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FOREWORD 

 
The WateReuse 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 high-quality water, protect public health, and improve the 
environment.  

A Research 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 
research topics, including the following: 

• Definition and addressing of emerging contaminants; 
• Public perceptions of the benefits and risks of water reuse; 
• Management practices related to indirect potable reuse; 
• Groundwater recharge and aquifer storage and recovery; 
• Evaluation of methods for managing salinity and desalination; and 
• Economics and marketing of water reuse. 

The Research Plan outlines the role of the Foundation’s Research Advisory Council (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 
and 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. 

The Foundation’s primary funding partner is the U.S. Bureau of Reclamation (BuRec). Other 
funding partners include the California State Water Resources Control Board, the Southwest 
Florida Water Management District, Foundation Subscribers, water and wastewater agencies, 
and other interested organizations. The Foundation leverages its financial and intellectual 
capital through these partnerships and funding relationships. The Foundation is also a 
member of two water research coalitions: the Global Water Research Coalition and the Joint 
Water Reuse & Desalination Task Force. 

This publication is intended to communicate the results of a study sponsored by the 
WateReuse Foundation. The goal of this project was to develop a decision support system 
(DSS) that streamlines the comparison of satellite and regional approaches to water reuse. 

David L. Moore 
President 
WateReuse Foundation 

G. Wade Miller 
Executive Director 
WateReuse Foundation 
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EXECUTIVE SUMMARY 

 

PROJECT BACKGROUND AND OBJECTIVES 
This project develops a spreadsheet-based tool to assist utilities in comparing the advantages 
of constructing a satellite wastewater treatment plant for reclaimed water use and those of 
using a regional wastewater treatment plant, with inherent distance and elevation concerns of 
direct users. The flexible tool allows users to develop and apply weights to customized 
ranking criteria for economic and noneconomic evaluations.  

Satellite treatment facilities can offer the advantages of advanced wastewater treatment 
processes and relative nearness to potential users of reclaimed water. Potentially, this can 
translate into smaller site footprints, greater automation of treatment facilities, and shorter 
distribution systems than could be offered by regional treatment systems. Both capital and 
operating costs associated with distribution may, therefore, be lower. Satellite systems can 
also reduce hydraulic loads on the downstream wastewater conveyance and treatment 
facilities and delay the need for their expansion. Since satellite systems are generally 
wastewater “scalping” systems, however, solids are returned to the sewer and flow to the 
regional plant for processing. 

Existing regional wastewater treatment plants may offer advantages of their own. They may 
need only to incrementally improve the quality of existing effluent in order to produce 
reclaimed water. Alternatively, if plant flow capacity must be expanded to produce a new 
increment of reclaimed water, a regional facility may already have sufficient space available 
to accommodate new treatment infrastructure without the need to acquire new land. 

The choice between developing a new satellite water reclamation plant and producing 
reclaimed water at an existing wastewater treatment plant requires considering the advantages 
and disadvantages of both approaches. To facilitate this, the WateReuse Foundation funded 
the development of a decision support system (DSS) that streamlines the comparison of 
satellite and regional approaches to water reuse. 

The purpose of the DSS is to provide a broadly applicable, standardized approach to 
evaluating satellite wastewater reclamation systems as an alternative to traditional regional 
wastewater reclamation facilities. The DSS is intended to support water, wastewater, or 
regional planning agencies in the United States in preliminary planning activities where new 
treatment and distribution infrastructure is being considered. 
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CHAPTER 1 

INTRODUCTION 

 
As potable water costs increase and water supplies dwindle, communities are turning to 
advanced treatment systems that recycle and reuse wastewater as an alternative water source. 
For some utilities, it may be cost-prohibitive to pump and distribute reclaimed wastewater 
through miles of distribution lines from a centralized treatment plant. Consequently, utilities 
are more frequently considering satellite reclamation systems for water reuse as an alternative 
to expanding regional wastewater treatment facilities. 

Satellite treatment facilities can offer the advantages of advanced wastewater treatment 
processes and relative nearness to potential users of reclaimed water. Potentially, this can 
translate into smaller site footprints, greater automation of treatment facilities, and shorter 
distribution systems than could be offered by regional treatment systems.  Both capital and 
operating costs associated with distribution may, therefore, be lower. Satellite systems can 
also reduce hydraulic loads on the downstream wastewater conveyance and treatment 
facilities and delay the need for their expansion. Since satellite systems are generally 
wastewater “scalping” systems, however, solids are returned to the sewer and flow to the 
regional plant for processing. 

Existing regional wastewater treatment plants may offer advantages of their own. They may 
need only to incrementally improve the quality of existing effluent in order to produce 
reclaimed water. Alternatively, if plant flow capacity must be expanded to produce a new 
increment of reclaimed water, a regional facility may already have sufficient space available 
to accommodate new treatment infrastructure without the need to acquire new land. 

The choice between developing a new satellite water reclamation plant and producing 
reclaimed water at an existing wastewater treatment plant requires considering the advantages 
and disadvantages of both approaches. To facilitate this, the WateReuse Foundation hired 
Malcolm Pirnie, Inc. to develop a decision support system (DSS) that streamlines the 
comparison of satellite and regional approaches to water reuse. 

1.1 PURPOSE OF THE DSS 
The WateReuse Foundation funded the development of the DSS through its solicited research 
program. The purpose of the DSS is to provide a broadly applicable, standardized approach to 
evaluating satellite wastewater reclamation systems as an alternative to traditional regional 
wastewater reclamation facilities. The DSS is intended to support water, wastewater, or 
regional planning agencies in the United States in preliminary planning activities where new 
treatment and distribution infrastructure is being considered. 

It is to be emphasized that the DSS is intended to be an aid to the decision-making process. 
Substantial thought and effort went into its development, and it is hoped that it will be found 
useful for simplified formulation and evaluation of alternative reclamation systems. However, 
it does not replace careful planning or responsible decision-making. In no case should the 
data it generates be relied upon for investment decisions without independent analysis. 
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1.2 PURPOSE AND ORGANIZATION OF USER’S MANUAL 
The purpose of the User’s Manual is to describe the DSS and provide instructions to the user 
in the operation of the computerized tool. Reflecting its purpose, the User’s Manual is 
organized into four chapters. After this introductory chapter, the manual provides an 
overview of the DSS, instructions for its operation, and details regarding the assumptions that 
underlie its analysis. In order to assist the user, a completed example and some additional cost 
information were also included in the appendices. 
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CHAPTER 2 

DSS OVERVIEW 

 
This chapter provides an overview of the DSS. It describes the structure of the DSS, defines 
regional and satellite systems; highlights the type of planning problems the tool was designed 
to address; and identifies its data requirements, major assumptions, and limitations. 

The DSS consists of a customized Microsoft Excel workbook with dynamically interactive 
worksheets that calculate relative, planning-level costs of user-defined satellite and regional 
reuse system alternatives. An enhanced user interface guides the user to input data, select 
treatment options, define a simplified distribution system, and apply weighted decision 
criteria to compare the two alternatives. 

2.1 DSS STRUCTURE 
The Excel workbook is organized into five pages for user interaction: 

• Introduction 
• Utility Information and Economic Data 
• Satellite Facility Configuration and Cost Estimate 
• Regional Facility Configuration and Cost Estimate 
• Decision Criteria and Recommendation 

 

In addition to these five pages, an unseen, embedded library of reference data, decision logic, 
and calculations converts the user’s input data into meaningful output. 

The Introduction page provides a concise statement of the DSS’s purpose and describes the 
data requirements and level of knowledge that the user should have. These requirements are 
also stated below. 

The Utility Information and Economic Data page displays default economic parameters 
that affect the cost calculations for both the satellite and regional alternatives. This page 
provides users with the opportunity to modify the parameters and tailor the cost analysis to 
their needs. 

The Satellite Facility Configuration and Cost Estimate page is used to define a satellite 
reuse alternative. The user enters data to define the satellite treatment facility and its 
reclaimed water distribution system. The user also chooses a set of end use water quality 
criteria and a treatment train. Based upon the inputs provided by the user and the stored 
decision logic and reference data, the DSS calculates and displays a cost for the satellite 
system that can be compared with that of a regional alternative. 

The Regional Facility Configuration and Cost Estimate page is used to define a reuse 
alternative where treatment is provided by a regional wastewater reclamation plant. Its 
structure, function, and operation are similar to those of the Satellite page. It can be used to 
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define a reuse system with the same end use criteria and treatment capacity as the satellite 
alternative or one that is completely different. 

The Decision Criteria and Recommendation page displays the relative cost ranges of the 
satellite and regional alternatives and provides a set of decision criteria for the user to weight 
and apply in evaluating the two alternatives. Users can eliminate criteria by assigning weights 
of zero and can include additional criteria that they have defined. Once the user assigns 
scores for the criteria being applied to each of the alternatives, the page calculates sets of 
weighted scores. The alternative with the higher total weighted score is the one recommended 
by the DSS. 

