light use efficiency (Field, et al., 1995) and normalized
difference vegetation index (NDVI). Details of the formulation, application and
validation of SEBAL biomass estimation can be found in Bastiaanssen and Ali (2003).

Photosynthetically active radiation (PAR) is the fraction of incoming solar radiation that
can be potentially intercepted by a canopy and is estimated from incoming solar radiation
Under actual conditions, only a fraction of PAR is absorbed by the canopy (APAR).
APAR is estimated by accounting for the reflected portion of the radiation from the upper
surface of the canopy and the fraction transmitted through the canopy based on total PAR
and NDVI. The light use efficiency (&) varies with ¢3 or ¢4 crops and is adjusted for
environmental and/or management induced stresses based on estimated stresses from soil
moisture deficit and ambient temperature. Moisture stress is estimated based on the
evaporative fraction from SEBAL.

Input Data

A combination of satellite images from the Moderate Resolution Imaging
Spectroradiometer (MODIS), meteorological data from CIMIS, and weather grids from
the Coast-to-Mountain Environmental Transect (COMET) project are being utilized to
develop the weekly SEBAL operational data products. Other data include a land use map
from the National Agricultural Statistics Service (NASS) and a digital elevation model
from the U.S. Geological Survey (USGS).

Satellite Images. SEBAL requires surface radiances in the visible, near-infrared and
thermal bands of the electromagnetic spectrum. Surface radiances are estimated from
satellite images acquired by the MODIS sensor on-board the Aqua and Terra satellites,
which each have a one day return interval for a given area. A single MODIS image is
selected each week to minimizing cloud cover and sensor zenith angle in order to
maximize the area of coverage and the spatial precision of the results.

Weather Data. A combination of weather parameters from individual CIMIS stations and
gridded weather data from COMET are utilized. A total of nine CIMIS stations (Table 2)
located within the Central Valley are currently used to provide ground based weather
data. These stations have been selected to achieve a reasonable representation of weather
conditions for the Valley. Measurements utilized include relative humidity, wind speed,
air temperature, and vapor pressure.

Gridded weather data utilized include dew point temperature, air temperature, wind
speed, CIMIS reference ET, and K, a parameter describing the clearness of the sky.



Monitoring Near Real-Time Evapotranspiration

Table 2. Selected CIMIS stations

. Elevation Latitude Longitude

ID Station County (feet) (Deg) (Deg)
Five Points Fresno 285 36.336 -120.113
6 Davis Yolo 60 38.536 -121.775
15 Stratford Kings 193 36.158 -119.850
30 Nicolaus Sutter 32 38.871 -121.545
39 Parlier Fresno 337 36.598 -119.503
56 Los Banos Merced 95 37.009 -120.760
61 Orland Glenn 198 39.692 -122.152
71 Modesto Stanislaus 35 37.645 -121.188
145 Madera Madera 230 37.018 -120.187
166 | Lodi West San Joaquin 25 38.130 -121.383
169 | Porterville Tulare 400 36.081 -119.092

Digital Flevation Model (DEM) and Land Use Map. The DEM is used to account for the
effects of elevation, slope and aspect at each pixel on solar radiation and other factors and
was obtained from USGS.

The land use map in SEBAL is used to estimate obstacle heights for land use classes
within the study area. A land use map from developed by NASS for 2007 has been
selected. The land use map has been generalized and resampled to 250 m spatial
resolution to be consistent with the resolution of other input data.

RESULTS

Operational Data Products

The operational data products are available on the SNA website (www.sebal.us) in three
formats: color coded maps, tables with summary statistics, and Google Earth overlays
(Table 4). Raw data grids can also be made available to support hydrologic analyses.
The color coded maps (.tif format) provide an overview of the spatial distribution of the
data for each product. The spatial data from these individual operational products are
summarized in a table format for the primary Hydrologic Regions (HRs) of the Valley:
the Sacramento River HR, the San Joaquin River HR, and the Tulare Lake HR.

The Google Earth overlays provide color coded maps of the individual operational
products that can be viewed in Google Earth. Google Earth overlays provide enhanced
visualization of the spatial data and enable the user to view land surface of the areas of
interest.
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Table 4. Operational Products

No. Product Formats Units
1 Actual ET Map, Table, Google Earth Overlay Inches/day
Total Dry Biomass
2 Production Map, Table, Google Earth Overlay Pounds/acre/day
3 SEBAL Crop Coefficients Map, Table, Google Earth Overlay Unitless
Sample Results

The sample data selected for discussed herein represent two weeks in 2009: the period
from 10/07 to 10/13 (Week 1) and the period from 10/14 to 10/20 (Week 2). Substantial
rainfall occurred at the end of the Week 1 analysis period. Figure 1 presents the daily
precipitation measurements for Weeks 1 and 2 for the selected CIMIS stations (Table 3).
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Figure 1. Precipitation Measured at the Selected CIMIS Stations

It is apparent from Figure 1 that the Valley, in general, received rainfall between 0.2 and
2.5 inched on 10/13/09, with no precipitation reported for the CIMIS stations at Five
Points and Orland. In week 2 the CIMIS stations at Five Points and Davis reported
precipitation of 1 and 0.25 inch, respectively.

Actual Evapotranspiration (ETa). Figure 2 provides color coded maps of spatially
distributed average daily ETa (inches) for Weeks 1 and 2. Portions of the San Joaquin
and Tulare Lake HRs for week 2 were obscured by the clouds; hence, ETa (including Kcs
and Biomass) was not computed for those areas.

Although precipitation occurred on the last day of Week 1, its effects are not apparent in
the Week 1 ETa map. ETa values estimated for Week 2 reflect the impact of
precipitation on average daily ETa. The lack of an apparent rainfall effect in Week 1 is
due to SEBAL ETa being estimated based on an image acquired prior to the rainfall
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occurring and then being extrapolated to the full week. The extrapolation is based on the
assumption that the soil moisture and crop growing conditions on the day of image are

representative of the entire period represented by the image.

Daily Actual ET, in
High : 0.4 I

Week 1 Week 2

®

Daily Actual ET, in
High : 0.4 I

Low:O. Low:O.

Figure 2. Spatially distributed ETa maps for the Central Valley. Week 1 is the period
from 10/07 to 10/13 and week 2 is the period from 10/14 to 10/20.

Although changes in weather conditions that influence ET are taken into consideration by
incorporating average weather conditions for the period represented by an image, events
such as irrigation/and or precipitation on the day following the day of the image have not
been explicitly accounted for. The effects of such irrigation/and or precipitation events
are, however, represented in the image selected for the following period. This is apparent
in the present case where a relatively greater ETa is seen in the Week 2 results, which
represent the week starting on the 14™ of October, a day after the rainfall occurred.

Figure 3 summarizes the spatial ETa results from Weeks 1 and 2. It is apparent from
Figure 3 that the areas with non-zero ETa have increased considerably in Week 2. The
mean daily ETa rate summarized individually for SR, SJ and TL hydrologic regions was
also greater in Week 2 (0.075, 0.070 and 0.038 in, respectively) than in Week 1 (0.028,
0.032 and 0.026 in, respectively). The overall increase in ETa apparent in Week 2 is
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primarily due to an increase in soil surface evaporation in Week 2 as compared to Week
1.
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Figure 3. ETa Distribution in the Central Valley. Week 1 is the period from 10/07 to
10/13 and week 2 is the period from 10/14 to 10/20.

Lumped Crop Coefficients (Kcs). Maps of spatially distributed lumped crop coefficients
and their histograms are presented in Figures 4 and 5, respectively. Week 1 results
(Figure 5) show that more than 40% of the Valley as a whole has a Kcs of 0.2 or less.
Crop coefficients for the agricultural area are similarly low with almost 80% of the area
showing crop coefficient of 0.5 or less. The effects of bare fields and lack of soil moisture
in the absence of irrigation or precipitation are apparent in the Week 1 Kcs values.

Crop coefficients in Week 2 follow a similar trend as ETa, showing an overall increase
compared to Week 1 (Figures 4 and 5). Following the precipitation on the 13™ of
October, the increase in evaporation and evapotranspiration from Week 1 is apparent.
Most of the areas in the Valley show non-zero Kcs values except for those areas that are
potentially impervious surfaces e.g., rocks, foothills, or pavement, which are unable to
hold moisture.

The increase in Kcs (Figure 5, Week 2) apparent in agricultural areas is due to increased
soil surface evaporation or increased transpiration for existing vegetation.

The average daily Kcs values summarized individually for the SR, SJ and TL hydrologic
regions for Week 1 were 0.28, 0.30 and 0.22, respectively. The average Kcs values in
Week 2 for the SR, SJ and TL hydrologic regions were 0.91, 0.74 and 0.37, respectively
and indicate an overall increase in Kcs in all the three hydrologic regions.
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Figure 4. Spatially distributed weekly Kcs maps for the Central Valley. Week 1 is the
period from 10/07 to 10/13 and week 2 is the period from 10/14 to 10/20.
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Figure 5. Kcs Distribution in the Central Valley. Week 1 is the period from 10/07 to
10/13 and week 2 is the period from 10/14 to 10/20.

Biomass Production. Maps of dry biomass production for the Central Valley and their
frequency distributions for Weeks 1 and 2 are presented in Figures 6 and 7, respectively.
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The biomass production in week 1 for SR, SJ and TL hydrologic regions was found to be
186, 211 and 168 Ibs/acre respectively. An increase in Biomass was apparent in Week 2
with 199 and 239 Ibs/acre of production for SR and SJ hydrologic regions respectively.

In Tulare Lake region, biomass production decreased from 168 Ibs/acre in first week to
97 Ibs/acre in the second week. This decrease in biomass production in TL region could
be attributed to potential harvest that might have occurred before the satellite image
acquisition that represents week 2 results or due to reduced PAR in Week 2.

An overall increase in biomass production for agricultural areas in the Valley is apparent
in the 0 — 25 Ibs/acre category for week 2 (Figure 7). This increase in biomass could be
due increased transpiration rates (biomass being proportional to transpiration) of existing
vegetation in the area. The precipitation event may also have initiated growth of new

vegetation.

Daily Biomass Production, Ibs/ac Daily Biomass Production, Ibs/ac
High : 300 | High - 300 |8
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] 25 50 100 150 200 250
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Figure 6. Spatially Distributed Weekly Biomass Production for the Central Valley. Week
1 is the period from 10/07 to 10/13 and week 2 is the period from 10/14 to 10/20.
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Figure 7. Biomass Distribution in the Central Valley. Week 1 is the period from 10/07 to
10/13 and week 2 is the period from 10/14 to 10/20.

DISCUSSION

The examples presented in Results section demonstrate that the SEBAL operational data
products are able to capture variations in ETa, Kcs and Biomass, both spatially and
temporally. These data offer efficient monitoring of crop consumptive use and production
in near-real time which could assist irrigation districts, water agencies, growers, and
water managers in general in decision making and natural resource management.

In addition to actual ET, the lumped crop coefficients (Kcs) developed using SEBAL are
useful for irrigation management and planning. The lumped Kcs represent actual growing
conditions for a given crop and can be utilized to determine accurate crop water
requirements.

Weekly biomass production estimates can be used to improve crop management and to
understand drought impacts. Biomass production can be utilized to monitor overall crop
growth, incorporating the effects of environmental and management related stresses
including disease, pests, moisture stress, fallowing, etc. Biomass production can be
utilized to predict yield for a given crop by using crop specific harvest indices
(Bastiaanssen and Ali, 2003). Predicting yield could help in assessing the value of a crop
prior to coming into the market. Additionally, biomass production and ET can be
combined to estimate water productivity of a given crop. Water productivity is defined
as the crop yield per unit of water used and is a useful index to gauge water use
efficiency.

CONCLUSIONS

Satellite based near-real time ET, Kcs and Biomass are being generated using SEBAL on
a weekly basis. SEBAL is the most widely applied energy balance model for estimating
ET, and over the years it has been validated in various parts of the world, including
California.
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Weekly data are available for California’s Central Valley with a spatial resolution of 250
m. Satellite images from MODIS along with weather data from CIMIS have been
utilized to generate these data products. Operational products for most recent weeks can
be accessed on SNA’s website (www.sebal.us). The SNA website is updated every week
with the operational products for the prior week.

Using MODIS images, actual ET, crop coefficients, and biomass production can be
estimated in a near-real time. Water supplies in the Central Valley are limited, and
efficient utilization of available water is critical. Detailed water consumption patterns
provided by spatially distributed weekly ET maps along with Kcs and Biomass can assist
in improving understanding of water use in both agricultural and natural systems.
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DEVELOPING REVENUE GENERATING INFRASTRUCTURE:
FRESNO IRRIGATION DISTRICT'SWALDRON BANKING FACILITIES
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ABSTRACT

Fresno Irrigation District (FID) servesirrigation water to approximately 245,000 acres
including the Cities of Fresno and Clovis, in California s Central San Joaquin Valley. As
Clovis has developed they have looked for ways to diversify their water supply portfolio.
Until recently, this mainly consisted of groundwater wells with some surface water
supplies coming from FID. Clovis, in an effort to increase their dry year supplies,
partnered with FID to develop the Waldron Banking Facilities.

The Waldron Banking Facilities consist of three groundwater banking facilities located in
the western portion of the FID. Through the agreement developed between Clovis and
FID, Clovis provided half of the capital to develop the project in return for half of the
project yield. Clovisalso hasthefirst right of refusal, on an annual basis, for any yield
developed from the project. 1n exchange for the banked supplies, FID then provides an
equivalent amount of surface water to Clovis (in the eastern portion of FID). To develop
anew water supply for Clovis and FID, during wet years and other times when surplus
surface water supplies are available these supplies are routed to the groundwater recharge
basins. In dry years, these banked supplies are then recovered from the aquifer, and
delivered to FID growers, with 10% of all banked water being left behind to benefit the
local aquifer.

This paper will focus on the financial aspects of the project and provide an example of
how adistrict can develop new, revenue generating infrastructure, in the current
economic environment.

BACKGROUND

The Waldron Banking Facilities Project (Project) is agroundwater banking project that
provides water to urban and agricultural water users, and facilitates the environmental
benefits of improving ariver fishery. The Project is divided into three separate facilities
totaling 250 acres (Waldron — 160 ac., Empire— 32 ac., Lambrecht —58 ac.). Figurelis
amap of the FID showing the locations of the three sites, and the channels used to
convey surface water to them.

The new supplies are developed by capturing flood waters and surplus suppliesin above
normal years and recovering them during below normal years, rather than letting those

! Project Manager, Provost and Pritchard Consulting Group, 2505 Alluvial Ave. Clovis, CA 93619
rhopkins@ppeng.com

2 Chief Engineer, Fresno Irrigation District, 2907 S. Maple Ave. Fresno, CA 93725
bstretch@fresnoirrigation.com
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GROUNDWATER MONITORING PLAN
Waldron Banking Facilities

Figure 1
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Figure 1. Map of the Waldron Banking Facilities

supplies go unused during the above normal years. The Project utilizes a combination of
urban and Kings River flood water, fisheries management water, allocations from the San
Joaquin River during above normal years, and flood water from the San Joaquin River.

A review of the records from the 50 years prior to the study showed that on average
approximately 11,500 AF could be routed to the Project for recharge. Leaving 10% of
the recharged water behind to account for losses and mitigate potential impacts to
adjacent landowners, the Project would net approximately 10, 350 AF on an average
annual basis.

DESIGN CONSIDERATIONS

The Project’ s design took into account a number of factors such as how quickly water
could be placed into the basins, and recovered from the aquifer. In addition, the District
wanted to make the best use of its capital investment, so each of the sites was designed to
include flow regulation capabilities. Upgradesto the control gates and SCADA
improvements were included.

L ocation

The Projects were sited such that they would:
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1. Have geology favorable to groundwater banking.

2. Befar enough upstream in the FID’ s distribution system that all of the recovered
water could be used to satisfy downstream irrigation demands.

3. Bedtrategically located to regulate flows on main canals.

Recharge

The sites' primary purpose is water banking with flow regulation and operational storage
a secondary benefit. Geologic explorations of each site were conducted to verify if the
shallow soil profiles would be conducive to recharge. Explorations of the deeper aquifer
were also performed to determine the zones from which to draw the stored water. The
geologic investigations and infiltration tests showed the sites' could sustain recharge rates
between 0.35 and 0.5 ft per day. The recharge goal for between the three sites totals
13,000 AF (in anticipation of above average conditions) in the ground in approximately 8
months, or an average of 1,600 AF per month (0.21 feet per day). All of the sites had
estimated sustainable recharge rates which were higher than the 0.21 feet per day needed
which gave the District the ability to shorten the recharge season when needed.

Recharge could come in highly irregular flows and short bursts. Also, when recharge
basins are being filled for the first time, they will percolate at much higher rates.
Recognizing the potential for the need to take high flows in short bursts, many design
features were incorporated. The turnouts to each site were designed for relatively high
flows and sediment handling. The sites divided into smaller cells to help manage
spreading and evaporation.

Table 1 below lists the sustainable recharge rate, acreage, and delivery inflow for each
site. Asthe table shows, the design inflows are a minimum of about four times higher
than the sustainable recharge flow. At the Empire and Lambrecht sites, the design
inflows were based on the maximum flow that could be routed to the sites.

Table 1. Summary of Recharge and Inflow Rates.

Sustainable Sustainable Design Inflow
Site Recharge Rate | Acreage Recharge (cfs)
(ft/day) Inflow (cfs)
Waldron 0.35 160 32 130
Empire 0.35 32 6 60
Lambrecht 0.50 58 15 90

Each site was divided into a number of cells. This givesthe FID the operational
flexibility to fill basinsin a sequence which would maximize surface storage using the
least amount of acreage. This reduces evaporation losses and helps to minimize

mai ntenance activities such as discing and spraying to control weeds, in years when large
volumes of recharge water are not available. Without dividing the sitesinto smaller cells,
water would be spread over much larger areas.

Given the source of the recharge water (floodwater, urban stormwater) it was anticipated
that high sediment loads and trash would be delivered with the water. To mitigate the
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sediment one cell at each site was dedicated as a sediment cell. Dedication of the
sedimentation cell also keeps sediment in one portion of the facility reducing
maintenance, and reducing the potential for fine sediment sealing off the recharge cells.
The sediment cell was designed with partial levees to create alabyrinth in which to ow
water flow through the basin. The discharge out of the sedimentation cell to the other
cells utilized aweir. Thiswas done so that water from the top one foot of the sediment
cell (the clearest water) would be delivered to the other recharge cells.

Recovery

Seven wells were built for the Project. They can recover up to 12,000 AF of stored water
in four months. All three sites are in cropped areas and many of the growers have their
own wells. The project wells can pump between 2,000 and 4,000 gpm with average
pumping depths of about 180 feet. All of the wells are equipped with flowmeters that
totalize the amount pumped. The recovery wellswere drilled at lower depths than the
surrounding wells in an effort to minimize interference. Typically, the nearby irrigation
wells are completed to a depth around 300 to 400 feet. The recovery wells were
completed to a minimum depth of 500 feet. Table 2 below lists the recovery capability
for each site.

Table 2. Recovery Ability Summarized by Site

Site Recovery Flow (cfs) | Number of Wells
Waldron 22 3
Empire 6 1
L ambrecht 22 3

A monitoring network was also developed around the sites. The network involves on-site
and off-site wells. A total of 10 monitoring wells were built at the sites to collect more
detailed information about how the Project is affecting local groundwater conditions.

FID collects water levels at |east monthly in the monitoring network. The datais used to
determine groundwater elevations, and determine groundwater flow direction. This
includes determining the extents of pumping depression or recharge mounds, if any,
which could result from the Project operations.

PROJECT FUNDING AND COSTS

Project Funding

While 10,350 AF of supply represents about 2 to 3% of FID’sdry year supply from the
Kings River, it represents asignificant dry year supply to the City of Clovis (Clovis).
Clovistypically uses 25 TAF in anormal year, 70% is derived from surface water and
30% from groundwater wells.

In planning for new growth, Clovis recognized the need to develop a new water supply
and further increase its dry year supply. Thisneed for new water suppliesled Clovisto
partner with FID to develop the Project. As partnersin the Project, Clovis agreed to fund
half of the capital cost of the Project in exchange for half of the Project’syield. Clovisis
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given first right of refusal for water each year. Clovisis guaranteed 90% of the available
banked water in any given year, up to 9,000 AF. If Clovis does not take water in ayear,
FID has the ahbility to use the water to serve their growers.

In 2000, California voters approved Proposition 13, the Safe Drinking Water, Clean
Water, Watershed Protection, and Flood Protection Act (Prop 13). FID submitted a grant
application under Prop. 13's Groundwater Storage Program to fund their half of the
Project’s costs. FID was awarded the grant and signed the contract to commence with the
Project in 2004. The contract required that the Project be finished by the end of 2008.

Project Costs

Capital Costs. Initial capital costs to develop the Project were significant.
Approximately $10.7 million was spent to develop the Project. Thisincludes the coststo
purchase the land, as well asto construct the basins, structures, recovery wells, and
monitoring wells. With the average annual net yield of 10,350 AF, the capital cost to
develop this new supply calculates to approximately $1,030 per AF. The following table
breaks down the capital costsinto the maor cost components.

Table 3. Proportions of the Mgjor Capital Cost Components

Item Portion of Cost
Land Acquisition 15%
Basins and Structures 39%
Recovery Wells 33%
Monitoring Wells 3%
Other 10%

Operations and Maintenance Costs. Operations and maintenance (O& M) costs for the
project consist of the costs of maintaining the basins, wells and other facilities including
the additional labor, and the power to operate the facilities. In addition, there are on-
going costs associated with water quality testing for both the recovery wells and the
surface water conveyed to the recharge basins, monitoring of groundwater levelsin the
vicinity of the recharge sites, and the costs associated with purchasing flood water from
the Central Valley Project when available. Combined, the unit cost associated with
operating and maintaining the project is approximately $140 per AF of net yield. These
costs are constantly monitored by FID, and generally updated annually. The following
table itemizes the major cost components of the O& M costs.

Table 4. Proportions of the Major O& M Cost Components

Item Portion of Cost
Wells 33%
Basins 26%
Water Quality Monitoring 9%
Water Supply 25%
Other %
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REVENUE POTENTIAL

FID’s agreement with Clovis allows Clovis to purchase the water for the O&M cost.
This generates revenue for FID, but not enough to offset broader costsin FID. However,
in the event Clovis does not purchase any supply from the Project, FID may provide the
water to their customers, or to other water users through transfers. If the water is
transferred to other water users, FID has the potential to generate significant additional
revenues which can be used to offset their overall costsin the FID, make improvements
within the FID, or build reserve accounts. FID is planning to pursue all of these options.

In California, wholesale water prices vary widely from year to year, depending on the
type of water year (wet, normal, or dry). Indry years, transfers® can generate as much as
$500 per AF of water supplied, or more. In wet years, these same transfers may only be
able to generate $100 per AF. Any number of assumptions could be made about what
could happen in the future, and how things could work. The following table summarizes
how the range in prices can affect the net revenue FID could receive from atransfer.

Table5. Assumed Wholesale Price and Net Revenue

Wholesale Price (S/AF) $150 $200 $250 $300
O&M Cost ($/AF) $140 $140 $140 $140
Net Revenue ($/AF) $10 $60 $110 $160
Net Revenue at 5,000 AF $50,000 $300,000 $550,000 $800,000
Net Revenue at 10,000 AF | $100,000 $600,000 | $1,100,000 | $1,600,000

The transfers presented above show that when the wholesale price for water reaches
between $200 and $250 per AF, it begins to make sense financially for FID to consider
transferring water. 1f even 5,000 AF (half of the Project’ s average annual yield) is
transferred then FID could offset about 3% of its budget. When prices reach $300 per AF
and if FID isableto transfer 10,000 AF then it could offset 16% of their annual budget.

SUMMARY

Water banking and management programs have been proven successful for many districts
in California as a means to generate revenues, create additional supplies, and help
manage groundwater levels. FID operates their 680+ miles of canals and pipelines on an
annual budget of approximately $10 million. Aswith many irrigation districts, they
strive to keep the taxes assessed on their landownersto aminimum. As stated

previously, 10,000 AF represents about 2-3% of FID’s average annual supply. With this
minimal supply (all of which isin addition to their normal supply) FID is able to offset a
significant amount of its annual budget. Thisallows FID to build reserves, make
improvements to the district, and maintain all of their facilities, al while keeping tax
assessments relatively low.

3 Transfers in this paper are defined as a single occurrence in asingle year, and not an on-going obligation
to provide or purchase water.
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ABSTRACT

The House Bill 1437 (HB 1437) Agriculture Water Conservation Program is an
innovative way to meet rising municipal demands in a county adjacent to the Lower
Colorado River Authority (LCRA)’s service areain central Texas, conserve river water
used for irrigation, and maintain agriculture productivity. A cooperative program
between municipal and agricultural water users, and the Natural Resource Conservation
Service' s Environmental Quality Incentive Program (EQIP) provides grants to irrigation
divisions and agriculture producers in Matagorda, Wharton, and Colorado countiesto
implement agricultural water conservation projects.

Responding to requests for an interbasin transfer mechanism from utilities in Williamson
County pressured with high population growth rates and limited water supplies, in 1999,
the Texas Legidature passed HB 1437. HB 1437 authorized LCRA to transfer up to
25,000 acre-feet of water per year to Williamson County under certain conditions
including “no net loss’ of water to the lower Colorado River basin, and a conservation
surcharge on the transferred water collected from customers in Williamson County
dedicated to a specific fund to help pay for agricultural conservation projects.

The grant program began in 2006 and from 2006-2008 has funded a 30% cost share to
precision level 12,161 acres of farm land already participating in the 50% cost share
federal EQIP program. A 3-year average of 3,597 acre-feet of water has been conserved
as aresult of these precision land leveling grants. LCRA has partnered with the Lyndon
Baines Johnson School of Public Affairs at the University of Texas to develop a sound
statistical methodology for determining water savings from precision leveled fields.
Preliminary results of this analysis indicate that there is a statistically significant
difference in water use between leveled and non-leveled fields. More in-depth statistical
analyses are to be completed by Spring 2010. The 5-yr program plan goal isto conserve
10,000 acre feet per year by 2014, using a combination of conservation projects including
precision land leveling grants, on-farm volumetric measurement and billing, and
automating existing canal check structures.

1 Senior Water Conservation Coordinator, Lower Colorado River Authority, 3700 Lake Austin Blvd,
Austin, TX 78703, stacy.pandey@lcra.org

2 PhD candidate, LBJ School of Public Affairs, University of Texas at Austin, akramirezh@yahoo.com
3 Senior Project Manager, Lower Colorado River Authority, 3700 Lake Austin Blvd, Austin, TX 78703,
john.mcleod@lcra.org
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INTRODUCTION

HB 1437 Enabling L egislation

Due to high population growth rates and limited water supplies, water utilities within
Williamson County have had to look outside of their river basin to meet projected
demands for water. Williamson County lies within the Brazos River Basin, which is
adjacent to the Lower Colorado River Basin in Texas (Figure 1). House Bill (HB) 1437,
passed by the Texas Legislature in 1999, authorizes the Lower Colorado River Authority
(LCRA) to provide up to 25,000 acre-feet of surface water per year for usein specific
areas of Williamson County. The LCRA is a conservation and reclamation district
created by the Texas Legidlaturein 1934. LCRA supplies electricity for Central Texas,
manages water supplies and floods in the lower Colorado River basin through the
operation of six dams, manages three irrigation divisions, develops water and wastewater
utilities, provides public parks, and supports community and economic development in
58 Texas counties.

According to HB 1437, this water would be transferred under four major conditions:

1. Water istransferred in a manner that assures “no net loss’ of surface water to the
Colorado River Basin.

2. A conservation charge for transferred water is added to the base water rate, with
proceeds from the conservation charge to be deposited into the Agricultural Water
Conservation Fund (Ag Fund). The legislation set a minimum 10 percent
conservation charge and authorized the LCRA Board to adjust the conservation
charge as necessary to mitigate any adverse effects of the transfer.

3. The Board may use money from the fund only for the development of water
resources or other water use strategies to replace or offset the amount of surface
water to be transferred to Williamson County.

4. LCRA consults with an advisory committee, comprised of representatives from
Colorado, Wharton and Matagorda counties, prior to using funds from the
Agricultural Water Conservation Fund.

Interbasin Permit and Water Contr act

In October 2000, LCRA and Brazos River Authority (BRA) signed a 50-year water sales
agreement for the 25,000 acre-feet of water. In addition to the standard contract
provisions, the agreement included a 25 percent conservation charge for transferred and
reserved water and a clause that allows BRA to terminate the agreement not earlier than
February 15, 2012.

In August 2001, the Texas Natural Resource Conservation Commission issued the
interbasin transfer permit to BRA to transfer up to 25,000 acre-feet of water per year to
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Williamson County under the conditions authorized in HB 1437. As of October 2009, no

water transfers have occurred.
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In 2004, the LCRA Board authorized an engineering study and public meetings to
develop aplan for implementing the HB 1437 program. Mg or goals of the study were to

define the term “no net loss,” evaluate potential conservation projects and develop an
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implementation plan to allow the water transfer to occur under the provisions of the HB
1437 legidation. The plan, developed after review and comment by the Brazos River
Authority, municipal customers, local farmers and members of the public, developed a
definition for “no net loss,” developed a seven-year plan to meet projected water
demands through on farm and in-district conservation projects, established a 25 percent
conservation surcharge on the water transferred to Williamson County customers, and
presented additional recommendations for program implementation.

The development of this plan followed an extensive public input process. A total of 18
water replacement strategies were evaluated in two rounds of public meetings conducted
in three locations throughout the basin. Stakeholders who participated in the process
included people who live close to the Highland Lakes, people who farm and use
irrigation water, LCRA and BRA water customers, environmental group representatives,
and the City of Austin. The primary screening criteria used to create arefined set of
viable strategies were: cost to the customer, phased implementation, accel erated
implementation, sustainable yield, permits, meets definition of “no net loss” and
mitigates adverse impacts. Secondary screening criteriawere applied to identify and
prioritize impacts and benefits of strategies, balance subjective project impacts against
implementation costs and score total project impacts and costs equitably. The five final
strategies selected as aresult of this process included: precision leveling, automated
check structures and SCADA control system, balancing reservoirs, conjunctive use of
groundwater, and reduced irrigation for 2™ crop. More details on this process are
contained in the study document, which is available at www.hb1437.com.

This study also determined a definition for “no net loss’ which resulted in the adoption of
LCRA Board Policy 501, “Water Resources,” that incorporated the demands of HB 1437
Agricultural Water Conservation Program. This revised policy was adopted by the
LCRA Board in March 2005.

No Net Loss No Net Lossis defined in the LCRA Board Policy 501 as a hydrologic
condition where the average annual volume of Transferred Water is equivalent to, or less
than, the combined average annual volume of Conserved Water, Devel oped Water, and
Returned Water resulting in areduced reliance on surface water for agricultural
irrigation. Thisis expressed below in equation form.

Transferred Water < Conserved Water + Developed Water + Returned Water

Transferred Water is the average annual volume of surface water exported from the lower
Colorado River basin to Williamson County under the Texas Water Code (which reflects
the original legidation). Conserved Water isthe average annual volume of water
developed under HB 1437 from conservation projects and demand reduction projects
within the water service areas of LCRA’sirrigation divisions. Developed Water isthe
average annual volume of additional water made available for use within the water
service areas of LCRA’s irrigation divisions and may include any groundwater or surface
water resources that are not presently under the control of LCRA. Returned Water isthe
average annual volume of water that isimported to the lower Colorado River basin with
the specific intent to meet the conditions of the Texas Water Code. Average annual
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volume is defined as the arithmetical average volume of water over a contiguous 3-year
period. This averaging provision wasincluded in the policy and alows for flexibility in
adding groundwater and reuse water from outside the Lower Colorado River watershed to
balance any unexpected diversions within the averaging period. Conserved Water that is
not transferred islost but as more conservation practices are implemented, the average
yearly volume of transferrable water increases.

NRCS M emorandum of Under standing

In March 2007, the LCRA and the Natural Resources Conservation Service (NRCS)
entered into an agreement to share technical information related to the NRCS's
Environmental Quality Incentives Program (EQIP). Thisfederal grant reimburses
producers 50 percent of the cost of specific on-farm conservation projects such as
precision land leveling. In 2006, LCRA Board adopted the application guidelines,
eligibility rules and contract provisions for awarding cost sharing conservation grants
from the Ag Fund. These guidelines integrated the NRCS technical specifications and
payment certification processes into the requirements for the HB 1437 grant program.
This agreement is an important mechanism for reducing administrative costs as well as
the actual cost-share burden for LCRA by adopting NRCS' existing certification program
for EQIP funded water conservation projects.

PROGRAM OVERVIEW

The HB 1437 Agricultural Water Conservation Program isamajor part of the LCRA’S
water conservation program for agricultural uses. The program joins individual
producers, local soil and water conservation districts, and the NRCS in a collaborative
effort to conserve water. The following are the goals of the HB 1437 program:

1. Reduce agricultural use of surface water;

2. Plan and implement conservation projects to fulfill obligations of the LCRA/BRA
contract for HB 1437 water;

3. Provide grants from the Agricultural Water Conservation Fund to implement
water conservation projects; and

4. Provide program performance information to the LCRA Board, BRA water
customers, and the public in accordance with LCRA Board Policy 501.

Demand Projectionsfor HB 1437 Water

The water demand projections were developed by the Brazos River Authority and its
customers, and are reviewed and updated annually. Figure 2 compares the HB 1437
water demands used to develop the current HB 1437 implementation plan with the
updated demand projections recently provided by BRA and their customers. The updated
projections indicate an initial delay in demand, relative to the previous projections,
followed by amore uniform growth in demand.
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Figure 2. Water Demand Projections for HB 1437 Water

Updated Program Plan

Theinitial HB 1437 program plan was devel oped during the 2005 implementation study
and includes a combination of on-farm and in-division conservation improvements to
meet the projected water demands of BRA water customersin Williamson County. This
plan developed 3,500 acre-feet of conservation, primarily through providing
supplemental grant funds to precision grade 6,000 acres by the year 2012.

The program plan was recently updated to include a series of projects and studies to be
completed during the period 2009 to 2014. The goal of this short-term plan isto develop
10,000 acre-feet of HB 1437 water per year for transfer to Williamson County by 2014.
This target provides for development of conservation improvements 4 to 6 years ahead of
their need while accounting for other uncertainties, such as reliability of conservation
during drought. It also allows for leverage of the HB 1437 funds through acquisition of
other grants that may not be available in the future. A summary of the HB 1437 program
planis presented in Table 1.
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Table 1. 2010-2014 Conservation Projects and Program Costs

On-Farm Projects In-Division Projects Studies and Management
Precision level 12,500 acres | Implement volumetric Conservation measurement
of farmland (2,500 acres per | measurement in the and monitoring
year) Garwood Irrigation division

Retrofit to automate eleven
canal check structuresin
LCRA’sirrigation divisions

Construction Cost - $1.203 | Construction Cost - $1.519 | Oversight and customer
million million communication

Program administration

Total cost: $8.008 million
Funding sources: Ag Fund - $3.097 million, EQIP & TWDB Grant — $2.833 million,
Farmer - $2.077 million

HB 1437 Water Availablefor Transfer: 10,000 acre-feet per year

Program Funding

The program is funded through the income stream generated from the conservation
surcharge applied to the water sales contract. The conservation surcharge is applied to
both reserved water and transferred water. The conservation surcharge rate must be
sufficient to maintain a positive balance in the Ag Fund. Income to the Ag Fund is based
on the following rates:

e Conservation Surcharge 25% e Max Available Water: 25,000 ac-ft/yr
e Normal Raw Water Cost: $138/ac-ft e Reserved Water Cost: $69/ac-ft
Schedule

The current implementation plan projects that at least 10,000 acre-feet of HB 1437 water
would be conserved and be available for transfer to Williamson County by the year 2014.

Precision leveling will continue to be funded at alevel of 2,500 acres per year, the
Garwood volumetric measurement project will begin in 2010 and will be completed in
2012. In-division canal check structure retrofits will begin in 2012 and continue until
2014.
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PROGRAM RESULTS

Program and Policy

In December 2008, the HB 1437 Application Guidelines and the HB 1437 Cost Sharing
Agreement were amended so that conservation funds for precision leveling are
distributed pro rata among qualified applicants rather than limiting the award of grant
funds based on alottery selection system.

Under the previous lottery method, if the dollar amount of highest priority qualified
applications exceeded the grant budget for that year, payments from the Ag Fund would
be awarded based on alottery ranking of qualified applications. Under this |ottery method
with afixed 30 percentage cost share, a highly ranked, and large acreage application
could effectively use up al of the available funds, eliminating other worthy projects.

While LCRA staff has received favorable comments regarding the prioritization of
conservation projects (these prioritizations take into account whether the applicant has
completed the steps necessary to obtain an EQIP agreement as well as the status of the
leveling project) the lottery ranking component has been the subject of farmers' concerns.
Therefore, beginning in 2009, an annual grant budget was set for expenditures from the
Ag Fund and those expenditures, subject to NRCS guidelines for leveling costs, was
spread across al qualifying applicants with the same priority ranking within a budget
year on apro ratabasis. ThisBoard action also limited expendituresto any single
applicant to a maximum of 30 percent of the cost of the applicant’s precision leveling
project, and the total grant amount (EQIP plus HB 1437 Ag Fund) to an applicant to an
amount that could not exceed 100 percent of the applicant’s project costs. Even though
applications far exceeded budgeted funds in 2009, resulting in a payout of only 12%,

L CRA customers accepted this method as an equitable way to distribute grant funds.

On-Farm Conservation Projects

Thetotal on-farm conservation projects completed from the program inception in 2006 to
2008 is presented in Table 2. The grant program shared the cost of precision leveling of
159 fields totaling 12,161 acres. The largest acreage was in the Lakeside Irrigation
Division (50 percent), followed by Garwood (45 percent) and Gulf Coast (5 percent). All
program projects were funded by a combination of funds: 50 percent cost share from the
Natural Resource Conservation Service (NRCS)’s Environmental Quality Incentive
Program (EQIP); 30 percent funding from the Ag Fund; and the remaining 20 percent
from producers. The average area of aleveled field was 77 acres.

Since inception, the HB 1437 Ag Fund has contributed $967,299 out of atotal cost of
$3,247,302. The average area of aleveled field was approximately 77 acres. The
average cost to precision level was approximately $267 per acre.

All of the applications submitted in 2006-2008 that met the first priority criteriawere
funded. The priority criteria can be found in the HB 1437 Application Guidelines on
http://www.hb1437.com.




Cost Sharing Partnerships 97

Table 2. 2006-2008 Acres Leveled and Grants Awarded

Division lovelod  Lowerea | Towl Cost  FE e

Garwood 67 5,402 $1,326,418 $395,504

Lakeside 84 6,186 $1,784,960 $531,018

Gulf Coast 8 572 $135,924 $40,777
Total 159 12,161 $3,247,302 $967,299

Figure 3 shows the locations of the leveled fields in the Garwood, Lakeside divisions.
There are very and Gulf Coast irrigation divisions.

I n-Division Conservation Pr oj ects

There were no HB 1437 funded in-division conservation projects during the period 2006-
2008. Preliminary design work was completed for the Garwood measurement project in
early 2009 and construction work was started in the fall of 2009. Thiswork is funded by
a combination of HB1437 funds and a 2009 grant from the Texas Water Devel opment
Board.

Conservation Monitoring and M easur ement

Accurate water conservation estimates are critical to water availability estimates
necessary to comply with the “no net loss’ requirement for water transfers. A major goal
of the HB 1437 program is to continue to refine a technically sound water conservation
monitoring plan that could be integrated and implemented within the normal business
practices of the LCRA irrigation divisions. Studies by others have examined the role of
precision leveled fieldsin agricultural water conservation (Goel et al. 1981, Anderson et
al. 1999, Bjornlund et al. 2009, Smith et al. 2007) and have identified several factors that
affect the utilization of conservation technologies and water savings, such asafarmer’s
age, education, dependence on off-farm work, size of farm operation, afield’s ownership,
quality of land leveling work and water costs.

The methodology to estimate the water conservation factors for the HB 1437 program is
based upon a statistical comparison of water use in fields leveled to EQIP standards
versus water use in other non-leveled fields. This concept will be verified by analyzing
water use data from the Lakeside Irrigation Division for the 4-year period 2006 through
2009. Preliminary results from an analysis of 2006-2007 data show that the differencein
water use between the HB 1437 fields and other fieldsis consistent with the 0.75 acre-
feet of water saved per acre leveled conservation factor currently used to estimate water
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conserved under the HB 1437 program. The conservation monitoring plan calls for the
development of separate conservation factors for each irrigation division.

A major challenge in implementing a HB 1437 conservation monitoring program is that
only two of the three LCRA irrigation divisions currently volumetrically measure water
delivered to fields. Historically, the Garwood division did not measure water at individual
fields, yet nearly half of the acreage in the HB 1437 grant program isin thisdivision.

To address this condition, staff has implemented a limited water measurement program in
several sections of the Garwood Irrigation Division that will be expanded to complete
measurement of the division by 2012.

L CRA staff develops accurate field maps for LCRA contracted acreage yearly. The
process digitizesinto a GIS layer representation of the fields in production each year in
an irrigation division and identifies the fields that have been precision leveled through the
grant program, their production status, and other water use information.

Figure 3
Fields Leveled in 2006-2008
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Figure 3. Fields leveled from 2006-2008 in 2 of the 3 irrigation divisions
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Water Conserved and No Net L oss

The volume of conserved water produced is calculated by multiplying the number of
acres leveled times the conservation factor for precision leveling. Results from field
studies at the Texas A& M’s Texas Agricultural Experiment Station (TAES) in Eagle

L ake support a conservation factor of 0.75 acre-ft of water conserved per acre leveled. A
conservation savings verification program is now in progress to refine this conservation
factor and the conserved water calculations. To be counted, aleveled field must bein
production to receive conservation credit; conservation credit for afallowed filed is not
allowed.

In 2008, an estimated 7,947 acres of HB 1437 fields were in production, conserving an
estimated 5,960 acre-feet of agricultural water. This estimate includes current fields and
fields previously leveled under the HB1437 program.

No Net Loss Status Table 3 summarizes the 2005-2008 no net loss volume statistics. It
shows compliance with the definition of “no net loss” and that a 3-year rolling average of
3,597 acre-feet of HB 1437 water was available for transfer at the end of 2008. To date,
no HB 1437 water has been transferred. The entity that was forecasted to need HB 1437
water first canceled its contract with BRA, but there is some indication that negotiations
have restarted and another contract could be put into place in the near future.

Table 3. No Net Loss Summary, acre-feet

Vol. of HB 1437 Water

Vol. Vol. Vol. Total Vol. | Forecasted Actual Net
Conserved Developed Returned  Available Demand Transferred Loss
2005 0 0 0 0 600
2006 2,077 0 0 2,077 860
2007 2,753 0 0 2,753 1,120
2008 5,960 0* 0* 3,597* 1,380

" 3-year rolling average
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AGRICULTURAL WATER CONSERVATION FUND

The HB 1437 Agricultural Water Conservation Fund (Ag Fund) was established by the
HB 1437 legidlation and funds LCRA’ s portion of current water conservation projects. It
isan interest bearing, reserve fund recorded in a separate account titled HB 1437
Agricultural Water Conservation Fund. The fund was started in February 2002.

Income to the fund is derived from the annual conservation charge provision incorporated
into the HB 1437 water sales contract with BRA. The current charge is 25 percent and is
applied to both reserved water and delivered water. Conservation charge incomeis
deposited into the Ag Fund in February of each year. The fund isreduced by HB 1437
program expenditures approved by the LCRA Board and replenished each year with the
annual surcharge. Tota program expenditures authorized by the LCRA Board through
2008 are $2.025 Million. Figure 4 presents the yearly expenditures, income and balance
for the HB 1437 Ag Fund.

$1,200,000

$1,000,000

$800,000

Ag Fund Balance
$600,000

$400,000

$200,000
Expenditures

$0

2002 2003 2004 2005 2006 2007 2008

Figure4. Agricultural Fund Income and Expenditures through December 2008

PROGRAM OUTLOOK

The 2009 program consists of four areas of effort: continue the grant program and cost-
share on-farm conservation projects; review and update the HB 1437 implementation
plan to account for new demand projections for HB 1437 water; implement and refine the
conservation verification program, begin implementation of complete volumetric
measurement in the Garwood Division, and meet with the Agricultural Water
Conservation Fund Advisory Committee.
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2009 Program Activities

The program plan for 2009 consists of grant funded On-Farm Conservation Projects,
update of the HB 1437 Implementation Plan, initiation of the in-division Garwood
Volumetric Measurement Project, and the LCRA/UT-LBJ Conservation Verification
Study.

On-farm Conservation Project  1n Spring 2009, 6,845 acres were precision leveled
through the HB 1437 program. Due to the program popularity and rule changes
implemented in late 2008 that established a pro-rated allotment system for the grant
money based on a funding cap set by the LCRA board for the current grant funding cycle,
LCRA was only able to offer a cost share of 12.5% of the total project costs instead of the
30% cost share offered in previous years.

Results from the first three years of the grant program indicate that the additional cost-
share contribution from HB 1437 encourages producers with existing EQIP contracts to
complete the contracted work. The lower cost share in 2009 suggests that producers are
willing to accept less than a 30 percent cost share.

EQIP remains a popular program for producers due to the availability of funds and its
flexible contract terms. Producers holding EQIP contracts are allowed up to 10 yearsto
complete the work. In 2005, NRCS reported that only 10 percent of the awarded EQIP
contracts had been completed. This backlog of funded, but uncompleted, projects
provided areservoir of low-cost conservation projects. However, as shown in Table 4,
thisis changing.

The NRCS reported that, as of March 2009, 78 percent of the awarded EQIP contracts
have been completed (up from 50 percent in 2007), and since April 2005, just over
38,000 acres of EQIP contracts have been added. These changes indicate strong support
for EQIP and the positive effect HB 1437 is having on the implementation of water
conservation projects.

Table 4. Contracted and Applied EQIP Precision Leveling Acreage, as of March 2009

County Contracted Installed Remaining
Colorado 22,648 15,808 6,840
Wharton 14,283 13,021 1,262
Matagorda 1,173 956 217
Total 38,104 29,785 8,319

| mplementation Plan Update An engineering study has been completed to update the
short term (2010- 2014) implementation plan and reassess the types and timing of new
conservation projects. The findings indicate that sufficient funds are available to
continue grants for precision land leveling, fund the on-farm volumetric measurement
project in Garwood and retrofit 11 check structuresin theirrigation divisions. A long-
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term plan will also need to be developed to meet BRA water demands for the full 25,000
acre-feet/year.

Garwood Volumetric Measurement The Garwood Volumetric Measurement program
will implement water measurement structures within the Garwood Irrigation Division.
The implementation of volumetric measurement in the Garwood Division issimilar to
implementation of volumetric measurement in the other LCRA irrigation divisions during
the early 1990s.

Not only will the farmers be charged for the amount of water used, which has been
shown to result in conservation compared to flat-rate systems, but the Garwood Irrigation
Division staff will control the water delivery structures, improving water distribution,
improving information for management of flowsin the system, and increasing
accountability for improved water management by individual farmers. This strategy will
improve control of flow in the outer reaches of the Garwood division, particularly in
areas where there may be long field laterals, and it includes installation of additional
check structures that will provide for improved management and control of water though
the canal system.

Conservation Monitoring and Measurement Study In August 2009, LCRA contracted
with the LBJ School of Public Affairs at the University of Texasin Austin to conduct a
robust statistical analysis of the HB 1437 water conservation program.

Verification of the water savings from HB 1437 program is essential to comply with the
“no net loss” provision and accurately judge the efficacy of numerous policies and
resources invested in water-conserving programs. An initial ook at comparing water use
between leveled and non-leveled fields within one crop season indicates that the datais
normally distributed, and that there is a statistically significant difference in the water use
between leveled versus non-leveled fields. Findings from that analysis also identified the
need for future study to: (1) consider multiple yearsin the analysis; (2) incorporate
parameters to extend the statistical analysis to a complete model, reducing or eliminating
the effects of confounding factors measured along with the variable of interest (precision
laser-land leveling); and (3) account for the lack of independence between observations,
which is an assumption required when using the t-test, by specifying amodel that
incorporates clusters of fields at the farmer/ownership level.

Differencesin farmers’ skills and practices are one of the many factors that affect on-
farm water use. Because initial differencesin farmers’ management may partially account
for later variation in water use, it is critical to disentangle the effects of farm management
from the effects of precision laser-land leveling. Only then, can conservation programs
be credited with reliable water savings by policy makers and researchers. For instance,
farmers who have implemented precision laser-land leveling may use other best
management practices or have above average management skills. Insum, itislikely that
management skills alone partially explain on-farm water use.



Cost Sharing Partnerships 103

This analysis differs from preceding analyses in that most statistical inferences were
made assuming similar management skills across all fields 4. The LBJ school proposal
will use Hierarchical Linear Models (HLM) to sort out the effects of afarmer’s
management skills across a cluster of fields; in essence to parse out differences in water
use attributable to a cluster of fields managed by asingle farmer. Using HLM, there are
three primary goals: (a) to determine the extent to which precision laser-land leveling
explains on-farm water use; (b) to identify other factors that affect water consumption
such as temperature, rainfall, duration of crop season, and other water conservation
measures in place; and (c) to examine how these factors operate at the field level aswell
as among groups of fields managed by the same farmer. For instance, different patterns of
water use that exist between leveled and non-leveled fields managed by the same farmer
can be distinguished. HLM analysis allows for both correlation between observations
and correlation through time. These HLM models have several advantages. They will
allow comparisons across multiple years, datafrom all fields are used for calculations
(even when each rice field is not in production every year), and the data structure has
many more records, making it suitable for small sample sizes.

The purpose of thisanalysisisto develop a model that tests hypotheses about factors that
influence on-farm water use; amodel that addresses statistical testing for precision
graded verification. In the first model the main effect of precision graded laser leveling
will be added (the effect that is of primary substantive interest), then a series of controls
will be added (effects we want to remove) and mediating variables (effect we are
interested in disentangling from the main effect) will be added last in a stepwise fashion.
In this sequence of models, predictors that reflect changing characteristics will be
included; for instance, correction for annual climate variation through rainfall and
temperature. Length of the growing season will aso be included as a variable aswell as
land ownership, the individual who is farming the land (representing management skills),
the number of levees present in each field, and the presence of multipleinlets. The
number of levees has been used in previous studies to determine the quality of precision
land leveling. Multiple inletsisthe practice of releasing water at multiple points along
the side of afield utilizing afield lateral and multiple flow control structures instead of
feeding all water through the highest section or cut of arice field and cascading it down
through each lower cut to the field outlet.

Thisanalysis will be completed for the Lakeside Irrigation Division in the spring of 2010
with agoal of determining afield-verified conservation factor for that division. This
research will be used to measure water savings and could be used to inform the
development of guidelines for evaluating water conservation policies. Policy makers and
water regulators, such asthe LCRA and NRCS, may use the results of this research to
evaluate alternative strategic investments in water conservation technologies by
comparing water savings and investment costs. The results of this study have important
implications to influence the direction of LCRA’ s future cost-share funds for water-
conserving technology.

4 Water Savings Verification and Monitoring Program-2007
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In the future, data from the other districts will be evaluated to determine if asimilar
analysis will work for those divisions given more data limitationsin those areas. LCRA
has been collecting measured water use from alimited subset of leveled and non leveled
fieldsin the Garwood Irrigation Division for two years, but the sample sizeisnot large
enough to run the HLM model described above until more datais available as the
Garwood volumetric measurement project progresses. In 2007, LCRA began a pilot
project to measure water use of HB1437 fieldsin Garwood. For the first year, these daily
flow measurements proved to be unreliable since adjacent farmers adjusted water flow to
their fields between these measurements. In response to thisissue, in 2008, LCRA
started controlling and measuring a small subset of theirrigation division, requiring
producers to contact LCRA to take water. This pilot program was continued in 2009 to
accurately measure about 1,600 leveled and unleveled fields. This program will berolled
into the project to measure all on-farm water use by 2012 and will eventually enable
LCRA to run this statistical model for the Garwood Division. This statistical model
cannot be applied to the Gulf Coast Irrigation Division at thistime either because of the
low participation in the HB 1437 grant program and therefore the low sample size of
leveled fields. In future years, LCRA will focus more efforts on investigating roadblocks
to participation in that division such as different EQIP priorities than the other counties.

Program Oversight and Communication A large part of the HB 1437 implementation
study was a public input process to involve various stakeholders in the framework and
conservation strategies of the HB 1437 program. Since the grant program began in 2006,
yearly updates have been provided about the program to farmers through annual farmer
advisory meetings in each division and individual contact with division staff. The 2008
HB 1437 annual report is available on LCRA’ s website, and staff will continue to update
the website as a part of on-going conservation communication efforts. The 2009 annual
report will be availablein April 2010.

In 2009, staff worked with key local producers to reappoint members of the Ag Advisory
Committee members through county judges. This committee has reconvened, is
providing guidance on the conservation verification study, and will beinvolved in the
long term plan. In November 2009, this committee recommended that LCRA pursue a
detailed survey of Lakeside contract holdersto gather more information about additional
factors that affect water use but are not currently collected by LCRA. These factors
include additional conservation measures such as multiple inlets, conservation tillage, and
permanent perimeter levees, details about the slope, type of levee and levee density to
determine quality of land leveling, rice variety, and ownership stake. These variables
will beincluded as part of the HLM model.

LCRA isinthe process of developing an oversight committee composed of several
academic and policy expertsin statistics and agricultural conservation practices for this
verification study. Feedback and endorsement of methodology from this committee will
be important to obtaining widespread acceptance of the results of this study.
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Future Challenges

While this program shows much promise, it is still relatively new and has not yet been
completely tested since no water has been transferred. Participation in the grant program
has exceeded L CRA’ s expectations and the relationship with NRCS has been beneficial
for both parties by reducing costs for LCRA and increasing the pace of contract
completion for NRCS.

Future challenges include the development of along-term plan that addresses the one-to
one replacement policy and the issue of water availability during periods of drought.

