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About the WateReuse Research Foundation

The WateReuse Research Foundation conducts and promotes applied research on the
reclamation, recycling, reuse, and desalination of water. The Foundation’s research advances
the science of water reuse and supports communities across the United States and abroad in
their efforts to create new sources of high quality water for various uses through reclamation,
recycling, reuse, and desalination while protecting public health and the environment.

The Foundation sponsors research on all aspects of water reuse, including emerging chemical
contaminants, microbiological agents, treatment technologies, reduction of energy
requirements, concentrate management and desalination, public perception and acceptance,
economics, and marketing. The Foundation’s research informs the public of the safety of
reclaimed water and provides water professionals with the tools and knowledge to meet their
commitment of providing a reliable, safe product for its intended use.

The Foundation’s funding partners include the supporters of the California Direct Potable
Reuse Initiative, Water Services Association of Australia, Pentair Foundation, and Bureau of
Reclamation. Funding is also provided by the Foundation’s Subscribers, water and
wastewater agencies, and other interested organizations.
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Foreword

The WateReuse Research Foundation, a nonprofit corporation, sponsors research that
advances the science of water reclamation, recycling, reuse, and desalination. The Foundation
funds projects that meet the water reuse and desalination research needs of water and
wastewater agencies and the public. The goal of the Foundation’s research is to ensure that
water reuse and desalination projects provide sustainable sources of high-quality water,
protect public health, and improve the environment.

An Operating Plan guides the Foundation’s research program. Under the plan, a research
agenda of high-priority topics is maintained. The agenda is developed in cooperation with the
water reuse and desalination communities including water professionals, academics, and
Foundation subscribers. The Foundation’s research focuses on a broad range of water reuse
and desalination research topics including:

e Defining and addressing emerging contaminants, including chemicals and pathogens
o Determining effective and efficient treatment technologies to create “fit for purpose’
water

Understanding public perceptions and increasing acceptance of water reuse
Enhancing management practices related to direct and indirect potable reuse
Managing concentrate resulting from desalination and potable reuse operations
Demonstrating the feasibility and safety of direct potable reuse

The Operating Plan outlines the role of the Foundation’s Research Advisory Committee
(RAC), Project Advisory Committees (PACs), and Foundation staff. The RAC sets priorities,
recommends projects for funding, and provides advice and recommendations on the
Foundation’s research agenda and other related efforts. PACs are convened for each project
to provide technical review and oversight. The Foundation’s RAC and PACs consist of
experts in their fields and provide the Foundation with an independent review, which ensures
the credibility of the Foundation’s research results. The Foundation’s Project Managers
facilitate the efforts of the RAC and PACs and provide overall management of projects.

This project, entitled Framework for Informed Planning Decisions Regarding Potable Reuse
and Dual Pipe Systems (09-02), resulted in the development of a decision tool to facilitate
informed, defensible decisions regarding capital investments to meet water demands at both a
municipal and regional planning level. The tool is specifically focused on supporting water
resource managers with decisions regarding implementation of non-potable reuse (NPR)
strategies and/or indirect potable reuse (IPR). This report contains a user’s manual to
accompany the decision support tool, which only briefly describes the development of the
tool, and instead focuses on step-by-step instructions for users. A final report for the project
as a whole is provided as a separate document.

Doug Owen Melissa Meeker
Chair Executive Director
WateReuse Research Foundation WateReuse Research Foundation
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Executive Summary

This project, entitled Framework for Informed Planning Decisions Regarding Potable Reuse
and Dual Pipe Systems (WRRF-09-02), resulted in the development of a decision tool to
facilitate informed, defensible decisions regarding capital investments to meet water demands
at both a municipal and regional planning level. The tool is specifically focused on supporting
water resource managers with decisions regarding implementation of non-potable reuse
(NPR) strategies and/or indirect potable reuse (IPR)

This report contains a user’s manual to accompany the decision support tool, which only
briefly describes the development of the tool, and focuses on step-by-step instructions for
users. A final report for the project as a whole is provided as a separate document.

The three chapters of this user’s manual include (1) a brief introduction, (2) step-by-step
instructions on the use of the tool, and (3) a chapter to explain in further detail the
mathematical background behind the calculation processes that result from user inputs.

Chapter 2 provides general instructions for use of the tool, through in-text explanations and
extensive use of screen shots from the Excel tool itself. It begins with setup instruction for
Excel itself, including how to enable macros and other settings such that the tool will function
correctly, and subsequently leads the user through the five main steps of the decision support
process:

Step 1 — Identify Project Goals and Drivers

Step 2 — Perform Feasibility Analysis

Step 3 — Identify and Develop Project Alternatives (done in two sub-steps)

Step 4 — Identify, Score, and Weight Criteria for the Triple Bottom Line Evaluation
Step 5 — Review and Analyze Results

Chapter 3 provides the mathematical background for the triple bottom line (TBL) evaluation
process, including the equations that form the basis of the two TBL algorithms included in
the tool: the Weighted Average Method and the Compromise Programming Method.
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Chapter 1
Introduction

1.1 Background

The WateReuse Research Foundation (WRRF), in cooperation with the Texas Water
Development Board and 14 water utilities from the United States, Australia, and Spain,
sponsored the development of a robust decision tool to assist water resource managers in
making decisions about the use of available water supplies. This project, titled Framework for
Informed Planning Decisions Regarding Indirect Potable Reuse and Dual Pipe Systems
(WRRF-09-02), resulted in the development of a decision tool to facilitate informed,
defensible decisions regarding capital investments to meet water demands at both a municipal
and regional planning level.

The decision tool described in this manual is the final deliverable for the project, which
consisted of an extensive survey of utilities that currently implement water reuse or are
considering doing so, an analysis of the survey results, and construction of the tool itself. A
full description of the project is provided in the project final report (WRRF, 2013).

The decision support tool described in this manual is specifically focused on supporting water
resource managers with decisions regarding implementation of nonpotable reuse (NPR)
strategies and/or indirect potable reuse (IPR) strategies.

This manual briefly describes the development of the decision tool, with a focus on step-by-
step instructions for users.

1.1.1 Nonpotable Reuse — Direct Reuse

Nonpotable reuse is the planned use of reclaimed water for purposes other than to augment
drinking water supplies, such as the following beneficial uses:

e Landscape irrigation

e Agricultural irrigation

o Residential landscaping

o Decorative fountains and other water features
e Industrial processing or cooling

e Toilet and urinal flushing

o Recreational impoundments

e Environmental enhancements

e Construction uses (e.g., dust control)

NPR projects utilize separate infrastructure from that of potable water, often referred to as a
dual-pipe system. In Texas and Arizona, this system is defined as “direct reuse.” In Australia,
a dual-pipe system has a slightly different meaning: it is a system associated with the delivery
of drinking water and reclaimed water to residential homes. Yet another variation on the
definition of NPR is used in California, where an NPR system uses separate piping for
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drinking water and reclaimed water within a facility that uses reclaimed water for plumbing
or for outdoor irrigation at residential homes or other areas served with potable water.

1.1.2 Indirect Potable Reuse

Indirect potable reuse is the planned augmentation of a raw water supply with reclaimed
water, including an environmental buffer. Environmental buffers typically include blending
of the reclaimed water with the raw water (surface water or groundwater), natural attenuation
of contaminants in surface waters or as reclaimed water percolates through soil (for
groundwater recharge), and time for attenuation to occur as reclaimed water is stored
(underground or in surface reservoirs) prior to use. The augmented water supply typically
goes through additional treatment before being distributed to customers through the potable
water distribution system. Some examples of IPR projects that beneficially use reclaimed
water are as follows:

e Groundwater recharge through surface spreading or direct injection

e  Seawater intrusion barriers (where a portion of the injected water flows inland to
domestic water supply wells)

e Underground storage for subsequent recovery and use

e Surface water augmentation (such as rivers, reservoirs, or lakes)

In a very limited capacity, the tool also allows users to include direct potable reuse (DPR)
scenarios, i.e. the augmentation of drinking water supplies reclaimed water without the
intermediary step of an environmental buffer, as a potential project element. Although an
increasingly relevant topic, this reuse scenario is not a focus of this tool.

1.2 Manual Structure

This user’s manual is broken into three main components.

e Chapter 2 is a step-by-step guide to using the decision tool that focuses on basic setup,
input requirements, and output formats.

o Chapter 3 describes the internal workings of the model and the reasoning behind them.

e Chapter 4 contains a case study performed for one of the participating utilities that
provides a comprehensive example of how to use the tool to support decisions between
various uses of reclaimed water.

2 WateReuse Research Foundation



Chapter 2
Step-by-Step Guide to Using the Decision Tool

A note on format: Because this chapter is written as a set of instructions, it is written in
second person. This was done to avoid the complexity of the more conventional third person
and passive voice.

2.1 Getting Started

When you start up the decision tool, you will be presented with the home page, shown in
Figure 2.1. This page provides an overview of the five basic steps that you will be guided
through in the evaluation of your reclaimed water project alternatives:

Step 1: ldentify project goals and drivers

Step 2: Perform feasibility analysis

Step 3: Identify and develop project alternatives (done in two sub-steps)

Step 4: ldentify, score, and weight criteria for the TBL evaluation

Step 5: Review and analyze results

\F!N/Q;I:EUSE

Framework for Informed Planning Decisions Regarding Indirect Potable Reuse and Dual Pipe Systems

Project Project Feasibility Alternative Develop Triple
Setup Drivers Analysis Elements Alternatives Bottom Line

RESET DECISION
TOOL

K

Figure 2.1. Homepage.

Before you can start using the tool, you must take care of a few “mechanics” so that the tool
will function properly. Note that these instructions are written specifically for Microsoft
Office 2007, but the same principles apply to all versions of Excel. The most significant
deviations from these instructions will occur for the instructions in this subsection related to
enabling macros and automatic cell calculations.
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The remaining instructions, which relate to the use of the tool itself, should be applicable to
all compatible versions of Excel.

2.1.1 Enabling Macros

The first step is to make sure macros are enabled. When you first open the file, a security
warning bar will appear below your Excel toolbar. Click on the “Options...” button. In the
pop-up box that appears, make sure to select “Enable this content” and then click OK, as
shown in Figure 2.2.

Q Security Warning Some active content has been disabled. Cptions.. R

| caa - [ £ |

A B c D E E

Click on “Options” then...

Microsoft Dffice Security Options 2=

@ Security Alert - Macros & ActiveX

Macros & ActiveX

Macros and one or more ActiveX controls have been disabled. This active content might
contain viruses or other security hazards. Do not enable this content unless you trust
the source of this file,

Warning: It is not possible to determine that this content came from a
trustworthy source. You should leave this content disabled unless the
content provides critical functionality and you trust its source.

More information

File Path:  C:\...Work\WRRF-09-02_IPR_vs_MPR\WRRF Dedision Tool_¥_1.1_ESD.xlsm

3 Help protect me from unknown content {recommended)

\

Open the Trust Center OK I Cancel

... “Enable this content” then “OK.”

Figure 2.2. Enabling macros.
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2.1.2 Enabling Automatic Calculations

@ Security Alert - Macros & ActiveX

Macros & ActiveX

Macros and one or more ActiveX, controls have been disabled, This active content might
contain viruses or other security hazards, Do not enable this content unless you trust
the source of this file.

Warning: It is not possible to determine that this content came from a
trustworthy source. You should leave this content disabled unless the
content provides critical functionality and you trust its source.

More information

File Path:  C:\...Work\WRRF-03-02_IPR._vs_MPR\WRRF Decision Tool_V_1.1_ESD.xlsm

<> Help protect me from unknown content (recommended)

Open the Trust Center OK I Cancel |

It is also important to set Excel to calculate cells automatically. To confirm that you have this
setting correct, in the “Quick Access Toolbar” at the top of your Excel screen, click on
“Formulas,” then on “Calculation Options” (in the “Calculations” group), and make sure that
“Automatic” is checked, as shown in Figure 2.3. If you do not have this option selected, the
tool will not update properly in response to your inputs.

P
E) Home Insert Page Layout Farmulas Data Review View
ff z rx - llﬂ %J I|ﬁ i [ caleulate Now
Insert AutoSum Recently Financial Logical Text Date & Lookup & Math More Calculation |,-:JCaIcuIate Sheet
Function 4 Used = ~ =~ =~ Time = Reference ~ & Trig ~ Functions = ||| Options =

Function Library V| Automatic
HES9- BRE=R= 285 - A A-U F % 3=-=- 0 Automatic Except for Data Tables
| C34 v § | Manual

Figure 2.3. Enabling automatic calculations.

2.1.3 Saving a Scenario/Clearing Data from a Previous Scenario

If you would like to save your scenario, it is best to use the “Save As” function in Excel to
save the file under a unique file name. It is recommended that you do this at the outset, which
will allow you to save the scenario on an intermittent basis and will also increase the
likelihood that Excel’s autosave feature will function properly in the case of an unexpected
Excel error or shutdown.

If you need to revert to the default settings, click on the red icon labeled “Reset Decision
Tool” at the bottom left of the Start page (see Figure 2.1) and confirm your selection by
clicking “yes” in the window that pops up.

When you are ready to begin, click on the “Project Setup” button.
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2.1.4 Navigating the Tool

Once you have started the tool by clicking “Project Setup” on the Start page, you will
navigate through the tool by using the navigation icons at the top left of your screen.

Figure 2.4 shows a typical page header, which includes the page title in the center, the
WateReuse logo on the right, and the navigational icons on the left. To continue onto the next
page, click the purple “forward” arrow; to go back to the previous step, click on the purple
“back” arrow; and to return to the Home page click on the green “Home” button in the center
of the icon cluster.

o X/ATEREUSE
@' @ DEFINE PROJECT DRIVERS %1&

Figure 2.4. Typical page header with navigation icons.

You also may navigate the tool by clicking on the active “tabs” associated with each page,
which are located at the bottom of your screen. However, because the data should generally
be entered in the correct sequence, we recommend using the icons to navigate between pages.

In addition, the tool can be manipulated by a number of clickable icons that are designed to
be self-explanatory. For example, the icons shown in Figure 2.5 are provided on a page where
you will have the option of selecting a large number of checkboxes (see for example,

Figure 2.6). The icons provide a mechanism to check and uncheck (or “reset) all the
checkboxes on the page, respectively.

9 o

SELECT ALL CHECKBOXES RESET CHECKBONXES

Figure 2.5. Typical clickable icons.

User Input

Beginning with the “Project Setup” page, cells that require user input will be shaded in a light
tan color. Blue cells are calculation cells; these will change with the inputs provided in the
tan-colored cells. Most other cells will be white.

The tan-color also is used to identify the headers of lists where you will need to check boxes
to make selections. In this case, the headers themselves are not input cells (i.e., you will not
be able to click on them and change the cell content) but serve to identify that inputs are
needed within the selection.

6 WateReuse Research Foundation



Select Potential NPR Applications
Agricultural - Irrigation F  Municipal - Irrigation

Municipal - Public Water Features
Residential / HOA - Irrigation
Residential / HOA - Toilet Flushing

Agricultural - Feed lots / Animal Hushandry
Commercial - Irrigation

Commercial - Toilet Flushing

Commercial - Other Other - Fire Fighting

Other - Stream Augmentation
Other - Dust Dampening
Other - Artificial Snow

Other

ndustrial - Cooling Towers
ndustrial - Power Generation
ndustrial - Manufacturing
ndustrial - Car Washing

[+ I (e A e B B |

ndustrial - Cleaning
ndustrial - Fracking / Mining

a0 333393 9939373

Figure 2.6. Example of tan-colored header that is not an input cell.

2.2 Step 1 - Identify Project Goals and Drivers

2.2.1 Step la - Basic Project Setup

On this page, you enter basic information on your project, including the name of your
organization, the stakeholders involved, the project goals, current and projected total water
demands, project life, interest rate, and discount rate, as shown in Figure 2.7.

PROJECT SETUP

INSTRUCTIONS Provide o description of project characteristics, goals, and key elements.,

General Information

Qrganization Mame: Iy Utility

Key Stakeholders: Stakeholders 1, 2, 3, and 4

Project Goals: Use our reclaimed water where it provides the most value to our community,
Special Circumstances:

Total Water Demands

Current Demand:
Frojected Dermand:
Cost Calculation Parameters

Reference Year: 2013

Interest Rate: 5.0%

Discount Rate: 3.0%)

Expected Project Life: 25| (years)

Figure 2.7. Project setup page.

2.2.2 Step 1b: Identify Project Drivers

The next page, shown in Figure 2.8, serves to help you think about what the drivers are for
your project. Although this page was inserted into the model for informational purposes only,
thinking about the underlying reasons for implementing your reuse project at this early stage
will help you make decisions that are more considered at later steps in the tool.
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DEFINE PROJECT DRIVERS “”M&E

INSTRUCTIONS Select applicable project drivers. The purpose is to assist the user in defining alternatives. Information on this sheet is not used in calculations
Ci 1 Drivers for Either Non-Potable Reuse (dual distribution/reticulation or purple pipe system) or Indirect Potable Reuse Projects
I Potential to offset increased water demands through beneficial use of reclaimed water
I Provide additional water supplies to serve future customers
~ Improve water supply reliability
[ Provide a disposal mechanism for wastewater effluent
G Drivers for Non-Potable Reuse (dual distribution/reticulation or purple pipe system) Projects
r Available opportunity to implement a NPR project
~ Time-critical need for project and IPR alternative will take longer than NPR alternative
r Political pressure to implement NPR
r Existing NPR infrastructure provides cost, logistical or other advantage
r Cost of the NPR zlternative is less than the cost of the IPR alternative
r Water rights constraints makes IPR difficult
~ Permitting process for NPR is more straightforward than IPR

Common Drivers for Indirect Potable Reuse Projects
Available opportunity to imaplement IPR project

Time-critical need for project and NPR alternative will take longer than IPR alternative
Political pressure to implement IPR

Existing IPR infrastructure provides cost, logistical or other advantage

Cost of the IPR alternative is less than the cost of the NPR alternative
Large-volume seasonal storage needed to meet reclaimed water demand
Opportunity to create wetlands or riparian habitat

Need for salt water intrusion barrier for a coastal drinking water aguifer

Instream flow requirements restrict drinking water withdrawals

Permitting process for IPR is more straightforward than NPR

Need to manage/stahilize an aquifer that has been subjected to excessive pumping
Need to manage contaminated plumes in an aguifer

o B A e A s 4 e e |

Concerns with salinity levles of an NPR supply

Figure 2.8. Project drivers identification page.

2.3  Step 2: Perform Feasibility Analysis

The purpose of Step 2 is to determine the feasibility of NPR, IPR via groundwater
augmentation, and IPR via surface water augmentation. A sample Feasibility Analysis page is
shown in Figure 2.9.

7
@jve_ FEASIBILITY ANALYSIS

INSTRUCTIONS  Using the drop down boxes, answer the questions to determine if IPR or NPR alternatives are feasible. Each question is dependent on the previous answer.
Once the survey is complete, the feasibility of IPR or NPR and potential associated constraints are provided. Use the contral buttons below to reset the survey

or view the decision flow chort that forms the basis of the questions and constraints.

QUESTIONS RESULTS

15 IPR legal? Yes

Although legal, do regulatory hurdles make groundwater IPR impractical? No TYPE OF REUSE FEASIBLE REQUIRED ACTIONS
Are groundwater rights adjudicated so that reclaimed water remains with the agency? No

Can the aquifer accept recharge? Yes @ Requires Interagency Coordination
Is groundwater IPR palitically acceptable? No Change Public Perception

Will you try to change political acceptability? Yes Determine Additional Treatment Requirements
Is reclaimed water of a quality that it can be recharged? No

Are you willing to implement advanced treatment for groundwater IPR? Yes

Although legal, do regulatory hurdles make surface water IPR impractical? No Q

Does reclaimed water need to remain in the watershed?

Is there a surface water body that can receive reclaimed water? Determine Additional Treatment Requirements
Is surface water IPR palitically acceptable?

Is reclaimed water of a quality that can be discharged to surface water?

Are you willing to implement advanced treatment for surface water IPR?

@

15 reclaimed water of a quality that can be used in NPR applications?

Figure 2.9. A nearly completed Feasibility Analysis page.
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As the user, you will be led through a series of yes/no questions (on the left-hand side) that
evaluate potential legal, physical, political, and water quality hurdles to the implementation of
the three forms of water reuse. As you provide answers to those questions under the “Select”
column, additional questions will appear.

The overall logic behind the questions is provided in the Feasibility Analysis Flow Chart
shown in Error! Reference source not found., which you can access from the tool by
clicking on the “View Flow Chart” button. As shown on the flow chart, as you navigate from
one question to the next, you sometimes traverse other boxes, labeled “Elimination Points” or
“Actions.” These are described in more detail in the following sections.

2.3.1 Elimination Points

Elimination points are reached when the answers to the questions you have been asked by the
tool have led to the conclusion that one method of water reuse is not feasible for legal,
physical, political, or water quality-related reasons.

For example, if the tool asks, “Can the aquifer accept recharge?” (Question 5 in Error!
Reference source not found.) and you answer “no,” the tool will conclude that groundwater
IPR is not feasible based on

the physical limitations of the available aquifers. The tool will cease asking any questions
related to groundwater IPR and will begin evaluating the feasibility of surface water IPR at
Question 10.

2.3.2 Actions

In addition to elimination points, you can also pass through “Actions” boxes. This occurs
when an action on your part is necessary to maintain the feasibility of the particular method
of water reuse in question.

For example, if you have determined that surface water IPR is currently not politically
acceptable, but you think you may have enough political will to change people’s minds, you
may answer “yes” to Question 14 (“Will you try to change political acceptability?”). For
surface water IPR to remain a feasible option, you will need to change public perception
regarding that reuse method; changing public perception is therefore the required “Action.”