2.2 KEY DEFINITIONS 
To clarify the types of reuse system alternatives that are addressed by the DSS, the following 
definitions of satellite and regional treatment systems are provided. 

Regional Treatment 
As used in this DSS, a regional treatment system for reuse is defined as a set of collection, 
treatment, and distribution infrastructure that receives and treats raw wastewater to a level of 
quality adequate for disposal to the natural environment, additionally treats a portion of the 
effluent to a level suitable for reuse, processes residual solids resulting from the treatment 
processes, conveys the reclaimed water to the point of use, and discharges the remaining 
effluent to the environment. Figure 2-1 schematically illustrates a regional treatment system. 

Here, regional treatment is synonymous with the terms “central” and “centralized” treatment 
that are encountered in the water and wastewater industries (Guidelines for Water Reuse, 
2004; Asano et al., 2007). These types of facilities often are financed through regional 
collaboration and provide treatment for wastewater that is generated by more than one local 
jurisdiction. However, a system need not be truly multijurisdictional in order to fit the DSS’s 
meaning of a regional system. 

Satellite Treatment 
In contrast to a regional facility, a satellite treatment facility sits higher up in the wastewater 
collection system, upstream of a regional wastewater treatment facility. As used in this DSS, 
a satellite system diverts raw wastewater from a regional collection system, treats it to a level 
of quality suitable for reuse, conveys the reclaimed water to the point of use, and returns the 
residual solids to the collection system. Figure 2-2 illustrates a satellite treatment system. 
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Figure 2-1. Regional treatment system. 

 

 

 

 

 

 

 

 

 

 
Figure 2-2. Satellite treatment system. 
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2.3 INTENDED PLANNING APPLICATIONS 
The DSS has been designed to assist agencies in considering whether to develop and 
distribute a new increment of reclaimed water at a new satellite treatment plant or at a 
regional treatment plant. It is well suited to planning problems such as: 

• Would it be better to supply reclaimed water for a given set of end uses from plant X 
or plant Y? 

• Should reuse program A or B be a higher priority for development? 

Portions of the DSS can also be used for considering specific aspects of potential reuse 
programs (e.g., treatment or distribution) or for general alternative comparison. With 
iteration, the DSS could also be used to compare composite alternatives or to make multiple 
pairs of comparisons. In all cases, however, the user must understand the limitations of the 
tool and the assumptions that were used in its development in order to avoid drawing 
incorrect or inappropriate conclusions. 

2.4 DATA REQUIREMENTS 
In order to effectively utilize the cost-estimating portion of this tool, DSS users must have a 
basic understanding of the satellite and regional treatment alternatives they wish to compare. 
For the satellite treatment plant, the user should know the desired treatment capacity, 
approximate location, available land area, and elevation in relation to the nearest wastewater 
interceptor. For the regional facility, the user must be aware of the existing treatment capacity 
in relation to projected inflows in order to indicate whether expansion is necessary. 

The types of end uses for the new reclaimed water must be known, as well as one or more 
sets of potential end users or customers and their water demands. (A recharge or land 
application site would be considered a customer in the DSS.) A schematic or conceptual 
layout of the proposed reclaimed water distribution system is needed to determine which 
customers will receive water via which delivery node. Distances from the treatment facility to 
the nodes and from the nodes to the customers will need to be entered by the user. The user 
must also indicate the approximate elevation change between the treatment facility and the 
customers who are served through each node. 

2.5 MAJOR ASSUMPTIONS AND LIMITATIONS 
The potential scenarios that could be encountered in evaluating the relative merits of a 
satellite reclamation system and those of a regional system are practically endless. In order to 
develop a functional DSS that applies engineering analysis to defined treatment and 
conveyance options and do so within a limited budget, it was necessary to restrict the 
potential variations to a manageable number by making several assumptions. This section of 
the chapter identifies the major assumptions and limitations of the DSS. Beyond what is 
communicated in this overview of the DSS, Chapter 4 details additional assumptions that 
were used to define, size, and develop costs for the treatment and distribution systems 
represented in the DSS. The following fundamental assumptions were made during the 
development of the DSS:  

• The reuse infrastructure evaluated by the tool will be new equipment and facilities. 
• Wastewater to be reclaimed is predominantly municipal. 
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• The satellite treatment plant will be located near a sewer interceptor, and residuals 
can be returned to the interceptor for downstream processing at a regional facility. 

• If a regional wastewater treatment facility is expanding its hydraulic capacity, the 
expansion will include a new treatment train to produce the new increment of 
reclaimed water. 

• If an existing regional wastewater treatment facility does not need expansion, 
additional treatment of effluent will be necessary to produce the new increment of 
reclaimed water. 

 

The user also should be aware of other fundamental limitations of the DSS. These relate to 
treatment, distribution, and cost estimation. 

Treatment Analysis 
The DSS was designed to address relatively small systems. The average daily flow into the 
satellite treatment plant or the new treatment processes at the regional plant that the DSS can 
accept ranges from 0.5 to 20 million gallons per day (mgd). 

The DSS addresses two types of reuse: direct reuse and indirect reuse via groundwater 
recharge. No distinction is made between different types of direct reuse (e.g., open access 
irrigation versus industrial cooling) or different techniques for recharge (groundwater 
spreading versus aquifer injection). 

Reuse water quality criteria are based on the most stringent Arizona (class A+) and California 
(disinfected tertiary) criteria described in Chapter 4.2. 

In utilizing broad categories of reuse and selecting these sets of water quality criteria, an 
attempt was made to balance the desire for broad applicability with the need to restrict the 
sets of criteria used to size and estimate costs for treatment processes. 

Arizona and California are two of the most active water reuse states, where substantial 
planning and development of additional reclaimed water supplies are expected in the future. 
By selecting these two states’ most stringent criteria, one accommodates a broad array of 
potential end uses and treatment requirements. For example, California’s disinfected tertiary 
recycled water quality criteria govern a wide range of potential uses where the principal 
treatment requirements are turbidity reduction and coliform removal. 

In addition, particular aspects of Arizona’s and California’s regulations further broaden their 
potential applicability where enhanced treatment is required. Specifically, Arizona’s A+ 
criteria require not only turbidity reduction and coliform removal but also nitrogen removal. 
If one is injecting into an aquifer, California statutes set rigorous total organic carbon (TOC) 
limits and require frequent sampling if reverse osmosis (RO) is not used (CDPH, 2008). 
Because the recharge method (surface or injection), TOC levels, and blending and dilution 
plans will vary from scenario to scenario, it was assumed that all California recharge would 
require additional TOC removal via RO.  

Consequently, a relatively broad range of potential end uses and types of treatment 
requirements can be accommodated by the various combinations of state and end use options 
offered by the DSS. However, the DSS does not allow the user to tailor the treatment 
processes to highly specific end uses, to select less than the most stringent water quality 
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criteria classes in California and Arizona, or to select water quality criteria specific to other 
states. 

Distribution System 
Reclaimed water distribution systems are addressed by the DSS in a simplified manner. In the 
DSS’s conceptual distribution model, illustrated in Figure 2-3, transmission lines radiate from 
the treatment plant to a set of nodes defined by the DSS user. In turn, distribution lines radiate 
from each node to a set of customers (i.e., end users of reclaimed water) that is also defined 
by the DSS user. All customers served by the same node are assumed to be equally 
equidistant from the node, at the same elevation, with equal water demands. 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2-3. Conceptual reclaimed water distribution system. 

Cost Estimation 
The DSS provides cost estimates to enable comparisons of relative cost between the 
alternatives. Costs produced by the DSS should not be taken to represent accurate estimates 
of probable construction or operational costs. 

Some costs associated with wastewater treatment facilities are not represented in the 
estimated costs of alternatives. These include 

• Processing, treatment, and disposal of removed solids 
• Disposal of concentrate from RO treatment 
• Noise and odor control 
• Land acquisition 
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The DSS does not address costs for expansion of the existing wastewater collection system. 
In addition, the only effluent disposal costs that are addressed by the DSS are those achieved 
through the reclaimed water distribution system. However, the matrix on the Decision 
Criteria page allows the DSS user to factor both additional costs and avoided costs into the 
evaluation. 

The level of expected accuracy of the costs calculated by the DSS corresponds to Class 4 
estimates as defined by the Association for the Advancement of Cost Engineering (AACE) 
International. This level of engineering cost estimating is approximate and generally made 
without detailed engineering data and site layouts, but is appropriate for preliminary budget-
level estimating. The accuracy range of a Class 4 estimate is −15 to +20% in the best case 
and −30 to +50% in the worst case (AACE, 2005). 
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CHAPTER 3 

OPERATING INSTRUCTIONS FOR DSS 

 
The DSS consists of a single Microsoft Excel file containing input fields, calculations, and 
decision criteria that aid in the evaluation and comparison of satellite and regional reuse 
alternatives.  