L CRA accounts for the water saved in this program as “interruptible” water meaning it
can be cut off during times of drought, yet delivers the water to Williamson County as
“firm” water, meaning it is water guaranteed during drought.
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MARKETING AND FINANCING A WATER BANK:
“FIRST GET YOUR HOUSE IN ORDER”
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ABSTRACT

Water banks entail the recharge of periodically available excess surface water for storage
underground and recovery when needed. Properly formulated, these projects are one of
the most cost-effective water supply tools available. These projects are frequently
located in rural areas due to availability of land and water. However, projects with
capital programs of more than $10 million typically need to be funded with financing.
Traditional financing mechanisms such as raising customer fees, bonding and
state/federal grants areincreasingly difficult to obtain. Therefore, many rural agencies
pursue partnerships with urban water utilities that typically have more available capital.
This approach, pioneered by Semitropic Water Storage District and Arvin-Edison Water
Storage District in the 1990s, entails upfront payments (and annual operating fees) by the
utilities in exchange for long-term leases of project capacity. The decision to use this
funding approach must be made early in the project formulation because it requires that
the project be sized and configured to meet both local and utility partner needs. Water
utilities are only willing to enter into these partnershipsif the project can increase their
water supply reliability at alower cost than other alternatives and only if three critical
criteriahave been met: 1) Lack of controversy as evidenced by tangible benefits to,
oversight from and support by local stakeholders; 2) proven technical, regulatory and
economic viability; and 3) operational flexibility and modularity, enabling construction in
phases. A project should not be marketed before each element isin place. These
requirements typically take several years and several million dollars to achieve.

INTRODUCTION AND BACKGROUND

Western Development and Storage (WDYS) is a consultant to the Semitropic Rosamond
Water Bank Authority (SRWBA), ajoint power authority (JPA) that manages 800,000
acre-feet (AF) of water banking projectsin the Central Valley and the Antelope Valley of
California. The SRWBA program includes over $300 million in capital projectsthat are
in various stages of planning, construction and operation. WDS works with GEI
Consultants (GEl) to help the JPA fund these projects through a variety of means that
include marketing of capacity to third parties; grants; and contributions by JPA members.
This paper summarizes key lessons learned from these efforts.

! Vice President, Western Development and Storage, Los Angeles, CA, davedorrance@westerndev.com
2 Vice President, Western Development and Storage, Los Angeles, CA, andrewwerner@westerndev.com
3 General Manager, Semitropic Rosamond Water Bank Authority, Wasco and Rosamond, CA,
wboschman@semitropic.com
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The SRWBA was formed by Semitropic Water Storage District (Semitropic), Rosamond
Community Services District (RCSD) and Valley Mutual Water Company

(Valley Mutual) in 2007 as a Joint Powers Authority to construct, manage and operate a
portion of the Semitropic Stored Water Recovery Unit (SWRU) near Bakersfield, CA and
the Antelope Valley Water Bank (AVWB) near Rosamond, CA. These projects provide
800,000 AF of storage, up to 330,000 AF/year of recharge and 200,000 AF/year of
recovery. The JPA is also participating in other projects that will create over 200,000
AF/year of new water supplies. Figure 1 depicts the locations of SRWBA projects.

SWP Districts
Serviceable by SRWBA

CVP Districts
Serviceable by SRWBA

Other Areas
Serviceable by SRWBA

Semitropic Water
Storage District

o 3

Antelope Valley LA
Water Bank
& Rosamond
Community
Services District

Figure 1. SRWBA Location Map

Water banks are inexpensive relative to other storage alternatives. Peterson (2009) and
Hanak (2005) indicate that conservation, reservoirs, wastewater recycling and
desalination can respectively be 5, 9, 12 and 18 times more expensive. Aswith most
water banks, the JPA’ s projects recharge periodically excess surface water into partially
depleted aquifers for storage underground until needed. Rechargeis performed using
percolation basins and the in-lieu method (delivery of surface water to farmersin-lieu of
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normal groundwater pumpage) that was pioneered by Semitropic in the 1990s. Water is
recovered using a combination of new and existing wells that pump into new and existing
conveyances. The first phases have been constructed and work is proceeding on the next
phases. The JPA has designed the projectsto serve local needs, but has sized them to
also enable participation by out-of-basin entities that are willing to make payments that
help fund construction. Over the last 18 years Semitropic, an agricultural entity, has
successfully used this approach to finance facilities that have banked over 1.2 million AF,
mostly for urban agencies. For marketing purposes, capacity in the SRWBA water banks
have been allocated into 200,000 “shares’, with one share defined as follows:

0.33 AF/year (SWRU) to 1 AF/year (AVWB) of recharge capacity;
3 AF (SWRU) to 5 AF (AVWB) of storage space;

1 AF/year of recovery capacity; and

Access to additional capacity when it isnot being used by others.

The JPA is not issuing bonds and JPA members are not raising rates. Rather, the capital
program is being successfully funded through three means: 1) Direct payments by JPA
members from cash reserves; 2) Various grants, and 3) Upfront capital payments by
contract participants. Thereis considerable uncertainty in the timing of these funding
sources. Therefore, the JPA’s projects are modular (i.e. fully operational units) so they
can be constructed in phases that match the flow of funds. Capacity is offered to contract
participants under the following terms:

Upfront capital fee for facilities construction (fee reduced for larger share blocks);
Annua management fees (escalated with the consumer price index, CPl);
Recharge fee (escalated with CPl);

Recovery fee (escalated with CPI) plus actual energy costs,

Access to additional project capacity when it is not being used by others;

10% of all recharged water left behind to benefit the local aquifers;

Term: through 2035 (expiration date of State Water Project Contracts, which are
expected to be renewed); and

e Coststo procure and convey water to/from the project carried by the participant.

This structure is straightforward and if a sufficient number of shares are contracted, it can
eliminate the need for construction financing. However, it has been the authors
experience that potential participants will not execute contracts unless the project has met
three criteria: 1) Lack of controversy as evidenced by tangible benefits to, oversight from
and support by local stakeholders; 2) proven technical, regulatory and economic viability;
and 3) operational flexibility and modularity, enabling construction in phases.

THE SRWBA EXPERIENCE

This paper summarizes key lessons learned from the circumstance of a multi-million
dollar project in aprimarily rural areathat will tie new facilities to existing regional
conveyances within a basin that has chronic swings in water availability and with
numerous stakeholders whose interaction has been marked by on-going controversy and
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sporadic consensus. A stakeholder refersto a person or entity that could benefit or be
harmed by the project, including: surrounding land owners; nearby water agencies,
nearby groundwater pumpers; nearby municipalities, farming interests; county
departments, the regional air and water boards; governmental and non-governmental
wildlife organizations, and state and federal agencies. Finally, it is assumed that the
project requires preparation of an environmental impact report (EIR) under the California
Environmenta Quality Act (CEQA) or an environmental impact statement (EIS) under
the National Environmental Policy Act (NEPA).

STAKEHOLDER OUTREACH: MEANINGFUL, EARLY AND ON-GOING

Following the adage, “first get your house in order,” a project should not be marketed to
potential out-of-basin participants until local stakeholders have been thoroughly
consulted and included in the project. Semitropic was required to give local agencies a
first right of refusal for any capacity. Sizable water banks impact groundwater levels and
quality beneath large areas that may not be entirely controlled by the proponent. While
California case law clearly supports the right of awater bank to recharge and recover
water aslong asit is not to the detriment of others, the proponent must be sensitive to the
fact that underground storage space and groundwater are shared resources. Asa
consequence, stakeholders must be part of the planning and oversight of these projects.
Many water bank proponents make the mistake of limiting stakeholder involvement to
the public scoping and review processes that are required under CEQA and NEPA. This
is not sufficient and generally generates distrust amongst stakeholders because the
distributed materials typically make it clear that significant planning and expenditures
have already gone into the proposed project without their involvement.

Stakeholder involvement and support are essential to project funding. Most grant
programs and potential utility participants require demonstration of support. These
requirements have arisen because past programs became mired in controversy due to lack
of meaningful outreach by the project proponent. Stakeholders can prevent a project
from proceeding in avariety of ways that include: 1) Raising objections during the
CEQA/NEPA processes; 2) Filing law suits; 3) Gaining the support of key board
members that vote on project actions; 4) Running opposition candidates during elections
for board seats; and 5) Gaining publicity that scares away potential participants.

Meaningful stakeholder outreach not only minimizes opposition, but benefits the project
by improving the project formulation and opening up new avenues for marketing.

Include stakeholders in project formulation early: Key stakeholders should be consulted
early in project formulation to better define the need and areas of likely controversy. If
performed in an open, honest fashion, this consultation benefits the project in two ways:
1) It invariably resultsin new ideas that influence the project configuration; and 2) It
establishes lines of communication that are valuable during later stages of the project
when controversies may evolve. For example, several proposed projects included plans
for “borrowing” water from the aquifer, with the “borrowed” water to be returned during
future recharge operations. While this concept might have been technically sound, it was




Marketing and Financing a Water Bank 111

opposed by stakeholders to the degree that the proposed projects were halted. If more
thorough stakeholder consultation had occurred, the projects might have been
reformulated and millions in wasted expenditures may have been avoided.

Provide tangible benefits to the local basin: It isnot sufficient to smply prevent harm to
surrounding stakeholders. The basin must aso gain tangible benefits from use of the
shared aquifer. Most water banks donate a portion of imported surface water to the basin
(typically from 5% to 15%), resulting in an accumulation of water in the aquifer that
would occur only with the presence of the project. There are avariety of additional
benefits that can be incorporated into project (several of which can also provide funding
opportunities), including: upgrades to existing water and power infrastructure; providing
stakeholder access to new pipelines, canals and wells when not required by the project;
operation of basinsto aid flood control; farming in recharge basins when not being used
by the project; stakeholder access to imported water supplies that periodically become
available above project needs; broadening of local groundwater monitoring programs;
procurement and hiring practices that support woman and minority owned businesses and
provide training to locals; and reduction of surface water treatment costs.

The last item, reduction of treatment costs, deserves some explanation. Over 30% of
surface water treatment cost is associated with removal of suspended solids from the raw
water. Water banks located near utilities that operate these treatment plants are presented
with an opportunity to dramatically reduce the utility’ s treatment costs by substituting
water recovered from the water bank for raw surface water. Thisis because water banks
typically percolate raw water into storage through sands and gravels that remove the
majority of suspended solids and the projects then recover the water from wells that have
been constructed to meet health standards. As a consequence, water recovered from a
bank requires significantly less treatment than raw water usually received by the utilities.
While the recovered water is typically not yet potable and still requires treatment, this de-
facto “pre-treatment” can be of significant benefit to the surrounding water utilities.

Perform meaningful CEQA and NEPA analysis before expending significant funds on
land and detailed design: Stakeholders justifiably distrust any effort in which the
proponent agency has already “locked-in” the project before the environmental analysis
has been performed.

Have reliable, open and on-going representation at all major stakeholder functions:
Water banks permanently change the way a groundwater basin is managed. Therefore,
stakeholders deserve regular availability of a knowledgeable project representative who
can provide progress reports, answer questions and obtain invaluable feedback. Thisis
essential in basins where there are nearby groundwater pumpers and other water banks.
Simply holding periodic “ open houses’ or devoting a portion of each board meeting to
the project is not sufficient. The project must go out into the community and provide
recognizable faces that can be approached in avariety of forums on aregular basis. This
can easily become afull time job. SRWBA representatives attend dozens of regularly
scheduled meetings that include: stakeholder board meetings, farm bureau meetings,
various industry association meetings, town hall meetings and various open houses.
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Recognize that there is uncertainty, provide meaningful local oversight and pre-defined
mechanisms for prevention of and response to unacceptable impacts: By their nature,
water banks have uncertain performance and impacts. While modeling and pilot testing
are essential parts of project planning, the proponent should not try to convince
stakeholders that they will not be impacted based on model or pilot test results. In fact,
all water banks have potential impacts that cannot be fully assessed until the project has
been built and there have been severa recharge and recovery cycles. A great deal of
goodwill, time and money can be wasted if the project devolvesinto afight with
stakeholders over the interpretation of model and pilot test results. Conversely,

stakehol ders embrace an approach in which uncertainty is recognized and addressed
through a monitoring and operational constraint program (MOCP) developed by a
committee that includes stakeholders. A typical MOCP includes: monitoring locations
and parameters; protocols for dissemination of information to stakeholders; protocols for
constraint of operations if data indicate an unacceptable impact may occur; a process for
filing and objectively reviewing complaints; and a process for determining appropriate
mitigation measures in the event it is concluded that an unacceptable impact has
occurred. The key isto provide stakeholders with a clearly defined process through which
problems can be fairly resolved. This processis simplified by the fact that unacceptable
impacts are most likely to occur near recovery wells and nearby stakeholder wells —
which are clearly defined locations that are easily monitored.

PROVEN TECHNICAL, REGULATORY AND ECONOMIC VIABILITY

Potential project participants and grant agencies are increasingly requiring the following
work before they will invest in a project.

Proof of Performance: Potential participants consistently require site specific
investigations that demonstrate there are no fatal flaws and that the marketed capacity can
be achieved. Commonly required testing includes: trenching, borings, percolation tests,
leaching tests, surface water and groundwater compatibility tests, geophysical surveys
and long-term recharge tests. As previously mentioned, there must be aMOCP to
mitigate unacceptable impacts. Depending on the size of the project, this work can take
several years and usually costs from $500,000 to $2 million.

Regulatory Compliance: Potential participants and grant agencies frequently require
CEQA and NEPA compliance prior to making project payments. The proponent is
usually required to carry these regulatory compliance costs. Potential participants impose
this requirement not only to ensure that the project can be executed promptly, but also
because they know that the CEQA and NEPA processes spotlight any stakeholder
opposition or flaws that could cripple the project. Depending on the complexity of the
project, thiswork typically takes several years and costs from $250,000 to $2 million.

Financial Viability: Potential participants will only invest in aproject if it will be more
cost effective than other alternatives such as competing water banks, surface reservoirs,
periodically buying water on the “spot” market, acquiring new water rights, wastewater
reuse, conservation and desalination. Thisis a complicated comparison that must take
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into account variationsin reliability, cash flow and costs outside of the project such as
water procurement and wheeling of water to and from the project.  Potential participants
are typically not sufficiently familiar with water banks to adequately evaluate project life
cycle costs. Conversely, project proponents are usually not sufficiently familiar with the
potential participant’s costs or financia criteriato prepare a useful analysis. Taken
together, the project proponent should be prepared for a multi-month process in which
they will submit capital and operating cost estimates to the potential participant, which
will then perform the cost-benefit analysis. Thisis an iterative process that can become
frustrating, but it affords an opportunity to build working relationships and trust.

MODULARITY AND OPERATIONAL FLEXIBILITY

As previoudly indicated, no matter how much investigative work has been performed,
there is always significant uncertainty regarding water bank performance. Thereis
additional uncertainty with the operations that surround a water bank, including: timing,
volumes and quality of water to be banked and recovered; availability of wheeling
capacity in 3 party conveyances; and power costs at the time of recovery. In the face of
these uncertainties, it is unwise to fully build out arecharge and recovery systemin one
phase. Experience has shown that these projects should be built adaptively, with the
performance of each phase evaluated to determine how the design of future phases should
be adjusted to attain the required capacities. Because arecharge and recovery cycle can
span several years, this adaptive approach results in construction programs that can
spread over 5 to 15 years with operational cycles and design adjustments interspersed. In
anticipation of inevitable unexpected operational results, potential participants look for
water bank projects with the following characteristics.

e At least two alternate ways in which water can be conveyed to and recovered
from the facility;

e Complete project control of at least one pipeline or canal that tiesto regional
conveyances,

e At least 25 percent excessland (or in-lieu pumper demand) for recharge; and

e An ability to build fully functional modules in phases.

In short, potential participants are hesitant to invest in projects that unduly rely on a
single facility could be shut down by operational, political or regulatory developments.

PROJECT DEVELOPMENT FUNDING GAP

As detailed in previous sections, most sizeable water banks require years, thousands of
man hours and millions of dollars before they can have a reasonable chance of securing
financing. Assuming that they do not raise rates, most rural water agencies lack the cash
flow, time and expertise to pursue these efforts. Planning grants are increasingly difficult
to obtain. Asaresult, good projects languish and poorly thought out projects are
prematurely marketed. Thereis no single solution to this funding gap, but the following
are some examples of how it is being addressed.
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Use of cash flow and available staff: Most districts have discretionary cash reserves. If
the need for awater bank is sufficiently acute, some districts have funded early efforts
from these reserves. Most districts that serve farmers have reduced demand on staff time
during the non-irrigation months. Some districts use these staff and district equipment to
perform early work and investigations. The results of this approach are mixed,
depending on the avail able expertise.

Increased new customer connection fees: Several districts have imposed significant fees
on new customers, with the generated funds used to pursue water bank initiatives.

In-kind contributions by consultants: Some districts enter into agreements with consulting
firmsthat contribute their expertise at reduced rates in exchange for future project work.
These arrangements require careful consideration of competitive bidding requirements.

Investment by private developers. Some districts enter into agreements with developers
(power, real estate, dairy, biofuels and others) that contribute fundsin order to reserve
capacity for their needs should the project succeed.

M onetization of excess land controlled by the district: Many districts hold land that is not
required for normal operations or the project. Some districts have sold or |eased these
lands to various solar, wind, biofuels and real estate developers.

KEY LESSONSLEARNED

In summary, the key project components that are inexorably linked to successful
marketing and financing of awater bank include:

e Projectsthat propose to “borrow” water from the aquifer before recharge has
occurred and projects that export native water from the basin are usually, “ dead
onarriva”;

Decide on the financing approach early because it impacts project formulation;

e Beopen, inclusive and provide benefits to stakeholders,

Confront operational uncertainty head-on by putting in place response procedures,
redundancy and optionality;
Do not market outside the basin until local stakeholder support is obtained;

e Do not market capacity until adequate testing has been performed; and

Be prepared to carry upfront investigative and permitting costs for severa years.

Finally, a project proponent should not underestimate the amount of time it takes to
market, negotiate and contract water banking agreements. In most cases, at least ayear is
required from the initial expression of interest through the execution of contracts.
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ABSTRACT

The Imperial Irrigation District (11D) administered a pilot program in 2008 and 2009 to
test various concepts proposed to fulfill its on-farm water conservation obligations under
the Quantification Settlement Agreement. The program was intended to conserve about
1,000 ac-ft of water for payback of 11D’s Inadvertent Overruns in accordance with the
Colorado River Water Delivery Agreement.

Growers were invited to implement irrigation scheduling and event management for six
months to conserve water relative to an ET-normalized, crop- and field-specific,
historical water use baseline. Participants were required to hire an 11D-qualified firm to
provide irrigation scheduling and management recommendations, though they were not
obligated to implement those recommendations. Upon enrollment, participating growers
received a payment to fund a contract with a scheduling firm and to help defray some
irrigation management costs. After the contract period, eligible participants received an
additional payment based on the volume of water conserved.

The program resulted in water savings of 0.1 — 1.2 ac-ft/ac on most of the 24 enrolled
fields, though some fields used more water than their estimated, historical baseline.

BACKGROUND AND OVERVIEW

The Imperial Irrigation District (11D) in southeast California diverts approximately 3.1
million ac-ft of Colorado River water annually to irrigate approximately 475,000 ac of
agricultural lands. In 2003, 11D entered the Quantification Settlement Agreement and
Related Agreements (QSA), agreeing to the transfer of 303,000 ac-ft annually to other
Colorado River water users in Californiathrough conservation projects aimed at
increasing on-farm irrigation efficiency and distribution system efficiency. Asa
condition of the agreements, at |east 130,000 ac-ft must be generated through the
implementation of on-farm conservation measures (CMs).
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In 2007, 11D completed its Efficiency Conservation Definite Plan (Plan), which identifies
the most cost-effective mix of on-farm and system improvements needed to satisfy
transfer obligations while keeping expenditures below available transfer revenues. On-
farm participants in the transfer program will be provided incentives to implement CMs
to achieve conservation goals. The Plan identified numerous CMs that growers are likely
to consider. Among those CMs growers expressed interest in implementing were
management-based CMs aimed at increasing irrigation efficiency through decreased
tailwater production including irrigation scheduling and event management.

In particular, interest was expressed in improving surface irrigation methods through
irrigation scheduling and event management. Scientific Irrigation Scheduling (SI1S), as
evaluated under the Plan, includes decisions made prior to placing irrigation orders for
individual fieldsincluding the timing, duration, and amount of water aimed at minimizing
tailwater production while satisfying crop water requirements. Scientific Event
Management (SEM), as evaluated under the Plan, includes decisions made after the start
of anirrigation event based on observed advance, infiltration, and runoff aimed at
minimizing tailwater production while providing adequate infiltration to meet crop water
needs. An emphasison event design is needed because flexibility inirrigation timing is
limited due to cropping practices, particularly for forage crops (alfalfa, Bermuda grass,
Sudan grass, etc.).

In 2008, 11D implemented the Irrigation Scheduling and Event Management Pilot
Program (Program) to test various aspects of the on-farm program including enrollment,
verification of conserved water, and conservation potential. In addition to testing various
aspects of the longer-term, on-farm efficiency conservation program under consideration
by 1D, the Program provided growers an opportunity for early implementation of
conservation measures.

PROGRAM DESIGN AND IMPLEMENTATION

The Program was implemented between mid-2008 and mid-2009 with fields typically
enrolled for asix-month period. Asavoluntary program, owners and lessees of eligible
fields were invited by 11D to participate in the Program through a newspaper
advertisement. Interested growers participated in a consultation with 11D staff to
establish eligibility and to discuss Program details. Those growers ultimately wishing to
enter the Program entered into a contract with [1D under which they were required to hire
aqualified irrigation management consultant to provide recommendations regarding the
scheduling, design, and management of irrigation events. |rrigation management
consultants were screened for qualifications by 11D prior to the start of the Program.

The following digibility requirements were applied to help achieve water conservation
targets, reduce costs, and ease program administration and verification:

e Fieldswererequired to be at least 65 ac
e Where one gate served multiple fields, al fields were required to enroll
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Participating growers received payment based on (1) participation in the Program and (2)
the amount of water conserved. Aninitial payment of $4,000 per field was made to
reimburse the grower for the cost of hiring an irrigation management consultant. A final
payment was made based on the verified conserved water (determined as described
below) This payment was intended to provide incentive to conserve water through
efficiency improvements and to provide reimbursement for the anticipated increase in on-
farm labor and management costs associated with the Program. Fields conserving at least
0.2 ac-ft/ac received afinal payment of $45/ac-ft. The final payment was limited to
$45/ac (i.e., 1.0 ac-ft/ac) to discourage conservation by deficit irrigation.

Following completion of the Program, both growers and consultants were asked to
provide feedback to 11D to assist in planning future on-farm efficiency conservation
programs.

OUTCOME

Enrolled Fields

Twenty-four surface-irrigated fields representing 2,754 ac were enrolled in the Program.
The most commonly enrolled crop was afalfa (2,076 ac). Other crops included wheat
(311 ac), sugar beets (223 ac), and citrus (144 ac).

Perennial crops (alfalfaand citrus) were enrolled for exactly 6 months. Annual crops
(wheat and sugar beets) were enrolled for the length of the crop season. Start and end
datesfor each field are listed in Table 1.

Irrigation Management Consultants

Interested consultants were required to submit qualificationsto 11D. 11D evaluated
consultant responses, conducted interviews, and selected approved consultants for the
Program. Consultants were evaluated based on their experience, references,
qualifications of key individuals, availability of irrigation scheduling software, and
availability of key personnel within the Imperial Valley. Two irrigation consultants were
selected: JMLord, Inc. of Coachella (www.jmlordinc.com), and Stanworth Crop
Consultants, Inc. of Blythe (www.stanworth.net).

The irrigation management consultants were required to provide the following services
under the Program:

1. Develop written irrigation recommendations based on adaily root zone water
balance, including quantification of crop evapotranspiration (ET) and regular
updates based on field observations of soil moisture content.

2. Conduct regular field visits to evaluate soil moisture content, percent ground
cover, crop growth stage, and other indicators of crop ET.

3. Evauate at least oneirrigation event based on procedures of the NRCS National
Irrigation Guide.
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4. Provide abrief post-season report providing observations regarding the extent to
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which the grower adopted recommendations or otherwise modified practices,
physical limitations of the field limiting water conservation potential, and

recommendations for broader implementation of improved irrigation management

in the District.
Table 1. Enrolled Fields.
Field Crop Irrigation Method Acres  Start Date End Date

A | Alfdfa Graded Border 244.8 22-Sep-08 22-Mar-09
B | Alfdfa Graded Border 73.2 2-Sep-08 31-Dec-08
C | Alfdfa Graded Border 75.3 2-Sep-08 31-Dec-08
D | Alfdfa Graded Border 65.5 2-Sep-08 31-Dec-08
E | Alfdfa Graded Border 143.9 2-Sep-08 31-Dec-08
F | Alfdfa Graded Border 70 13-Nov-08 13-May-09
G | Alfdfa Graded Border 75.1 13-Nov-08 13-May-09
H | Alfafa Graded Border 73.2 13-Nov-08 13-May-09
I Alfdfa Graded Border 72.6 13-Nov-08 13-May-09
J | Alfdfa Graded Furrow 148 15-Sep-08 15-Mar-09
K Alfdfa Graded Furrow 144 15-Sep-08 15-Mar-09
L Alfalfa Graded Furrow 145 5-Sep-08 5-Mar-09
M | Alfdfa Graded Border 127.8 18-Aug-08 18-Feb-09
N Mixed Citrus | Graded Border 144 21-Aug-08 21-Feb-09
O | Alfdfa Graded Furrow 89 15-Sep-08 15-Mar-09
P | Alfdfa Graded Furrow 78 15-Sep-08 15-Mar-09
Q | Wheat Graded Border 91.5 21-Dec-08 1-Jul-09
R | Sugar Beet Graded Furrow 71.6 10-Oct-08 31-Jul-09
S | Wheat Graded Border 78.5 21-Dec-08 25-May-09
T | Wheat Graded Border 140.5 5-Jan-09 26-May-09
U Sugar Beet Graded Furrow 151.3 23-Sep-08 4-May-09
V | Alfdfa Graded Furrow 210.5 3-Sep-08 3-Mar-09
W | Alfdfa Graded Furrow 172.1 3-Sep-08 3-Mar-09
X | Alfdfa Graded Furrow 68.2 3-Sep-08 3-Mar-09

Conserved Water Amounts

Conserved water for each field was calculated by first estimating the historical deliveries

for the period of 1998-2005 to the enrolled crop at each field (DWig) along with the

historical crop ET, net of effective precipitation (ETns). Then, the Payment Benchmark
(PB) was determined as the expected deliveries to the enrolled field without conservation
in place. The PB was determined based on DWig, EThig, and the crop ET net of effective

precipitation during the enrollment period (ETcurent) @s described in Equation 1.
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ETcurren
PB == DWhiS[ Tt [1]

hist

Thus, the Payment Benchmark was determined by normalizing historical deliveriesto the
field based on differencesin crop ET between the historical and current periods.

The actual Delivered Water Reduction (DWR), or conserved water amount, was
determined as the difference between the PB and the actual deliveries during the
enrollment period (DWeyrrent), @ shown in Equation 2.

DWR = PB-DW,, ., 2]

DWhis, PB, DWgyrrent, and calculated DWR for each field are provided in Table 2.

Table 2. Conserved Water Estimates for Enrolled Fields (ac-ft/ac).

Field Crop Acres  DWhig PB DWeyrenrt DWR
A | Alfdfa 2448 | 3.2 34 4.0 -0.6
B | Alfafa 73.2 15 16 1.7 -0.1
C | Alfdfa 75.3 15 17 14 0.3
D | Alfdfa 65.5 15 16 15 0.1
E | Alfdfa 143.9 14 15 21 -0.6
F | Alfdfa 700| 20 2.2 2.6 -05
G | Alfdfa 751 | 23 2.4 25 -0.2
H | Alfdfa 73.2| 20 2.1 2.7 -0.6
| Alfalfa 726| 21 2.3 3.9 -1.6
J | Alfdfa 148.0| 23 2.5 1.9 0.7
K | Alfdfa 1440 | 31 3.0 2.4 0.6
L | Alfdfa 1450 | 2.7 2.9 2.0 0.9
M | Alfafa 1278 | 27 2.7 29 -0.1
N | Mixed Citrus | 1440 | 34 3.6 2.4 12
O | Alfdfa 89.0| 26 2.8 1.9 0.9
P | Alfdfa 780 | 28 2.9 1.8 11
Q | Wheat 915| 45 4.5 39 0.6
R | Sugar Beset 716 | 63 9.2 84 0.8
S | Wheat 785| 29 35 35 -0.1
T | Wheat 1405 | 25 2.9 2.4 0.5
U | Sugar Beet 151.3| 52 3.8 3.6 0.2
V | Alfdfa 2105 | 2.7 2.9 2.3 0.6
W | Alfdfa 1721 | 25 2.8 2.2 0.6
X | Alfdfa 68.2| 26 2.9 2.7 0.1
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Asindicated in Table 2, water savings occurred on 15 of the 24 fields, ranging from 0.1
to 1.2 ac-ft/ac. The area-weighted average of those positive DWR values was 0.6 ac-ft/ac
and total volumetric savings were 1,133 ac-ft.

The delivered water during the enrollment period was more than the estimated Payment
Benchmark for 9 of the 24 fields. Anincreasein water deliveries to some fields was not
unexpected because it is recognized that some fields have historically been deficit
irrigated using customary methods of irrigation scheduling. Thus, when using scientific
irrigation scheduling, increased water deliveries relative to a historical benchmark may
indicate a history of deficit irrigation. On such fields, increased deliveries do not
necessarily correspond to decreased irrigation efficiency.

Grower and Consultant Observations

As part of their contract with 11D, Growers agreed to participate in a post-season
interview. They also agreed to require in their contracts with consultants that consultants
provide 1D with brief reports during and following the conservation period.

Most growers agreed that they would like to participate in similar future programs and
recommended that any future program be timed to allow enrollment of a broader range of
crops. Similarly, several growers recommended that the conservation period should be
no less than one year to provide a more representative study of perennial crops.

Growers who conserved water under the Program as well as those who did not
commented that they changed their irrigation practices as aresult of participation. One
grower said, “I bought a soil probe to better monitor penetration problems.” Another
commented, “We now irrigate our alfalfaless frequently.”

As anticipated, hay cutting schedules proved to be asignificant constraint to irrigation
timing. Asaresult, consultants focused on adjusting event design parameters. One
consultant remarked, “We improved uniformity by modifying the shutoff time.” Another
consultant helped a grower improve distribution uniformity on a sandy, border-irrigated
field. He said, “ The recommendation was to increase the flow rate on the set in order to
move the water more quickly along to the end of the set and thus overcome the higher
soil intake rate.” Both consultants noted that growers were very cooperative and eager to
make changes that seemed practical for their operations.

DISCUSSION AND CONCLUSIONS

In addition to demonstrating advantages and disadvantages of irrigation scheduling and
event management as a conservation measure, the Program provided useful insight about
the solicitation and contracting processes, eligibility requirements, grower preferences,
baseline estimation, conservation verification, and other aspects of implementing on-farm
conservation programs. 11D anticipates that future on-farm conservation programs will
incorporate irrigation scheduling and event management either as a stand-alone measure
or in combination with other conservation measures.
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ABSTRACT

The following case study describes a partnership between an agricultural water supplier,
South Sutter Water District (District), and various State Water Contractors built through
the development and execution of awater transfer. I1n 2008, the District considered the
possibility of awater transfer due to the increased costs associated with the Federal
Energy Regulatory Commission relicensing process, the US Army Corps of Engineers
requirement relative to the restructuring of the Reservoir spillway to meet criteriafor the
Probable Maximum Flood, and other regulatory and general cost increases. In order for
the District to offset a portion of these significant expenses and maintain an affordable
surface water supply for its landowners, the District elected to participate in itsfirst water
transfer with the State Water Contractors. Due to the unique nature of the transfer, which
included areservoir release and an increase in groundwater use to meet local demand,
this 2008 Pilot Water Transfer was considered. Ultimately, 6,909 acre-feet of water was
transferred from the District to participating State Water Contractor agencies.

INTRODUCTION

Increased costs due to aging infrastructure, regulatory processes, and environmental
considerations have increased the willingness for some agricultural water suppliers that
have adequate water supplies to consider the possibility of water transfers. The objective
of the District’ s participation in the 2008 Pilot Water Transfer was to offset increased
costs associated with regulatory processes and District operationsin order to maintain
low surface water costs to District landowners in order to facilitate the conjunctive use of
the groundwater basin. The historical conjunctive use within the District, lack of
District-owned groundwater wells, and the limited well construction information for
individual groundwater wells resulted in a pilot program approach and the classification
of the transfer asa*“hybrid” water transfer (reservoir release and groundwater
substitution). The following case study describes the 2008 Pilot Water Transfer and the
transfer process, including the coordination between the transfer participants and
regulatory agencies.

! Assistant Engineer, MBK Engineers, 1771 Tribute Road, Suite A, Sacramento, CA 95815;
harper@mbkengineers.com

2 Principal Engineer, MBK Engineers, 1771 Tribute Road, Suite A, Sacramento, CA 95815;
vancamp@mbkengineers.com
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WATER DEMAND

State Water Contractor Agencies

The State Water Contractors (SWCs) are agricultural and municipal water suppliers who
receive a portion of their water supply from the Sacramento River Watershed through the
State Water Project (SWP) to meet their water demand. Twenty-seven of the twenty-nine
SWP contractors within California are members of the SWCs. The SWCs have a process
by which members elect to participate in water transfersin order to augment their SWP
allocations and other supplies. Participating SWCsidentify the quantity of water that is
needed to be purchased through the SWCs' water transfer pool. SWCs staff identify and
negotiate with sellers to procure all or a portion of the total quantity of the requested
transfer water. Following the water transfer negotiations and purchase agreements, each
agency is alocated a percentage of the transfer water obtained. The following table
identifies the percentage of transfer water that each agency received in 2008 from the
SWCswater transfer pool (E. Chapman; Principle Engineer, SWCs; oral communication;
September 2009).

Table 1. State Water Contractor Pool Allocation.

State Water Contractor Agency Percent Allocated (%)
Antelope Valley East Kern Water Agency 7.02
Dudley Ridge Water District 141
Kern County Water Agency 14.22
Metropolitan Water District of Southern California 68.00
Napa County Flood Control and Water Conservation District 1.87
Palmdale Water District 3.40
San Bernardino Valley Municipal Water District 3.40
Tulare Lake Basin Water Storage District 0.68

Total = 100

Metropolitan Water District of Southern California (Metropolitan) received the largest
alocation of transfer water in 2008 and was directly involved during transfer
negotiations. Metropolitan isaregional water wholesaler who supplies water to 26
member agencies and is the nation’slargest provider of treated drinking water, which
supplies 19 million people (Metropolitan, 2009). Metropolitan has developed adiverse
water supply portfolio consisting of water from the Colorado River Aqueduct Project,
SWP, local water supplies, groundwater storage projects, and transfers. Advancesin
technology and improved infrastructure have limited Metropolitan’ s dependence on
imported water from the SWP and water transfers to less than half of the region’s water
supply portfolio. The development of additional storage reservoirs, including the
recently built Diamond Valley Lake, has given Metropolitan increased flexibility to use
and store imported water and local water supplies (S. Hirsch; Program Manager of Water
Transfers and Exchanges, Metropolitan; oral communication; September 2009).
Additional investment in conservation methods and techniques, coupled with the
development of local water supplies, will maintain the balance between local and
imported water supplies. Water transfers and groundwater storage programs complement
Metropolitan’s water portfolio, ensuring a more reliable water supply.
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WATER SUPPLY

South Sutter Water District

The District was formed in 1954 to develop, store, and distribute surface water. The
District owns and operates Camp Far West Reservoir (Reservoir), Camp Far West Dam,
and Camp Far West Diversion Dam (Diversion Dam); located on the Bear River within
Placer, Nevada, and Y uba Counties. The District’s service areais located southwest of
the Reservoir within Sutter and Placer Counties, south of the Bear River and east of the
Feather River, and includes a gross area of approximately 66,000 acres. Figure 1
identifies the location of the District’s storage facility and service area within the
Sacramento Valley.

Camp Far West

Diversion Dam
x\&%‘

Camp Far West
Reservoir

) South Sutter |
| Water District|

 Redding

o
! Sacramento

Figure 1. South Sutter Water District Location Map.

Prior to the 1960s, groundwater was the main source of water supply in most parts of the
North American Sub-basin, including the District’ s service area. Asaresult, prior to the
construction and subsequent enlargement of the Reservoir, groundwater levels underlying
the District were steadily declining at an average rate of up to one and a half feet per year
for approximately 50 years (Luhdorff and Scalmanini, 2009).
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The development of the Reservoir resulted in an efficient conjunctive use project, which
has operated successfully for the last 50 years. Currently, the District supplies surface
water to approximately 59,000 acres within its service area. Landownersreceive a
supplemental surface water supply; thus reducing the amount of groundwater pumped in
order to meet crop irrigation requirements. Results of monitoring documented in
groundwater basin reports identify that the District is a successful conjunctive use project
and indicate that the District may be well situated to participate in water transfers through
greater exercise of the groundwater basin (DWR, 1997).

Groundwater

As previoudly identified, prior to the construction of the Reservoir, the underlying
groundwater basin within the District was declining. DWR began monitoring the
groundwater elevations within the basin in the late 1930s to determine the extent of
overdraft occurring. Following the formation of the District and subsequent construction
of the Reservoir, additional monitoring was performed at production wells to monitor
groundwater levels and groundwater quality. The District’s delivery of surface water and
resulting in-lieu recharge of the underlying groundwater basin successfully restored
groundwater elevationsto stable levels with no indication of groundwater overdraft
(Luhdorff and Scalmanini, 2009).

Surface Water

As part of the development of the Reservair, the District applied for post-1914
appropriative water rights for the storage and direct diversion of water from the Bear
River. The District also holds post-1914 appropriative water rights for several small
streams within the District’ s service area. The water made available for the 2008 Pilot
Water Transfer was petitioned under the District’s post-1914 consumptive appropriative
License 11118 (Application 14804). The District’swater right License 11118 isfor
direct diversion of 330 cfsfrom May 1 through September 1, and storage of 58,370 acre-
feet from October 1 through June 30 from the Bear River. Due to the quantity proposed
to be transferred under the 2008 Pilot Water Transfer, it was only necessary to make
temporary changesto License 11118. No changes were petitioned for the remaining
water right licenses held by the District.

Conjunctive Use

As previoudly identified, the District owns and operates the Reservoir in order to provide
a supplemental surface water supply to landowners within the District’s service area.
Landowners receive approximately one-third of their irrigation season water supply needs
from the District’ s surface water deliveries. Prior to the irrigation season, the District
allocates a surface water supply based on forecasted reservoir storage, including
forecasted inflow and acreage identified by landowners seeking surface water deliveries
in that given year. Landowners receive their allocation, acre-feet per acre, on a pattern
dictated by crop irrigation need and conveyance cana capacity limitations.
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Individual landowner groundwater pumping is used to meet the remainder of the crop
irrigation requirement, which equates to approximately two-thirds of the water demand
unmet by the District’s surface water deliveries. The District does not own or operate
any groundwater production wells. Therefore, any additional increment of groundwater
is pumped by alandowner to meet crop irrigation demand regardless of the District’s
participation in awater transfer.

In the mid to late 2000s, record rice prices resulted in more acreage within the District’s
service area being planted to rice production. This factor, coupled with the recent years
dry hydrologic conditions, has resulted in a greater dependence on the groundwater basin.
The quantity of groundwater pumped by individual landownersis not metered by the
District; however, based on an estimate of acreage planted within the District and the
cropping pattern, the District estimates that within recent years, groundwater pumping
has been within the range of 150,000 acre-feet to 170,000 acre-feet.

2008 PILOT WATER TRANSFER

The District’ s participation in the 2008 Pilot Water Transfer was the result of the
increased costs associated with regulatory processes and operations. In order to address
the local issues associated with water transfers and any potential effects due to additional
groundwater pumping, the District held a public meeting to inform individual landowners
and receive input relative to the water transfer. At this public meeting, comments from
landowners were addressed, including increased pumping costs and the potential for
increased costs for surface water deliveries. It was estimated that the potential reduction
in surface water deliveries was equivalent to approximately 0.1 acre-feet per acre and
would be offset by an increase in the quantity of groundwater pumped by each individual
landowner. Thisrelatively small increase in pumping head and associated costs, as
compared to the relatively large increase in surface water delivery rates proposed to be
charged to landowners if the District did not participate in the water transfer, resulted in
landowner approval and the unanimous approval by the Board of Directors to participate
in the 2008 Pilot Water Transfer. The following section identifies the regulatory
approvals necessary to affect the 2008 Pilot Water Transfer.

Reqgulatory Approval

In order to execute atemporary water transfer within California based on post—1914
appropriative water rights, a water right holder is required to petition and obtain the
approval of the State Water Resources Control Board, Division of Water Rights
(Division). As part of the Petition process, a water right holder also has to provide public
notice and respond to protests relative to a proposed water transfer. In addition, the water
right holder isrequired to coordinate with the Department of Fish and Game (DFG) and
the appropriate Regional Water Quality Control Board (RWQCB) to ensure that the
proposed transfer does not unreasonably affect fish and wildlife or injure other
downstream water right holders. For water transfers that utilize SWP facilities, the
approval and execution of a Storage and Conveyance Agreement with the Department of
Water Resourcesis aso necessary.
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State Water Resources Control Board. Pursuant to Californiawater right law, an
individual water right holder can petition the Division to temporarily change the point of
diversion, point of rediversion, place of use, or purposes of use in order to temporarily
transfer water given the following conditions:

1. Transferrable quantity islimited to the amount of water that would have been
consumptively used or stored in absence of the transfer,

2. The proposed transfer does not injure any legal user of the water, and

3. The proposed transfer would not unreasonably affect fish, wildlife, or other
instream beneficial uses. (Thomson and Reuters/West, 2009)

The District filed a Petition for Temporary Change to change the point of rediversion,
place of use, and purpose of use under License 11118 to transfer up to 10,000 acre-feet of
stored water from the Reservoir to the aforementioned SWCs. Following the Division's
review of the Petition, including publication and appropriate public comment period as
identified in California Water Code §1726, the Division approved the temporary water
transfer by issuing awater right Order. No protests were received relative to the
District’s Petition for Temporary Change. The water right Order authorized the transfer
of up to 10,000 acre-feet of water, at arate not to exceed approximately 120 cfs, from the
Reservoir to participating SWCs.

Department of Fish and Game. DFG received a copy of the District’s petition package at
the time it was filed with the Division. The package included information relative to the
assessment of the potential effects of the proposed water transfer. 1n addition, District
staff discussed the proposed water transfer with DFG in order to assess the potential
effects of the increased releases from the Reservoir relative to fish and wildlife. Of
particular importance, was the concern of potentially attracting anadromous fish into the
Bear River, due to increased flow rates. Due to the relatively warm temperatures present
within the Bear River during the period of the proposed water transfer, it has been
referred to as a hostile environment for anadromous fish species. Through a comparative
analysis of projected flows within the Bear River and the Feather River, it was
determined that the increase in Bear River flows as aresult of the transfer would be less
than 5% percent of the anticipated Feather River flows. Asaresult, abiologist
determined that this relatively small increase in flows would not attract anadromous fish
into the Bear River. In addition, due to the timing of the water transfer, July through
September, the primary fish species of concern would not be present within the Feather
River. Therefore, it was determined that the transfer would have a less than significant
effect on fish species.

Regional Water Quality Control Board. District staff advised the Central Valley
RWQCB of the proposed water transfer to identify and address potential effects to water
quality within the Bear River or the Feather River. Based on these discussions, the
increase in flows within the Bear River was believed to improve water quality within the
Bear River, and potentially the Feather River. The main area of concern raised by the
Central Valey RWQCB was relative to tailwater effects to water quality. No changein
cropping pattern was proposed by the District or itslandowners. District staff identified
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that the District and its landowners operate to minimize the quantity of tailwater leaving
the District’s service area. Following these discussions, it was determined there would be
no change in operations and no detrimental effect on water quality within the Bear River
and Feather River.

Department of Water Resources. In order for the transfer water to be conveyed through
SWP facilities, each buyer and the District entered into Storage and Conveyance
Agreements with DWR. The 2008 Pilot Water Transfer proposed to rel ease water from
the Reservoir for delivery to the SWCs at the Diversion Dam. Water made available
pursuant to the 2008 Pilot Water Transfer, that otherwise would have been delivered to
landowners, would need to be made up with groundwater pumping by individual
landowners. As part of the Storage and Conveyance Agreement negotiation process for
the 2008 Pilot Water Transfer, and as further described below, the District and DWR
worked cooperatively to modify the existing groundwater monitoring well network to
gpatialy distribute monitoring wells within the District. DWR and the District developed
a Groundwater and Surface Water Monitoring Program and a Third-Party Impacts Action
Plan, as required pursuant to the Storage and Conveyance Agreement. The District,
DWR, and the SWCs executed individual Storage and Conveyance Agreements for the
2008 Pilot Water Transfer on August 15, 2008.

Classification of the 2008 Pilot Water Transfer

A primary complication to the negotiation process of the 2008 Pilot Water Transfer was
the transfer’ s definition. The proposed transfer did not follow the general guidelines
identified for either a groundwater substitution or reservoir release type transfer. The
following section defines the two types of transfers and the considerationsinvolved in
classifying the 2008 Pilot Water Transfer as a combination of the two.

Groundwater substitution transfers involve the water transfer participant pumping
groundwater to meet crop irrigation requirementsin lieu of diverting surface water.
Specific guidelines for groundwater substitution transfers are followed, including criteria
to determine the eligibility of groundwater wells for participation in this type of transfer.
Specific restriction for wells within one mile and two miles of ariver are applied based
on areview of the groundwater well completion record. Typically, wellswithin a
participating entity are designated to participate in a groundwater substitution transfer;
and the quantity transferred is measured at each groundwater well. The quantity of
groundwater considered as transferred is the quantity pumped, less a pre-determined
historical base quantity, if applicable.

Reservoir release type transfers involve the release of water from storage. The volume of
water is normally measured at a point downstream of the reservoir where other required
releases are measured, such as the instream flow requirements. The volume of stored
water considered as transferred is the volume above a historical baseline, which includes
the minimum release requirements.

The District’s 2008 Pilot Water Transfer proposed to release water from the Reservoir;
and thence, the Diversion Dam where it would be measured. Thisresulted in areduced
surface water allocation to landowners; and therefore, the quantity of water that otherwise



130 USCID Water Management Conference

would have been delivered to landowners was to be made up by individua landowner
groundwater pumping. Approximately 150 groundwater production wells have been
historically monitored by DWR, the majority of which were installed in the 1920s-1930s.
The total number of groundwater production wells within the District’s service area are
unknown; however, District staff approximates that there may be as many as 400
groundwater production wells within the District’ s service area. Due to the time period
of construction of these wells, well construction information is not available for alarge
percentage of groundwater production wells. The lack of information regarding the
location and construction of groundwater wells within the District resulted in a pilot
transfer approach and classification of the 2008 Pilot Water Transfer as a hybrid type
transfer.

Available Water for the 2008 Pilot Water Transfer

Through the negotiation process for the 2008 Pilot Water Transfer, DWR expressed
concern as to whether the full amount of water proposed to be released from the District’s
Reservoir would be physically available for delivery to the SWCs through SWP facilities.
In groundwater substitution transfers, a complication in the determination of the water
made available is the hydrologic connectivity of water sources. The principle concernis
that water pumped and made available for transfer induces recharge from hydrologically
connected surface water stream sources, shifting the water physically made available
from one source to another instead of providing additional water suppliesto the proposed
buyer. This has the potential to affect the water that would have been available to the
other SWP and Central Valley Project (CVP) absent the water transfer.

Prior to 2008, DWR credited groundwater substitution transfers on a one-to-one basis,
meaning that the amount of water pumped was equivalent to the amount of water to be
transferred. During the 2008 negotiations, DWR identified that groundwater substitution
transfers would no longer be credited on a one-to-one basis. Research, analysis, and data
relative to the surface and groundwater interaction were, and continue to be, limited. In
order to affect groundwater substitution type transfersin 2008, an assumed depletion loss
was proposed to address this concern relative to the potential effects to the SWP and
CVP.

The absence of flow measurement devices at groundwater pumps within the District, and
the limited access to well completion and historic pumping records, further complicated
the negotiation process and determination of the potential effects to the groundwater
basin. Therefore, additional research and negotiations were conducted in assigning a
depletion loss value to the 2008 Pilot Water Transfer. A historic analysis of monitoring
wells located within the District indicates that in almost every year, the groundwater
basin is recharged during the subsequent winter period. Both parties agreed that the
precise depletion loss value was not known; however based on modeling conducted for
the Sacramento Valley Regional Water Management Plan and an analysis of historic
groundwater response to water demand within the District, a 6% depletion loss was
agreed to. The depletion loss was shared equally between the buyers (3%) and seller
(3%).
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2008 Pilot Water Transfer Surface Water Releases

The District released water from the Reservoir, thence its Diversion Dam through
dedicated water transfer weirs. The water elevation at the Diversion Dam pool was
measured by a continuous water level recorder. The District fabricated and installed weir
platesin order to calculate the amount of water released based on a standard weir
eguation. The Diversion Dam configuration during the 2008 Pilot Water Transfer is
shown in Figure 2.

Figure 2. 2008 Pilot Water Transfer Weir Configuration.

Groundwater and Surface Water Monitoring and Mitigation Plan

Due to the increased groundwater pumping by individual landowners within the District,
and the potential for third-party impacts, the District and DWR reviewed and updated the
groundwater level monitoring network within the District’ s service area and established a
Groundwater and Surface Water Monitoring and Mitigation Plan. Groundwater elevation
and groundwater quality field parameters, including specific conductance, pH, and
temperature, were collected from groundwater production wells identified within the
monitoring well network. DWR also monitors additional wells within and near the
District’ s service areafor other purposes on a semi-annual and monthly basis. Overall,
data from 85 wells relating to groundwater elevations and groundwater quality were
collected and analyzed.

Streamflow was measured at four locations, including the Camp Far West Diversion Dam
(CFW DD), USGS (Gage 11423800) — Bear River Fish Release below Camp Far West
Reservoir, USGS (Gage 11424000) — Bear River near Whesatland, and the DWR — Gage
(BPG) Bear River at Pleasant Grove Road in order to verify the surface water rel eases
from the Diversion Dam.

2008 Pilot Water Transfer Results

The 2008 Pilot Water Transfer volume was initialy estimated at 10,000 acre feet. Dueto
dry hydrologic conditions and the uncertainty relative to the forecasted inflow to the
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Reservoir, ultimately, 6,909 AF (7,123 AF total released minus a 3% depletion loss of
214 AF) was transferred. Table 2 identifies the quantity delivered pursuant to the transfer

to each participating SWC.

Table 2. Quantity delivered pursuant to the 2008 Pilot Water Transfer to each

participating State Water Contractor.

State Water Contractor Percent Allocated Approximate Quantity
(%) Delivered *
(Acre-feet)
Antelope Valley East Kern Water Agency 7.02 485
Dudley Ridge Water District 1.41 97
Kern County Water Agency 14.22 983
Metropolitan Water District of Southern 68.0 4,698
California
Napa County Flood Control and Water 1.87 129
Conservation District
Palmdale Water District 3.40 235
San Bernardino Valley Municipal Water District 3.40 235
Tulare Lake Basin Water Storage District 0.68 47
Total Quantity Delivered 6,909

Following the 2008 Pilot Water Transfer, DWR, and the District worked cooperatively to
draft the South Sutter Water District 2008 Pilot Water Transfer Groundwater and Surface
Water Monitoring Summary (Joint Report) summarizing the monitoring performed
during the 2008 Pilot Water Transfer and any potential effects attributable to the water
transfer. The reduction in surface water deliveriesto the District’s landowners as a result
of the 2008 Pilot Water Transfer corresponds to an approximate 4% increase in the total
estimated groundwater pumped within the District’ s service area during the 2008
irrigation season (DWR and South Sutter Water District, 2010).

As previoudly identified, groundwater data from 85 wells within and near the District
were collected and analyzed. Figure 3 identifies the location of groundwater wells
monitored within and near the District. The wells are identified by monitoring agency
and include groundwater levels and groundwater quality data collected during the 2008
Pilot Water Transfer period within the monitoring network for the 2008 Pilot Water
Transfer and additional data collected from groundwater wells within and near the
District.

3 Approximate quantity delivered pursuant to the transfer is at the point of delivery, Camp Far West
Diversion Dam; and therefore, does not include the SWCs assumed portion of the depletion loss (3%) or
transportation losses from the point of delivery to the SWCs diversion facilities.
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Figure 3. Location of Groundwater Monitoring Wells within South Sutter Water District.

Figure 3 identifies that the majority of the monitoring wells within the District are also

production wells. Four multi-completion dedicated groundwater monitoring wells,

including an extensiometer, are also located within and near the District, BR-1, AB-1,
AB-2, and the Sutter Extensiometer. Groundwater quality data was recorded at four

groundwater production wells during the transfer period.
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Figure 4. Representative Groundwater Hydrographs within and near
South Sutter Water District.

Figure 4 identifies the groundwater hydrographs of representative wellsidentified in
Figure 3 for the period of 1970-2008. Asidentified in the groundwater hydrographs, the
basin historically has responded to dry hydrologic periods with declines to the
groundwater basin. The 1977-1979 drought is identified by declines and subsequent
recoveries to groundwater elevations. Asshown in Figure 4, groundwater elevations
during the period of the 2008 Pilot Water Transfer are within historical groundwater
levels observed. The dry hydrologic conditions, coupled with the increased acreage
planted to rice production, resulted in an increased dependence on the groundwater basin.
It was difficult, given the relatively small increase in groundwater pumping, to
differentiate between the potential effects due to the 2008 Pilot Water Transfer from
other factors. However, the results of the draft Joint Report indicate that overall,
groundwater conditions underlying the District in 2008 remained consistent with
historical observations and the basin did not experience abrupt changes, which may have
been attributable to the 2008 Pilot Water Transfer (DWR and South Sutter Water District,
2010). All groundwater monitoring wells within the District recovered to pre-transfer
(April, 2008) groundwater elevations by March, 2009. No third party impacts as a result
of the 2008 Pilot Water Transfer were identified.

Surface water monitoring performed during the 2008 Pilot Water Transfer downstream of
the point of delivery further verified the quantity of water released from the Reservoir
and Diversion Dam. Figure 5 identifies the location of the gage stations.



Agricultural and Urban Partnership 135

Camp Far West
Diversion Dam

Camp Far West
Reservoir
USGS Gage 11423800 _
DWR Gage BPG :

‘\‘ epsas Gage 11424000

South Sufter
Water District |

N

Figure 5. Bear River Gage Stations.

