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EXECUTIVE SUMMARY
This Water Conservation Strategic Plan (Plan) was developed in response to a request from the Flagstaff City
Council to expand and improve water conservation efforts at the City of Flagstaff (City). This Plan aims to
determine the appropriate investment in conservation-derived water savings in order to defer costly future
water supply development and infrastructure. To this end, the Plan provides an assessment of current and future
water conservation actions to ensure that conservation dollars and staff time are invested in strategies that
provide the best return on investment and coverage of all sectors of the Flagstaff customer base.
To complete the Plan, the City’s Water Conservation Program employed Maddaus Water Management Inc.
(MWM) to meet the following overarching goals:
1.
2.
3.
4.

Become a national leader in water conservation in all sectors (Council goal)
Generate quantitative water conservation savings projections for use in Water Resources Master Plan
Provide conservation guidance for next water rate study
Ensure water conservation program expenditures result in broad community participation and return
on investment

During the strategic planning process, 11 conservation activities (referred to as “measures” in the modeling
effort) were selected from the Water Conservation Program’s current actions and then were assessed for return
on investment using MWM’s quantitative benefit-cost computational model. In addition, Water Conservation
staff worked with community stakeholders to select 11 additional conservation strategies that the program and
utility could consider for the future. These additional activities also were processed through the model. The
stakeholder engagement process was assisted by consultants from Southwest Decision Resources, who helped
to recruit participants from groups throughout the Flagstaff community.
After considering several combinations of current and future conservation activities, the Water Conservation
Program and MWM compiled a selection that provided both good return on investment and coverage of all
customer classes. This new combination of water conserving actions is known as the Optimized Conservation
Program. When implemented, this new program will provide the best return on investment for conservation
dollars spent; save the City money by avoiding future water production and supply costs; and accomplish the
City Council’s goal of being a leader in water conservation. Another outcome of this planning effort that will
contribute toward demonstrating Flagstaff’s national leadership in water conservation is the alignment of this
plan with the elements of the Alliance for Water Efficiency G480 Leaderboard.1

Optimized Conservation Program – Proposed Program Overview
By combining new initiatives with existing programs as part of a comprehensive strategy for long-term savings,
the Optimized Conservation Program is expected to save approximately 690 additional acre-feet (AF) of water
over the next 20 years at an additional annual investment of $45,000. This is in addition to the 1,300 AF the
Current Conservation Program is expected to save if it continues operating as it has been. This quantification of
water savings over the next 20 years will be critical information for the Water Resources Master Plan.
The new water conservation programming includes proposed code changes, partnerships with K-12 and higher
education institutions, opportunities for research and innovation, and expanded outdoor efficiency
opportunities such as outdoor water budgeting for large irrigated areas.

1

G480 Standard and AWE Leaderboard web page: https://www.allianceforwaterefficiency.org/resources/topic/g480standard-and-awe-leaderboard
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All the measures that make up the Optimized Conservation Program are listed as follows and described in more
detail in Section 5.3:
 Public Outreach and School Education



Landscape and Rainwater Retention Code

 Innovation, Research, and Pilot Studies



Commercial Rebates and Consultations

 Prohibit Water Waste and Practices



School Retrofits

 System Water Loss Control



Residential Indoor Water Consultations

 Smart Meters



High Efficiency Fixture Giveaway w/Spray Nozzles

 Water Rates (Pricing)



High Efficiency Toilet Rebate (New)

 Outdoor Water Budgeting



Hot Water Recirculation Code

 Water Efficient Landscape Rebate



Showerhead and Faucet WaterSense Code

The following figure presents historical and projected water demands for both the Current and Optimized
Conservation Programs, along with the demand with and without plumbing code savings. Plumbing code
elements include current local, state, and federal standards for retrofits of items such as toilets, showerheads,
faucets, and pre-rinse spray valves.

Figure ES-1. City of Flagstaff Historical and Projected Potable Water System Demands
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1 PROJECT BACKGROUND
The City of Flagstaff began earnest water conservation
efforts in 1988 with a Water Conservation Ordinance that
defined four levels of Water Availability Strategies as well as
an enforceable definition of wasting water. The Water
Conservation Program was established in 2003 in response
to water deliveries exceeding safe production capability in
the summer of 2002. While conservation regulations existed
before that time, that summer was a watershed moment.
After this event, the City elected to implement Water
Availability Strategy 1: Water Awareness at all times, which
required every-other-day watering based on the physical address.
The Program is presently managed by two full-time staff and up to four part-time staff. Current conservation
strategies include toilet, lawn, and rainwater harvesting rebates; a watering ordinance to lower peak demand
and promote efficiency; tiered water rates for residential customers; water “consultations” for commercial and
residential customers; and outreach and educational events throughout the year.
In January 2017, the Flagstaff City Council set a goal to amplify the City’s conservation efforts to become more
than just an Arizona leader. Later in 2017, the City was awarded first place in the National Mayor’s Challenge in
Water Conservation hosted by the Wyland Foundation. The City’s current goal is to continue strengthening
efforts as a national leader in water conservation in all sectors. To assist with this goal, the City hired Maddaus
Water Management to evaluate the City’s current conservation strategies, to suggest improvements for
optimizing programmatic costs and water savings, and to adjust existing or add new conservation activities.