The five pages of the DSS are designed to be used sequentially. Understanding the function 
of each page and relationship of the data among the pages will aid in using the tool 
effectively. Instructions for using each page are provided below. To assist the user with the 
tool, a completed example has been provided in Appendix A. 

3.1 GETTING STARTED 
To begin, open the file “WateReuse Foundation DSS.xls.” 

To use the Decision Support Tool, you must enable macros in Excel. If you encounter the 
message shown in Figure 3-1, please select “Enable Macros.” 

 

 

 

 

 

 

 

Figure 3-1. Prompt for enabling macros. 

Macro security must be set to Medium or lower to use the DSS.  

Refer to the following page for instructions on changing the macro security level: 

http://office.microsoft.com/en-us/help/HA010429521033.aspx (Cornell, 2008) 

For more information about macro security, refer to this page: 

http://office.microsoft.com/en-us/ork2003/HA011403071033.aspx (Microsoft, 2008) 
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For general help using Microsoft Excel, press F1 or use the Microsoft Office Online Help 
system. 

3.2 INTRODUCTION 
Once the Excel file is open, you should see the Introduction page (Figure 3-2). 

 

 
Figure 3-2. Introduction page. 

The Introduction (Intro) page provides a concise statement of purpose and data requirements. 
A more detailed explanation of the tool and its underlying functionality is provided elsewhere 
in the User’s Manual. 

The header rows at the top of each page indicate the user’s location in the tool. The second 
row, which is orange, indicates the page title. The third row, shown below in Figure 3-3, 
indicates the user’s progress through the pages by underlining the current page. 

 

 
 

Figure 3-3. Progress bar. 

Navigation between pages is facilitated by the orange ovals at the top of each page. To begin 
using the tool, click the orange button shown below in Figure 3-4. 
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Figure 3-4. Navigation button. 

3.3 UTILITY INFORMATION AND ECONOMIC DATA 
The Information page allows the user to edit global factors used in the cost calculation to 
adapt the tool to a specific scenario. It is assumed that these factors are applicable to both 
satellite and regional facilities alike. Refer to Chapter 4 of this manual for details of these 
factors. 

The user can change the values of the factors in the yellow column at any time. (See Figure  
3-5.) Calculations that reference this page are automatically updated. 

 
 

  
Figure 3-5. Utility Information and Economic Data page. 
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To return these variables to their default values, click the “Reset Default Values” button 
(Figure 3-6). 

 

 

 

Figure 3-6. Button restores default values. 

The Information page contains two features that also are used on subsequent pages: the 
Dashboard and Zoom Control. 

Dashboard 
The Dashboard indicates the status of the input screens whether or not the minimum 
information has been entered on each. When the Information page is first loaded or when the 
user has pressed the “Reset Default Value” button, the Utility Input status is marked 
“Complete.” Only when the user has altered and cleared one of the yellow input fields on the 
Information page does the Dashboard Utility Input indicate “Incomplete.” 

Zoom Control 
The Zoom control (Figure 3-7) adjusts the magnification of the numbers and text on the 
screen. 

 

 
 
 

Figure 3-7. Zoom control bar. 

Appearing on the Information page and all subsequent screens, it provides the three 
commands for changing the size of the screen (increasing the zoom ratio, decreasing the 
zoom ratio, and resetting the zoom ratio for optimal viewing). 

3.4 SATELLITE FACILITY CONFIGURATION AND COST ESTIMATE 
The Satellite page is used to define a satellite treatment facility and distribution system. (See 
Figure 3-8.) To help analyze cost ranges, treatment options, and the overall satellite 
alternative, certain minimum inputs are required. All inputs can be cleared by using the 
“Reset Satellite Facility” button. 
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Figure 3-8. Satellite page. 

Mandatory Satellite Inputs 
End Use – Using the dropdown menu shown in Figure 3-9, select the quality of the reuse 
water to be produced based on one of four standards (Arizona/California - Recharge/Reuse). 
Arizona recharge and direct use assume water will be treated to class A+ standards. 
California recharge and direct use assume water will be disinfected tertiary quality. Refer to 
Chapter 4.2 for a summary of the water quality standards. 

 

 

 

 
Figure 3-9. Selection of water quality criteria (end use, state). 

 



 

16 WateReuse Foundation 

Treatment Capacity – Select one of the capacities available, from 0.5 to 20 mgd. 

 

 

 

 

Figure 3-10. Treatment capacity selection. 

Available Land – Enter the amount of land available to build a satellite plant in acres. This 
entry is required but does not necessarily affect results. It cues the user to compare available 
land to land requirements in the Process Selection portion of the page. 

Process Selection – After the first three mandatory inputs are entered, the Process Selection 
section of the page is populated with land usage and cost information (capital, operation and 
maintenance [O&M], and life cycle costs) for the treatment plant. The calculated values are 
displayed faintly until a secondary treatment process is selected. Three available technologies 
are presented as choices: 

• Ox – oxidation ditch 
• SBR – sequencing batch reactor 
• MBR – membrane bioreactor 

 

Choose one of these technologies by clicking the corresponding radio button in the “Select” 
box (Figure 3-11). The selected technology then becomes highlighted in light blue, along 
with one or more of the following post-secondary treatment processes: 

• Filt – filtration 
• Dis – disinfection 
• MF – microfiltration or ultrafiltration (UF) 
• RO 

 

The additional treatment processes displayed vary with the type of end use that was selected. 
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Figure 3-11. Process selection portion of Satellite page. 

Once a treatment train is selected, the land required and associated costs also are highlighted. 
The costs of the selected processes are included in the total costs shown at the bottom of the 
process selection box, graphically displayed on the page, and carried forward to the Decision 
page.  

Once a treatment technology (Ox/SBR/MBR) is selected, the “Load Passed on to Regional 
Facility” box displays the calculated loads of the solids and any RO concentrate returned to 
the collection system from the satellite plant (Figure 3-12). 

 

 
Figure 3-12. Loads returned by the satellite reclamation plant. 

Once a selection is made, the Dashboard for Satellite is marked “Complete.” Nevertheless, 
for most scenarios, the Influent/Solids and Distribution sections of the page also should be 
filled out to correctly compare a satellite system with a regional system. 

Influent and Solid Return Lines  
This section of the Satellite page is used to specify the pipelines that convey the raw 
wastewater from the sewer system to the treatment plant and the return flows back to the 
regional sewer system. See Figure 3-13. Once the elevation differential and distance from the 
satellite treatment plant have been entered, the costs of the pipelines and associated pumping 
are added to the totals at the bottom of the Process Selection table. 
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Figure 3-13. Conveyance between the satellite plant and the regional sewer 
system. 

Distribution System 
The Distribution System table (Figure 3-14) allows a simplified distribution system to be 
created by adding nodes that define branches of a delivery network. 

 

 

 

 

 
Figure 3-14. Distribution system table. 

A node receives reclaimed water from the treatment plant and supplies one or more 
customers at the same elevation with similar flows (Figure 3-15). 

 

 

 

 
 

Figure 3-15. Distribution system branches are characterized by their nodes. 

Nodes can be added or removed from the table by using the Add/Delete Distribution Node 
buttons (Figure 3-16).  

Plant 

Customer
Customer
Customer

Node 1 Branch

Node 2 Branch
Customer
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Figure 3-16. Buttons for adding or deleting nodes with their branches. 

To fully define a node and its branch, the following data must be entered (Figure 3-14): 

• Average flow 
• Gross elevation change between plant and customers 
• Minimum customer pressure 
• Number of customers 
• Distance from plant to node 
• Average distance from node to customers 

 

Once a node has been added and its branch defined, the branch’s costs are added to the total 
distribution costs in the Process Selection table. The Calculated Values box for each node 
displays the calculated pipeline diameters and pumping capacity that were used to estimate 
costs. 

Information about the reclaimed water available from the treatment plant and the capacity of 
the distribution system is displayed above the distribution table (Figure 3-17). The 
“Reclaimed Water Available” value reflects the production capacity of the reclamation plant, 
which depends on the plant’s influent capacity and the treatment processes previously 
selected. Any difference between production and distribution capacities is indicated in the 
orange area above the Distribution System table.  

 

 

 
Figure 3-17. Reclaimed water production is compared to distribution capacity. 
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Cost Charts 
As data are entered on the Satellite Facility page, estimated costs are displayed in the last 
three columns of the Process Selection table (Figure 3-18). 

 
Figure 3-18. Display of estimated costs. 