The first USGS Gage downstream of the Diversion Dam, USGS Gage 11423800,
measures the dedicated fish release by the District for instream flow obligations. This
guantity, in addition to the quantity released over the Diversion Dam pursuant to the 2008
Pilot Water Transfer and the District’s other existing agreement, (Bay-Delta Settlement
Agreement, BDSA) represents the total quantity of water released into the Bear River by
the District. Figure 6 identifies the rate of release from the District’s Diversion Dam and
the flow rates at USGS Gage 11424000 and DWR Gage BPG.
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Figure 6. Surface Water Monitoring Performed Pursuant to the 2008 Pilot Water Transfer
(Source: DWR and South Sutter Water District, 2010).
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Asidentified in Figure 6, the total releases at the Diversion Dam, plus the fish release, are
accounted for at both downstream gages. The daily variations in releases are aresult of
operational issues and considerations that are common to systems of this nature.

Protection of the Groundwater Resour ce

Following the 2008 Pilot Water Transfer, the District updated its Groundwater
Management Plan (GWMP). The protection of the underlying groundwater basin, and
the assurance of a stable groundwater and surface water supply for District landowners, is
aprincipa concern of the District. The update to the GWMP analyzes historic trends
within the region and identifies the District’ s Best Management Objectives (BMOs) for
protection of the resource and the potential development of aternative water supplies for
consideration in future water transfers.

BUILDING PARTNERSHIPSFOR FUTURE WATER TRANSFERS

Water transfers require a significant amount of coordinated planning and operations
between a number of parties, including the buyer, seller, and regulatory agencies. The
use of storage and conveyance facilities belonging to or operated by entities not directly
involved in the buying or selling of water further complicates the accounting and
negotiation process. Therefore, the need for the development of a transparent and
positive relationship between buyers, sellers, and regulatory agenciesis essential to the
success of executing awater transfer.

Following the 2008 Pilot Water Transfer and the development of a positive working
relationship between the regulatory agencies and the District, the District negotiated and
executed a contract for a 2009 water transfer to DWR'’s 2009 Drought Water Bank, of
which Metropolitan is the largest participant. The foundations built during the 2008
water transfer facilitated and expedited the 2009 water transfer negotiations and resulted
in 10,000 acre-feet of water being transferred to agriculture and municipal water
purveyors with critical water supply needs. The District continues to monitor the
underlying groundwater basin to develop a better understanding of the groundwater basin
response to withdrawals and in order to protect this valuable resource. The District will
continue to review the opportunity for future water transfers to fulfill the financial
obligation associated with infrastructure improvements, regulatory compliance, and
overall operation costs.

CONCLUSIONS

The multiple forms of water transfers and their flexibility make water transfers a
promising water management tool. The benefits resulting from a water transfer can serve
amultitude of purposes, including agriculture water supplies, municipal water supplies,
and environmental beneficial uses. In addition, these partnerships provide economic
benefits for funding infrastructure improvements. The flexibility associated with water
transfers during drier hydrologic conditions, results in the movement of water suppliesto
meet the demand of aregion whose local water supplies and reserves are limited for
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numerous reasons. In this case study, the District and the SWCs, specifically
Metropolitan, worked cooperatively to build the transparent and positive working
relationship to successfully effect the 2008 Pilot Water Transfer. The complexities
involved with water transfers due to legal, third party, and complex technical issues
require strong partnerships to address and overcome the multitude of considerations for
the success of future water transfers.
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MANAGING THE EASTERN SAN JOAQUIN COUNTY SUB-BASIN
AN URBAN/AG PARTNERSHIP CASE STUDY
STOCKTON EAST WATER DISTRICT

Kevin M. Kaufman, P.E.!
ABSTRACT

Senior agency managers work with the ‘politics' of the water industry almost everyday
while doing their job of serving the governing board elected or appointed to set policy for
their water agency. Conflict in general arises from the ‘bottom-line’ issues like the cost
of services charged by these agencies. From an individual’s perspective, cost can
become a very personal issue. From acompany or entity’s perspective, cost can become
asignificant challenge to their budgeting process. When awater agency is perceived as
taking an approach with an individual, group, company, or entity that is prejudicial or
inequitable, the governing board member’ s telephones ring too often. Working with the
customers of this agricultural/urban water district to spend money on infrastructure
intended to assure a sustainable and reliable water supply has raised some interesting
communication and policy challenges. For ten-years, the Stockton East Water District
(SEWD) has applied various approaches to achieve its objectives in reaching this water
supply goal. Although these objectives have not yet been achieved, it wasfelt to be
interesting for SEWD to share what it has learned, and where it might head in the future
as aresult of the progress made to date.

INTRODUCTION

SEWD is awater conservation district authorized by the L egidature to secure
supplemental surface water sources in order to provide a sustainable water supply for
agricultural and urban users, and residents that rely on the San Joaguin County Sub-Basin
of the San Joaquin Valley Groundwater Basin (Basin).

CALIFORNIA

Figure 1. Location map

! General Manager, Stockton East Water District, P.O. Box 5157, Stockton, CA. 95205;
kkauf man@sewd.net
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Figure 2. Vicinity Map

CHALLENGED BASIN & UNDERSTANDING TODAY

The Basin has been subject to long-
term and continued overdraft and
saline intrusion from its western
boundary under the Sacramento-San
Joaquin River Delta. The total
cumulative Basin overdraft to dateis
estimated to be between 2.5 and 3.0
million AF. Saline waters have
contaminated groundwater under the
urban area, moving generally from
the west to the east, contaminating
the City of Stockton's groundwater
supply. Theleading edge of this
intrusion approaches State Highway
99 in the southern half of the City of
Stockton (seeillustration).

Figure 3. Depth to Groundwater Relative to MSL
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Overdraft of the Basin results from agriculture and urban groundwater pumping that
exceeded its ability to naturally recharge over the past 60 years.
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Figure 4. Groundwater and Surface Water use in San
Joaquin County

If one looks at the annual average hydrology of surface water availability data (see
below), one might conclude that adequate surface water exists to meet local water
demands. However, the hydrologic variability from year to year makes reliance on only a
surface water supply unreliable, and historically has led thisregion to rely on
groundwater pumping as the primary supply. Had the region secured adequate water
rights and constructed surface water storage reservoirs early on, there would have been
less reliance on and damage caused from excessive groundwater pumping.
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Figure5. Annual Precipitation (Lodi Station)

To meet water demand projections, SEWD is devel oping infrastructure to promote the
use of a conjunctively managed surface and groundwater supply. A portion of the
vacated Basin resulting from overdraft can be used to ‘bank’ surface water in the ground
for times when adequate surface water supplies are not available. The portion not
pumped in dry years allows groundwater levels throughout the Basin to recover.

Artificial groundwater recharge assists natural recharge by diverting surface water and
placing it into the Basin for the purposes of raising groundwater levels and storage for
later withdrawal. Groundwater recharge and banking can be achieved either through the
use of surface water ‘in-lieu’ of pumping groundwater (passive recharge), or by directly
recharging the Basin by flooding fields or constructed percolation ponds (active
recharge). The estimated storage capacity of the Basin for banking is estimated to be in
excess of 1.5 MAF. Surface water can be ‘directly’ recharged and stored in the ground
whenever surface water supplies exceed demands. ‘Passive’ recharge and storageis
more seasonally dependent. It isaccomplished by utilizing available surface water to
meet irrigation and municipal demands, and leaving local groundwater or stored surface
water in the ground in the event of adry period when it will be needed.
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Figure 6. Farmington Groundwater Recharge Area

The City of Stockton urban area, recognized the need to use surface water ‘in-lieu’ of
continuing to pump groundwater, and financed the construction of a 30 MGD drinking
water treatment plant (DWTP), which began operationsin 1977. ThisDWTP hasa
current California Department of Public Health rated capacity of 50 MGD. When surface
water supplies are available, the DWTP operates in excess of this capacity, meeting about
70% of the annual demand of the urban area. A new DWTP is being constructed by the
City of Stockton so that in most years 100% of the urban demand will be met with
surface water supplies. In years when surface water supplies cannot meet the urban
demand, surface water stored in the ground by thisin-lieu method will be pumped to
meet the urban demand.
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Figure 7. 2007 aerial photo of DWTP looking east

Due to the operation of the SEWD DWTP, groundwater levels under the urban area have
generally been more stable or have risen. A benefit of rising groundwater levels under
the urban areain addition to the banking component is that the progress of saline
intrusion may be thwarted by a mounding effect of this urban in-lieu recharge effort.
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With the saline intrusion coming from under the Delta to the west, this hydraulic
barrier/mound may impede its progress toward the low-point of the Basin to the east.

The agricultural area of SEWD, to the east of the urban area, has experienced greater
overdraft than the urban area, and is over the low-point of the Basin (80 feet below sea
level). Since before the 1930's, agricultural interests recognized the benefit of using
surface water to recharge the Basin. The Linden Irrigation District, predecessor to the
SEWD, built flashboard damsin the Calaveras River, alowing surface water to percolate
within the natural river channel for the benefit of the Basin. This practice continues
today along with added surface water diversions from the river so agriculture can use
surface water in-lieu of pumping groundwater.
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Figure 9. New Melones Conveyance

In order to obtain a sustainable water supply for the urban area, the agricultural area of
SEWD must be developed with infrastructure to deliver surface water in-lieu of
groundwater pumping. Lessthan 20% of the 55,000 acres of irrigated agriculture within
SEWD currently use surface water. This percentage is not surprising given the fact that
the number of acres adjacent to the canals and natural streams currently using these water
ways to distribute surface water issmall. If expanded infrastructure is constructed to
deliver surface water to more acreage, the proper management of surface and
groundwater in the agricultural portion of the SEWD is achievable. The storage and
banking of water under the agricultural area of SEWD is expected to be the ultimate
saving-grace for the urban areain dry years since thisis the largest portion of the
overdrafted Basin. Solutions can be found through water resources planning and
engineering; right? [If the solution were this easy to come by, everyone would want the
job']
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COMMUNICATION & CUSTOMER CLASS CHALLENGES

The history of securing and managing water suppliesin Californiavaries depending on
local and regional geography and attitudes.

For example, in contrast to SEWD, the City of Modesto (located 30 miles SE of
Stockton) claimsthey are rich in water; and they are because of their location south of the
Stanislaus River and astride of the Tuolumne River, and their foresight to develop and
protect these surface water resources. Many other irrigation districts were equally
fortunate both in geography and foresight, and today have ample surface water supplies.
The Eastern San Joaguin County region, where SEWD hails, has not been as fortunate.

The Eastern San Joaguin County region’s misfortune can be explained by three primary
factors: itslack of ideal geography for diverting surface water; itslack of foresight for
water management planning; and its unenviable luck in trying to secure and protect what
might have been.

L ocated between the Mokelumne and Stanislaus River watersheds, SEWD has limited
surface water supplies from the existing rain-fed streams. The Linden Irrigation District
and the City of Stockton acquired water rights on the Calaveras River, which are
considered as good as gold today. While the Mokelumne River runs through the City of
Lodi and the North San Joaquin WCD, they were forced to settle for atrickle of the
river’ s water thanksto a 1948 decision by the State Engineer granting rightsto the river
to the East Bay Municipal Utility District. Thereis potential that a more equitable court
may award these local agencies afairer share of the Mokelumne River supply in the
future.

Three 78-inch diameter pipelines transmit Mokelumne River water from above Pardee
Dam to EBMUD’ s service area. These pipelines bisect the City of Stockton. Reportedly,
during their construction, a neighborly EBMUD offered the City atap or two off of these
pipelines in the event the City of Stockton would ever want to buy some of this water
from EBMUD. The City fathers at the time saw no value in the offer, saying that they
had enough groundwater for their foreseeable future. Thisfailureto invest in the future
of course is considered the mistake of the century. Inthe City’s defense, however, the
city water system was a private water company at the time, with their interests possibly
focused only on the short-term. The City became much more active in water issues later
in the 20" century, and today has its own water system that has a water demand
equivalent to that of the older private water company.

Although the City of Stockton did secure awater right on the Calaveras River, at the time
it was more interested in flood protection than water supply. Following the flood of
1955, the New Hogan Dam was designed and constructed by the US Army Corps of
Engineers, and completed in 1964. At that time, the City’ s water right was absorbed or
gifted by the water right secured by the USBR, and contracted to the SEWD and its
foothills neighbor, the Calaveras County Water District.
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On the agricultural side of SEWD, even more significant lack of foresight occurred.
Although the Linden area of the district had a great water right and was able to provide
surface water to properties adjacent to the Calaveras River, the rest of the district had few
surface water options. Despite this, using water from the Calaveras River until the 1977-
78 droughts, SEWD delivered over 30,000 AFA of surface water to properties adjacent to
the Calaveras River system. Forced to install deeper agricultural wells during the
drought, many users never went back to using surface water. To thisday, SEWD has yet
to provide as much surface water to its agricultural customers. The 1988-92 droughts had
similar reductionsin surface water use. SEWD offersincentives for the growers to use
surface water in-lieu of pumping groundwater, and agricultural demand has now grown
to nearly the 30,000 AFA milestone.
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Due to the perceived unreliability of the surface water, and the expense of maintaining a
dual surface and groundwater system, the agricultural community has not been willing to
invest in the infrastructure needed to make surface water more accessible. In the 1979-80
legidlative session, the agricultural community successfully lobbied for arate-cap on
what SEWD could charge for its water fees and assessments, essentially assuring that the
water district would never be able to build the infrastructure it needed on the back of the
agricultural community. Given the marginal nature of many agricultural ventures, itis
not surprising that this rate protection legislation was written into law.

Other political actions and issues that help create the current ‘ challenge’ in Eastern San
Joaquin County include:

1 Some in San Joaquin County applaud the defeat of Auburn Dam and the
extension of the Folsom South Canal into San Joaquin County. This project
would have provided still needed flood protection for the City of Sacramento,
and allowed Eastern San Joaquin County to have areliable surface water
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supply off of the American River. Itisdifficult at this date for SEWD to
sharein the joy of the few that applaud this defeat.

When the SEWD treatment plant was constructed 30-years ago, the contract
governing its operation was structured to fund only actual costs of operation.
The last 30-years have been unnecessarily tense as aresult of the contract
terms, which has resulted in ulcers not only in individuals but in all the
organizationsinvolved. The nit-picking and lawsuits have not been fun.
Fortunately, recent understanding of this tragic document has led to a possible
solution to thisissue.

With lack of surface water from the American and Mokelumne Rivers, SEWD
was asked by USBR to be one of two CVP contractors on the Stanislaus
River. A 1983 contract resulted in SEWD investing $65million on a
conveyance system for thiswater. SEWD continues to spend about $500,000
ayear trying to get USBR to honor these contracts. Fortunately, SEWD has
been able to use this conveyance system for purchased water from
understanding and cooperative local irrigation districts. To say this CVP
contract has been a nightmare would be an understatement. Progress in 2009
is encouraging, but SEWD has not yet satisfied that it will receive reliable
deliveries from the Stanislaus River.

With anew Board of Directorsin 1998, and a new manager in 1999, SEWD
changed its direction from one of being a malcontent to one of communicating
and building partnerships. Working with the City of Stockton, SEWD
proposed alocal initiative that would have removed the agricultural rate-caps
and allow for the construction of surface water distribution systems. The
negotiations started with the City wanting to take over the DWTP and ended
with the City providing the water district with funds to build the infrastructure
it recommended at thetime. Early on in the debate, the mayor of the City was
quoted in local newspapers saying that he wanted ‘adivorce’ from SEWD.
From that low-point, SEWD and its urban contractors have built a sound
relationship that is now expected to thrive. The City’s need for adefensible
genera plan and to issue will-serve | etters became a very good reason for the
relationship to improve. SEWD aso made concessions. We now have a
‘“trust but verify’ relationship; a significant accomplishment.

The district has been mired in litigation for the past 15 years; litigation against
the United States demanding increased water supply allocations; litigation
between the urban area customers and the district over expenditures. Current
policy changes are expected to reduce the amount of litigation over time.
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Figure 11. SEWD in the 2002 Newspaper

One of the primary difficulties of the district stems from one of its greatest strengths: the
fact that it is both urban and agricultural. The two service areas have different needs,
financing capabilities and philosophies. Reasons for many Urban and Agriculture
approach differences are probably obvious. How each group of individuals deals with
land-use, budgets, regulations, missions, goals and objectives, differ vastly and should
not be expected to be compatible. However, when it comes to the quantity and quality of
groundwater, attitudes are similar and provide common objectives and a basis to support
SEWD’ s management of the Basin approach.

From SEWD’s experience, the challenge has been how to get both the urban and
agricultural interests to support a sustainable water supply plan into the future. Both
interests line up behind the benefits of conjunctive management of surface and ground
water and the need to provide a sustainable water supply. The questions of who benefits
and who pays for specific projects creates the controversy and challenges.

Examples of past Urban concerns:

How would these projects limit our ability to gain independence from SEWD?
Why should urban rate-payers be expected to pay the lion’s share of the cost?
Can’t the agricultural community pay afair share?

Why can’t we rely on only our portion of the Basin? [see figure 11]

The Urban area practices water conservation and if the Ag area did the same
there would be plenty of water for Ag, Urban and the environment.

agrwbdE

Examples of past Agricultural concerns:
1. How reliable will the surface water be, and how much will it cost?
2. Evenif | have access to surface water, how can | afford to keep both the
surface water and groundwater infrastructure maintained and operational ?
3. Will the quality of surface water affect my crops?; how about my costs?
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4, It is so easy to turn on my well, why would | want to change? Wouldn't it be
easier and more cost effective to let others convert to surface water?

5. Why should | pay for groundwater recharge? Will | really benefit from more
reliable groundwater levels and quality or will the urban areareceive a greater
benefit?

6. If | associate with SEWD, will they bring my operation to bankruptcy?

COMMUNICATION & POLICY MANEUVERS & CURRENT APPROACH

When the customer knows just as much about the Basin challenges as the professionals
they hire to address the problems, it isimportant to listen carefully to what the customers
believe are the solutions.

Ten years ago, SEWD was faced with the task of putting together a project to provide
surface water to lands currently irrigating with groundwater. Using traditional methods
from many years of experience, SEWD approached both agricultural and urban leaders
and proposed solutions. Due to conflicts of the past, poorly-written contracts, and other
regulatory and financial challenges, progress was dismal for the first few years.

It took awhile before SEWD realized that the key to building agricultural infrastructure
was to use funding schemes that did not require raising water rates on SEWD agricultural
customers. This approach was driven by the policy of the agriculturally dominated Board
of Directors elected to manage the SEWD. Understand that this statement isnot a
criticism of these elected officials. It issimply a statement of fact that the redlity to the
agricultural community is that no matter how much water rates are raised, there is not
enough revenue that can be generated to support the infrastructure improvements needed
to resolve the Basin’s challenges. This of course continues to be a concern with somein
the urban portion of the SEWD. |f an urban customer feelsthey are ‘ subsidizing’
agriculture it is difficult to convince them otherwise. What eventually convinces most is
the redlity that there is only one groundwater Basin shared by both SEWD agriculture and
urban customers, and that the overdraft in both areas must be addressed before the Basin
as awhole recovers, or becomes sustainable.

The Basin is aconfined, fairly homogeneous aquifer bound by the foothills of the Sierra-
Nevada Mountains and the Stanislaus, San Joaquin, and Mokelumne Rivers. Over-
pumping in one portion of the Basin creates an overdrafted area, setting up a hydraulic
gradient for water from other parts of the Basin to begin migrating to the overdrafted
area. Studies conducted over the past 30-years have shown that thisis exactly how the
Basin reacts. Asexpected, if recharge of aportion of an overdrafted basin occurs,
groundwater levels will endeavor to reach a state of equilibrium benefiting a much larger
area of the Basin than just the immediate recharged area. As stated previoudly, the ‘in-
lieu efforts of the urban area (operation of the existing and future DWTPSs) are expected
to create a hydraulic barrier to further migration of saline contaminated water from under
the western boundary of the Basin.

The problem now faced by the urban customers of SEWD isthat the surface water
banked under the City of Stockton may create water quality issues, and could be useless
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to the urban area as drinking water without further treatment. Thereforeiit is essential
that the district have access to banked water in alocation where it can be treated to
drinking water standards before delivery to the urban area. To solve this problem, SEWD
needs to bank surface water in the agricultural area, where recovered water from the bank
can be delivered to SEWD’ s drinking water treatment plant (DWTP). The urban area
generally understands the benefit of building an agricultural surface water distribution
systemif it is designed to deliver banked surface water to the DWTP in their times of
need. Thisisexpected to be the long-sought solution to provide a project that achieves a
sustainable reliable water supply for our region:

v Recharge takes place in the agricultural area where the groundwater overdraft is
the most severe.

v" The urban area finances the distribution system required to accomplish recharge.

v The urban area receives the benefit from stored water in dry years when needed.

v' The Basin benefits from the overall increase in groundwater levels and protection
from further saline intrusion.

Figure 12. Proposed Farmington Program Phase || Conveyance and
Groundwater Storage

So the *push-back’ experienced six to ten years ago has decreased as SEWD has learned
the agricultural-urban dynamic that was facing the water district. The successes and
progress made is a direct result of the diligent work effort of the Board of Directors, legal
and political consultant, involved members of the public, and staff.

All attempts tried other than the current approach described above kept turning SEWD’ s
focus back to the inability of the agricultural community to afford the infrastructure, and
the urban community’ s demand for a sustainable reliable supply of drinking water.
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SEWD is prepared to continue to adjust its approach in working with Agricultural and
Urban leaders and interest. SEWD is optimistic that it can continue with the progress
made, and is confident that the ‘fruits of these efforts will be ‘harvested' for the
generations that follow usin the service to our region and communities.

LOOKING FOR INPUT FROM THE EXPERIENCE OF OTHERS

SEWD isinterested in your experiences, and what we may be able to learn from your

attempts to address similar challenges in your communities. Please either provide them
today for al to hear, or send me an email describing your experience. | would be more
than willing to establish ablog to continue discussion on this topic for the benefit of all.
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RISING TO THE CLIMATE CHALLENGH

Murray Smith?
ABSTRACT

Agriculture dominates economic activity within Australia' s Murray-Darling Basin, with
41 percent' of Australia’s gross value of agricultural production” generated from the basin
and about two-thirds of this total production exported". Historically low rainfall has
resulted in cutbacks in irrigator water allocations, urban water restrictions and reduced
environmental flows.

A key element of the Victorian Government’ s response to water scarcity has been to
establish the Northern Victoria Irrigation Renewal Project (NVIRP) to plan, design and
deliver a program of works that will modernize the Goulburn Murray Irrigation District
(GMID). NVIRP is being funded by the State Government $600M AUS, urban water
users $300M AUS, GMID water users $100M AUS and Australian Commonwealth
Government $1 billion AUS.

Modernization of the GMID irrigation distribution system will increase the standard of
water delivery service to its customers, providing near-on-demand water delivery on-
farm and a better managed delivery system for operator Goulburn-Murray Water. The
project will reduce system losses (currently 780 to 870 GL per annum on average) and is
anticipated to generate up to 425 GL of long term average annual water savings.

This paper discusses the five core elements of the modernization program:

Automation of the main backbone channel system
Farm to backbone connections

Upgrading metering technologies

Water savings

o ~ w DN

Challenges of investing in modernizing irrigation assets and environmental flows
simultaneously.

INTRODUCTION AND BACKGROUND

The Murray Darling Basin, highlighted in Figure 1 below, is the principal agricultural
production area of Australia.

! Chief Executive Officer, Northern Victoria Irrigation Renewal Project (NVIRP), 461 Wyndham Street,
Shepparton, Victoria, Australia 3630, murray.smith@nvirp.com.au
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Figure 1. Murray Darling Basin

For the 2008-09 water year (June 2008 to May 2009) inflows to the major storages in the
connected southern Murray Darling system were the third driest in 118 years of records
(1,860 GL). Thisfollowed the seventh driest year in 2007-08 and the driest on record in
2006-07 (970 GL) "' . Thelong term annual averageis 8,840 GL (excluding inflows
from the Snowy system and Menindee Lakes). The consegquences of these conditions are
shown in volume storages as displayed in Figure 2.
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Figure 2. Murray Darling Basin Southern Connected system storages,
June 1996 to May 2009

To address these and other climate related impacts, in 2004 the Victorian State
Government (one of the four riparian states in the Murray-Darling Basin) formulated a
long-term plan for water — Our Water Our Future. In June 2007, the Victorian
Government announced Our Water Our Future — The Next Stage of the Government’s
Water Plan, a$4.9 billion AUS investment in major water infrastructure, including a
number of projects to enhance water suppliesin the Victorian part of the southern
Murray-Darling Basin. A key component of thisinitiative is the Northern Victoria
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Irrigation Renewal Project (NVIRP). NVIRP sfunction isto plan, design and deliver the
program for modernizing the Goulburn Murray Irrigation District’s (GMID) irrigation
infrastructure which covers an area of 65,000 km®.

NVIRP is both the name of the project and the entity delivering the program. NVIRP
works closely with the asset owner, Goulburn-Murray Water (G-MW) in rolling out its
works program. NVIRP aso works closely with other State Government Agencies, Shire
Councils and industry and community groups.

The GMID isthe single largest user of water in the Murray-Darling Basin, diverting on
average 2,780 GL per annum. It isan integral part of Australia’s magjor food producing
region. The GMID supports 30 per cent of Victoria s gross value of agricultural
production. The estimated value of farm gate irrigated agricultural commodity production
from properties supplied through the GMID channel system was $1.4 billion in 2005/06
from a state total of $8.5 billion. Irrigated agricultural production in the GMID is diverse:
however, a number of major industries account for the majority of the farm gate outpui.
Dairy production is the largest single contributor to the regional economy, followed by
livestock production, fruit production, fodder crops and vegetable production. The
estimated farm gate value of agricultural production for the major commodities produced
in the GMID channel districtsis shown in Figure 3.

$237 m

Fodder crops
M Other broadacre crops
M Flowers/turf

$239m A4

Vegetables
$54 m— / W Fruit
$17m— $629 m Livestock
$108 m / = Milk

4

$129 m

Figure 3. Local value of agricultural commodities produced — GMID 2005-06'"

Much of the GMID channel system was built almost 100 years ago and significant water
losses, equivalent to 30 per cent of the water in the GMID, are experienced as a result of
system inefficiencies such as leakage, seepage and evaporation in channels, meter
inaccuracies and outflows at the end of channels.



156 USCID Water Management Conference

SCALE OF KILOMETRES
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Figure 4. Map of the GMID in Victoria, Australia

The Project aims to recover water lost through leakage, seepage, evaporation and system
inefficienciesvia:

e channel lining and pipelining of channels

e automation of channels across the GMID

e metering rationalization and upgrades

e reconfiguration (i.e. decommissioning channels and realigning the historical
layout of the irrigation channels).

Modernization aims to increase irrigation delivery efficiency from approximately 70 per
cent to at least 85 per cent and effectively capture at least half of the current system
losses. This project has drawn on experience from existing water savings projectsin
Victorian in the Goulburn system, the Macallister Irrigation District and in Coleambally
in New South Wales.

Stage 1 of the NVIRP Project involves an investment of $1 billion (AUS) to modernize
infrastructure within 58,500 km? of the GMID. Modernization of the GMID irrigation
distribution system will:

e increase the standard of water delivery services, providing more uniform flow,
increased supply to provide better control of water across surface irrigated land,
shorter water ordering times and more efficient land use by removing redundant
channels and structures

» lead to increased farm gate productivity and profitability and improved irrigation
application efficiency, thereby assisting farmers with market competitiveness

e reduce system losses, allowing more water to be used for productive and

environmental purposes.
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At anational level, the Australian Commonwealth Government Water for the Future
program aims to secure the future of irrigation communities and improve river health in
the Murray-Darling Basin. The program aims to provide funding to significant state-
based water infrastructure projects, in order to address climate change and reduced water
availability. Subject to due diligence and the delivery of half of the water savings gained
as additiona flows to the environment, the Commonwealth Government has committed
to contributing 90 per cent of the total project costs for Stage 2 of the NVIRP project, up
to a maximum funding amount of $1 billion (AUS). Stage 2 will build upon Stage 1 by
extending modernization works across the full extent of the GMID system.

The Commonwealth Government recognizes that Australia faces major challengesin
ensuring sustainable water supply in the face of drying climate and rising demand for
water. In response, the Australian Government's framework, Water for the Future ($12.9
billion AUS over 10 years), provides national |eadership in water reform for all
Australians. Water for the Futureisbuilt on four key priorities:

e Taking action on climate change

e Using water wisely

e Securing water supplies

« Supporting hedthy rivers.’

Investment in Stage 2 of NVIRP is expected to generate up to an additional 200 GL of
long term average annual water efficiency savings, to be shared equally between the
Commonwealth Environmental Water Holder and GMID irrigators.

In addition, $3.1 billion of the $12.9 billion AUS has been committed to buying back
water entitlement under the Commonwealth Government’ s program, Restoring the
Balance in the Murray-Darling Basin.

MODERNIZATION OF THE GMID

NVIRP has three core objectives:

o to promote the sustained viability of the GMID asthe Murray-Darling Basin's
major food production area
o tocreate anirrigation supply system that meets world’' s best practice and
maximizes itsresilience in the face of climate change
e to generate water savings for productive use and enhance environmental flows.
These core objectives are integrated and delivered through NVIRP sinvestment in the
modernization of the supply system for the GMID.

Defining and Automating the Channel Backbone

Overall there are approximately 6,300 km of earthen channels in the GMID, which makes
it Australia s largest irrigation channel network.Works associated with modernization of
the larger carrier and trunk channels, which form the core ‘ backbone’ from which farm
connections will be based, include:
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e automation of channel control structures

o strategic measurement of off-takes and outfalls on the backbone

 rationalizing and upgrading regulating structures and other structures as required
to avoid modernization costs and reduce ongoing operation and maintenance costs

e improving the standard of water supply service

e channel bank and bed remediation and lining where appropriate to generate water
savings and restore the integrity of the system

o automated structures controlled by centralized predictive software - Total Channel
Control® systems (TCC®). Thisin turn reduces system outfall and generates
water savings.

Data captured through TCC® and additional pondage testing is improving the quality of
the water balance, further informing NVIRP s investment decisions as works are better
targeted at recovering water losses and service enhancement. To determine the extent of
the existing channel system to be retained as the modernized backbone, a methodol ogy
has been developed that assesses a number of attributes relevant to the future of irrigation in
the region (see Figure 4). Theseinclude:

Channel capacity utilization as defined by Delivery Share

Land suitability for sustainable irrigation

Location of large water use businesses

L ocation of Prime Development Zones (PDZ) (i.e. those areas with good soils and
topography)

Reconfiguration program outcomes and targeted outcomes

o Consultation with Goulburn-Murray Water area operations staff

o Consultation with customer Water Service Committee and Modernization
Committee members.

The methodology recognizes that the concept of modernization affords the opportunity to
analyze future infrastructure requirements against tailored water supply services. In the
future, it is anticipated that water supply services will include gravity and pressure
irrigation (with various levels of command), domestic and stock supplies and, in a small
number of cases, no service (or removal of service). These services will most likely be
provided by ablend of public (modernized backbone) and private infrastructure but will
predominantly be private channels.

To ensure the objectives and principles of the NVIRP are met, it is hecessary to reduce
the extent of the backbone to cost effectively facilitate the desired outcomes of the
connections component of NVIRP and fit within the project budget.

Following examination of accumulated Delivery Shares along each channel within the
channel system, the channel cut off point using Delivery Sharesisto be applied to those
channels or sections of channel with greater than 20 ML/d" accumulated Delivery
Shares, which currently equates to the equivalent to about 2,000 ML /year usage (based
on the 270-day irrigation season).
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To facilitate the determination of the extent of backbone a generic procedure has been
developed and applied uniformly across the project footprint. This generic procedure is
shown in the figure below.
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Figure 5. NVIRP — Decision Tree for Determining the Extent of the Modernized
Backbone

To reduce the risk of redundancy, the modernized backbone needs to supply more than
one farm. Therefore, two large mixed farms were considered the smallest unit (to give the
same service across the region), which meant a required minimum channel capacity to
meet the needs in delivering approximately 2,000 ML of water entitlement per annum
(i.e. 20 ML/d Delivery Shares). There is a balance between extending the backbone
further and reducing the average distance farmers on spurs need to go to access the
backbone. Taking the backbone into small channels means the system can not deliver fit-
for purpose services such as water near-on-demand and constant flows during irrigation.

Delivery Shares provide an irrigator a claim to the channel capacity to have water
delivered to land in an Irrigation District and a share of the available water flow in a
delivery system. Delivery Shares are linked to land and stay with the property if the
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Water Shareistraded away. Delivery Share may be traded to other landowners supplied
from the same channel or to channel systems where capacity is available or relinquished.

To date approximately 2,900 km of the existing channel system has been defined as the
backbone. Irrigators on the spur channels not included within the backbone will be
targeted by the Connections Program which aims to remove public spur or distribution
channels (i.e. those channels not included in the new Backbone) and enable the Backbone
to be the prominent footprint in the GMID by:

e creating new direct connections to the backbone for those customers who are
currently connected to spur channels

e relocating water supply points from spurs to the backbone
e removing water usage from spur channels
e removing spur channels from the public supply system.
Historically, some 60 per cent of the length of the irrigation supply system was

comprised smaller spur channels. These generally provide alow level of service, and are
leaky and costly to maintain.

WATER

NVIRP Works
Version 6

,_
o
a
°

ooooooe 1

Figure 6. Backbone Channels

Connections Program

A key element of NVIRP is the Connections Program, which aims to generate in the
order of 200 GL of long term average annua water savings and contribute to the delivery
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of amodernized irrigation system. Thiswill be achieved by gaining landowner agreement
to rationalize channels, transfer water Delivery Shares to the main backbone channels and
reduce the number of service point connections to the backbone channel.

The main backbone channel comprises larger carrier and trunk channels, from which all
service connections are to be based. Rationalization refers to making the system more
efficient by concentrating connections on the backbone channels, instead of through a
wide network of obsolete spur channels and infrastructure. Rationalization is also
delivering a system that is affordable to customers.

Rationalizations are occurring to remove redundant infrastructure and create service
points focused on accessing the main backbone channel. The Connections Program
includes avoiding modernization costs by connecting properties to the backbone,
rationalizing infrastructure and replacing or upgrading meters along the backbone. By
connecting landowners to the backbone network of large modernized supply channels,
the program can:

e develop and maximize rationalization opportunities, thus creating a cost-effective
and affordable irrigation system through consideration of Whole of Life
(Operations & Maintenance) cost implications. Thisis described further in
Goulburn-Murray Water’s Impact of Modernization: Whole of Life Cost
Analysis” report

e develop an incentive based payment offer that meets both the objectives of

NVIRP and the landowner

maximize connections from the backbone to improve levels of service

help reach agreements for meter replacements on the backbone

facilitate ongoing farm improvements

generate water savings.

In essence, rationalization and connection opportunities involve the devel opment of
individual business cases and the offer of incentives to landowners through a negotiation
process. Agreements are devel oped that meet the landholder’ s objectives whilst reducing
the public irrigation supply network and associated costs to generate water savings.

Farm Irrigation Assessment (FIA) The FIA isacritical element of the Connections
Program, delivered by Farm Designers engaged by NVIRP. The FIA process provides a
fair assessment of on-farm connection costs, maximizes rationalization opportunities,
informs landowners of their options and provides them with time to plan for change and
make informed decisions.

The FIA processis aso amethodical process whereby the Farm Designers work their
way through a designated section of the channel system in away that addresses avoided
modernization opportunities that may exist and captures economies of scale and scope. It
also helps assess connection opportunities for every landholder along a section of the
channel system.

On-farm costs are incurred for any works that are required on-farm to reinstate the farm
water delivery system, or ensure it continues to be operational, as aresult of achangein
the supply system servicing the property. To be eligible for on-farm cost incentives, the
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works must be necessary as a direct result of a new connection to the backbone, to avoid
backbone modernization costs and/or the rationalization of spur channel infrastructure.

Incentives The objective of the incentive paymentsis to provide incentives to
landholders to agree to the rationalization of infrastructure, reduce administration and
internal audit costs, while ensuring afair and transparent process that encourages on-farm
investment, minimizes environmental risks and enhances regional development
opportunities.

In essence, NVIRP is purchasing water savings, which results in reduced irrigation

infrastructure and Whole of Life costs for the irrigation system whilst delivering on
broader modernization objectives. To encourage on-farm changes, a portion of the

incentive is withheld until all works have been completed as agreed.

Incentives are paid to individual landowners or groups of landownersto enable NVIRP to
achieve its objectives under the Connections Program. There are three types of incentives
available through NVIRP:

e Backbone Incentives - by rationalizing meter outlets and/or regulators on the
backbone, avoided modernization costs and water savings are generated. This also
reduces ongoing operation, maintenance and future renewal costs

e Connections Incentives - moving Delivery Share to the backbone results in water
savings being generated as water delivery is metered through an accurate water meter

e Rationalization - decommissioning infrastructure results in water savings being
generated and reduces ongoing operation, maintenance and future renewal costs.

Generally, a Connections Incentive involves the transfer of Delivery Share from an
existing service point to a new/modernized service point location on the modernized
backbone channel. This may also involve the privatization or rationalization of irrigation
assets, including channels, culverts, regulators and other structures. Incentives are
available for each kilometer (or part thereof) of channel removed (less direct project
costs). Theincentive packages are designed to encourage connections to the backbone as
the highest priority. A key point of the incentive package is that the value that can be
offered to alandholder is determined by the scale of the on-farm works required to re-
connect an irrigation supply, not the value of the water savings an individual business
case generates.

I mproved Metering of Supplies

Currently water is delivered to Goulburn-Murray Water customers through
approximately 24,500 discrete service points (or outlets). Approximately 65 per cent of
these service points are metered using Dethridge Wheel meters. Dethridge Wheel meters
have served the industry well over along period of time; however they will not meet the
new Australian National Metering Standards as with regard to field accuracy of +/-5 per
cent. Goulburn-Murray Water in-situ meter testing has shown the potential for one
Dethridge meter to deliver nearly 25 per cent more than the neighboring meter. Dethridge
wheels also have inherent Occupational Health and Safety issues and are prone to
tampering.
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Domestic and Stock small volume users account for 30% of all service points. The
NVIRP metering program aims to facilitate water management and accountability, detect
unauthorized use and improve water savings. The ability to accurately measure water will
also encourage improved on-farm water use efficiency and support improved off-farm
water supply system efficiency. As part of the NVIRP implementation all service points
on the backbone channels will be metered with accurate meters.

As part of itsimplementation process NVIRP will provide landowners with choicein
terms of their:

e number of service points

e service point location

o distribution of Delivery Shares between service points
e on-farm infrastructure size

e design flow rates

e typeof meter.

A number of service pointsinstalled over the last 50 plus years are no longer required due
to farm amal gamations and the nature of farming changes. Thistrend is expected to
accelerate. To minimize the cost of meter replacement and reduce the number of
replacement meters that will not be fully utilised in the longer term, NVIRP is putting
significant effort into service point rationalization/decommissioning. This effort is
supported by a strong meter related communication strategy and by providing financial
compensation and supporting the introduction of cost-reflective tariffs.

A large number of the new meters being installed have arange of enhancement features
including remote operation for larger outlets, which can influence the performance of
TCC® and remote read for smaller outlets. Domestic, stock and other very small outlets
will remain local read only. The level of enhancement is largely based on the impact the
service point/outlet may have on service levels of other customers and the operation of
the system delivery channels. The remote operate and remote read outlets also have the
capacity to build in additional features such as automation of on-farm systems and
irrigation scheduling technologies.

WATER SAVINGS

Water savings are being systematically generated as the project isrolled out. These
savings are a combination of fixed and variable elements, with the variable elements
largely linked to annual water right allocations. Installation of TCC® is reducing outfall
losses. Targeted channel lining is reducing both seepage and leakage losses. The
Connections Program with the rationalization of entire channels and related structuresis
generating arange of savings including removing evaporation losses. Installing new
service points with new meters that have no systematic measurement bias will create high
durability water savings due to improved meter accuracy and improved engineering
standards on gate seals and concrete cutoffs, which will reduce supply point leakage.
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Figure 7. GMID Channel System deliveries and losses (1994/95 to 2007/08)

Water savings are effectively being generated by reducing system operating losses.
Figure 7 highlights that whilst water deliveries have varied significantly over the past 15
years, system operation losses have been relatively stable. This is notwithstanding the last
few years, where in response to drought some channels have not been operated at all
while other have operated below design operating level in efforts to maximize what water
isavailable.

The water savings generated will be independently audited at the end of theirrigation
season in May. These savings will be shared with urban usersin Melbourne, system
irrigators and to benefit environmentally impacted wetlands and waterways. However,
the Victorian Government’ s stance to take water saved from north of the State to the
south has evoked a similar emotional outcry as has been seen in California.

Figure 8 below provides an overview of the annual water allocation process whereby
system operating losses must be covered before customers can receive any allocation
towards their water entitlement rights. By reducing system operating losses customers
(including the environment) will receive more water earlier in the irrigation season than
is currently the case.
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Figure 8. Delivering more water sooner through modernization
LRWS = Low Reliability Water Share, HRWS = High Reliability Water Share

SYNERGIESBETWEEN WATER PURCHASE AND INFRASTRUCTURE
MODERNIZATION INVESTMENT

The Commonwealth Government’ s Department of Environment, Water, Heritage and the
Arts (DEWHA) isresponsible for administering the Commonwealth’ s water rights or
entitlements purchase/buyback scheme under its $3.1 billion (AUS) program, Restoring
the Balance in the Murray-Darling Basin. Water entitlements [acquired under this
program] will be used to protect or restore environmental assets such as wetlands and
streams”". This activity generally uses an open tender process as the principal mechanism
of purchasing water entitlements. The very scale of purchasesis creating significant
distortions in the water market. Thisis evidenced by the average purchase price being
paid by DEWHA against prices being paid in areas that do not have access with aprice
differential of approximately $500 AUS/ML of entitlement.

As at September 2009 DEWHA'’ s market activity commands 58 per cent of the total trade
and up to 77 per cent in one key sector. Thisisliable to distort the market, particularly
when that major purchaser is not driven by commercial pressuresto validate a market
value by reference to economic criteria—i.e. the ability to generate future revenue from
irrigation from the use of that resource. The Victorian Government has had in place for
some time afour per cent trading cap on the permanent sale of water entitlements out of
irrigation areas. Whilst recognizing the importance of water trading markets, the capacity
for communities to adapt to changing water environments was seen as critical.

Untar geted Buyback

Implementation of Buyback as a stand-alone untargeted program by itself has the
potential to generate the following outputs and outcomes:

e aSwiss-cheese effect, with a scattering of de-watered properties across the
landscape with no linkage to a coherent regional plan for future optimal land-use
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e anincreasein the cost of future infrastructure reconfiguration as the remaining

irrigation properties are located randomly across the region

e undermining of the value of the investment in modernized infrastructure when

water is purchased directly from the new automated backbone

e higher unit costs for the remaining water users

e reduction in productivity where water is taken from highly productive soils

ideally suited to irrigation with low environmental impacts, while leaving other
less-desirable areas still heavily irrigated

e eroded community confidence in the process, who see little coherence or

commitment to the bigger picture and longer term viability of the region.

Targeted Buyback

By contrast targeted purchase of water entitlement, combined with investment in
infrastructure reconfiguration has the potential to generate significant synergies and
support NVIRP swider objectives. Thistargeting could yield the following outcomes:

areduction in demand on legacy spur channels. A Buyback target of 300GL would
represent some 50% of the remaining water share located within spur channels

buyback of water from spur channels helps promote system rationalization and will
generate consequential water savings from closure of redundant channels and
removal of older meters that under-record

reduction in the costs of future connections. Where the water buyback is sourced
from properties that are distant from the backbone this helps lower the average cost
of new connections, as it reduces the number of high-cost, distant locations

increased productivity on average across theirrigation district. Where the water is
sourced from lower productivity areas and smaller properties Buyback helps promote
overall productivity gains, as more of the water used on larger properties able to
generate higher returns on better soils

reduced environmental impacts. Where the water is sourced from areas with high
environmental impact from salinity, then the purchase will help promote the
sustainable future of the supply system by reducing demand in higher risk areas and
increasing associated eco-system services

greater socia cohesion. Communities are willing to support water trading and
buyback where they can see that it forms part of a coherent plan that takes account of
associated implications for the economy, the environment and society.

For these synergies to be realized it will be important to target the application of Buyback
to those locations that will yield multiple benefits.
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Supporting Evidence from Commonwealth Scientific and Industrial Resear ch
Organization (CSIRO)

Research by CSIRO confirms that integration of government water purchaseswitha
wider reconfiguration exercise through * spatial targeting’ generates significant benefits.”

With targeted buyback and land reconfiguration in just one of the six irrigation areas
(Torrumbarry Irrigation Area) of the GMID, the value of ecosystem services was
increased by up to $463.7M (AUS) against the base case through the generation of:

e 61GL of water for environmental flows

e sequestration of 10.6M tones of CO.e/yr through reforestation

e 13 EC reduction on river salinity

o 24% increase in the value of agriculture production

Without a targeted approach to planning, the 20 per cent reduction in water for irrigation
could result in aloss of $68.7M (AUS).

Agreement between the Commonwealth and State Gover nments

Under a new agreement between the Victorian State Government and the Australian
Commonwealth Government it is proposed that some 460 GL could be purchased from
the GMID through the Buyback program over afive year period. That is equivaent to
25% of the total available entitlement.

At the core of the cooperative model adopted by the State and Commonwealth
Governments is the intent to maximize synergies between the program areas of both
Governments such that:

e value for money investments are made in modernized irrigation infrastructure

e communities are provided time and resources to adapt to a changed water
environment

e communities and industries are left more resilient to the impact of climate change.

As aresult of the Water for the Environment Agreement between the Commonwealth and
Victorian Governments, the Northern Victoria lrrigation Renewal Project (NVIRP) in
conjunction with other stakeholders has established exemption criteriato allow
permanent trade out of irrigation areas to the Commonwealth Government, irrespective of
the 4 per cent Trading Cap. These criteria have at their core four elements.

Complements the NVIRP Modernization Program — results in a reductionin the public
irrigation footprint (rationalizes assets and drives down the whole-of-life costs), generates
water savings, improves the water delivery service and increases the affordability and
security of irrigation for those that wish to remain in the industry into the future.

Generates sound land and water management outcomes - complements Land and Water
Management Plans, generates beneficial environmental outcomes, and promotes sound
irrigation practices.
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Isfair, transparent, and open — provides the irrigation community with the relevant
information and the ability to seek support and advice prior to applying for an exemption
and subsequent sale of water share to the Commonwealth.

Provides flexibility- provides the ability to adjust as circumstances change or key
objective are achieved, and offers an avenue for al irrigation customers to participate if
required.

Assessment Criteriainclude;

Irrigation suitability Using soil type, salinity, environmental considerations,
active floodplain, drainage provision, and salinity
impacts to determine areas of the GMID that are
unsuitable for irrigation.

Rural Land Use Areas where land use change is occurring e.g. urban
Change expansion.
Distance from Distance from the modernized backbone channel

network is a key consideration in ensuring ongoing
Backbone affordability of irrigation into the future.

SUMMARY

The integration and scheduling of the NVIRP program of worksis assisting to inform
ongoing infrastructure investment decisions as aresult of an improved understanding of
the system’ s water balance.

The Connections Program is playing an important role in hel ping secure the future of the
GMID by generating water savings as part of the Northern Victoria Irrigation Renewal
Project and delivering on core modernization objectives including:

e Strengthening the long term viability of the backbone channel system

e Improving on-farm irrigation systems leading to increased productivity

e Reducing Whole of Life costs of theirrigation system through rationalization of
redundant assets and ensuring the affordability of the modernized system

e Encouraging further regional development and on-farm investment.

It is apparent from the landholder participation rate that the Connection Program is
attractive. Thisis further supported by the fact that less than two per cent of offers have
been rejected.

Investment in modernization is delivering more water sooner to both water users and the
environment and is assisting manage the impacts of climate change. A targeted approach
to water Buyback will provide a better value for money investment. It will aso provide
enhanced environmental and social outcomes which support more resilient and enduring
communities. Whilst buyback is a necessary part of the Murray Darling Basin reforms,
investment in infrastructure which reduces system losses increases water available for
consumptive purposes and the environment.
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The joint funding arrangements facilitate the sharing of benefits across a generational
project.

It is probable that the approach taken in Victoria Australia for the modernization of
irrigation assets has applications el sewhere around the world with a purpose built entity
able to draw together funding sources, engage with communities and key Government
and other stakeholders.

END NOTES
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COACHELLA CANAL LINING PROJECT: COST EFFECTIVE
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ABSTRACT

The Coachella Canal Lining Project (CCLP), completed in 2007, is conserving over
26,000 AF of water per year. The project assists Californiain meeting its water needs
while staying within its entitlement of Colorado River water of 4.4 million AFY and
achieving water usage goals established under the Quantification Settlement Agreement.
The project also provides water to settle along standing water rights issue on the San
Luis Rey River in California. To date, the total cost of the project is approximately $120
million including design, construction, environmental mitigation, and supervision and
administration. Funding was provided by the California Department of Water Resources
in the amount of $83.65 million, with the San Diego County Water Authority responsible
for the remaining costs.

The Bureau of Reclamation completed construction of the Coachella Canal in 1948. The
canal is operated and maintained by Coachella Valley Water District (CVWD). CVWD
administered the design, construction, and environmental aspects of the CCLP. The
project was designed and constructed in accordance with Reclamation standards and
administered by the CCL P Coordinating Committee composed of CVWD, SDCWA, and
amutually agreed chairman with participation by Reclamation, the San Luis Rey
Settlement parties, and other interested parties.

The CCLP lined approximately 36.5 miles or about one-third, of the 123 mile canal. The
northern 38 miles of the canal was lined in 1948 during original construction and the
southern 49 miles of the canal was lined in 1981 by the Bureau of Reclamation. The
project was originally envisioned to consist of lining the existing canal section, however,
following the 60 percent design review, the project was revised to construct a new
adjacent parallel canal at significant cost savings. The project involved 5.7 million cy of
excavation, 1.3 million sq yds of 3-inch thick concrete paving, construction of 25, 10.5
by 10.5-foot double barrel inverted siphons, six new check structures, over 60 miles of
deer fence and 56 wild game drinkers.

! Engineering Manager for Irrigation, Storm Water and Electrical, Coachella Valley Water District, P.O.
Box 1058, Coachella, CA 92236; dcharlton@cvwd.org

2 President, Dahl Consultants, Inc., 157 Parkshore Drive, Folsom, CA 95630; wdahl @dahlconsultants.com

3Vice President, R.W. Beck, San Diego, CA; cdull @rwbeck.com

* Consultant, 1740 Burnside Way, Stockton, CA 95207; kensteel e@sbcglobal .com (Engineering Manager,
retired, San Diego County Water Authority)

171



172 USCID Water Management Conference

Siphon undercrossings and check stnuctires
are an Mmport

Coachella Canal Lining ; epe
Location Map T S,

Canal Lining Project 4 Siphon P oints ‘ | }-L T =

1 2 4 [ 8 { 1 t t oy

HISTORICAL PERSPECTIVE

Located partially in Imperial County and partialy in Riverside County, California, the
Coachella Canal is situated between the Salton Sea and the Chocolate M ountain range.
The canal headworks consist of a turnout on the All-American Canal located near the
Mexico border, with the canal extending northwest 123 miles to the CoachellaValley.
The Coachella Canal conveys Colorado River water to cities and agriculture north of the
Salton Sea, within the lower CoachellaValley.
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The Coachella Canal branches off the All-American Canal and extends 123 miles northevest.

The All-American and Coachella canals were authorized for construction by the Boulder
Canyon Project Act of 1929. Although excavation for the Coachella Canal started in
1938, final construction was not complete until 1948 due to delays resulting from World
War 11. Only the last 38 miles of the canal were concrete-lined during the original
construction.

Starting in the 1960s, several significant system improvements were made to the
Coachella Canal including (1) installation of a supervisory remote control and
telemetering system to operate the canal and distribution system; (2) construction of a
regulating reservoir (Lake Cahuilla) at the terminus of the canal; (3) construction of two
flood control dikes; (4) addition of 10 traveling de-mossing screens; and (5) construction
of anew check gate and rehabilitation of an existing check gate. In the 1980s, the first 49
miles of the Coachella Canal were concrete-lined, leaving about 36.5 miles of the canal
unlined.

The recent Coachella Canal Lining Project (CCLP) was developed as a water
conservation action to comply with provisions contained in the 2003 Quantification
Settlement Agreement (QSA). This historic agreement consensually settles longstanding
disputes regarding priority use and transfer of Colorado River water. A QSA-related
agreement, the Allocation Agreement, was entered into by the U.S. Bureau of
Reclamation (USBR), Metropolitan Water District of Southern California, Coachella
Valley Water District (CVWD), Imperial Irrigation District (11D), San Diego County
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Water Authority (SDCWA), the San Luis Rey Indian parties, the City of Escondido, and
the Vistalrrigation District. In addition to other objectives, the Allocation Agreement
identifies the quantity of water to be conserved by lining the remaining portion of the
Coachella Canal, and names the California Department of Water Resources (DWR) as
the source of funding for the project.

The CCLP consisted of constructing approximately 36.5 miles of concrete-lined canal
adjacent to the existing canal, which included 25 inverted siphon undercrossings (to
convey rainfall runoff flows from the Chocolate Mountains accross the canal), one
railroad crossing, six check structures, and a variety of consequential environmental
mitigation measures.

In addition to the numerous construction components of the project listed below, at least
five innovative and unique construction methods (discussed in alater section) were
developed and employed during the project. The methods included using (1) contractor-
designed and fabricated traveling forms; (2) amobile sprinkler coined the “ Dust-Abator”;
(3) drain tile and sump system for dewatering; (4) avery large excavator; and (5) a
multiple unit paving train.

Canal construction was complex and incorporated many components included clearing
and grubbing, dust abatement, constructing a sediment control weir, pre-wetting canal
and spoil excavation, compacting embankments, trimming earth foundation, placing
concrete, installing safety ladders, constructing canal contraction joints, installing a road
drain pipe, and replacing various existing pipelines. Canal construction also included
reinforced concrete broad-crested weir flow measuring structures and canal tie-ins.

An important aspect of the project was construction of the siphon undercrossings and
check structures, which included reinforced concrete transition structures, earthwork,
roadways, riprap, sheet piling, safety cable and floats, metalwork and chain link fencing.
Construction of check structures also included control buildings, stilling wells,
commercialy designed radia gates, complete with appurtenances, electrical and
instrumentation.

Environmental mitigation was and continues to be important to the success of the project.
Several environmental groups were formed with agency representatives to collaborate on
solutions to unique environmental concerns. Environmental mitigation encompassed
cultural resource surveys, construction monitoring, mitigation for aquatic and riparian
habitat, desert riparian habitat, tree replacement, fishery mitigation, and large mammal
monitoring and mitigation measures which included wildlife fencing and watering ponds
located outside fenced areas to provide wildlife access to water.