City of Flagstaff Water Conservation Strategic Plan

9

1.1 Overview of City of Flagstaff and Its Municipal Water System
Located on the southern edge of the Colorado Plateau, Flagstaff is the regional center and county seat for
Coconino County. It is the largest city in northern Arizona with approximately 75,000 residents, 30,000 of whom
are students at Northern Arizona University. At an elevation of 7,000 feet, Flagstaff is one of the highest elevation
cities in the United States. There are on average 288 days of sunshine each year, and though the climate is semiarid, 23 inches of precipitation fall annually, including an average 100 inches of snowfall. Recent years have
shown some shifts in precipitation patterns. Examples include instances where more precipitation fell as rain
rather than as snow and the 2019 monsoon season which was the driest on record.2 In an average year, the City
of Flagstaff’s potable water supply consists of 70% groundwater and 30% surface water.
The City has nearly 15,000 single family residential water meters, 3,400 multifamily meters, and just over 2,000
non-residential meters. In 2016, single family homes used 36% of potable water, multifamily residences used
22%, and commercial properties used 26%. Water demand per capita has decreased by 47% since 1989, making
per capita water use among the lowest in the state. Even though population has increased by 64% since 1989,
total water production has remained steady.

1.2 Modeling Future Water Conservation Scenarios
Maddaus Water Management’s Least Cost Planning Decision Support System (DSS Model) prepares long-range,
water demand and conservation water savings projections to assess the impact of water efficiency programs.
First developed in 1999 and updated continuously, the DSS Model is an end-use model that breaks down total
water production (i.e., water demand in the service area) into specific water end uses (toilets, faucets, irrigation,
etc.). This “bottom-up” approach allows for detailed criteria to be considered when estimating future demands,
such as the effects of natural fixture replacement, plumbing codes, and conservation efforts. The purpose of
using end-use data is to enable a more accurate assessment of the impact of water efficiency programs on
demand. An additional purpose is to provide a rigorous and defensible modeling approach that is necessary for
projects subject to regulatory or environmental review.
The DSS Model can use one of the following combinations of savings projection models: 1) a statistical approach
to forecast demands (e.g., an econometric model), 2) a forecasted increase in population and employment, 3)
predicted future demands, or 4) a demand projection which is input into the model from an outside source. The
DSS Model also evaluates conservation measures using benefit-cost analysis with the cost of water saved and
benefit-cost ratio as economic indicators. The quantitative analysis is performed considering both benefits and
costs from the perspective of the utility and the City’s customers. For example, the model accounts for the cost
to the customer or the utility to implement the measure as well as the benefit to the customer or the utility in
dollars and water saved. For the City of Flagstaff, the baseline potable demand without plumbing code savings
used in this project was developed using the fourth option above—demand projection input from an outside
source. The demand projection used was the demand published in the Arizona Department of Water Resources’s
(ADWR) Designation of Adequate Water Supply 2013,3 which is one scenario of many published in the Annual
Report to the Water Commission.
More background information about the DSS Model can be found in Appendix A.

1.3 Purpose and Scope of Strategic Plan
This purpose of this Plan is to provide a comprehensive water conservation strategy for the City of Flagstaff for
the 2018-2040 time period. The scope of the plan included the following tasks:
 Provide quantitative analysis of existing water conservation programming
2

Average Flagstaff monsoon season produces 8.31 inches of precipitation; the 2019 season produced only 2.08 inches.

3

https://www.flagstaff.az.gov/2263/Adequate-Water-Supply-Designation
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 Identify new water conservation opportunities
 Determine prospects for leveraging City resources through partnership funding and identify potential
challenges
 Leverage local stakeholders for technical and community perspectives and recommendations to
Commissions and City Council
 Assess various water conservation actions for their feasibility and affordability
 Consider mid- to long-term water supply concerns due to population growth and climate change
 Evaluate the City’s customer billing rates and structures for their effectiveness at promoting
conservation and against other regional and national leaders in water conservation
 Demonstrate City of Flagstaff’s commitment to water conservation on the state and national scale
The Plan also incorporates the following overarching goals:
 Long-term benefits – reinforce the positive impact of water
conservation on water supplies and infrastructure
investments.
 Community empowerment – outline actions that can be
taken by all sectors of the community to achieve water
efficiency and provide guidance on how the City of Flagstaff
can best support all sectors in achieving these goals.
 Social Equity – detail impacts on different communities and
groups in Flagstaff, and how the implementation will reach
and benefit all members of the Flagstaff community.
 Community Values – inspire a conservation ethic/identity for
City staff, residents, and businesses.