Three corresponding charts, showing estimated capital, O&M, and life cycle (present worth) 
costs, are provided to help analyze the cost components of the satellite treatment alternative 
(Figure 3-19). The charts update dynamically as data are entered or modified. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-19. Satellite alternative cost charts. 
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3.5 REGIONAL FACILITY CONFIGURATION AND COST ESTIMATE 
The Regional Facility Configuration and Cost Estimate page is used to describe a regional 
treatment and distribution alternative (Figure 3-20). The dashboard, reset button, distribution 
system section, and cost charts function the same as on the Satellite page. 

The minimum inputs necessary to generate cost ranges are dependent on the regional 
treatment scenario and on how reclamation would be accomplished at the regional facility. 

Regional Scenario Definition 
Two options relating to end use and treatment capacity determine how the regional treatment 
facility will be defined in relation to the satellite facility. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3-20. Regional alternative page. 
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Different end use from the satellite facility. If the box for this option is checked, an end use 
must be selected. Otherwise, the end use selected on the Satellite page is used for calculations 
on the Regional page as well. 

Different capacity from the satellite facility. If the box for this option is checked, a treatment 
capacity must be selected. Otherwise, the capacity selected on the Satellite page is used for 
calculations on the Regional page as well. 

When the boxes for these options are checked, additional fields appear to specify the different 
end use and capacity, as indicated in Figure 3-21. 

 
Regional scenario without 
different end use and capacity 
options selected (default) 

 

Regional scenario with different 
end use and capacity options 
selected  

 

 
Figure 3-21. Checked options alter the display of the regional alternative. 

Regional Treatment Facility Capacity Expansion 
Another important consideration for defining the regional alternative is whether the regional 
treatment facility will be expanding its hydraulic capacity to produce the new supply of 
reclaimed water. The answer to this question determines whether a choice of treatment 
processes is offered to the user. If the answer is 

• Yes – it is assumed that new treatment processes similar to those considered for a 
satellite plant would receive additional flows of raw wastewater and treat them to 
reclaimed water standards. One of three treatment technologies can then be selected 
in the Process Selection section of the page, as was done on the Satellite page. 

• No – it is assumed that effluent from the existing regional wastewater treatment plant 
would be further treated by new additional processes to produce water suitable for 
reuse. In this case, no treatment process choices are offered in the Process Selection 
box; the additional treatment is completely determined by the selected end use. 
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3.6 DECISION CRITERIA AND RECOMMENDATION 
The Decision Criteria and Recommendation page (Figure 3-22) has two primary functions:  

• Compare satellite and regional treatment costs by using the Level 4 Cost Ranges 
chart. 

• Create a weighted decision matrix. 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 3-22. Decision Criteria and Recommendation page. 

Level 4 Cost Ranges Chart 
The “Level 4 Cost Ranges” chart at the top of the page can display estimated capital, O&M, 
or life cycle (present worth) costs. In the box on the right side of the page, click the radio 
button next to the types of cost that you wish to view (Figure 3-23). The display updates 
automatically when a different cost type is selected. 
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Figure 3-23. The types of estimated costs displayed can be changed easily. 

As shown in Figure 3-22, the horizontal bars with red diagonal shading represent the −30 to 
+50% ranges of costs estimated by the DSS for the regional and satellite facilities. The green 
vertical lines represent the calculated values about which the ranges are generated. The chart 
is automatically updated when changes are made on the Satellite or Regional page. This chart 
may be helpful when assigning scores in the weighted decision table. (Reminder: estimates 
do not include costs for treatment and disposal of solids and concentrate, noise and odor 
control, and land acquisition.) 

Weighted Decision Table  
The Weighted Decision table (Figure 3-24) contains a list of criteria that can be used to 
evaluate and compare the merits of the satellite and regional reclamation alternatives. By 
taking the results in the output sections, one can further analyze the data through this decision 
table. It is advisable to discuss the scores during a stakeholder meeting and arrive at a 
consensus as a group. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3-24. Weighted Decision table. 
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The intended meaning of each criterion is described within the DSS itself (Figure 3-25). 
Based on the user’s interpretation of the descriptions, he/she will assign a weight to each 
criterion. As a default, all criteria have been assigned a weight of 10%. Weights must be 
assigned in increments of 5% and can be entered into the cell directly or scaled up and down 
using the arrow buttons on each row. If the weights do not add up to 100%, a warning 
appears at the top of the table. The user must adjust the default weights to make the warning 
message disappear.  

In addition to assigning a weight to each criterion, the user must also assign a score to both 
alternatives for all criteria. Scores must be between 1 and 5 and can be entered directly or 
selected from a dropdown box. A favorable score of 5 indicates that an alternative is 
extremely favorable, economical, or simple. A score of 1 is assigned to alternatives that are 
unfavorable, expensive, or institutionally or operationally complex. Because these scores 
represent quantitative values determined from qualitative descriptions, they will vary from 
evaluation to evaluation. General descriptions of high (5) and low (1) scores have been 
provided in the criterion descriptions within the tool itself.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3-25. Decision criterion descriptions. 

Affordability of Investment - the af fordability of the capital investment that would be required to implement the alternative.  An 
alternative with low capital cost would be scored higher than an alternative with high capital cost.  The DSS user may wish to consider 
potential ef fects on sources of  repayment (e.g. impact fees, capacity charges, user rates).

Operational Affordability - the af fordability of operating and maintaining the alternative.  An alternative with low operation and 
maintenance (O&M) cost would be scored higher than an alternative with high O&M cost.  Potential ef fects on sources of  cost recovery 
(e.g. wastewater rates, reclaimed water rates) may factor into scoring.   

Life Cycle Affordability - the af fordability of the total cost to develop and sustain the operation of  the alternative over a period of  20 
years (i.e. present worth of  life cycle costs).  An alternative with low life cycle cost would be scored higher than an alternative with high 
life cycle cost.  Potential ef fects on sources for recovering both capital and operating costs (e.g. impact fees / capacity charges, 
wastewater rates, reclaimed water rates) may factor into scoring.

Land Availability – the availability of  land required for treatment and on-site plant storage facilities construction.  An alternative 
requiring a substantial amount of  new land in a highly developed area would score lower than an alternative that would make use of  
land and rights-of -way already owned by the implementing agency. 

Ease of Development – the ease with which the alternative could be planned, designed, authorized, permitted, and constructed, 
including execution and implementation of  necessary agreements.  An alternative requiring few external approvals, support, or
agreements with willing sellers of  land and easements would score higher than an alternative with great institutional complexity, 
permitting challenges, and potential for legal action.  

Ease of Operation & Maintenance - the ease of  operating and maintaining the alternative.  An alternative whose operations would be 
mostly automated would score higher than one requiring a large number of  on-site operations personnel to manage a highly complex
system.  The relative number of  operations and maintenance personnel required and the degree of  aptitude and training required by 
them may be factors in scoring.

System Reliability - the expected consistency with which reclaimed water quality requirements would be met.  An alternative whose 
product water is expected to easily meet regulatory criteria and customer expectations would score higher than one where there is a 
narrow margin between the treatment technology’s capabilities and the regulatory requirement and whose users require relatively high 
product quality with little tolerance for variability.  The size of  the reclaimed distribution system and the potential for quality degradation 
during distribution may factor into scoring.

Potable Supply Benefit – the benef it to water supply reliability of  the alternative.  An alternative that displaces a larger potable water 
demand, particularly at times of  peak demand, would score higher than one that displaces little potable demand.  In cases where the 
alternatives would serve dif ferent sets of  customers, scoring may be inf luenced by any dif ferences in the degree to which existing water 
sources are constrained or by dif ferences in timing or variability of  demand.  

Avoided Costs – the magnitude of  avoided inf rastructure investments that would otherwise be required if  the alternative were not 
implemented.  This could represent the cost of  avoided expansion of  a wastewater interceptor, pumping station, treatment plant or 
outfall.  It might also represent the cost of  an avoided treatment process upgrade to achieve a discharge requirement, or the avoided 
cost of  developing a new increment of  potable water supply. 

Community Acceptance – the extent to which the alternative would be expected to receive support or acceptance by the af fected 
community.  An alternative would be expected to score high where construction occurs in a sparsely populated area, above ground 
facilities are shielded f rom view or blend in with the surrounding neighborhood, rate impacts are modest, and consistent outreach has 
educated the community about the reasons for developing reclaimed water. 

Environmental Compatibility – the degree to which the alternative could be implemented without signif icant unmitigated 
environmental impacts to the natural and human environment.  An alternative whose facilities would be constructed in a sensitive
natural area providing habitat for rare species would be expected to score lower than an alternative where construction would occur in 
an already disturbed area with few natural values and where traf f ic, noise, odor, and air quality impacts would be mitigated.

Other – user def ined criteria not included above but important for comparing alternatives.
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After one assigns weights and scores, the weight assigned to each criterion is multiplied by 
the score for each alternative to calculate its weighted score. The weighted scores are 
summed to determine a total weighted score for each of the two alternatives. The alternative 
with the highest score is the “preferred alternative.”  After the preferred alternative has been 
selected, the user may wish to revisit the weights and scores that may have been questionable. 
A sensitivity analysis can be performed to determine if changing the weights and scores 
changes the overall outcome of the assessment.  