2.3.3 Feasibility Analysis Results Summary

Once you have navigated a path through the flow chart by answering the yes/no questions
posed by the tool, you should consult the right-hand side of the Feasibility Analysis page (see
Figure 2.9), which maintains a record of which reuse types appear feasible, and whether that
feasibility is subject to any required actions. This results summary is updated in real time as
you answer the questions on the left.

In the example shown in Figure 2.9, the feasibility analysis is nearly complete, and both
forms of IPR have been identified as feasible. However, to implement both forms of IPR, you
will need to identify and implement additional treatment. In addition, for groundwater IPR,
you will need to coordinate with other water agencies. The question with the answer in
progress pertains to NPR, for which feasibility has not yet been determined. The tool defaults
to indicating a use of reclaimed water is not feasible until the answers to the questions prove
otherwise.

Once you have finished reading the Results Summary, click on the “Next” button (i.e., the
purple “forward” arrow) to continue.

WateReuse Research Foundation 9



Indirect Potable Reuse versus Nonpotable Reuse Decision Process

IPR and NPR Feasibility Analysis
Legal Physical Political Water Quality

No
change the law?

Is IPR o
legal?

Change
the law

Are you willing lol

GENERAL IPR
EVALUATION

&
o 3 4 8
5 o Although legal, do regulatory No Are groundwaler rights Yos ICan the aquifer s groundwater IPR o Is reﬁla\\;ne‘d walber ofal yvos @
EE hurdies make groundwater so that the — Iaccepl recharge? politically acceptable quality that can be
:<>E = IPR impractical? water remains with the agency? recharged?
=>2 No
[a | Yes No lN l
z< Groundwater
S>> W|II you try to change Change public Are you willing to implement .
ot Iizgrr:;::ce: political accep(abllny‘-' erception advanced treatment Yes Ps:;’;‘:ler:dd‘ﬁfgz‘ms
x for groundwater IPR? 4 qui
coordination
o Groundwater Tro
IPR nof
option
o
S © 1 2 13 "
= Although legal, do regulatory 's there a surface
&= hurdles make groundwater % Does reclaimed water need ot it 1o |zzsy s surtace water PR | yes l:u::ﬁ;.n;dc::gi ofa Yes
ical? to remain in the watershed? : N » 7 [
E S IPR impractical discharge into? politically acceptable discharged to surface water?
< No
= g e Surface e 14 1”” 18, lND
w
< water IPR Will you try to change | ves_{’Change public Are you willing to implement .
2 o constrained by political acceptability? erception advanced freatment res ?el?rmm‘e additional .
o tl watershed — for surface water IPR? reatment requirements,
5 Groundwater 1 Tve
(%2

IPR e
aption

Is reclaimed water of a
quality that can be used for
NPR applications?

Determine additional
treatment requirements,

Are you willing to implement
additional treatment for NPR?

NPR
EVALUATION

LEGEND
Hower O Qoo C ) s

RW = Reclaimed water
NPR = Nonpotable reuse
IPR = Indirect potable reuse

NPR is
not an
option

Figure 2.10. Indirect potable reuse and nonpotable reuse feasibility analysis flow chart
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2.4  Step 3—Identify and Describe Project Alternatives

The purpose of Step 3 is to define the project alternatives that will be compared against each
other in the subsequent step. Step 3 consists of a two of sub-steps, including identifying
project elements (Step 3a), and describing the alternatives (Step 3b).

2.4.1 Step 3a: ldentify Alternative Elements

In Step 3a, you are presented with a variety of options for NPR and IPR uses of water, as
shown in Figure 2.11. These are preceded by a number of questions for each use type that
will help you evaluate the “business case” by raising a number of issues that may inform
which end uses you would like to include in the subsequent development of project
alternatives.

After giving the questions regarding the business case consideration (as well as keeping in
mind the outcome of the preceding feasibility analysis), choose one or more potential NPR
and IPR uses that you would like to incorporate into one or more alternatives.

Once you have made your selections using the check boxes provided, click on the “forward”
arrow to continue.

3 WATEREUSE
e_"’e. IDENTIFY ALTERNATIVE ELEMENTS £

INSTRUCTIONS A number of factors support business cases for Non Potable Reuse and Indirect Potable Reuse. Please evaluate your answers to the questions below and
then select the potential applications you wish to consider in the project alternatives which will be defined in the next step.

Business Cases for Non Potable Reuse Business Cases for Indirect Potable Reuse
Is it recognized that using NPR requires a business line for reclaimed water customers? - Does the project timeline match time constraints?
Is the demand for reclaimed water strong enough to provide financial viahility? - Is funding from notes, loans, or grants available?
Is funding from notes, loans, or grants available? - Is land available?
Can customers be required to use reclaimed water by statute? - Is recharge potential equal to reclaimed water availability?
Has the physical area of reclaimed water delivery been defined? - Have risks been evaluated?
Is reclaimed water availability sufficient for potential uses? - Is the distance from the basin/reservoir to the treatment plant
Have competitive threats been identified and mitigated? cost prohibitive?
Does the project timeline match the time constraints? - Can retention time requirements be met?
Is wastewater treatment location sufficiently close to WRP location? - Do water rights issues exist?

Are customer water quality needs understood?
Is a strategy established for seasonal storage requirements?

Select Potential NPR Applications Select Potential IPR Applications
Ird Agricultural - Irrigation ~ Municipal - Irrigation ~ Municipal - Direct Potable Reuse
I Agricultural - Feed lots / Animal Husbandry 7 Municipal - Public Water Features [ Municipal - Indirect Potable Reuse
= Commercial - Irrigation ~ Residential / HOA - Irrigation ~ Municipal - Salt Water Intrusion Barrier
2 Commercial - Toilet Flushing |7 Residential / HOA - Toilet Flushing
e Commercial - Qther o Other - Fire Fighting Checkbox Control
2 Industrial - Cooling Towers 2 Qther - Stream Augmentation
Ird Industrial - Power Generation 72 Other - Dust Dampening SELECT ALL RESET
e Industrial - Manufacturing I~ Other - Artificial Snow
~ Industrial - Car Washing 2 Other @ <‘>
e Industrial - Cleaning &
e Industrial - Fracking / Mining

Figure 2.11. Alternative elements identification page.
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2.4.2 Step 3b: Develop Project Alternatives

In Step 3b, you will define up to six individual project alternatives, one page at a time.
Figure 2.12 shows an example of a completed Alternatives Development page.

2.4.2.1 Defining the Alternative

To define each alternative, enter data into each of the tan boxes shown on the “Develop
Alternatives” page for up to six project alternatives. Then:

12

Click on the check box to include it in the triple-bottom line analysis. This box can be
unchecked again at a later time if you wish to retain an alternative for future reference but
do not wish to include it in your comparison of alternatives.

Enter a name, a brief (40 characters maximum) description, and what information you
have regarding reclaimed water customers, delivered volume, and reclaimed water
quality. The reclaimed water quality may be an important descriptor, because it may
determine the acceptable uses of the water in your area. For example, for projects in
Arizona, you might enter A+, A, B+, etc. for the water quality, whereas in Texas, you
might distinguish between “Type I” and “Type I1.”

Choose up to six reclaimed water uses (based on the choices you made in Step 3a) from
drop-down boxes, as well as up to six methods for producing the reclaimed water.

Choose up to six system components from the drop down menus provided at the bottom
of the page. For these, you are asked to provide basic estimates of capital and operation &
maintenance (O&M) costs.

Choose the additional potential components of capital costs. You may leave any or all of
these fields blank if they do not apply to your situation. Input fields for three additional
components of capital costs have been provided for your consideration: “land cost,” “cost
offsets,” and the “avoided cost of baseline projects.” Examples of cost offsets include a
government (or private-party) grant or other financial incentive, and the avoided cost of
baseline projects are the costs you would avoid by implementing this alternative
compared to a non-reuse baseline project that is not otherwise considered in your
analysis. Note that cost offsets and avoided costs should be entered as negative numbers
(by putting them in parentheses or adding preceding minus sign), as they should be
subtracted from your total capital costs. Keep in mind also that the amounts for “avoided
costs” will be subtracted from the total capital costs and will therefore reduce your
overall capital costs as calculated by the tool.

The reference year for capital and O&M costs is defined on the “Project Setup” page and
typically will be the current year.

The capital costs provided in the alternative definition pages are escalated from the
reference cost year through the midpoint of construction using the interest rate on the
“Project Setup” page. The midpoint of construction is determined by the “Project Start
Year” and “Project End Year” in the alternative definition page. Capital costs are then
discounted back to the cost reference year using the “Discount Rate” value from the
“Project Setup” page.

WateReuse Research Foundation



e The O&M costs provided in the alternative definition pages are escalated from the
reference cost year to the end of construction. Then, the total O&M costs over the project
life are calculated using the “Interest Rate” and “Estimated Project Life” values from the
“Project Setup” page. Finally, the Net Present Value of the O&M costs is calculated by
discounting the O&M costs back to the cost reference year using the “Discount Rate”
value from the “Project Setup” page.

Note: If you do not have cost information, you have the option of leaving the related fields
blank. It is not advisable to enter costs for some alternatives and not others, as this will skew
the results toward those alternatives for which you do not have cost information (costs left
blank will be carried forward as zero, if included in subsequent evaluation steps). It is
recommended that you make your best guess regarding costs for each element, and then
consider the expected accuracy of your cost estimates in the subsequent criteria weighting
steps (see the following). Remember, the results of the evaluation will only be as good as the
information you provide!

DEVELOP ALTERNATIVES

%I&E

B
%%

INSTRUCTIONS

Define project altematives using your best knowledge or estimate for each field. Up to six alternatives may be developed using the yellow navigation

buttons (or tabs) below. Once all alternatives are defined, select the forward purple navigation arrow above to continue to the Triple Bottom Line analysis.

GENERAL INFORMATION

Alternative:

Il -

INCLUDE IN TBL ANALYSIS

REUSE APPLICATIONS

Name:

Wetlands Project

Other - Stream Augmentation

Description:

Augment a riparian preserve that feeds into a drinking water
supply, with a grant from US Parks and Wildlife

Municipal - Indirect Potable Reuse

Project Start Year:

2014

Projact End Year:

2020

Estimated Number of Customers:

10,000

Estimated Volume Delivered:

20.0

(mgd) ERELAN (af/yr)

Reclaimed Water Quality:

Texas Type |

SYSTEM COMPONENTS

Pump Stations

Pipelines

Treatment Plant Improvements

OTHER COSTS

SUB-TOTAL

Renewal / Replacement Cost

Land Cost

Cost Offset

Avoided Costs of Baseline Projects

SUB-TOTAL

ESTIMATED COSTS
Capital 0&M (Annual)

REUSE METHODS

$ 5,000,000 | $ 100,000

Stream Channel Recharge

$ 5,000,000 | $ 50,000

Surface Water Augmentation

s 5,000,000 | § 20,000 SAVE ALT.
$ 15,000,000 $ 170,000
ALTERNATIVE NAVIGATION RESET ALT.

$ 1,000,000
S {500,000)

TOTAL

Figure 2.12. Alternatives development page.

2.4.2.2 Moving to the Next Alternative

Once you are finished entering information for the current project alternative, you may choose
to add another alternative (up to six), by using the special Alternative Navigation icons (see
the bottom right corner of Figure 2.12) near the bottom right corner of the page. The blue
diamond indicates the alternative that you are currently completing (i.e., Alternative 2, as
shown in Figure 2.12). To navigate to a previous alternative (i.e., Alternative 1), click on the
yellow diamond to the left of the blue diamond; to navigate to the next alternative (i.e.,
Alternative 3), click on the yellow diamond to the right of the blue diamond.

WateReuse Research Foundation
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Once you have completed the information for as many alternatives as you wish to consider,
use the purple navigation icons at the top of your screen (see Figure 2.4) to continue to the
next step.

2.5 Step 4—Triple-Bottom-Line Analysis

The purpose of Step 4 is to define the scope and relative importance of the criteria by which
you then will evaluate the project alternatives using one of two triple-bottom-line (TBL)
evaluation algorithms. This is accomplished in three main steps: identification, scoring, and
weighting.

2.5.1 Step 4a: Identify Evaluation Criteria

Evaluation criteria for this tool have been divided into three main categories: financial, social,
and environmental. On the page for this step, a number of potential evaluation criteria are
listed under each category.

Choose the criteria by which you would like to evaluate the project alternatives by checking
the boxes provided. There is no limit on the number of criteria you may select. However, if
you intend to balance the evaluation between the three categories evenly, it is advisable to
choose a similar number of criteria from each category, as shown in Figure 2.13. In
subsequent steps, you will have the opportunity to weight the criteria in order of importance.

Note: If you elected not to include cost information in the alternative definitions under Step 3,
it is recommended that you do not include cost criteria in this step.

©@® IDENTIFY TBL CRITERIA VR

INSTRUCTIONS Identify the criteria by which the alternatives will be evaluated. The selected criteria will be included in the Triple Bottom Line

analysis and will require a quantitative o qualitative score and rank.

FINANCIAL CRITERIA SOCIAL CRITERIA
e Capital Cost = Increased Water Supply Reliability r Ease in Meeting Discharge Raguirements
I Q&M Cost 17 Community Impact ~ Energy Use / Greenhouse Gas Emissions
I Financial Risk 17 Perceived Negative Public Health Impact ~ Development of Environmental Amenities
r Business Integration Issues r Downstream Water Quality Impacts
r Agricultural Benefits ~ Groundwater Augmentation

<) © (9

SELECT ALL CRITERIA REMOVE ALL CRITERIA SAVE

Figure 2.13. TBL criteria identification page.

Once you have selected your evaluation criteria, click on the purple “next” arrow.

The next page consists of the matrix table that will be the main framework for the TBL
analysis. Each project alternative is represented by one column, and each evaluation criterion
is represented by one row. Note that in the example provided in Figure 2.14, criteria that were
not selected in the previous step (see Figure 2.13) are grayed out.
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@ﬁe SCORE & RANK TBL CRITERIA WEE

INSTRUCTIONS The toble below summorizes the Alternatives and TBL criterio selected previously. Score each criterio by entering o cost estimate for Financial Criteria or using
the drop down menus to select estimated impacts for Qualitative Criteria. Also please assign an importance ranking for each criterio using the drop down menu,
SCORING MATRIX Alternatives Criteria
No. 1 No. 3 No. 4 Neo.5 No. 6 Importance Criteria
o " Ranking Weight
CRITERIA Land 4pplication Not Defined Not Defined
FINANCIAL
@ Capital Cost ¢ 35,000,000 | $ 16,500,000 | $ 159,000,000 | $ 55,500,00
@ NPV Cost of O&M Over Project Life ¢ 7978155 |3 3,875,104 | $ 36,471,565 | $ 12,992,99
Q Financial Risk H/M/L/N H/M/L/N H/M/L/N

SOCIAL
@ Increased Water Supply Relizhility
@ Perceived Negative Public Health Impact
@ Agricultural Benefits
ENVIRONMENTAL
@ [Ease in Meeting Discharge Requirements H/M/L/N H/M/L/N H/M/L/N H/M/L/N
@ |Energy Use / Greenhouse Gas Emissions H/M/L/N H/M/L/N H/M/L/N H/M/L/N
@ |pevelopment of Environmental Amenities H/M/L/N H/M/L/N H/M/L/N HIM/L/N
TRIPLE BOTTOM LINE ANALYSIS TOOLS
Select TBL Method RUN RESET RESET CRITERIA
@  rankcriteria N Learn About Weighted Average 1 TBLANALYSIS MATRIX IMPORTANCE RANKING
(D 0o Not Rank criteria () Importance Ranking

g
Select P Value (Compromise @ <v> g-i
@ Save 1 Programming Only)

Figure 2.14. Blank TBL criteria scoring and ranking page.

2.5.2 Step 4b: Score Evaluation Criteria

Provide a score for each alternative/criterion pair by filling in the blank columns under each
alternative. Not all evaluation criteria are quantitative. Criteria were, therefore, divided into
one of two groups, quantitative and qualitative, respectively. The scoring methods for these
two groups are different, as described in the following.

An additional distinction between criteria is whether they describe a positive impact or
negative impact. For financial criteria, this distinction is not necessary, as costs are clearly a
negative impact. However, for many of the qualitative criteria, discussed in Section 2.5.2.2, it
is important to define clearly whether they describe positive or negative impacts.

The scoring process in progress is shown in Figure 2.15.

2.5.2.1 Quantitative Criteria

Capital and operations and maintenance (O&M) costs are inherently quantifiable; that is, it is
relatively straightforward to assign a hard number (i.e., cost) to each. These costs will appear
pre-entered in the table as net-present-value quantities—net present value of capital cost at

the future project start date and the net present value of annual O&M payments based on the
project start date, project life, and discount rate provided in the Project Setup page.

Note that financial risk, as implemented for this tool, is considered a qualitative criterion and
will be scored as described in Section 2.5.2.2.
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There is one quantitative criterion that is not scored in terms of cost (i.e., in dollars and
cents), and that is the increased water supply reliability. Unreliable water is subject to drought
restrictions or other uncertainties and may include water from many of the conventional water
supplies, including surface water, water transfers, and groundwater, depending on your
particular situation. Reclaimed water is considered drought-proof and, therefore, considered a
“reliable” water supply. Enter the score for increased water supply reliability as the ratio of
new reclaimed water flow for that alternative (i.e., the amount of “unreliable water” to
replace with reclaimed water) to the total amount of unreliable water currently in your water
supply portfolio, as a percentage.

2.5.2.2 Qualitative Criteria

The qualitative criteria are scored using a 4-point scale (high-H, medium-M, low-L, and
minimal or none-N) based on the expected impact each alternative is expected to have with
respect to that criterion.

As discussed, it is very important to distinguish between criteria that describe potential
positive impacts and those that describe potential negative impacts. Error! Reference source
not found. provides this information for each criterion in parentheses below the criterion
description. The rows that contain descriptions of criteria with potential positive impacts are
shaded for contrast.

In addition, the tool provides color-coded shading on the H/M/L/N inputs, ranging from green
to yellow to orange to red. Green denotes the most positive score, and red denotes the most
negative score (yellow and orange fall in between). For example, if you select a “high”
community impact (a criterion that describes a negative impact), the score is shaded red,
whereas if you select a “high” score for agricultural benefits (a criterion that describes a
positive impact), the score is shaded green.

For these criteria, select a qualitative score from the drop-down menus for each alternative. In
the example shown in Figure 2.15, Alternative No. 3 would have a significant negative
impact on your utility’s greenhouse gas emissions (for example, because of the power
consumption required by the treatment system needed to implement that alternative), so you
would select “high” for that criterion. Energy use/greenhouse gas emissions are defined as a
negative impact in Error! Reference source not found., so a “high” score will be shown in
red.
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SCORE & RANK TBL CRITERIA Y/ERESE

INSTRUCTIONS

The table below summarizes the Alternatives and TBL criteria selected previcusly. Score each criteria by entering a cost estimate for Financial Criteria o using

the drop down menus to select estimated impacts for Qualitative Criteria. Also please assign an impartance ranking for each criteria using the drop down menu.