Construction of the CCLP proved to be environmentally challenging. Mitigation
measures included development of a 17-acre marsh; maintenance of Dos Palmas core
marsh/aquatic habitat; 325.5 acres of desert riparian habitat; desert riparian re-vegetation;
2:1 tree replacement; animal fencing/drinking troughs; construction of a stocked fish
pond; and an endowment for the long-term maintenance of mitigation land.
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Through exceptional cooperation and resourcefulness among the project partners, the
CCLP was built on schedule, within budget constraints, and with an extraordinary safety
record. The CCLP included the proficient collaboration of multiple coordinating
committees, consistent construction team meetings, oversight by project partners, and
environmental management and stewardship to bring about a successful project.

PROJECT DESCRIPTION

The following table presents a comprehensive listing of project statistics.

PROJECT STATISTICSOF INTEREST

= 26,000 afy of conserved water = 525 human safety ladders
= 35 miles of concrete-lined canal : 325.‘5 acres of desert riparian
habitat developed
= 25 inverted siphon undercrossings totaling = 875 acres private land for
approximately 1.6 miles in length habitat

= 6 check structures, including gates and control

buildings; solar power in 2008 " 17-acre created marsh

. 1,400

linear feet of pipe overcrossing

1 fish pond stocked with fish

1.3 million square yards of concrete for 3-inch

3,500 linear feet of tortoise

thick canal lining fencing
37,000 cubic yards of concrete for siphons and 65,000 linear feet of chain link
check structures fencing

= 138,500 linear feet of woven-
wire wildlife/large mammal
fencing; additional fencing
between Siphons 7 and 21 in
2008

= 5.7 million cubic yards of dirt excavated

= 42 large mammal permanent
watering ponds; 14 additional in
2008

= 385 million gallons of water for dust control

= Approximately 260 acres of clearing and

grubbing = 3,000 large trees

The crowning achievement of the completed CCLP is an average annual conserved water
savings of over 26,000 acre-feet. This conserved water, by an agreement between
SDCWA and the Metropolitan Water District of Southern California, is conveyed
through the Colorado River Aqueduct to the city of San Diego and the SLR Settlement
Parties for urban use. Additionally, the CCL P advances the economic stability of the
collective regions by meeting the goals of the water transfer requirements. During
construction, it was imperative to continue water flowing in the canals so that the
deliveries to the Coachella Valley agricultural community would not be interrupted.
Unique construction of the parallel canal with tie-ins accomplished this requirement.
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Economic Feasibility and Budget Perfor mance

In 1998, SB 1765 authorized $235 million for implementing the QSA. Of this amount,
$200 million was appropriated for the two canal lining projects: the CCLP and the All-
American Canal Lining Project. Of this total, $83.65 million was provided for the CCLP.
With atotal CCLP cost of approximately $120 million, the SDCWA provided about $36
million toward the cost of the project. Total yield of conserved water from the CCLPis
estimated at 30,850 acre-feet per year (afy). Of thistotal, 4,850 afy is allocated for
environmental mitigation water; 21,500 afy to SDCWA; and 4,500 to the SLR Parties.
The agreement provides that in any year of the 110-year term if mitigation water or any
portion of it is not used, the balance of that water isto go to SDCWA. SDCWA has
purchased and developed a parcel of land in the project areathat generates groundwater
that can also be used to supplement environmental mitigation water. Based on findings to
date, it is estimated that 2,500 afy of groundwater will be produced and used for
environmental mitigation. Based on this straightforward analysis, the cost to SDCWA per
acre-foot of conserved water is highly competitive with other water supply opportunities.
Further, the CCLP provides along-term reliable water supply, particularly when the
reliability of State Water Project water isin question, and contributes in meeting the
SDCWA water supply diversification targets. The following factors were considered by
SDCWA when accepting responsibility for the implementation of the CCLP and the
benefits received from the additional water supply:

Supply Reliability. Thereis no other readily available water supply that possesses the
priority level, comparative low cost, amount and the duration of water supply resulting
from the canal lining projects, CCLP and AACLP.

Narrowing the Water Reliability Gap. The acquisition of additional water supply from the
CCLP isconsistent with SDCWA goals to enhance water supply diversification and
reliability, creating less dependence on more costly, and sometimes unavailable, MWD
imported water.

More Economical than Other Supply and Reliability Options. SDCWA is committed to
increasing water reliability through a multifaceted approach, including infrastructure
improvements, water transfers, and local development. Each of these measures comes
with acost. The CCLP was a cost-competitive opportunity to acquire at least 21,500 acre
feet of additional firm water suppliesfor 110 years. The marginal cost of the CCLP
compares favorably to other water transfers and supply options. Additionally, the supply
risks have been shown to be significantly lower than other options.
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Original Budget $99.63 million
Revised Budget $119.70 million
Over/Under Budget $20.07 million

Contract Breakdown:

Design $2,500,000
Construction $88,306,000
Construction Management $3,950,000
Environmental Services/Permitting $4,890,000
Environmental Mitigation/Land Acquisition $12,046,410
Various Environmental Mitigation Contracts $808,600
Agency Project Costs $7,199,000

Sources of Funding:

DWR (70%): $83.65 million
SDCWA (30%): $36.05 million
Approximate Capital Value $88.3 million

Unprecedented State Funding for Water Supply Project. Through the QSA, the State of
California provided $83.65 million toward awater supply capital improvement project.
Never before have the project partners been presented with such afunding opportunity.
Additionally, CVWD benefits from a new canal with modern technology and function,
providing for efficient operations and maintenance. Additionally, CVWD will receive
reimbursement by SDCWA for 110 years for the cost to operate and maintain the CCLP
portion of the canal above the agreed 10-year average of costs for operations and
maintenance prior to lining of the canal. Finally, as owner of the canal, the USBR
receives 36.5 miles of new canal and afully lined Coachella Canal, completing what
began in the 1980s with lining of the first 49 miles. The QSA and the CCLP will have a
profound and lasting effect on the San Diego and Coachella VValley regions for
generations to come. The CCLP was constructed based on sound economic feasibility
with the vision of the future and appreciation for the long-term beneficial impacts on
future generations.

PROJECT SCHEDULE

Notice to Proceed: October 4, 2004
Ribbon Cutting Ceremony:  November 2006
Project Completion: April 2007

Notice of Completion Filed: September 7, 2007 (with Riverside County)
September 10, 2007 (with Imperial County)
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PROJECT TEAM, MANAGEMENT STRUCTURE AND ADMINISTRATION

Project Ownex
U.S. Department of the Interior, Bureau of Reclamation

Pr oject Operation and M aintenance
CoachellaVValley Water District

Project Partners

Coachella Valley Water District — Responsible for all contracting for services and
overall management of the design and construction of the project.

San Diego County Water Authority — Responsible for eligible project costs beyond the
DWR-funded amount. Provided essential project oversight and due diligence review of
construction, property acquisition, and environmental mitigation activities.

US Bureau of Reclamation — Reclamation is the project owner and had a vested interest
in partnering for the success of the project. Reclamation participated in review of project
design and construction, provided additional QA/QC of project construction.

California Department of Water Resources — Contributed $83.65 million to fund the
project.
Advisors

= Cdifornia Department of Fish and Game (DFG)

= U.S. Bureau of Land Management (BLM)

= U.S. Fish and Wildlife Service (FWS)
= San LuisRey Indian Parties (SLR Parties)
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Project Designer /Construction M anager

MWH/GEI Consultants, Inc. team provided design, construction support and construction
management Services.

Environmental Coordination

Harvey Consulting Group, LLC coordinated the overall environmental effort for the
project, and provided assistance with environmental permitting, development of
conservation plans and environmental documents, including estimating mitigation costs
for approximately seven different mitigation efforts.

AMEC Earth and Environmental, Inc. provided permitting assistance, mitigation
measures identification, field survey, CEQA assistance, and general environmental
Services.

ASM Affiliates, Inc. provided services for the preparation of the cultural resources and
historical context report.

Project Constr uctor

R & L Brosamer, Inc.

Special Consultant to San Diego County Water Authority

R.W. Beck, Inc. provided project management, engineering support and construction
support through due diligence review of construction, property acquisition, and
environmental mitigation activities.

Coordinating Committees

A key factor in the success of the CCLP was the strong coordination and collaboration
among the project partners through the establishment of a Coordinating Committee and
an Operations, Maintenance, and Repair (OM&R) Coordinating Committee. These
committees were instrumental in moving the project forward on schedule in an organized
approach.

Coordinating Committee. The Coordinating Committee was established by means of an
agreement among the USBR, CVWD, and SDCWA. The Coordinating Committee serves
to secure effective cooperation and interchange of information and provide consultations,
reviews, recommendations, approvals on a prompt and orderly basis, and to make
recommendations to the USBR.

The Coordinating Committee includes three voting members, one each appointed by

CVWD and SDCWA, and the third member jointly appointed by the two agencies. Non-
voting membersinclude USBR, IID, Palo Verde Irrigation District (PVID), SLR Parties,
and DWR. The SLR Parties and DWR also are advisory to provide viewpoints regarding
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specific matters. Reclamation is an advisory member for technical information to assist in
making recommendations to USBR.

The Coordinating Committee met monthly to review and make recommendations on
matters relating to the design and construction of the CCLP. Thisincludes design and
construction, documentation, schedules, water capacity in the Coachella Canal, and
remedial measures for public health and safety. The Committee continues to meet bi-
monthly to discuss and address ongoing work activities related to environmental
mitigation.

Operations, Maintenance, and Repair (OM& R) Coordinating Committee. The OM&R
Coordinating Committee, required by the Allocation Agreement, was formed to secure
“prompt, orderly and effective cooperation and exchange of information and providing
consultation, review, recommendation, and/or approval among the partiesin connection
with additional costs of operation, maintenance, and repairs of the...Coachella Canal.”

Committee members include representatives from CVWD, SDCWA, 1ID, and SLR
Parties. The Committee meets monthly to review operations and maintenance activities
and scheduling, environmental activities, and overall project expenses, work elements,
and invoice approval.

Environmental Groups

The CCLP environmental groups provide essential and technical knowledge on environmental
issues of the project related to environmenta mitigation. These groups are advisory to the
Coordinating and OM&R Committees.

Biological Working Group. The Biological Working Group includes CVWD, SDCWA,
USBR, DFG, FWS, BLM, and CNLM (Center for Natural Land Management). This
group provides coordination with and technical environmental advice to of the CCLP
mitigation effort asit affects land and habitat management activities within the larger Dos
Palmas Area of Critical Concern.

Environmental Management Group. The Environmental Management Group includes
representatives from each of the project partners. This group tracks and evaluates
mitigation requirements and provides recommendations to the Coordinating
Committees for initiating and funding mitigation efforts, including large mammal
management, desert riparian re-vegetation restoration, marsh creation, and offsite
fishery enhancement.

TEAMWORK IN DESIGN

The Preferred Alternative included in FEIS/EIR consisted of lining the existing canal
using multiple pipe barrels and movable pumping stations to divert and convey the
required 600 cfs to maintain canal deliveries. It was determined early in the design phase
that the EIS-listed Preferred Alternative could not be constructed within the time and
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funding limits of the project. The estimated cost would be about $30 million above
budget and as much as two years past the required completion date.

Developing an alternative concept for design of the CCLP was complicated due to a
significant number of varied conditions that had to be met, along with funding and
schedule constraints. The following summarizes these conditions.

e The project had to be completed without interruption to CVWD deliveriesto
itsvalley growers. A minimum 600 cfs capacity had to be available for these
deliveries at al times.

e The CCLP traverses the base of the Chocolate Mountains. Rainfall runoff
from the uphill watershed is trained to pass the canal in 25 washes that cross
the canal within the project area. These washes can have relatively large,
flashing, and unpredictable flows. If the existing canal wereto be lined as
originally planned, canal diversionsto maintain the 600 cfs deliveries
described above would cross and block the washes leaving arelatively high
risk for interruption to irrigation deliveriesif and when the washes flowed.
Thisrisk condition had to be considered in the design.

e Commitments made in the EISEIR, including:

o Inorder to minimize environmental impacts, no additional rights of
way would be acquired.

o Provide features for large mammal escapes consisting of
constructing canal ridges in the new canal side slopes.

e Concepts other than the Preferred Alternative could require amendment to the
FEIS'EIR which might delay the project.

e A completion date was set to satisfy concerns of the other Colorado River
Basin states that Californiawas indeed working to meet its commitment to
reduce its use of Colorado River water to the limits of its allocation.

e The DWR provided the majority of the funding (70%) for the project. The
attempt to keep the project within the DWR funding limits was a significant
driver in the design concepts and related decision making.

After much consideration and study, an alternative was developed for lining the existing
canal by constructing a bypass canal for diversion of the 600 cfs canal deliveries. The
Bypass Alternative essentially substituted atemporary canal for the pipeline and pump
station concept included in the FEIS/EIR - Preferred Alternative. This alternative would
fit within the funding available for the project and was devel oped to nearly 100 percent
completion. It would involve constructing the bypass channel across the washes which at
first was considered an acceptable risk for the project. However, as the design



182 USCID Water Management Conference

progressed, thisrisk of failure to maintain areliable delivery capability to CVWD during
and immediately after a desert rainfall event became more and more of a concern.

Old Spoilbank Portion of O&M Road Original
Removed during Caonstructed in Existing Ground
Constructicn Canal during Canstruction
New Parallel Existing
) . Canal Canal pere .

The selected alternative used excess excavation material to create a suffiently-wide O&M road by
encroaching on the old canal, thus lowering hauling costs.

Asthe design of the Bypass Alternative was underway, a new parallel cana concept
emerged that would become the only concept that would meet all of the constraints and
criteriaand ultimately be implemented into the project design. Based on preliminary
estimates, the cost to construct an entirely new parallel canal including new siphons
would be approximately the same as the estimated cost for the Bypass design. The
existing double box siphons are over 60 years old. The concrete headwalls of a number
of the siphon transition structures showed signs of deterioration. From inspection and
testing of the concrete it was determined that the deterioration was from carbonation and
on many structures the face of the concrete had actually split away from the reinforcing.

Asit turned out, the decision to avoid risk at the wash crossings was an exceptional one.
The year 2005 was avery wet hydrologic year with over 2.5 times the normal rainfall at
the project site. The washes had very heavy flows a number of times. During
construction of the CCLP, it was discovered in some areas along the alignment that this
wet cycle had resulted in increased groundwater levels than what was originally found
during the design phase.

Implementation of the new parallel canal concept required a number of innovative,
perhaps unorthodox, design and construction elements. Also, as the design of the parallel
canal was underway, additional boring logs were taken along the new centerline. High
groundwater was discovered in the areas of Siphons 9, 10, and 18.

In order to design and construct a parallel cana within the existing right-of-way and meet
all of the conditions set forth above, the following design elements were required:

e Thenew cana was designed to be exactly parallel and offset from the existing
canal. In some areas there was not enough existing right-of-way to construct
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the new canal without constructing a portion of the O& M road in the existing
canal while under operation.

In order to reduce costs for hauling excess excavated material, the design
allowed the contractor to deposit the material in the existing canal while under
operation.

To prevent transport of suspended sediment into the CVWD service areafrom
the two above described operations, arock weir was constructed at the
downstream end of the existing canal to form a 10-mile-long sediment control
pond.

Asthe design progressed, an idea was devel oped to extend the project
upstream into the end of the first 49 miles of lining that was completed in the
1980s by removing the Parshall flume that was part of the lining project. The
Parshall flume operated with a four foot drop in water surface across the
structure.

By eliminating the flume, the invert of the new cana was raised four feet.
This change resulted in a significant reduction in required excavation and a
reduction in dewatering concerns. It aso reduced the overall width of the new
canal section for a better fit in the existing right-of-way.

To replace the measurement function of the Parshall flume, along-throated
flume was constructed in the new canal. Thistype of flow measurement
structure can function within acceptable accuracy with only 0.60 feet of
differential head across the structure.

During design, the canal ridges required (for large mammal access and egress) in the
original EIS were determined to be incompatible with canal lining without having aPVC
liner beneath the concrete canal lining. Construction of the ridges would not be
conducive to modern production lining operations, and the cost would be prohibitive. To
meet the EIS obligation for large mammal protection, the EIS was amended to include
wildlife fencing and ponds to provide access to water for deer and other large mammals.

TEAMWORK IN CONSTRUCTION

The construction contractor, R& L Brosamer, Inc., used avariety of innovative methods
and equipment for completing construction of the CCLP. These methods and equipment
are listed below.

Design/Fabrication of Traveling Forms. The contractor designed and
fabricated its own traveling forms for construction of the 1.6 miles of double
10.5' x10.5’ box siphons for the project. The traveling forms used hydraulic
cylinders that caused the top of the form and the sides to collapse and fold in
during stripping. This made it possible to strip, move forward, and be in place
for the next placement in a matter hours
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e “Dust Abator”: The contractor developed a piece of equipment that was
coined the “Dust Abator” that consisted of large pump suspended from the
boom of arubber-tired mobile crane and fire nozzle to spray water over the
work areafor dust control.

e Drain Tileand Sump System for Dewatering: The contractor employed a
drain tile and sump system for dewatering the canal. Their dewatering
subcontractor used a specially designed trenching machine to insert the drain
tile and peagravel pack in theinvert of the canal in the same operation. The
work could be accomplished even with water in the invert of the canal.

e Hitachi 1900 Excavator: Due to the nature of the excavation for this project,
alarge portion of the work was accomplished with excavators. The contractor
purchased a new Hitachi 1900 that was shipped from Japan for thiswork. The
excavator had a 2000 cy/hr production rating.

e High-Production Paving Train: The contractor’s canal lining paving train
included a trimmer, paver, joint inserter, finishing jumbo, and curing jumbo,
which reached production rates of nearly %2 mile per day. Thejoint inserters
inserted PV C water stop at 12’ centers longitudinally along the canal and
transverse to the canal.

CONCLUSION

The Coachella Canal Lining Project (CCLP) is a substantial accomplishment in meeting a
goal of the 2003 Quantification Settlement Agreement to conserve Colorado River water
for beneficial use. The CCLP represents a significant and timely achievement in the
history of the Coachellaand Imperial Valleys, and the San Diego and Imperial Valley
regions. The CCL P advances the economic stability and contributes to the well being of
the regions by meeting the goals of the water transfer requirements by conserving 26,000
acre-feet per year of water to be transferred to San Diego County for urban use

Notably, the CCLP overcame challenges of keeping water flowing in the canals during
construction by innovatively designing and building a parallel canal adjacent to the old
canal in the same 200 foot-wide right-of-way. The two canals, from centerline to
centerline, are only 80 t0100 feet apart.
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ABSTRACT

The All-American Canal Lining Project (AACLP) isone of the largest water
conservation effortsin the United States saving 67,700 acre-feet of Colorado River water
per year. Thisconserved water assists Californiain remaining within its Compact
allocation of Colorado River Water without jeopardizing its agricultural or urban
economies. It also contributes to the settlement of along-standing San Luis Rey River
water rights dispute in Southern California. Total project costs are projected to be over
$300 million including design, construction, environmental mitigation, supervision,
administration and litigation costs.

The United States Bureau of Reclamation (Reclamation) completed construction of the
unlined All-American Canal (AAC) in 1942. This 83-mile-long canal is operated and
maintained by the Imperial Irrigation District (I11D). Asthe largest irrigation district in the
United States, with atotal service territory encompassing nearly 1.1 million acres, 11D
supplies approximately 3.1 MAF of water per year to over 500,000 acres of highly
productive agriculture farmland and nine communities. I1D is the lead agency for the
AACLP being responsible for project management, design, construction, and
environmental compliance. Project funding is provided by the California Department of
Water Resources (DWR) and the San Diego County Water Authority (SDCWA). Asa
result of this conservation, SDCWA will receive 56,200 acre-feet per year and the San
Luis Rey Settlement Parties (SLRSP) 11,500 acre-feet. A Project Coordinating
Committee (PCC) was established to provide project oversight, facilitate project decision
making and provide a mechanism for structured communication among the participating
entities and interested parties.
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HISTORICAL PERSPECTIVE

Authorized and constructed pursuant to the Boulder Canyon Project Act, construction of
the 83-mile long All-American Canal (AAC) began in 1934 with the first irrigation water
being delivered in 1940. The AAC is operated and maintained by the Imperial Irrigation
Digtrict (11D) under contract with the United States Bureau of Reclamation
(Reclamation). A 23-mile-long segment of the canal, delineated in Figure 1, was
excavated primarily in sand which resulted in relatively high seepage rates through this
section of the canal. Because of this high water |oss, this segment was selected for lining
and formed the basis of the project.

The All-American (Canal

Length: 82 miles
falton Sea Width: 200 to 150 feet
Depeh: 20 to T feet
Total Drop: 175 feet
Cost: $25,020,000
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Figure 1. All American Canal Lining Project

The concept of lining the AAC was studied many times over the past 30 years asthis
project was seen as ameans to help Californialive within its 4.4 million acre-foot
Colorado River alocation. As such, the current project was originally conceived and |ater
developed by, 11D and the Metropolitan Water District of Southern California (MWDSC)
in coordination with Reclamation. Planning studies were completed in the 1990’ s and
Federal and California environmental documents were certified on June 28, 2002. The
State of California (California) provided funding for the project based on project scope
and cost estimates provided by MWDSC and Reclamation. MWDSC would be required
to provide funds to complete the project if State funds were insufficient. Assuch, this
project isincluded as a strategic element of the Quantification Settlement Agreement
(QSA) which codifies California slarger water conservation and water use reduction
efforts aimed at reducing the State's overall Colorado River water use to within the its
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alocation limit. Thislarger effort in part involves the implementation of water
conservation measures and the facilitation of water transfers which are elements of
California s unified approach to resolve water useissues. This unified approach
facilitated an end to legal actions among water and government agencies. In 2003, to
help facilitate communication among various water agencies and help ensure California’s
larger conservation goals were met with regard to Colorado River use, San Diego County
Water Authority (SDCWA) assumed MWDSC's All-American Canal Lining Project
(AACLP) responsibilities. Concurrently, MWDSC’s program manager joined 1D to
manage the AACLP.

PROJECT DESCRIPTION

The project consists of three distinct reaches, as shown in Figure 2. Reach 1 begins
approximately one mile west of Pilot Knob and continues westerly approximately 11
miles to the Coachella Cana and Drop 1 Power Plant confluence. Reach 2 begins at
Drop 1 and continues westerly approximately 5 milesto the Drop 2 Power Plant. Reach
3 continues from the Drop 2 Power Plant, approximately 5 milesto the Drop 3 Power
Plant.

REACH 2 REACH 1B

Figure 2. All American Canal Lining Project Reaches

The AACLP consists of anew, concrete-lined canal constructed primarily parallel to 23
miles of the existing AAC. One element of the project, which isintended to mitigate |lost
storage volume and operational impacts resulting from the reduced cross-section,
includes a 5-mile-long, 1,250-acre-foot, PV C-lined, off-line storage (OLS) reservoir.
The new canal connects to the existing canal at nine locations, enabling the new system
to continue the use of three drop structures with hydroel ectric power and two interstate
highway bridges.
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Construction involved excavating 22.5 million cubic yards of primarily sandy material,
placing 1,910,000 sgquare yards of 4.25-inch-thick, concrete paving, and installing
600,000 square yards of PVC liner in the OLS. Some of the appurtenant features
included a two-lane bridge, flow measurement flume, gates, 96-inch diameter reinforced
concrete pipe (RCP) and a supervisory control and data acquisition (SCADA) system.

Thetotal project cost is projected to be over $300 million of which $170.39 millionis
provided by California Department of Water Resources (DWR). Total project costs
include design, construction, environmental mitigation, supervision, administration and
costs associated with litigation.

PROJECT SCHEDULE

Four factors helped drive the establishment of a project completion date: the need for
water and for Californiato comply with its Colorado River allocation, the requirement for
agricultural agencies to begin repayment of inadvertent overuse of Colorado River water,
the need to complete the project prior to expiration of State funding and the projected
duration of work. The design firm was selected in September of 2004 with design
beginning in October of that same year. Bid documents were first posted on California’' s
bidding website on February 1, 2006 and bids were received in late March 2006 (Reaches
2 and 3) and mid-April 2006 (Reach 1). Notice to proceed with construction was issued
by 1D on July 26, 2006. An injunction prohibiting work on the project was issued by
United States 9th Circuit Court of Appeals on August 24, 2006, and construction ceased
on August 25, 2006. The injunction was lifted on April 6, 2007 with work resuming
shortly thereafter. The newly lined canal wasin full operation in February 2009 with the
exception of afew remaining concrete tie-ins to the existing canal. Thesetie-insare
projected to be completed in February of 2010. Site clean-up and restoration will be
completed by March 30, 2010. Some environmental mitigation activities will continue
after construction. All project milestones were met.

PROJECT TEAM, MANAGEMENT STRUCTURE AND ADMINISTRATION

The project team included the Executive Program Director and 1D staff, Reclamation,
Parson’ s program and construction management (PM/CM) team, the GEI/MWH design
team, Reach 2 an 3 construction contractor Ames/Coffman Joint Venture, Reach 1
contractor Kiewit Pacific Company, environmental consultants EcoSystems Restoration
and Associates and RECON, cultural resources consultant ASM, and staff and
engineering consultant RW Beck from SDCWA.

Four significant interagency agreements governed execution of the AACLP. In
accordance with these agreements, 11D’ s procurement, financial and administrative
processes were used for al project elements, except that SDCWA'’ s processes were used
for any consultants retained by their agency. |1D operates and maintains the AAC under
agreement with the Reclamation and will continue this responsibility after completion of
the AACLP. SDCWA will be responsible for additional operation and maintenance costs
resulting from the AACLP through the term of the agreement with 11D.
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A key component of the project team was the Project Coordinating Committee
(Committee), which was established by Construction Agreement among Reclamation,
1D and SDCWA. The Committee’ s mission was:

« To secure effective cooperation and interchange of information.

« To provide consultations, reviews, recommendations, and approvals on a prompt
and orderly basis among the members/participants in connection with project
activities.

« To make recommendations, including project acceptance to Reclamation, the

federal agency that holds title to the AAC, for their approval regarding the design
and construction of the project.

« To approve contracts awarded by 11D and related contract actions.
« To approve the project schedule and validate eligible project costs.

The Committee consists of three voting members; one from the I1D, one from the
SDCWA, and an independent member selected by the 1D and SDCWA. The
independent member was the chairman and presided over Committee meetings which
were held monthly. Other organizations participated in Committee meetings as non-
voting members. These included:

« Reclamation;
o CoachellaValley Water District (CVWD);
« Pao Verdelrrigation District (PVID);

e San Luis Rey Indian Water Rights Settlement Parties, (Five bands of Mission
Indians, the San Luis Rey Indian Water Authority, the City of Escondido, and Vista
Irrigation District who will receive a total of 11,500 AF per year of the water
conserved by the AACLP.);

« DWR; and

o Other invited participants such as U.S. Bureau of Land Management (BLM),
Border Patrol of the U.S. Department of Homeland Security (DHS) and California
Department of Fish and Game (DFG).

Onerole of the Committee isits leadership function. The Committee provided guidance
and direction to the Executive Program Manager and project management consultant at
Committee meetings regarding high level administrative and cost issues during project
construction. As such, the construction contractors did not participate in regul ar
Committee meetings. However, the Committee voting members participated in executive
level partnering sessions with the construction contractors and in negotiations and
discussions regarding potential construction disputes.
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TEAMWORK IN DESIGN

To expedite the project, certain design elements were interfaced with construction
management services. As such, the first consulting contract established for the AACLP
was the PM/CM contract. This contract provided key services, such as air quality impact
analyses, geotechnical and groundwater investigations, recreation and transportation
planning to support the design and construction phases of the project. A “fast track”
design contract was awarded in late 2004 and completed in about one year.

To further expedite the design process, the design engineer prepared 13 design concept
papers to establish standards for project elements and assure compliance with
Reclamation standards and conformity with project scope and environmental
requirements. These papers provided the basis for development of the Concept Design
Report. The Design Concepts Report was reviewed by Reclamation, the PM/CM, 11D
staff, and SDCWA staff and representatives. Design workshops were conducted to help
resolve issues and address comments pertaining to the various design concepts. The
Concept Design Report was then used as the foundation for the expedited design.

An important element of design review process was the use of day-long workshops
involving the entire project team. These workshops provided aforum for the owner and
other project participants to work together and provide critical feedback and “real-time”
review. The use of thistechnique helped the design team complete the project designin a
relatively short time period.

Asadirect result of the design review process, during the pre-design and design phases,
numerous innovative and cost-saving ideas were developed and integrated into the final
design package. Project cost and schedule savingsinitiatives included an alignment
revision to avoid excavation in the most expansive area of sand dunes, optimization of
canal side slopes, and canal section modifications to optimize paving operations.

TEAMWORK IN CONSTRUCTION

With the start of construction, project field oversight activities were required. The
PM/CM thus established a consolidated field office near the on-site contractor field
offices which also housed representatives of the design firm, Reclamation and SDCWA.

To better address construction phase challenges, the project owner’ s team established
quarterly partnering and weekly progress meetings with the contractors. Quarterly
partnering meetings, facilitated by athird party, permitted candid and timely exchanges
regarding concerns and issues. Furthermore, weekly coordination meetings were held in
the contractor’ sfield offices allowing for timely and thorough discussion of pertinent
issues and items. These meetings were attended by all key construction personnel,
consultants and off-site team members. This teamwork approach allowed for the timely
identification of issues which resulted in proactive solutions thus avoiding problems.
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Asfurther evidence of the team’s commitment to an effective and economical
conservation project, an aggressive safety program was established to meet both
Reclamation and 11D standards. This upfront planning approach paid big dividends as |ost
accidents were limited to one rather small event for the entire project. Over 22.5 million
cubic yards of sand was excavated parallel to, and in close proximity to, Interstate 8
without incident.

Before excavation was permitted, the contractor was required to pre-wet the soil volume
corresponding to the canal section to be excavated and provide verification that the sand
met the specified moisture content 8-feet below the bottom of the excavation (sometimes
as deep as 45 feet below the existing surface). Interstate motorist traveling both east and
west and recreational “duners’ could observe the large sprinkler systems spraying water
over the sand dunes. Water trucks were constantly ensuring construction access roads
were dust free.

CHALLENGESAND OPPORTUNITIES

Project Scope and Cost

During the course of finalizing the Construction Agreement, it became apparent that;
project costs might significantly exceed DWR’ s funding authorization even without
litigation and delays; elements of the project scope as determined by cost estimates and
other project planning documents needed to be clarified; that for the Committee to
function as envisioned the contracting authorities for the project would need to be
synchronized with the contracting authorities of both 1D and SDCWA. Executives from
Reclamation, 11D and SDCWA accomplished this with provisions contained in the
construction agreement. Some examples of these provisions are:

1. Therequirement for a unanimous vote of the Committee to approve the project’s
construction management manual. Thiswould align contract modification
authorities of the Committee with 11D’ s Executive Program Manager, the PM/CM
and those of the SDCWA.

2. Definethe location and size of the off-line regulating storage reservoir and a
variation in canal side slopes.

3. Provide an opportunity for SDCWA to omit Reach 3 of the project and 11D to
seek other funding sponsors for this project element if the projected cost of the
project, as determined following bid opening, exceeded DWR funding.

L awsuit-Related Construction Delays

In August 2006, following award and issuance on notices to proceed for the two
construction elements, the United States 9" Circuit Court of Appealsissued an injunction
halting work on the project. Executives and legal counsels for Reclamation, 11D and
SDCWA dllied to fight the litigation against the project and eventually prevailed.

Because project partners anticipated project delays associated with potential lawsuits, a
60-day suspension clause was included in the contract documents. Nonetheless, it became
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clear shortly after the injunction that the 60-day contract provision would not be
sufficient. As such the project team began termination negotiations with the contractors.
Asthe litigation progressed it became apparent that the duration of the delay could be up
to two years with the need to coordinate certain construction activities during low flow
periodsin the canal. At that point the project team approached the construction
contractors about negotiating an extended delay as well as possible termination.

Following the initial discussion with the contractors, the PM/CM, with 11D and SDCWA
participation, negotiated a contract modification with both contractors. This effort
resulted in a contract modification that provided a delay payment to the contractors and
allowed the project to proceed with the original contractor after aone year delay if a
decision to move forward was made by April 2007. The contract modifications also
outlined termination costs for various time periods in the event that a decision to
terminate was necessary prior to that date.

In December 2006, Congress passed legidation declaring that the project wasin
compliance with Federal environmental laws. As such the courtsruled in favor of the
project with regard to water rights and other matters allowing the project to resume prior
to the required termination notification date.

Sever e Construction Conditions and Non-I nterruptible Canal Flows

As described above, the project’ s complexity was magnified by the legal challenges.
Even without the legal challenge, the combination of harsh desert working conditions, no
impacts on water deliveries during construction, and the relatively remote location and its
proximity to the border with Mexico alone would have made AACLP achallenging
project. Temperatures exceeding 120 degrees were addressed with night placement of
concrete, on-site production plants, chillers, and the use of high strength concrete. Asa
result of these efforts, water deliveries were never interrupted. Start-up planning and
meetings with operations, construction contractors and construction management allowed
for coordinated net changes in water flows. Thiswas accomplished in part by diverting
flowsinto new facilities while terminating water flows in reaches of the original earthen
canal.

Recreational Use of the Area

One interesting aspect of the project was the need to accommodate, during winter
months, the annual massive influx of recreationists. Several hundred thousand snowbirds
and dune buggy enthusiasts (duners) descend on the areafrom late fall through spring.

To ensure continued use of the area, for recreation, while allowing for construction of the
AACLP, the project team and Federal, State and County agencies prepared a detailed
transportation and recreation plan for the protection of visitors and construction
personnel. The plan featured extensive signage and an aggressive public outreach
program and provided construction progress updates. This information was available on
the project’ sweb page. A total of four newsletters were produced and distributed at
various recreational trade shows and events and at four kiosks located throughout the
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recreational area. The program proved to be very successful in minimizing construction
and public access conflicts in heavy recreation use areas, many of which were adjacent to
active construction zones. Asaresult of these efforts there were no recreational
accidents linked to construction activities.

Environmental Compliance

The responsibility of the AACLP team was to successfully construct the canal while
protecting the environment and natural resources in accordance with Federal and State
laws and associated project permit requirements. To help ensure compliance with these
requirements, an Environmental Training Handbook and a Worker’ s Environmental
Education Program (WEEP) Video were developed. All personsinvolved with the
AACLP were required to be WEEP-trained and were issued hard hats with decals
indicating that required environmental training had been received. Thiswas aso
sufficient for DHS security requirements.

Protecting specia status wildlife was one of the most important responsibilities faced
during AACLP construction. Special-status animals potentially in or near the project
included: the Yuma Clapper Rail and 17 other bird species; the Flat-tailed Horned Lizard
and two other reptiles; and the razorback sucker fish. Special-status plants located in the
project areaincluded: Algodones dunes sunflower and Peirson’s milk-vetch. Several
species of doves, al of which are protected under the Migratory Bird Treaty Act, reside
within the study area.

Environmental mitigation includes 43 acres of wetland habitat and one acre of open water
marsh, 30 acres of dune restoration, fish salvage operations, mitigation for the loss of
canal fisheries, compliance with Cultural Treatment Plan, which included negotiations
with the local Tribes, and the acquisition of 1,025 acres of flat-tailed horned lizard
habitat. Actions taken to avoid and/or mitigate environmental impacts included
conducting a detailed survey for bird nests during the Migratory Bird Treaty Act nesting
Season and prior to construction grubbing of vegetation. All active nests that were found
were protected with buffer zones until nesting was completed and the nestlings fledged.
After the nestlings fledged the area was cleared for construction.

Air Quality Analysis and Permitting

In the fall of 2007, it seemed that the AACLP might fall victim to what appeared to be
evolving interpretations of construction air quality permitting requirements. The situation
may have been exacerbated by the actions of one of the contractors, who sought to defend
his interpretation of statewide permits. Permit violation notices were issued to both
contractors which delayed certain aspects of the project. Imperial County threatened

legal action to ensure that the 11D would resolve their concerns. During this process it
appeared likely that construction would be delayed with yet another injunction. Asa
proactive approach to keep the project on its current schedule, the project team agreed
that the most prudent course of action was to oppose the legal action by Imperial County
or seek a combined settlement with the regulatory agencies. This agreement was with the
understanding that there may be later disputes among project participants regarding
violation responsibilities. Assuch, legal counselsfor 1D, SDCWA and the two
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construction contractors joined forces. Asaresult of this approach a settlement was
reached with the local air quality management district. The project proceeded while good
faith settlement negotiations took place. Following the settlement the contractors and the
project team negotiated payment of settlement costs among the parties.

Sediment in the Canal

In the fall of 2008, large quantities of sediment were found in Reach 1 of the canal. The
source and cause of the sediment was a matter of dispute between the owner’s team and
the Reach 1 contractor. Although a disputed item, there was recognition of the potential
severe impact to canal operations and associated maintenance if a protective solution was
not taken by the project team. If a project solution could not be devised, the potential
consequences ranged from extensive silt removal maintenance in expansive reaches of
1D’ s canal system if large quantities of the sediment washed downstream to potential
crop and economic damages to the community if silt accumulation caused
obstructiong/interruptions of water delivery during the high demand periods.

The resulting proactive and coordinated response by the project team involved
realignment of portions of the canal, revised crossover and canal tie-in schemes, revised
paving techniques (this design modification increased the paving machine' s utilization
by allowing for its use within the canal transitions and a reduced remobilization for
continued paving), some acceptance of accelerated cure techniques for some joint
sealants, and expedited inspections of completed reworked paving by the PM/CM and
Reclamation.

The result of this effort was the successful transfer of flows to the new lined canal prior
to the onset of the high flow season. A side benefit was the availability of conserved
water for about half of Reach 1 several months earlier than originally scheduled.

Coordination with Other Projects and Activities

Close coordination of construction activities was required with DHS because the project
isparallel to the Mexican border. Soon after the injunction was lifted the 11D requested
that the AACLP Committee review DHS plansto install additional steel barriers. This
included the addition of a pipe gate on the canal’ s south O& M road and at the AAC
crossings under Interstate 8. Asaresult of this recommendation, DHS agreed to remove
the new pipe gate during AACLP construction and to re-install the gate once construction
was completed. This requirement was incorporated into the 11D Encroachment Permit
subsequently issued to DHS for this work.

Although not planned for during the Design Phase, DHS constructed a new Primary
Border Fence aong the U.S./Mexican Border from east of Sidewinder Road to west of
Drop 3 while AACLP construction was under way in the same area. Once again the 11D
requested that the AACLP Committee review DHS plans pertaining to this construction
effort. AACLP project team leads hosted a coordination meetings with the DHS
contractor (Granite construction), AC Joint Venture and Kiewit Pacific to develop
schedules allowing the DHS project and AACLP construction to proceed simultaneously
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without impacting either project. This coordinated effort resulted in the successful
completion of the border fence during construction of the AACLP without incidentsto
either construction project. Completion of the border fence eliminated high speed chases
incidents involving drug runners crossing the border through the AACLP construction
site. DHS periodicaly provided AACLP project representatives with aerial photographs
of the construction site as a cooperative effort to help maintain project safety and
security.

Another opportunity to facilitate conservation of Colorado River water arose with the
approval of the Drop 2 Reservoir Project. Thisis a separate project funded by others who
will receive its benefits. However, because it connects to the AAC in the Reach 3 of the
AACLP opportunities for cost savings arose. As such, agreements were coordinated
among 1D, SDCWA, Reclamation and the funding agenciesto allow 1D’ s Reach 2/3
contractor to construct the reservoir element that would connect to the AACLP (prior to
turning water into the newly lined canal section). This coordinated effort resulted in
lower costs for the Drop 2 Reservoir Project, fewer impacts to canal operations and the
newly constructed concrete lined canal, and no cost impacts to the AACLP project.

Loss of Key Project L eaders

Within about a six-month period of 2006, four senior leaders of the project passed away.
They were: Kirk Dimmitt, Executive Program Manager first representing MWDSC then
1D ; Joe Summers, Chairman of the Committee; Clyde Romney, long time supporter and
SLRSP representative; and James “ Pat” Green Reclamation’s Environmental Manager
for the project. While their passing represented a significant loss of both project
institutional knowledge and leadership, their service to the project set the tone of
teamwork and dedication that led to the project’ s successful compl etion.

CONCLUSION

The AACLP was officially dedicated on April 30, 2009. The dedication ceremony
focused on and was a testament to what can be accomplished when agencies work
together with agoal of conserving water for today and tomorrow.
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ABSTRACT

The Fresno Irrigation District (District) isinitsthird and final year of an ambitious
Three-Y ear Maintenance and Facility Upgrade Plan (Three-Year MFUP). The
improvement costs are estimated at $18.5 million, with $10.3 million coming from bonds
and $8.2 million coming from outside contributions. These outside contributions include
federal and state grants and in-kind District labor. In order to minimize immediate fiscal
impacts to landowners, the District decided to bond the initial capital funds and to repay
them over time.

The Three-Year MFUP is structured in such away that it “catches-up” on major
infrastructure deficiencies and needs within the District, focusing on deferred

mai ntenance projects and capital improvements. The capital improvements included
retrofitting existing weir structures with long crested weirs and automated gates, SCADA
and telemetry improvements; improved measurement at lateral headings and selected
grower turnouts; regulation and recharge basins; replacement of leaking pipelines; lining
problematic portions of open canals; automated trash racks; and improving rights-of-way
along open canals. The projects are being constructed by contractors as well asthe
District’s construction forces. Due to the specialized nature of the majority of the capital
improvements the District has been able to minimize costs and construct a greater
number of projects by utilizing its construction forces.

INTRODUCTION

The District, and its property owners, approved a supplemental assessment through a
Proposition 218 election in December 2005. This was approved after 11 years of no
property assessment increase. The majority of District revenues come from property
assessments, representing approximately 71 percent of itstotal budget. The District’s
costs are currently allocated to landowners and/or water users through assessments and/or
volumetric charges viaeight (8) rate services. These eight rate structures represent
varying degrees of water service, water supplies, benefits, agreements and legal
settlements.

Property assessments had remained fixed since 1994 as aresult of Proposition 218
(1996), which limited the District’s ability to increase assessments. The supplemental
assessment will help fund repayment obligations for bonds required to complete Three-
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Y ear MFUP portions of the District’s Operations and Maintenance budget, new water
right and irrigation-related regulatory fees implemented by the State of California, as well
as the annual indexing of supplemental assessment components. Bond or loan obligations
will be at actual annual cost and adjusted to the Consumer Price Index (CPI) to account
for inflation.

The District plans on constructing $18.5 million of improvements, with $10.3 million
coming from bonds and $8.2 million coming from outside contributions including federal
and state grants, local agencies, and utilizing District construction labor and equipment
by May 2010.

In order to minimize immediate fiscal impacts to the landowners, the District decided to
bond the initial capital funds and repay them over time. Listed below is a table showing
the eight project categories and their associated estimated costs for the Three-Y ear
MFUP.

Table 1. Project Categories and Estimated Costs for the Three-Y ear MFUP

Contributions
N Structure Type Totd Contributions | by FID (Labor Totd
0. Budget by Others & Equipment) Bonding
1 | Pipelines 1,279,500 327,500 61,000 891,000
Lining and
2 | Rodent Barrier 797,702 - 209,595 588,107
Regulating
Structures and
3 | Devices 1,380,914 - 359,000 1,021,914
Measuring
Structures and
4 | Devices 4,445,294 5,000 1,724,275 2,716,019
5 | Basins 3,629,709 250,000 199,500 3,180,209
6 | Trashrakes 450,000 - 100,000 350,000
Misc. Canal
7 | Structures 2,580,550 1,066,854 177,575 1,336,121
Right of Way
Levees and
8 | Encroachments 3,918,630 2,993,000 694,000 231,630
System
Construction 18,482,299 4,642,354 3,524,945 10,315,000

DISTRICT BACKGROUND

The District islocated in California s San Joaquin Valley and provides service to
approximately 245,000 acres. The District islocated in the geographic center of Fresno
County and its boundary extends from the San Joaquin River to the north, City of Easton
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to the south, the Kings River and Friant-Kern Canal to the east and just past the City of
Kerman to the west.

Water is delivered to approximately 190,000 acres including the metropolitan areas of
Fresno and Clovis. The agricultural lands within the District are predominately
permanent crops (about 68 percent). The predominant agricultural crop in the District
has been and continues to be grapes, however amonds and citrus have increased over the
past 10 years. The conversion of agricultural landsto urban uses in the expanding
Fresno-Clovis metropolitan area has significantly increased in recent years. Currently,
about 150,000 acres (or 60 percent) of the District remains as farmed agricultural land,
while approximate 30 percent is urban and 10 percent isrural residential.

The District was formed in 1920 as a successor to the privately owned Fresno Canal and
Irrigation Company (Company). The District purchased al of the rights and property of
the Company for the sum of $1,750,000. The assets of the company consisted of over
600 miles of canals and distribution works, which were constructed between the years
1860 and 1900, as well as extensive water rights on the Kings River. The District
currently owns and operates approximately 676 miles of canals with approximately 355
miles being pipelined and 321 being open channel. The District operates and maintains
approximately 40 regulating and recharge reservoirs spread across 750 acres, with 4,200
acre-feet of holding capacity. Of thetotal 750 acres, approximately 220 acres are utilized
as a Ground Water Banking Facility which was developed several years ago asajoint
project with the City of Clovis. The District also has an additional 2,200 acres of
floodrights.

The District diverts an average of 500,000 acre-feet of surface water annually. The
primary water supply for the District comes from its Kings River rights administered by
the Kings River Water Association. The U.S. Army Corps of Engineers constructed the
Pine Flat Dam in 1954, which has a capacity of 1,000,000 acre-feet. Of this, the District
is entitled to approximately 26% of the average Kings River runoff. The District also has
asmall water supply off the San Joaguin River, with a Class || contract for 75,000 acre-
feet through the Friant Division of the Central Valley Project (CVP). In addition, the
District delivers 60,000 acre-feet of the City of Fresno’'s Class | contract.

TYPES OF PROJECTS

The Three-Y ear MFUP was structured to alleviate major deficiencies and needs within
the District, focusing on deferred maintenance projects and capital improvements. The
capital improvements included retrofitting existing weir structures with long crested
weirs and automated gates, Supervisory Control and Data Acquisition (SCADA) and
telemetry improvements; improved measurement at lateral headings and sel ected grower
turnouts; regulation and recharge basins; replacement of leaking pipelines; lining
problematic portions of open canals; automated trash racks; and improving rights of way
along open canals.
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The projects listed in the Three-Y ear MFUP were identified as priorities by the Water
Operations and Engineering Departments. The Three-Y ear MFUP was structured with
the following main objectives:
e Address major deficiencies and needs within the District, focusing on deferred
mai ntenance projects and capital improvements.
e Improvelandowners' ability to better manage the surface water supply, which
will be accomplished by upgrading a portion of the existing turnout gates.
e Implement the Mill-Herndon Canal “ Superhighway”.

Prioritization of Projects

The District has compiled a lengthy list of master planned projects over the past 15 years,
but did not have the necessary funds to construct most of them. The master list included
160 projects which were prioritized by three different criteria: 1) Project Type (e.0.
pipelines, lining and rodent barrier, regulating structures and devices, etc.), 2) Priority
Number, and 3) Y ear Constructed. Prior to Proposition 218, the District created a
detailed list of projects, with a short summary of each project and athree-year project
schedule. The project summaries included a short description, project location and any
financia considerations. Project costs were difficult to estimate because a majority of the
projects were in very preliminary stages of design and an Engineer’ s estimate had not
been completed. For example, there were numerous check structures identified to be
retrofitted, but it was not known if an automated gate valve would be installed or if it
would be retrofitted with aless expensive device such as alrrigation Training and
Research Center (ITRC) Flap Gate. The District developed criteriato prioritize the
projects below:

1.  Efficiency Improvement Projects. Projectsthat either increase efficiency in
operations or decrease maintenance costs.

a. Non-Deferrable Capital |mprovement Projects - Projects that are
essential for the continued operation of the canal system. By failing to
complete this work, the ability of the District to continue to deliver
water at the specified location isin question including:

e Maintenance/Operational Improvements (High Concern) —Issues
that cause a canal to be shut down several times per year and/or
poor regulation exists, especially in areas which (may) no longer
have operational spills. Problem can be addressed with canal
lining, rodent barrier, level control gates, retrofitting existing weirs
(long crested weirs), pipeline replacement, new or improved
regulation basins, lift pumps, telemetry/automation, etc.

e |mplement the Mill-Herndon Canal “ Superhighway” - Convert
existing check structures that could pass changes in flow quickly
from one end to the other, while maintaining afairly constant
upstream water level. The Mill-Herndon Canal are large mainlines
that accept awide range of fluctuations and operational canal
spills. Thiswill be accomplished by retrofitting existing weirs
(long-crested weirs & Langemann Gates).
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b. Maintenance/Operational |mprovements (Medium High Concern) —
I ssues that cause a canal to be shut down an average of once per year
and also where improved regulation is needed. Problem can be
addressed with canal lining, rodent barrier, level control gates,
retrofitting existing weirs (long crested weirs), pipeline replacement,
regulation basins, lift pumps, telemetry/automation, etc.

c. Turnout Measurement Improvements - Improve the ability to equitably
deliver water to those landowners relying principally upon surface
water. Problem can be addressed with retrofitting the existing meter
gate, installing an orifice plate or aflow meter.

d. Improve Measurement on Mainlines and Spills— Improvements will
help operations, improve service and limit water leaving the District.
Problem can be addressed with Replogle flumes, flow meters,
Cipolletti weirs, etc.

e. Improve Existing Basins and Measurement on Smaller Laterals—
Improvements will help operations, improve service and limit water
leaving the District. Problem can be addressed with pipelines, lift
pumps, long crested weirs, telemetry/automation, Replogle flumes,
flow meters, Cipolletti weirs, etc.

f. Preventive Maintenance — Improve sections of canal where accessis
lacking, and where repairs are routinely made, but service has not yet
been impacted. Problem can be addressed with clearing of rights-of-
way (brushing and earthwork), long crested weirs (sediment), lining,
rodent barriers, pipeline replacement, etc.

2.  Regulatory & Contractual Requirements: Regulatory projects to ensure that
facilities are in compliance with all applicable regulations and contractual
agreements. Consists of projects with local agencies and improvements to
facilities that have mutual benefits.

3. Landowner, Developer or Agency Participation: Projects requested by a
landowner, developer or local agency wanting to improve a District facility for
their own benefit. (If acanal isin poor condition and requires alarge amount
of maintenance it will be listed under a higher priority.) Participation shall be
approved by the District’s Board of Directors (BOD) on a case by case basis per
Board Policy 102 and 102.1.

a. Adding Water Service — Projects that will add revenue and improve
groundwater conditions by installing a pipeline or constructing a canal.
The BOD will decideif the new facility will be maintained by the
District or the landowner.

b. Improving Facility — Landowner requests to improve facility for his
own benefit. Thefacility isin generally good condition.

Although the District devel oped a good master plan, staff had the flexibility to re-
prioritize, add, or delete projects from the approved list, depending on a project’s merit
and conditions.
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METHODSTO FUND IMPROVEMENTSAND CONTROL COSTS

The District confirmed that the funds acquired would be adequate for approximately five
years before additional revenues would need to be developed. In order to minimize
immediate fiscal impacts to landowners, the District bonded or borrowed the initial
capital funds and will repay them over time. Thiswill help protect the integrity of the
District’ s conveyance system and make sure that water users will continue to receive
surface water supplies, when available.

Methods to fund improvements and control costs include:
e Bonding

Outside grants and contributions

Utilize district workforce

Focus improvements on mainlines and laterals

Retrofit existing weir structures

Low tech improvements

Limited automation

Bonding

The District needed additional revenues to maintain the level of service that the property
owners have historically been accustomed to receiving, as well as maintain the water
rights for future use. The improvement costs are estimated at $18.5 million, with $10.3
million of the funding coming from bonds. In order to minimize the immediate fiscal
impacts to landowners, the District decided to bond the initial capital funds and repay
them over time. The District’s Board of Directors and the landowners approved a
supplemental assessment that equaled an additional $1,651,730 in 2006 and indexed
annually to approximately $3,681,511 in 2010.

Outside Grants and Contributions

In addition to the bonding funds, the District expected to receive approximately $4.6
million through grants and contributions from local agencies. The District expects to
receive severa grants from federal and state agencies such as the United States Bureau of
Reclamation (USBR) and the California Department of Water Resources (DWR). In
recent years, the District has been successful in obtaining close to $6.0 million in grant
funding from sources such as the DWR Proposition 13, DWR AB 303, USBR Challenge
Grant, USBR Water Efficiency and Water Marketing, among others. The District also
planned on receiving funding contributions from local agencies such as the Cities of
Fresno and Clovis, the County of Fresno, as well as the Fresno Metropolitan Flood
Control District (FMFCD). While $4.6 million is alarge sum to expect, most of the
projects were already planned and the contribution percentages were tentatively agreed
upon by the agencies. An example of this was the Fancher Flume Replacement/
Enterprise Canal Improvement Project that totaled approximately $900,000. The District
received a $300,000 USBR grant and the remaining project costs were split by four
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agencies with a breakdown as follows: District —31.9 percent, City of Fresno —26.4
percent, FMFCD — 20.6 percent, City of Clovis— 14.3 percent, and County of Fresno —
6.7 percent.

Utilizing District Workforce

In addition to bond funding, grants, and contributions received, the District expected to
receive approximately $3.5 million by utilizing District forces and equipment. Thein-
house labor included surveying, engineering, and construction, where possible. Dueto
the specialized nature of the majority of the capital improvements, the District has been
able to minimize costs and construct a greater number of projects by utilizing its
construction forces. District staff is planning to utilize in-house forces to construct some
of the projects, but will continue to focus its resources primarily on maintenance. The
District developed a Project Manager position to oversee the magjority of the in-house and
contracted projects. The District was able to promote within for this position and the
staff member had 15 years of District experience including seven years as its
Construction Inspector. Because the District did not want to forego routine maintenance,
it hired several temporary laborersto assist with less skilled work such as removing trash
from the urban areas, as well as removing trees and vegetation from canals that had been
neglected for the past few years. With the addition of the temporary employees, the
District was able to shift severa of the more experienced FID employees to work on
construction crews.