The “Reset Decision Criteria” button (Figure 3-26) clears all scores and returns all weights to 
10%. 

 
 

 
Figure 3-26. “Reset Decision Criteria” button. 
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CHAPTER 4 

BASES OF DESIGNS AND COSTS FOR REUSE FACILITIES 

 
This chapter discusses design criteria, assumptions, and the basis of cost for the facilities 
represented in the DSS. 

4.1 SUMMARY OF COST ESTIMATION ASSUMPTIONS 
The cost estimates presented in the tool are based on available existing studies, recent 
projects with similar components, manufacturers’ budget estimates, standard construction 
cost-estimating manuals, and engineering judgment.  

Some fundamental points about the cost estimates were previously mentioned in Chapter 2 
(DSS Overview), but they are important enough to be repeated here along with additional 
details. The DSS presents costs only for purposes of comparing the satellite and regional 
alternatives. Costs produced by the DSS should not be taken to represent accurate estimates 
of probable construction or operational costs. The estimates exclude certain types of costs 
associated with wastewater treatment facilities. Costs for land acquisition, noise and odor 
control, concentrate and solid disposal are not included for either alternative, although the 
DSS does estimate the physical loads from the solids and concentrate that are returned to the 
regional collection system by the satellite plant for downstream processing. Costs do not take 
into account the location of construction, but users can adjust some default values provided 
by the tool to better reflect their geographical location, market, or regulatory or site 
conditions.  

The level of accuracy for the cost estimates corresponds to a Class 4 estimate as defined by 
AACE. This level of engineering cost estimation is approximate and generally developed 
without detailed engineering data and site layouts but is appropriate for preliminary budget-
level estimating. The accuracy range of a Class 4 estimate is −15 to +20% in the best case 
and −30 to +50% in the worst case (AACE, 2005). 

All costs were originally estimated at December 2006 price levels, referenced to an 
Engineering News and Record Construction Cost Index (ENR CCI) value of 7888 
(Engineering News Record, 2008). Estimated facility costs include a 20% factor for 
engineering and administration and a 30% scope-of-project contingency. The total present 
worth cost is a combination of capital costs and O&M costs. Present worth costs were 
calculated over a 20-year equipment life expectancy with a default discount rate of 8.0% 
(Appendix B). 

4.2 WATER RECLAMATION FACILITIES 
This section summarizes the process selection criteria and sizing assumptions used to define, 
size, and cost wastewater treatment process facilities represented in the DSS. It addresses 
only liquid stream treatment of municipal wastewater. 
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Influent Flows and Water Quality 
Wastewater treatment process units were sized for the seven average daily flow scenarios 
listed in Table 4-1. In order to account for diurnal variations, peak hourly flow estimates were 
generated by applying industry standard peaking factors to the average daily flow rates. 
Wastewater treatment processes were sized to treat the average daily flows while 
accommodating peak hourly flows. 

Table 4-1. Influent flow peaking relationships1 

Avg Daily Flow (mgd) Peak Hourly Flow (mgd) Peaking Factor 

0.5 1.95 3.9 

1 3.6 3.6 

2 6.6 3.3 

5 15 3 

10 27 2.7 

15 37.5 2.5 

20 48 2.4 
1 Peaking factors based on Figure 5-1, “Hourly Peaking Factor for Domestic Wastewater Flowrates,” in 
Tchobanoglous, 1991. 

 

 

Table 4-2 provides the assumed water quality of the satellite facility influent and the existing 
regional facility effluent, used to develop the process unit sizing. The tool assumes the 
regional facility already provides secondary treatment and disinfection and requires only the 
addition of filtration prior to disinfection to accommodate direct reuse. For Arizona end uses, 
the secondary treatment process also includes nitrogen removal. In cases where the regional 
treatment plant’s hydraulic capacity requires expansion, it is assumed that the new increment 
of reclaimed water will be produced through new side stream treatment process units. 
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Table 4-2. Water quality design criteria 

Parameter Raw Wastewater Influent Existing Regional Facility Effluent 

Temp, oC 20 20 

BOD, mg/L 250 20 

TSS, mg/L 250 20 

COD, mg/L 500 60 

TKN, mg/L as N 45 — 

Total nitrogen, mg/L 45 8 

Ammonia, mg/L as N 30 <1 

 

 

Effluent Water Quality Requirements 
Reclaimed water quality requirements for reuse in California and Arizona were evaluated to 
select the process flow schemes. Ideally, a DSS user could select any set of reclaimed water 
quality criteria from any state in the United States to match a highly specific end use. As a 
practical matter, however, allowing this practice was not feasible because the water quality 
criteria served as treatment process design parameters in the development of the DSS and 
because a substantial effort was required to size and estimate costs for treatment process 
units. Consequently, water quality criteria were chosen to maximize the range of potential 
end uses permitted by each set of criteria. 

California Health Laws Related to Recycled Water Title 22 
Reuse in California is governed by California Health Laws Related to Recycled Water Title 
22. Chapter 3 (Water Recycling Criteria) identifies three classes of recycled water, as 
provided in Table 4-3 (California Code of Regulations, 2008). 

California regulations also include an aquifer nondegradation policy limiting the type of 
water quality that can be directly injected into the aquifer (CDPH, 2008). Because water 
quality will vary from location to location, it was not possible to include a blending or 
dilution component. To err on the conservative side, all recharge in California was assumed 
to be treated with RO. 
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Table 4-3. California recycled water quality standards 

Recycled Water Quality Turbidity Total Coliforms2 

Disinfected Secondary—
2.21 — 

2.2 MPN/100 mL (median - 7 
daily samples) 

23 MPN/100 mL3 

Disinfected Secondary —
231 — 

23 MPN/100 mL (median - 7 
daily samples) 

240 MPN/100 mL3 

Disinfected Tertiary4 

Conventional 
2 NTU (24-h avg) 

5 NTU (5% per 24 h) 
10 NTU (single max) 

Membrane 
0.2 NTU (5% per 24 h) 
0.5 NTU (single max) 

2.2 MPN/100 mL (median - 7 
daily samples) 

23 MPN/100 mL3 
240 MPN/100 mL (single 

sample max) 

1 Oxidized and disinfected. 
2 After disinfection. 
3 Does not exceed value in more than one sample in 30 days. 
4 Oxidized, filtered, and disinfected. 

 

 

Arizona Administrative Code (AAC) 
Reuse in Arizona is governed by the Arizona Administrative Code. Article 3 (Reclaimed 
Water Quality Standards) identifies five classes of reclaimed water: 

• Class A+: Secondary treatment, filtration with chemical feed facilities, nitrogen 
removal, and disinfection 

• Class A: Secondary treatment, filtration with chemical feed facilities, and 
disinfection 

• Class B+: Secondary treatment, nitrogen removal, and disinfection 
• Class B: Secondary treatment and disinfection 
• Class C: Secondary treatment through wastewater stabilization ponds (with or 

without disinfection) 
 

Table 4-4 identifies the effluent water quality standards for each class. 
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Table 4-4. Arizona reclaimed water quality standards 

Reclaimed 
Water 

Quality 
Category Turbidity1 Fecal Coliforms2 

Total  
Nitrogen3 

Class A+ 
2 NTU (24-h avg) 

5 NTU (single max) 
Nondetect (4 of 7 daily samples) 

<23/100 mL (single sample) 
<10 mg/L as N 

Class A 
2 NTU (24-h avg) 

5 NTU (single max) 
Nondetect (4 of 7 daily samples) 

<23/100 mL (single sample) 
— 

Class B+ — 
<200/100 mL (4 of 7 daily samples) 

<800/100 mL (single sample) 
<10 mg/L as N 

Class B — 
<200/100 mL (4 of 7 daily samples) 

<800/100 mL (single sample) 
— 

Class C — 
<1000/100 mL (4 of 7 daily samples) 

<4000/100 mL (single sample) 
— 

1 After filtration. 
2 After disinfection. 
3 Five-sample geometric mean; alert level is 8 mg/L as N. 

 

 

The classes identified for direct reuse of reclaimed water are Classes A, B, and C (Table 4-4, 
Arizona Administrative Code R18-11-309). Although nitrogen removal (Classes A+ and B+) 
is not required for any type of currently identified direct reuse, it is required for the Aquifer 
Protection Permit (APP) for discharges influencing an aquifer. 