Increased Water Supply Reliahility

Perceived Negative Public Health Impact

OIS

Agricultural Benefits
RONMENTAL

Ease in Meeting Discharge Requirements

m
=
=

Energy Use / Greenhouse Gas Emissions

Development of Environmental Amenities

S08a8

_Lu W - EEM _H /M/LIN
HiMiLIN

50.0%

SCORING MATRIX Alternatives Criteria
No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 Importance Criteria
cjectfo et Injectionts Rankin, Weight
CRITERIA Land Applic "En;rd‘:;k'“” D”E*”:':R*“Jm Purpls Pipes Not Defined Not Defined e e
FINANCIAL
ol Capital Cost $ 35,000,000 ‘ $ 16,500,000 | $ 159,000,000 ‘ $ 55,500,000
@ NPV Cost of O&M Over Project Life $ 7,978,155 |$ 3,875,104 | $ 36,471,565 | § 12,992,995
@ Financial Risk Low Low
SOCIAL

TRIPLE BOTTOM LINE ANALYSIS TOOLS

Rank Criteria Learn About

ea

Do Not Rank Criteria Importance Ranking

(3]

Save

Select TBL Method
Weighted Average 1 B

Select P Value (Compromise
1 Programming Only)

RUN
L ANALYSIS

@

RESET

MATRIX

©

RESET CRITERIA
IMPORTANCE RANKING

©

Figure 2.15. Scoring TBL criteria.
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Table 2.1. Examples for Scoring Qualitative Criteria

g‘ o . . Minimal
=N Qualitative Large Impact Medium Impact Slight Impact Impact
£ Criterion® “H” “M” “Lr i
O N
Financial Risk Significant likelihood of financing Remote possibility of financing Demand projection datais  Does not change
<  (Negative impacts) problems (e.qg., ratepayers will refuse to problems (e.g., overly reliant on only cursory, so demands  risk
S pay for higher cost of water, project is one specific group of customers, (and therefore revenue)
z reliant on revenue from uncertain like golf courses, who may change may end up being smaller
I demands, legal uncertainties make their minds about using reclaimed  than projected
project outcome doubtful) water)
Local/Neighborhood Significant increase in truck traffic, odor ~ Volume of complaints expected to  Small increase in truck Does not affect
Impacts problems, or aesthetic issue (i.e., a clear increase significantly during traffic, or the frequency of  neighborhood
(Negative impacts) strategy needed to deal with complaints)  construction but will decline odor complaints, but
afterward nothing the current
complaints personnel
cannot handle
Change in Perceived Significant public outcry likely (i.e., clear Some fringe groups may be upset, Some negative press may No changes
Public Health Impacts  strategy / investment in public outreach is  but effects should not hinder need to be countered by anticipated
= (Negative impacts) needed for alternative to proceed) project progress active stakeholder
5 engagement
¥ Organizational and A whole new business line must be A small increase in administrative ~ Temporary increase in No
Business Integration created, with new administrative staff, effort required (e.g., small number  workload for current staff ~ organizational
Issues offices, and facilities of additional positions within would be expected changes needed
(Negative impacts) existing organizational structure)
Agricultural Benefits  Availability of significantly more water Availability of more water results ~ Farmers like reclaimed No effects on
(Positive impacts) results in increased crop value and in limited increased crop value, water as it contains more agriculture
regional economic productivity involving local effects only nutrients than the
groundwater they were
using previously
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Table 2.1. Examples for Scoring Qualitative Criteria

o)
E, Qualitative Large Effect Medium Effect Slight Effect Minimal Effect
2 Criterion® “H” “M” ol I “N”
@)
Increased New permits needed, resulting in Change in discharge requirements  Additional discharge No effect on
Number/Stringency of  significant administrative and additional  results in significant additional requirements do not affect  discharge
Discharge monitoring/compliance efforts monitoring/compliance effort current operation of requirements
Requirements facilities
(Negative impacts)
Energy Significant increase in greenhouse gas Small increase in greenhouse gas  Increased energy Greenhouse gas
Use/Greenhouse Gas emissions (i.e., facility’s energy footprint  emissions (i.e., facility's energy consumption is offset by emissions the
Emissions goes up by more than factor of 2) consumption increases but not by use of renewable power same or decrease
(Negative impacts) more than a factor of 2)
f-g Environmental Large new wetlands/salt marsh/habitat Isolated pockets of habitat created ~ Water quality No
= Amenities Associated  for endangered species created or improved by increased water improvements will result enhancements
S with the Project quality or quantity in more abundant/ diverse
; (Positive impacts) wildlife in existing habitat
& Water Quality Impacts  Regulatory problems anticipated because ~ Water quality changes (more Some recreational users No changes
(Negative impacts) of water quality impacts (salinity saline, increased nutrient protest change to anticipated
buildup, increased nutrient loads to local ~ concentrations) may alter habitat ~ aesthetics of water
surface waters from reclaimed water and reduce its ability to support
runoff/leachate) native species
Groundwater Solves a significant saltwater intrusion Injection or offsetting existing Alternative will allow No affect on
Improvements (or land subsidence) problem groundwater pumping is expected  utility to discontinue groundwater by
(Positive impacts) to halt or reverse falling practice of occasionally alternative

groundwater levels

over-pumping aquifer in
times of need

@ Rows shaded in gray indicate criteria representing positive impacts; unshaded rows indicate criteria representing negative impacts.

Note: Beyond the mechanics of scoring, choosing values for qualitative criteria is inherently a subjective process. To reduce variability between users, Error! Reference

source not found. also provides some guidelines for what “high,” “medium,” “low,” or “minimal” impact mean for each criterion in the context of this tool.

WateReuse Research Foundation

19



2.5.3 Step 4c: Weight Evaluation Criteria

Now that the evaluation criteria have been scored, i.e., quantitative and qualitative values
have been assigned as objectively as possible to each alternative for each criterion, the next
step involves judging the importance of the individual criteria. For example, this could mean
deciding whether the ease of meeting discharge requirements is more important (and by how
much) than impacts to the local neighborhood.

In this step, mark the criterion you feel is most important in determining your preferred
alternative with a “1” in the Criteria Importance Ranking column. In the example shown in
Figure 2.16, capital cost was chosen as the most important criterion. The next-most important
criterion should receive a 2, and so forth, until all criteria have been ranked.

N
@99 SCORE & RANK TBL CRITERIA Y/EEEF

INSTRUCTIONS The table below summarizes the Alternatives and TBL criteria selected previously. Score each criteria by entering a cost estimate for Financiol Criteria or using

the drop down menus to select estimated impacts for Qualitative Criteria. Also please assign on importance ranking for each criteria using the drop down menu.

SCORING MATRIX Alternatives Criteria
No. 1 Neo. 2 Ne. 3 No. 4 Ne. 5 No. 6 Importance Criteria

CRITERIA Carasppication | WEUENSTrelECRter | Blizctiniecriontor Purple Pipes Not Definea - Ranking Weight
FINANCIAL

@ [capital Cost $ 35,000,000 [ § 16,500,000 | $ 159,000,000 | $ 55,500,00 1 100.0

d; NPV Cost of O&M Over Project Life $ 7,978,155 | S 3,875,104 | $ 36,471,565 | $ 12,992,99 4 62.5

&P [rinancial Risk Low Low 3 75.0
SQCIAL

@ Increased Water Supply Reliability % % % %

@ Perceived Negative Public Health Impact

@ Agricultural Benefits
ENVIRONMENTAL

@ Ease in Meeting Discharge Requirements -

€9 |energy Use / Greenhouse Gas Emissions B

@ Development of Environmental Amenities

TRIPLE BOTTOM LINE ANALYSIS TOOLS
Select TBL Method RUN RESET RESET CRITERIA
Rank Criteria Learn About Woeighted Average 1 TBL ANALYSIS MATRIX IMPORTANCE RANKING

g ®
) Do Not Rank criteria Importance Ranking

X

Select P Value {Compromise @ <v> @
@ save 1 Pregramming Only) S S

Figure 2.16. Ranking criteria.

2.5.3.1 Default Weighting Process

On the basis of the ranking you provide, the adjacent “Criteria Weighting” column will assign
default weights automatically, with numbers evenly spaced between 0 and 100. These
weights determine the relative importance of each criterion in the subsequent TBL analysis.

2.5.3.2 Custom Weighting Process — Unlocking the Excel Sheet

If you wish to be more specific in your weighting process, you also may customize the
weights assigned to each criterion. For example, if you think that two criteria are very close

in importance, you may want to keep the difference in ranking weight very small (or even
weight them the same). Or if you think the cost of an alternative should be weighted as at
least twice as important as any other criterion, you may want to rank it 100 and rank all others
less than 50.
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To change the default weighting process, you will have to “unlock” the cells on that page and
override the default formulas located in the “Criteria Ranking Weight” column, as shown in
Figure 2.17 and described in the following.

WARNING: Please note that by unlocking the spreadsheet, you are given access to
portions of the tool with which you can cause irreparable damage to its inner workings.
Please also note that overwritten cells, such as those in the ranking weight columns, will
“lose” the preset formulas. They cannot be “reset.”

In the “Quick Access Toolbar” at the top of your Excel screen, click on “Review,” then on
“Protect Sheet” (in the “Changes” group). A window will pop up. Deselect “Protect
worksheet and contents of locked cells” and type in the unlock password (“watereuse”). Then
click on “OK.”

_:‘_]/' Home Insert Page Layout Formulas Data Review Wiew ProjectWise Acrabat
4@ ji E a‘:ﬁ ) 3 3 d Show/Hide Comment _/I_i‘l S J &1 Protect and Share Workbook
b : - = 7 show All Comments == & Mllow Users to Edit Ranges
Spelling Research Thesaurus Translate New  Delete Previous ext . - Protecty~yProtect Share
Comment Showl Sheet |Warkbook ~ Warkbook Lg# Track Changes =

Proofing Comments Changes

Click on “Protect Sheet™ then...

[ve-protect warksheet and contents of locked cells

Password o unprotect sheet:

Allow all users of this workshest to:

[l Select locked cells a
Fll=elect unlocked cells
Format cells
™ Format columns
I Format rows
I Insert columns
I nsert rows
I Insert hyperlinks
™ Delete colurmns

[ Delete rows ;I

ok I Cancel |

... to unlock, uncheck “Protect worksheet and contents of locked cells”, enter password
“watereuse” and click “OK”. To relock, re-check “Protect worksheet and contents of
locked cells,” enter password “watereuse” and click “OK.”

Figure 2.17. Unlocking and relocking the TBL criteria scoring and ranking page.

Once the cells are unlocked, you can overwrite the formulas that calculated the default
ranking weights and enter your choice of values. There is no restriction on the numbers you
can enter in this column; they will all be normalized, i.e., divided by the sum of the scores
you entered across all criteria.

It is recommended that you relock the TBL Criteria Scoring and Ranking page after editing
the weights to prevent any additional unintentional changes to the formulae. To relock the
page, simply follow the same procedure but in reverse:

In the “Quick Access Toolbar” at the top of your Excel screen, click on “Review,” then on
“Protect Sheet” (in the “Changes” group). A window will pop up. Reselect “Protect
worksheet and contents of locked cells” and type in the unlock password (watereuse). Then
click on “OK.”
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2.5.4 Step 4d: Choose a TBL Evaluation Method

Once you are satisfied with your weighting, select one of two methods of performing the
triple-bottom-line (TBL) evaluation programmed into the tool from the drop-down menu in
the toolbar on the bottom of the Alternatives Scoring and Ranking page. If you choose the
Compromise Programming Method, also choose a value for the parameter “p,” or you may
elect to leave it at the default value of 1 (see Figure 2.18).

TRIPLE BOTTOM LINE ANALYSIS TOOLS
Select TEL Method RUN RESET RESET CRITERIA
@ Rank Criteria Learn About Compromise Programming 2 TBLANALYSIS MATRIX IMPORTANCE RANKING

®
O Do Not Rank Criteria " Importance Ranking

Select P Value (Compromise @ <v> @
@ Save | 1 |- Programming Only) < i

2

3

Figure 2.18. Choosing a P value for the CPM method.

A more detailed description of both methods, the Weighted Average Method or Compromise
Programming Method, is provided in Section 0. The following sections provide a brief
description of each.

When you have made your selections, click “next” to continue to the tool outputs (TBL
Analysis Results).

2.5.4.1 Weighted Average Method

The Weighted Average Method (WAM) is a simple method to determine alternative rankings,
based simply on multiplying the (normalized) score by the (normalized) weight for each
criterion/alternative pair (see Section 0). The output of WAM is a ranked ordering of the
alternatives, from the most desirable (Rank of 1) to the least desirable.

WAM is the simpler of the two methods and is more easily understood (and explained) than
other methods, making it the preferred approach for a decision-making process where
transparency and simplicity of the results may be valued more highly than more detailed
information content.

2.5.4.2 Compromise Programming Method

The Compromise Programming Method (CPM) is effectively an augmentation of the simpler
WAM. Like WAM, this method provides a ranking of alternatives, but unlike WAM, it also
provides information on the “relative distance” of those alternatives to a hypothetical “ideal
alternative” (with a final score of 1.00). This additional measure indicates how closely spaced
alternatives are, and could, for example, help distinguish between a “clear winner” compared
to a distant second and third versus three tightly grouped, effectively equivalent options.

Though the CPM provides more information on the relative distances among alternatives and
the flexibility to tease out differences between closely spaced alternatives, it is a more
complex method. Because of the complexity and the flexibility to not only “choose” swing
weights but one additional parameter that can influence the rankings (the exponent p, see
Section Error! Reference source not found.), the use of this method may be more difficult
to defend if a decision-making process is under critical scrutiny.
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2.5.5 Step 4e: Run TBL Analysis

Once the criteria have been scored and ranked, and a TBL analysis method has been selected,
click on the “Run TBL Analysis” button. This action validates the input data to make certain
that all required inputs have been provided. If data are missing, you will be prompted to
provide the missing data. If all the required data have been included, you will be prompted to
continue to the results.

2.6  Step 5—Review and Analyze Results

If you have reached this step, congratulations, you have successfully completed the
required inputs to run the tool!

The TBL Analysis Results page, an example of which is shown in Figure 2.19, provides the
outputs from the tool’s TBL calculations. The initial output screen displays the summary
matrix showing one main column for each alternative and one row for each weighting
criterion. Raw scores (i.e., cost or level of impact) and the final weighted scores are shown
for each alternative/criterion combination. The total score and rank for each alternative are
shown at the bottom of the table. In the example, Alternative 2 appears to be the most
favorable, with a score of 0.75. Alternative No. 1 is somewhat less favorable with a score of
0.67, whereas Alternatives 3 and 4 are significantly less favorable with scores of 0.30 and
0.42, respectively.

AR
@99 TBL ANALYSIS RESULTS

INSTRUCTIONS Review results of TBL Analysis and Alternative Ranking
SCORING MATRIX Alternatives
Criteria No. 1 No. 2 No. 3 No. 4 No. 5 No. 6
CRITERIA Weight |Land Application wetland Project for IPR Direct Injection for IPR [Purple Pipes Not Defined Not Defined
Raw Weight Raw ‘We'\ght Raw ‘We'\ght Raw Weight! Raw Weight| Raw Weight|
FINANCIAL |
Capital Cost 100.0 | $ 35,000,000 | 0.17 | $ 16,500,000 | 0.20 | $159,000,000 | 0.00 | $ 55,500,000 | 0.15 [ S - 0
NPV Cost of O&M Over Project Life 66.7 $ 7,978,155 | 012 |$ 3,875,104 | 0.13 | $ 36471565 | 0.00 | S 12,992,995 | 0.10 [ § - 0
Financial Risk 77.8 None 0.16 Low 0.10 Low 0.10 High 0.00 H/M/LN H/M/LUN
SOCIAL
Increased Water Supply Reliability 33.9 ] 0.00 0.5 0.18 0.5 0.18 0.25 0.03 0 0
Perceived Negative Public Health Impact 55.6 Low 0.11 Medium 0.00 Medium 0.00 Medium 0.00 H/M/L/N H/M/L/N
Agricultural Benefits 22.2 High 0.04 Low 0.01 Low 0.01 None 0.00 HIM/LN H/M/UN
Ease in Meeting Discharge Reguirements 11.1 High High High High H/M/LIN H/M/LIN
Energy Use / Greenhouse Gas Emissions 33.3 Low 0.07 Medium 0.03 High 0.00 Medium 0.03 HM/LN H/M/LN
Development of Enviranmental Amenities | 44.4 None 0.00 High 0.09 Nona 0.00 Medium 0.06 HIM/L/N H/M/L/N
TOTAL SCORE 0.67 0.75 0.30 0.42
RANK 2 1 4 3

Figure 2.19. Results page.

Once you are ready to see a full report of the results, click on the purple arrow pointing right.
This will take you to the Alternative Summary page (see Figure 2.20). This page provides a
bar graph showing the scores for each alternative, broken down by the three criterion
categories (financial, social, and environmental).
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ALTERNATIVE SUMMARY YEE

INSTRUCTIONS Use the links below to navigate to the results for each Alternative included in the Triple Bottom Line Analysis

ALTERNATIVE SELECTED FOR OVERALL

REPORTS TBL ANALYSIS RANK
Alternative Comparison
1\ @ 2 0.80
v 2 o T
; o . oo NI
\/ 0.50 |
Weighted
\3> ] 4 040 Bl
0.30 —
\
\4/ @ 3 020 - - —
0.10 - - —
4 5\ (%] 0.00 . . :
\/ Alt1 Alt2 Alt3 Alt 4
\G> @ Financial Social mEnvironmental

Figure 2.20. Alternative Summary page.

The graph shows that financial criteria made the most significant difference in the scoring
process (the difference in financial scores accounts for the significant differences between
Alternatives 1 and 2 compared to Alternatives 3 and 4). It also shows that the differentiating
factor between the two leading alternatives is not related to financial criteria (which have
nearly identical scores) but are mainly because of the higher environmental score achieved by
Alternative 2.

The clickable yellow diamond icons are links to individual Alternative Reports for each
individual alternative, which are printer-ready and can be included in reports or other written
summaries of your evaluation (see Figure 2.21). The individual Alternative Reports include a
summary of the Feasibility Analysis that shows which reuse methods were determined to be
feasible and any associated required actions. The use should compare the alternative
definition with the Feasibility Analysis results to make certain that the alternative would be
viable.

You also may use the purple navigation arrow at the right-hand side of the screen to return to
the Alternative Summary page and view reports for other alternatives.

At this point, it is recommended that you save your scenario. You may choose to go back to
previous steps using the provided navigation arrows and modify your inputs. The conclusions
from this exercise are more useful if the results of your evaluation are consistent over a range
of plausible input values. Therefore, it is recommended to perform a sensitivity analysis,
trying different weightings, rankings, and different assumptions for inflation and discount
rates.
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2.7 Reference Case Study for Additional Guidance

For additional guidance on using the decision tool, a case study for one of the project’s
partner utilities (anonymous utility “A2”) was conducted using the tool. Chapter 4 provides a
detailed description of the utility’s project background, detailed guidance to the tool inputs,
and an evaluation of its outputs for partner utility A2.
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' \X/ATEREUSE

ARCH

3
5  Alternative 2
& |Name: Wetlands Project

Augment a riparian preserve that feeds into a drinking water supply, with 2 grant
from U3 Parks and Wildlife

7 |Description:

8 |Project Start Year: 2014
10 |Project End Year: 2020
11 |Estimated Mumber of Customers: 10,000
12 |Estimated Wolume Delivered: 20.0|{mgd) 22,400 | (AF fyr)

13 |Reclaimed Water Quality Class:
14 |Estimated Project Life:

15 |Interest Rate:

16 | Discount Rate:

17 |Estimated Capital Costs:

18 |Estimated O&M Costs:

Texas

Type

e

[

(years)

(presentvalue)

{present value over project life)

Decision Support Tool for Non-Potable and Indirect Potable Reuse Projects

Results - Triple Bottom Line Analysis

13/10/2013

Criteria

Weight

Alternative Scoring

Raw

Weighted

Capital Cost g 5 16,739,404 0.02
MNPV Cost of O&M Over Project Life 2 5 4433512 0.12
Financial Risk 5 Medium 0.03
SOCIAL

ncreased Water Supply Reliability 1 0.5 0.10
Community Impact 5 MNone 0.11
Public Health Impact 3 Low 0.10

12 |Met Present Value Cost: &) 21,172,916 | dollars)

20

11 Feasibility Analysis Results Energy Use [/ Greenhouse Gas Emissio 7 Medium 0.02

22 Constraints Development of Environmental Amenit 2 High 0.18
Interagenc -

ia Type of Reuse Feasible? Change Law L‘u:n:;rl:lingatiu-:,ur Change Public _fiif::;::: P . E N —

24 WEtEI’SII'IEEI Perception Requirements water Augmentaticn B cne 0.00

5 Constraints Total Score 0.68

16 Groundwater IPR <] @ ) t Rank 1

b} Surface water IFR <] t

28 MFR @ TEL Calculation Method: Weighted Average

24 P Factor (Compromise Programming Only)

30 Background

31 |Organization Name: My Utility

32 [Key Stakeholders:

33 |Project Goals:

34 |Special Circumstances:

35 |Current Reclaimed Water Deman

36 |Future Reclaimed Water Demanc

Stakeholders 1, 2, 3, and 4

Use gur reclaimed water where it provides the most value to our community.

0 (mgd)

(=]

6.0/ (mgd)

Figure 2.21. Example of an Alternative Report page.
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Chapter 3
Behind the Scenes

As with any computer tool, many calculations occur where you can neither see nor influence
them while using the program. Knowing how the tool functions on the inside may help you
understand how your input decisions influence the tool output and so tailor the results more to
your needs. This chapter describes some of these “behind the scenes” calculations.

3.1 Cost Escalation

Capital and O&M costs are escalated for each alternative using information entered on the
“Project Setup” page as well as the alternative definition pages. The cost base year is entered
on the “Project Setup” page and typically will be the current year on which the analysis is
conducted. An interest rate, discount rate, and estimated project life also are entered on the
“Project Setup” page and are common for all alternatives. The project start and end years are
entered on the alternative definition pages.

Capital costs are escalated from the cost base year through the midpoint of construction using
the following formula:

@+i)"
where i is the interest rate and n is the number of years from the cost base year to the
midpoint of construction.

The present value of the capital costs is then determined by discounting the mid-point of
construction capital cost estimate back to the cost base year using the following formula:

1
@+j)"
where j is the discount rate and n is the number of years from the cost base year to the
midpoint of construction.

The net present value of the O&M costs is calculated in three steps. First, O&M costs are
escalated from the cost base year to the end of construction using the following formula:

@+i)"

where i is the interest rate and n is the number of years from the cost base year to the end of
construction.

Then, the total O&M costs over the estimated project life are calculated using the following
formula:

@+i)"-1
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where i is the interest rate and n is the estimated project life (years).

Finally, the net present value of O&M costs over the estimated project life are determined by
discounting the O&M costs back to the cost base year using the following formula:

1
@+ j)"
where j is the discount rate and n is the number of years from the cost base year to the end of
construction plus the estimated project life.

3.2  Normalizing Scores on a Scale from 0 to 1

The definition of quantitative and qualitative criteria has allowed you to enter scores that
“make sense” for each of the evaluation criteria you chose in Step 3. However, these “raw
scores” cannot be compared apples-to-apples, i.e., a dollar value cannot be directly compared
to a “high” or a “low” score. These qualitative scores must be translated into quantitative
scores ranging from 0.00 to 1.00, with 1.00 being the most favorable score.

To compare all the criteria on the same basis, both the quantitative cost information and the
qualitative scores are normalized to fall on a scale of 0.00 to 1.00, with 1.00 being the most
favorable.

3.2.1 Quantitative Score Normalization - Costs

Quantitative raw scores are normalized based on the sum of the costs for that criterion, i.e., if
Alternatives 1 through 6 have capital costs of $500,000 each, the first step is to divide the
individual costs by $3 million (6 x $500,000). Then, because our scoring scale defines 0.00
as the worst possible score and 1.00 as the best possible score, the normalized costs are
“mirrored”, i.e., subtracted from 1, such that the highest cost alternative receives the lowest
score.