Focus I mprovements on Mainlinesand L aterals

One of the three goals of the Three-Y ear MFUP was to improve landowners’ ability to
better manage the surface water supply, which would be accomplished by upgrading a
portion of the existing turnout gates. Although the District had developed an extensive
list of projects over the previous seven years, it recognized the need to improve
deliveries and to research improved measurement at turnout gates. The District hired the
Irrigation Training and Research Center (ITRC) who developed areport on the
modernization improvements necessary to attain the goals laid out in the Three-Y ear
MFUP. The District had previously determined to retrofit existing measuring devices
that consisted mainly of meter gates, orifice plates and a small number of propeller
meters. The District also previoudy decided to experiment will several flow meters, but
installed only 25 due to the unproven technology. Based on the ITRCs report, the
District instead focused on better level control in the mainlines and medium laterals.
The ITRC also developed the concept of the Mill-Herndon Canal Superhighway, as
shown in Figure 1, which would move water more quickly from the east side of the
District, through the Fresno-Clovis metropolitan areas, out to the west side of the
District, which is primarily rural agricultural land.



USCID Water Management Conference

204

Aemypiyedns , feued UOPUBH — IIA-

TainbiH

b 020107 pRevdeld spefond [
BO0Z-£00Z PREIdwe] SRalold

faepuneg Q4[]

Ealyy 01ja] Sa0|] f ousaly
WEnYEIE AR S, (U uopUIE H Y —
|FUE] J| ——

puaian

A0AIBESY JE14 aid

(afei0i & soeping Atein 4 2.714)

spuawanoldwy
uiseq

By ET UOMEI

JuaLaInsea
paaoidu

uuew abiueT




Fresno Irrigation District 205

Retrofit Existing Weir Structures

The District was able to maximize funding and improve additional sites by retrofitting the
existing weir structures. A picture of a standard District weir structure is shown in Figure
3. Although most of the District’s 2,500 weir structures have not been improved since
they were constructed in the late 1800s and early 1900s, it was determined that the
majority would last for many more years. The majority of the projects will be retrofitted
with either an ITRC Flap Gate or Long Crested Weirs as shown in Figure 2 and Figure 4.
It was determined that the ITRC Flap Gates and Long Crested Weirs would not create
enough stress or strain to the existing weir structure to warrant a completely new
structure. Many of the weir structures were in disrepair and did require some additional
repairs and in isolated cases complete replacement. The District will save a considerable
amount of money by utilizing the existing structures.

Figure 2. Typical Weir Retrofitted with ITRC Flap Gate

Low Tech | mprovements

While the District has added approximately 60 sitesto its SCADA system over the past
15 years, only 32 sites are fully automated control sites. Thisleaves 2,468 standard weir
structures remaining. The standard weir has not been improved since they were first
constructed in the late 1800s and early 1900s. The District did not intend to fully
automate the majority of the sites and instead decided to focus on better level control in
the canals, the biggest reason being that the costs are prohibitive. The District has chosen
to construct mainly “low tech” structures such as ITRC Flap Gates and Long Crested
Welirs, and shown in Figure 2 and Figure 4. It was later determined that the ITRC Flap
Gate would not work in most locations due to alack of head loss across the weir
structure. At this point, the District decided to retrofit the majority of the existing
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structures with along crested weirs. At the end of the Thee-Y ear MFUP, the District
anticipates constructing approximately 100 long crested weirs and 15-20 ITRC Flap
Gates.

In addition to being a cost-effective solution, the long crested weir is a proven technology
to control water levels. Asstated in ITRC's 2006 report on Long Crested Weirs, they
allow the safe passage of alarge flow rate with relatively small increase in water surface
elevation upstream of the structure. The concept of along crested weir is simple: Provide
more weir length than is possible with typical weirs. A typical weir isinstalled across the
canal with the crest perpendicular to the centerline of the canal. The additional weir
length makes it possible to pass the design flow rate with smaller heads. From an
operations point of view, this means that large changesin flow rate over the long crested
weir will result in smaller changes in head and small changesin flow into the lateral or
farm turnouts upstream of the weir. Installation of long crested weirs can result in
turnouts that are relatively insensitive to changes in the canal flow. If the turnouts and
check structures do not have to be re-regulated each time there is a change in flow rate, it
will take less labor to operate the system. Greater flexibility in water deliveries can be
accomplished with less labor.

The District worked with the ITRC staff to refine the design and develop a standard
design that included a movable weir crest. The movable weir crest consisted of two
boards that would slide into weir board guides incorporated into the catwalk for the
Ditchtender to easily operate. The design also incorporated sluice gates that sediment
could pass through. In some cases, larger sluice gates were installed on canals that
conveyed stormwater or laterals that had different routing schedules. Figure 4 illustrates
the catwalk/weir board guide design plus small sluice gates.

iure 3. Typical Weir Structure
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Figure4. W Retrofitted with LCW

Limited Automation

As mentioned previously, the District has no immediate plansto fully automate its system
and therefore has chosen to incorporate a more “low tech” plan instead. But, there are
many places within the District where it does make sense to automate structures, such as
major bifurcations or basin locations. Over the past 15 years, the District has automated
several sites each year to help improve water management. While the District has added
approximately 60 sitesto its SCADA system over the past 15 years, only 32 sitesare
fully automated control sites. The District plansto add another 40 sites to the SCADA
system, for atotal of 100 sites. Approximately 40 of these sites will be fully automated
control sites.

At bifurcations, the District typically fixes the flow down one lateral with undershot
sluice gates controlled with an electric actuator. The other canal is not typically
automated and will stay as atraditional weir structure with weir boards. The District will
typically construct a Replogle Flume on both canals which will provide an accurate
measurement. In recent years, the District has installed several Langemann Gate valves
that have been utilized for two different reasons. The Langemann Gate shown in Figure
5 serves as the headgate of afairly large (350 cfs) canal that can change modes from
either flow control or monitor only. During the irrigation season, the District will fix the
flows down this particular canal and send the fluctuations to another canal where there
are regulation basins. During the winter months when the District is routing flood water,
the gate will change modes and will accept the fluctuations and route to a Groundwater
Banking Facility downstream.
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&

Used to Automate Headgate

SUMMARY

Prior to the start of the Three-Y ear MFUP, it was determined that the additional revenue
raised through the supplemental assessment would be adequate for approximately five
years before FID would need to raise its rates or generate revenue by other means. In
order to minimize immediate fiscal impacts to landowners, the District bonded the initial
capital funds and will repay them over time.

The Three-Y ear MFUP was structured in such away that it “ catches-up” major
deficiencies and needs within the District, focusing on deferred maintenance projects and
capital improvements. The capital improvements included retrofitting existing weir
structures with long crested weirs and automated gates; SCADA and telemetry
improvements; improved measurement at lateral headings and selected grower turnouts;
regulation and recharge basins; replacement of leaking pipelines; lining problematic
portions of open canal; automated trash racks; and improving rights-of-way along open
canals.

The District goal wasto construct $18.5 million of improvements, with $10.3 million
coming from bonds and $8.2 million from outside contributions. After 2 % years and as
of January 1, 2010 the District has spent approximately 65% of the bond funds and the
District was granted another 12 months to spend the remaining 35%. Although the
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District encountered many challenges throughout the design and construction phase, the
program has been considered a success. To date, the highlights include:

e 105 Regulation Structure Retrofits (76 LCW, 13 ITRC Flap Gates and 16
automated gate valves) and 15 sites remaining;

e 25 Measurement Structures and Devices (5 Replogle Flumes, 5 Mace Meters, 10

Sontek Meters, and 5 miscellaneous structures/devices) with 10 more proposed;

40 SCADA sites with 10 more proposed;

Purchase property for 3 Regul ation/Recharge Basins with 2 more proposed;

1.7 miles of Pipeline Replacement with several more proposed;

1 mile of Canal Lining with several more proposed;

30 miles of All Weather Road in Conjunction with the City of Fresno and Clovis

Surface Water Treatment Facilities,;

2 Flume Crossings over Creeks; and

4 Auto Trashrakes and 2 large trash booms.

The origina plan estimated $8.2 million or 45 percent of the improvements would be
funded by outside contributions including federal and state grants, and local agencies.
The balance of the funding would utilize in-kind District construction labor and
equipment. The original plan estimated that grants and local agency contributions would
equal closeto $4.6 million while approximately $3.5 million would come from District
forces and equipment. As of January 1, 2010, the District has received numerous grants
and contributions from local agencies and will be receiving additional grants and
contributions over the next 15 months. The District expects the total outside
contributions will be close to the original estimate. As expected, the majority of the
projects were constructed by the District’s construction forces. Due to the specialized
nature of the capital improvements the District has been able to minimize costs and
construct a greater number of projects relying on the District’ s construction forces. The
District hired Contractors to construct the larger, more complex projects. The completion
of these projects will protect the integrity of the District’s conveyance system and make
sure that water users will continue to receive surface water supplies, when available.

REFERENCES

Provost and Pritchard Engineering Group Engineer’s Report for a Proposition 218
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RRIGATION CANAL IMPROVEMENTSIN NORTHERN UTAH FOR
ENHANCING WATER RESOURCES MANAGEMENT

Gary P. Merkley*
ABSTRACT

A variety of improvements were made to the irrigation canals in two northern Utah
counties during the past several years using state funding meant for enhancementsin
managing water resources. The improvements included operation and maintenance
surveys and recommendations, calibrations of existing flow measurement structures,
design and construction of flow measurement structures, measurement of seepage |osses,
and installation of water level recorders, dataloggers, and telemetry systems for
improved monitoring of flows. All of the work involved the participation of canal
company management, and it was done at the request of the water users and or river
commissioner, aways in collaboration with state and local government agencies. Some
of the results of this work include new flow measurement structures and
recording/transmitting equipment, updated measurement structure calibrations, O& M
recommendations, detailed Gl S-based maps and photographs of the canals and structures,
and maps and analysis of seepage losses in severa canal reaches.

INTRODUCTION

Cache Valley, in Utah and Idaho, has severa irrigation canals which take water from
streams and rivers flowing into the valley from the surrounding Wasatch Mountains.
Many of these canals were constructed early in the 20™ century and most are still earthen,
although plans are in place to line several miles of canalsin the coming years. Asthe
population of Cache Valley grows, the demand for high-quality water has increased, and
the need for improved water management has become more important. Irrigation water
users have been especially targeted for water management improvements because they
use the largest quantities of water in the valley. The situation is particularly difficult
because water measurement capability in the canalsis limited, and the operation and
maintenance (O& M) budgets of the canal companies have always been very low, often
leading to significant deferred maintenance of the infrastructure, including the water
measurement installations.

For these reasons, a series of steps were taken over the past seven years to assess the
current state of water management in several Cache Valley canals, including surveysto
develop improved (and expanded) maps of the canals, the state of the infrastructure, and
the current management practices. New operation and maintenance plans were
developed for each of the canals, some new flow measurement structures were designed
and installed, telemetry and data-1ogging systems were installed, and seepage |osses were
guantified. In addition to these measures, calibration checks were performed for each of

Irrigation Engineer, Civil and Environmental Engrg. Dept., Utah State Univ., Logan, UT, 84322;
gary.merkley@usu.edu
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the existing flow measurement structures in the main canals, and those structures that
could no longer function as flow measurement devices have been identified and
documented.

All of the main irrigation canals receiving water from the Logan River which flow west
and north through the valley were selected for inclusion in the improvement work which
has been accomplished, including one canal to the south, and another which takes water
from a different mountain stream. The Nibley-Blacksmith-Fork canal conveys water
from the Blacksmith Fork River, and the remainder of those included in this work receive
water from the Logan River through ten different canals. These are all important canals
because the flow in them makes up more than half of the irrigation water used in the
valley. In atypical year, the irrigation canals operate from April to early October. The
improvement process which was followed comprised severa related steps, including the
following:

Detailed physical surveys of selected canals and related infrastructure;
Interviews with canal company personnel and state water officials;
Presentations at canal company board meetings;

Measurement of canal seepage losses and gains;

Preparation of O&M plansto assist canal company managersin achieving
improved management of the available water resources,

Calibration of existing flow measurement structuresin the main canals;
Design and construction of open-channel flow measurement structures; and,
Installation of telemetry systems and data-loggers to monitor and record water
levels at key water measurement locations.

agrwbdrE
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IRRIGATION SUPPLY SYSTEM SURVEYS

Surveys were conducted on most of the Cache Valley irrigation canals to determine the
present condition and operability of these canals, including culverts, gates, flumes, and
other structures along the main canals. Attention was paid to al the minute physical
details by walking in and along the canal's, also giving opportunities to meet and talk with
some of the water users and canal operations personnel. Thistype of survey has been
called a Diagnostic Walk-Through (Skogerboe and Merkley 1996). The diagnostic
surveys were conducted on nineirrigation canals that carry water from the Logan River
to the west and to the north, and in one case to the south. During the surveys, severa
hundred digital photographs of flow measurement and water delivery structures, among
other significant locations, were taken, along with comments about operations and

mai ntenance issues which were recorded in the field notes at the time each photo was
taken. The coordinates of each location were taken with a GPS unit and were also
registered in the field notes. One version of the new canal map is presented in Fig. 1.
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Figure 1. Plan view of selected Cache Valley irrigation canals

I nterviews and Preparation of O& M Plans

Many of the people involved in the canal operations played an important role in the entire
process of development of O& M plansfor irrigation canals. In this process, efforts were
made to communi cate with canal management officials, learn their present methods,
strategies, concerns, and problems in achieving the goal of meeting irrigation water
requirements within existing budgetary constraints, and with minimum water losses. The
observations of the diagnostic surveys were discussed in the interviews with the canal
company management and operators, and photographs taken at the time of the survey
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were shown to them to more clearly discuss key locationsin the canals and their
importance.

One of the objectives of this study was to develop O&M plans for selected irrigation
canals (Tammali 2005). In thisplan, al the practical O&M problems identified during
the diagnostic surveys were shown with proposed solution approaches. The individual
plans also presented a set of guidelines for periodic maintenance of the canals with the
active participation of all who areinvolved in their management. Some of the main
maintenance tasks, as observed at the time of the diagnostic surveys, were:

Periodical removal of weed growth;

Removal of debris at trash screens,

Lubrication of outlet gates and head gates,

Removal of lawn trimmings from the canals;

Repair of flow measurement structures (where necessary);
Removal of sediment and tree leaves from the canals; and,
Repair of side walls damaged by trees growing near the canals.

Calibration of Existing Flow M easurement Structures

The existing measurement structures were calibrated using a current meter to determine
the flow rate, taking several measurements, such as upstream and downstream depths at
the structure, water surface elevations, and the channel cross section downstream of the
structure. The dimensions of all Parshall flumes were checked against the dimensions for
standard flume sizes and any discrepancies were noted. Most of the Parshall flumes were
found to have standard dimensions and the calibration checks agreed with the standard
ratings by +5% of the discharge.

Some non-functional flow measurement structures were found in the canals. For
instance, the Logan Smithfield-Hyde Park canal has three Parshall flumes and two broad-
crested weirs (BCWs). One of the three Parshall flumes was observed to be operating
under submerged-flow conditions, but the measurement arrangements at the structure
were made only for free-flow conditions. At thislocation thereis no provision to
measure downstream depth to determine the flow rate under submerged-flow conditions.
Thus, the assumption of free-flow at this flume yields large errors in the measurement of
flow rate at that location. Thus, it was also necessary to provide some training to the
canal management and operators about the correct use of flumes and other measurement
structures.

Stormwater | nflow

The most significant operational problem for the Cache Valley canalsis storm water
drainage into the canals. The development of many new commercia and residential
buildings has including the construction of many parking lots which, by themselves, have
very little capacity to retain rainwater. The collected storm water often flows directly
into the irrigation canals which passin the vicinity (or downhill) of the developed areas.
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This problem is significant because the canals were designed and constructed to supply
water, so the capacity reduces in the downstream direction, and they are unable to accept
large inflows, especially in the downstream reaches. For example, the Logan Northfield
canal in Logan City, which conveys water to the Benson canal, is one of the canals
suffering from stormwater inflow problems. Because of stormwater drainage into the
canal, the canal company does not have any control on the water flow in the canal when
they have surplus water in the canal. There are many problems such as flooding of
adjacent lands, sediment deposition, water quality degradation, and channel bed erosion
in the canal due to stormwater drainage inflows.

A new broad-crested weir was designed and built by USU on the Southwest Field Canal
at the request of the Logan River Commissioner. The structure was built using concrete
in an earthen canal, and included an upstream stilling well with an enclosure for water-
level recording instrumentation. The new location was equipped with a datalogger and a
float assembly to record water levels at 15-minute intervals during the irrigation season.
The datalogger is powered by a 12-volt deep-cycle marine battery, which does not
require recharging during the irrigation season, thereby avoiding the need for a solar
panel and ancillary equipment.

MEASUREMENT OF CANAL SEEPAGE

Seepage measurements were performed using the inflow-outflow method in several
reaches of the canals (Fig. 2), including many repeat measurements at different times
during the irrigation season. Discharge measurements were estimated using mini,
electromagnetic, and acoustic current meters with rods and the wading method.

Field activities included the monitoring of water levelsto observe if the water depth was
fluctuating; measurements were only done while the water depth remained constant.
Reaches were selected based on accessibility, uniformity of cross section, and
predominance of inflow and outflow points at the canal banks. For convenience and
accuracy, reaches with numerous water inflow and delivery (turnout) structures were
avoided, but inflows and outflows were quantified to distinguish them from seepage loss
or gain.

Canal seepage data from the included irrigation canals indicated both spatial and
temporal variations. Monthly comparisons of seepage |osses within the monitored
reaches indicate a higher seepage loss during the late summer, as compared to the spring
and early summer. Spatial variations show that most of the canals presented a decreasing
average seepage loss in the downstream direction. Between canals it was observed that
reaches located in the east part of Logan City presented higher seepage |osses than
reaches in the canals on the west side. Some canal reaches manifested net seepage |0sses,
while others had net seepage inflow at the time of the measurements. Superposition of
the seepage measurements and thematic maps showed a pattern between the estimated
canal seepage and the surrounding type of soil, the saturated hydraulic conductivity, the
presence of the shallow groundwater and the topography.
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Figure 2. Map of the Cache Valley canal reaches in which most of the seepage
measurements were made (after Napan et al. 2009)
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TELEMETRY SYSTEMSAND DATA LOGGERS

The Utah Department of Water Resources (UDWR) designed and implemented a data
acquisition and telemetry system to provide better and more frequent information for the
monitoring and documentation of water withdrawals from the Bear River. Thiswas
prompted, in part, due to compliance problems with pumping and diversions of water
from theriver. Over one hundred stations have been set up at pump sites and open-
channel measurement flumes along the lower Bear River in northern Utah. Each station
is periodically polled, one-by-one, and transmits water depth or flow datato a UDWR
station in Logan, Utah, viaradio signal. The data are then sent to a UDWR computer in
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Salt Lake City, are processed using calibration and other algorithms, and are made
available with an approximately 20-minute delay to the public on the UDWR website.

The Utah Water Research Laboratory (UWRL) provided funding for the design and
implementation of a data acquisition system at sitesin nine of the Cache Valley irrigation
canals. Thelist of sites was determined collaboratively with the Logan River
Commissioner after areview of the existing mechanical water level recorders, many of
which were found to be in adilapidated condition. Some of the required SCADA

egui pment was purchased by the UWRL, and the rest was supplied by the UDWR, but
both collaborated on the design and installation at the various canal sites. Cana company
personnel and the Logan River Commissioner also assisted in the installations, providing
some tools and labor to complete the process.

The design consisted of a data acquisition and telemetry system, along with a power
supply, at nine existing Parshall flumes and broad-crested weirs, all of which operate
exclusively under free-flow conditions. In locations where the radio signal was
unavailable or too weak due to obstructions from trees or buildings, a datalogger was
used in place of the telemetry system to record, rather than transmit, flow measurement
data. Thiswas the case at two of the seven sites.

A wooden small shelter encloses most of the data acquisition system at each site,
protecting it from the weather and vandalism. The shelter was placed over a tilling well
and the depth of water in the well corresponds to the depth in the canal on the upstream
side of the flume or broad-crested weir. A digital shaft encoder wasinstalled in the
shelter and was connected to a pulley with afloat and counterweight which was placed
inside the stilling well. After installation, the readings from the shaft encoder were
calibrated to the actual water level, based on the elevation of the upstream flume floor (or
the sill elevation, for BCWS), represented as a linear equation in the data logger.

A network of repeater towers was necessary to transmit flow data from various locations
in Cache Valley to the UDWR base station, thereby providing line-of-sight coverage.
One repeater tower was installed on the roof of the main engineering building at USU,
permitting coverage in aprevioudly “blind” region along the Logan River. A radio
antenna and transmitter were mounted on a steel pole which was anchored into the
ground next to each shelter, and at one site the antenna was mounted on the roof of a
building adjacent to the canal. Water level data are transmitted to the UDWR base
station at regular intervals (approximately every 20 minutes) during the irrigation season.

The data loggers are programmed to record date, time, battery voltage, water depth, and
flow rate. To determine the flow rate, the appropriate free-flow calibration equation was
programmed into the data logger using coefficients and exponents obtained from
calibration measurements for the specific flume or weir at that site. Records and
observations confirm that the flumes at each of the nine locations never operate under
submerged-flow conditions during the irrigation season.
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Once the UDWR system has called (or attempted to call) every station, it automatically
cycles back to thefirst station and the process repeats. If the system runs through a
complete cycle of all stationsin under five minutes, a sleep mode isinvoked until the
five-minute period is reached, at which point the call cycle begins again. However, the
cycle has never been completed in less than five minutes in this system, especially with
the recent addition of several new stations.

Four of the stations do not have radio reception and are manually integrated into the
system when the Logan River Commissioner gathers the data during the normal weekly
monitoring routine. The data can either be downloaded by the use of a data card that
inserts directly into the data logger or by hooking the data logger up to a PC for direct
download. Two of these four stations have solar panels to trickle-charge the small
battery which powers the data logger, and the other two have deep-cycle marine batteries
without solar panels. The two stations without solar panels were experiments to
determine whether a deep-cycle battery could power the data loggers for an entire
irrigation season, avoiding the need for solar panels which might be shaded by trees at the
site and which can be subject to vandalism and theft. Thusfar, the deep-cycle batteries
have lasted all season, and are recharged during the off-season.

RESULTSAND DISCUSSION

Administrators of the lower Bear River project have stated that the publicly available
flow measurement data has solved a number of water disputes between farmers. And the
director of the UWRL commented on how the system has improved management during
years of drought and reduced water disputes (McKee and Khalil 2006). The addition of
flow measurement data from the nine new sites has also improved monitoring and
management, including the resolution of occasional disputes over water rights issues,
flood damages to adjacent properties, and compliance with the canal operating plans.

The canal improvements implemented in Cache Valley have shown how public and
private organizations can successfully cooperate to improve water management and
conservation. The UDWR provided the technology and design of the telemetry system,
the UWRL provided funds to complete the project, and local canal companies provided
labor and tools to assist with the equipment installation. And the diagnostic surveys and
O& M plans were developed in direct participation with the canal companies and Logan
River Commissioner, also enjoying the support and assistance of some of the affected
municipalitiesin the valley. Asaresult, theinvolved organizations have gained valuable
experience in cooperating to improve water management, water monitoring, and
documentation of management practices.

SUMMARY AND CONCLUSIONS

Through the combined efforts of the UDWR, UWRL, USU, and various cana

companies, the lower Bear River SCADA system was expanded to include several canals
which take water from the Logan River. Digital shaft encoders, radio transmitters, and
dataloggers were installed to provide accurate and timely data to water managers and
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water users through the UDWR webpage at some sites, and through data loggers at
others. The implementation of this project has already resulted in improved water
regulation throughout Cache Valley, helping to make a positive impact on the local water
supply and water conservation in general. Indeed, the cooperation of public and private
organizations and agencies is an excellent example of how to use all available resources
collaboratively to enable enhanced water management.
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FUNDING PROGRAMSFOR WATER MANAGEMENT AND EFFICIENCY
MEASURES

Sheri A. Looper!
Tracy S. Slavin®

ABSTRACT

The Bureau of Reclamation (Reclamation) has played a significant role, in partnership
with water users, States, and other interested parties, to help improve water resource
management and the efficiency of water use in the western United States. The Mid-
Pacific Region of Reclamation has three water conservation grant programs to establish
these partnerships, which provide funding opportunities for infrastructure improvements
and delivery flexibility including, but not limited to, activities such as canal lining and
piping, system automation, and water banks. Funding opportunities include the Water
Conservation Field Services Program, the CALFED Water Use Efficiency Program, and
the Water Marketing and Efficiency Challenge Grants. Each grant program has a unique
focus while contributing to the overarching goal of water conservation. These grant
programs provide tools to urban and agricultural delivery entities to manage their water
more effectively, and thus use the same amount of water to meet additional or unmet
needs or conserve by decreasing consumptive use.

INTRODUCTION

Reclamation was created by an act of Congressin 1902 to develop and provide water
resources for the arid Western United States. Differentiated into 5 regions, Reclamation
encompasses 17 states (Figure 1), and is the largest wholesale water supplier in the
United States. Since 1902, Reclamation has constructed over 475 major structures
including Hoover Dam on the Colorado River and Shasta Dam on the Sacramento River.
Beginning in the 1980’ s environmental concerns and popul ation growth in such areas as
Los Angeles, San Francisco, Las Vegas, and Phoenix required Reclamation to expand its
mission to “ manage, develop, and protect water and related resourcesin an
environmentally and economic sound manner in the interest of the American public.”

With much of the Western United States historically experiencing moderate to extreme
drought conditions, achieving Reclamation’s mission is challenging due to the limited
water supply needs to meet environmental, agricultural, and urban needs. Californiaisin
itsthird consecutive dry year, and the United States Department of Agriculture has
designated 53 of 58 California counties as agricultural disaster areas. 1n 2009,
Reclamation had only a 10% water allocation to some agricultural customers, and was
close to delivering only the amount of water necessary to meet human health and safety
needs for the urban sector. Californians are experiencing the pain of drought through lost

! Water Conservation Specialist, Team Lead, Bureau of Reclamation, 2800 Cottage Way, Sacramento,
California 95825; SLooper@usbr.gov

2 Branch Chief, Bureau of Reclamation, 2800 Cottage Way, Sacramento, California 95825;
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jobs and severe economic hardships in what used to be farm rich regions of the Central
Valley.

PACIFIC
NORTHWEST.

Figure 1. Map of Reclamation’s 17 Western States with the five regiona boundaries.

In California, water supply is at the foremost of everyone's mind, including farmers,
recreationists, fish and wildlife managers, and lavmakers alike. State and Federal
governments are taking critical stepsto help ease water supply strainsin the face of
shortages, population growth, and competition. Historically, competing stakeholders
have debated the issue of storage versus demand management and water conservation.
Through recent legidative acts, it has become clear that water conservation and water use
efficiency are front-runners in helping to mitigate the immediate water challengesin the
West.

RECLAMATION'SWATER CONSERVATION AND WATER USE
EFFICIENCY PROGRAMS

For purposes of this paper, “water conservation” is defined as cost effective and
environmentally sound measures, technologies, programs, and incentives that result in
improved, efficient management of water resources for beneficial uses, preventing waste
or accomplishing additional benefits with the same amount of water. Examples of water
conservation measures include, but are not limited to, Supervisory Control and Data
Acquisition (SCADA) systems for improved water management and deliveries, canal
lining to prevent seepage, tailwater return systems for water reuse, leak detection
programs, irrigation retrofits, and water efficient appliance rebate programs.

Reclamation has the responsibility, in partnership with water users, States, and other
interested parties, to help improve water resource management and the efficient use of
water in the Western United States. Reclamation’s commitment to conservation through
grants was solidified with the passage of the Omnibus Public Land Management Act of
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2009, Public Law 111-11. Whereas Reclamation struggled in the past for authority to
award financial assistance for water conservation projects/programs, Public Law 111-11,
Section 9504, provides the Secretary with long-term authority for entering into financial
assistance agreements for water conservation.

Public Law 111-11 specifies that water conservation grants shall not exceed 50 percent of
the project’ s cost and cannot exceed $5,000,000. However, federal funding maximums
vary depending on the program and the region that is administering the program.

Funding amounts/maximums are further discussed under each program title.

Reclamation has three water conservation grant programs designed to establish
conservation partnerships. Challenge Grants, the CALFED Water Use Efficiency (WUE)
Grant Program, and the Water Conservation Field Services Program (WCFSP). Through
these programs, Reclamation provides funding to irrigation districts and urban water
agencies for water management improvements that accel erate the implementation of
conservation activities. These grants provide tools to water districts to better manage their
water, and thus conserve by diverting less, or using the water more efficiently within their
service area. Each grant program has a unique focus (Table 1) while contributing to the
overarching goal of water conservation.

Challenge Grants

Reclamation presented The Water Conservation Initiative in 2009 as part of the strategic
plan for implementing the Secure Water Act. The Secure Water Act authorized
Reclamation to establish a climate change adaptation program that includes the
facilitation of basin-wide water management improvements. The Water Conservation
Initiative will develop incentives for the implementation of best management practices
for water conservation. The Water Conservation Initiative also includes Challenge
Grants (formerly Water 2025 and Water for America Challenge Grants) that focus on the
following:

1. Water use efficiency projects that produce “real water savings,”
2. Water markets and water banks,

3. Improving water management by increasing the use of renewable energy and
operation flexibility,

4. Addresses endangered species or other environmental concerns,

5. Water treatment pilot or demonstration projects to create new water supplies from
brackish, saltwater, or otherwise unusable waters,

6. Planning or research activities designed to conserve or increase the efficiency of
water use and the development of climate analysistools.

In 2010, there is an increased focus on “real water savings.”

Although Reclamation unveiled the Water Conservation Initiative in 2009, Challenge
Grants wereinitiated in 2004 as part of the Water 2025 Initiative; the first Reclamation-
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wide program that focused attention on the complex water issues of the West by
providing aforum for public discussion so that decisions could be made in advance of a
water supply crises. Challenge Grant projects focused on modernizing aging water
delivery infrastructure, water banking/marketing, and improving water use efficiency and
conservation. Since 2004, the Challenge Grant program has funded 167 projects that
when coupled with local cost-shares, represent approximately $60 million in water
system and water management improvement across the West. These projects create new
water banks, promote the use of advanced technology to improve water management and
increase collaboration among Federal, State, tribal, and local organizations.

Challenge grants are competed Reclamation-wide, and are typically capped at $300,000.
In 2009, the Mid-Pacific Region of Reclamation received 10 of the 23 grants awarded.
Projects included groundwater banking, new construction, and canal lining (Figure 2).

New Construction
Canals/Turnouts
20%

Canal Lining
10%

Water
Banking/Water
Marketing
70%

Figure 2. Percent of Money Awarded for 2009 Challenge Grants
In 2009, 10 grants totaling $3 million were awarded to Mid-Pacific Region water
purveyors through the Challenge Grant Program. Federal awards were $300,000 each.
The projects’ potential acre feet of water conserved or better managed is 57,357.

The Water Conservation Field Services Program

Before the development of Challenge Grants, the WCFSP was Reclamation’s primary
source of water conservation grants. The WCFSP is alocally administered and competed
program, designed to provide technical and financial assistance for water management
planning, implementation of best management practices, demonstration projects, and
conservation education.

The WCFSP commenced in 1997, to aid in Reclamation Reform Act of 1982 (RRA)
compliance. RRA, Section 210, stated that Reclamation was to “encourage the full
consideration and incorporation of prudent and responsible water conservation measures
in the operations of non-federal recipients of irrigation water from Federal Reclamation
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projects...” Asaresult, all agricultural, municipal, and industrial water contractors that
entered into contracts pursuant to Federal Reclamation law or the Water Supply Act of
1958, were required to provide Water Management Plans (Plans). The completion of
these Plans became a provision in the water supply contracts and each Plan had to include
the following:

e Definitegoas

e \Water conservation measures

e Time schedule for meeting objectives

Approximately 10 years after the passage of RRA, Reclamation was criticized for their
contractors’ lack of water conservation efforts, and the Natural Resources Defense
Council and other environmental groups filed suit against Reclamation, stating that
Reclamation was not effectively implementing the water conservation measures of RRA.
In 1996, Reclamation entered into a Settlement Agreement to fulfill its legal
responsibility under Section 210 of RRA, and as aresult, the Commissioner of
Reclamation issued a new Reclamation-wide policy on water conservation planning. To
ensure efficient use of federal water, Reclamation was to work directly with individual
districts to develop water conservation plans and provide technical and/ or financial
assistance in the implementation of water conservation programs/projects and new
technology.

A key element in the settlement agreement was the initiation of the WCFSP, designed to
encourage and support water conservation as a non-regulatory incentive based program
for financial and technical assistance. The goals of the WCFSP were outlined as follows:
1. Ensure development and implementation of high quality water conservation plans.
2. Demonstrate innovative technologies that conserve water.
3. Implement effective water conservation measures throughout Reclamation States
and advance improved water management on aregional and statewide basis.

Over the years, the WCFSP has evolved to accommodate the more challenging societal
pressures on limited water supplies. At the WCFSP inception, Reclamation awarded
grants on a non-competitive basis. Water districts submitted a letter of request that
described the project, and if Reclamation’s Area Office Water Conservationist Specialist
deemed the project beneficial, funds were generally awarded on a cost share basis and did
not exceed $25,000. However, in Fiscal Y ear 2005, the WCFSP became a competitive
process, advertised on grants.gov, and new legislation required that the federal cost share
per project be capped at 50% of project costs. In 2009, the WCFSP selection criteria
underwent a significant change. In previous years, each region of Reclamation identified
their own selection criteriafor the competitive process; however, each region now
incorporates Reclamation-wide selection criteria and grading scal es that emphasize water
conservation planning and implementation of efficiency improvements. In addition to the
Reclamation-wide selection criteria, each funding announcement could include additional
criteria developed at the regional or local level to account for local water conservation
priorities and goals.
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Maximum funding for the WCFSP is $100,000 per grant (not to exceed 50% of the
projects cost); however, some of Reclamation’s regions choose to limit funding to a
lesser amount to effectively meet local needs.

In 2009, the Mid-Pacific Region awarded 16 grants for meter testing, leak detection,
measurement and flow regulation, irrigation evaluations, and education (Figure 3).
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Figure 3. Percent of Money Awarded for 2009 WCFSP Grants

In 2009, 16 grants totaling $534,000 dollars were awarded to MP-Region water
purveyors through the WCFSP Program. Federal awards ranged from $25,000 to
$84,000. The projects’ potential acre feet of water conserved or better managed is
34,000.

Since the program’ sinception, the Mid-Pacific Region has awarded over 400 WCFSP
grants for projects such as canal lining and piping, irrigation scheduling, system delivery,
system modernization, residential rebate programs, education, and measurement.
Including water district contributions, the WCFSP has resulted in over $25.6 million
invested in water conservation projects in the Mid-Pacific Region alone.

The CALFED Water Use Efficiency Grant Program

In addition to participating in Challenge Grants and the WCFSP, the Mid-Pacific Region
also administers the CALFED WUE Grant Program. CALFED is acombined State of
California and federal program focused on the restoration of the Delta s fragile ecosystem
while improving water supply reliability for urban and agricultural water users. The goal
of the WUE Grant Program is to accelerate the implementation of cost-effective actions
that provide state-wide benefits through water conservation. Water use efficiency from
districts linked to the Bay-Delta water supply can result in significant benefits to water
quality, water supply reliability, and in stream flows.
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In 2009, the Mid-Pacific Region awarded 16 grants for hardware retrofits, SCADA, Leak
Detection, rebates, ET controllers, and distribution system improvements (Figure 4).
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Figure 4. Percent of Money Awarded for 2009 CALFED Grants

In 2009, 16 grants totaling $5.3 million were awarded to Mid-Pacific Region water
purveyors throughout the State of California. Federal awards ranged from $79,000 to $1
million. The projects’ potential acre feet of water conserved or better managed is 22,524.

Since the inception of the CALFED WUE Grant Program in 2006, Reclamation has
awarded 47 grants to water purveyors throughout California. With local cost-share
contributions, Reclamation’s CALFED WUE Grant Program has resulted in over $29.6
million being invested into water use efficiency projects statewide.

Table 1. Reclamation’s Grant Program Attributes

Program Program Attributes
Challenge Competed Reclamation-wide and focus on quantifiable water savings,
Grants water banks, water markets, and other efficiency measures to address

the challenges posed by drought, climate change, energy demands,
expanding populations, and increased environmental needs.

WCFSP Locally administered program, designed to provide technical and
financial assistance for water management planning, implementation of
best management practices, demonstration projects, and conservation
education.

CALFED Designed to provide benefits to the Bay-Delta Estuary through water
use efficiency activities.

In 2009, The CALFED WUE grant program, the WCFSP, and the Challenge Grant
program significantly contributed to West-wide (17 western states) water conservation
(Table 2). Although all programs play a significant role in Reclamation’ s efforts to
promote better water management, recent budgetary trends support an all-West-wide
encompassing conservation approach (Figure 5). In recent years, Reclamation has
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reduced the dollars spent on the WCFSP, Reclamation’ s deep-rooted, locally
administered conservation program, while other programs continue to grow. This
approach has several positive attributes such as the ability to award more large-scale
projects, but it also poses challenges in that water purveyors are now competing amongst
other water purveyors from the 17 western states.

Table 2. 2009 Water Conservation Expenditures and Benefits

Acre-feet
Federal $ $ of Local Cost Conserved or
Grant Program |# Projects Funded Invested Share Better Manage
Challenge Grants* 23 4,672,493 14,478,152 74,228
WCFSP 16 533,875 1,332,802 33,996
CALFED 16 5,584,131 7,763,907 22,524
Total 55 10,790,499 23,574,861 130,748

*This number represents all Challenge Grants Reclamation-wide, not just within the Mid-
Pacific Region.
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Figure 5. Historical dollars Spent on conservation projects per program from 2006-2007.

Ascan be seen in Figure 5, the availability of funds is shifting from locally administered
programs (WCFSP) to Reclamation-wide programs (Challenge Grants).

With such large dollar amounts being spent on water conservation programs, thereisan
increased accountability to prioritize expenditures and determine the most cost-effective
means of using limited funding resources. In the water management industry, this
requires analyzing the cost versus the benefits of projects that focus on water demand
management to determine which practices, in which situations, result in the best use of
funding.

Prior to 2006, Reclamation had no standardized methods to quantify the results of water
conservation projects even though initial estimates of water savings were required. In
order to quantify benefits of a project, determine effectiveness of water management
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efforts and summarize the overall effectiveness of the WUE grant programs,
Reclamation, in cooperation with CALFED, developed performance measures to
compare pre- and post-project water use data. By implementing these performance
measures, one can cal cul ate the anticipated project benefits and verify results, i.e. water
conserved after project implementation.

The effort to quantify benefitsis consistent with laws such as the Government
Performance and Results Act of 1993 (GPRA) and with the federal government’s
Program Assessment Rating Tool (PART) which require federal agenciesto strategically
plan according to program objectives and to track and report their performance. GPRA
and PART promote measurable results and assess performance using program results.
Developing water management performance measures for Reclamation’s WUE projects
adheresto GPRA and PART requirements and will allow Reclamation to measure
program effectiveness and to calculate the costs and benefits of conservation efforts.
Performance monitoring will give output measurements that are expressed in a
guantifiable manner, which will give water managers real data to use when evaluating the
financial feasibility of future projects.

Currently, quantifiable information for water use efficiency projectsis limited, and
varying measurement methodol ogies make it difficult to compare benefits from program
to program, or location to location. Standardizing quantification methods for measuring
WUE benefits with performance measures will allow comparison of the results from
varying grant programs such as Challenge Grants, the WCFSP, and CALFED WUE
Program.

Specific performance measures were developed for various WUE projects including

canal lining or piping, installation of measurement devices, SCADA, system controls to
decrease spillage, drainage reuse projects, landscape evapotranspiration controllers,
irrigation system improvements, water marketing, and ground water banking. Types of
data collected will include quantification of seepage, spills, water deliveries consumptive
use, crop evapotranspiration, improvementsin delivery flexibility, pumping volumes, and
end of season water storage. Table 3 is an abbreviated version of Reclamation’s
performance measures for canal lining, measuring devices, and data acquisition projects.
The compl ete performance measures document is online at http://www.usbr.gov/
mp/watershare/documents.

There are limitations to the performance measures. In some cases, baseline data may not
be available for post-project comparisons. One may face challenges quantifying the
direct benefits for certain projects such as measurement and automation since no previous
data on water consumption exists for that area. 1t is also impossible to come up with a
“one sizefitsal” performance measure for each project type. In addition, verifying
water conserved from certain projects may take several years due to temporal and spatial
differences.
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Table 3. Examples of drafted performance measures for WUE projects.
Action Pre-project estimations of Post-project verification methods
baseline data
Canal = Ponding Tests: Conduct Using ponding tests, compare
Lining or ponding tests along pre- and post-project test results
Piping canal reaches proposed to calculate water savings.
for lining or piping. If ponding or inflow/outflow tests
= Inflow/Outflow testing: cannot be performed, compare
Measure water flowing estimated historic seepage and
in and out of the canal evaporation rates for the lateral
reach, taking length of the canal to the post-
evaporation into project seepage and evaporation.
consideration. Compare ratio of historic
diversion-delivery rates. Also
include a comparison of historical
and current canal efficiencies.
Record reduction in water
purchases by shareholders and
compare to historical water
purchases.
M easuring » Pre-project estimated Compare post-project water
Devices savings are difficult to measurement (deliveries or
measure; however, one consumption) data to historical
can collect historical water uses.
data on water useto Compare pre- and post-project
estimate the amount of consumptive use by crop via
delivered water. remote sensing information.
Survey usersto determine utility
of the devicesfor decision
making.
Document rate structure changes
such as volumetric or tiered water
pricing due to the use of
measurement devices (assumes
non-metered to metered district)
so that water users are billed for
actual water used instead of at a
flat rate.
Data = Collect dataon Calculate amount of increased
Acquisition diversions and carryover storage in associated

deliveriesto districts
and ditch companies,
making estimates if
necessary.
Document employee

reservoirs. This measure will be
more meaningful over aperiod of
years.

Track and record the diversions
to individual districts and ditch
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time spent on pre- companies or district laterals and

project ditch/canal compare to pre-project

monitoring and water diversions. This would show

control. results of improved management
if yearly fluctuations in weather
are accounted for.

= Report delivery improvements-
i.e. changesin supply, duration or
frequency that are availableto
end users because of SCADA.

= Document other benefits such as
less mileage by operators on
dusty roads (which savestime
and influences air quality) and
less damage to canal banks due to
fluctuating water levelsin canals.

CONCLUSION

Reclamation has historically funded several water conservation and efficiency projects
geared towards decreasing water demands in order to meet environmental, agricultural,
and growing urban needs. Over the last severa years, Reclamation has given hundreds of
cost-shared grants to water purveyors and other water related entities for projects such as
canal lining and piping, irrigation scheduling, system delivery automation, system
modernization, measurement and flow control, residential rebate programs, and water
banking.

Investing in new water conservation technology is one of the Secretary of Interior’stop
four priorities, which is easily addressed through the water conservation grant programs
that Reclamation currently offers. Water use efficiency and conservation are key
elementsin achieving Reclamation’s mission, and are critical in the State of Californiato
meet rising demands. Districts that implement water conservation measures either divert
or export less or are able to use their water more effectively; that is, using the same
amount of water to meet additional or unmet needs. Over the years, grant programs have
served as a strong catalyst for the implementation of water conservation measures, and
thus have significantly contributed to the improvement of water supply reliability, water
quality, and in-stream flows.

Although Challenge Grants, the WCFSP, and the CALFED WUE Grant Program have
unique focuses, the core goals are the same: stretch existing water supplies while
improving water management and efficiency. Grant programs have been instrumental in
transforming water conservation efforts throughout the West, and these programs will
continue to be amajor catalyst for efficiency implementation measures to help decrease
water demands and improve water supply reliability.







FCONOMIC IMPLICATIONS OF WATER SUPPY SHORTAGES:
LOCAL AND GLOBAL PERSPECTIVES

Dennis Wichelns'
ABSTRACT

The increasing demand for water in all sectors has brought new focus to the use of non-
conventional water sources, for both potable and non-potable purposes. Desalination of
seawater and brackish water, and advanced treatment of sewage effluent have increased
in recent years, particularly in arid regions seeking to enhance their effective water
supply. Desalination is used primarily to produce drinking water, although desalinated
water is used also for irrigation in some countries. Most of the treated wastewater that is
not discharged into receiving waters is used to irrigate landscapes and agricultural crops.
In some countries treated wastewater isinjected or infiltrated into groundwater as part of
an aquifer storage and recovery program. In some areas, such programs expand the
supply of water available for irrigation, while also extending the useful life of aguifers
that might otherwise be depleted due to excessive pumping. We review some of the
issues pertaining to the use of desalination and treated wastewater to expand water
supplies. We describe several examplesin which countries have either gained substantial
experience in using desalination or wastewater treatment, or they are considering the
potential role of such a program in response to increasing water scarcity. While the
potential benefits of using desalinated water and treated wastewater for irrigation and
other purposes are substantial, so too is the potential public concern regarding these non-
conventional water sources. Educational programs and financial incentives might be
required to motivate producers and consumers to begin viewing these sources as safe and
affordable aternatives.

INTRODUCTION

In response to the increasing demand for water, many countries and municipalitiesin arid
regions have implemented programs to utilize treated wastewater for potable and non-
potable uses. Much of the treated wastewater is used in agriculture, while smaller
amounts are used to irrigate landscapes, parks, and sporting fields (Van der Bruggen,
2010). Someis used also to recharge groundwater and to supplement industrial water
supplies.

Agriculture and landscaping account for large portions of wastewater use in California
and New South Wales, Australia, while environmental uses are most important in Japan
(Table 1). Much of the plumbing in large buildings in major Japanese citiesis designed to
accommodate both treated wastewater and freshwater (Van der Bruggen, 2010). In
addition, the price of treated wastewater for domestic usersis 16% less than the price of
potable water.

! Principle Economist, International Water Management Institute, P.O. Box 2075, Colombo, Sri Lanka
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Table 1. Proportional uses of treated wastewater in California, Japan,
and New South Wales, Australia

Cdlifornia Japan New South Wales
Wastewater use | (%) | Wastewater use | (%) Wastewater use | (%)
Ag_ncgltural 47 Environmental 50 Agr! culture 39
irrigation uses (indirect)
Landscape : Agriculture
irrigation 21 | Snow melting 18 (direct) !
Aquifer recharge 9 | Agriculture 13 | Industrial uses 38
S;geatlonal 6 Industry 5 Golf courses 11
Industrial use 5 Toilet flushing 5 Processed water 5
Seawater barrier 5 Usesin plants 5 Others
Wildlife habitat 4 | Others 2
Others 3
Sum 100 100 100
Source: Van der Bruggen, 2010.

Treated and untreated wastewater is used extensively in the Middle East, where
freshwater supplies are notably scarce. In Jordan, 95% of the treated wastewater volume
is used each year, primarily for irrigation in the Jordan Valley (Van der Bruggen, 2010).
In Kuwait, treated wastewater is used for agricultural and landscape irrigation, and for
groundwater recharge.

Farmersin Israel currently use an estimated 350 million m® per year for irrigating fruits,
vegetables, flowers, and field crops (Table 2). The estimated cost of treating wastewater
to achieve the minimum level of quality required for irrigating field crops, forage crops,
and sod in Israel is $0.12 per m® (Fine et al., 2006). Such water may be used to irrigate
fruits and vegetables only in conjunction with crop-specific barriers to prevent contact
between the crop and the irrigation water. Protective barriers include plastic ground
covers, the use of subsurface drip irrigation, and maintaining an aerial distance between
drip system emitters and fruit trees (Fine et al., 2006).
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Table 2. Estimated use of water in agriculturein Isragl in 2001

Agricultural Estimated
Crop Category Water Use | Wastewater Use
(MCM /year) | (MCM /year)
Vegetablesin open fields 114 30
V egetables that must be cooked 64 30
Herbs 9 1
Greenhouse vegetables 41 5
Flowers 50 4
Sod 4 1
Orchards (excl. citrus) 387 79
Citrus 186 100
Field crops 91 50
Fodder crops 61 50
Fish ponds 105 0
Animals 27 0
All uses 1,139 350
Note: MCM ismillion cubic meters.
Source: Fine et al., 2006.

In some applications, implementing physical barriersis aless costly approach to using
treated wastewater in agriculture than treating the wastewater to the level required for
unrestricted irrigation. In Israel, the estimated cost of full treatment to allow unrestricted
irrigation is $0.36 per m®, while the estimated costs of lower level treatments range from
$0.12 to $0.21 per m® (Table 3). Use of the lowest quality water is prohibited on
vegetables and most fruits, but water with a medium level of treatment may be used on
deciduous and citrus orchards if barrier methods are implemented. Water receiving a high
level of treatment may be used on most vegetables and fruits, with similar consideration
for physical barriers. The crop-specific total cost, including the high level of treatment
and physical barriers, ranges from $0.22 to $0.30 per m® (Table 3). Thisrange is notably
below the $0.36 per m° cost of treating wastewater to the level that allows unrestricted
irrigation.
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Table 3. Estimated cost of using treated wastewater, in dollars per m®,
and the number of barriers needed

Level of Wastewater Treatment
. . Unrestricted
Crop Category Low | Medium | High Irigation

Cost at the treatment plant 0.12 0.13 0.21 0.36
Number of barriers needed 0 3 2 0
Vegetablesin open fields Pr Pr 0.28 0.36
V egetables eaten cooked Pr Pr 0.22 0.36
Herbs Pr Pr 0.36
Greenhouse vegetables Pr Pr 0.29 0.36
Flowersin open fields Pr. Pr. 0.27 0.36
Sod 0.12 0.13 0.21 0.36
Orchards (excl. citrus) Pr. 0.18 0.27 0.36
Citrus Pr. 0.14 0.30 0.36
Grapes Pr. Pr. 0.22 0.36
Field crops 0.12 0.13 0.21 0.36
Fodder crops 0.12 0.13 0.21 0.36
Notes:
Pr. Indicates a prohibited use of treated wastewater.
Low level treatment BOD > 60 mg/L, TSS > 90 mg/L
Medium level treatment BOD 20 to 60 mg/L, TSS 30 to 90 mg/L
High level treatment BOD <20 mg/L, TSS < 30 mg/L
Unrestricted irrigation Removal of pathogens, TSS < 10 mg/L
Source: Fine et a., 2006

PUBLIC PERCEPTIONS OF WASTEWATER USE

Public perceptions of wastewater reuse vary across locations and with the amount of
information provided to citizens regarding reuse programs. Public acceptance and support
for wastewater use generally is stronger with respect to non-potable uses than potable
uses (Hartley, 2006). Efforts to persuade citizens to support potable reuse of treated
wastewater have failed in several American cities, due partly to inadequate public
education and information programs (Hartley, 2006; Marks, 2006). By contrast, potable
reuse is promoted vigorously by public officialsin Singapore, where as much as 1% of
the country’ s water supply is obtained through reverse osmosis of reclaimed wastewater
(Marks, 2006).

Public support for non-potable uses varies with the reuse activity, asrevealed in a set of
consumer surveys conducted in three American cities and two Australian citiesin the late
1990s and 2000 (Marks, 2006). More than 90% of survey respondents in Monterey,
Californiafavor wastewater reuse for industrial purposes and for irrigating parks and golf
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courses (Table 4). About 80% of respondents favor wastewater use on school grounds,
while only two-thirds favor wastewater use on vegetable crops.

Smaller proportions of survey respondents favor wastewater use in Irvine and San Jose,
California(Table 4). In Irvine, only 47% of respondents favor using wastewater to
irrigate household gardens. By contrast, more than 90% of survey respondents in Sydney,
Australia, and 88% of respondentsin Perth, Australiafavor wastewater use on household
gardens. More than 90% of respondentsin Sydney also favor wastewater use on
vegetable crops and parks.

Table 4. Proportions of survey respondents favoring non-potable reuse of wastewater

Monterey | Monterey | Irvine | San Jose | Sydney
1996 2000 1998 1998 1999
n=1,000 | n=1,000 | n=400 | n=400 | n=1,000
Industrial 95 90 89 79 90
Irrigation:
Golf courses 98 91 88 83
Parks 95 91 88 83 97
School grounds 83 76 71
V egetable crops 68 63 74 62 94
Household gardens 47 95
Note: The proportions shown do not account for uncertain responses.
Source: Marks, 2006.

Public support for wastewater reuse is influenced by perceptions of opportunity costs and
information provided by public officials. The city of San Antonio, Texas gained public
support for alarge-scale wastewater treatment and reuse program by informing citizens
that the plan would reduce demand on the fossil aquifer that provides the city’ s drinking
water supply (Hartley, 2006).

Dolnicar and Hurlimann (2010) examine public preferences regarding treated wastewater
and desalinated water in Australia. In asurvey of 1,495 residents aged 18 or above, most
respondents expressed greater concerns regarding treated wastewater than desalinated
water. In particular, more respondents stated they were more likely to use desalinated
water than recycled water for drinking, bathing, cooking, and several other activities (Fig.
1). Respondents were largely indifferent between the two sources when considering
activities such as washing the car, cleaning house windows, and flushing toilets.
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Figure 1. Stated Likelihood of Using Desalinated or Recycled Water
Source: Dolnicar and Hurlimann (2010).

Larger numbers of survey respondents agreed with negative statements regarding treated
wastewater than with negative statements regarding desalinated water. For example, 43%
of respondents stated they would never drink treated wastewater, while 28% stated they
would never drink desalinated water (Fig. 2). Similar results were observed regarding the
perceived safety of the two water sources and the perceived health risks. Of interest, more
than 70% of respondents stated that wastewater and desalinated water would be suitable
for useif scientists approve. Slightly larger proportions of respondents (72% for
wastewater and 80% for desalinated water) stated that the water sources would be
suitable if using those resources is absolutely necessary.
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Figure 2. Proportions of Respondents Agreeing with Statements
Source: Dolnicar and Hurlimann (2010).

A COST COMPARISON FROM THE AEGEAN ISLANDS

The primary sources of potable water supply in the Aegean Islands, located between
Greece and Turkey, are water imports from Greece, via tanker ships and desalination of
seawater viareverse osmosis (Gikas and Angelakis, 2009: Gikas and Tchobanoglous,
2009). To date, there is very little reuse of treated wastewater for potable or non-potable
uses. This option is gaining attention, however, given the large energy requirements and
the high costs of shipping freshwater and desalting seawater.

Natural water sources on the Aegean Islands are quite limited. Hence, further increasesin
water supplies to meet increasing demands must come from a combination of water
imports, desalination, and wastewater reclamation. Treated wastewater likely would be
used primarily for agriculture, landscape irrigation, and non-potable domestic
applications (Gikas and Tchobanoglous, 2009). The demand for water in the Aegean
Islands and the supply of wastewater are highest during the summer. Thus treated
wastewater could be used successfully as areliable source for agricultural and landscape
irrigation. Treated wastewater could be used also for toilet and urinal flushing in
residences and hotels, with construction of the necessary distribution system
infrastructure.