To maximize the allowable uses of the reclaimed water that would be produced, the most 
stringent classification in each state’s regulations was used as the basis for process unit 
sizing. This resulted in two wastewater treatment scenarios: 

• Disinfected Tertiary Recycled Water (California—Reuse End Use) – secondary 
treatment, filtration with chemical feed facilities and disinfection 

• Class A+ Reclaimed Water (Arizona—Recharge and Arizona—Reuse End Use) – 
secondary treatment with nitrogen removal, filtration with chemical feed facilities, 
and disinfection 

 

For groundwater recharge in California (California—Recharge End Use), it was further 
assumed that recycled water had a total-dissolved-solids (TDS) concentration less than 500 
mg/L, which would be achieved through RO. 
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Liquid Stream Treatment—Process Unit Sizing 
This subsection describes the selected treatment processes and the key assumptions made for 
sizing criterion development. The following assumptions were made in sizing the process 
facilities: 

• Residuals from satellite facilities will be discharged to the sewer collection system; 
therefore, no residual-handling facilities have been included. For consistency of 
analysis, residuals from additional treatment processes at regional plants also were 
assumed to be handled by existing infrastructure at the regional facility.  

• The need to control odor from process facilities will depend on the location of the 
wastewater treatment plant and its proximity to the community; therefore, no odor 
control facilities have been included. 

• Because the level of redundancy selected for a wastewater treatment plant is based on 
both client preference and the criticality of equipment, the process unit sizing 
addresses only the process facilities required to meet effluent quality goals; therefore, 
no redundancy has been included. 

 

The wastewater treatment strategy required to achieve the proposed effluent water quality 
goals include preliminary treatment for debris removal, secondary treatment using activated 
sludge for carbonaceous and/or nitrogen removal, advanced treatment through filtration, and 
disinfection. All processes must be included in the overall treatment design, though the 
configurations for the reclamation facility vary slightly based on the secondary treatment 
process selected. (MBR treatment, for example, combines secondary treatment and advanced 
treatment in a single process and does not require additional filtration.)   

Preliminary Treatment 
Preliminary treatment facilities provide screening and grit removal from raw influent 
wastewater to protect downstream treatment processes. Debris removal may be achieved by 
using mechanically cleaned bar screens, which are categorized as coarse or fine according to 
the bar opening size. Coarse screens are effective for most conventional secondary treatment 
processes, though fine screens (2 mm) are required for the membrane process. Grit removal 
devices allow grit to settle from the influent for subsequent removal, while organic material 
remains in suspension. 

Secondary Treatment 
Three secondary biological treatment alternatives employing the activated sludge process 
were included for sizing: 

• Ox. Activated sludge technology that employs an elliptical basin. Both carbon 
removal and nitrogen removal can be achieved by alternating anoxic and aerobic 
environments. The Ox requires external clarification for the removal of biomass from 
the treated wastewater. A portion of the solids is recycled back to the Ox as return 
activated sludge, and the remainder is sent on for ultimate disposal.   

• SBR. Activated sludge system that performs influent equalization, biological 
treatment, and clarification within a single basin by using a fill-and-draw technique 
for batch operation. Both carbon removal and nitrogen removal can be achieved in a 
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single reactor by providing alternating anoxic and aerobic cycles. External 
clarification is not required, and biomass is removed only through wasting, thereby 
eliminating the need to return activated sludge back to the reactor. Since treated 
wastewater is rapidly decanted from the basin at the end of each reaction cycle, an 
equalization basin is required downstream of the SBR to deliver effluent to filtration 
and disinfection facilities at an acceptable rate. 

• MBR. Combines the activated sludge and UF membrane processes within a single 
bioreactor. Membranes are submersed in an activated sludge basin, and flow is drawn 
into the membrane under a vacuum, while solids are retained within the tank. The 
system operates at biomass concentrations significantly higher than those for 
conventional activated sludge systems, and sludge settleability is less of a concern. 
Both carbon and nitrogen removal can be achieved in a single reactor by providing 
separate anoxic and aerobic zones within the basin. The membrane process retains 
biomass within the reactor to discharge a solid-free effluent, thereby eliminating the 
need for external filtration and sludge recycle. 

Filtration 
Filtration is designed to remove suspended solids from secondary effluent and produce a high 
quality effluent. Filtration is required to meet the average turbidity limit of 2 NTU for reuse 
water applications. 

Disinfection 
Disinfection is designed to destroy microorganisms that generate disease in humans. 
Disinfection through the addition of sodium hypochlorite is able to achieve the fecal coliform 
limit of nondetect (four of seven daily samples) and the total coliform limit of 2.2 most 
probable number (MPN)/100 mL (median—seven daily samples). 

Flow diagrams incorporating Ox’s, sequencing batch reactors, and membrane bioreactors into 
overall wastewater treatment schemes are provided in Figures 4-1 through 4-3. Table 4-5 
provides the target criteria used for sizing the selected process facilities. 

 

 

 

 

 
 

Figure 4-1. Ox treatment train. 
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Figure 4-2. SBR treatment train. 

 

 

 

 

 

 
 

Figure 4-3.  MBR treatment train. 

Liquid Stream Treatment—Cost Estimates 
Capital, O&M, and present worth cost estimates were prepared for the following unit 
components listed below. Ox’s, SBRs, MBRs, and disinfection unit processes were sized 
based on both California and Arizona requirements, because the differences in design criteria 
would have led to cost ranges in excess of AACE Level 4 estimates.  
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Table 4-5. Process unit sizing target criteria1 

Process Facility Target Sizing Criteria 

Preliminary Treatment 
     Screening Removal Facilities 
        Ox and SBR: 0.25-in. screens 
        MBR: 2-mm screens 
     Grit Removal Facilities 
        Vortex Grit Basins 

 
Based on flow rate (average and peak) 

Ox 
SRT 
CA Title 22: BOD Removal, 10 days 
AZ Class A+: Nitrogen Removal, 14 days 

SBR 

SRT 
CA Title 22: BOD Removal, 10 days 
AZ Class A+: Nitrogen Removal, 14 days 
Postequalization 
Batch Discharge 

MBR 

SRT 
CA Title 22: BOD Removal, 10 days 
AZ Class A+: Nitrogen Removal, 13 days 
Influent Equalization 
Equalize Influent to 2.5:1 for Peak to Average 

Final Clarification: Circular Basins 
(Ox only) 

Surface Overflow Rate 
Average: 400 to 700 gpd/ft² 
Peak: 1000 to 1600 gpd/ft² 
Solid Flux Rate 
Average: 25 ppd/ft² 
Peak: 35 ppd/ft² 

Filtration: Automatic Backwash Units 
(Ox and SBR only) 

Surface Loading Rate 
Average: 2 gpm/ft2 
Peak: 5 gpm/ft2 

Disinfection: Chlorine Contact Basin 
     CA Title 22  
     AZ Design Guidelines 

≥90 min (Peak Dry Flow HRT) 
≥15 min (Peak Flow HRT) 

1 Ox, oxidation ditch; SRT, solids retention time. 
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Although cost estimates for the admin/lab/shop building, headworks, and filtration unit will 
vary slightly depending on the location of the facility and ultimate end use, the degree of 
variation in the costs was assumed to be within the level of error associated with Level 4 cost 
estimating. For this reason, average costs were assumed for the following plant facilities and 
unit processes: 

• Administration/Lab/Shop Building 
• Headworks 
• Arizona Ox, SBR, and MBR 
• California Ox, SBR, and MBR 
• Filtration 
• Disinfection (Arizona) 
• Disinfection (California) 

 

Cost estimates for concrete, equipment, and housing were obtained from existing studies, 
recent projects with similar components, manufacturers’ budget estimates, standard 
construction cost-estimating manuals, and engineering judgment. These costs were multiplied 
by scaling factors to account for other construction costs, including excavation and backfill, 
installation, electricity, instrumentation, contractor overhead and profit, and a scope-of-
project contingency. These factors were determined from previous construction projects and 
may vary depending on the complexity of design. A complete list of the scaling factors is 
included in Table 4-6. O&M costs were also approximated at 5% of the total construction 
costs, which is used by some vendors to estimate O&M costs when little to no water quality 
information is known. This value was similar to calculated O&M costs for the Glendale, 
Arizona, West Area Water Reclamation Facility (WRF). All approximations were expected to 
be within the level of accuracy for Class 4 cost opinions. 

MF and RO 
This subsection discusses the basis for sizing and estimating costs for RO and associated 
pretreatment. Since RO feed water consisting of treated municipal wastewater will subject the 
RO process to significant solids loading, membrane filtration was included as robust 
pretreatment for RO. In cases where an MBR is used upstream of RO, however, pretreatment 
with MF or UF was not prescribed, since membrane filtration is already a fundamental 
component of the MBR process. 

The objective of including RO as an option in the DSS was to provide a means of reducing 
TDS from approximately 800 mg/L to a goal of below 500 mg/L, representing a salt rejection 
of 37.5%. The very low salt rejection requirement would typically involve blending a bypass 
flow with the permeate to allow the size of the RO system to be minimized. The DSS, 
however, is designed to allow for maximum flexibility in end use applications.  