Mathematically, the normalized score for each quantitative criterion i under alternative j (x;)
can be defined as:

where Cj; = “raw” cost of alternative i under cost category j.

3.2.2 Quantitative Score Normalization — Noncost Criteria

As described in Section 0, you enter the score for increased water supply reliability as the
ratio of the “unreliable water” replaced by reclaimed water to the total amount of unreliable
water currently in your water supply portfolio.

These scores are normalized akin to Equation 1, though without the mirroring, such that the
alternative with the highest increase in water supply reliability also receives the highest
normalized score:
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3.2.3 Qualitative Score Quantification

Qualitative raw scores, i.e., high, medium, low, and none, are scored with scores 0.00, 0.33,
0.66, and 1.00, with 1.00 being the most favorable score. The mapping from qualitative to
guantitative scores depends on the way the criterion is phrased, i.e., a “high” impact may be
scored as 0.00 or 1.00, respectively.

For criteria that describe beneficial impacts, such as agricultural benefits, a “high” impact is
scored as a 1.00 (and “no” impact is scored as 0.00), whereas for criteria that describe
negative impacts, such as energy use / greenhouse gas emissions, a “high” impact is scored as
a 0.00 (and “no” impact is scored as 1.00). Error! Reference source not found. shows
which criteria describe beneficial impacts and which describe negative impacts.

3.3  Assigning Swing Weights

In Step 4c, you assigned ranking weights to each of your criteria (either by simply ranking the
decision criteria in order of importance and accepting the default weights or by adjusting the
ranking weights yourself by unlocking the sheet and manually editing the weights).

The final swing weight for each criterion (w;) is calculated as a normalized form of the
ranking weights (r;), by dividing the individual ranking weights by the sum of the ranking
weights, such as

wp =6/ 3)

This results in final swing weight values between 0 and 1.

3.4  Triple-Bottom-Line Calculation Methods

Two triple-bottom-line (TBL) calculation methods are provided by the tool. These are
described in more detail following.

3.4.1 Weighted Average Method

The Weighted Average Method (WAM) is a simple method to determine alternative rankings
(O’Neil and Yates, 2011). Rankings are calculated based on multiplying the normalized score
by the normalized weight for each criterion/alternative pair. The overall score for each
alternative (A)) is calculated as

Aj =25 WX (@)

where w; is the criterion weight, as determined by the swing weight process (as described)
and x; is the normalized score (i.e., value) of the ith criterion with respect to the jth
alternative (also described).

The individual scores are then ranked such that the highest score receives Rank 1, and so
forth.

WAM is the simpler of the two methods and is more easily understood (and explained) than
other methods, making it the preferred approach for a decision-making process where
transparency and simplicity of the results may be valued more highly than more detailed
information content.
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3.4.2 Compromise Programming Method

The discrete Compromise Programming Method (CPM) is effectively an augmentation of the
simpler WAM. Like WAM, this method provides a ranking of alternatives, but unlike WAM,
it also provides information on the “relative distance” of those alternatives to a hypothetical
“ideal” alternative that is defined by the best possible score achieved by any alternative for
each criterion.

This requires one additional step beyond simply multiplying the normalized score by the
normalized weight, as was done for WAM. Instead, the normalized scores are incorporated
into a CP-score, Rij, which assesses the “distance” of the normalized score from the best and
worst scores for that criterion i:

S (5)
!y X\ =X

where x; is the worst normalized score for criterion i, x;* is the best normalized score for
criterion i, and p is a “relative distance measure” (O’Neil and Yates, 2011). Note that O’Neil
and Yates (2011) indicate that Rij should be calculated using the raw scores (not the
previously normalized scores). However, because of the need to “mirror” the scores for the
cost criteria, it was simpler to work with the prenormalized (and premirrored) scores that
already had been calculated for WAM. The results provided by this approach are functionally
equivalent to the approach described by O’Neil and Yates (2011).

In other words, the normalized scores are normalized a second time, this time with respect to
the total spread in scores for that criterion. Note that if the best and worst normalized scores

for criterion i span the full possible distance, i.e., if they are 1.00 and 0.00, respectively (and
p is set = 1, generally a safe default), CPM collapses back down to WAM.

The total score for each alternative j is calculated as follows and is in direct analogy to the
calculation under WAM (Equation 3):

Aj = 2 WR; (6)

The use of the exponent p provides a mechanism to magnify differences between alternatives,
if so desired, by setting p>1. This would be advisable if, for example, it were important to
provide significant distinction between two alternatives that appear equivalent with p=1.

Though the CPM provides more information on the relative distances between alternatives

and the flexibility to tease out differences between closely-spaced alternatives, it is a more

complex method. Because of the complexity, and the flexibility to not only “choose” swing
weights but also the exponent p, the use of this method may be more difficult to defend if a
decision-making process is under critical scrutiny.
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Chapter 4
Case Studies

4.1  Case Study: Analysis of Water Reuse Options for Utility A2

This case study demonstrates how the Framework for Informed Planning Decisions
Regarding Indirect Potable Reuse and Dual Pipe Systems (i.e., Decision Tool) can be used to
evaluate alternative water reuse options in a real-world setting. The objective of this case
study is to provide users with a better understanding of how to use available data as inputs
into the Tool and how to interpret the results generated by it. Toward this end, the following
sections present an analysis using the framework of the Decision Tool of two water reuse
supply alternatives being considered by A2. The data and alternatives used for this analysis
have been adapted and simplified for demonstration purposes and do not represent specific
plans being pursued by A2.

4.1.1 Water Supply Alternatives

A2 provides water, wastewater, and recycled water services, and serves as a wholesale
supplier to several neighboring agencies. Historically, the utility has received the majority of
its water supply from imported sources. A2 currently imports about 80% of its water supply,
whereas local supplies and conservation account for the remaining 20%.

A2’s reliance on imported water causes its water supply to be vulnerable to negative impacts
from shortages and susceptible to price increases. The availability of imported water is
subject to a number of natural and human forces, ranging from increased population growth
(and accompanying increased demands), to drought, changes in snowpack and earthquakes,
to environmental regulations, water rights determinations, and associated legal challenges and
court rulings. As a result of these factors, A2 has been exploring various options for
increasing recycled water production to help offset future purchases of imported water.

This case study evaluates two of the (simplified) water reuse options being considered by A2,
and compares them to a baseline alternative of increased reliance on imported water supplies.
The alternatives evaluated are as follows:

o Alternative 1: Increased Reliance on Imported Water Supplies to meet Future Demands
(Baseline Alternative). This alternative assumes that no additional water reuse would be
implemented within the A2 service area. A2 would purchase additional imported water
from WA2 to meet future demands.

o Alternative 2: Indirect Potable Reuse (IPR) through Reservoir Augmentation. This
alternative would result in the production of 82.8 mgd of IPR. It would entail the
construction of pipelines from two existing water reclamation plants to two separate
reservoirs, upgrades and expansion of the existing plants, and the construction of a new
plant. Additional diversions of wastewater flows to the reclaimed water treatment plants
also would be necessary.

o Alternative 3: Expansion of Existing Nonpotable Reuse (NPR) Distribution System to
Accommodate Increased Use of NPR. This alternative would result in the production of
an additional 15.5 mgd of nonpotable reuse water within A2’s service area. It would
involve expanding the existing distribution system and increasing capacity at one of A2’s
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reclaimed water treatment plants. Storage tanks also would be necessary to meet peak
demands during the summer months.
4.1.2 Overview of Decision Tool Analysis

The case study analysis of A2’s water reuse alternatives follows the five main steps included
in the Decision Tool:

Step 1: Identify project goals and drivers

Step 2: Perform a feasibility analysis

Step 3: Identify and describe project alternatives

Step 4: Perform multicriteria decision analysis

Step 5: Review and analyze results

The following sections describe the methods and data used in each step based on data and
information collected from published documents and provided by A2.

4.1.3 Project Setup

Prior to any analysis steps, the Decision Tool asks the user to input basic project information
into the project setup page. This information is used to frame the project and to calculate
results and outputs of the Tool (e.g., net present value project costs). Figure 4.1 shows the
project setup page for the A2 case study analysis.

PROJECT SETUP

INSTRUCTIONS Provide a description of project characteristics, goals, and key elements.

General Information
QOrganization Name: A2

1). 15 local agencies that participate in the regional wastewater system that is operated by A2 (these agencies will
continue to contribute wastewater and receive recycled water from A2); 2). A2's wholesale supplier (WA2) of imported
water; and 3). 24 retail water agencies that receive imported water from WA2. 3) 3 wholesale customers that receive

Key Stakeholders: recycled water from A2
Project Goals: Develop additional water supplies to increase supply reliability and meet increasing demands
Special Circumstances: A2 is a member agency of WA2, which provides imported water to 24 member agencies. A2 also provides

Total Water Demands

Current Demand: 222,880 NEW]
Projected Demand: PEEACN (affyr)
Cost Calculation Parameters

Reference Year: 2013

Interest Rate: 3.0%|

Discount Rate: 5.0%

Expected Project Life: 50| (years)

Figure 4.1. Case Study: Project setup page.

The project setup page first asks for some general information, including key project
stakeholders, project goals, and any special circumstances that might affect the analysis. In
this case, key stakeholders include the 15 local agencies that participate in the regional
wastewater system operated by A2. A2’s wholesale supplier of imported water (WA2), and
WAZ2’s 24 member agencies, would also be impacted by water reuse projects implemented by
A2 (i.e., as A2 relies more on water reuse, more imported water will be available for these
other users). Finally, although not considered in this analysis, there are three wholesale
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customers that purchase recycled water from A2. Increased recycled water production under
the alternatives considered here could lead to increased availability of recycled water for
these customers.

The next section of the page asks about current and projected water demand. Current water
demand within the A2 service area is close to 200 mgd. By 2035 (the latest year demands are
projected in A2’s Urban Water Management Plan), total demand is expected to increase to
about 267 mgd. This input is intended to provide context for the overall analysis and to
calculate the percentage of total increased demand that could potentially be met by recycled
water.

Finally, cost calculation parameters are entered into the project setup spreadsheet. The
reference year refers to the year for which the cost estimates are entered. For A2, all costs are
entered as 2013 U.S. dollars (USD). A discount rate of 5% (to reflect the time value of
money) and an interest rate of 3% are assumed for the 50-year project analysis period. A 50-
year analysis period (2013 through 2062) was chosen to capture the costs and benefits fully
that would accrue over the life of the project.

4.1.4 Step 1: Identify Project Goals and Drivers

The first step of the tool asks users to consider their project goals and drivers for
implementing reuse. This step is intended to help users understand their goals and
motivations within the context of making a decision between the two general use categories
(i.e., IPR and NPR). Information on this sheet is not used in subsequent calculations.

Step 1 is completed in on the Project Drivers page, which contains information on drivers that
are common to IPR and NPR, as well as drivers that may favor one over the other. Users are
asked to select which goals and drivers apply to them based on the options provided.

Figure 4.2 shows the drivers that apply to A2. These drivers are explained in more detail
following.

@@@ DEFINE PROJECT DRIVERS VWATERELSE

INSTRUCTIONS Select applicable project drivers. The purpose is to ossist the user in defining altematives. information on this sheet is not used in calculations

Common Drivers for Either Non-Potable Reuse (dual distribution/reticulation or purple pipe system) or Indirect Potable Reuse Projects
=] Potential to offset increased water demands through beneficial use of reclaimed water

=] Provide additional water supplies to serve future customers
vl Improve water supply reliability
vl Provide a disposal mechanism for wastewater effluent

Common Drivers for Non-Potable Reuse (dual distribution/reticulation or purple pipe system) Projects
-] Available opportunity to implement a NPR project
Time-critical need for project and IPR alternative will take longer than NPR alternative

Political pressure to implement NPR

Existing NPR infrastructure provides cost, logistical or other advantage
Cost of the NPR alternative is less than the cost of the IPR alternative
Water rights constraints makes IPR difficult

JTITT7T97

Permitting process for NPR is more straightforward than IPR

Common Drivers for Indirect Potable Reuse Projects
Available opportunity to implement IPR project

Time-critical need for project and NPR alternative will take longer than IPR alternative
Political pressure to implement IPR

Existing IPR infrastructure provides cost, logistical or other advantage

Cost of the IPR alternative is less than the cost of the NPR alternative

Large-volume seasonal storage needed to meet reclaimed water demand

Opportunity to create wetlands or riparian habitat

Meed for salt water intrusion barrier for a costal drinking water aquifer

Instream flow requirements restrict drinking water withdrawals

I e B < < B B B I

Permitting process for IPR is more straightforward than NPR

Figure 4.2. Case Study: Water reuse project drivers.
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For A2, the primary driver for increasing both indirect potable reuse and nonpotable reuse is
to reduce reliance on imported water supplies for meeting future demands. As noted,
imported water is vulnerable to negative impacts from shortages and susceptible to significant
price increases, whereas water reuse provides a locally controlled, drought-resistant source of
supply. In addition, water reuse will serve as a key factor in meeting the requirements of A2’s
wastewater discharge permit, which will be modified in 2015.

Drivers for implementing NPR include available opportunity (i.e., A2’s NPR demands can be
met by expanding the existing distribution system and reclaimed water treatment plant,
although storage tanks would be necessary), political pressure to implement NPR because it
is relatively “shovel ready” and accepted by the public, and because the permitting process
for NPR is more straightforward (and less costly) than the permitting process for IPR.

There is also available opportunity for IPR within the A2 service area. There is sufficient
capacity in the two reservoirs that will serve as environmental buffers, and production
theoretically is limited only by the volume of wastewater flow to A2’s treatment plants (as
opposed to NPR, which is limited by available uses). In addition, for A2, IPR is much less
expensive than NPR on a per unit basis because of reduced infrastructure needs (i.e., no dual
piping system or seasonal storage facilities would be necessary).

4.1.5 Step 2: Feasibility Analysis

In Step 2, the user is led through a series of yes/no questions that evaluate the potential legal,
physical, political, and water quality hurdles associated with implementation of different
types of water reuse. As users navigate from one question to the next, they sometimes
traverse other boxes, labeled “Elimination Point” or “Action Required.”

Elimination points are reached when the user’s answers have led to the conclusion that one
method of water reuse is not feasible for legal, physical, political, or water quality-related
reasons. For example, if the tool asks, “Can the aquifer accept recharge?” and the user
answers “no,” the tool will conclude that IPR via groundwater augmentation (“GW IPR”) is
not feasible based on the physical limitations of the available aquifers. The tool will cease
asking any questions related to GW IPR and begin evaluating the feasibility of IPR via
surface water augmentation (“SW IPR”).

The user also can pass through actions required boxes. This occurs when an action is
necessary to maintain the feasibility of the particular method of water reuse in question. For
example, if the user has determined that SW IPR currently is not politically acceptable, but
the user thinks he or she possesses the political sway to change people’s minds, the user may
answer “yes” to the question “Will you try to change political acceptability?” For SW IPR to
remain a feasible option, the user will need to change public perception regarding that reuse
method; changing public perception is therefore the “action required.”

Figure 4.3 presents the feasibility analysis conducted for A2. As shown, based on the yes or
no questions presented, IPR through groundwater recharge is proven to be an infeasible
option for the utility. This is because A2 has indicated that the aquifer cannot accept recharge
(i.e., throughout most of the service area, the aquifers are too small to accept substantial
amounts of water). Surface water IPR and NPR were both found to be feasible options

for A2.
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9‘9@ FEASIBILITY ANALYSIS

INSTRUCTIONS Using the drop down boxes, answer the questions to determine if IPR or NPR altemnatives are feasible. Eoch question is dependent on the previous answer.
Once the survey is complete, the feasibility of IPR or NPR ond potentiol associoted constroints are provided. Use the control buttons below to reset the survey
or view the decision flow chart that forms the basis of the questions and constroints.

QUESTIONS RESULTS
Is IPR legal? Yes

Although legal, do regulatory hurdles make groundwater IPR impractical? No TYPE OF REUSE FEASIBLE REQUIRED ACTIONS
Are groundwater rights adjudicated so that reclaimed water remains with the No

Can the aquifer accept recharge? No @

Although legal, do regulatory hurdles make surface water IPR impractical? No

Does reclaimed water need to remain in the watershed? No

Is there & surface water body that can receive reclaimed water? Yes.

Is surface water IPR politically acceptable? Yes.

Is reclaimed water of a quality that can be discharged to surface water? Yes @

Is reclaimed water of a quality that can be used in NPR applications? Yes

That is the end of the survey

SURVEY CONTROL
VIEW FLOW CHART RESET
© &5
© X

Figure 4.3. Case Study: Feasibility analysis.

4.1.6 Step 3: Identify and Describe Project Alternatives

The development of project alternatives is broken down into two sub-steps within the
Decision Tool: selecting recycled water applications and constructing alternatives based on
those applications. The following discusses these two steps within the context of the A2 case
study.

4.1.6.1 Step 3a: Define Recycled Water Uses

Before choosing recycled water uses, users are asked to consider the business case for each
use, in general terms, based on a series of pertinent questions. Then users may choose the
recycled water uses they would like to include in one or more of their alternatives from a list
of predefined options.

A2 has considered the business cases for both IPR and NPR carefully. On the basis of this
careful analysis, which included a recycled water market assessment, A2 plans to provide
nonpotable recycled water for irrigation purposes and for use with industrial cooling towers.
Additional opportunities include NPR for use at commercial car washes and commercial
laundry facilities. Figure 4.4 shows the specific uses that A2 has selected for nonpotable
reuse expansion, as well as the business case questions considered when identifying
alternative elements.

WateReuse Research Foundation 37



IDENTIFY ALTERNATIVE ELEMENTS%"

INSTRUCTIONS

then select the potential applications you wish to consider in the project alternatives which will be defined in the next step.

A number of factors support business cases for Non Potable Reuse and Indirect Potable Reuse. Please evaluate your answers to the questions below anc

Business Cases for Non Potable Reuse

Business Cases for Indirect Potable Reuse

Is it recognized that using NPR requires a business line for reclaimed water customers?
Is the demand for reclaimed water strong enough to provide financial viability?
Is funding from notes, loans, or grants available?

Can customers be required to use reclaimed water by statute?

Has the physical area of reclaimed water delivery been defined?

Is reclaimed water availability sufficient for potential uses?

Have competitive threats been identified and mitigated?

Does the project timeline match the time constraints?

Iz wastewater treatment location sufficiently close to WRP location?

Are customer water quality needs understood?

I= @ strategy estahlished for seasonal storage requirements?

Does the praject timeline match time constraints?
Is funding from notes, loans, or grants available?
Iz land available?

Iz recharge potential equal to reclaimed water availability?

Have risks been evaluated?

Is the distance from the basin/reservoir to the treatment pla

cost prohibitive?
Can retention time requirements be met?
Do water rights issues exist?

nt

Select Potential NPR Applications

Select Potential IPR Applications

A+ s I ¢ - 4

Agricultural - Irrigation =) Municipal - Irrigation
Agricultural - Feed lots / Animal Husbandr

Commercial - Irrigation

Municipal - Public Water Features
Residential / HOA - Irrigation
Residential f HOA - Toilet Flushing
Other - Fire Fighting

Other - Stream Augmentation

Commercial - Toilet Flushing
Commercial - Other
Industrial - Cooling Towers

Other - Dust Dampening
Other - Artificial Snow

Other

Industrial - Power Generation
Industrial - Manufacturing
Industrial - Car Washing

[ A I A I B A

Industrial - Cleaning
Industrial - Fracking / Mining

r Municipal - Direct Potable Reuse
=) Municipal - Indirect Potable Reuse
r Municipal - 5alt Water Intrusion Barrier
Checkbox Control
SELECT ALL RESET

4

©

Figure 4.4. Case Study: Identify Alternative Elements/Defining Recycled Water Uses.
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4.1.6.2 Step 3b: Define Alternatives

After choosing the desired water uses, the user is directed to the first of up to six alternative
definition pages. On these pages, the user is asked to enter a brief description of the
alternative and some other basic data. For each alternative, users are first asked to identify the
following information from drop down menus:

e Up to six recycled water applications (e.g., commercial irrigation, residential irrigation,
industrial cooling towers)

e Up to six reclaimed water methods (e.g., dual pipe system, IPR surface water
augmentation)

e Up to six different system components (e.g., pump stations, pipelines, storage tanks)

Users are then asked to provide basic cost information for each alternative, including
estimates of capital and operation and maintenance (O&M) costs for each of the system
components identified. They also are encouraged to consider and include costs that might not
come to mind initially under the general categories of “capital” and “O&M?” (e.g., renewal/
replacement costs; land cost; cost offsets or credits).

After completing one alternative definition page, users are given the option of adding
additional alternatives, up to a total of six. The following describes the data and methods used
to define the three alternatives (baseline, IPR, and NPR) developed for A2.

Overarching assumptions. To fairly compare the three alternatives, it was necessary to make
several overarching assumptions:

e Itisassumed that under all alternatives, the total amount of water that will be produced is
82.8 mgd. This is the maximum amount of reuse water that can be produced using IPR.
This assumption allows us to more fairly compare project costs across alternatives (i.e.,
total costs can be compared for the same amount of water produced).

e Because only 15.5 mgd of reuse water would be produced under the NPR alternative
(given total demand within the service area), it is assumed that imported water supplies
will make up the remaining 67.3 mgd.

e Itis assumed that each alternative will be brought online in 2028 (following completion
of construction activities in 2027). Although in reality IPR and NPR would be brought
online over a number of years (between 2014 and 2035), 2028 represents a loosely based
average. This assumption is made because the tool does not provide for the input of a
phase-in over multiple years. Although this method will provide an idea of how the net
present value costs of each alternative compare, a more indepth analysis of net present
value costs should be completed at a later stage in the planning process.