The estimated costs of alternative water sources in the Aegean Islands vary with the size
of production facility, the infrastructure and energy requirements, and the intended final
use (Gikas and Tchobanoglous, 2009). The estimated per unit costs of water production
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are smallest for wastewater reclamation, even when the costs of building the necessary
infrastructure are considered (Table 5). The per unit costs for agricultural use range from
$0.65 to $0.75 per m* for atreatment plant producing from 2,500 to 5,000 m*/day, to $.75
to $1.35 per m° for a plant producing 100 to 1,000 m*/day. These costs are quite high in
comparison with the cost of irrigation water in most countries, but they are notably lower
than the cost of water from alternative sources in the Aegean Islands.

Table 5. Estimated unit costs of water production, including capital, depreciation, energy
costs, and operation and maintenance for desalination and wastewater reclamation, as a
function of plant capacity, in the Aegean Islands

Wastewater Reclamation
Volumetric - Water - Toilet
Capacity Desdlination Imports Irrigation Flushing
(m’ per day) ($ per n°) ($ per n°) ($ per n°) ($ per m)
100to 1,000 150t0350 | 500t07.00 | 0.25t00.35 0.35t00.52
0.75101.35 0.80to 1.50
1,000t0 2,500 | 1.00to 2.00 5.00to 6.00 0.151t00.20 0.22100.30
0.60t0 0.75 0.70t0 0.85
2,000t05,000 | 0.75t01.25 4.00t0 6.00 0.15t00.18 0.221t00.27
0.65t00.75 0.751t00.85
Note: For wastewater reclamation, the first set of cost estimatesin each
entry pertains to the cost of wastewater treatment. The second set of cost
estimates includes the costs of treatment, pumping, distribution, and
storage.
Source: Gikas and Tchobanoglous, 2009.

The energy component of the cost of producing water is of interest from two
perspectives. 1) Countries that import most of their energy requirements might wish to
reduce their dependence on international energy markets, and 2) Countries wishing to
reduce their carbon footprint might wish to produce water using relatively small amounts
of fossil fuels. Energy accounts for less than 10% of the cost of producing treated
wastewater for use in irrigation or domestic applicationsin the Aegean Islands (Table 6).
The energy components in the costs of desalination and water imports are substantially
higher. The amount of energy required to produce each unit of water is also substantially
higher for desalination and water imports (Table 7).
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Table 6. Thedistribution of costs between capital, energy, and operation and
maintenance for alternative water production systems, in the Aegean Islands

Wastewater Reclamation
Cost Component Desdlination Water Irrigation T0|I_et
Imports Flushing
(percent) (percent) (percent) (percent)
Capita 30to 37 35t040 35t0 50 30to 45
35t0 50 30to45
Energy 40to 44 40to 45 3to5 4108
4106 4109
Operation and 20t0 25 2010 25 50 to 65 60to 70
Maintenance
(excluding energy) 4510 60 50 to 60
Note: For wastewater reclamation, the first set of valuesin each entry
pertains to the cost of wastewater treatment. The second set of values
includes the costs of wastewater treatment, pumping, distribution, and
storage.
Source: Gikas and Tchobanoglous, 20009.

In sum, the least costly source of additional water suppliesin the Aegean Islandsis
wastewater reclamation, which also requires less energy per unit of water produced. The
relative importance of the energy cost component will vary among countries with the
sources and costs of energy supplies, but countries might also consider the carbon
emission reduction advantages of reclaiming wastewater.

AQUIFER STORAGE AND RECOVERY

Aquifer storage and recovery provides opportunities to enhance the value of treated
wastewater, while also improving the management and extending the useful life of
limited groundwater resources. Treated wastewater can be injected or infiltrated into
confined or unconfined aquifers, and stored there for recovery and use at alater time.
Careful management of water quality parametersis required to ensure continuous
operation of recharge facilities and to prevent degradation of aquifer water quality. In
some cases, adding treated wastewater can improve the quality of groundwater
withdrawn from the aquifer.
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Table 7. Estimated energy requirements per unit of water produced, as a function of
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process type and volumetric capacity

Wastewater Reclamation
Volumetric N Water I Toilet
Capacity Desalination Imports Irigation Flushing
(m® per day) | (KWhper m®) | (kWh per m®) | (kWh per m®) | (kWh per m®)
100 to 1,000 5t010 12to 16 0.08t00.15 | 0.10t00.20
0.11t00.18 | 0.13t00.23
1,000 to 2,500 4.0t05.0 6to 10 0.08t00.12 | 0.10t00.15
0.11t00.15 | 0.13t00.18
2,000 to 5,000 3.5t04.0 5to8 0.05t00.10 | 0.06t00.12
0.08t00.13 | 0.09t00.15
Note: For wastewater reclamation, the first set of energy estimatesin
each entry pertains to the energy for wastewater treatment. The second set
of estimates includes the energy for treatment, pumping, distribution, and
storage.
Source: Gikas and Tchobanoglous, 20009.

An Example from El Paso, Texas

The City of El Paso, Texas began operating an aguifer storage and recovery program,
utilizing treated wastewater, in 1985. The program involves one of the City’ s wastewater
treatment plants, which can receive up to 38,000 m® per day. The plant injects a portion
of the water it produces into the Hueco Bolson, which is an unconfined and semi-
confined aquifer, providing much of the region’s water supply (Sheng, 2005). El Paso
derived about one-third of its water supply from the Hueco Bolson in 2002, while the
aquifer isthe sole source of drinking water for Ciudad Juarez, an adjacent city located
across the Rio Grande in Mexico.

Given the importance of the Hueco Bolson as a major source of drinking water and the
persistent shortage of water in this arid region, the recharge program was designed to
increase potable water supplies with minimum risk (Sheng, 2006). This objective
generated two operational criteria: 1) Maximize the recovery of stored water to minimize
costs, and 2) Ensure adequate aguifer storage time to allow for adequate purification of
the stored water. The spacing and operation of injection and recovery wells were
designed in accordance with these criteria.

During the first 18 years of operation, the treatment plant injected 74.7 million m® of
reclaimed wastewater, about two-thirds of its production, into the Hueco Bolson (Sheng,
2005). The annual rate of injection, which peaked in 1990 at 7 million m3, has declined
since then, due to increasing demand for treated wastewater. In 2005, the treatment plant
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was injecting from 35% to 50% of its production (Sheng, 2005). Drinking water quality
standards have been maintained in the Hueco Bolson and the level of groundwater has
been increased by about 5 meters near the center of the recharge well field. Raising the
level of groundwater in the Hueco Bolson has been an additional goal of the recharge
project.

Two Examplesfrom Australia

The first aguifer storage and recovery program utilizing treated wastewater in Australia
was established at the Bolivar sewage treatment plant near Adelaide in 1996 (Dillon et
a., 2006). One goal of the program was to test the injection and recovery operation, using
wastewater treated only to the quality required for unrestricted irrigation. The injected
wastewater thus contained substantial nutrient concentrations. Between October 1999,
and June 2002, 364 ML of water were injected into the aquifer and 243 ML (67%) were
recovered (Dillon et al., 2006).

The estimated cost of the program, excluding the cost of water treatment and the pipeline,
ranges from $0.08 to $0.18 per m® (Dillon et a., 2006). This range includes a portion of
the farm-level cost range for pumping groundwater in the region, which is $0.12 to $0.34
per m®. If the farm-level perception of the recovered water is positive, it should be
possible to design a price structure that enables the City to recover itsincremental costs
of operating the aquifer storage and recovery program, by charging prices that farmers
arewilling to pay.

A second agquifer storage and recharge program utilizing treated wastewater was
established in Alice Springs, Australia, following workshops with stakehol ders that took
place from 1998 through 2003 (Dillon et al., 2006). Infiltration was chosen as the method
of recharge in the Alice Springs program, to avoid the more restrictive water quality
guidelines pertaining to injection. Additional investigation isrequired in selecting a
recharge site, however, as planners must consider the characteristics of both the aquifer
and the overlying soils (Dillon et al., 2006).

Groundwater salinity should be reduced in both the Adelaide and Alice Springs
programs, as the salinity of reclaimed wastewater is less than the salinity of typical
groundwater withdrawals (Table 8). Reductionsin groundwater salinity might improve
the likelihood of charging a price for irrigation water that recovers a substantial portion of
the agquifer storage and recovery program.
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Table 8. Selected characteristics of the aquifer storage and recovery programs in
Adelaide and Alice Springs, Australia

Units Adelaide | Alice Springs
Recharge method Injection Infiltration
Tria capacity ML / year 250 600
Groundwater salinity (typical) mg/ L 2,100 1,900
Reclaimed water salinity (typical) mg/ L 1,200 1,000
Land arearequired m? <200 < 20,000
Notes:

The aquifer in Adelaide is extensive, confined tertiary limestone.

The aquifer in Alice Springs is unconfined alluvial paleo-channel.
Source: Dillon et al., 2006.

SUMMARY

The increasing use of desalinated water and treated wastewater for potable and non-
potable uses will bring new challenges for farmers, water purveyors, and public officials
in the years ahead. In many areas, new polices and programs will be needed to support
the development of desalination and the treatment and wise use of wastewater. In arid
regions with limited water supplies, treated wastewater is a resource that can expand the
supply of water available for agricultural and landscape irrigation and other non-potable
uses. Several countries also use treated wastewater in aquifer recovery and storage
programs. Whether injecting wastewater into aquifers or infiltrating it through the soil,
recharge programs enable timely use of treated wastewater, while also providing a
helpful buffer between wastewater and the consumer.

Public preferences regarding wastewater and desalinated water have been examined in
several countries. Citizens generally express health and aesthetic concerns regarding
wastewater, while they have fewer concerns regarding desalinated water. Public
education programs can enhance consumer acceptance of treated wastewater as a
component of their water supply, particularly if the programs present supportive
information based on sound science.
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ABSTRACT

This paper discusses the importance of water resource economics in the decision making
process for the implementation of Federal Reclamation projects. It briefly describes the
history of the development of the Principles and Guidelines (P& Gs). The paper delves
into the two primary methods for achieving project authorization and funding; 1)
Following the executive branch agency processes of study and application of P& Gs, and
2) Following the political path directly to Congress. The paper shares some candid
perspectives about the two methods, the advantages of each method, and the ultimate role
of the Office of Management and Budget (OMB) in establishing the administration’s
position regarding any proposed federal project. The paper explores case studies
involving the two methods. The paper concludes with a brief examination of the ongoing
US Army Corps of Engineers (USACE) and the President’s Council on Environmental
Quality (CEQ) review of the 1983 P& Gs with alook toward the future.

THE IMPORTANCE OF ECONOMIC ANALYSISFOR PROJECT
DEVELOPMENT

It is generally understood that federal government investment, particularly in major civil
works infrastructure, was necessary for the United States to grow westward. Those
expansion years saw many projects devel oped including transportation, energy, and water
resources. The focus of this paper is on the investments made by the United States
particularly in the water resource infrastructure of the West.

One might expect that before significant water resource development projects were
undertaken there would be a great deal of analysis and study to help decision makers with
the arduous task of committing the investor to the cost of development. Interestingly
there does not appear to have been much attention paid to quantifying the economic
benefits and costs of those early decisions until about the 1950s. Most of those decisions
seem to be about providing the necessary water supply to broadly allow for the growth
and economic stability of the West. Some might suggest that the same could be said of
today’ s magjor investment decision making.
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The Reclamation Act of 1902, upon which much of the western federal infrastructureis
based, articulated the issue by simply stating that funding would be made available . . .
to be used in the examination and survey for and the construction and maintenance of
irrigation works. . .” and then stating that “. . . the Secretary of the Interior shall
determine whether or not said project is practicable and advisable .. . .” If the Secretary
makes such a determination “that any irrigation project is practicable, he may cause to be
let contracts for the construction of same. . .” Of the repayment of those costs the Act
goes on to say that water users would make annual installments, not exceeding ten years,
“. .. with the view of returning to the reclamation fund the estimated cost of construction
of the project. . .” While the ten year term was modified over time to as many as 40-50
years and the repayment burden was shared with municipal and power users the idea of
returning the costs to the reclamation fund (albeit without interest in most cases)
remained the principle. The Act uses the terms practicable and advisable to characterize
the Secretary’ s decisions. The common definition of the word “ practicable” includes:
“that can be done or put into practice; feasible, or that can be used; usable; useful. The
synonyms are possible or practical. The common definition of the word “advisable”
includes: “to be advised or recommended; prudent and wise; fitting and sensible.” There
is not much about a B/C ratio greater than 1:1 in that!

To find the beginnings of today’ s more rigorous economic thought, we advance to about
the 1920s when the idea of “welfare economics” isfirst introduced by Arthur C. Pigou.
The ideaisthat the welfare of man, or a certain group or subset, could be measured and
thus the impact that a particular action, like the construction of an irrigation project,
would have on the welfare of the people could be determined. It was aso recognized that
all values could not be monetized. Some of the welfare of the people can be measured in
terms of dollars of wages, income, crops produced, gross domestic product, etc. There
are other measures of welfare that simply do not lend themselves easily to monetization.
Some examples would be open space, scenic views, clean air, etc.

According to Henry P Caulfield, Jr. these ideas became a part of early Reclamation law

in the 1936 Flood Control Act wherein it is stated that, “. . . it isthe sense of Congress
that . . . flood-control purposes are in the interest of the general welfare...” and that “. . .
the Federal Government should improve or participate in the improvement of navigable
waters . . . for flood-control purposesif the benefits. . . arein excess of the estimated
costs. . .” It was from this modest beginning that the benefit and cost issues became more
broadly utilized in the economic decision making for al water resource devel opment,
rather than ssimply focusing on the likely repayment ability of project beneficiaries.

By about the 1950s the first attempt to provide some guidance in this direction
materialized. The Subcommittee on Benefits and Costs of the Federal Inter-Agency
River Basin Committee produced the Green Book. Thetitle of this book (with a green
colored cover) was “ Proposed Practices for Economic Analysis of River Basin Projects.”
When the Bureau of the Budget, now the Office of Management and Budget (OMB), in
support of the Green Book concepts, then publish Circular A-47 with strict focus on
making sure that benefits exceeded cost for any project, many in Congress became
disenchanted with this strict test. 1n 1962 Senate Document 97 was published which set
out a broader, compromise position. 1t was a multi-objective approach that provided for
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reasoned choices among development, preservation, and well being of the people. There
was no requirement for benefits to exceed costs in Senate Document 97. However it did
alow for the Bureau of the Budget to adopt such a standard for the administration.
History would show that this need for a Benefit to Cost (B/C) ratio greater than 1:1
became therule.

It was after passage of the Water Resources Planning Act of 1965 that the Water
Resources Council began the preparation of the Principles, Standards, and Procedures.
This process, through a number of iterations, has lead to the 1983 * Economic and
Environmental Principles and Guidelines for Water and Related Land Resources
Implementation Studies’ which are in place today. Asyou might know, or certainly
expect, those 1983 Principles and Guidelines (P& Gs) are now being reviewed and
revised.

TWO BASIC APPROACHESFOR FEDERAL AUTHORIZATION

Federal Authorization for Project Development

When the United States sets out to spend the people’ s money for water resources
development projects it becomes arelatively complicated process. Under the separation
of powers only Congress, the legidlative branch of government, can spend (appropriate)
money. The normal process for doing this, at least in water resource situations, is by
Congressfirst passing alaw (an authorization bill) to allow the expenditure of money for
the purpose of the project; the President of the United States, in the Executive Branch,
must sign that law beforeit is enacted. Congress then must appropriate the money to an
agency in the Executive Branch by passing another law (an appropriations bill), the
President must also sign this law before it is enacted, then the Executive Branch Agency
is allocated the money from the US Treasury according to the appropriations law and can
spend it for the purposes as provided in the authorization law. As subsequently
addressed, the authorization and appropriations process applies both to funding of
technical studies of the project and to funding for construction of the project if the studies
conclude that it isjustified.

Principles and Guidelines and Reclamation Transmittal to Congr ess

The 1965 Water Resources Planning Act established the Water Resources Council and
directed the Council to “establish principles, standards, and procedures for Federal
participants in the preparation of comprehensive, regional or river basin plans and for the
formulation and evaluation of Federal water and related land resources projects.” The
Council first published the “ Proposed Principles and Standards for Planning Water and
Related Land Resources,” along with a draft environmental statement, on December 21,
1971. After nearly two years of review and revision the Council established the
“Principles and Standards for Planning Water and Related Land Resources’ (P& Ss) and
published the final environmental statement on September 10, 1973.

These 1973 P& Ss were quite clear in their intent which is stated as, “These Principles
provide the basis for Federal participation with river basin commissions, States, and
othersin the preparation, formulation, evaluation, review, revision, and transmittal to the
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Congress of plans for States, regions, and river basins; and for planning of Federal and
federally assisted water and land resources programs and projects and Federal licensing
activities aslisted in the Standards.” They go on to say that “Plans for the use of the
Nation’s water and land resources will be directed to improvementsin the quality of life
through contributions to the objectives of national economic development and
environmental quality. ..” and that “planning for the use of water and land resourcesin
terms of these objectives will aid in identifying aternative courses of action and will
provide the type of information needed to improve the public decision making process.”

The 1973 P& Ss run to 167 pages (the final environmental statement is 13 pages) and it is
clearly stated that “arecommended plan must have net national economic development
benefits. . .” (B/C ratio greater than 1:1).

On September 9, 1982, the Water Resources Council voted to repeal the 1973 P& Ss and
to establish the “ Principles and Guidelines’ (P& Gs). Those 1983 P& Gsremain in place
today. They run atotal of 137 pages, continue much of the structure of the four accounts
process of the P& Ss, but tend to soften the stance in afew areas by acknowledging that
the full extent of the Water Resources Council and the River Basin Commissions does
not now exist after funding was terminated during the Reagan administration.

The declared purpose of the 1983 P& Gsiis “to ensure proper and consistent planning by
Federal agenciesin the formulation and evaluation of water and related land resources
implementation studies.” They declare that “A plan that reasonably maximizes net
economic development benefits, consistent with the Federal objective, isto be
formulated. This planisto beidentified asthe NED plan (otherwise known as the
National Economic Development Plan).” Related to selection of the recommended plan
the 1983 P& Gs state that “ The aternative plan with the greatest net economic benefit
consistent with protecting the Nation’s environment (the NED plan) is to be selected
unlessthe Secretary . . . grants and exception. . .” The practical reality has been,
however, that seldom if ever has an administration supported a project with lessthan 1:1
B/Cratio. OMB seemingly has paid an increasing amount of attention to project B/C
ratios in determining whether to support funding for water resource projects.

Under Reclamation’s (and other agencies covered by the P& Gs) processes a project
sponsor will engage with Reclamation in some early planning activities. These are
generally characterized as parts of a Geographically Defined Program, an Appraisal
Study, or a Special Study. If the sponsor desires to move forward toward implementing a
project then they and Reclamation must approach Congress to gain authorization to
conduct a Feasibility Study. For Reclamation this requirement for Congressional
authorization of feasibility studies originatesin PL 89-72. If and when Congress
authorizes a Feasibility Study for a specific project, then the study funding can be sought
by Reclamation and appropriated by Congress. That Feasibility Study then must be
performed in compliance with the 1983 P& Gs and that work must be incorporated into
the appropriate National Environmental Policy Act (NEPA) compliance document based
upon the proposed Federal Action. That combined document is then approved within
Reclamation, forwarded to the Secretary of the Interior for review and approval, and
submitted to OMB for approval. Only then can the document be submitted to Congress
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to seek authorization for construction. More than afew documents never complete this
cycle. Thisisan arduous, time consuming, and costly process for project sponsors who
are required to contribute 50% of the cost of this process. The successrateisdismal and
many see the process as just too difficult. They choose another path.

The Political Path

This approach recognizes afundamental principle of government. Congress does what
Congressdoes. The United States Congress, as the legislative branch of government,
passes the laws. If the subject of the legidation is so controversial asto elicit aveto from
the President then some compromise with the executive branch isrequired. But passing
legidation and packaging “veto proof bills’ isthe business of Congress. This alternate,
political-path approach for many water resource project sponsorsis to go straight to the
Hill. They may choose to take any kind of documentation in support of their project
prepared by their staff or a consultant. They may choose to take an appraisal study,
special study, or even an environmental document prepared by Reclamation.

Once they convince their Congressman or Senator to introduce their bill to authorize
construction of their project they are on theway. If their bill has some support the bill
will likely get ahearing and, if invited, Reclamation or Interior will be awitness at that
hearing. Testimony from the administration is drafted by the witness agency and must be
approved by OMB. OMB gets the last word and the resulting testimony is usually crafted
around the position that “the administration cannot support (or opposes) the bill.” After
the hearing, the Congress does what Congress does, and if the bill is passed out of the
House and Senate it goes to the President for signature. If signed it becomes law and the
project is authorized for construction (over the objection of the administrations
testimony).

The projects sponsors typically go right back to Congress and seek awritein for
appropriations to the agency to begin construction of the project. Given that they and
Reclamation have complied with environmental law the agency usually begins
construction. The one drawback from here on out is that the sponsor will likely have to
seek awrite-in for appropriations for al future years for the construction of the project,
sinceit won't likely be included in the administration’s budget request.

Asyou might see this processis a bit simpler and often easier than the agency/P& Gs
approach. Thisis particularly the case for sponsorsin states with strong Congressional
delegations, with unified objectives regarding the potential project, and particularly when
those Congressmen and Senators just happen to be high ranking committee members or
chairmen. Most seeit as an easier choice and take that approach.

The lmposing Role of the Office of M anagement and Budget

OMB plays a significant and powerful role throughout this process. OMB is
organizationally located within the Executive Office of the President. It approves all
Congressional testimony provided to the Hill on behalf of the water resource agencies.
The decision on whether to support a bill or opposeit istheirs to make. Interestingly
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there are many occasions where senior officials in the water resource agency arein full
support of the authorization of the project and yet the testimony they are required to
deliver to the Congress (usually provided to them only hours before the hearing) clearly
states that they are not in support or the project. Many struggle with the idea that within
the executive branch of government there are two elements of the same administration
which don’t always seem to be on the same page. At times these positions are only
finalized after a cabinet-level Secretary makes avisit to OMB, and even then, most of the
time the OMB position prevails. It seems most often that if it costs money, OMB objects.

PROSAND CONSOF THE TWO PROCESSES

The two processes discussed above lead to the same end; A decision by the United States
Government to authorize and hopefully build awater resource development project or
not. A positive decision means moving ahead while a negative decision usually means
rethinking the project and considering bringing back a re-worked project changed to
overcome the most serious of the identified objections. The lack of a decision, whether
caused by atoo lengthy planning process, the lack of approvals by the agency or OMB,
or the inability to fund the process, is even worse. Sponsors are |eft to labor on or fold
the tent. Water resource sponsors seldom fold the tent!

Following the agency process of planning in accordance with the P& Gs would seem to be
preferable. This process generally provides the best and most detailed information to
decision makers; it entails working with the same agency staff that might ultimately be
asked to construct the project; and it begins with the bottom up approach to dealing with
the Federal Government. The downsides are that it takes a great deal of time, it costs
significant amounts of money, and it ends up with OMB making the major decision for
the agency.

Following the political path hasits advantages. The time and cost involved in planning
are dictated by what your delegation can support, you deal with your own elected
officials, the potential for successisrelated to the power of your delegation, and
Congress does what Congress does. The downsides are that the ability to convince your
delegation may depend on how they view your project, the amount of information about
your project may not be as robust as they expect, the ability to package your project in a
veto-proof way may be difficult and time consuming, and you may be relegated to annual
appropriation write-ins for the construction of your project.

SOME CANDID PERSPECTIVES

In the process of developing this paper one of the most interesting processes was that of
trying to identify a good case study in which a proposed water resources devel opment
project went through the Reclamation planning process utilizing the P& Gs, was
submitted to the Department, was forwarded to and approved by OMB, and then on to the
Congress to authorize construction of the project. Initially nothing just jumped out as an
example.

To expand the historic knowledge base an email query was sent to about a dozen
Reclamation employees who, in the judgment of the authors, might know off-hand of an
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example or two. While certainly not a statistical survey there were more than afew
respondents who concluded that in their memory, or their career, there had not been any
such projects which would qualify as an example of how afederal authorization for
construction should have been achieved. The only real potential example that was
offered up was from the early 1980s, over 25 years ago!

Thislack of an example of how the federal authorization processis designed to work is
not to say that authorizations have not occurred. Many projects have been authorized and
surely that trend will continue. With each session of Congressit seemsthat afew
projects are authorized. The interesting conclusion isthat almost assuredly those projects
are being authorized without having been subject to rigorous application of the P& Gs.

While assuredly the number of proposed new Reclamation water resource devel opment
projects, as traditionally defined, is much smaller than it used to be it is aso observed that
the federal investment in water resources is certainly at a significant level and many
would agree that the current level of spending is not adequate to meet all the needs. What
seems to be happening is that the available funding is going in new directions.

Within the Reclamation budget are programs that have grown over time. Some of those
programs do not include the rigorous application of P& Gs. That is not to say that no
economic analysisis being applied. Cost effectivenessis an important concept being
applied in afew cases. Under that theory the projects in the program compete against
each other and then those with the best cost effectiveness are those which move forward
to be constructed. Title Il of the Colorado River Salinity Control Program is one such
program where projects are evaluated based upon the cost of reducing the salinity in the
Colorado River in dollars per ton of salt removed. In other cases proposed projects are
ranked by panels of specialists based upon how well they meet certain criteria (not
exclusively economic) like technical adequacy, cost sharing, environmental issues, local
support, type of solution, etc. The Water 2025 Challenge Grant program utilized this
approach to prioritize potential projects and award grants for water conservation projects.
In the case of the Water Reuse Program (known as Title XV1) a separate and distinct set
of guidelines were developed which when followed resulted in a potential project’s
feasibility study being deemed as meeting the requirements of afeasibility study under
the Title XVI authorizing legidation. A complete P& Gs analysisis not required under
those guidelines, and Reclamation’ s determination does not constitute a recommendation
for authorization of construction. For the new Reclamation Rural Water Program, which
may entail lower cost projects than traditional water resource projects, application of the
P& Gsto appraisal and feasibility studies conducted under the program is required by the
implementing regulations. It will be interesting to watch the progression of this Rural
Water Program to see if project sponsors see this application of P& Gs as too burdensome
and simply opt for the political path to project authorization and funding.

Some specul ate that these “alternate” methods or tests are being applied somewhat in
relation to how much money is at stake. For lower dollar projects a simple ranking of
potential projects to meet the program goals seems sufficient. \WWhen more money is at
stake then perhaps a cost effectiveness approach works. With even higher level
investments perhaps a unique set of guidelinesis required.
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The point to be understood here is that the current official process of application of the
P& Gsis not working because it is not being utilized. Project sponsors are seeking other
pathways to achieve authorization for water resources projects and they are being
successful, in spite of the lack of support from OMB.

CASE STUDIES

The Navajo-Gallup Water Supply Project (A P& Gs Approach)

While this proposed project is a bit unique and does not exactly fit with the expected

P& Gs process (because the Administration did not support the authorization), the
Planning Report complies with P& Gs and the project was authorized for construction.
The combined Planning Report and Final Environmental Statement was published in July
2009 and as such is one of the most recent project documents produced by Reclamation.
The Feasibility Study was authorized by Congress in December 1971 within P.L. 92-199
asthe Gallup project. The project was authorized for constructionin P.L. 111-11 on
March 30, 2009.

The purpose of the project is “to provide long-term (year 2040) supply, treatment, and
transmission of Municipal and Industrial (M&1) water to the Navajo Nation, the Jicarilla
Apache Nation, and the City of Gallup, New Mexico.” The project would divert atotal
of 37,764 acre-feet of water per year from the San Juan River (atributary of the Colorado
River). The construction cost of this project “is estimated to be $864,400,000
(Reclamation, April 2007 cost estimate . . .).” The benefit to cost ratio is 1.25. The
levelized cost of project water to the user is estimated to be $7.57 per thousand gallons.

There are several unigque characteristics of this project process and that could likely be
said for any process dealing with a proposed water resource development project. Inthe
present case, the authorization to conduct a feasibility study was achieved in 1971. The
early planning years for the then-named Gallup-Navajo Project produced a feasibility
study and environmental impact statement in the early 1980s. Much controversy then
existed within the Navgjo tribal government and the net result was that the proposed
project was not supported. Additional planning was intermittent over the years as funded
through Congressional write-ins. In the early 1990s a steering committee composed of
the project sponsors was formed to refocus the effort toward achieving a water resource
development project. In addition, during those years and continuing through the early
2000s, there was significant activity among the Navagjo Nation and the State of New
Mexico in working to craft an Indian water rights settlement that would resolve long
standing claims by the Navajo Nation in New Mexico. In April 2005 the Navajo Nation
and the State of New Mexico reached agreement on the settlement. That settlement
included the construction of the now-named Navajo Gallup Water Supply Project asit
was described in the March 2007 Planning Report/Draft Environmental |mpact
Statement. At the hearing on H.R. 1970 in July 2007 the Bureau of Reclamation
presented the Administrations testimony on this bill sayingin part“. . . the
Administration opposes the costs and cannot support the legislation as written.”
Ultimately the Omnibus Public Land Management Act of 2009, P.L. 111-11, approved,
ratified and confirmed the settlement and authorized construction of the Navgjo-Gallup
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Water Supply Project. The administration continued to provide the same negative
wording in its testimony on both House and Senate bills as they were rolled up into the
Omnibus bill, passed, and signed by the President.

While the processes have been ongoing for nearly 40 years to bring areliable water
supply to the Navagjo Nation, the City of Gallup, and other project sponsors it appears that
success will be found. The beginning of construction will now likely be determined by
the availability of federal appropriation to begin this nearly $870 million project. The
near 40 year processis not terribly unique. Like many other water projects this one has
had many hurdlesto clear. Itsfinal success seems, like many othersin recent times, to be
keyed to it being a part of an Indian water rights settlement.

The Klamath Dam Removal Project (A Political Path Approach)

While the Navajo-Gallup project is keyed to atribal solution, the Klamath Dam Removal
Project is keyed to a broad array of interestsincluding tribal, agriculture, fisheries, power,
water quality, land ownership and recreation. In the Upper Klamath River Basinin
Oregon, an extensive system of dams and hundreds of miles of canals were begun in
1906. Today, the Klamath Reclamation Project irrigates more than 200,000 acres in
Oregon and Cadlifornia.

In addition, between 1917 and 1962, the California Oregon Power Company (now called
PacifiCorp) licensed and built four hydroelectric dams — three in California, and onein
Oregon — that today produce enough electricity for about 70,000 homes (170
megawatts). The dams cut off the path for migrating fish and the impoundments behind
them breed parasites that kill young salmon and trout.

For decades suits and countersuits have been filed by competing parties; most recently
centering on alleged violations of long held water rights and the federal Endangered
Species Act. Protests, local and federal police, and stepped up lawsuits prevailed. Then
in September, during the drought of 2002, low flows, warm water temperatures, and
exploding populations of parasites killed as many a 64,000 fish in the Lower Klamath.

The salmon die-off convinced most of the warring parties to start talking toward
settlement instead of suing and the Klamath Settlement Group was formed in 2005. In
2008, the talks produced a settlement essentially agreeing to remove the four dams from
the river and reduce allocations for irrigation by about 25 percent. In order for thisto
work, PacifiCorp’s dam removal liability needs to be limited and a dam decommissioning
agent (most likely Interior) needs to accept overall project management and absolute
liability. Studies commissioned by Non-Governmental Organizations (NGO’ s) estimated
physical dam removal would cost about $97 million. The 2008 settlement estimates
restoration costs at $1 billion over a 10-year period.

Subsequently, Interior commissioned a Special Study to estimate the potential liability of
removal of the four hydroelectric dams. The study by Camp Dresser and McKee, Inc.
(CDM) was completed in the summer of 2008 and estimated identifiable liabilities as
high as $862 million, with probably more that are not quantifiable at thistime.
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Now the daunting process begins to obtain government approval and appropriations.
Congress must authorize and fund the necessary studies to comply with federal and state
environmental laws (such as the Endangered Species Act, Clean Water Act and state
sediment control laws) and then dam removal itself.

Reclamation is currently sampling the sediment behind the dams for contaminants.
Reclamation is also planning a study, which would comply with the National
Environmental Policy Act (NEPA) and the California Environmental Quality Act
(CEQA), sometimes called a NEPA/CEQA-type study, which could lead to a
determination by the Secretary of the Interior as to whether Klamath Dam Removal isor
isnot in the public interest. 1t isunlikely that P& G’ s will be used to the letter of the law
in these analyses. It ismore likely that if the dams are ever removed, it will be
authorized and appropriated by an act of Congress based on a series of Special Studies
and environmental investigations.

While the Klamath Dam Removal is a somewhat unique project it is but one of many,
many cases where water resource devel opment decisions are made without rigorous
application of the P& Gs. Other oft-quoted examples include the Mni-Wiconi Project in
South Dakota and the Velarde Ditch Project in New Mexico.

THE ONGOING P& G REVIEW PROCESS

It seems like an afterthought to address the ongoing review of the P& Gs after the above
demonstration of the relative importance, or lack thereof, in the last few decades of
Reclamation water resource development. It will however tend to cement the central
theme of this paper.

The USACE embarked on areview of the 1983 P& Gsin response to the 2007 Water
Resource Development Act (WRDA) (P.L. 110-114) in which they were directed by the
Congressto review and provide revised P& Gs within two years. They produced new
proposed P& Gs in September 2008 which were circulated for comment. Many
comments were received and many were not particularly happy with the resultant
proposal. One of the key changes was to propose that the threshold level for approval of
projects would be a benefit to cost ratio of 1.5 or higher. Given the difficulty of most
projects with achieving the old 1.0 ratio this seemed to be going in the wrong direction
for many. It appeared that the OMB perspective was about to get even tougher.

In a somewhat strange approach, however, the Council of Environmental Quality (CEQ)
on July 1, 2009, issued a new federal register notice indicating that they were restarting
the P& G review process and asked for input on the original 1983 P& Gs. In that federal
register notice CEQ “provides an opportunity for interested individual s and organizations
to submit suggestions for revising the Principles and Guidelines.” It appears that the issue
is now within the Executive Office of the President (at CEQ) rather that at USACE. This
new process has at the time of this writing apparently produced a new draft of the revised
proposed P& Gs for review by the government agencies. This effort is obvioudly still a
work in progress. Stay tuned.
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ALOOK TO THE FUTURE

Asfor the future it seems quite clear to the authors. No matter what the outcome of the
revision of the P& Gsthey will likely be designed to limit federal spending to only the
very best of the best water resource devel opment projects which are calculated to return
at least the costs if not more to the economy. From a purely federal budget perspective, it
is hard to argue with that approach. Given the current fiscal situation, the national debt,
and the long held traditions of OMB, it seems very unlikely that project sponsors will opt
for the “official path” to project authorization. It seems almost a given that sponsors will
seek the power and influence of their members of Congress and work the political system
to get authorization bills introduced and passed that can be enacted without the serious
objection of the President. Then those newly authorized projects will be funded though
write-in funding to Reclamation, even though Congress and the Administration publically
oppose earmarks (write-ins). Congress does what Congress does!

So isthere aright or wrong to this picture? | suggest not. If you are the federal
government with limited financial resources, you should want to restrict your investments
to the best ones you can find. If you are alocal sponsor, you want to get your project
constructed and the federal government seems the only pocket deep enough to get that
done. Where you stand depends on where you sit. Life goes on!
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ABSTRACT

Due to multiple impacts being placed on the James Irrigation District (District) water
supply, a study was performed to understand if the District could sustain its current
operations. It was determined that the practices could continue but it would require
capitally intensive improvements to the Districts infrastructure. Planned improvements
include the construction of recharge basins for sustainability, installation of up to 16
groundwater wells and pumps, basin construction, pipeline installation, and construction
of flow control and pumping structures. The improvements were estimated to cost
approximately $9,000,000; a cost too high for the District to fund on their own. Because
of the urgency of the project, The District explored multiple opportunities to fund the
project. Thisincluded applying for loans, applying for grants, raising water rates, and
raising land assessments; all at the same time.

To obtain loan money the District applied for funds through Proposition 82, distributed
by the Department of Water Resources (DWR). At this same time, the district pursued
loans through local banks, which provided a challenge considering the unstable banking
industry.

Many components of the project are proposed to be built using grant funding. First wasa
Challenge Grant as provided by United States Bureau of Reclamation’s (USBR) Water
2025 program; providing $300,000. Next was the USBR Field Services program,
providing $25,000. Approximately $50,000 was utilized from the DWR Local
Groundwater Assistance Program. In addition to these funds, Recovery Act funding
became available for drought relief, where the District could obtain roughly $1,500,000.

To generate further income the District approved awater rate increase. It was at thistime
when it became apparent that the Districts revenue source had become out of balance.
The Land assessments were not enough to cover the operational overhead of the District.
To rectify thisissue, land assessments would need to be raised. Thiswould require a
proposition 218 election, which has been pursued. The intention of this paper is to discuss
the multiple funding sources available to the District, how they were utilized, and
problems that have been encountered.
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INTRODUCTION AND BACKGROUND

Background

The James Irrigation District (James ID, JID, or District) islocated in western Fresno
County in proximity to the cities of Mendota and San Joaguin. The District was
organized in 1920 under the California Water Code. Currently the District consists of
approximately 23,000 acres, and annually supplies roughly 80,000 AF of water. Ina
normal year the District would receive 45,000 AF in surface water from the Central
Valley Project (CVP). Of this45,000 AF of CVP water, 9,700 AF is developed from the
Districts historic right to San Joaquin River water (defined as “ Schedule 2" water). The
remainder of the grower demand is met by the 59 groundwater wells and unpredictable
water supplies from the Kings River by way of the Fresno Slough Bypass. Provided
below isamap of the District (Figure 1). The yellow area of Figure 1 represents the
boundary of the District, while the tan area represents to Eastside Well Field for which
the District possesses groundwater rights.

<&

Figure 1. James | rrigati'c-)n District Map

The CVP water supply is pumped from the Mendota Pool, which is adjacent to the
eastern side of the northern quarter of the District. Asthe natural gradient of the District
is south to north, the water received from the Mendota Pool must be pumped in reverse
flow through the District’s Main Canal to be delivered to the District’ s distribution
system.
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Of the 59 wells owned by the District, 35 are located in the Eastside Well Field. This
water is delivered to the Main Canal at its highest point, allowing water to gravity flow
down the District’s Main Canal.

Purpose

Farming on the West side of the San Joaquin Valley isat acritical time. Due to drought
and regulatory restrictions imposed upon pumping surface water from the Delta; the
District aswell as other CVP contractors south of the delta have seen 90% reductionsin
deliveries these past several years. This hasled to significant financial hardships, land
fallowing, severe unemployment and bankruptcy in some cases. To provide reliability
and assurance to financial lending institutions, and recognizing that the regulatory climate
was not going to change in the mean time, the District embarked upon an evaluation to
determine if it would be possible to sustain their operations of providing agricultural
water to usersif the 35,300 AF of CVP water were not available.

The District has a contract for 9,700 AF of Schedule 2 water, and has 59 groundwater
wells. It was determined that the District can acquire enough water from these two
sources to sustain their practices, but cannot provide enough water to meet the
instantaneous summer demand while maintaining the current level of grower flexibility.
Thisisshown in Figure 2 below.

James ID Water Supply
Existing Capability with Wells and Exchange Schedule
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Figure 2. Graph Depicting Inability to meet Demand without CV P Supply
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Pr oj ect

To meet the needs of the growers in the unfortunate event of a zero CVP water supply the
District has identified that there is the capability to provide complete delivery with the
water resources available if the necessary infrastructure, as described in the follow
paragraphsis developed. In summary, the project consists of developing intentional
recharge areato recharge flood waters in wet years, storage basins are planned so that
local storage can be provided to meet the short term peak system demands, and sixteen
additional wells needed to provide the additional capacity of the lost CVP supplies. A
majority of the improvements, including expanded intentional recharge facilities, will
occur in the Fresno Slough Bypass. The multiple wells will be placed throughout the
District. The proposed work was estimated to cost in excess of $9,000,000. Figure 3
shows how the proposed projects could replace a non-existent CVP Supply.

James ID Water Supply
2007 Demand with Proposed Operations
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Figure 3. Future Operation of James Irrigation District

Fresno Slough Bypass Basins Figure 4 illustrates the proposed facilities of the Fresno
Slough Bypass. An automated flow control device will be operated at the District’s
control structure, the E-Check Structure, where the ditchtender will have the ability of
setting the flow rate to be maintained by the device. When there is excess flow from the
Eastside Well Field, the gate will close and force water through the siphon and into the
basins. Flow into the siphon will be regulated by level control. When the gate closes, the
water level will rise and spill over alevel regulation structure in the Main Canal. Itis
proposed that this structure consist of both ITRC Flap Gates and aweir section.

Once the water passes through the siphon it will reach a distribution structure. Itis
proposed that this structure have the ability to deliver water to the different cellson a
predetermined arrangement. Distribution of water will be determined by weir sill
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settings. Once Basin 3 fillsto the set level, enough head can then be built to spill water
into Basin 2.

Distribution

/_ Structure

Well, Typical —\ Fresno Slough Bypass Easterly Channel

i

1

Recharge Area Basin 3 .
[

Fresno Slough Bypass Westerly Channel

E-Check/Booster Pump/Distribution J E : Siphons

Structure Structure i
l_“\ Main Canal

Control Structure

James ID Main Canal

SRS

Figure 4. Proposed Fresno Slough Bypass |mprovements

80 CFStotal pumping capacity is proposed to retrieve water from these basins. Water
will be conveyed from the pump stations into a separate pipeline and siphon that parallels
the spill siphon and pipeline flowing toward the basins, and discharged into the Main
Canal.

Recharge Area To reach the required 1,500 AF of storage, the basins will need to be
further excavated, and the excavated earth will become an issue. After atopographic
survey, it was confirmed that the lands lying north of the storage basins were low enough
to capture Main Canal spill and flood waters released from Pine Flat Lake viathe Kings
River. It was decided that the excavated earth of the basins could be used to construct
leveesin this area to maximize storage and provide areas for intentiona recharge. Itis
proposed that four cells be constructed based on the fall of the land, each cell storing
water to adepth of 2 to 3 feet. Thiswill also increase the utility of this area.

New Wells New Well construction was based on many considerations. These included
system limitations, water quality, and site availability. Overall, four locations were
determined for well locations; 1) four in the Eastside Well Field, 2) four west of Colorado
Ave, 3) four at the K Basin Recharge Facility, and 4) four at the proposed recharge
facility (Figure5).
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Figure 5. Prbposed Well Locations

The Eastside Well Field was chosen because the District has aright to pump water from
thisarea at aflow rate of which they have not met yet; there was still enough available
capacity to add the four wells. Dueto a utility company installing a gas line through this
area, the District was required to act quickly to get their needed infrastructure in place.

The areawest of Colorado Avenue was chosen due to physical limitations of the existing
distribution system. By placing wells here, more flexibility is provided to growersin this
region.

The wells at K-Basin and the proposed recharge area in the Fresno Slough Bypass were
chosen for the same reason; their location to arecharge facility. Water retrieved from
these locations will be of better quality, require less energy to pump, and allow for
banking opportunities in the future.

FUNDING APPROACH

As stated previoudly, agriculture in the local areais at acritical juncture. No water, No
business. However, it was determined the District can devel op the resources needed, but
could they pay for it? The estimated $9 million in capital cost relatesto a cost of about
$400/acre or about $800,000/year annualized. The increased energy cost and debt
repayment were estimated to increase water costs by over $45/AF and there was concern
that many growers could not afford hisincrease given the bleak financial climate. The
District asked Provost and Pritchard Consulting group to find alternative methods to help
fund the improvements.
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With the drought conditions and other external issues impacting the water supply to
James Irrigation District, The District is under pressure to get this project built quickly.
The District required money immediately, so a“shotgun” approach has been taken to
secure the needed funds; meaning multiple sources have been sought concurrently.
These sources include grants, loans, volumetric water rate increase, and increased land
assessments. Specifically, the programs and process listed below have been pursued.

Proposition 82 Loan

Water Conservation Field Services Program Grant
ARRA Drought Relief Grant

Water 2025 Challenge Grant

Loca Groundwater Assistance Grant (Assembly Bill 303)
Proposition 218 Land Assessment Increase

Volumetric Water Rate Increase

Short-Term and Long term Financing

The District staff was too small to pursue funding on its own, and enlisted the help of
Provost and Pritchard Consulting Group. Provost and Pritchard has enough capable staff
to pursue these funding sources concurrently.

Proposition 82 L oan

The Proposition 82 loan is administered by the California Department of Water
Resources (DWR). As part of the Water Conservation Bond Law passed by California
votersin 1988, DWR is authorized to administer $20 million that provides construction
and feasibility study loansto local public agencies for the development of local water
supplies. A maximum of $5 million is available for each single construction project.The
District has applied for funding through this program to fund the groundwater recovery
facilities of the Water Augmentation Project. When originally applied for, the intent was
to pay for the construction and equipping of wells on the Westside of the District, the
equipping of wells at K-Basin Banking Facility, and the construction and equipping of
wells in the Fresno Slough Bypass and the piping required to convey the water from the
Fresno Slough Bypassto the District’s Main Canal. Receiving the money is not
instantaneous, from application to approval the total elapsed timeis 6 months. The
District began the application in March 2009 and in October 2009 received notification
that they were approved. However, due to budget problemsin the State of California
money was still not available. The money will be provided from bond sales by the State.
The DWR has not been able to sell bonds for funding under this program as of yet.

Water Conservation Field Services Program

In 1997, USBR created the Water Conservation field Services Program (WCFSP). The
WCFSP was created to: encourage water conservation; assist water agencies to develop
and to implement effective water management and conservation plans; coordinate with
state and other local conservation program efforts; and generally foster improved water
management on aregional, statewide and watershed basis. The WCFSP provides grant
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money on a50/50 basis. This means that the USBR will match each dollar the District
provides until the funding ceiling is hit for that particular funding year. The funding cap
for this had a maximum matching amount of $25,000. The District plans to apply this
money to automating the Main Canal at the E-Check Structure. The application isfairly
short and straightforward, and notification of award is rather quick. The District has had
great success with this grant; being awarded in full the last five year, and for the current
project described.

ARRA Drought Relief Funding

In response to the water shortages experienced by Westside farmers, the USBR offered
money for immediate drought relief in May of 2009. This money would be used to
produce water as soon as possible. The funding was part of the American Recovery and
Reinvestment Act (ARRA) stimulus funding that was administer by USBR Mid Pacific
Region, and more specifically the San Luis Delta Mendota Water Authority (SLDMWA).
In total $40 million was made available through this program.

James ID submitted an application for four separate projects of the Water Augmentation
Project.

Lateral A Storage

Basin Intertie

K-Basin Well equipping

West of Colorado Ave Wells and Pumps

Each project was proposed on the basis of being able to provide additional water to the
CVP. Of the four projects submitted one was accepted; West of Colorado wells and
pumps. Thiswas also the most expensive. The amount of money awarded to the District
was $1.51 Million.

This funding source was unexpected, but utilized to its full potential. The awarded
project could now be removed from the Proposition 82 loan application, long term
financing goals, and allow the proposed water rate and land assessment increases to be
reduced. At over 10% of the project cost, this grant funding lowered the Districts future
debt service considerably, but it is expected to take two years to get the money.

Water 2025 Challenge Grant

The Water 2025 concept began in 2003 as away to prevent “crisis and conflict” in the
west. Through the USBR, the water 2025 Challenge Grant provided up to $300,000 cost
share for projects that conserve water. The highest ranking of these projects would be one
that promoted water banks and water markets.

James ID applied for and was approved for this grant opportunity in spring 2008, to fund
aportion of their Fresno Slough Bypass improvements. The District used its established
banking program asits selling point. Specifically the program will provide funding for:
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Pump Structure

Siphon

Main Canal Control Structure
Excavation of Basin 3

The water 2025 program has changed to Water for America, and then again to the Water
Conservation Initiative. Typically it isavailable once ayear, as a $300,000 cost share
program. However, with the ARRA, in 2009 funding was available anywhere from
$1,000,000 to $5,000,000.

DWR L ocal Groundwater Assistance Program

The Local Groundwater Management Assistance Act of 2000, aka Assembly Bill 303,
was enacted to provide grantsto local public agencies to conduct groundwater studies or
to carry out groundwater monitoring and management activities. Thisprogramis
administered by the Department of Water Resources. This grant provides up to
$250,000, with no cost share required.

When this grant was originally applied for in the Winter of 2007, the plan was to conduct
awater quality investigation of three distinct areas of the District. With the moratorium
on funding distribution from California, the study was still taking place while the Water
Augmentation Project began. The water quality investigation and the updated
Groundwater Management Plan supported the goals of the Water Augmentation Project.
The water quality investigation helped with the placement of wells, while the updated
Groundwater Management Plan added support to the grant application, making them
stronger candidates. Of the $248,000 awarded for the groundwater quality investigation,
the District was able to use approximately $50,000 toward the Water Augmentation
Project goals.

Priority for grant funding in this program is given to local public agencies that have
adopted a groundwater management plan (GWMP) and demonstrate collaboration with
other agencies in the management of the affected groundwater basin.

Proposition 218

While trying to implement the various projects of the Water Augmentation Project, it was
determined by financial consultants that the Districts land assessments were lower than
they should be. To enable the District to be marketable to prospective bond purchasers it
isdesired that all overhead cost be covered by the District’ s land assessments. This
allows the District to function its necessary duties in absence of revenue generated by
water rates. Thisis particularly important in years such as 2009, when CVP Allocation
were only 10%.

Current District assessments have been $8.00/acre. Thiswas proposed to be raised to
$21.00; an increase of $13.00, or over 160%. With their current financia structure and
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existing debt service, it makes it difficult to obtain both short term and long term
financing. By raising the rates, not only would the District be able to handle their current
operating cost, but also have an additional $200,000 available that is not contingent upon
water sales.

In order to raise assessments the District held an election under the Proposition 218
process. The District needed a mgjority vote from landowners to approve this assessment
increase. The District began its pursuit of raising land assessments by first holding
landowner information meetings. Thiswasto inform District growers of the proposed
project, the plan to provide water supply, and the resulting capability of the expanded
distribution system. It also gave the District the chance to discuss various issues
affecting the District, which are also felt by the growers, but the landowner themselves
may not be informed of the problems. By aggressive outreach the District landowners
voted by an 85.7% margin to vote yes on the assessment increase. An incredible feat
given the economic condition of the time.

Water Rate | ncrease

The District had been actively installing infrastructure to ensure water supply for its
growers. However, the District could not pay for all the improvements with only its
general reserves. In addition, if the District were to spend most of their general reserves
it would make it even more difficult to secure loan funding through a bank. The water
rate increase not only helped to cover some of the future debt service of the Water
Augmentation Project, but also allowed other needed repairs and improvements
throughout the District; considering the District is nearing its 100 year anniversary.

Prior to raising the land assessments in the District, the District first raised their water
rates. The water rate was increased by $15/AF, from $73/AF to $88/AF. This will
generate an additional $750,000/year, assuming a normal year of water sales.

Short-Term and L ong-Term Financing

In addition to all of the financing sources mentioned above, the District was till seeking
financing through banking institutions. Their first goal wasto secure roughly $1.5
million in short-term financing through alocal bank. Short term financing will provide
money to the District on afive year term without a prepayment penalty. Thiswas
required to keep moving on capital improvements until other funding comes through. It
is also needed to prevent the District from dwindling their general reserves. A small
general reserve will also make it more difficult for the District to gain their long term
financing.

Long term financing will be provided by District bond sales. It is estimated that it will
take 6 months to make this sale. However, with the permitting issues projected to last
another year, the District will postpone the selling of bonds for another nine months.
Once these funds are secured the District can pay off the short term loan mentioned
above.
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FUNDING SUMMARY

Currently the District has been pursuing different sources of funding since the Spring of
2008. The project ison track to be completed for the 2011 irrigation season. To date the
District has generated roughly $2 million in grant funding. Also through fee increases,
the District is set to receive approximately an additional $1.0 million annually. Table 1
below illustrates how the District will distribute the money gained to different facilities of
the Water Augmentation Project.

Table 1. Distribution of Money to Water Augmentation Components

Capital Facilities
Weéllsand Pumps Fresno Slough Bypass
4 _ 8
2 Q % % % 'OE
g B 18| |g|8|S 5828,
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Water Conservation
Field Services X
Program Grant
ARRA Drought X
Relief Grant
Water 2025
Challenge Grant X X X X
Loca Groundwater
Assistance Grant X
(Assembly Bill 303)
Proposition 218
Land Assessment X | X | X | X X X X X
Increase
Volumetric Water < x| x| x X X X X
Rate Increase
Short-Termand X | X | x| x| x | x] x X
Long term Financing
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It should be recognized that securing additional funding costs money. However, the cost
iswell worth the reward. Table 2 below illustrates the costs required to obtain the
funding. As can be seen, the cost of pursuing funding is only asmall percentage of the
money available, and has been worth the investment.

Table 2. Cost of Pursuing Funds

. Funding Funding Status of
Funding Sour ce Type Cost Possible Award
Prop 82 Loan $20,000 | $4,800,000 Pending
Water Conservation Field
Services Program Grant $5,000 $25,000 Secured
ARRA Drought Relief Grant $5,000 $1,500,000 Secured
Water 2025 Challenge Grant $15,000 $300,000 Secured

Local Groundwater Assistance

(Assembly Bill 303) Grant | $20,000 | $248010 | Secured

Proposition 218 Land Fee | $30,000 | $200,000/year | Secured
Assessment Increase
Volumetric Water Rate Increase Fee N/A $900,000/year | Secured

Short-Term and Long term

Financing Fee N/A $6,000,000 Pending

Grant funding israrely guaranteed. The success of the Districts efforts can be attributed
to utilization of an outside consulting firm, and the support material prepared over time
that has enabled the District to take advantage of the multiple grant opportunities
available. Whileit may seem like anuisance, if any District isinterested in getting grant
funding, it isimportant to have good support material such as, Groundwater Management
Plan, Water Management Plan, Feasibility Studies, and a banking program nexus.
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ABSTRACT

The challenge of maintaining prosperity in the face of more limited fiscal, natural and
environmental resources subscribes to the increased implementation of joint projects.
Thus, joint projects are becoming more common for awide range of water supply
activities. At amega-project level, the formation of entirely new special purpose
organizations, such as ajoint powers authority, may be merited. However, in today’s
world, the path to success may be found by organizations functioning in new ways rather
than by forming new organizationsto carry out joint projectsin the traditional format.