Because of California’s aquifer protection regulations (California Code of Regulations, Title 
22), all recharge water was assumed to be treated with RO. Consequently, when the DSS 
specifies RO is to be used for TDS reduction, all of the flow for each plant capacity analyzed 
is assumed to pass through RO membranes. 
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Table 4-6. Unit process cost-estimating factors and algorithm 

Capital Cost Factor 

Concrete  

Excavation and Backfill (10%) 

Miscellaneous Metals (4%) 

Yard Piping (7%) 

Total Concrete 

Equipment (based on vendor quote) 

Tax and Delivery (11%) 

Installation (20%) 

Manufacturer Services (4%) 

Total Mechanical 

Total Concrete + Total Mechanical 

Protective Coating (7% where applicable) 

Electricity (10%) 

Instrumentation (10%) 

Housing ($250/sq. ft, all inclusive) 

Subtotal 

Contractor Overhead and Profit (15%) 

Scope-of-Project Contingency (30%) 

Total Construction Cost 

Engineering Design (10%) 

 TOTAL CAPITAL COST 

 

 

In practice, performance and costs of RO are a function of the site-specific water quality in 
terms of the speciation of TDS. However, since the DSS is being developed for general use, 
membrane performance and RO costs have been developed without the benefit of knowledge 
of such water quality constituents, despite the application of RO to a relatively low quality 
(i.e., filtered wastewater) feed. Design criteria and key assumptions used to calculate cost 
estimates are described below: 

• Ninety percent recovery was assumed for MF/UF pretreatment, while a recovery of 
80% was assumed for the RO process. 

• No accommodations were made for different wastewater sources (i.e., feed waters) 
that may have increased scaling potential due to the particular concentrations of 
dissolved solids present. 

• Footprints for RO and MF/UF equipment are based on unpublished, general rules of 
thumb utilized by membrane practitioners: 1200 ft2/mgd of RO permeate for systems 
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to up 10 mgd of capacity; 1000 ft2/mgd of RO permeate for systems up to 10-million-
gallon (10-MG) storage capacity, exceeding 10 mgd of capacity, and 1400 ft2/mgd of 
MF/UF filtrate capacity. 

• For the purposes of cost and functionality in this application, MF and UF were 
considered to be interchangeable technologies. In addition, no distinction was made 
between encased (i.e., pressure-driven) and submerged (i.e., vacuum-driven) MF/UF 
membrane systems. 

• The temperature of the feed water can have a notable impact on both capital and 
operating costs for RO and MF/UF processes. No particular temperature was 
assumed, such that treatment applied to unusually cold waters may result in higher 
costs and that in unusually warm waters may cost less.  

 

Concentrate disposal was not included in this analysis, since it was assumed that the 
concentrate will be discharged to the sanitary sewer (satellite facilities) or to drying beds 
(regional facilities).  

Capital and O&M costs were adapted from previous studies and presentations (Elarde and 
Bergman, 2003; Adham et al., 2005; Technologies and Costs, 2005). The capital costs for 
MF/UF and RO equipment include the membrane elements, pressure vessels, skid frame, 
piping, valves, and appurtenant cleaning facilities. Scaling factors similar to those described 
in Table 4-6 were also included. 

Operating costs included labor, power, chemicals associated with the RO process, disposable 
cartridge filters, and membrane replacement. 

Given the treatment approaches and assumptions identified above, the tool addresses the 
treatment option variations shown in Table 4-7. 



WateReuse Foundation 39 

Table 4-7. Treatment option matrix 

Alternative 
Regulatory 
Framework Type of Use Treatment Train 

Satellite 
California 

Direct Use 

Ox + Filtration + Disinfection 

SBR + Filtration + Disinfection 

MBR + Disinfection 

Recharge 
(spreading 

or injection) 

Ox + MF + RO 

SBR + MF + RO 

MBR + RO 

Arizona Direct Use 
or Recharge 

Same trains as for California direct use, 
different design parameters for N removal 

Regional 
(Expansion) Same as for Satellite (new side stream treatment) 

Regional 
(No Expansion) 

California 
Direct Use Filtration + Disinfection 

Recharge MF + RO 

Arizona 
Direct Use Filtration + Disinfection 

Recharge None (assume N already removed) 

 

 

Treatment Facility Area Requirements 
Facility footprints include the land area needed for the unit processes described above and 
any setbacks required by applicable regulations (based upon Arizona and California 
experience). Facility footprints were based on typical sizes for each unit process at given flow 
values. Facility footprints, both with and without noise or odor control, are shown in Table  
4-8. 
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Table 4-8. Treatment facility footprints 

Treatment 
Capacity 

Acres Required 

Noise/Odor Control1 No Noise/Odor Control2 

Ox 

(AZ & CA) SBR 
MBR + 

RO Ox (AZ) Ox (CA) SBR 
MBR + 

RO 

0.5 
2.0 1.5 1.0 2.0 2.0 2.0 2.0 

1 
6.5 5.5 4.0 55 55 50 45 

2 
15 14 12 115 110 100 90 

5 
18 16 14 117 112 102 91 

10 
24 19 15 120 115 104 93 

15 
30 22 17 125 120 106 94 

20 
36 25 19 130 125 108 95 

1 Arizona and California regulations require a 350-ft setback. 
2 Arizona and California regulations require a 1000-ft setback. 
 

 

4.3 DISTRIBUTION SYSTEMS AND CONVEYANCE PIPELINES 
Distribution system and conveyance pipeline calculations in the DSS are based on the 
following design criteria and assumptions: 

• All conveyance pipelines originating from or flowing to a satellite treatment plant 
were assumed to be flowing full under pressure. Similarly, all pipes originating from 
a regional treatment plant (i.e., reclaimed water distribution system) also were 
assumed to be flowing full under pressure. For the residual-return line from the 
satellite plant to the wastewater interceptor, the flow is assumed to be equal to 10% 
of the average flow capacity of the plant, plus any reject concentrate if MF/RO is 
used. 
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Table 4-9. Unit process recovery percentages 

Reclamation 

Plant 
Unit Process 
Description 

Recovery 

(%) 

Satellite 

Ox + Filtration 90 

SBR + Filtration 90 

MBR 90 

MF 90 

RO 80 

Regional 

Ox + Filtration 98 

SBR + Filtration 98 

MBR 98 

MF 98 

RO 80 

 

 

• Average daily effluent flows were based on unit process and treatment train recovery 
percentages shown in Tables 4-9 and 4-10. Higher recovery percentages at regional 
facilities reflect the assumption that existing infrastructure (e.g., filter presses and 
digesters) will process residuals generated by new treatment units with recovered 
liquid being returned to the treatment plant. 

• Force main pipe diameters were sized based on average flow conditions and a default 
design velocity of 5.0 fps. Reclaimed water distribution system or recharge pipelines 
were sized based on maximum day demands (1.7 times average daily reclaimed water 
available) and a design velocity of 5.0 fps. Pipe diameters were calculated simply by 
applying the continuity equation (i.e., conservation-of-mass principle for an 
incompressible fluid at steady flow) and rounding up to the nearest even whole 
number. 

• Pumps were sized based on the sum of the elevation, pressure, and friction heads. 
Velocity head was neglected. Elevation and pressure heads are determined from user 
inputs. The friction head was calculated by using Manning’s equation (0.013 default 
roughness coefficient), which is appropriate for turbulent flow. It was assumed that 
reclaimed water customers served through the same node are similar; i.e., they 
receive similar flows through similar mains and are located at similar elevations and 
distances from the node, as illustrated in Figure 4-4. Default values for motor and 
pump efficiencies were set at 90 and 80%, respectively. 
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Table 4-10. Reclamation plant production ratios (fraction of inflow) 

Treatment Train Reclaimed Water 
Production 

Wastewater Flow 
Returned to the 

Collection System 

Satellite-CAuse and AZuse or recharge  

Ox Ditch + Filtration 0.90 0.10 

SBR + Filtration 0.90 0.10 

MBR 0.90 0.10 

Satellite-CArecharge  

Ox + MF + RO 0.72 0.28 

SBR + MF + RO 0.72 0.28 

MBR + RO 0.72 0.28 

Regional-CAuse and AZuse or recharge  

Ox + Filtration 0.98 N/A1 

SBR + Filtration 0.98 N/A1 

MBR 0.98 N/A1 

Filtration 0.98 N/A1 

Regional Expansion-CArecharge  

Ox + MF + RO 0.78 N/A1 

SBR + MF + RO 0.78 N/A1 

MBR + RO 0.78 N/A1 

MF + RO 0.78 N/A1 
1 N/A, not applicable. 

 

 

• Maximum day storage (1.7 times the average daily reclaimed water production) was 
provided at satellite and regional facilities. Because peak hour demands will vary 
depending on the reclaimed water end use, it was assumed that peak hour storage 
would be provided by individual reclaimed water customers. 