Alternative 1: Baseline. Under the baseline alternative, A2 would increase the amount of
imported water it currently purchases from WAZ2 to meet future demands. As shown in
Figure 4.5, the project will serve all customers within the A2 service area (entered as 321,337
connections) and will deliver 82.8 mgd. Both the project start and end date is entered as 2027
because there is no construction period associated with this alternative (i.e., the infrastructure
for importing water is already in place). In reality, A2 would slowly increase the amount of
imported water it purchases over time.
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Because the infrastructure is already in place, the only costs that A2 will incur under this
alternative will be the unit cost of purchasing imported water from WAZ2. Currently, WA2
charges its member agencies $1,259 per acre-foot (AF) for treated water, including storage
and transportation costs. However, to estimate the cost of this alternative accurately, it is
important to take into account expected increases in the price of imported water, which has
considerably outpaced general inflation over the past two decades.

On the basis of historical price data for imported water and expectations regarding different
price factors, we adopted the following assumptions regarding the price of imported water in
the future:

1. For water imported between 2014 and 2020 (inclusive), we assume an escalation rate of
3.5% above inflation.

2. For water imported in 2021 and years thereafter, we escalate at a rate of 1.5% per year
above inflation.

To simplify the analysis and work within the bounds of the Decision Tool (which does not
provide for costs to be entered over multiple years), we took the average expected cost of
imported water from 2028 (the year the project would come online) through 2062, the end of
the 50-year analysis period (as specified on the project setup page; the analysis period is from
2013 through 2062). We then used this average ($2350.49 per AF) as the expected future cost
of imported water. To estimate average annual costs, we multiplied $2350.49 by the AF per
year that would be provided by the project. Based on this approach, the annual costs
associated with this alternative are expected to amount to $218,003,041 per year. Figure 4.5
shows how the baseline alternative was entered into the Decision Tool on the “Develop
Alternatives” page.

NN DEVELOP ALTERNATIVES WATEREUSE
INSTRUCTIONS Define project alternatives using your best knowledge or estimate for each field. Up to six alternatives may be developed using the yellow navigation
buttons (or tabs) below. Once ail alternatives are defined, select the forward purple navigation arrew above to continue to the Triple Bottom Line analysis.
GENERAL INFORMATION RECLAIMED WATER APPLICATIONS ‘
Alternative: -- | INCLUDE IN TEL ANALYSIS
Name: Baseline - Increased imported supplies -
Description: This alternative would increase the amount of
imported water (i.e., water imported via SWP and the
Colorado River) purchased from WAZ.
Project Start Year: 2027
Project End Year: 2027
Estimated Number of Customers: 321,3%
Estimated Yolume Delivered: B2E] (mgd) (affyr)
Reclaimed Water Quality:
SYSTEM COMPONENTS ESTIMATED COS5TS RECLAIMED WATER METHODS
Capital O&M [Annual)

Other 5 218,003,041

sue-ror. [ENEENCRETTTITY
OTHER COSTS
Renewszl [ Replacement Cost ALTERNATIVE NAVIGATION RESET ALT.
Land Cost
Cost Offset ¥
Avoided Costs of Baseline Projects @ \A2> @

SUB-TOTAL

s s -
TOTAL

Figure 4.5. Case Study: Baseline alternative inputs.
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Alternative 2: Indirect Potable Reuse. The IPR alternative being considered by A2 includes
IPR through reservoir augmentation at two different reservoir sites. IPR at the first reservoir
site (R1) will include the construction of a 22-mile pipeline from an existing water
reclamation plant (WRPL1) to R1, the diversion of additional wastewater flows to WRP1, and
the expansion of WRP1 to accommodate increased flows. In addition, a new water
reclamation plant would be constructed (WRP2) that will add 40.9 mgd of IPR to the system
through R1.

In another area of the city, another existing water reclamation plant (WRP3) will be upgraded
to accommodate increased flows and recycled water production. A diversion will be built to
route additional flows to the plant and a pipeline will be constructed to carry water to the
second reservoir site (R2).

AZ2 estimates that together, these improvements will bring an additional 82.8 mgd of potable
water into the system.

For this alternative, it is assumed that the project start date (i.e., the start of construction) is
2014 and the project end date is 2027 (i.e., the year construction is completed). Thus, in 2028
the project will begin providing 82.8 mgd of potable water to help serve its projected 321,337
connections (again, in reality, the potable water made available by the project would be
phased in over time from 2023 through 2035).

The general system components associated with this alternative were identified and entered
into the Decision Tool, including pipelines, pump stations, and treatment plant improvements.
The capital and O&M costs for each system component were also entered into the tool based
on information provided in A2’s Recycled Water Plan. It is important to note that the
Recycled Water Plan did not provide costs broken out by system component, but that we
estimated the percentage of total cost by system component based on our knowledge of the
alternative. We also estimated an annual renewal/replacement cost of $100,000 per year
because this was not included in the Recycled Water Plan.

In addition to costs, the implementation of this alternative will result in a number of savings
for A2, including direct and indirect wastewater system savings and a reduction in costs
associated with less salt being imported into the service area through imported water. First,
IPR helps to achieve the goal of offloading flows away from one of A2’s major wastewater
treatment plants (WWTPL), resulting in reduced capital and operating costs at downstream
wastewater facilities, including:

e Avoided costs associated with expansion of WWTPL1 because less flow would be treated
at the plant.

¢ Avoided costs associated with expanding WWTP1’s wet weather equalization basins
because less flow will reach the plant.

e Avoided pumping costs at two pump stations because less flow will be diverted to the
plant and more reuse will occur at WRP3.

In addition to these direct savings, A2 has identified indirect wastewater system savings
associated with IPR. Specifically, WWTP1 will either continue to use chemically enhanced
primary treatment (CEPT) or will require upgrades to secondary treatment. IPR
implementation will result in reduced capital and operational costs if CEPT status could be
maintained at the plant because of the reduction in flows. Indirect wastewater savings are
therefore calculated as the avoided secondary treatment costs at WWTP1. Capital and O&M
costs associated with these savings were identified in A2’s Recycled Water Plan.
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Finally, a salt credit was considered to account for the benefits of salinity reduction in the
watershed. This quantitative credit reflects the financial benefits of extending the life of the
municipal water and wastewater treatment systems from having lower salinity levels in water
and wastewater flows because of reduced water imports. Both reservoir sites could see
dramatic reductions in salinity levels from the proposed IPR project. Downstream agency
facilities, including drinking water treatment plants, would benefit from this reduced salinity.
A2 estimates that this benefit amounts to about $100/AF in reduced operation and
maintenance costs. In addition, there is a benefit to water customers, because water heaters,
clothes washers, dishwashers, and fixtures also will last longer with lower salinity levels.
This benefit is not included in the $100/AF estimate.

Figure 4.6 shows how the inputs for Alternative 2 (IPR) were entered into the Decision Tool
on the “Develop Alternatives” page. As shown, the quantitative cost savings as described are
entered as negative capital and O&M costs in the “Other Costs” section.

SN DEVELOP ALTERNATIVES VIS

INSTRUCTIONS Define project altematives using your best knowledge or estimate for each field. Up to six alternatives may be developed using the yellow navigation
buttons (or tabs) below. Once all alternatives are defined, select the forward purple navigation arrow above to continue to the Triple Bottom Line analysis.

GENERAL INFORMATION RECLAIMED WATER APPLICATIONS

Alternative: n " INCLUDE IN TBL ANALYSIS

Name: Indirect Potable Reuse through Reservoir Augmentation Municipal - Indirect Potable Reuse -
Description: This project involves the construction of pipelines and
diversions, and the expansion/upgrade of existing
treatment plants to facilitate B2.8 mgd of IPR at two
surface water facilities.

Project Start Year: 2014

Project End Year: 2027

Estimated Number of Customers: 321,337

Estimated Volume Delivered: B218| (mgd) (affyr)

Reclaimed Water Quality:

SYSTEM COMPONENTS ESTIMATED COSTS RECLAIMED WATER METHODS
Capital 0&M (Annual)

Pipelines 5 610,225000 | & 29,316,000 | |Surface Water Augmentation

Pump Stations 5 199525000 | & 9,423,000

Treatment Plant Improvements 5 1,378,350,000 | & 65,961,000

IR .65 00000 5 104700000 |

OTHER COSTS
Renewal [ Replacement Cost 5 500,000 ALTERNATIVE NAVIGATION RESET ALT.
Direct and Indirect Wastewater System Savings 5 (1,020,000,000)| 5  (40,600,000)
Salt Credit S (9,273,600) =
OO b
SUB-TOTAL

% (1.020,000,000) $ (49.373.,600)
TOTAL

Figure 4.6. Case Study: Alternative 2 (IPR) inputs.

Alternative 3: Nonpotable Reuse. The NPR alternative being considered by A2 includes the
expansion of WRP1 to accommodate increased recycled water production and expansion of
the existing nonpotable distribution system. This alternative would facilitate the use of an
additional 15.5 mgd of nonpotable recycled water, on average, throughout the year. Storage
tanks would be needed to store the water during the winter months to meet peak summer
demands. As described earlier, this water primarily will be used for irrigation and cooling
towers.
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Similar to the IPR alternative, it is assumed that project construction will begin in 2014 and
will end in 2027. As noted earlier, because this alternative will provide primarily 15.5 mgd of
reuse water, it is assumed that the remaining 63.7 mgd (of a total of 82.8 mgd) will be made
up of imported water supplies. This allows a direct comparison of project alternatives.

Specific system components for this project include distribution system components
(pipelines, pump stations), storage tanks, and treatment plant upgrades. We estimated the
capital costs for each system component based on the average breakdown of costs for the
eight different phases of the project, as outlined in A2’s Recycled Water Study. O&M costs
for each system component were determined based on this same breakdown. System
component costs shown in the “other” category include miscellaneous construction/capital
costs, such as project contingency and planning (in the IPR alternative, these costs were
rolled into the costs for specific system components. In addition, the annual costs for this
alternative include the costs associated with purchasing 63.7 mgd of imported water each
year. This cost is shown in the “Other, Annual/O&M?” cost category under the System
Components Costs section.

In addition to the capital and O&M costs, land costs and annual replacement/renewal costs
are also reported, on the basis of information from A2’s Recycled Water Study. Similar to the
IPR alternative, this alternative will result in direct and indirect wastewater systems savings
and reduced costs associated with less salt being imported into the watershed. To estimate
these costs, we scaled them by the ratio of the 15.5 mgd under the NPR alternative, to the
82.8 mgd produced under the IPR alternative.

Figure 4.7 shows how the inputs for Alternative 3: NPR were entered into the Decision Tool
on the “Develop Alternatives” page.

NN DEVELOP ALTERNATIVES WATEREUSE
INSTRUCTIONS Define project alternatives using your best knowledge or estimate for each field. Up to six aiternatives may be developed using the yellow navigation
buttons {or tabs} below. Once all alternatives are defined, select the forward purple navigation arrow above to continue to the Tripie Bottom Line analysis.
GENERAL INFORMATION RECLAIMED WATER APPLICATIONS
Alternative: - ¥ INCLUDE IN TBL ANALYSIS
MName: Non-potable reuse Municipal - Irrigation -
Description Agricultural - Irrigation
Residential [ HOA - Irrigation
Project Start Year: 2012 Commercial - Irrigation
Project End Year: 2027 Industrial - Cooling Towers
Estimated Mumber of Customers 321,337
Estimated Volume Delivered: 82.8| [mgd) (affyr)
Reclaimed Water Quality: A+
SYSTEM COMPONENTS ESTIMATED COSTS RECLAIMED WATER METHODS
Capital 0&M (Annual)

Pipelines 5 159,585,800 | 5 7,979,290 Dual Pipe System
Pump Stations 5 10,240,800 | 5 512,040
Reservoir (Tank) 5 48,643,800 | 5 2,432,190
Treatment Plant Improvements 5 50,000,000 | 5 2,500,000
Other § 198,159,480 | 5 177,170,534

EUR < o520 5 190504054 |
OTHER COSTS
Renewal / Replacement Cost 5 == 93,500 ALTERNATIVE NAVIGATION RESET ALT.
Land Cost 5 10,240,800
Direct and Indirect Wastewater System Savings $ (190,740,000)| 5 (7,592,200) /e @ 2 @
Salt Credit 5 (1,734163) \/ \/ >

SUB-TOTAL [JERREE SRR 1) 93,500
TOTAL

Figure 4.7. Case Study: Alternative 3 (NPR) inputs.
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4.1.7 Step 4: Identify, Score, and Weight Criteria

The next step in the Decision Tool is to identify the triple-bottom-line (TBL) criteria by
which the alternatives will be evaluated. In the subsequent step, the user provides input on the
criterion scores (i.e., cost, level of impact) and weights (i.e., the measure of each criterion’s
relative importance). These inputs are then used to calculate final overall scores for each
alternative, using one of two Multicriteria Decision Analysis (MCDA) algorithms that are
programmed into the tool. Although the algorithms for scoring the alternatives are hidden
from the user, they are explained in the user’s manual to enable users to make informed
choices about the differences in output they may observe when using one or the other.

To define the criteria for the alternatives evaluation, users select the criteria relevant to their
particular situation from a series of possibilities (users also have the ability to enter additional
criteria manually that may not be included in the tool). As shown in Figure 4.8, almost all of
the TBL criteria were selected for the A2 alternatives, with the exception of “Development of
Environmental Amenities” and “Groundwater Augmentation.” These two criteria do not
apply in this case.

eoe IDENTIFY TBL CRITERIA IE&
INSTRUCTIONS Identify the criteria by which the alternatives will be evaluated. The selected criteria will be included in the Triple Bottom Line analysis and v
quantitative or qualitative score and rank.
FINANCIAL CRITERIA SOCIAL CRITERIA

2 Capital Cost
I NPV Cost of O&M Over Project Life
v Financial Risk

<l

Increased Water Supply Reliability Ease in Meeting Discharge Requirements

b

<l

Community Impact
Perceived Negative Public Health Impact
Business Integration Issues

<l

Energy Use / Greenhouse Gas Emissions
Development of Environmental Amenities
Downstream Water Quality Impacts
Groundwater Augmentation

< %«
<7

Agricultural Benefits

1

9| &

SELECT ALL CRITERIA REMOVE ALL CRITERIA

Figure 4.8. Case Study: TBL criteria selection.

The next page in the decision tool allows the user to score and rank the criteria selected on
the previous page. Some of these decision criteria can be expressed quantitatively, the
simplest of these being costs, whereas others are scored qualitatively, based on a 4-point scale
(high, medium, low, none). Figure 4.9 shows how we scored the TBL criteria for each of
A2’s three alternatives. Each criterion then is discussed.
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AR
@ee SCORE & RANK TBL CRITERIA YASE

INSTRUCTIONS The table below summarizes the Alternatives and TBL criteria selected previously. Scare each criteria by entering o cost estimate for Financial Criteria or using
the drop down menus to select estimated impacts for Qualitative Criteria. Also please assign an importance ranking for each criterio using the drop down menu.

SCORING MATRIX Alternatives Criteria
MNo. 4 No.5 MNo. 6 Importance Criteria
CRITERIA Not Difined Hot Dafined Not Difined Ranking Weight
FINANCIAL
v Capital Cost 5 - | 5 1,168,100,000 | § 286,130,680 2 90.9
@ |NPV Cost of D&M Over Project Life S 2144344887 [ 5 540272945 | 5 1875661366 3 818
@ |[Financial Risk d Low Medium 8 364
S0CIAL
(f,. Increased Water Supply Reliability 0.0% 100.0% 18.7% 1 100.0
(} Community Impact Low 7 455
(g Perceived Megative Public Health Impa W 9 273
@,. Business Integration Issues 10 182
@ |Agricultural Benefits 1 91
ENVIRONMENTAL
@ Ease in Meeting Discharge Requiremen’
@ Energy Use [ Greenhouse Gas Emission
(%]
@ Downstream Water Quality Impacts
(%]
TRIPLE BOTTOM LINE ANALYSIS TOOLS
Select TBL Method RUN RESET RESET CRITERIA
@ Rank Lriveria A Learn About Weighted Average - 1 TBL ANALYSIS MATRIX IMPORTANCE RANKING
@D o Nor Rank Lrieria Importance Ranking
select P Value (Compromise @ @ @
1 Programming Only) & &

Figure 4.9. Case Study: Scoring and ranking the TBL criteria.

4.1.7.1 Financial Criteria

On the basis of the inputs developed under Step 3 (Alternative Development), the Decision
Tool automatically calculates the capital cost for each alternative and enters it into the scoring
matrix. The Tool also calculates the NPV of O&M costs over the project life, based on the
specified analysis period and the date that the project is expected to come online. As shown,
Alternative 2 (IPR) has the largest capital cost of all the alternatives. However, the NPV
O&M costs are much lower than those under the baseline and NPR alternatives. This is
because of the large expense associated with purchasing imported water under these
alternatives. Overall, the IPR alternative appears to have the lowest total life-cycle costs.

In addition to capital and O&M costs, financial risk is taken into account as part of the
financial criteria evaluated in the Decision Tool. For A2, the baseline alternative poses the
highest risk because imported water is subject to future price increases and reduced
availability owing to a number of factors. The financial risk associated with the baseline
alternative, therefore, was rated as high.

IPR and NPR, conversely, are locally controlled and are not subject to significant price
increases. The level of financial risk for Alternative 2 (IPR) was rated as being low because
of the large volume of reuse water associated with it. Because of the amount of imported
water included in Alternative 3 (NPR/imported), the financial risk of this alternative was
ranked as medium.
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4.1.7.2 Social Criteria

In terms of social criteria, the user is first asked to provide a quantitative input for the
“increased water supply reliability” criterion. To calculate this metric, we divided the total
amount of reuse water provided in each alternative by the total amount of water provided by
the project®. In this case, imported water is considered to be unreliable, and recycled water is
considered to be reliable. Therefore, Alternative 2 (IPR) scores the highest in this category.

None of the alternatives are expected to result in substantial negative community impacts
(e.g., noise, odors, and so on); however, the increased costs associated with imported water
could result in affordability issues for the community. For this reason, community impacts
were ranked as medium for the Baseline Alternative and Alternative 2 (NPR/imported water).

With imported water, there are no perceived negative public health impacts, as residents in
the A2 community have relied on imported water for some time. Also, NPR generally is
accepted in the community, and perceived negative public health impacts associated with this
alternative, therefore, is rated as low. Conversely, the concept of IPR through reservoir
augmentation is relatively new to most A2 residents, and there is some concern over public
acceptance. “Perceived negative public health impacts” thus was rated as medium for this
alternative.

None of the alternatives analyzed are expected to have substantial business integration issues,
as methods for providing potable and nonpotable reuse water are already in place at the
utility. The NPR alternative may result in some issues for customers (e.g., integrating dual
pipe systems into their operations). Therefore, this criterion was ranked as medium for the
NPR alternative.

Finally, the Baseline Alternative and Alternative 2 (IPR) will not result in significant benefits
to agriculture. Under Alternative 3 (NPR), however, agricultural users may benefit by being
able to purchase cheaper (NPR) water. In addition, the nutrients found in the reuse water may
result in avoided fertilizer costs for farmers.

4.1.7.3 Environmental Criteria

Alternatives 2 and 3 will help A2 meet future wastewater discharge requirements by reducing
the volume of total wastewater flows. Under Alternative 1 (baseline), wastewater discharges
will continue to increase, making it difficult for A2 to meet permit requirements. Thus, the
ease in meeting discharge requirements under Alternative 1 is rated as low. Given the
different volumes of reuse water produced under Alternatives 2 and 3, this criterion is ranked
as high and medium for these alternatives, respectively (i.e., the large volume of reuse water
produced under Alternative 2 will make it much easier to meet discharge requirements).

Continued reliance on imported water also will result in increased greenhouse gas emissions
because of the high energy use associated with importing water over long distances. Energy
use and associated greenhouse gases are much lower for reuse water, and the alternatives are
rated in this category accordingly.

! Another way to calculate this score is to express it as a percentage that represents the ratio of the total
amount of reclaimed water the project will supply divided by the total amount of water in the water
supplier’s supply portfolio that is considered unreliable.
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Similar to the wastewater discharge requirements, the use of IPR and NPR will help to
improve water quality downstream because of reduced wastewater discharges. In addition,
these alternatives will result in less salt being imported into A2’s watershed. This will
improve drinking water and will result in avoided costs for A2 (these costs are quantified as
part of the costs included in the cost estimate for each alternative).

4.1.7.4 Weighting the Evaluation Criteria

Now that the evaluation criteria have been scored (i.e., quantitative and qualitative values
have been assigned, as objectively as possible, to each alternative for each criterion), the next
step involves judging the importance of the individual criteria (i.e., deciding whether
greenhouse gas emissions caused by the project are more important, and by how much, than
impacts to the local neighborhood, for example).

In this step, the user is asked to mark the criterion he or she feels is most important in
determining the preferred alternative with a 1 in the Criteria Importance Ranking column.
The next-most important criterion should receive a 2, and so forth, until all criteria have been
ranked. Figure A-9 shows an example weighting of the TBL criteria evaluated for A2. As
shown, reliability is ranked as the most important criterion, followed by capital costs, and
NPV O&M costs. The three environmental criteria are ranked as the next-most important
objectives, followed by most of the social criteria and financial risk.