The enabling mechanism for the joint project may have atitle such as

joint reservoir agreement, construction and operations and maintenance agreement or
water conservation agreement. Such agreements are often established early in project
development and endure for decades. Therefore, joint project agreements should contain
governance provisions that address how project decisions are made and how
disagreements among the participants can be promptly, efficiently and amicably resolved.
The nature of these provisions must be tailored to the project and should vary according
to circumstantial factors, such as which party is administering contracts, which party will
own and maintain the improved facilities, how the project is being financed, how the
benefits are to be provided and other relationships existing among the parties.

The governance provisions and functioning for five joint water resources projects are
examined to illustrate their applicability for their respective situations. Involved are three
joint reservoir agreements and two construction agreements for water conservation
projects. The total cost of the five projects exceeds $1.4 hillion.

INTRODUCTION AND BACKGROUND

The authors participated in the development of the Emergency Storage Project (ESP) for
the San Diego County Water Authority (Water Authority) and helped develop principles
of agreement and three joint reservoir agreements, adopted in 1995, that are instrumental
to the success of that project. Two of these agreements are between the Water Authority

and the City of San Diego (San Diego); the other is between the Water Authority and the
Olivenhain Municipal Water District (OMWD).

! Consultant, 1740 Burnside Way, Stockton, CA 95207; kensteel e@sbcglobal .net; Engineering Manager
and Senior Program Advisor (retired) San Diego County Water Authority

2 Vice President, Parsons Water & Infrastructure Inc; 1700 Broadway, Suite 900, Denver, CO 80290;
uli.kappus@parsons.com

271



272 USCID Water Management Conference

Later, in 2005, the authors participated, albeit in different roles and with different parties,
in the All American Canal Lining Project (AACLP). The construction agreement for this
project was largely based on the construction agreement for the Coachella Canal Lining
Project (CCLP). These construction agreements are among the US Bureau of
Reclamation (Reclamation), the Water Authority and the Imperia Irrigation District (11D)
or the CoachellaValley Water District (CVWD), respectively. The construction
agreement for the CCLP was developed and originally executed with Metropolitan Water
District of Southern California (MWDSC). To facilitate larger agreements on the
Colorado River, the Water Authority assumed the agreement for CCLP from the
MWDSC. The construction agreement for the AACLP was largely drafted at the time the
Water Authority assumed the MWDSC' s responsibilities for the project. The 11D and the
Water Authority completed the negotiations and executed the final agreement directly.
The provisions being specifically discussed in this paper are generally the same as had
been devel oped between MWDSC and 11D and vary only slightly from corresponding
provisions in the construction agreement for the CCLP.

The five projects discussed in this paper have been or are currently being successfully
executed. The projects have all experienced some significant challenges that could have
derailed the project had not policy makers of the entities involved had faith in the
provisions of the agreements and people carrying them out.

GENERAL DESCRIPTION OF PROJECTS

The Emergency Storage Proj ects

The purpose of the ESP is to protect the health, safety and economy of the greater San
Diego Region from a prolonged severe interruption of imported water, such as could be
caused by a great earthquake on the San Andreas Fault or alarge earthquake on the
Elsinore or San Jacinto Faults. Planning studies were began in earnest in 1992 following
three unsuccessful attempts for reservoir development by three different water agencies
in San Diego County during the 1980’ s. One of these attempts involved a cooperative
reservoir agreement for a site to be developed by the Water Authority and which was
owned by the San Diego for the location of a future reservaoir.

The ESP consists of improvements at three reservoir sites, construction of five pumping
stations, construction of about 20 miles of large diameter pipelines or tunnels, and
development of recreation and environmental mitigation features. Construction was
begun in 2000 and is scheduled for completion in 2012 with atotal cost of over $1 billion

For the first increment of ESP storage, a new 318-foot tall roller compacted concrete dam
is constructed at the Olivenhain Reservoir site. It isthe largest roller compacted concrete
dam constructed in the United States and was the first new roller compacted concrete
dam permitted by the California Division of Safety of Dams (DSOD). Construction was
begun in 2000 and completed in 2003. Through the joint reservoir agreement OMWD
financialy participated in the construction of the dam, owns capacity in the new
reservoir, constructed a water treatment plant on the site, and manages the associated
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public recreation area. Thereisno direct yield from the Olivenhain site since it islocated
near the top of awatershed and not on a stream.

The existing Lake Hodges, constructed in 1918 and owned by San Diego, is re-operated
to form the second ESP storage site. Additional usable storage capacity and significant
additional local yield is obtained from the reservoir without increasing its size or
modifying its dam. A new ESP pumping station and tunnel connect Lake Hodges with
Olivenhain Reservoir and from there to the Water Authority’ s aqueducts and water
treatment plant as well as San Diego’ s water treatment plants. The enhanced connection
enables different operating rules for the reservoir. Through later planning and
environmental studies, a40 MW hydroelectric pumped storage project was added to this
component of the ESP. Construction will be completed in 2010. Under the joint reservoir
agreement the Water Authority obtains capacity in the reservoir and property for its
pumping station; San Diego obtains the enhanced local yield. San Diego retains
ownership of the dam and reservoir and the Water Authority participatesin paying for
their operations and maintenance costs. L ake Hodges has the largest watershed area of
any of the 22 water supply reservoirsin San Diego County and, prior to the ESP,
obtained water only from its watershed. Prior to the ESP, Lake Hodges was not
connected to the aqueduct system for either supply or delivery; it had not been connected
to San Diego’ s system since the 1960’s.

Thethird ESP reservoir siteis San Vicente. San Vicente Dam is a 220-foot tall concrete
gravity dam that was constructed in 1945 and is owned by San Diego. The ESP raises the
height of the existing dam by 54 feet using roller compacted concrete and provides new
inlet and outlet works. This raise expands the capacity of the reservoir by almost 60
percent. Later planning and environmental studies documented the need for increased
drought storage for the San Diego region. Through these studies, the dam raise was
increased to 117 feet. Thisraise will increase reservoir capacity to about 270 percent of
its current capacity. It will be the largest raise of an existing dam using roller compacted
concrete in the world. Construction began in 2009 and is expected to be completed by
2012. San Vicente Reservoir contains a mixture of local water obtained from its
watershed and from Lake Sutherland, also owned by the City of San Diego, and imported
water from the Water Authority’s First Aqueduct. Prior to the construction of the ESP it
could deliver water to one San Diego water treatment plant but not back to the agqueduct
system. The ESP also constructs a large capacity pipeline and pumping station to connect
San Vicente to the Water Authority’s Second Aqueduct. Thisis amuch higher capacity
agueduct and following completion of the ESP, San Vicente Reservoir can both obtain
and deliver water to this system of pipelines, and hence to other San Diego water
treatment plants.

The Canal Lining Projects

The purpose of the canal lining projects isto conserve water for three primary purposes.
One purpose is to correct aprior over allocation, by the Federal Government, of water
from the San Luis Rey River in southern California. The other isto assist California
water usersin remaining within their allocation of water from the Colorado River without
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causing damage to agricultural or urban economies. The third purposeisto assist in
resolving past inadvertent overuses of water for agriculture. California’ s annual
allocation from the Colorado River totals about 4.4 million AF. About 3 million of thisis
allocated for the I1D, about 1 million for other water agencies near the River, and about
400,000 AF by urban areas in coastal southern California. The All American and
Coachella Canals account for deliveries of amost 80 percent of California’s alocation.

Reclamation completed construction of the Coachella Canal in 1948. The canal extends
for 123 miles from the All American Canal near the US border with Mexico to the
CoachellaValley at the northern end of the Salton Sea. The northern 37 miles of the
cana was lined during the original construction and the southern 49 mileswaslined in
1982. The central section of the canal remained unlined and likely lost more than 30,000
AF of water per year to seepage and evaporation. The CCLP consists of approximately
36.5 miles of new lined canal, constructed immediately adjacent to the existing canal; 25
inverted siphon undercrossings of washes; one railroad undercrossing; and numerous
environmental mitigation features such as deer fencing, wild animal drinkers, created
desert marsh, and habitat improvements and set asides. The design capacity of the new
lined canal is 1300 cfs. Flow was diverted into the new lined canal reaches in 2006;
environmental enhancements are continuing. Project costs will total more than $120
million. The State of California provided funding of $83.65 million. Costs in excess of
State funds are being paid by the Water Authority. Project agreements and Federal
legidlation provide the San Luis Rey settlement parties with 4550 AF per year of the
conserved water. The Water Authority will receive about 21,500 AF per year.
Additionally, some conserved water is used for environmental mitigation.

Reclamation completed construction of the All American Canal in 1942. It extends
approximately 83 miles westward from the Colorado River at Imperial Dam into the
Imperial Valley. The canal is adjacent and generally parallel to the US border with
Mexico and is unlined. The AACLP includes about 23 miles of new lined canal
constructed adjacent to the existing canal, a new vehicular bridge, a 1250 AF off-canal
storage reservoir with instrumented gated inlets and outlet, a high capacity flow
measurement flume, velocity measurement devices for low flows, canal maintenance
roads, and numerous environmental mitigation features such as enhanced wetlands habit,
desert dunes habitat, flat tailed horned lizard habitat and fishery enhancements. There are
nine tie-ins to the existing canal at three hydroel ectric drop structures, two interstate
highway bridges, the beginning point and cross-over locations. Construction needed to
take place with no interruption of flow in the canal. The new lined canal has a capacity of
10,155 cfsto Drop 1 and the head of the Coachella Canal, 7600 cfsto Drop 2 and 7400
cfsto Drop 3. The canal work was accomplished with two concurrent construction
contracts. Work on one contract, involving Reaches 2 and 3, the off-canal reservair,
bridge and flow measurement features, was completed in early 2009. The other contract
built Reach 1 and involved the excavation of over 22.5 million cubic yards of desert sand.
Water cutover in Reach 1 occurred in mid-2009 and all work will be complete by early
2010. Total project cost will likely exceed $290 million. The State of California provided
funding of $170.39 million. Costsin excess of state funds are being paid by the Water
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Authority. The project will conserve about 67,700 AF of water annually with the San
Luis Rey Settlement Parties receiving 11,850 AF and the Water Authority the balance.

OVERVIEW OF THE ENTITIES

Brief overviews of each of the local water agencies involved in the agreements discussed
in this paper are given below. Agency characteristics are taken from their annual reports
and other information published on their Web sites. In addition to the water sources
mentioned in the overviews below, each of these agencies support aggressive programs
for recycled water, conservation, brackish groundwater development and/or sea water
desalination.

Coachedlla Valley Water District

The CVWD islocated in southern Californiain the area generally east of the Peninsular
Mountain Ranges and north of the Salton Sea. Its 1000 square mile service areais
primarily located in Riverside County but contains some areas of Imperial and San Diego
counties. It is governed by afive member board of directors who are elected. Annual
deliveries by CVWD total 650,000 AF. About 459,000 AF of thisisfrom its QSA
allocation of Colorado River water; the remainder is from wells and the State Water
Project, viaexchanges. CVWD serves more than 102,000 customers and provides water
for about 64,000 acres of irrigated crop land. The annual value of agricultural produceis
typically about $550 million.

Imperial Irrigation District

ThelID isthelargest irrigation district in the nation. It is located in southern Californiain
the area generally east of the Peninsular Mountain Ranges and south of the Salton Sea.
I1D provides water to approximately 145,000 customers including irrigation of about
450,000 acres of highly productive farmland. Over 97 percent of 11D water is used for
agricultural purposes. The annual value of agricultural production in its service areais
typically about $1.3 billion. 1D’ s supply is derived from its secured entitlement of 3.1
million AF of Colorado River water. I1D is apublic agency enabled by California state
law and governed by afive member board of directors. Directors are elected by citizens
of its service area.

San Diego County Water Authority

The Water Authority islocated in coastal southern Californiawest of the Peninsular
Mountain Ranges. Its 24 member agencies (cities, irrigation districts, public utility
districts, etc.) comprise over 95 percent of the population of San Diego County. The
metropolitan San Diego region isthe 17" largest in the nation with a population of 3.1
million. Total annual water use in the Water Authority’s service areais about 690,000 AF
of which the Water Authority supplies about 600,000 AF. The major economic sectorsin
the region are manufacturing, defense, tourism and agriculture. About 12 percent of water
useisviaagricultural water use programs established by the Water Authority or
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MWDSC. Most Water Authority supplies are imported through two agueducts from a
delivery point in the MWDSC system. Most of this water is purchased from MWDSC,
but some, like water from the canal lining projects, is separately obtained and transported
through the MWDSC system to the delivery point. The Water Authority is governed by
its 36 member Board of Directors; directors are appointed by the member agencies they
represent. The Water Authority is a member agency of MWDSC.

Olivenhain Municipal Water District

The OMWD islocated north of the City of San Diego between Interstate Highways 5 and
15. Its service area covers about 31,000 acres and has a population of about 56,000.

Most of OMWND’ s 60,000 customers are homes and commercial businesses. Total annual
water use is about 26,000 AF. OMWD estimates that about 10 percent of its water use is
for agricultural purposes, but only 3 percent is enrolled in established agricultural use
programs. OMWD obtains about 97 percent of its water from the Water Authority; the
other 3 percent of its supply isreclaimed water. The OMWD is governed by afive
member board of directors. Directors are elected by citizens of the geographic areas that
they represent. The OMWD is a member agency of the Water Authority; its director on
the Water Authority Board has a weighted vote of 2.68 percent of the total board vote..

City of San Diego

The City of San Diego islocated west of the Peninsular Mountain Range in coasta
southern California near the border with Mexico. It covers an area of about 210,700 acres
and has a population of about 1.3 million. It is the seventh largest city in the nation. Total
annual water use is about 240,000 AF; about 500 AF of thisisfor agricultural purposes.
Typically about 83 percent of its supply isfrom the Water Authority, about 15 percent
from local sources and about two percent is reclaimed water. Itslocal supply is
predominately from its nine surface reservoirs. San Diego is governed by a mayor and
eight city council members. The mayor is elected at large while the council members are
elected by citizens of the geographic areas they represent. San Diego is a member agency
of the Water Authority. Its 10 directors on the Water Authority Board must vote as a
block and have aweighted vote of about 40 percent of the total board vote.

PRINCIPAL PROVISIONS OF THE VARIOUS PROJECT AGREEMENTS

The Emer gency Stor age Projects

The most pertinent provisions of the ESP agreements for Olivenhain Dam and San
Vicente Dam are summarized below. The relevant provisions related to the ESP Lake
Hodges Agreement are similar to those for San Vicente Dam.

Olivehain Dam Project:

The responsibilities and coordination procedures for design, construction, and operation
and maintenance of the Olivenhain Dam project are addressed in the “ Agreement
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Between the San Diego County Water Authority and the Olivenhain Municipal Water
District for the Emergency Storage Project (Joint Use of the Olivenhain Reservoir Site)”
(Olivenhain JRA). Principles of agreement for the joint project were adopted by the
boards of each agency in 1995 and the agreement itself in 1998. There have been several
amendments to the agreement. The agreement provides for the joint use reservoir on site
that had been obtained by OMWD. The Water Authority and OMWD had each separately
completed CEQA documents for a 24,000 AF reservoir at the site. The Water Authority’s
document was a combined NEPA — CEQA document.

In general, the Olivenhain JRA provides that design, construction, and operation and
maintenance of the dam, reservoir and an adjacent public recreation areawould be jointly
funded with each agency paying approximately in proportion to its share of reservoir
capacity. The Water Authority would be responsible for the design and construction of
the dam and reservoir. OMWD would have a price cap of $22.5 million and a minimum
capacity in the reservoir. Except, that to the extent that costs exceed planning level cost
estimated due to differing underground conditions, OMWND’ s cost share could be up to
ten percent more or it could instead decrease its capacity by amount equivalent to its
increased cost exposure. Each agency was separately responsible for the costs for their
own planning and environmental studies. Any separate follow-on projects related to the
joint reservoir must first be considered as ajoint project with participation equal to each
party’s capacity in the joint reservair.

The Water Authority would determine the ultimate design and configuration of the
project in accordance with its environmental documentation. It was agreed that the
project would honor and implement environmental mitigation commitments made by
OMWD and that Olivenhain Reservoir would contain water from Lake Hodges. These
two conditions were essential for each agency to have necessary support for ajoint
project. A combined operation with Lake Hodges was the only way that the Water
Authority could justify environmentally, fiscally and practicably the reintroduction of the
Olivenhain site into the candidate sites for the ESP. OMWD was particularly concerned
about commitments made to nearby residents. It was agreed that OMWD could
separately implement some of these commitments and its cost for doing so, up to agreed
caps, would count towards its share of project costs. OMWD had completed all but afew
of the required improvements for the public recreation site and some biological
mitigation requirements. Its costs for these activities would be also credited toward its
share of the project cost. Property ownership, for the dam, reservoir and recreation area
would be transferred from OMWD to the Water Authority. Each agency would be
responsible for its own separate projects (water treatment plant, pumping station,
pipelines) in the vicinity and agreed to control their activities with regard to these projects
S0 as not to interfere with each other or the joint reservoir project.

The Olivenhain JRA provides that the Water Authority would have lead responsibility for
the design and construction of Olivenhain Dam and specified several requirements for
coordination of these activities with OMWD. Among the requirements are:
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For Design:

1. OMWD to have representation on the selection committee for the design
consultant.

2. Water Authority and OMWD to each designate a representative responsible for
coordination and review requirements including scheduling, preparation of plans
and specifications, modifications to the dam and reservoir and site access.

3. Establishment of aBoard of Senior Consultants (BOSC) to review project design
productsis required.

4. OMWD staff is provided the same frequency and time periods for intermediate
design reviews as Water Authority staff through the sixty percent design and of
final bidding documents.

5. OMWD isprovided all copies of correspondence between Water Authority and its
design consultant, DSOD and BOSC.

6. OMWD is provided the opportunity to attend all design review meetings, all
meetings of the BOSC and all project meetings with DSOD.

7. OMWD mitigation measures are to be incorporated into the design.

For Construction:

1. OMWD is provided opportunity to review and comment on final construction
contract bidding documents.

2. Water Authority contracting procedures, including resolution of protests, disputes
and claims, are to be used for the construction contracts administered by the
Water Authority and OMWD'’sfor theirs.

3. OMWD afforded the opportunity to review and comment on change orders, 10
days if less than $500,000 or 30 daysif greater. Water Authority may proceed if it
determines a delay would cause unacceptabl e increase in cost or impact on safety.

4. OMWD to have representation on the selection committee for construction
management consultants.

5. OMWD may designate a full time representative to be housed in the construction
management office, provided by the Water Authority, during construction.
OMWD isto independently fund the cost of such staff and their office provisions.

6. OMWD is afforded the opportunity to participate in all formal construction
review meetings; all meetings, site visits and inspections by DSOD; review copies
of correspondence between the Water Authority, its engineering consultants, its
construction contractors and DSOD and participate in meetings of the BOSC.

7. Water Authority and OMWD representatives are to conduct periodic joint
inspections of the work in progress and of the completed work.

Either party to the agreement may refer unresolved issues or unacceptable responses to
comments to a dispute resolution panel provided for in the agreement.

The San Vicente Dam Project:

The responsibilities and coordination procedures for design, construction, and operation
and maintenance of the San Vicente Dam project are addressed in the “ Agreement
Between the San Diego County Water Authority and the City of San Diego for the
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Emergency Storage Project (Expansion of San Vicente Reservoir)” (San Vicente JRA).
Principles of agreement for the joint project were adopted by the Water Authority Board
and the San Diego City Council in 1995 and the agreement itself in 1998. There have
been severa clarifications or modifications of the agreement. The agreement provides for
expansion and subsequent joint use of an existing water supply reservoir that is owned
and operated by San Diego. Unlike the Olivehain site, San Diego had no near term plans
or environmental documents related to the expansion or further development of the
reservoir, except for a pumped storage project proposed by a private sector third party.

In general, the San Vicente JRA provides that the responsibility and costs for the design
and construction of expansion of the dam and reservoir including relocation of San
Diego’ s public recreation area and certain access road as well as all environmental
mitigation costs will be borne by the Water Authority. The Water Authority will obtain a
storage right in the expanded reservoir that is nominally the same as the increased
capacity that the project creates. San Diego would have the same nominal storage
capacity in the expanded reservoir as prior to the project.

The Water Authority, as part of the ESP, will also pay for the design and construction of
alarge diameter pipeline and pumping station connecting San Vicente Reservoir to the
Water Authority’s Second Aqueduct (and hence to San Diego’s Miramar Water
Treatment Plant). San Diego’syield from the San Vicente Reservoir would not be
diminished and any additional yield developed by the project would belong to San Diego.

The new expanded dam and reservoir will remain the property of San Diego. San Diego
will continue to have lead responsibility for the operation and maintenance of the
expanded reservoir. Operation and maintenance costs would be shared by the partiesin
proportion to their share of capacity in the expanded reservoir. Opportunities for storage
credits would be shared in proportion to capacity in the expanded reservoir. Costs and
profits from the operation of the new public recreation facilities would belong to San
Diego.

In general, future projects related to property ownership belong to San Diego. Future
projects related to reservoir capacity or operations must first be considered as a joint
project with the parties sharing costs and benefits in proportion to their capacity in the
expanded reservoir. Except, the potential pumped storage project shall remain exclusively
with San Diego and the Water Authority could expand the reservoir beyond the capacity
needed for the ESP, at its expense, provided construction can begin by December 31,
2012.

The San Vicente JRA provides essentially the same requirements and opportunities for
coordination, review and comment on design and construction as the Olivenhain JRA.
Similarly either party may refer matters of disagreement related to the JRA, a dispute
review panel established by the JRA.
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The Canal Lining Projects

There are essentially four separate agreements governing each of the canal lining
projects. These are:

1. Thefunding agreements for the projects with the California Department of Water
Resources (DWR). These agreements were with I1D for the AACLP and the
Water Authority for the CCLP.

2. Thefinancial arrangements agreements or understandings between the Water
Authority and 11D or CVWD. These agreements establish how the Water
Authority provides project funding during lags, interruptions or insufficiency of
DWR resources.

3. The“Allocation Agreement Among The United States of America, The
Metropolitan Water District of Southern California, CoachellaValley Water
District, Imperial Irrigation District, San Diego County Water Authority, The La
Jolla, Pala, Pauma, Rincon and San Pasqual Bands of Mission Indians, The San
Luis Rey River Indian Water Authority, The City of Escondido, and Vista
Irrigation District.” The latter eight entities (those following the Water Authority
in the title) comprise the San Luis Rey Settlement Parties. Thisis also the
agreement that establishes how costs are shared for operations, maintenance and
repair of the new lined canals.

4. The construction agreements among Reclamation, the Water Authority and
CVWD or IID (Construction Agreement(s)).

Each of these agreements provide some form of dispute resolution. The specific
provisions for a project “Coordinating Committee” (Committee) are contained in the
Construction Agreements. The most pertinent provisions of the construction agreements
for the canal lining projects are discussed below along with some of the differencesin the
agreements.

The Construction Agreements specify the obligations of Reclamation, the Water
Authority, the Committee and 11D or CVWD for each of the canal lining projects.

Some examples of duties and responsibilities of CVWD or 11D are as follows:

1. Design and construct the projects in accordance with specifically listed

Reclamation standards.

Develop project cost estimate, update quarterly and provide copies to the parties.

Prepare report of actual final project costs and provide to Reclamation and the

Committee.

4. Continue operation, maintenance, repair and replacement functions of the canal
during construction.

5. Provide for the management of all construction activities, which includes
development of awritten construction management plan, assure compliance with
the environmental commitment plan, construction surveys, materials testing,
construction inspections, safety, contract administration, documentation of
construction by as-built drawings, and reporting regularly to the Committee.

2.
3.



6.

7.
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Keep Reclamation and the Committee informed of construction activities through
regular construction reports, Committee meetings, facsimiles or telephone calls.
Issue field change orders that are consistent with the scope of project
specifications as approved by Reclamation. Promptly provide executed copies of
change orders to Reclamation and the Committee.

Some examples of duties and responsibilities of the Water Authority are as follows:

1.

2.

Participate in Committee activities and use or make available its technical and
administrative resources to assist in implementing the projects.

Prepare and submit estimates of its costs and itemized invoices of its internal
costs to the Committee.

Some examples of differencesin the canal lining agreements are as follows:

1.

For the CCLP, the Water Authority submitsinvoicesto DWR for
reimbursements. 11D performs this function for the AACLP. In both projects the
Water Authority provides for coverage of lagsin receipt of funds from DWR.
For the AACLP the construction agreement provided a mechanism where the
Water Authority could eliminate or defer the construction of Reach 3 if projected
project costs, as identified after bid opening, exceeded available DWR funding.
For the AACLP, the written construction management plan would need to be
adopted by unanimous vote of the Committee. One important function of this
provision was to align project contract change order authorities of the Committee
and project staff with those provided to the Water Authority Board of Directors
and its General Manager by its Administrative Code.

For the AACLP, the construction agreement provided clarifications for known or
perceived changes in the project scope from that provided to the Water Authority
in project descriptions, cost estimates, and environmental documents provided by
Reclamation, MWDSC and I1D. (Due to the advanced status of the CCLP and its
Construction Agreement at the time that the Water Authority became involved,
such matters would need to be handled by Committee vote and, if indicated,
elevation through the dispute process.)

For the CCLP, the Coordinating Committee isto provide documentation and
extent, if any, of loss of regulating storage to Reclamation as a result of the
project in accordance with Section 203(b) of Titlel.

The stated basic purpose of the Committee would be to provide a means of effective
cooperation and interchange of information and providing consultations, reviews,
recommendations and approvals on a prompt and orderly basis among the parties. The
basic make up and functioning of the Committee is described in the next section. The
Committee is responsible for providing actions, consultation, review and providing
recommendations for approval by Reclamation on matters related to the design and
construction of the canal lining project, some examples are:

1.

2.

Provide comments recommendations to CVWD or 11D and Reclamation on draft
construction plans and specifications within 15 days of receipt of the draft.
Documentation, accounting and approval of Eligible Project Costs.
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3. Review and approval of schedules and updates of schedules for design and
construction.

4. Documentation of and the extent of remedial measures required to protect public
health and safety as aresult of the project as related to Section 203(c)(3) of Title
Il and compliance with Reclamation’s Safety and Health Standards.

5. Confirm that all work under a DWE has been satisfactorily completed and
therefore qualified for payment.

6. Retention of consultantsthrough I1D or CVWD for the project.

The Canal Lining Construction Agreements provide for a dispute resolution process for
disagreements by either the Water Authority or CVWD or I1D with recommendations or
actions of the Committee. A different dispute resolution processis prescribed for
disagreements between Reclamation and other parties to the Construction Agreements.

ELEMENTSOF THE COORDINATION, DECISION MAKING AND DISPUTE
RESOLUTION PROCESSES

The Canal Lining Projects

The basic mechanism for communication among the parties to the construction
agreement for the canal lining projectsis the Coordinating Committee. The Committeeis
comprised of three voting members, Reclamation and other invited interested entities.
The three voting members are the CVWD for the CCLP, 11D for the AACLP, the Water
Authority and athird voting member mutually agreed by voting members of the Water
Authority and 11D for the AACLP and CVWD for the CCLP. The mutually agreed third
voting member serves as chairman of the Committee. Reclamation is required to have a
non-voting representative on the Committee. The Construction Agreements provide that
DWR, the San Luis Rey Settlement Parties, Palo Verde Irrigation District and 11D for the
CCLP and CVWD for the AACLP shall be invited to have non-voting members on the
Committee. DWR and the San Luis Rey Settlement Parties were usually present at
regular meetings of the Committee. Other entities that were invited to have non-voting
members and sometimes sent representatives to regular Committee meetings included
California Department of Fish and Game, US Fish and Wildlife Service, US Bureau of
Land Management and US Department of Homeland Security (Border Patrol). Project
design, environmental and construction management consultants regularly meet with the
Committee to provide project updated and status of their consulting contracts. Staff or
special consultants often meet with the Committee to provide input to the Committee or
assistance to their designated agency’ s representative in reviews.

The Construction Agreements provide that the Committee meets at the call of the
Chairman and that either of the other two voting members could request the chairman to
schedule a meeting. The Construction Agreement also requires that all Committee
meetings be noticed fifteen days in advance, that the voting members be provided
material related to potential Committee actions and that, to the extent practicable, the
Committee isto be provided adequate time and information to fully evaluate and discuss
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any action or recommendation. The presence of two of the three voting members
constitutes a quorum for the Committee. Committee decisions are made by majority vote.

In practice the Committees held regularly scheduled monthly meetings during most of
the design and construction phases of both projects. The Committee often conducted
special meetings, between the monthly meetings, involving primarily the voting members
or the voting members and Reclamation and subject area support staff to consider
financial or commercial matters, for design review workshops or to consider engineering
or environmental issues.

The Construction Agreement provides the following process for resolution of disputes
among the voting members of the Committee. The dispute resolution process can only be
invoked by avoting member of the Committee. To initiate the dispute resolution process
avoting member must send a written notice of such fact to the other voting members
within 15 days after the subject of the dispute occurs or is brought to the attention of the
Committee. The notice needs to set forth in detail the position of the member invoking
the dispute resolution process. Within 30 days of such notice the general managers of
CVWD or IID and the Water Authority shall have met and attempted to resolve the
dispute to their mutual satisfaction. If they cannot, then within 60 days of receipt of initia
notification, the general managers shall have each appointed one arbiter and notified the
other voting members of the selection. The two arbiters thus named shall appoint athird
arbiter within 30 days of the date that the last of them was appointed. The panel of three
arbitersisto render afinal decision of the dispute within 60 days after the appointment of
the third arbiter.

In practice, with hundreds of decisions being made, the Coordinating Committee for the
CCLP referred three matters to the general managers for resolution. In all cases the
general managers were able to resolve the matters to their mutual satisfaction. Resolution
took longer than the 30 days specified in the Construction Agreement. The managers
mutually agreed to give themselves longer and to continue funding for the mattersin
guestion without prejudice. To date, the dispute resolution process has not been invoked
inthe AACLP.

The Emer gency Storage Projects

The mechanism for coordination and communication between the agencies involved in
the ESP project is provided by the appointment of representatives and requirements for
review and communication that were previously described. If the designated
representatives cannot reach an agreement on an aspect of the design, construction or
operation and maintenance, either agency may invoke the dispute resolution process. The
JRASs do not state who, from each of the parties may invoke the dispute resolution
process. In practice the parties have issued |etters designating such person, the general
manager’ s designated representative to the project.

The JRAs designate a dispute resolution panel, for each project, asthefirst step in the
dispute resolution process. The panels are composed of five members, one appointed by
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the Water Authority, one by San Diego (for the San Vicente Dam Project) or by OMWD
for the Olivenhain Dam project, and three members mutually agreed to who are
independent of both parties to the agreement. One of these three membersisto be a
professional engineer, another a certified public accountant, and the third a person
experienced in the administration of water resources contracts. The three independent
members are jointly contracted and paid by the parties to the JRA. The Water Authority
representative serves as the chair of the panel during design and construction of each
project and the representative of San Diego or OMWD becomes chair after completion of
construction. (The panel for each JRA isindependent and there is no requirement that the
members be the same. They are described together here for brevity.)

The panels' mission isto provide a prompt and orderly resolution of disputes between the
staffs of the Water Authority and San Diego or OMWD. The purview of the panels
includes such matters as design and construction of the projects; documentation and
review of O&M costs; seasonal storage credits; accounting of water in storage by each
party; evaporative, seepage, leakage, spill and other water 1osses; and |osses of
recreational revenue at San Vicente. The panel has no authority regarding the award or
administration of contracts by either party, or planning, permitting or environmental
mitigation for the projects.

Either party to the JRA may submit a dispute to that panel. The submission must bein
writing and detail the nature of the dispute and the requested resolution. The submission
isto be to each panel member and the other party by certified mail or overnight delivery.
The other party may submit a written response within ten days of receipt of the initial
notice. The chair will provide notice to the parties and other panel members of a panel
meeting to take place within 15 days of the receipt of the original notice. Panel meetings
are intended to be informal and to facilitate open discussion of the dispute. The panel
may request presentations from the parties. The panel isto reach a decision within 45
days of receipt of the initial submission of dispute. Panel decision isby mgjority vote. In
the event that all members of the panel are not present, the chair will send a letter with
the proposed action by certified mail, return receipt, to the absent member(s). If no
response isreceived in 30 days, the action stands.

If the panel cannot reach a decision within the prescribed 45 days or the parties desire
further review and resolution of the dispute, then the following actions are taken. The
general managers for the parties have 15 days to decide if they may be able to personally
resolve the matter. If so, then they will so notify the chair, who will schedule a meeting
with the managers and the panel to take place within 21 days.

If one of the parties cannot accept the decision of the panel and the managers cannot
determine that their personal involvement will resolve the matter then the dispute
proceeds to arbitration. Within 55 days of the managers determination that they cannot
personally resolve the matter in dispute, each party shall select an arbitrator. Within 30
days of the selection of the last arbitrator, the two arbitrators shall select athird arbitrator.
The arbitrators are to render a decision within 120 days.
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The parties may appeal the decision of the arbitrators by filing an action in superior court
within 60 days of receipt of the arbitrators' decision. The JRAS prescribe consequences
for the filing of a court action without first going through an aternative dispute resolution
process and for not prevailing in filing after following such process.

To date no matter has been referred to the dispute resolution process for the ESP. The
panel for the Olivenhain Dam project has never met. The panel for San Vicente Dam will
meet twice ayear during construction and the first two years following construction.
There have been afew matters on the Olivenhain Dam project that may have been
candidates for the dispute resolution process. However, they have been or are being
resolved by the managers or executive staff of the agencies. Some of these matters
resulted in amendments to that JRA.

OBSERVATIONS AND CONCLUSIONS

Perceived risk to the project (as determined by the probability of something going amiss
times the associated cost or importance of the consequences) enhances the need for closer
day to day communications on the joint project. The actual or possible intervention by
third partiesis a project risk that enhances the needs of the parties for closer coordination.

Projects and their agreements can endure for decades but the people involved will

change. Good governance processes, good documentation of project decisions and
planned personnel transitions, whenever possible, are vital to maintaining harmony on the
project.

Close communication and coordination during the design phase of a project helps
develop a better common understanding of the project and fosters rapport between the
parties prior to the more risky construction phase.

A mechanism such as the Committee used in the canal lining projects may help document
agreements and clarifications as the project progresses or forces disagreementsto light in
atimely fashion to facilitate resolution.

A mechanism such as the panel used in the ESP projects may provide away to elevate
and resolve disputes and enable project staff to focus on the execution of the project. Top
executives are not needlessly or prematurely directly engaged in the disagreement.

The establishment of time lines for resolution of disputesisimportant to facilitate the
progress of the joint project and protect the interest of the parties. However, the parties
may and should extend the time constraints, if doing so is or, can be made to be, mutually
agreeable and could lead to resolution.

The agreement provisions for the panel in the ESP projects and the Committee for the
canal lining projects both were modeled on the same source, ajoint water conservation
program by 11D and MWDSC from the early 1990’ s. Just as the decision making and
dispute resolution processes have adapted to the circumstances of the five projects, they
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would likely be further modified for future, even similar, projects carried out by the same
entities. In developing governance provisions for ajoint water resources project thereis
not likely to be an ideal precedent to ssmply copy. Rather one needs to understand the
range of potentials available and circumstances in the various precedents considered.

DEDICATION

One of the challenges on both canal lining projects was the deaths of four key |eaders of
the project team (non Project related) within a period of six monthsin the year 2006. The
authors, on behalf of the entire team of the All American Canal Lining Project and the
Coachella Canal Lining Project dedicate this paper to their memory.

Kirk Dimmitt: Executive Program Manager for the both the AACLP and the CCLP.
Kirk had been the lead for MWDSC for the Colorado River canal lining projects. He
worked diligently more than a decade to bring these projectsto fruition. Many consider
him the father of the canal lining projects. He joined 11D and continued his involved
leadership in both projects following the transfer of the projects from MWDSC to the
Water Authority.

Joe Summers. Chairman of the Coordinating Committees for the AALCP and the
CCLP. Joe had also served as chairman of the committee for the 11D — MWDSC
conservation and water transfer program. The success of the committee for that program
inspired the collaborative programs both for the future canal lining projects as well asthe
ESP.

Clyde Romney: Representative for the San Luis Rey Settlement Parties for both the
AACLP and the CCLP. Clyde had long been the champion of the Native American
Group aong the San Luis Rey River for restoring their rights to its water. He served all
those he represented as well as the project with dedication and effectiveness. His
legidlative efforts made the projects areality.

James “ Pat” Green: Environmental Manager for Reclamation for the AACLP and
CCLP. Pat had been keenly involved in devel oping the Environmental Impact Statement
for both projects and coordinating efforts under Federal and Californialaws. Pat was a
key participant at almost every Coordinating Committee meeting. He gained the respect
of every project leader as well as environmental resource agencies through his thorough
knowledge of the environmental processes, documents and rules needed to keep the
projects on track and successful. He upheld environmental values, worked with
engineering and construction leads to find solutions when unexpected issues arose.




SYSTEM OPTIMIZATION REVIEW OF SHAFTER-WASCO IRRIGATION
DISTRICT

Terry Nguyen®
Sam Schaefer’

ABSTRACT

As part of alarger system optimization review (SOR) that GEI Consultants, Bookman-
Edmonston Division (GEI) conducted for the Poso Creek Integrated Regional Water
Management Plan Region (Region), a portion of the budget was used to conduct a
focused SOR to evaluate the Shafter-Wasco Irrigation District (SWID). GEI met with
SWID’s General Manager and System Operator with the goal to document their ideas on
ways to improve the SWID system, prior to the retirement of the System Operator. The
SOR assessed SWID’ s potential for managing their available water supplies more
effectively and for improvements to their distribution facilities to maximize deliveries of
neighboring districts' available surface water. The finding of the SOR documented
internal and external opportunities for SWID to advance their current and future water
management practices.

INTRODUCTION AND BACKGROUND

Shafter-Wasco Irrigation District (SWID), located in the southern portion of the San
Joaquin Valley, California, receives Federal water from the Central Valley Project (CVP)
viathe Friant-Kern Canal (Figure 1). The District encompasses about 34,000 acres, of
which about 30,000 acres areirrigated.

SWID’s source of surface water supply is the Friant Division of the CV P, which develops
its supply from the San Joaquin River, with storage provided by Millerton Lake. The
water is transported to SWID through the Friant-Kern Canal. The surface water supply is
used conjunctively with the underlying groundwater. SWID’s contract entitlement
consists of 50,000 acre-feet of Class 1 water and 39,600 acre-feet of Class 2 water, for a
total of 89,600 acre-feet. The long-term average surface water supply available to the
district is estimated at 69,000 acre-feet. The Class 1 water is storable (for use within a
given year) and is considered a firm water supply. The Class 2 water supply is non-
storable water and must be used when it is available.

The SWID system is a gravity system which delivers water using two turnouts from the
Friant- Kern Canal. Water from the turnouts flows west supplying SWID’ s distribution
systems called the “North” and “ South” System (Figure 1). The two turnouts from the
Friant- Kern Canal are located in North Kern Water Storage District. The northern
turnout is the main line for the North System and the southern turnout is the main line for

! staff Engineer, GEI Consultants, Inc., 101 North Brand Boulevard, Suite 1780, Glendale, CA 91203;
Tnguyen@gei consultants.com

2 Senior Engineer, GEI Consultants, Inc. 5100 California Avenue, Suite 227, Bakersfield, CA, 93309;
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Figure 1. Shafter-Wasco Irrigation District and Neighboring Districts
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the South System. Each turnout has a practical capacity of approximately 200 cfs.

SWID’s primary purpose is to contract for the importation of water from the Friant
Division of the CVP. It hasthe additional responsibility of conjunctively managing
surface water and groundwater supplies to ensure an adequate water supply for water
users.

As part of the system optimization review (SOR) specially conducted for Shafter-Wasco
Irrigation District (SWID), GEI Consultants, Bookman-Edmonston Division (GEI), met
with SWID’s General Manager and System Operator to document their ideas on ways to
improve the SWID system prior to the retirement of the System Operator. The SOR
assessed SWID’s potential for managing their available water supplies more effectively
and for improvements to their distribution facilities to maximize deliveries of
neighboring districts available surface water.

Internally, SWID is addressing system modernization by adding isolation valves and
replacing farm turnouts. The lack of isolation valves puts SWID and itsusersin a
vulnerable position during times of maintenance or repairs. The old farm turnouts make
delivery of water a time-consuming and hazardous task.

The SOR identified projects that would interconnect SWID with its neighboring districts
(Semitropic Water Storage District and North Kern Water Storage District) for the
purpose of increasing water banking and exchanges. The projects include:

SWID/North Kern North Interconnection
SWID/North Kern South Interconnection
SWID/Semitropic Existing Interconnection
SWID/Semitropic Madera Ave. Interconnection
SWID/Semitropic Kimberlina Road I nterconnection
Multi-District Conveyance Facility

Previously in 2008, GEI completed an evaluation of the existing interconnection between
SWID and Semitropic to identify any design modifications that would allow the
interconnection to operate at a higher capacity. The findings included herein considered
the details found in the 2008 eval uation.

OPERATIONAL ISSUES

| solation Valves

A magjor issue with the SWID system isits lack of isolation valves along the pipeline
main of its North and South Systems. Some of the existing valves on the main lines are
worn-out and need to be replaced. Installation of additional isolation valvesin strategic
locations along the main line would minimize the number of users shut down during
maintenance or repairs, alowing for amore reliable operation of the system. Ideal
locations of new valves were not determined as part of the SOR. SWID will consider and
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evaluate new valve locations depending on known conditions, operational procedures,
and budget. There are however, severa vaves along the main line of the North System
that are known to be non-operational and need to be replaced.

Additional valves along certain laterals of the system would also help make the system
morereliable. Existing valves are generally located at the beginning of each lateral. This
allowsfor each lateral to be shut down independently of other laterals. However, some
laterals can reach up to two milesin length; many laterals also have multiple sub-laterals.
Maintenance or repairs along alateral could potentially require shutting down the entire
lateral. SWID will consider and evaluate ideal |ocations for additional valves as part of
their long-term system improvements.

Farm Turnouts

Modernizing existing farm turnouts such as those shown in Figure 2 would allow for a
more efficient operation. Currently, once an order for any specific amount of water has
been placed, the system operator must open the turnout valve then climb up aladder to
read the water meter at the top of the turnout riser located inside the standpipe (Figure 3).
To discharge the correct amount of water the operator must read the meter then adjust the
valve accordingly, this guess-and-check procedure of calibration requires several
iterations of climbing up and down the ladder to read the meter and adjust the valve.

New farm turnouts, as shown in Figure 4 and Figure 5, have the turnout riser and water
meter located outside the standpipe. With this configuration the operator can easily adjust
the valve while reading the meter, greatly reducing the amount of time it takesto
calibrate the turnout; this configuration also eliminates the hazard of climbing up and
down aladder.

Figure 3. Water Meter at Top of
Figure 2. Existing Farm Turnout Riser Located within the
Turnout Standpipe Standpipe
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Figure 4. Turnout Riser Located Outside of the
Standpipe with Easily Accessible Meter
Standpipe

Hose Bib

Water Meter

Gate Valve

Figure 5. Moderni zed Turnout with Gate Valve,
Water Meter, Hose Bib, and Butterfly Valve
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Old turnouts are slowly being phased out as the District began replacing and modernizing
turnouts starting in 2006. Turnouts that have priority for replacement are ones that are
leaky due to worn-out valves and ones that have high standpipe heights. The cost of
replacing the turnouts is about $10-$12K per turnout. SWID will continue to replace
turnouts as funding allows.

Findings and Recommendations for M oder nization

With local funding, the District’s priority isto continue to replace and modernize existing
farm turnouts and add isolation valves. The District will evaluate grant programs to help
fund system modernization; including Reclamation’s grant programs that pay up to 50-
percent for water saving and system efficiency measures.

EVALUATION OF EXISTING AND FUTURE CONVEYANCE BETWEEN
DISTRICTS

Table 1 shows projects which are either existing, under construction, or proposed, that
involve the interconnection of SWID with neighboring districts. Each project would
allow for water exchanges between districts, increasing flexibility to SWID’ s system.

Table 1. SWID Interconnections

East-West West-East
Proj ect Size Capacity Capacity Project Status
(Gravity) (Pumping)
SWID/North Kern 60" 100 cfs 75 cfs Under
North Connectio Construction
| nter connection n Facilities
SWID/North Kern 48" 50 cfs 50 cfs Ready for
South Pipeline Construction
I nter connection
SWID/Semitropic 36" >25 cfs 25 cfs Existing
Existing Pipeline
| nter connection
SWID/Semitropic 36" 50 cfs 50 cfs Planning/Prelimin
Madera Ave. Pipeline ary Design
I nter connection
SWID/Semitropic 60" 75 cfs 75 cfs Planning/Prelimin
Kimberlina Road Pipeline ary Design
I nter connection
Multi-District 84" 300 cfs 300 cfs Planning/Prelimin
Conveyance Facility  Pipeline/ ary Design
New

Cana
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SWID/North Kern North I nter connection

A project nearing completion is the North Interconnection between SWID and North
Kern that connects North Kern’s Calloway Canal to SWID’s North System (L ateral
134.4) (See Figure 6). The connection consists of approximately 180 ft of 48-inch
diameter pipe and 120 ft of 24-inch diameter pipe, both with a pumped capacity of 75 cfs.
The connection allows bi-directional delivery of water between SWID and North Kern.

In awet year, when there are surplus supplies available off of the Friant-Kern Canal, the
facility would be run in amode of delivery into the Calloway Cana. From there,
supplies can be delivered to the North Kern’ s direct and in-lieu recharge facilities. Also,
in awet year, if there are any supplies available to North Kern that may be delivered to
USBR designated excess lands, this facility is a means of moving such water into Shafter
Wasco' s north system. In adry year, the facility may be used to deliver North Kern
deepwell produced water to SWID. Deliveries would be made either in return of a prior
year Shafter-Wasco banked supply or for North Kern to delivery off-peak season water in
exchange for peak season water for energy and supply management purposes. This
project is currently under construction at an estimated cost of $650,400.

SWID/North Kern South | nter connection

Another interconnection project between North Kern and SWID is the South
Interconnection that would connect North Kern’s 8-5 ditch to SWID’ s South System
(Lateral 137.2) viaa50cfs pipeline.

This project would allow Kern-Tulare Water District to convey its Kern River Water
through the Calloway Canal and deliver it to SWID. In exchange, SWID’s Friant water
can then be delivered to Kern-Tulare. Without the project, Kern-Tulare deliversits
23,000 acre-feet per year of Kern River through an exchange with Arvin-Edison. This
exchanged incurs a 20% loss to Kern-Tulare. Completion of the project will allow Kern-
Tulare to exchange water with SWID and reduce losses to Kern-Tulare by 4,600 acre-feet
per year. At thistime, SWID cannot deliver its CV P water to lands within its service area
designated as Excess under Reclamation Law. Therefore, this demand of approximately
15,000 acre-feet must be pumped from the groundwater basin. Once the project is
completed, SWID will be able to take delivery of Kern River Water and banked
groundwater directly from North Kern. The short term benefit of delivering non-CVP
water in-lieu of pumping groundwater is the savingsin energy charges. In the long term,
the project saves groundwater for use in dry years and helpsto off-set for regional
groundwater overdraft which has been exasperated by San Joaguin River settlement.

This project would aso alow North Kern to deliver water stored in its groundwater
directly to SWID. In exchange, SWID’s Friant water can then be delivered directly to any
CVP Contractor along the Friant-Kern or Madera Canal. This project significantly
enhances North Kern’s ability to compl ete exchanges of surface water supplies.



KIMBERLINA

SHAFTER AVE

Figure 6. North Interconnection Between North Kern’'s Calloway Canal and Shafter-Wasco’s North System (Lateral 134.4)
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The South Interconnection between SWID and North Kern is ready for construction and
is estimated to cost $600,000 to construct.

SWID/Semitropic Existing | nter connection

As mentioned earlier, the existing interconnection between SWID and Semitropic was
previously evaluated in 2008 to identify any modifications that could be made to allow
the Interconnection to operate at a higher capacity. Operation of the Interconnection in
the west-to-east direction has proven to be challenging. The existing facilities consist of
a pumping plant with a capacity of 625 horsepower and 25 cfs located at Semitropic’s
Pond-Poso Canal, and approximately 3.5 miles of 36-inch diameter pipeline that runs east
connecting the pumping plant to the end of SWID’s North System (See Figure 7 & 8).

As stated in the 1993 General Design Memorandum, operating parameters of and for the
Interconnection in the west-to-east mode should be devel oped from exploratory operating
experience after initiation of operations; for the operational conditions which result from
introducing pumped Interconnection water (from the pumping plant located at the Pond
Poso Canal) into SWID’s system with isolation valves No. 2 and No. 3 open and CVP
water flowing from the Friant-Kern Canal could not be completely predictable.

Along with several minor design changes and additions to the facilities, it was concluded
from the 2008 study that in order for the system to operate more smoothly, changesto the
operation of the Interconnection would need to meet mutually acceptable criteriafrom
both the SWID and Semitropic operators. Communication protocols for operation of the
Interconnection should be put in place and followed by both districts.
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Figure 7. Semitropic Water Storage District and Shafter-Wasco Irrigation District with
Locations of the Existing Interconnection, Kimberlina Road Interconnection, and Madera
Avenue Interconnection
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SWID/Semitropic M adera Avenue | nter connection

Another SWID/Semitropic project in consideration is the interconnection between the
two districts on Madera Avenue (See Figures 7 & 9). This project isa 36-inch pipeline
that would connect to the end of the 39-inch main transmission pipeline of Semitropic’s
Lateral B-230 to SWID’s South System, a 33-inch pipeline located along Palm Avenue.
This interconnection would operate in the same manner as the Kimberlina Road
Interconnection. This project aso has only been conceptually designed and islisted in
the Poso Creek Integrated Regional Water Management Plan. Estimated at $5M with a
capacity of design capacity of 50cfs, thisis SWID’s preferred project asthereis already
an existing connection to Semitropic on SWID’s North System.

SWID/Semitropic Kimberlina Road | nter connection

Another interconnection project in consideration is the Kimberlina Road Interconnection
between SWID and Semitropic (See Figures 7 & 9). This project would connect
Semitropic’s Lateral P-384 to SWID’s North System main via a 60-inch intertie pipeline
along Kimberlina Road. Unlike the existing intertie between Semitropic and SWID,
which connects to the end of SWID’s system, the intertie on Kimberlina Road would
connect near the middle of SWID’s North System, allowing for gravity flow to all the
users downstream of the connection point.

In wet years, when there is excess non-project water available from the California
Aqueduct through Semitropic’s distribution system, this water can be used in-lieu of
groundwater pumping by SWID growers. These facilities can also be used by Semitropic
to receive water from east side sources, such as 215 Water from the Friant-Kern Canal or
be used to convey Shafter-Wasco' s high flow water into Semitropic’ s banking program.
In dry years, these facilities will be used to return Shafter-Wasco’ s prior year banked
water from Semitropic.

This project has only been conceptually designed and is one of the projectslisted in the
Poso Creek Integrated Regional Water Management Plan. It's estimated to cost $12M
with adesign capacity of 75 cfs.
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Multi-District Conveyance Facility

The Multi-District Conveyance Facility Project involves facilities that would essentially
connect the California Aqueduct and the Friant-Kern Canal (See Figure 10). Thegoal is
to provide atransmission facility to make greater use of surplus water existing in either
the State Water Project or the Central Valley Project. Although several alignments and
alternatives have been studied, they would all consist of acombination of canals,
pipelines, and pumps that would start at Semitropic’s 120-inch diameter Stored Water
Recovery Unit pipeline and end near SWID’ s North System intake point at the Friant-
Kern Canal.

Operating in the west-to-east mode, water would be conveyed directly to SWID’ sintake
point (near the Friant-Kern Canal), allowing for the SWID system to operate as normal,
by gravity, and eliminating the risk of damaging SWID’ s low-head pipes from
pressurized reverse flow operation.

However, at an estimated cost of over $70M, the Multi-District Conveyance Facility
would be very difficult to fund locally. Thereisalso concern that the water suppliesto be
delivered from west to east to support the use of thisfacility are limited at this time due to
the constraints in moving water south of the Sacramento-San Joaquin Delta.
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FINDINGS AND RECOMMENDATIONS

Table 2 shows the potential monthly capacity and variable operating costs of each
project. Note that of the four interconnection projects with Semitropic, the
Interconnection on Madera Avenue would be the least costly to operate per acre-feet of
water.

Table 2. Project Capacities and Operating Costs

Potential Variable
Monthly Pumping Capital Operating

Project Capacity (ac- Head (ft) Costs  Costs ($/ac-ft)
ft/mo)

SWID/North Kern 4,500 - $0.65M -
North I nter connection
SWID/North Kern 3,000 - $0.60M -
South I nterconnection
SWI1D/Semitropic 1,500 170 - $29
Existing
I nter connection
SWID/Semitropic 3,000 60 $5M $10
Madera Ave.
I nter connection
SWI1D/Semitropic 4,500 70 $12M $12

Kimberlina Road
I nter connection

Multi-District 18,000 211 $70M $36
Conveyance Facility

To improve the operational capacity of the existing interconnection between SWID and
Semitropic, GEI recommends that the districts meet to create operational protocols and
mutually acceptable criteriafor operation of the interconnection prior to any construction
improvements to the interconnection are planned.

In order to implement the improvements to the existing interconnection with Semitropic
and the three proposed conveyance connections (Kimberlina, Madera, Multi-District),
SWID will need outside funding. A long-range goa will be to evaluate potential funding
arrangements related to supporting the Semitropic Groundwater Bank, Reclamation Grant
Programs, and possible funding through the Poso Creek IRWM Plan.

Regarding the three proposed new conveyance connections, SWID’s preference would be
to construct the Madera Avenue I nterconnection between Semitropic and SWID’ s South
System. Thereis no existing interconnection between SWID’s South System with
Semitropic, as an interconnection already exists on SWID’s North System. The
interconnection on Madera Avenue is also the least expensive of the proposed
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interconnections with Semitropic. However, SWID’sfirst priority isto complete the
North and South interconnections with North Kern. The North Interconnection is near
completion, while the South Interconnection is ready for construction.