• Pipeline capital costs were estimated based on a default value of $15 per in. of 
diameter per linear ft. The default O&M cost for pipelines was set at $3,200/mi/year 
(Surface Water Treatment, 2007). 
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Notes:   N = Node; C = Customer 
 C2 elevation = C3 elevation  
 N2C2 segment = N2C3 segment 

  C4, C5, C6, and C7 elevations are equal  
N3C4, N3C5, N3C6, and N3C7 segments are equal 

 
 

Figure 4-4. Simplified distribution system for reclaimed water. 

• Capital costs for pump facilities were adapted from previous studies and assumed to 
be proportional to pumping capacity, with a default ratio of $10,000 per hp (Surface 
Water Treatment, 2007). Operation costs for distribution system and force main 
pumps were calculated based on 24-h/day operation at average daily flows. Yearly 
maintenance costs (parts and labor) were assumed to be 1.0% of pumping capital 
costs. 

• Storage tank capital costs were assumed to be $0.80 per gal (adapted from Water 
System Master Plan, 2006). The default storage tank yearly maintenance cost was 
assumed to be 1.0% of the storage tank capital cost. 

• All capital costs include an additional 20% factor for engineering and administrative 
costs and a 30% scope-of-project contingency. 
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APPENDIX A 

DSS APPLICATION EXAMPLE 

 
Municipality “XYZ” (XYZ), located within the Phoenix, Arizona, metropolitan area, needs to 
increase its wastewater treatment capacity by 5 mgd within the next 5 years to accommodate 
increased flows expected from its developing commercial area. While XYZ currently has a 
regional WRF in the southern portion of its service area, it is considering constructing a 
satellite facility north of its regional facility and using the reclaimed water to irrigate parks, a 
school, and xeriscape landscaping in a 6-sq.-mi residential development. XYZ decided to use 
the DSS to determine whether it should A) construct a satellite WRF near the residential 
development, serving the outdoor demands with reclaimed water, or B) expand the regional 
WRF, recharging the reclaimed water to the west of the WRF and serving the residential 
development’s outdoor demand with potable water via the potable water distribution system. 

INFORMATION 
The analysis was performed in June 2008, corresponding to an Engineering News Record 
Construction Cost Index (20-city ENR CCI) of 8185. To reflect XYZ’s financial and 
operating conditions, the discount rate was changed to 8% and the electricity rate was 
changed to $0.06 per kWh. The motor and pump efficiencies were changed to 85 and 75%, 
respectively. Default values were used for all remaining inputs. The completed DSS 
information page is shown in Figure A-1. 

SATELLITE ALTERNATIVE 
Because the reclaimed water produced from the satellite facility will be used for irrigation 
purposes, “Arizona – Direct Use” was selected. The capacity of the proposed facility was 5.0 
mgd. With plenty of available land surrounding the residential development, XYZ entered 
“1,000” acres, reflecting the abundance of land available. The WRF treatment train was not 
important to XYZ. After initially favoring “Ox + Filt + Dis,” XYZ noticed that the total 
present worth of “SBR + Filt + Dis” was less than that of Ox, so it selected “SBR + Filt + 
Dis” instead. 
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Figure A-1.  DSS information page. 

The proposed satellite WRF, located directly above a large interceptor, was 1 mi (5280 feet) 
from the center of the residential development. In order to approximate the dual distribution 
system, XYZ assumed that 24 nodes would be located throughout the residential 
development, stemming from the center of the residential development. The average distance 
of these pipelines was estimated at 0.5 mi (2640 ft). The maximum elevation difference from 
the satellite WRF and the customers was 20 ft. XYZ assumed a supplied water pressure of 80 
psi. The completed DSS satellite page is shown in Figure A-2. 
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Figure A-2.  DSS satellite page. 

REGIONAL ALTERNATIVE 
Instead of direct use, reclaimed water produced at the regional facility will be recharged. 
XYZ had to check “Select an end use different from the Satellite” in order to select “Arizona 
– Recharge.”  Because the existing regional WRF was already operating at its design 
capacity, the regional WRF would have to be expanded to accommodate additional flows. 
While the existing facility had sufficient space for an additional 5.0-mgd capacity, reclaimed 
water produced from the proposed regional WRF had to be pumped 4 mi (21,120 ft) to the 
west, where additional land was available. In a decision similar to that for the satellite WRF, 
XYZ chose the “SBR + Filt + Dis” treatment technology. The elevation difference between 
the regional WRF and the proposed recharge location to the west is 50 ft. The minimum 
customer pressure was assumed to be 10 psi. The completed DSS regional page is shown in 
Figure A-3. 
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Figure A-3.  DSS regional page. 

DECISION 
XYZ held a stakeholders’ meeting in which the committee evaluated the satellite and regional 
facilities (Figure A-4). The weights and scores, along with justifications for each decision 
criterion, were determined by the committee as provided below: 
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Figure A-4. DSS decision page. 

Affordability of Investment – The ability of XYZ to fund capital costs up front is more 
important than yearly O&M costs. Affordability of Investment was valued at 20% of the total 
decision. The capital costs for the regional and satellite facilities were approximately $35 
million. Because the capital costs were similar to and cheaper than those for similar WRFs 
using Oxs or MBRs, both alternatives were assigned a score of 4. 

Operational Affordability – The committee decided that Operational Affordability was not 
a key decision criterion because it believed that operational costs were sufficiently addressed 
in the Life Cycle Affordability. XYZ assigned Operational Affordability 0% and, 
subsequently, did not score the alternatives.   

Life Cycle Affordability – Life Cycle Affordability (cost) was the most important criterion 
for the committee. The committee valued it at 30% of the evaluation. Because the total 
present worth costs for both alternatives were similar ($46 million to $48 million) within the 
AACE Level 4 cost opinion ranges, a score of 4 was given to both alternatives. 

Land Availability – Because the service area is still in its infancy, there is an abundance of 
land available to XYZ. The committee determined that Land Availability was not an 
important criterion for evaluating the alternatives and gave the criterion a weight of 0%.  
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Ease of Development – The committee assigned a weight of 10% to Ease of Development. 
The committee believed that expanding the regional facility would be one of the easiest ways 
to increase capacity in its service area. The construction of a satellite facility would, similarly, 
be easy; however, the construction of a reclaimed water distribution system would require 
construction in a heavily populated area. A score of 5 was given to the regional facility 
alternative, and 2 was given to the satellite facility alternative. 

Ease of Operation & Maintenance – The committee assigned a weight of 10% to Ease of 
Operation & Maintenance. Because the satellite facility would require XYZ to operate two 
facilities in addition to two distribution systems, it did not score the satellite facility 
favorably. The regional alternative was scored a 5, while the satellite alternative was scored a 
2. 

System Reliability – System Reliability was more important to XYZ than Ease of 
Development and Ease of Operation & Maintenance but not as important as Life Cycle 
Affordability. A weight of 20% was given to System Reliability. Both alternatives were 
considered to have the same reliability and were scored similarly (“3”). 

Potable Supply Benefit – XYZ understood that serving reclaimed water to the residential 
community would reduce the demand on the potable water distribution system. As such, XYZ 
could reduce the number of potable wells by approximately two. The committee, however, 
believed there were no large advantages to either system on the potable supply side and, thus, 
did not include Potable Supply Benefit in the evaluation. 

Avoided Costs – The committee tabulated a list of avoided costs that the satellite alternative 
would bring. Because the list included only a few pipelines and wells, the committee believed 
that capital costs for this infrastructure were small compared to the total alternative costs; it 
excluded Avoided Costs from the evaluation by giving it a weight of 0%. 

Community Acceptance – Community Acceptance was important to XYZ because it was 
concerned that the residents in the service area might not view “reclaimed water” favorably if 
a significant public outreach program wasn’t initiated to increase the public’s awareness of 
utilizing reclaimed water for irrigation purposes. It assigned a score of 10% to Community 
Acceptance and gave the regional and satellite alternatives scores of 3 and 5, respectively.  

Environmental Compatibility – XYZ gave Environmental Compatibility a score of 10%. 
Based on discussions within the group, the committee believed the satellite alternative was 
more environmentally responsible and gave it a score of 4 compared with the regional 
alternative’s score of 3.  

Other – The committee did not consider any additional decision criterion. 

Based on the scores and weights above, the regional alternative (weighted score of 4.0) was 
preferred over the satellite alternative (weighted score of 3.4). XYZ then reviewed the scores 
a second time and determined the weights and scores it originally assigned were satisfactory. 
Based on those scores, it recognized that the only way for the satellite facility to be preferable 
to the regional alternative was to weigh Environmental Compatibility 40% and reduce the 
weight of other categories. Using the DSS as a tool, XYZ determined it would plan and 
construct an expansion plant at the existing regional WRF. 
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APPENDIX B 

CONCEPTUAL LEVEL COST OPINIONS 
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