4.1.7.5 TBL Calculations

The tool provides a choice of two Multicriteria Decision Analysis (MCDA) algorithms by
which the user inputs can be calculated into final ranks or scores for each alternative,
including the weighted average method and the compromise programming method.

The Weighted Average Method (WAM) is a simple method to determine alternative rankings
(O’Neil and Yates, 2011). Rankings are calculated based on multiplying the normalized score
by the normalized weight for each criterion/alternative pair. The individual scores then are
ranked such that the highest score receives Rank 1 and so on.

WAM is the simpler of the two methods and is more easily understood (and explained) than
other methods, making it the preferred approach for a decision-making process where
transparency and simplicity of the results may be valued more highly than more detailed
information content.

The discrete Compromise Programming Method (CPM) is effectively an augmentation of the
simpler WAM. Like WAM, this method provides a ranking of alternatives, but unlike WAM,
it also provides information on the “relative distance” of those alternatives to a hypothetical
“ideal” alternative that is defined by the best possible score achieved by any alternative for
each criterion (i.e., this “ideal” alternative would have a score of 1.00, to which the scores of
“real” alternatives can be compared).

This requires one additional step beyond simply multiplying the normalized score by the
normalized weight, as was done for WAM. Instead, the normalized scores are incorporated
into a CP-score, Rij, which assesses the “distance” of the normalized score from the best and
worst scores for that criterion (O’Neil and Yates, 2011).
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In other words, the normalized scores are normalized a second time, this time with respect to
the total spread in scores for that criterion. Though the CPM provides more information on
the relative distances among alternatives and the flexibility to tease out differences between
closely spaced alternatives, it is a more complex method. Because of the complexity, and the
flexibility to “choose” some of the inputs, the use of this method may be more difficult to
defend if a decision-making process is under critical scrutiny.

For the analysis of A2, we chose to use the WAM method.

4.1.8 Step 5: Tool Outputs

A number of outputs were built into the tool to provide the results of the alternatives
evaluation in three formats:

1. The final Scoring Matrix for the Multicriteria Decision Analysis (MCDA), which
provides the raw and weighted scores for each alternative/criterion pairing and the total
scores achieved by each alternative

2. An Alternatives Comparison bar graph showing the score for each criterion, color-coded
by the relative contributions of financial, social, and environmental scores to each total
score

3. An Alternative Summary Sheet for each alternative in the evaluation

The intent is that, together, these outputs will provide users with the materials necessary to
present the results of their analysis to others without significant additional work on their part.

4.1.8.1 Alternatives Evaluation Matrix

The Scoring Matrix is a one-page table that presents the mathematical results of the
alternatives evaluation, with columns representing alternatives and rows representing
decision criteria. Shown within the matrix are the individual scores for each
alternative/criterion pair. The bottom row provides the final rank and score for each
alternative under the selected MCDA algorithm. For WAM, the scores serve only to provide
a general ranking of alternatives; however, for CPM, the scores’ relative proximity to 1.00
provides an additional indication of the separation between the alternatives that were
evaluated.

This matrix is intended for inclusion in decision documentation or as a stand-alone summary.
An example of the alternatives evaluation matrix for the A2 case study analysis (based on the
inputs provided as stated) is shown in Figure 4.10.
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A
@"9. TBL ANALYSIS RESULTS

INSTRUCTIONS Review results of TBL Analysis and Alternative Ranking
SCORING MATRIX Alternatives
Criteria Neo. 1 No. 2 No. 3 No. 4 No. 5 No. 6
CRITERIA Weight |Baseline - Increased import{This project invelves the cor|Expansion of WRP1 and exist| Mot Defined Not Defined Not Defined
Raw ‘Weight Raw |WEight Raw | Weight Raw ‘Weight Raw |WEight Raw |Weight
FINANCIAL |
Capital Cost 909 B -| 015 | § 1168100000 | 003 |5 286,130,680 0.12 5 - B - o
NPV Cost of O&M Over Project Life 818 $ 2,144344,882 | 007 | § 540,272,945 | 012 | § 1,875,661,366 0.08 ] - S - o
Financial Risk 36.4 High 0.00 Low 0.04 Medium 0.02 High High High
SOCIAL |
Increased Water Supply Reliability 100.0 o 0.00 1 014 | 0.187198068 0.03 0 0 0
Community Impact 455 Low 0.05 None 0.08 Low 0.05 Lowr None High
Perceived Negative Public Health Impact 273 MNone 0.05 Medium 0.02 Low 0.03 Low None Medium
Business Integration Issues 182 Mone 0.03 None 0.03 Low 0.02 Low None Low
Agricultural Benefits Qil MNone 0.00 Mone 0.00 Medium 0.01 Low None None
Ease in Meeting Discharge Requirements 7237 Low 0.04 High 0.12 Medium 0.08 Low None High
Energy Use / Greenhouse Gas Emissions 545 High 0.00 Low 0.06 Medium 0.03 Low None Wedium
Downstream Water Quality Impacts 63.6 High 0.00 Low 0.07 Medium 0.04 Lowr None None
TOTAL SCORE 0.39 0.70 0.50
RANK 3 1 2

Figure 4.10. Case Study: Alternatives evaluation matrix.

As shown, Alternative 2 (IPR) ranks as the most preferred alternative (with a score of 0.70)
based on the inputs and relative rankings we provided. This is largely because reliability was
ranked as the most important TBL criteria for this analysis, followed by capital and life-cycle
O&M costs (which are relatively low for Alternative 2 compared to the other alternatives).
However, the scores of each alternative are subject to the relative rankings of each criterion.
For example, as illustrated following, if the primary objective of A2 was to maximize
agricultural benefits, Alternative 3 would have scored much higher.

4.1.8.2 Graphical Alternatives Comparison

The second output from the tool is a bar graph that provides a summary of the information
provided in the alternatives evaluation matrix in graphical form. Each bar represents one
alternative, and the total bar height represents the alternative’s score. The colored blocks
within each bar indicate the relative contribution of financial (green), social (orange), and
environmental (blue) criteria to the alternative’s total score. The total area of each color
across all bars provides an immediate impression of the relative importance each of those
categories held in the evaluation process overall.

Figure 4.11 provides an example of a bar graph summarizing the results of the A2
alternatives evaluation based on the WAM method. As shown, although Alternative 2 ranks a
little bit lower in terms of financial criteria (Alternative 2 has higher capital costs than the
other alternatives, which is ranked as the second most important criteria), it has much greater
environmental and social benefits than the other two alternatives.
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N4 ALTERNATIVE SUMMARY =&

INSTRUCTIONS Use the links below to navigate to the results for each Aitemnative included in the Triple Bottom Line Analysis
ALTERNATIVE SELECTED FOR OVERALL
REPORTS TBL ANALYSIS RANK
Alternative Comparison
0.80
\,> @ 3
0.70
\2> @ 1 0.60
0.50
Weighted i
\?> o 2 scores %0
0.30 — —
\4> @ 0.20 + — —
0.10 — —
5 @ 0.00 T T T 1
Alt1 Alt2 Alt3
Financial Social M Environmental
\6> @

Figure 4.11. Case Study: Graphical alternative comparison, WAM.

Although we chose to use WAM for this analysis, Figure 4.12 shows that results remain
relatively similar when the CP method is used. The bar graph shows slightly different scores
for the alternatives compared to the result for the WAM method, but the same relative
ranking of alternatives.

ALTERNATIVE SUMMARY

INSTRUCTIONS Use the links below to navigate to the results for each Alternative included in the Triple Bottom Line Analysis
ALTERNATIVE SELECTED FOR OVERALL
REPORTS TBL ANALYSIS RANK
Alternative Comparison
0.90
g @ 3
0.80
0.70
2 1
. 0.60
@ 2 ‘Weighted 0.50
3 Scores o 40
0.30 T '
\4> @ 0.20 +— — —
0.10 - — —
5 @ 0.00 T T
Altl Alt2 Alt3
Financial Social M Environmental
\B> @

Figure 4.12. Case Study: Graphical alternative comparison, CPM.
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The user can change the inputs of the analysis for any of the alternatives to examine (in
graphical form) how this might impact the overall results. For example, the user may decide
that he or she would like to change the criteria importance rankings to reflect a different
primary objective, such as maximizing benefits to agricultural users. Figure 4.13 shows how
changing the ranking of agricultural benefits from 11 to 1, and the reliability criteria from 1 to
11, impacts the overall results (using WAM). In this case, Alternative 3 (NPR) becomes the
most preferred alternative.

ALTERNATIVE SUMMARY

INSTRUCTIONS Use the links below to navigate to the resuits for each Aiternative inciuded in the Triple Bottom Line Anaiysis

ALTERNATIVE SELECTED FOR OVERALL
REPORTS TBL ANALYSIS RANK
Alternative Comparison
0.70
\1> (<] 3
0.60
\2> @ 2 0.50
0.40 ~
® 1 Weighted ]
3 Scares
0.30 + — —
0.20 — —
v °
0.10 — —
5 @ 0.00 T T
Alt1 Alt2 Alt 3
Financial Social M Environmental
\ \> @

Figure 4.13. Case Study: WAM results if agricultural benefits are the most important criteria.

4.1.8.3 Alternative Summary Sheet

Finally, the tool provides one alternative summary sheet for each alternative defined by the
user. These are intended for printing or incorporation into other planning documents. The
goal in the design of these one-page summaries it to provide all the significant data for each
alternative in a compact, one-page format. The contents of this summary sheet include basic
project information (which will be the same on all summary sheets), basic information about
the alternative, and the results of the alternatives analysis for that alternative (i.e., its column
from the Alternative Evaluation Matrix). An example of an Alternative Summary Sheet is
shown in Figure 4.14. This figure shows the result for Alternative 2 (IPR) of the A2 Case
Study.
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\VATE USE Decision Support Tool for Nen-Potable and Indirect Potable Reuse Projects
/ 6/2/2013

RESEARCH

Alternative 2
Name ndirect Potable Reuse through Reservoir Augmentation Results - Triple Bottom Line Analysis
This project invelves the construction of pipelines and diversions, and the Criteria Weight |Alternative Scoring
Description: expansion/upgrade of existing treatment plants to facilitate 82.8 mgd of IPR at
two surface water facilities.
Raw Weighted
Project Start Year: 2014
Project End Year: 2027 Capital Cost 2 5 1,168,100,000 0.03
Estimated Number of Customers: 321,337 NPV Cost of O&M Over Project Life 3 5 540,272,845 0.12
Estimated Volume Delivered: 82.8 (mgd) 92,736 (AFfyr) Financial Risk 3 Low 0.04
Reclaimed Water Quality Class:  Not Defined SOCIAL
Estimated Project Life: 50 (years) ncreased Water Supply Relizbility 1 1 0.14
nterest Rate: 3.0% Community Impact 7 Mone 0.08
Discount Rate: 5.0% Perceived Negative Public Health Impact g Medium 0.02
Estimated Capital Costs: S 1,168,100,000 Business Integration Issues 10 Mone 0.03
Estimated O&M Costs: S 540,272,945 (presentvalue over project life) Agricultural Benefits 11 MNone 0.00
Estimated Total Present Value: 5 1,708,372,945 (dollars)
Ez=e in Meeting Discharge Requirements 4 High 0.12
Feasibility Analysis Results Energy Use / Greenhouse Gas Emissicns [ Low 0.08
Constraints
Type of Reuse Fensible? C!::;:;::! change Public Additional Downstream Water Quality Impacts 5 Low 0.07
Change Law i Treatment
Watershed Perception Requirements
Constraints Total Score 0.70
Groundwater IPR (=] Rank 1
Surfacewater IPR )
NPR [] TBL Calculation Method: Weighted Average
P Factor {Compromise Programming Only):
Background
Organization Name: AZ
Key Stakeholders 1). 15 local agencies that participate in the regionz! wastewater system that is operated by AZ (theze agencies will continue to contribute wastewater and receive recycled water from
AZ2); 2). A2's wholesale supplier (WAZ) of imported water; and 3). 24 retail water agencies that receive imported water from WA2. 3) 3 wholesale customers that receive recycled water
from AZ
Project Goals: Develop additional water supplies to increase supply reliability and meet increasing demands
Special Circumstances: A2 is a member agency of WA2, which provides imported water to 24 member agencies.
Current Reclaimed Water Demand 185.0 (mgd) 323 8RB0 (AF/yr)
Future Reclzimed Water Demand: 267.0 (mgd) 289,040 (AF/yr)

Figure 4.14. Case Study: Alternative Summary Sheet, Alternative 2 (IPR).
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4.1.9 Case Study Summary

This case study presents a simplified analysis of two alternative water reuse projects (NPR
and IPR) being developed by A2 compared to a baseline of increased imported water
supplies. The key driver for implementing reuse within the A2 service area is to increase
water supply reliability within the region by reducing dependence on imported water
supplies. Other benefits of water reuse include direct and indirect wastewater system cost
savings, ability to meet future wastewater discharge requirements, reduced salts being
imported into the watershed, reduced energy use and greenhouse gas emissions, and lower
costs (compared to importing water over long distances).

For this analysis, IPR was found to be the most favorable alternative because of its ability to
substantially reduce A2’s reliance on imported water throughout the year (82.8 mgd), and its
lower total life-cycle costs. Comparatively, the NPR alternative is limited to 15.5 mgd
because of lower demands for nonpotable water.

This demonstration helped to show how existing data can be used as inputs into the Decision

Tool to perform a simplified analysis. Although some analysis options are limited by the tool,
it serves as an important first step in defining reuse options and evaluating the TBL costs and
benefits associated with various alternatives.

4.2  Case Study: Analysis of Water Reuse Options for Utility A2

This case study demonstrates how the Framework for Informed Planning Decisions
Regarding Indirect Potable Reuse and Dual Pipe Systems (i.e., Decision Tool) can be used to
evaluate alternative water reuse options in a real-world setting. The objective of this case
study is to provide users with a better understanding of how to use available data as inputs
into the Tool, and how to interpret the results generated by it. Toward this end, the following
sections present an analysis using the framework of the Decision Tool of two water reuse
supply alternatives being considered by A2. The data and alternatives used for this analysis
have been adapted and simplified for demonstration purposes and do not represent specific
plans being pursued by A2.

4.2.1 Water Supply Alternatives

A2 provides water, wastewater, and recycled water services, and serves as a wholesale
supplier to several neighboring agencies. Historically, the utility has received the majority of
its water supply from imported sources. A2 currently imports about 80% of its water supply,
whereas local supplies and conservation account for the remaining 20%.

A2’s reliance on imported water causes its water supply to be vulnerable to negative impacts
from shortages and susceptible to price increases. The availability of imported water is
subject to a number of natural and human forces, ranging from increased population growth
(and accompanying increased demands), to drought, changes in snowpack and earthquakes,
to environmental regulations, water rights determinations, and associated legal challenges and
court rulings. As a result of these factors, A2 has been exploring various options for
increasing recycled water production to help offset future purchases of imported water.
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This case study evaluates two of the (simplified) water reuse options being considered by A2,
and compares them to a baseline alternative of increased reliance on imported water supplies.
The alternatives evaluated are as follows:

Alternative 1: Increased Reliance on Imported Water Supplies to meet Future Demands
(Baseline Alternative). This alternative assumes that no additional water reuse would be
implemented within the A2 service area. A2 would purchase additional imported water

from WA2 to meet future demands.

Alternative 2: Indirect Potable Reuse (IPR) through Reservoir Augmentation. This
alternative would result in the production of 82.8 mgd of IPR. It would entail the
construction of pipelines from two existing water reclamation plants to two separate
reservoirs, upgrades and expansion of the existing plants, and the construction of a new
plant. Additional diversions of wastewater flows to the reclaimed water treatment plants
also would be necessary.

Alternative 3: Expansion of Existing Nonpotable Reuse (NPR) Distribution System to
Accommodate Increased Use of NPR. This alternative would result in the production of
an additional 15.5 mgd of nonpotable reuse water within A2’s service area. It would
involve expanding the existing distribution system and increasing capacity at one of A2’s
reclaimed water treatment plants. Storage tanks also would be necessary to meet peak
demands during the summer months.

4.2.2 Overview of Decision Tool Analysis

The case study analysis of A2’s water reuse alternatives follows the five main steps included
in the Decision Tool:

Step 1: Identify project goals and drivers.

Step 2: Perform a feasibility analysis.

Step 3: Identify and describe project alternatives.

Step 4: Perform multicriteria decision analysis.

Step 5: Review and analyze results.

The following sections describe the methods and data used in each step, based on data and
information collected from published documents and provided by A2.

4.2.3 Project Setup

Prior to any analysis steps, the Decision Tool asks the user to input basic project information
into the project setup page. This information is used to frame the project and to calculate
results and outputs of the Tool (e.g., net present value project costs). Figure 4.15 shows the
project setup page for the A2 case study analysis.
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A
g

7N PROJECT SETUP WAIEREUSE

INSTRUCTIONS Provide a description of project characteristics, goals, and key elements

General Information

Organization Name: A2

1). 15 local agencies that participate in the regional wastewater system that is operated by A2 (these agencies will
continue to contribute wastewater and receive recycled water from A2); 2). A2's wholesale supplier (WA2) of imported
water; and 3). 24 retail water agencies that receive imported water from WA2. 3) 3 wholesale customers that receive
Key Stakeholders: el watenfromin2

Project Goals: Develop additional water supplies to increase supply reliability and meet increasing d

Special Circumstances: A2 is a member agency of WA2, which provides imported water to 24 member agencies. A2 also provides

Total Water Demands

Current Demand: 222,350
Projected Demand: 299,040
Cost Calculation Parameters

Reference Year: 2013

Interest Rate: 3.0%]

Discount Rate: 5.0%]

Expected Project Life: 50| (years)

Figure 4.15. Case Study: Project Setup page.

The project setup page first asks for some general information, including key project
stakeholders, project goals, and any special circumstances that might affect the analysis. In
this case, key stakeholders include the 15 local agencies that participate in the regional
wastewater system operated by A2. A2’s wholesale supplier of imported water (WA2), and
WAZ2’s 24 member agencies, also would be impacted by water reuse projects implemented by
A2 (i.e., as A2 relies more on water reuse, more imported water will be available for these
other users). Finally, although not considered in this analysis, there are three wholesale
customers that purchase recycled water from A2. Increased recycled water production under
the alternatives considered here could lead to increased availability of recycled water for
these customers.

The next section of the page asks about current and projected water demand. Current water
demand within the A2 service area is close to 200 mgd. By 2035 (the latest year demands are
projected in A2’s Urban Water Management Plan), total demand is expected to increase to
about 267 mgd. This input is intended to provide context for the overall analysis and to
calculate the percentage of total increased demand that potentially could be met by recycled
water.

Finally, cost calculation parameters are entered into the project setup spreadsheet. The
reference year refers to the year for which the cost estimates are entered. For A2, all costs are
entered as 2013 U.S. dollars (USD). A discount rate of 5% (to reflect the time value of
money) and an interest rate of 3% are assumed for the 50-year project analysis period. A 50-
year analysis period (2013 through 2062) was chosen to capture the costs and benefits fully
that would accrue over the life of the project.

4.2.4 Step 1: Identify Project Goals and Drivers

The first step of the tool asks users to consider their project goals and drivers for
implementing reuse. This step is intended to help users understand their goals and
motivations within the context of making a decision between the two general use categories
(i.e., IPR and NPR). Information on this sheet is not used in subsequent calculations.
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Step 1 is completed in on the Project Drivers page, which contains information on drivers that
are common to IPR and NPR, as well as drivers that may favor one over the other. Users are
asked to select which goals and drivers apply to them based on the options provided.

Figure 4.16 shows the drivers that apply to A2. These drivers are explained in more detail
following.

@©$ DEFINE PROJECT DRIVERS VWATERELSE

INSTRUCTIONS Select applicable project drivers. The purpose is to assist the user in defining altematives. information on this sheet is not used in calculations

Common Drivers for Either Non-Potable Reuse (dual distribution/reticulation or purple pipe system) or Indirect Potable Reuse Projects
=] Potential to offset increased water demands through beneficizl use of reclaimed water

¥ Provide additional water supplies to serve future customers
¥ Improve water supply reliability
vl Provide a disposal mechanism for wastewater effluent

Common Drivers for Non-Potable Reuse (dual distribution/reticulation or purple pipe system) Projects
=] Awvailable opportunity to implement a NPR project

Time-critical need for project and IPR alternative will take longer than NPR alternative
Political pressure to implement NPR

Existing NPR infrastructure provides cost, logistical or other advantage

Cost of the NPR alternative is less than the cost of the IPR alternative

Water rights constraints makes IPR difficult

Permitting process for NPR is more straightforward than IPR

KU B B BB |

Common Drivers for Indirect Potable Reuse Projects
Available opportunity to implement IPR project

Time-critical need for project and NPR alternative will take longer than IPR alternative
Political pressure to implement IPR

Existing IPR infrastructure provides cost, logistical or other advantage

Cost of the IPR alternative is less than the cost of the NPR alternative

Large-volume seasonzl storage needed to meet reclaimed water demand

Opportunity to create wetlands or riparian habitat

Need for salt water intrusion barrier for a costal drinking water aquifer

Instream flow requirements restrict drinking water withdrawals

Permitting process for IPR is more straightforward than NPR

b W e B A+ M B i

Figure 4.16. Case Study: Water reuse project drivers.

For A2, the primary driver for increasing both indirect potable reuse and nonpotable reuse is
to reduce reliance on imported water supplies for meeting future demands. As noted,
imported water is vulnerable to impacts from shortages and susceptible to significant price
increases, whereas water reuse provides a locally controlled, drought resistant source of
supply. In addition, water reuse will serve as a key factor in meeting the requirements of A2’s
wastewater discharge permit, which will be modified in 2015.