Therefore, SWID’s overall preference and priority is to add conveyance flexibility by
making the following improvements:

Finish the North Interconnection with North Kern

Construct the South Interconnection with North Kern

Improve the existing Interconnection with Semitropic

Construct the Madera I nterconnection with Semitropic

Evaluate Kimberlina Interconnection as aregional project

Evaluate the Multi-District Conveyance Facility as a Regional Project

Sk wdE

SUMMARY

As part of alarger system optimization review (SOR) that GEI Consultants, Bookman-
Edmonston Division (GEI) conducted for the Poso Creek Integrated Regional Water
Management Plan Region (Region), a portion of the budget was used to conduct a
focused SOR to evaluate the Shafter-Wasco Irrigation District (SWID). In 2009, GEI
met with SWID’ s General Manager and System Operator with the goal to document their
ideas on ways to improve the SWID system, prior to the retirement of the System
Operator. The SOR documented internal and internal and external opportunities for

SWID to advance their current and future water management practices. SWID intends to
continue replacing old farm turnouts and isolation valves as their operation and
maintenance funds allow. SWID will consider funding from outside of their district to
advance the identified conveyance improvements that would add water supply flexibility
between SWID and neighboring districts.
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ABSTRACT

In recent years, the northeast region of the Iberian Peninsula has experienced extreme
drought, thus creating a need for water managers to have a better understanding of the
available water resources. In the spring of 2007, the Agencia Catalanade |’ Aigua (ACA)
contracted Qualitas Instruments, SA to install five pulsed acoustic Doppler profilers at
key sites near Girona, Spain with the goal of obtaining more accurate open channel flow
measurements. In the past, these sites used water level as a surrogate to measure flow,
however due to site conditions, rating curves at the site did not provide sufficient flow
accuracy. In the scenarios presented in this paper, backwater effects from irrigation gates
and water control structures in streams had an influence on flow monitoring at the sites.
Rating curves typically break down in these situations because each water level does not
have a unique associated flow value; that isto say for agiven water level, there may be
multiple flow values. Doppler sensors measure water depth and avelocity profile. Water
depth data is used to determine flow area, which is multiplied by the average velocity that
is measured by the Doppler sensor ultimately providing increased resolution and
accuracy on flow measurements. Preliminary data indicate that for two sites (Canal
Vinyals and Sentmenat), the rating curve method overestimated low flows conditions by
an average of 68%, while the rating curve method at Resclosa Canet underestimated
flows by 25%. Another irrigation canal, Canal Marge Esquerra, the Doppler sensor and
Rating Curve provided similar data. Additionally, a stream monitoring site that applied a
rating curve measured well during base flow, but was found to underestimate high flow
conditions by approximately 31% when compared to the acoustic Doppler instrument,
therefore additional investigations are needed for the site.
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INTRODUCTION

During 2004 to 2008 Catalunya (Figure 1), the autonomous region of Northeast Spain
experienced the worse drought in nearly 100 years. In 2008 the drought conditions | eft
many reservoirs at less than 20% capacity (Figure 2). Various options were studied to
rectify the situation; among these were to transport water to the region by diverting and
pumping water from another watershed as well as transporting water from southern
France by train or boat. Additional drinking water resources will be provided from a
desalination plant due to be completed in mid 2009. However considering the continuous
stress on streams to provide source water to public works systems, irrigation water to
growers, diversions for hydroelectric plants all while tying to maintain an ecosystem
along the stream corridor this project was seen as a potential key for future water
resources management.

In the spring of 2007, the Catalan Water Agency (ACA, L’ Agencia Catalanade |’ Aigua)
contracted Qualitas Instruments SA (www.qualitasinstruments.com) to upgrade five key
gauging stations, near Girona, Spain. These stations are located in area where the drought
forced a delicate balance between irrigation, municipal and ecological use. Previously,
the stations used water level asthe primary surrogate measurement for flow, but have
experienced problems with accuracy due to the back-water effect and irregular cross-
section and distribution of flow. For the project, Qualitas Instruments SA installed 5
pulsed acoustic Doppler profilers (ADP) to monitor flow velocity and determine channel
flow. ADPs measure awater velocity and calculate flow by multiplying the measured
average velocity by the calculated flow area. Flow areais determined from a site specific
stage-area relationship.

Figure 1. Map describing the general area of iest, Catalunya, Spain
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Figure 2. Images from the extreme drught in Catalunya
MATERIALSAND METHODS

All sitesin this study are equipped with a device to measure water level; that isused in
conjunction with arating curve (based on gagingsin the field) to calculate flow. The
rating curve converts water level datato flow data. Additionally, al sitesfor this study
have included ADPs to determine flow. Both instruments, water level and ADP, were
configured to collect data every 15 minutes with the ADP programmed to utilizea 1
minute averaging interval. Figure 3 below presents a detailed site map of the 5 stations
involved in the study. All are located in the province of Girona, Spain. The following
section provides detailed site descriptions of each site. In addition to Doppler sensors,
each site was equipped with a QFL datalogger, designed and developed by Qualitas
Instruments SA. The QFL not only logs and stores data files, but also alows for
instrument signal processing, thus calibrating flow values reported by the ADP o gauging
values conducted onsite by applying the modified power law.

e
4 o —

Rio Esponelia .

Figue 3. Detailed m Dplé} nrent locations
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Site Descriptions

Canal Vinyals This channel, as shown in Figure 4, is arectangular cement irrigation
canal with aregular distribution of water velocities and alow sedimentation rate. An
Argonaut SW (3.0 MHz) wasinstalled at the bottom of a straight section of the canal
approximately 100 ft from the gage house. Typical flow depths range from 1 to 5 ft of
water.

e SN
Fi guré 4. Photo of Canal Vi nyalg

Resclosade Canet Thisirrigation cana (Figure 5, looking downstream) has an unpaved
irregular bottom as well as an irregular distribution of water velocities across the channel.
An Argonaut SL (1.5 MHz) wasinstalled on the right bank of the canal at 1.70 ft from
the bottom. The installation depth was determined to be optimal based on the review of
historical data at the site. The SL was installed approximately 40 ft from the gage house.
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Cana Sentmenat Thisirrigation canal (Figure 6) is arectangular channel with an
irregular bottom. Due to the curvature of the canal and the irregular bottom, irregular
velocities are often observed. An Argonaut SL (1.5 MHz) wasinstaled 2.62 ft above the
deepest point of the canal and 2,600 ft from the gage house.

Figure 6. Photo of Canal Sentmenat

Canal Marge Esquerrade laMuga (Pont de Malins) Thisrectangular irrigation canal is
concrete lined with alow sediment load. Since the canal has aregular distribution of
velocities, the SW (3.0 MHz) was installed on the bottom of the canal just below the foot
bridge and next to gage (Figure 7). The distance between the gaging station and the
sensor is approximately 20 ft.

T it

Figure 7. Photo of Canal Marge Esquerra de laMuga

Rio Fluvia- Esponella The Argonaut SL (1.5 MHZz) was installed on the right bank of
the Fluvia River near Eponellaat 1.5 m from the deepest portion of the stream at alevel
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that should always be submerged based on historical data. The stream has an uneven
rocky channel bottom and irregular flow velocities. The SL isinstalled some 230 ft from
the gage house. Figure 8 presents a photo of the downstream section of the Rio Fluvia,
just upstream from where the SL isinstalled.

Fi gur . Photo of the Fluvia River near Esponell
RESULTS

Tables 1 -5 present results from verification gagings at each sitesinvolved in the study.
The results present good agreement between the gaging and the acoustic Doppler sensor
flow data. One trend observed that the acoustic Doppler sensor generally provided a good
measurement of flow at all sites however, low flows were nominally underestimated at
the Resclosa de Canet and Vinyals and slightly overestimated flows at the Canal Marge
Esquerra. It isimportant to note that the Vinyals and Canal Marge Esquerra sites are
using the “Theroretical Method” for flow calculation, that isto say that the flow values
are determined only by using the flow area (determined by the vertical beam/pressure
sensor and the cross-sectional area of the station) and velocity profile determined by the
acoustic Doppler sensor. All other sites are applying the adjusted power law viathe QFL
to calibrate raw data from the sensor to gaged data from the site. Additional accuracy can
be obtained by using the velocity index method which allows the user to “calibrate”
acoustic Doppler sensor to gaging data; in other words using regression analysisto
compare the mean velocity from the gaging data to the mean velocity of the acoustic
Doppler sensor.

Table 1. Flow dataresults for Canal Vinyals

Stage (ft) | Gaging (ft%s) SW Discharge % Difference
(ft3/s)
2.03 49.0 46.6 5.24
2.49 325 31.8 -1.96
3.58 47.3 45.9 2.99
3.61 434 45.2 -4.15
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In addition to the data described in Table 1, data from afour day test deployment during
steady flows in August 2008 indicated that the uncalibrated SW measured an average
flow value of 42.3 ft*/s compared to the rating curve value of 82.6 ft%/s. Gaging at the site
indicated that the flow value was 46.9 ft%/s, thus arating curve value overestimated flows
by 95% .

Table 2. Flow dataresults for Resclosa de Canet

Stage (ft) | Gaging (ft%/s) SL Discharge % Difference
(ft3/9)
4.10 24.3 24.7 0.01
5.84 79.4 70.9 11.99

Similar to the datain Table 2, flow datafrom an SL for three consecutive days of steady
flow in August (2008) observed an average flow of 82.6 ft*/swith a gaged value of 79.4
ft*/s. This shows a good improvement from the rating curve value that corresponded to
61.8 ft*/s; thus, the rating curve was 25% below actual flow values.

Table 3. Flow data results for Sentmenat
Gaging (ft¥s) | SL Discharge (ft°/s)
16.6 16.2

% Difference
1.71

Stage (ft)
0.79

In addition to the datain Table 3, data from a three day monitoring period in June 2008
with steady flow determined that flow from the SL was 17.6 ft/s which compared to the
rating curve value of 24.7 ft*/s; gaging value from the site was 16.9 ft/s. Thisidentifies
that the rating curve was overestimating flows by 40%.

Table 4. Flow dataresults for Canal Marge Esquerra

Stage(ft) | Gaging (ft°/s) SW Discharge % Difference
(ft3/s)
3.28 12.0 10.6 10.45
3.31 13.4 14.1 -5.82
459 70.9 70.6 -0.40

In general, SW and rating curve data have compared well to each other during all
measurement periods.

Table 5. Flow dataresults for Rio Fluvia - Esponella

Stage(ft) | Gaging (ft¥s) | SL Discharge(ft’/s) | % Difference
1.18 84.7 84.7 0.00
1.77 198.0 197.6 0.18
2.36 370.5 367.0 0.96

Flow data from the SL and the rating curve are comparable overtime during steady flows
for four days in June; however the SL measured much higher flow values than the rating
curve during high flow periods ( 917 ft*/s for the ADP compared to 635 ft*/s for the
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rating curve). Additional gagings need to be completed at higher flows to determine
which flow value is more accurate. In the case that the SL needs additional accuracy a
velocity index can be completed to fine-tune/calibrate the acoustic Doppler instrument.
Table 6 provides a summary comparing the ADP and rating curve data.

Table 6. Summary of data comparing ADP to Rating Curve data

Station Flow ADP | Flow Rating | Gaging % Difference
(ft3/9) Curve(ft¥s) | (ft¥s) | (Rating Curve—ADP)

Canal Vinyals 42.3 82.6 46.9 95%

Resclosa Canet 82.6 61.8 79.4 -25%

Cand 17.6 24.7 16.9 40%
Sentmenat

Cana Marge 105 11.3 12.0 8%
Esquerra

Rio Fluvia 917 635 -31%

SUMMARY AND CONCLUSIONS

Considering the intense drought in Northeast Spain during 2004-2008, water managers
were forced to look for solutions to better quantify flow valuesin order to maintain
delicate bal ance between municipal, agricultural and ecological use. Five gaging stations
had ADPs installed as flow measuring instruments in order to provide more accurate flow
measurements. Based on the information provided above, ADPs provided increased
accuracy for flow measurements by applying the theoretical flow calculation or by
applying the adjusted power law to velocity. Additional fine-tuning or accuracy can be
achieved over time by calibrating or conducting a velocity index for the sites, however
some sites performed well using raw data from the ADP. The gaging sites included four
irrigation canals and one river. Preliminary data indicate that for two irrigation canals the
rating curve method overestimated low flows conditions by an average of 67.5%, while
one cana underestimated flow by 25%. An additional irrigation canal using arating
curve compared fairly well to ADP data. Lastly, a stream monitoring site had comparable
data during base flow, but was found to underestimate high flow conditions by
approximately 30% when comparing data from the ADP and rating curve, however no
gaging data was available as a check; this suggests that additional investigations need to
be completed.
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WHAT ISON THE HORIZON?
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ABSTRACT

Water shortfalls have placed irrigation districts center stage in water publicity. The lack
of public knowledge on how irrigation districts divert and convey water has precipitated
guestions regarding the operations and water management practices of these districts.
Asirrigation users implement new technologies or restore existing systems, a
considerable quantity of applied water is expected to be managed more effectively.
Public perception is that water conservation is expected to enhance irrigation and provide
favorable results, such as, less water use, increased yield, and decreased operation costs.

The purpose of this paper is not to debate the effectiveness of water conservation
programs intended for irrigated agriculture, but to identify funding opportunities, (grants
and/or loans), that are available to irrigation districts to help achieve the goa of water
conservation. Many funding opportunities focus on assisting irrigation districtsin
identifying best management practices for water conservation. Examples of applied
technology for the purpose of achieving water conservation in irrigated agriculture have
been presented by numerous USCID authors and vigorously debated for years.

This paper presents the results of GEI/Bookman-Edmonston Consultants (GEI)
evaluation of funding opportunities specific to agricultural agenciesincluding state,
federal, and local grant and loan opportunities. Funding is available in various
categories including water conservation, water recycling, groundwater management, and
activities aimed at enhancing local water supply reliability. Key federal, state and local
agencies have along-term goal of providing assistance that will enable the
implementation of better management practices and finance feasible, cost effective
agricultural water conservation projects or programs.

INTRODUCTION

The purpose of this paper is not to debate the effectiveness of water conservation
programs intended for irrigated agriculture, but to identify avenues to the funding
opportunities, such as grants and/or loans, that are available to irrigation districts to help
achieve the goal of water conservation. Many funding opportunities focus on assisting
irrigation districts in identifying and implementing best management practices for water
conservation. Examples of applied technology for the purpose of achieving water
conservation in irrigated agriculture have been presented by numerous USCID authors

! Senior Water Quality Consultant, GEI Consultants Inc., Bookman-Edmonston Division, 101 N. Brand.,
Suite 1780 Glendale, CA 91203 |ospina@gei consultants.com , 818-552-6412 for funding opportunity
assistance.

2 Associate Staff Engineer, GEI Consultants Inc., Bookman-Edmonston Division, 101 N. Brand Blvd.,
Suite 1780 Glenda e, CA 91203 eringer @gei consultants.com
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and vigorously debated for years. The goal of this paper isto help guide irrigation
districts through the labyrinth of funding opportunities on the horizon.

BACKGROUND

A brief description is provided as background information for each of the Propositions
referenced in this report.

Proposition 13 (2000) - Groundwater Storage and Groundwater Recharge (DWR,
2000)

The Safe Drinking Water, Clean Water, Watershed Protection and Flood Protection Act,
also known as Proposition 13, was enacted on March 7, 2000 and authorized 1.97 billion
dollarsin bonds. A total of $200 million in funds was allocated for the Groundwater
Storage Program. Under the Groundwater Storage Program, the Department of Water
Resources (DWR) administers grants for feasibility studies and construction projects to
facilitate conjunctive management of surface water and groundwater to improve water
supply reliability (DWR, 2002a).

Proposition 50/84 (2002) - Water Security, Clean Drinking Water, Coastal and
Beach Protection Act (DWR, 2006)

The Safe Drinking Water, Water Quality and Supply, Flood Control, River and Coastal
Protection Bond Act of 2006, enacted on November 7, 2006, authorized $5.4 billion in
bond to fund safe drinking water, water quality and supply, flood control, waterway and
natural resource protection, water pollution and contamination control, state and local
park improvements, public access to natural resources, and water conservation efforts
(Bond Accountability, 2010a).

Proposition 1E (2006) — Disaster Prepar edness and Flood Protection Bond Act
(DWR, 2000)

The Disaster Preparedness and Flood Protection Bond Act was passed in 2006 and
authorized $4.09 billion in bond funds for rebuilding and repairing flood control
structures. The funds would be used to protect homes and lives and California s drinking
water supply system. Thisact is enhanced by $800 million from Proposition 84 for flood
control projects (Bond Accountability 2010b).

ARRA (2010) — American Recovery and Reinvestment Act

Recovery Act was signed into law by President Obama on February 17th, 2009. The Act
isaresponse to acrisis unlike any since the Great Depression, and includes measures to
modernize our nation’ s infrastructure, enhance energy independence, expand educational
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opportunities, preserve and improve affordable health care, provide tax relief, and protect
those in greatest need

Also included as Appendix A isagrant funding matrix for further use in the evaluation of
these funding sources. This matrix can be used to facilitate comparisons and help
identify key issues, comments, application deadlines, etc.

Funding Opportunities

IRWMPs The Integrated Regional Water Management Grant Program’ s intent isto
promote and practice integrated regional water management to ensure sustainable water
uses, reliable water supplies, better water quality, environmental stewardship, efficient
urban development, protection of agriculture, and a strong economy.

Funding for the IRWMP sis derived from two propositions:

1. Proposition 50, the Water Security, Clean Drinking Water, Coastal and Beach
Protection Act of 2002, passed by California votersin November 2002.
Implementation of the Proposition 50 Chapter 8, bond funding is jointly
administered by DWR and the SWRCB.

2. Proposition 84, the Safe Drinking Water, Water Quality and Supply, Flood
Control, River and Costal Protection Act, passed by Californiavotersin
November 2006. Administered by DWR, Proposition 84 includes funding for the
IRWM Grant Programs and related projects.

The Integrated Regional Water Management planning processis alocal and regional
water management approach preferred by DWR and SWRCB. It isaimed at securing
long-term water supply reliability within California by first recognizing the inter-
connectivity of water supplies and the environment and then pursuing projects yielding
multiple benefits for water supplies, water quality, and natural resources. A completed
IRWMP will provide a mechanism for coordinating, refining, and integrating existing
planning efforts within a comprehensive, regiona context; identifying specific regional
and watershed-based priorities for implementation projects; and providing funding
support for the plans, programs, projects, and priorities of existing agencies and
stakeholders. Preference to aregional approach is strongly prioritized for the receipt of
grant funding identified below.

Proposition 84 Funding is still available through DWR through Proposition 84, the Safe
Drinking Water, Water Quality and Supply, Flood Control, River and Costal Protection
Act, passed by Californiavotersin November 2006. Administered by DWR, Proposition
84 includes funding for the IRWMP grant program and provides approximately $1.4
billion in additional funding for IRWMP and projects. The bond would provide funds for
water supply projectsin 12 regions throughout California and also for local and regional
conveyance projects that support regional and interregional connectivity and water
management. The funds are assigned to each of the 12 regions asfollowsin Table 1.



316 USCID Water Management Conference

Table 1. Funding Regions

Region Funding Amount
North Coast $45,000,000
San Francisco Bay $132,000,000
Centra Coast $58,000,000
Los Angeles subregion $198,000,000
Santa Ana subregion $128,000,000
San Diego subregion $87,000,000
Sacramento River $76,000,000
San Joaquin River $64,000,000
Tulare/Kern $70,000,000
North/South Lahonton $51,000,000
Colorado River Basin $47,000,000
Mountain Counties Overlay $44,000,000

As part of Proposition 84, a Region Acceptance Process (RAP) has been developed and is
used to evaluate and accept an IRWMP Region. DWR isthe overseer of applications
submitted in the RAP process. Currently, the recognized Regions are published on
DWR’swebsite. DWR is developing the solicitations for future funding expected to be
derived from Proposition 84.

Grants: State, Federal, NGOs

Planning Grants The Planning Grants are intended to foster development or completion
of IRWMPs or components thereof, to enhance regional planning efforts, and to assist
more applicants to become eligible for Implementation Grant funding. The first RAP
was completed in 2009. Final decisions on regional acceptance were made in late 2009.
Potential uses for these funds include development of a Regional IRWMP. Irrigation
districts that are stakeholders of an IRWMP would qualify to receive funds. Aswell as
potential application towards the development of Environmental Impact Reports
associated with projects that result from the IRP/IRWMP process.

Implementation Grants Proposition 50, Chapter 8, provided approximately $380 million
for two types of competitive grants for the IRWM Grant Program, planning and
implementation. |mplementation grants funded projects that met one or more of the
program objectives of protecting communities from drought, protecting and improving
water quality, and improving local water security by reducing dependence on imported
water. All grant funds from Proposition 50 have been allocated; however, it is anticipated
that DWR will alocate funds from Proposition 84 to help fund future implementation

Loans. State, Federal Current legislation has approved a proposed 2010 Budget of $3.9
billion for the EPA Water Revolving Loan Program. The language in the budget outline
states that the Administration will support “program reforms’ that will put the clean
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water and drinking water State Revolving Fund (SRF) on a“firmer foundation” and will
work with State and local partners to develop a sustainability policy including
management and pricing for future infrastructure funded through SRFs to encourage
conservation and to provide adequate long-term funding for future capital needs.
Portions of these funds may be applied to regional IRWMP programs that focus on water
conservation programs that would benefit an irrigation district service area.

Federal Water Bank Fund

In addition to the increases for the EPA water revolving funds, the budget outline
proposes $5 billion per year for a new Infrastructure Bank designed to deliver funding to
priority projects with significant national or regional economic benefit. The Federal
Water Infrastructure Bank would be authorized to borrow money from the federal
Treasury at very low rates. In turn, the bank would make low-interest loans for larger
projects that typically are too big to access the SRF. Proposals for an infrastructure bank
and awater trust fund are under congressional discussion and under the formative stage.
If an irrigation district were to embark in aregional IRWMP funds from the bank could
be obtained for projects providing aregional benefit.

Water Trust Fund

Representatives have recently introduced the Water Protection and Reinvestment Act of
2009 (HR 3202). This legidation would create a water trust fund that would generate $12
billion annually from fiscal year 2010 through fiscal year 2014, for total funding of
nearly $60 billion to local communities to address drinking water and wastewater
infrastructure needs. The fund would be paid for with several small taxes on industries
that produce and consume water-based goods, as well as items that are flushed into sewer
systems.

Proposals for an infrastructure bank and a water trust fund are under congressional
discussion and in the formative stage. Irrigation districts could benefit from the
development of regional projects that would serve to address regional drinking water and
infrastructure needs. It isanticipated that each $1 billion spent on water infrastructure
could create approximately 35,000 jobs. Thisis particularly important for irrigation
districts whose plan identifies economic growth and stimulus as a priority in the Region.

Reliable Water Supply Bond Act of 2008

Thisbond (Senate Bill 59), if approved by voters, would authorize the issuance of bonds
in the amount of $3.95 billion. Of this amount, $500 million would be available for the
planning, design, and construction of locally managed conjunctive use and groundwater
storage projects, which are consistent with an adopted IRWMP. Additionally, atotal of
$200 million would be available for agricultural and urban water use efficiency projects,
which are consistent with an adopted IRWMP. If approved by voters, it is anticipated that
this funding source would become available in late 2008/early 2009. Schedules are still
pending.
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Recycled Water/ Desalination Funding Programs

Financial assistance programs play acritical role in the development of local resources
including recycled and brackish groundwater supplies. There are a number of state and
federal financia assistance programs available to irrigation districts which are further
described in this chapter and include: the SWRCB’ s grant and low-interest loan
programs, the U.S. Bureau of Reclamation's Title XVI Grant Program; federal
Propositions, and other local partnership and funding opportunities. Together, these
programs could provide funding assistance for any proposed irrigation district
desalination or recycled water projects, from initial planning and design to construction
and operation. Several of the funding opportunities mentioned in the section below have
elements of the program that apply to both recycled water and desalination projects.

Reclamation Wastewater and Groundwater Study and FacilitiesAct - Title XVI

The USBR Title XVI Programisa
significant source of funding for area
water recycling projects. Title XV1 of
Public Law 102-575, the Reclamation
Wastewater and Groundwater Study and
Facilities Act, authorizes the federal :
government to fund up to 25 percent of
the capital cost of recycling projects,
which can include an interconnected
system of recycling projects serving an
irrigation district service area.

Also known as Title XV1, the act directs

the Secretary of the Interior to undertake a program to investigate and identify
opportunities for water reclamation and reuse of municipal, industrial, domestic, and
agricultural wastewater, and naturally impaired ground and surface waters, and for design
and construction of demonstration and permanent facilities to reclaim and reuse
wastewater. It also authorized the Secretary to conduct research, including desalting, for
the reclamation of wastewater and naturally impaired ground and surface waters.

State Revolving Fund (SRF) / Water Recycling L oan Program (WRLP) / Water
Recycling Grants (WRG)

The SRF, WRLP, and WRG provide agencies with low-interest construction loans for
water recycling and groundwater development projects. These loans carry an interest rate
equal to half of the State's general obligation bond interest rate. This below market
interest rate can result in substantial savings on debt service. WRGs, subject to
availability, provide up to 25 percent of eligible construction costs with a maximum $5
million cap per agency. Planning grants of up to $75,000 maximum are aso provided for
eligible facilities planning/feasibility study costs. Each Program is further described in
detail below.
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Clean Water State Revolving Fund The Federal Water Pollution Control Act (Clean
Water Act or CWA), as amended in 1987, provides for establishment of a Clean Water
State Revolving Fund (CWSRF) program. The program is funded by federal grants, state
funds, and revenue bonds. The purpose of the CWSRF program is to implement the
CWA and various State laws by providing financial assistance for the construction of
facilities or implementation of measures necessary to address water quality problems and
to prevent pollution of the waters of the State.

The CWSRF Loan Program provides low-interest loan funding for construction of
publicly-owned wastewater treatment facilities, water recycling facilities, as well as,
expanded use projects such as implementation of non-point source (NPS) projects or
programs, development and implementation of Estuary Comprehensive Conservation and
Management Plans, and storm water treatment.

Eligible applicants are local public agencies, non-profit organizations, and private parties.
Eligible project types include publicly-owned wastewater treatment facilities, local
sewers, sewer interceptors, and water reclamation facilities, as well as, nonpoint source
pollution control projects. Thereis approximately $200 to $300 million available
annually within California, with a continuous application process. The SWRCB is
currently accepting applications.

Water Recycling Funding Program (WRFP) The SWRCB provides funding for the
planning, design, and construction of water recycling projects. Water recycling planning
grant funding is available to assist public agencies with their feasibility study and
planning efforts. Construction projects may be funded with a combination of grants and
loans. Privately owned water utilitiesthat are
regulated by the Public Utilities Commission ‘* &
are also eligible to apply for construction '
grants.

Program Funding Sources that support the
Water Recycling Program are listed below:

1. The Water Security, Clean Drinking
Water, Coastal and Beach Protection
Act of 2002.

2. Proposition 50 (2002): Chapter 7, Section 79550(g) authorizes grants for water
recycling projects that meet the goals and objectives of the California Bay-Delta
Program (CALFED) and are consistent with the CALFED Record of Decision.

3. SRF Loan Program: The SRF loan program provides low-interest loans to public
agencies for planning, design, and construction of projects that recycle water to
replace the use of the State and/or local water supply.

4. The Safe Drinking Water, Clean Water, Watershed Protection, and Flood
Protection



320 USCID Water Management Conference

5. Proposition 13 (2000): The funds for construction grants and loans from
Proposition 13 have essentially been exhausted. However, a small amount of
money comes into the program each year from loan repayments. This provides the
source of funds for the planning grant program. As the size of the planning grants
issmall ($75,000 maximum), the repayment funds are sufficient to maintain this
program.

Water Recycling Facilities Planning Grant Program (FPGP) The Water Recycling
FPGP, a subprogram under the WRFP, provides grants to public agencies for facilities
planning studies. The purpose of the FPGP isto assist agencies in the preparation of
facilities planning studies for water recycling using treated municipal wastewater and/or
treated groundwater from sources contaminated. In addition to encouraging new
recycling planning studies, these funds are intended to supplement local funds and
enhance the quality of local planning efforts.

FPGP Grants are provided for facilities planning studies to determine the feasibility of
using recycled water to offset the use of fresh/potable water from state and/or local
supplies. Pollution control studies, in which water recycling is an alternative, are not
eligible. The grant will cover 50 percent of eigible costs up to $75,000.

Construction Funding Program Funding for the construction of water recycling facilities
isprimarily provided from Proposition 50 and the SRF loan program. Table 2 below
summarizes the various project categories under the Construction Funding Program.

Table 2. Description of Project Categories

Category Type Description

e Providefor treatment and delivery of municipal
wastewater or groundwater contamination, for uses
(including groundwater recharge) that will offset State
Water supplies; and

e Provide benefits to the Delta by:

e Increasing the average water flow into the Delta, or

e Reducing water pumping from the Delta.

Category | — State
Water Supply and
the Delta

Provide for treatment and delivery of municipal wastewater or
Category Il —State | groundwater contamination remediation, for uses (including

Water Supply groundwater recharge that replace the use of the State water
supply with recycled water, but do not provide benefits to the
Delta.

Category |1l —Local | Provide for trestment and delivery of municipal wastewater to

Water Supply users that replace the use of local water supply with recycled
water.

Category 1V — Local
Groundwater
Reclamation

Provide treatment and reuse of groundwater contaminated due to
human activity; and provide local water supply benefits
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Proj ects within the following two categories, Category V and VI, may only be
considered for funding by the SRF L oan Program for the objective of pollution
control, if applicable.

Provide for treatment and disposal of municipal wastewater to

Category V — . ) : .

Pollution Control meet waste discharge requirements imposed for water pollution
control.

Category VI — Are projects that do not have identifiable benefits to the State or

Miscellaneous local water supply.

Aagricultural Drainage Program

The Agricultural Drainage Loan Program was created by the Water Conservation and
Water Quality Bond Act of 1986 to address treatment, storage, conveyance, or disposal of
agricultural drainage water that threatens waters of the State. Thereis afunding cap of
$20 million for implementation projects and $100,000 for feasibility studies. Loan
repayments are for aperiod of up to 20 years.

Eligible applicants include any city, county, district, joint powers authority, or other
political subdivision of the State involved with water management. Projects must address
treatment, storage, conveyance, or disposal of agricultural drainage that threaten waters
of the State. The SWRCB is currently accepting applications and has atotal funding pool
of $11.3 million.

Agricultural Drainage M anagement L oan Program

The Agricultural Drainage Management Loan Program, created by Proposition 204 and
distributed through the Agricultural Drainage Management Subaccount, provides loan
and grant funding for Drainage Water Management Units. Drainage Water Management
Units are land and facilities for the treatment, storage, conveyance, reduction, or disposal
of agricultural drainage water that, if discharged untreated, would pollute or threaten to
pollute the waters of the State. This program is available to any city, county, district, joint
power authority, or other political subdivision of the State involved with water
management. Projects must address treatment, storage, conveyance or disposal of
agricultural drainage that threaten waters of the State. The SWRCB is currently
accepting applications and has atotal funding pool of $6.67 million.

L ocal Groundwater Assistance Program

LGA grants provide loca public agencies with up to $250,000 to conduct groundwater
studies or carry out groundwater monitoring and management activities. Approximately
$4.7 million in funding from Proposition 84 is available for the fiscal year 2009-2010
LGA Grant Program.



322 USCID Water Management Conference

Priority for Proposition 84 LGA grant funding will be given to local public agencies that
have adopted a Groundwater Management Plan and demonstrate collaboration with other
agencies in the management of a groundwater basin.

Small Community Wastewater Grant

The Small Community Wastewater Grant (SCWG) Program, most recently funded by
Propositions 40 and 50, provides grant assistance for the planning, design, and
construction of publicly-owned wastewater treatment and collection facilities. Grants are
available for small communities (i.e., with a population of 20,000 persons or less) with
financial hardship (i.e., annual median household income [MHI] is 80 percent of the
Statewide MHI, or less).

American Recovery and Reinvestment Act (ARRA)

In the face of an economic crisis, the Federal government has provided resources through
the American Recovery and Reinvestment Act providing stimulus funding for economic
growth and infrastructure improvements represents a strategic and significant opportunity
for irrigation districts. HR 1, the American Recovery and Reinvestment Act provides for
significant emergency funding for public works infrastructure as part of a$787 billion
package of spending and tax cuts. The package includes over $7 billion for drinking
water and wastewater projects. The EPA clean water and drinking water SRF programs
will receive $6 billion, including $4 billion for the clean water SRF and $2 billion for the
drinking water SRF.

Through the American Recovery and Reinvestment Act, Californiawill receive $2.5
billion (Figure 1) to complete some of the water and environmental projects whose
funding sources have been suspended.
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Figure 1. ARRA $ 85 Billion for California®

Water Conservation | nitiative (Formerly called Water for America I nitiative)

USBR isresponsible for administering and managing the Water Conservation Initiative
Program. However, there are opportunities that the United States Geological Survey
(USGS) brought in as a managing partner depending on whether or not the focus of the
project isagriculturally related. For all of the subprograms that fall under the Water
Conservation Initiative Parent program, each year a new solicitation is put together and
released. The next opportunity for programs mentioned below is expected in early 2010.

Advanced Water Treatment Grants The Advanced Water Treatment Grants will provide
funding for pilot or demonstration projects that will test the viability of advanced water
treatment technologies. These grants will help create new water supplies to address water
supply imbalances. Advanced water treatment technologies generally include methods
that remove salt, other difficult to remove dissolved and suspended matter, including
viruses and bacteria that are not removed by conventional treatment (i.e., smple
screening, coagulation/ flocculation, chlorination, chloramination, or ozonation).

Preferred projects include projects that demonstrate reverse osmosis membranes, pre-
treatment processes, concentrate disposal, or other advanced water treatment processes.
The purpose of these projectsis to demonstrate the technical and economic viability of
using an impaired water source within a specific locale. These grantswill not be
available for the construction of afull scale plant.

3 American Recovery and Reinvestment Act 2009 , California
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Water Marketing and Efficiency Grants Through the Challenge Grant Program - Water
Marketing and Efficiency Grants, Reclamation provides 50/50 cost share funding to
irrigation and water districts and states for projects focused on water conservation,
efficiency, and water marketing. Projects are selected through a competitive process,
based on their ability to meet the goals identified in Water for America Implementation
Plan. The focusis on projects that can be completed within 24 months that will help
sustainable water suppliesin the western United States. The Water for America Initiative
isamulti-agency, U.S. Department of the Interior initiative that will help communities
meet increasing demands on limited water supplies through collaborative projects, water
conservation technologies, and expanded information sharing.

The Water for America Implementation Plan sets for three overall initiatives/strategies.
For 2010, the program isin the process of changing the name from Water for Americato
Water Conservation.

Reclamation will focusiits efforts on two of the three strategies: (1) Plan for Our Nation's
Water Future, (2) Expand, Protect, and Conserve Our Nation's Water Resources, and (3)
Enhance our Nation's Water Knowledge; will be undertaken by the USGS.

The strategy to Plan for Our Nation's Water Future includes Reclamation's long-standing
Investigations Program and a new Basin Studies Program that will focus on

comprehensive water supply and demand studies
to assess the impact of increased water demands.

The second strategy, Expand, Protect, and
Conserve our Nation's Water Resources, will
include two existing programs, the Challenge
Grant Program (formerly part of Water 2025 and
Water for America) and the Water Conservation
Field Services Program. Through another
component of this strategy, Reclamation will
accel erate Endangered Species Act compliance activities to maintain and improve
existing populations of listed or proposed species and critical habitat affected by
Reclamation's projects and programs.

System Optimization Review Grants System Optimization Reviews were a new
initiative under the Water for America Challenge Grant program. A System
Optimization Review is abroad look at system-wide efficiency focused on improving
efficiency and operations of awater delivery system, water district, or water basin. The
Review resultsin a plan of action that focuses on improving efficiency and operations on
aregiona and basin perspective. Those recommended improvements may then be
eligible for the Water Marketing and Efficiency Grant funding. Applicants must include
an irrigation and/or water district, tribal water authority, state governmental entity with
water management authority, or entities created under state water law with water delivery
authority within the 17 western states.
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SUMMARY AND RECOMMENDATIONS

GEl has provided a brief summary of each funding opportunity that is applicable and
available to the agricultural and irrigation district community. GEI has summarized the
funding amounts, eligibility requirements, and timing and schedule for the districtsto
review and decide which funding source might be identified as the best match for
funding.

GEl has included a grant funding matrix for district use in the further evaluation of these
funding sources (Appendix A). This matrix can be used to facilitate comparisons and
helpsto identify key issues, comments, application deadlines, etc. Additionally, GEI has
provided the links to the funding sources and each proposition below for further review
of the funding opportunitiesidentified in this report
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APPENDIX A

GRANT FUNDING MATRIX



Program

Brief Description

Key Points

Key Application
Dates

Contact Info

Federal Stimulus

American Recovery & Reinstatement Act) in Califo

rnia

CDPH, Safe
Drinking Water
State Revolving
Funds

Projects that assist in achieving or maintaining
compliance with the Safe Drinking Water Act
(SDWA). Includes source water protection
projects

$160M available plus regular
annual allocation of - $80M

Planning, design & construction
projects; $20M max/yr/project, 20
yr payback; $30M max/yr/entity,
20 yr payback

Planning only: $100k max/project,
5 yr payback; Current interest
rate: 2.3%; principal forgiveness
or negative interest loans may be
available

The Universal Pre-
application is now
open until Feb 27,
2009.

It is anticipated
invitations to submit a
full application will go
out in April 2009,
then applicant has 60
days to complete
application (June
2009) and 60 days
later must begin
construction (Aug
2009).

http://www.cdph.ca.
gov/services/funding
[Pages/SRF.aspx

916-449-5600
mailto:sdwsrf@cdph

.ca.gov

SWRCB, Clean
Water State
Revolving Fund

Eligible applicants; POTW (local public
agencies) & NPS (local public agencies, non-
profit organizations, and private parties)

Eligible Projects:

- Publicly owned treatment facilities such as:
wastewater treatment, including installation and
major rehabilitation of sewer lines, and storm
water prevention/reduction

- Water recycling projects

- Nonpoint source and estuary enhancements
projects (expanded use)

No state matching required.
Program funding: $284.6M

No upper limit for project;
however maximum annual
funding cap of $50M per agency
per year.

Applications under

Economic Stimulus
Package due March
24 through FAAST.

Applications are
accepted on a
revolving basis.

www.swrcb.ca.gov/
water _issues/progra
ms/grants_loans/
srf/

mailto:CleanWaterS
RF@waterboards.ca

.gov

Christine White
916-341-5795
cwhite@waterboard
s.ca.gov

USBR CALFED
Bay Delta

$50M as stated in ARRA




Program Brief Description Key Points Key Application Contact Info
Dates
USBR Title XVI | Recycled water feasibility investigations, $126M as stated in ARRA
preliminary engineering studies and research
projects. Brackish water desalination is also
considered.
State

Drinking Water, G

eneral — CA Department of Public Health (CDPH)

CDPH, Prop 50
Chapter 3:
Water Security

Projects designed to prevent damage to water
treatment, distribution, and supply facilities, to
prevent disruption of drinking water deliveries,
and to protect drinking water supplies from
intentional contamination.

CDPH; Prop 50

Grants to small community water systems to

Chapter 4al.: upgrade monitoring, treatment, or distribution
Small infrastructure. The water system must be in
Community non-compliance with a safe drinking water
Water System standard.

Facilities

CDPH, Prop 50 | Development and demonstration of new
Chapter 4a2: treatment and related facilities for water
Demo Projects containment removal and treatment. (Must
for New demonstrate new technology).

Containment
Treatment and
Removal
Technologies

CDPH, Prop 50

Community water system water quality

chapter 4a3: monitoring facilities and equipment. (Must be in
Community non-compliance with safe drinking water

Water Systems | standard).

Monitoring

Facilities

CDPH, Prop 50 | Source Water protection projects to protect
chapter 4a4: contamination of water supply. Fund may be

Drinking Water

used for planning, preliminary engineering,

Minimum: $5,000
Maximum: $2,000,000

No match required

25% of funds set aside for
disadvantaged communities
(DACs).

Applications not
currently open; the
prior pre-application
period closed in
September 2008.

The Universal Pre-
application also used
for DWSRF was
opened until
September 21, 2009,
but is currently only
for Economic
Recovery Funds and
therefore not open for
Prop 50 funds until
after September 21,
2009

www.cdph.ca.gov/se
rvices/funding/Page

s/Prop50.aspx

946-449-5600
mailto:prop50@cdph
.ca.gov
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Dates

Source detailed design, construction, education, land

Protection acquisition, conservation easements; equipment

purchase, and implementing the elements of the
SWP program.

CDPH, Prop 50

Treatment facilities necessary to meet DBP safe

Minimum: $5,000

chapter 4a5: drinking water standard. (Must be in non- Maximum: $10,000,000
Disinfection compliance with US EPA Stage 1 DBP Rule). If | No match required.

Byproduct the project is receiving funds under Ch.6, it is 25% of funds set aside for DACs.
Facilities not eligible under this chapter.

CDPH, Prop 50 | Projects that assist in meeting drinking water Minimum: $50,000

Chapter 4b: standards and in meeting state’s requirement to | Maximum: $20,000,000
Southern reduce Colorado River use to 4.4 MAF (Priority | 1:1 match

California ranking based on population, volume of 25% of funds set aside for DACs.
Projects Colorado River water use reduction, and No match required for DACs or

cost/volume saved). This program does not
include recycled water.

small water systems.

CDPH, Prop 50
Chapter 6b:
Containment
removal

Containment treatment or removal technology
(for Petroleum, NDMA, Perchlorate,
Radionuclides, pesticides, heavy metals,
pharmaceuticals).

CDPH, Prop 50
chapter 6¢: UV
and Ozone
Disinfection

Projects using UV or Ozone Technology. (Must
address MCL compliance violation).

Minimum: $50,000
Maximum: $5,000,000
1:1 match

25% of funds set aside for DACs.

No match required for DACs or
small water systems.

CDPH, Prop 84
Section 75021:
Safe Drinking
Water
Emergency
Funding

To fund emergency and urgent actions to
ensure that safe drinking water supplies.
Eligible projects include, but are not limited to,
the following:

Providing alternate water supplies including
bottled water where necessary to protect public
health.

Improvements in existing water systems
necessary to prevent contamination or provide
other sources of safe drinking water including

Minimum 50% cost share

Maximum: $250,000 per project

Applications not
currently open; the
prior pre-application
period closed in
September 2008.

The Universal Pre-
application also used
for the DWSRF is
open until February

www.cdph.ca.gov/se
rvices/funding/Page

s/Prop84.aspx

916-449-5600
mailto:prop84@cdph
.ca.gov




Program

Brief Description

Key Points

Key Application
Dates

Contact Info

replacement wells.

Establishing connections to adjacent water
system.

Design, purchase, installation and initial
operation costs for water treatment equipment
and systems.

CDPH, Prop 84
Section 75022:
Small
Community
Infrastructure
Improvements
for Chemical
and Nitrate
Contaminants

These funds may be used for grants for small
community drinking water system infrastructure
improvements and related actions to meet safe
drinking water standards. Priority shall be given
to projects that address chemical and nitrate
contaminants, other health hazards and by
whether the community is disadvantaged or
severely disadvantaged. Special consideration
shall be given to small communities with limited
financial resources.

Minimum: 50% cost share

Maximum: $5,000,000 per
project.

27, 2009, but is
currently only for
Economic Recovery
Funds and therefore
not for Prop 84 funds
until after February
27, 2009.

Integrated Region

al Water Management (IRWM)

DWR, Prop 84
chapter 2 &
Prop 1E Article
4: Integrated
Regional Water
Management
(IRWM)

Projects that assist local public agencies to
meet long-term state water needs, including
delivery of safe drinking water, protection of

For: Development/Revision of IRWM plans, or
Implementation projects of IRWM plans.

water quality, and protection of the environment.

$1,000,000M total

$900M for Regional allocations
North Coast: $37M
Sacramento River: $73M

San Francisco Bay: $138M
San Joaquin River: $57M
Central Coast: $52M

Tulare Lake: $60M

Lahontan: $27M

Los Angeles Sub region: $215M
Santa Ana Sub region: $114M
San Diego Sub region: $91M
Colorado River: $36M

$100M for inter-regional
allocations

All IRWM regions
must be approved via
the Regional
Acceptance Process
(RAP) prior to grant
application submittal.
RAP guidelines are
currently in draft
form. Original
schedule called for
RAP applications due
in March with
Regional acceptance
in April 2009.

Current schedule is
not known.

Norman Shopay
(916) 951-9218
mailto:nshopay@wa

ter.ca.gov




Program Brief Description Key Points Key Application Contact Info
Dates
No Maximum grant amount. 1% round of
25% minimum cost share. implantation later in
2009.
Groundwater

CDPH, Prop 84
Section 75025:
Groundwater
Contamination

Grants to prevent or reduce contamination of
groundwater that serves as a source of drinking
water.

CDPH is currently working on
development of these criteria
based on Senate Bills SB X2 1
and SB 732 (signed into law on
9/30/08)

Applications not
currently open; the
prior pre-application
period closed on
September 2008.
But not for Prop 84
funds until after
February 27, 2009.

www.cdph.ca.gov/se
rvices/funding/Page

s/Prop84.aspx

946-449-5600
prop84@cdph.ca.go
i

DWR, Prop 84: Groundwater studies, groundwater monitoring, Program funds: $6.4M Next application www.grantsloans.wa
Local groundwater management period expected ter.ca.gov/grants/as
Groundwater Up to $250,000 per applicant Spring/Summer sistance.cfm
Assistance 2009.

Program Harley H. Davis
916-651-9229
hdavis@water.ca.go
v

SWRCB, Federal and state governmental entities are not | $1.5 million less the eligible Applications www.waterboards.c

Underground eligible for reimbursement from the Fund. This | claimant’s applicable level of accepted on a a.gov/water _issues/

Storage Tank
Cleanup Fund

program was created to provide a means for
petroleum UST owners and operators to meet
the federal and state requirements. The Fund
also assists in a large number of small
businesses and individuals by providing
reimbursement for unexpected and catastrophic
expenses associated with the cleanup of leaking
petroleum USTs.

financial responsibility (or
deductible).

continuous basis.

programs/ustcf/

1-800-813-FUND




Program Brief Description Key Points Key Application Contact Info

Dates
Recycled Water
SWRCB, Prop Grants provided for design and construction of 25% of the eligible construction Applicants accepted www.waterboards.c
13/50: Water water recycling facilities. cost up to $5M on a continuous a.gov/recycling/cons
Recycling basis. truction.html
Funding All proposed projects must be placed on the
Program- SWRCB’s WRCP Competitive Project List Claudia Villacorta
Construction (CPL) and/or the SRF Priority List to be 916-341-5735
Grants considered. mailto:cvillacorta@w
SWRCB, Prop Grants are provided for facilities planning 50% of eligible costs up to Applicants accepted aterboards.ca.gov
13/50: Water studies to determine the feasibility of using $75,000 on a continuous
Recycling recycled water to offset the use of fresh/potable basis.
Funding water from state and /or local supplies.
Program- Pollution control studies, in which water
Construction recycling is an alternative, are not eligible.
Grants

Storm Water / Stream & Habitat Restoration

CA State Parks,
Prop 1E: Habitat
Conservation
Fund Program

Eligible funding categories:

Deer/Mountain Lion Habitat: Land acquisition
Rare, Endangered, Threatened, or Fully
Protected Species Habitat: Land acquisition
Wetlands Habitat Projects: Acquisition,
enhancement, or restoration

Anadromous salmonids and Anadromous trout
habitat: Acquisition, enhancement, or
restoration

Riparian habitat: acquisition, enhancement,
restoration

Trails: acquisition or development of trails
Program: Event or series of events intended to
bring urban residents into areas with indigenous
plants and animals

$2M Available

No Min/Max; Recommended
maximum $200,000

Required match of 50%

Applications deadline
the first work day of
October annually.
Next application due
date: Oct. 2, 2009

www.parks.ca.gov/p
ages/1008/files/hcf
quide 2007 final dr

aft 5-15-07.pdf

Deborah Viney
916-651-8572
mailto:dvine@parks.

ca.gov

CA State Parks:
Land and Water
Conservation
fund

Acquisition or development of lands and
facilities that provide or support public outdoor
recreation.

No Min/Max; 2007 awards (13)
ranged from $30,000 to $210,000
Required match of 50%

Applications deadline
generally the first
week of March
annually. Local

www.parks.ca.gov/?
page id=21360

Betty Ettinger




Program Brief Description Key Points Key Application Contact Info
Dates
Funds are divided: 60% for Agencies: Applicants | 916-653-7423
SoCal, 40% for NorCal accepted on a March
2, 2009
State Agencies: June
1, 2009
CA Wwildlife The Wildlife Conservation Board’s three main functions are land acquisition, habitat Applications www.wcb.ca.gov/Pa
Conservation restoration and development of wildlife oriented public access facilities. Wildlife accepted ges/wcb_grant_infor

Board: Various

Conservation Board programs:

California Forest Conservation Program (CFCP)

California Riparian Habitat Conservation Program (CRHCP)
Ecosystem Restoration on Agricultural Lands (ERAL)
Habitat Enhancement and Restoration Program (General)

continuously.

mation.asp

Dave Means
9156-445-1095
mailto:dmeans@dfg.
ca.gov

DWR, Prop 84 Conduct feasibility-level investigations of $10M in FY 2007-2008 TBD www.grantsloans.wa
Chapter 4: proposed flood risk reduction projects to $10M in FY 2008-2009 ter.ca.gov/grants/irw
Feasibility address short term flood control needs such as m/integregio.cfm
Studies levee inspection and evaluation, floodplain
mapping and improving the effectiveness of Joe Yun
emergency response 916-651-9222
mailto:DWR_IRWM
@water.ca.qov

DWR, Prop 84 Eligible uses include: Creek cleanups, Program funding: $9M Next round: TBD www.grantsloans.wa

Chapter 5: eradication of exotic or invasive plants, channel ter.ca.gov/grants/str

Urban Streams reconfiguration to improve stream Max/Min per project: $4M / $1M eams.cfm

Restoration geomorphology and aquatic habitat functions,

Program acquisition of parcels critical for flood Eligible applicants: local public Bill Hoffman
management, coordination of community agencies, non-profit/citizens’ 916-651-9626
involvement of projects. groups. mailto:whoffman@w
Eligible applicants: local public agencies, non- ater.ca.gov
profit/citizens’ groups. Partnership is required.

SWRCB, Prop Water quality improvement projects that protect | $90M; to be distributed as follows: | First Round of http://www.swrcb.ca.

84: Clean beaches and coastal waters from pollution and $35M to assist local public solicitation closed gov/water issues/pr

Beaches toxic contamination, such as sewer collection agencies comply with the January 23, 2009; ograms/beaches/cbi

Initiative Grant

system improvements or storm water runoff
reduction programs.

discharge prohibition into Areas
of Special Biological Significance.

Second round TBD.

projects/index.shtm




Program Brief Description Key Points Key Application Contact Info
Dates
$18M to the Santa Monica bay
Two types of concept proposal applications: Restoration Comm.
implementation projects and research projects $37M to the Clean Beaches Jennifer Toney
Initiative program. mailto:jtoney@water
boards.ca.gov
Potential award limits (based on 916-341-5646
2007 proposals):
$125,000 to $5M
20% matching for projects > $1M
15% match for projects < $1M
Matching for DACs waived
SWRCB, Prop Projects designed to reduce and prevent storm Program funds: $82M TBD; No projects http://www.swrcb.ca.

84: Storm Water
Grant Program

water contamination of rivers, lakes, and
streams.

Award limits: $5M

Solicitations on hold. Future
updates will be available.

have been awarded
funding (program on
hold).

gov/water_issues/pr
ograms/grants loan

s/prop84/

Erin Ragazzi
916-341-5733
mailto:eragazzi@wa
terboards.ca.gov

Federal
U.S. Army For local government projects to restore aquatic | Maximum federal expenditure per | Continuously Doug Putnam,
Corps of ecosystems. Projects are evaluated to project is $5M soliciting programs to | Continuing
Engineers- determine if they benefit the environment carry out the program | Authorities Program
Section 206 through restoring, improving, or protecting Project costs are shared 65% objectives Manager
Wetland aquatic habitat for plants, fish and wildlife. federal and 35% non-federal. 503-808-4733
Restoration Proposed projects are also reviewed to
Grants determine if they are technically feasible,

environmentally acceptable, and provide cost

effective environmental benefits. Each project

must be complete within itself and not part of a

larger project.
USEPA: Designed to encourage community-based Unknown future funding TBD
Targeted approaches and management techniques to
Watersheds protect and restore watersheds




Program

Brief Description

Key Points

Key Application
Dates

Contact Info

Grant Program

USEPA, Region
9: Wetland
Program
Development
Grants

Provide eligible applicants an opportunity to
conduct projects that promote the coordination
and acceleration of research, investigations,
experiments, training, demonstrations, surveys,
and studies relating to the causes, effects,
extent, prevention, reduction, and elimination of
water pollution.

Total anticipated funding = $1.9M

6 to 15 awards anticipated and
likely range from $50k to $350k

EPA funding max = 75%

Applications due
March 30, 2009

Suzanne Marr
415-972-3468
mailto:marr.suzanne

@ega.gov

USBR CALFED

$50M as stated in ARRA

Continuously

Bay Delta soliciting programs to
carry out the program
objectives
USBR Title XVI | Recycled water feasibility investigations, $126M as stated in ARRA TBD www.usbr.gov/lc/soc
preliminary engineering studies and research al/titlexvi.html
projects. Brackish water desalination is also
considered Dennis Wolfe
mailto:dwolfe@Ic.us
br.gov
951-695-5310
USBR Water Conservation (Previously called Water for America): Plan for our Nations Water Future
Investigations For planning studies on specific water resource TBD www.usbr.gov/wfa/in
Program problems conducted by USBR on a vestigate.html
geographically defined basis with state, local
and federal partners http://www.usbr.gov/
Basin Study Comprehensive water supply and demand -50/50 cost sharing wci/basin.html
Program studies to assess the impact of increasing water | -2 year duration

demands. USBR will work with the state and
local partners to initiate and perform 2 to 3
comprehensive water supply and demand
studies in the west.

-to be conducted on major river
basins and subbasins

William Steele
951-695-5310
mailto:wfa@do.usbr.

gov

USBR Water Conservation (Previously called Water for America): Expand, Protect and Conserve our Nat

ion’s Water Resources

Water for
America- Water
Marketing and
Efficiency

For providing funding to implement water
conservation and marketing programs (i.e.
implement the plan developed under the SOR
grant).

Up to $300,000 per project
-Minimum 50% non-federal cost
share

-Completion of project in 2 years

Application period
closed 1/14/09; early
2010 next opening

http://www.usbr.gov/
wci/




Program Brief Description Key Points Key Application Contact Info
Dates
Grants
Water for For studies to evaluate means of saving water Application period William Steele
America- via conservation and to develop a plan that closed 1/28/09; next 951-695-5310
System includes elements of water conservation, wa