Drivers for implementing NPR include available opportunity (i.e., A2’s NPR demands can be
met by expanding the existing distribution system and reclaimed water treatment plant,
although storage tanks would be necessary), political pressure to implement NPR because it
is relatively “shovel ready” and accepted by the public, and because the permitting process
for NPR is more straightforward (and less costly) than the permitting process for IPR.

There is also available opportunity for IPR within the A2 service area. There is sufficient
capacity in the two reservoirs that will serve as environmental buffers, and production is
theoretically limited only by the volume of wastewater flow to A2’s treatment plants (as
opposed to NPR, which is limited by available uses). In addition, for A2, IPR is much less
expensive than NPR on a per unit basis because of reduced infrastructure needs (i.e., no dual
piping system or seasonal storage facilities would be necessary).
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4.2.5 Step 2: Feasibility Analysis

In Step 2, the user is led through a series of yes/no questions that evaluate the potential legal,
physical, political, and water quality hurdles associated with implementation of different
types of water reuse. As users navigate from one question to the next, they sometimes
traverse other boxes, labeled “Elimination Point” or “Action Required.”

Elimination points are reached when the user’s answers have led to the conclusion that one
method of water reuse is not feasible for legal, physical, political, or water quality-related
reasons. For example, if the tool asks, “Can the aquifer accept recharge?” and the user
answers “no,” the tool will conclude that IPR via groundwater augmentation (“GW IPR”) is
not feasible based on the physical limitations of the available aquifers. The tool will cease
asking any questions related to GW IPR and begin evaluating the feasibility of IPR via
surface water augmentation (“SW IPR™).

The user also can pass through actions required boxes. This occurs when an action is
necessary to maintain the feasibility of the particular method of water reuse in question. For
example, if the user has determined that SW IPR is currently not politically acceptable, but
the user thinks he or she possesses the political sway to change people’s minds, the user may
answer “yes” to the question “Will you try to change political acceptability?” For SW IPR to
remain a feasible option, the user will need to change public perception regarding that reuse
method; changing public perception, therefore, is the “action required.”

Figure 4.17 presents the feasibility analysis conducted for A2. As shown, based on the yes or
no questions presented, IPR through groundwater recharge is shown to be an infeasible
option for the utility. This is because A2 has indicated that the aquifer cannot accept recharge
(i.e., throughout most of the service area, the aquifers are too small to accept substantial
amounts of water). Surface water IPR and NPR were both found to be feasible options for
A2.

@ve FEASIBILITY ANALYSIS

INSTRUCTIONS Using the drop down boxes, answer the questions to determine if IPR or NPR altematives are feasible. Each question is dependent on the previous answer.
Once the survey is complete, the feasibility of IPR or NPR and potential associated constraints are provided. Use the control buttons below to reset the survey
or view the decision flow chort that forms the basis of the guestions and constraints.

QUESTIONS RESULTS
Is IPR legal? Yes
Although legal, do regulatory hurdles make groundwater IPR impractical? No TYPE OF REUSE FEASIBLE REQUIRED ACTIONS

Are groundwater rights adjudicated so that reclaimed water remains with the Mo

Can the aquifer accept recharge? No @
Although legal, do regulatory hurdles make surface water IPR impractical? Mo
Does reclaimed water need to remain in the watershed? No

Is there a surface water body that can receive reclaimed water? Yes
Is surface water IPR politically acceptable? Yes

I reclaimed water of & quality that can be discharged to surface water? Yes @
I reclaimed water of & quality that can be used in NPR applications? Yes
That is the end of the survey

SURVEY CONTROL
VIEW FLOW CHART RESET
4

Figure 4.17. Case Study: Feasibility analysis.
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4.2.6 Step 3: Identify and Describe Project Alternatives

The development of project alternatives is broken down into two sub-steps within the
Decision Tool: selecting recycled water applications and constructing alternatives based on
those applications. The following discusses these two steps within the context of the A2 case
study.

4.2.6.1 Step 3a: Define Recycled Water Uses

Before choosing recycled water uses, users are asked to consider the business case for each
use, in general terms, based on a series of pertinent questions. Users may then choose the
recycled water uses they would like to include in one or more of their alternatives from a list
of predefined options.

A2 has considered the business cases for both IPR and NPR carefully. On the basis of this
careful analysis, which included a recycled water market assessment, A2 plans to provide
nonpotable recycled water for irrigation purposes and for use with industrial cooling towers.
Additional opportunities include NPR for use at commercial car washes and commercial
laundry facilities. Figure 4.18 shows the specific uses that A2 has selected for nonpotable
reuse expansion, as well as the business case questions considered when identifying
alternative elements.

AN
€)
e“'@ IDENTIFY ALTERNATIVE ELEMENTSM&E

INSTRUCTIONS A number of factors support business cases for Non Potaoble Reuse and indirect Potable Reuse. Please evaluate your onswers to the questions below anc
then select the potential applications you wish to consider in the project alternatives which will be defined in the next step.

Business Cases for Non Potable Reuse Business Cases for Indirect Potable Reuse
Is it recognized that using NPR requires a business line for reclaimed water customers? - Does the project timeline match time constraints?
I the demand for reclaimed water strong enough to provide financial vigbility? - I funding from notes, loans, or grants available?
I= funding frem notes, loans, or grants available? - Is land available?
Can customers be required to use reclaimed water by statute? - Is recharge potential equal to reclaimed water availability?
Has the physical area of reclaimed water delivery been defined? - Have risks been evaluated?
I reclaimed water availability sufficient for potential uses? - I the distance from the basin/reservoir to the treatment plant
Have competitive threats been identified and mitigated? cost prohibitive?
Does the project timeline match the time constraints? - Can retention time requirements be met?
Is wastewater treatment location sufficiently close to WRP location? - Do water rights issues exist?

Are customer water quality needs understood?
Is a strategy estahlished for seasonal storage requirements?

Select Potential NPR Applications Select Potential IPR Applications
=] Agricultural - Irrigation =] Municipal - Irrigation r Municipal - Direct Potable Reuse
r Agricultural - Feed lots / Animal Hushandr r Municipal - Public Water Features =] Municipal - Indirect Potable Reuse
¥ Commercial - Irrigation ¥ Residential / HOA - Irrigation r Municipal - Salt Water Intrusion Barrier
r Commercial - Toilet Flushing r Residential / HOA - Toilet Flushing
=] Commercial - Other r Other - Fire Fighting Checkbox Control
¥ Industrial - Cooling Towers r Other - Stream Augmentation
r Industrial - Power Generation r Other - Dust Dampening SELECT ALL RESET
r Industrial - Manufacturing r Other - Artificial Snow
-] Industrial - Car Washing r Other @ <'}
r Industrial - Cleaning $
r

Industrial - Fracking / Mining

Figure 4.18. Case Study: Identify alternative elements/defining recycled water uses.
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4.2.6.2 Step 3b: Define Alternatives

After choosing the desired water uses, the user is directed to the first of up to six alternative
definition pages. On these pages, the user is asked to enter a brief description of the
alternative and some other basic data. For each alternative, users are first asked to identify the
following information from drop down menus:

e Up to six recycled water applications (e.g., commercial irrigation, residential irrigation,
industrial cooling towers)

e Up to six reclaimed water methods (e.g., dual pipe system, IPR surface water
augmentation)

o Up to six different system components (e.g., pump stations, pipelines, storage tanks)

Users then are asked to provide basic cost information for each alternative, including
estimates of capital and operation and maintenance (O&M) costs for each of the system
components identified. They are encouraged to consider and include costs that might not
initially come to mind under the general categories of “capital” and “O&M” (e.g., renewal/
replacement costs, land cost, cost offsets, or credits).

After completing one alternative definition page, users are given the option of adding
additional alternatives up to a total of six. The following describes the data and methods used
to define the three alternatives (baseline, IPR, and NPR) developed for A2.

Overarching assumptions. To compare the three alternatives fairly, it was necessary to make
several overarching assumptions:

e Itisassumed that under all alternatives, the total amount of water that will be produced is
82.8 mgd. This is the maximum amount of reuse water that can be produced using IPR.
This assumption allows us to more fairly compare project costs across alternatives (i.e.,
total costs can be compared for the same amount of water produced).

e Because only 15.5 mgd of reuse water would be produced under the NPR alternative
(given total demand within the service area), it is assumed that imported water supplies
will make up the remaining 67.3 mgd.

e Itisassumed that each alternative will be brought online in 2028 (following completion
of construction activities in 2027). Although in reality IPR and NPR would be brought
online over a number of years (between 2014 and 2035), 2028 represents a loosely based
average. This assumption is made because the tool does not provide for the input of a
phase-in over multiple years. Although this method will provide an idea of how the net
present value costs of each alternative compare, a more in-depth analysis of net present
value costs should be completed at a later stage in the planning process.

Alternative 1: Baseline. Under the baseline alternative, A2 would increase the amount of
imported water it currently purchases from WAZ2 to meet future demands. As shown in
Figure 4.19, the project will serve all customers within the A2 service area (entered as
321,337 connections) and will deliver 82.8 mgd. Both the project start and end date is entered
as 2027 because there is no construction period associated with this alternative (i.e., the
infrastructure for importing water is already in place). In reality, A2 would increase the
amount of imported water it purchases slowly over time.
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Because the infrastructure is already in place, the only costs that A2 will incur under this
alternative will be the unit cost of purchasing imported water from WA2. Currently, WA2
charges its member agencies $1,259 per acre-foot (AF) for treated water, including storage
and transportation costs. However, to estimate the cost of this alternative accurately, it is
important to take into account expected increases in the price of imported water, which has
considerably outpaced general inflation over the past two decades.

Based on historical price data for imported water and expectations regarding different price
factors, we adopted the following assumptions regarding the price of imported water in the
future:

1. For water imported between 2014 and 2020 (inclusive), we assume an escalation rate of
3.5% above inflation.

2. For water imported in 2021 and years thereafter, we escalate at a rate of 1.5% per year
above inflation.

To simplify the analysis and work within the bounds of the Decision Tool (which does not
provide for costs to be entered over multiple years), we took the average expected cost of
imported water from 2028 (the year the project would come online) through 2062, the end of
the 50-year analysis period (as specified on the project setup page, the analysis period is from
2013 through 2062). We then used this average ($2,350.49 per AF) as the expected future
cost of imported water. To estimate average annual costs, we multiplied $2,350.49 by the AF
per year that would be provided by the project. Based on this approach, the annual costs
associated with this alternative are expected to amount to $218,003,041 per year. Figure 4.19
shows how the baseline alternative was entered into the Decision Tool on the “Develop
Alternatives” page.

@@@ DEVELOP ALTERNATIVES WATEREUSE

INSTRUCTIONS Define project oitematives using your best knowledge or estimate for each figid. Up to six aitermatives may be developed using the yellow navigation
buttons (or tabs) below. Once ail altematives are defined, select the forward purple navigation arrow above To CONTINUE to the Triple Bottom Line analysis.

GENERAL INFORMATION RECLAIMED WATER APPLICATIONS
Alternative: -- ¥ INCLUDE IN TBL ANALYSIS
Name: Baseline - Increased imported supplies -
Description: This alternative would increase the amount of
imported water (i.e, water imported via SWP and the
Colorado River) purchased from WAZ2.
Project Start Year: 2027
Project End Year: 2027
Estimated Number of Customers 321,33
Estimated Volume Delivered: 828 (mzd) (affyr)
Reclaimed Water Quality:

SYSTEM COMPONENTS ESTIMATED COSTS RECLAIMED WATER METHODS
Capital O&M (Annual)

Other $ 218,003,041

SUB-TOTAL ] - § 218,003,041
OTHER COS5TS
Renewal [ Replacement Cost ALTERNATIVE NAVIGATION RESET ALT.
Land Cost
Cost Offset @
Avoided Costs of Baseline Projects A1 A2 .

SUB-TOTAL i) - 5 -
TOTAL

Figure 4.19. Case Study: Baseline alternative inputs.
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Alternative 2: Indirect Potable Reuse. The IPR alternative being considered by A2 includes
IPR through reservoir augmentation at two different reservoir sites. IPR at the first reservoir
site (R1) will include the construction of a 22-mile pipeline from an existing water
reclamation plant (WRP1) to R1, the diversion of additional wastewater flows to WRP1, and
the expansion of WRP1 to accommodate increased flows. In addition, a new water
reclamation plant would be constructed (WRP2) that will add 40.9 mgd of IPR to the system
through R1.

In another area of the city, another existing water reclamation plant (WRP3) will be upgraded
to accommodate increased flows and recycled water production. A diversion will be built to
route additional flows to the plant, and a pipeline will be constructed to carry water to the
second reservoir site (R2).

A2 estimates that together, these improvements will bring an additional 82.8 mgd of potable
water into the system.

For this alternative, it is assumed that the project start date (i.e., the start of construction) is
2014 and the project end date is 2027 (i.e., the year construction is completed). Thus, in 2028
the project will begin providing 82.8 mgd of potable water to help serve its projected 321,337
connections (again, in reality, the potable water made available by the project would be
phased in over time from 2023 through 2035).

The general system components associated with this alternative were identified and entered
into the Decision Tool, including pipelines, pump stations, and treatment plant improvements.
The capital and O&M costs for each system component also were entered into the tool based
on information provided in A2’s Recycled Water Plan. It is important to note that the
Recycled Water Plan did not provide costs broken out by system component, but that we
estimated the percentage of total cost by system component based on our knowledge of the
alternative. We also estimated an annual renewal/replacement cost of $100,000 per year,
because this was not included in the Recycled Water Plan.

In addition to costs, the implementation of this alternative will result in a number of savings
for A2, including direct and indirect wastewater system savings and a reduction in costs
associated with less salt being imported into the service area through imported water. First,
IPR helps to achieve the goal of offloading flows away from one of A2’s major wastewater
treatment plants (WWTPL), resulting in reduced capital and operating costs at downstream
wastewater facilities, including

e Avoided costs associated with expansion of WWTPL1 because less flow would be treated
at the plant

e Avoided costs associated with expanding WWTP1’s wet weather equalization basins
because less flow will reach the plant

e Avoided pumping costs at two pump stations because less flow will be diverted to the
plant and more reuse will occur at WRP3

In addition to these direct savings, A2 has identified indirect wastewater system savings
associated with IPR. Specifically, WWTPL1 either will continue to use chemically enhanced
primary treatment (CEPT) or will require upgrades to secondary treatment. IPR
implementation will result in reduced capital and operational costs if CEPT status could be
maintained at the plant because of the reduction in flows. Indirect wastewater savings are
therefore calculated as the avoided secondary treatment costs at WWTP1. Capital and O&M
costs associated with these savings were identified in A2’s Recycled Water Plan.
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Finally, a salt credit was considered to account for the benefits of salinity reduction in the
watershed. This quantitative credit reflects the financial benefits of extending the life of the
municipal water and wastewater treatment systems from having lower salinity levels in water
and wastewater flows because of reduced water imports. Both reservoir sites could see
dramatic reductions in salinity levels from the proposed IPR project. Downstream agency
facilities, including drinking water treatment plants, would benefit from this reduced salinity.
A2 estimates that this benefit amounts to about $100/AF in reduced operation and
maintenance costs. In addition, there is a benefit to water customers, as water heaters, clothes
washers, dishwashers, and fixtures also will last longer with lower salinity levels. This benefit
is not included in the $100/AF estimate.

Figure 4.20 shows how the inputs for Alternative 2 (IPR) were entered into the Decision Tool
on the “Develop Alternatives” page. As shown, the quantitative cost savings as described are
entered as negative capital and O&M costs in the “Other Costs” section.

@QQ DEVELOP ALTERNATIVES

INSTRUCTIONS Define project alternatives using your best knowledge or estimate for each field. Up to six alternatives may be developed using the yellow navigation
buttons (or tabs) below. Once all aitermatives are defined, select the forward purple novigation arrow above T CcoNtinue to the Triple Bortom Line analysis.

GENERAL INFORMATION RECLAIMED WATER APPLICATIONS ‘
Alternative: n L INCLUDE IN TBL ANALYSIS

Name: Indirect Potable Reuse through Reservoir Augmentation Municipal - Indirect Potable Reuse A
Description: This project involves the construction of pipelines and

diversions, and the expansion/upgrade of existing
treatment plants to facilitate 82.8 mgd of IPR at two
surface water facilities.

Project Start Year: 2014

Project End Year: 2027

Estimated Number of Customers: 321,337

Estimated Volume Delivered: B28| [mgd) (af/yr)

Reclaimed Water Quality:

SYSTEM COMPONENTS ESTIMATED COSTS RECLAIMED WATER METHODS
Capital 0&M (Annual)

Pipelines 5 610,225,000 [ $ 29,316,000 | (Surface Water Augmentation

Pump Stations 5 199,525,000 | 5 9,423,000

Treatment Plant Improvements 5 1,378350,000 | 5 65,961,000

UIRIgyAR S 2188100000 5 104.700,000

OTHER COSTS
Renewal / Replacement Cost 5 500,000 ALTERNATIVE NAVIGATION RESET ALT.
Direct and Indirect Wastewater System Savings 5 (1,020,000,000)| 5 (40,600,000)
Salt Credit 5 (9,273,600) .
OO b
SUB-TOTAL

$ (L020,000,000) $ (49,373,600)
TOTAL

Figure 4.20. Case Study: Alternative 2 (IPR) inputs.

Alternative 3: Nonpotable Reuse. The NPR alternative being considered by A2 includes the
expansion of WRP1 to accommodate increased recycled water production, and expansion of
the existing nonpotable distribution system. This alternative would facilitate the use of an
additional 15.5 mgd of nonpotable recycled water, on average, throughout the year. Storage
tanks would be needed to store the water during the winter months to meet peak summer
demands. As described earlier, this water will primarily be used for irrigation and cooling
towers.

Similar to the IPR alternative, it is assumed that project construction will begin in 2014 and
will end in 2027. As noted earlier, because this alternative will only provide 15.5 mgd of
reuse water, it is assumed that the remaining 63.7 mgd (of a total of 82.8 mgd) will be made
up of imported water supplies. This allows a direct comparison of project alternatives.
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Specific system components for this project include distribution system components
(pipelines, pump stations), storage tanks, and treatment plant upgrades. We estimated the
capital costs for each system component based on the average breakdown of costs for the
eight different phases of the project, as outlined in A2’s Recycled Water Study. O&M costs
for each system component were determined based on this same breakdown. System
component costs shown in the “other” category include miscellaneous construction/capital
costs, such as project contingency and planning (in the IPR alternative, these costs were
rolled into the costs for specific system components. In addition, the annual costs for this
alternative include the costs associated with purchasing 63.7 mgd of imported water each
year. This cost is shown in the “Other, Annual/O&M?” cost category under the System
Components Costs section.

In addition to the capital and O&M costs, land costs and annual replacement/renewal costs
also are reported, based on information from A2’s Recycled Water Study. Similar to the IPR
alternative, this alternative will result in direct and indirect wastewater systems savings and
reduced costs associated with less salt being imported into the watershed. To estimate these
costs, we scaled them by the ratio of the 15.5 mgd under the NPR alternative, to the 82.8 mgd
produced under the IPR alternative.

Figure 4.21 shows how the inputs for Alternative 3: NPR were entered into the Decision Tool
on the “Develop Alternatives” page.

@v@' DEVELOP ALTERNATIVES WINEREUSE
INSTRUCTIONS Define project alternatives using your best knowledge or estimate for each field. Up to six alternatives may be developed using the yellow novigation
buttons (or tabs} below. Once all alternatives are defined, select the forward purple navigation arrow above to continue to the Triple Bottom Line analysis.
GENERAL INFORMATION RECLAIMED WATER APPLICATIONS ‘
Alternative: - ¥ INCLUDE IN TBL ANALYSIS
MName: MNon-potable reuse Municipal - Irrigation -
Description: Agricultural - Irrigation
Residential / HOA - Irrigation
Project Start Year: 2012 Commercial - Irrigation
Project End Year: 2027 Industrial - Cooling Towers
Estimated Number of Customers: 321,337
Estimated Volume Delivered B2.8| (mgd) (affyr)
Reclaimed Water Quality: A
SYSTEM COMPONENTS ESTIMATED COS5TS RECLAIMED WATER METHODS
Capital O&M [Annual)

Pipelines 5 159,585,800 | & 7,979,290 Dual Pipe System
Pump Stations 5 10,240,800 | 5 512,040
Reservoir (Tank) 5 48,643,800 | 5 2,432,190
Treatment Plant Improvements 5 50,000,000 | 5 2,500,000
Other S 198,159,480 | 5 177,170,534

BRI 5 om0 5 150594056
OTHER CO5TS
Renewal [ Replacement Cost 5 -5 93,500 ALTERNATIVE NAVIGATION RESET ALT.
Land Cost 5 10,240,800
Direct and Indirect Wastewater System Savings 5 (190,740,000 S (7.592,200) /. @ 7 @
Salt Credit 5 [1,734,163) \/ \/ >

SUB-TOTAL EREENRE:RI 1 I 93,500
TOTAL

Figure 4.21. Case Study: Alternative 3 (NPR) inputs.

4.2.7 Step 4: Identify, Score, and Weight Criteria

The next step in the Decision Tool is to identify the triple-bottom-line (TBL) criteria by
which the alternatives will be evaluated. In the subsequent step, the user provides input on the
criterion scores (i.e., cost, level of impact) and weights (i.e., the measure of each criterion’s
relative importance). These inputs then are used to calculate final overall scores for each
alternative, using one of two Multicriteria Decision Analysis (MCDA) algorithms that are
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programmed into the tool. Although the algorithms for scoring the alternatives are hidden
from the user, they are explained in the user’s manual to enable users to make informed
choices about the differences in output they may observe when using one or the other.

To define the criteria for the alternatives evaluation, users select the criteria relevant to their
particular situation from a series of possibilities (users also have the ability to enter additional
criteria manually that may not be included in the tool). As shown in Figure 4.22, almost all of
the TBL criteria were selected for the A2 alternatives, with the exception of “Development of
Environmental Amenities” and “Groundwater Augmentation.” These two criteria do not
apply in this case.

@09 IDENTIFY TBL CRITERIA IE&:
INSTRUCTIONS Identify the criteria by which the alternatives will be evaluated. The selected criteria will be included in the Triple Bottom Line analysis and v
quantitative or qualitative score and rank.
FINANCIAL CRITERIA SOCIAL CRITERIA

2 Capital Cost
v NPV Cost of 0&M Over Project Life
= Financial Risk

<l

v

Increased Water Supply Reliability Ease in Meeting Discharge Requirements

<l
<l

Community Impact Energy Use / Greenhouse Gas Emissions
Perceived Negative Public Health Impact

Business Integration Issues

<l

Development of Environmental Amenities

<l
<7

Downstream Water Quality Impacts
Groundwater Augmentation

<l
1

Agricultural Benefits

9| ©

SELECT ALL CRITERIA REMOVE ALL CRITERIA

Figure 4.22. Case Study: TBL Criteria Selection.

The next page in the decision tool allows the user to score and rank the criteria selected on
the previous page. Some of these decision criteria can be expressed quantitatively, the
simplest of these being costs, whereas others are scored qualitatively, based on a 4-point scale
(high, medium, low, none). Figure 4.23 shows how we scored the TBL criteria for each of
AZ2’s three alternatives. Each criterion then is discussed.
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SCORE & RANK TBL CRITERIA Y'=E

A

INSTRUCTIONS

The table below summarizes the Aiternatives and TBL criteria selected previously. Score each criteria by entering  cost estimate for Financial Criteria or using

the drop down menus to select estimated impacts for Qualitative Criterig. Aiso please assign on importance ranking for each criterig using the drop down menu.

SCORING MATRIX

Alternatives

Criteria

Ma. 2

No. 3

No. 4 Importance Criteria

CRITERIA

xpanzion of WRFland
istributios

tion

system

Ranking Weight

Mot Disfined

FINANCIAL

Capital Cost $

- |5 1,168,100,000

$

286,130,680

Q MNPV Cost of 0&M Over Project Life
Financial Risk

2 a

S0CIAL

$ 2,144344881 | §

540,272,945

$  1,875,661,366

Low

Medium

Increased Water Supply Reliability

100.0%

Community Impact

Perceived Negative Public Health Impa
Business Integration Issues
Agricultural Benefits

RONMENTAL

E

Ease in Meeting Discharge Requiremen
Energy Use / Greenhouse Gas Emission

18.7%
e
[ Megum | ow

e
[ eaum

[ edum |
[ low | hedum

Downstream Water Quality Impacts

03000z ge0ag

TRIPLE BOTTOM LINE ANALYSIS TOOLS
Select TBL Method
Weighted Average -] 1

RUN
TBL ANALYSIS

@

RESET
MATRIX

©

RESET CRITERIA
IMPORTANCE RANKING

©

Fank Erfreria
L Mot Fark Criteria

Learn About

(<1<}

Importance Ranking
Select P Value ([Compromise
1 Programming Only)

Figure 4.23. Case Study: Scoring and ranking the TBL criteria.

4.2.7.1 Financial Criteria

Based on the inputs developed under Step 3 (Alternative Development), the Decision Tool
automatically calculates the capital cost for each alternative and enters it into the scoring
matrix. The Tool also calculates the NPV of O&M costs over the project life, based on the
specified analysis period and the date that the project is expected to come online. As shown,
Alternative 2 (IPR) has the largest capital cost of all the alternatives. However, the NPV
O&M costs are much lower than those under the baseline and NPR alternatives. This is
because of the large expense associated with purchasing imported water under these
alternatives. Overall, the IPR alternative appears to have the lowest total life-cycle costs.

In addition to capital and O&M costs, financial risk also is taken into account as part of the
financial criteria evaluated in the Decision Tool. For A2, the baseline alternative poses the
highest risk because imported water is subject to future price increases and reduced
availability because of a number of factors. The financial risk associated with the baseline
alternative was therefore rated as high.

IPR and NPR, conversely, are locally controlled and are not subject to significant price
increases. The level of financial risk for Alternative 2 (IPR) was rated as being low because
of the large volume of reuse water associated with it. Because of the amount of imported
water included in Alternative 3 (NPR/imported), the financial risk of this alternative was
ranked as medium.

4.2.7.2 Social Criteria

In terms of social criteria, the user is first asked to provide a quantitative input for the
“increased water supply reliability” criterion. To calculate this metric, we divided the total
amount of reuse water provided in each alternative by the total amount of water provided by
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the project®. In this case, imported water is considered to be unreliable, and recycled water is
considered to be reliable. Therefore, Alternative 2 (IPR) scores the highest in this category.

None of the alternatives are expected to result in substantial negative community impacts
(e.g., noise, odors, and so on.); however, the increased costs associated with imported water
could result in affordability issues for the community. For this reason, community impacts
were ranked as medium for the Baseline Alternative and Alternative 2 (NPR/imported water).

With imported water, there are no perceived negative public health impacts, as residents in
the A2 community have relied on imported water for some time. Also, NPR generally is
accepted in the community, and perceived negative public health impacts associated with this
alternative, therefore, is rated as low. Conversely, the concept of IPR through reservoir
augmentation is relatively new to most A2 residents, and there is some concern over public
acceptance. “Perceived negative public health impacts” thus was rated as medium for this
alternative.

None of the alternatives analyzed are expected to have substantial business integration issues,
as methods for providing potable and nonpotable reuse water are already in place at the
utility. The NPR alternative may result in some issues for customers (e.g., integrating dual
pipe systems into their operations). This criterion, therefore, was ranked as medium for the
NPR alternative.

Finally, the Baseline Alternative and Alternative 2 (IPR) will not result in significant benefits
to agriculture. Under Alternative 3 (NPR), however, agricultural users may benefit by being
able to purchase cheaper (NPR) water. In addition, the nutrients found in the reuse water may
result in avoided fertilizer costs for farmers.

4.2.7.3 Environmental Criteria

Alternatives 2 and 3 will help A2 meet future wastewater discharge requirements by reducing
the volume of total wastewater flows. Under Alternative 1 (baseline), wastewater discharges
will continue to increase, making it difficult for A2 to meet permit requirements. Thus, the
ease in meeting discharge requirements under Alternative 1 is rated as low. Given the
different volumes of reuse water produced under Alternatives 2 and 3, this criterion is ranked
as high and medium for these alternatives, respectively (i.e., the large volume of reuse water
produced under Alternative 2 will make it much easier to meet discharge requirements).

Continued reliance on imported water also will result in increased greenhouse gas emissions
because of the high energy use associated with importing water over long distances. Energy
use and associated greenhouse gases are much lower for reuse water, and the alternatives are
rated in this category accordingly.

Similar to the wastewater discharge requirements, the use of IPR and NPR will help to
improve water quality downstream because of reduced wastewater discharges. In addition,
these alternatives will result in less salt being imported into A2’s watershed. This will
improve drinking water and will result in avoided costs for A2 (these costs are quantified as
part of the costs included in the cost estimate for each alternative).

2 Another way to calculate this score is to express it as a percentage that represents the ratio of the total
amount of reclaimed water the project will supply divided by the total amount of water in the water
supplier’s supply portfolio that is considered unreliable.
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4.2.7.4 Weighting the Evaluation Criteria

Now that the evaluation criteria have been scored (i.e., quantitative and qualitative values
have been assigned, as objectively as possible, to each alternative for each criterion), the next
step involves judging the importance of the individual criteria (i.e., deciding whether
greenhouse gas emissions caused by the project are more important, and by how much, than
impacts to the local neighborhood, for example).

In this step, the user is asked to mark the criterion he or she feels is most important in
determining the preferred alternative with a 1 in the Criteria Importance Ranking column.
The next-most important criterion should receive a 2, and so forth, until all criteria have been
ranked. Figure 4.24 shows an example weighting of the TBL criteria evaluated for A2. As
shown, reliability is ranked as the most important criteria, followed by capital costs, and NPV
O&M costs. The three environmental criteria are ranked as the next-most important
objectives, followed by most of the social criteria and financial risk.

4.2.7.5 TBL Calculations

The tool provides a choice of two Multicriteria Decision Analysis (MCDA) algorithms by
which the user inputs can be calculated into final ranks or scores for each alternative,
including the weighted average method and the compromise programming method.

The Weighted Average Method (WAM) is a simple method to determine alternative rankings
(O’Neil and Yates, 2011). Rankings are calculated based multiplying the normalized score by
the normalized weight for each criterion/alternative pair. The individual scores are then
ranked such that the highest score receives Rank 1, and so on.

WAM is the simpler of the two methods, and is more easily understood (and explained) than
other methods, making it the preferred approach for a decision-making process where
transparency and simplicity of the results may be valued more highly than more detailed
information content.

The discrete Compromise Programming Method (CPM) is effectively an augmentation of the
simpler WAM. Like WAM, this method provides a ranking of alternatives, but unlike WAM,
it also provides information on the “relative distance” of those alternatives to a hypothetical
“ideal” alternative that is defined by the best possible score achieved by any alternative for
each criterion (i.e., this “ideal” alternative would have a score of 1.00, to which the scores of
“real” alternatives can be compared).

This requires one additional step beyond simply multiplying the normalized score by the
normalized weight, as was done for WAM. Instead, the normalized scores are incorporated
into a CP-score, Rij, which assesses the “distance” of the normalized score from the best and
worst scores for that criterion (O’Neil and Yates, 2011).

In other words, the normalized scores are normalized a second time, this time with respect to
the total spread in scores for that criterion. Though the CPM provides more information on
the relative distances between alternatives and the flexibility to tease out differences between
closely-spaced alternatives, it is a more complex method. Because of the complexity, and the
flexibility to “choose” some of the inputs, the use of this method may be more difficult to
defend if a decision-making process is under critical scrutiny.

For the analysis of A2, we chose to use the WAM method.
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4.2.8 Step 5: Tool Outputs

A number of outputs were built into the tool to provide the results of the alternatives
evaluation in three formats:

1.

The final Scoring Matrix for the multicriteria decision analysis (MCDA), which provides

the raw and weighted scores for each alternative/criterion pairing and the total scores
achieved by each alternative

An Alternatives Comparison bar graph showing the score for each criterion, color-coded

by the relative contributions of financial, social, and environmental scores to each total

score
3.

An Alternative Summary Sheet for each alternative in the evaluation

The intent is that, together, these outputs will provide users with the materials necessary to
present the results of their analysis to others without significant additional work on their part.

4.2.8.1 Alternatives Evaluation Matrix

The Scoring Matrix is a one-page table that presents the mathematical results of the
alternatives evaluation, with columns representing alternatives and rows representing
decision criteria. Shown within the matrix are the individual scores for each
alternative/criterion pair. The bottom row provides the final rank and score for each
alternative under the selected MCDA algorithm. For WAM, the scores serve only to provide
a general ranking of alternatives; however, for CPM, the scores’ relative proximity to 1.00

provides an additional indication of the separation between the alternatives that were

evaluated.

This matrix is intended for inclusion in decision documentation or as a stand-alone summary.
An example of the alternatives evaluation matrix for the A2 case study analysis (based on the
inputs provided) is shown in Figure 4.24.

TBL ANALYSIS RESULTS

e"e

INSTRUCTIONS

Review results of TBL Analysis and Alternative Ranking

SCORING MATRIX

Alternatives

Criteria Neo. 1 No. 2 No. 3 No. 4 No. 5 No. 6

CRITERIA Weight |Baseline - Increased import{This project involves the cor Expansion of WRP1 and exist Not Defined Not Defined Not Defined
Raw ‘Weight Raw |WEight Raw | Weight Raw |WEight Raw |Weight Raw ‘Weight
FINANCIAL |
Capital Cost 909 | § -| 015 | § 1,168,100000 | 003 |$ 2865130680 | 012 |3 $ 0
NPV Cost of O&M Over Project Life 818 |5 2144344882 | 007 |5 5402728¢5| 012 |§ 1,875,661,366| 008 |$ $ ]
Financial Risk 36.4 High 0.00 Low 0.04 Medium 0.02 High High High
SOCIAL I
Increased Water Supply Reliability 100.0 0 0.00 1 014 | 0187195068 003 0 o 0
Community Impact 455 Low 0.05 None 0.08 Low 0.05 Low None High
Perceived Negative Public Health Impact 273 Mone 0.05 Medium 0.02 Low 0.03 Low None Medium
Business Integration Issues 182 MNone 0.03 None 003 Low 0.02 Low None Low
Agricultura] Benefits 9‘1 None 0.00 None 0.00 Medium 001 Low None None
Ease in Meeting Discharge Requirements 727 Low 004 High 012 Medium 008 Low None High
Energy Use / Greenhouse Gas Emissions 545 High 0.00 Low 0.06 Medium 0.03 Low None Medium
Downstream Water Quality Impacts 63.6 High 0.00 Low 0.07 Medium 0.04 Low None None
TOTAL SCORE 0.39 0.70 0.50
RANK 3 1 2

Figure 4.24. Case Study: Alternatives Evaluation Matrix.

As shown, Alternative 2 (IPR) ranks as the most preferred alternative (with a score of 0.70)
based on the inputs and relative rankings we provided. This is largely because reliability was
ranked as the most important TBL criteria for this analysis, followed by capital and life-cycle
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O&M costs (which are relatively low for Alternative 2 compared to the other alternatives).
However, the scores of each alternative are subject to the relative rankings of each criterion.
For example, as illustrated following, if the primary objective of A2 was to maximize
agricultural benefits, Alternative 3 would have scored much higher.

4.2.8.2 Graphical Alternatives Comparison

The second output from the tool is a bar graph that provides a summary of the information
provided in the alternatives evaluation matrix in graphical form. Each bar represents one
alternative, and the total bar height represents the alternative’s score. The colored blocks
within each bar indicate the relative contribution of financial (green), social (orange), and
environmental (blue) criteria to the alternative’s total score. The total area of each color
across all bars provides an immediate impression of the relative importance each of those
categories held in the evaluation process overall.

Figure 4.25 provides an example of a bar graph summarizing the results of the A2
alternatives evaluation based on the WAM method. As shown, although Alternative 2 ranks a
little bit lower in terms of financial criteria (Alternative 2 has higher capital costs than the
other alternatives, which is ranked as the second most important criteria), it has much greater
environmental and social benefits than the other two alternatives.

INSTRUCTIONS Use the links below to novigate to the resuits for each Alternative included in the Triple Bottom Line Analysis
ALTERNATIVE SELECTED FOR OVERALL
REPORTS TBL ANALYSIS RANK

Alternative Comparison

\> (&) 3 0.80
1
0.70
\z> 1 0.60
0.50 -
Weighted
\3> 2 scores O

0.30 — — —

0.20 — —

0.10 +— — —

0.00

Alt1 Alt 2 Alt3

Financial Social M Environmental

&
®© 8 & 0 ©

Figure 4.25. Case Study: Graphical alternative comparison, WAM.

Although we chose to use the WAM method for this analysis, Figure 4.26 shows that results
remain relatively similar when the CP method is used. The bar graph shows slightly different
scores for the alternatives compared to the result for the WAM method but with the same
relative ranking of alternatives.
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ALTERNATIVE SUMMARY

INSTRUCTIONS Use the links below to navigate to the resuits for each Alternative included in the Triple Bottom Line Analysis
ALTERNATIVE SELECTED FOR OVERALL
REPORTS TBL ANALYSIS RANK

Alternative Comparison

@ 3 0.50
0.20

1 0.70

0.60

2 Weighted 0.0

Scores 0.40 -

D.SD I '

0.20 — —

0.10 — —

0.00 T T
Altl Alt2 Alt3

Financial Social M Environmental

R CR CRCRORGH

Figure 4.26. Case Study: Graphical alternative comparison, CPM.

The user can change the inputs of the analysis for any of the alternatives to easily examine (in
graphical form) how this might impact the overall results. For example, the user may decide
that he or she would like to change the criteria importance rankings to reflect a different
primary objective, such as maximizing benefits to agricultural users. Figure 4.27 shows how
changing the ranking of agricultural benefits from 11 to 1, and the reliability criteria from 1 to
11, impacts the overall results (using WAM). In this case, Alternative 3 (NPR) becomes the
most preferred alternative.
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N ALTERNATIVE SUMMARY “AE5E

INSTRUCTIONS Use the links below to navigate to the resuits for each Alternative included in the Triple Bottom Line Analysis
ALTERNATIVE SELECTED FOR OVERALL
REPORTS TBL ANALYSIS RANK
Alternative Comparison
0.70
\1> @ 3
0.60
\z> @ 2 0.50 |
0.40
Weightes _——
\3> @ 1 Scores
0.20 — —
v °
0.10 — —
5 @ 0.00 T T
Alt1 Alt2 Alt3
Financial Social M Environmental
@ @

Figure 4.27. Case Study: WAM results if agricultural benefits are the most important criteria.

4.2.8.3 Alternative Summary Sheet

Finally, the tool provides one alternative summary sheet for each alternative defined by the
user. These are intended for printing or incorporation into other planning documents. The
goal in the design of these one-page summaries it to provide all the significant data for each
alternative in a compact, one-page format. The contents of this summary sheet include basic
project information (which will be the same on all summary sheets), basic information about
the alternative, and the results of the alternatives analysis for that alternative (i.e., its column
from the alternative evaluation matrix). An example of an alternative summary sheet is
shown in Figure 4.28. This Figure shows the result for Alternative 2 (IPR) of the A2 Case
Study.
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USE Decision Support Tool for Non-Potable and Indirect Potable Reuse Projects

6/2/2013
Alternative 2
Name: ndirect Potable Reuse through Reservoir Augmentation Results - Triplg Bottom Line Analysis
This project invelves the construction of pipelines and diversions, and the Criteria Weight |Alternative Scoring
Description: expansion/upgrade of existing treatment plants to facilitate 2.8 mzd of IPR at
two surface water facilities.
Raw Weighted
Project Start Year: 0l
Project End Year: 2027 Capital Cost 2 s 1,168,100,000 0.03
Estimated Number of Customers: 321,337 NPV Cost of O&M Over Project Life 3 s 540,272,845 0.12
Estimated Volume Delivered: 82.8 (mgd) 92,736 (AFfyr) Financial Risk 2 Low 0.04
Reclaimed Water Quality Class:  Not Defined SOCIAL
Estimated Project Life: 50 (years) ncreased Water Supply Reliability 1 1 0.14
nterest Rate 3.0% Community Impact 7 Mone 0.08
Discount Rate: 5.0% Perceived Negative Public Health Impact g Medium 0.02
Estimated Capital Costs: 5 1,168,100,000 Business Integration |ssues 10 None 0.03
Estimated O&M Costs: S 540,272,945 (present value over project life) Agricultural Benefits 11 None 0.00
Estimated Total Present Value: § 1,708,372,945 | dollars)
Ezse in Meeting Discharge Requirements 4 High 0.12
Feasibility Analysis Results Energy Use / Greenhouse Gas Emissions [ Low 0.08
Constraints
Type of Reuse Feasible? CIDH::;:.IE;:LC:; Change Public Additional Downstream Water Quality Impacis 5 Low 0.07
Change Law . Treatment
Watershed Perception Requirements
Constraints Total Score 0.70
Groundwater IPR Q Rank 1
Surfacewater IPR )
NER @ TBL Calculation Method: Weighted Average
P Factor {Compromise Programming Only):
Background
Organization Name AZ
Key Stakeholders: 1). 15 local agencies that participate in the regional wastewater system that is operated by A2 (theze agencies will continue to contribute wastewater and receive recycled water from
AZ); 2). A2's wholesale supplier (WA2) of imported water; and 3). 24 retail water agencies that receive imported water from WA2. 3) 3 wholesale customers that receive recycled water
from AZ
Project Goals: Develop additional water supplies to increase supply reliability and meet increasing demands
Specizl Circumstances: AZ is @ member agency of WAZ, which provides imported water to 24 member agencies
Current Reclaimed Water Demand 159.0 (mgd) 122,880 (AFfyr)
Future Reclaimed Water Demand 267.0 (mgd) 259,040 (AFfyr)

Figure 4.28. Case Study: Alternative Summary Sheet, Alternative 2 (IPR).
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4.2.9 Case Study Summary

This case study presents a simplified analysis of two alternative water reuse projects (NPR
and IPR) being developed by A2 compared to a baseline of increased imported water
supplies. The key driver for implementing reuse within the A2 service area is to increase
water supply reliability within the region by reducing dependence on imported water
supplies. Other benefits of water reuse include direct and indirect wastewater system cost
savings, ability to meet future wastewater discharge requirements, reduced salts being
imported into the watershed, reduced energy use and greenhouse gas emissions, and lower
costs (compared to importing water over long distances).

For this analysis, IPR was found to be the most favorable alternative because of its ability to
reduce A2’s reliance on imported water substantially throughout the year (82.8 mgd), and its
lower total life-cycle costs. Comparatively, the NPR alternative is limited to 15.5 mgd
because of lower demands for nonpotable water.

This demonstration helped to show how existing data can be used as inputs into the Decision

Tool to perform a simplified analysis. Although some analysis options are limited by the tool,
it serves as an important first step in defining reuse options and evaluating the TBL costs and
benefits associated with various alternatives.
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