1.4 Plan Development and Project Timeline
In late 2017, the City of Flagstaff issued a Request for Proposals seeking a qualified consultant to develop a
complete Water Conservation Strategic Plan. After a review and scoring by senior staff of the proposals received,
the City awarded the contract to MWM.4 A Professional Services Agreement was completed by all parties on
May 3, 2018, including a draft work plan and timeline.
Between May 2018 and January 2019, the City worked closely with MWM to compile extensive historical data
on the region, the City’s service area, conservation measures, production, consumption, weather, and various
census data points. Together, these formed the foundation for the DSS Model. The City project team utilized the
template Data Collection Workbook provided by MWM to compile and verify data. This effort was assisted by
an additional outside consultant group, Montgomery & Associates, who were able to assess bulk data from the
City’s customer billing system and combine all meters associated with the same address into one customer data
point. Prior to this effort, large customers, such as medical facilities or large apartment complexes, were listed
as multiple users in the dataset due to the property having multiple service meters, which affected the accuracy
of an analysis. The project team at MWM verified and tested data against historical records to ensure measure
design logic and accuracy throughout development of the DSS Model.
MWM reviewed existing City practices and procedures to create a comprehensive list of water use conservation
measures currently in place. MWM also reviewed relevant literature and practices of other agencies to
determine potential measures that could be implemented by the City. MWM used its master potential measures
database and followed the process outlined in the American Water Works Association (AWWA) Manual M52
Water Conservation Programs – A Planning Manual (AWWA, 2017).

4

http://maddauswater.com/
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In August 2018, the City met with MWM to discuss the model, method and approach to screening measures;
how to conduct public outreach; and next steps. In September 2018, the City received the Measure Screening
Template. The City developed screening criteria including water savings potential, account saturation,
equitability, community and social acceptance, and feasibility of implementation related to cost and staff time.
Then, City staff screened 130 potential conservation measures and began the outreach process to seek
stakeholder input on the screened conservation measures.
After further review and sorting by the project team at MWM, a list of potential water use conservation
measures was developed and presented to the City Water Commission in March 2019. The City Council approved
the list of conservation measures to be modeled on April 30, 2019.
Throughout the planning process, the City and MWM conducted conference calls and online meetings, to
complete the DSS Model, which is a robust design for each of the 22 measures modeled. In the model, for each
measure the City identified staff time, fixture costs, applicable customer classes, time period of implementation,
measure life, administrative costs, end uses, end-use savings per replacement, and a target number or
percentage of accounts per program year.
Based on the approved measures, the presentation of results to the Advisory Committee and Water Commission
for review and feedback, and the completion of the DSS Model, the City-recommended Optimized Conservation
Program was presented to and approved by the City Council on December 3, 2019. At this time, the City Council
gave staff direction to proceed with finalizing the Optimized Conservation Program.
The draft and final versions of the Water Conservation Strategic Plan were developed from 2018-2020. A final
draft of the Plan was presented for public review to the City Council on December 1st, 2020 and final comments
were incorporated into this document.
Summary List of Milestones Completed in the Planning Process for Adoption and Implementation:












Prepare Draft Work Plan and review timeline
Identify current and potential Water Use Efficiency (WUE) measures with the Stakeholder Group and
outreach efforts
Determine full cost of current WUE measures
Conduct cost-effectiveness/benefit-cost analysis on WUE measures
Set goals and priorities
Identify strengths and weaknesses for current and potential WUE measures
Prepare draft program scenarios for City Council consideration and direction
Prepare Draft Water Conservation Strategic Plan and bring to City Council for public comment
Finalize Water Conservation Strategic Plan
Finalize Implementation Plan
Implement, monitor, and evaluate performance versus model results

1.5 Public Participation in the Strategic Planning Process
The City of Flagstaff Water Conservation staff, with support from the City Council, embarked on a diverse
strategy of stakeholder engagement over the course of the strategic planning process, including the screening
of conservation measures. This effort involved convening an Advisory Committee and a broader Stakeholder
Group; garnering input from the general public; and working with a local facilitation consulting group to ensure
successful public outreach. Details in the Acknowledgements outlines who participated in leading this effort and
the specifics of the public outreach efforts, such as visual aids presented and survey language used, is located in
Appendix D – Public Outreach Details.

1.5.1 Advisory Committee
The Advisory Committee was comprised of community stakeholders with a direct link to water conservation and
a technical or professional interest in the topic. Members came from the following public interest groups:
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Water Commission
Sustainability Commission
Commercial Landscaping Industry
Northern Arizona University
Sustainability Section
Parks and Recreation Department







Planning Department
Economic Vitality Department
Northern Arizona Building Association
Hotels, Lodging, and Restaurant Industries
Institute for Tribal Environmental
Professionals

1.5.2 Stakeholder Group
The broader Stakeholder Group included all members of the Advisory Committee (as listed above) as well as the
following groups:







Coconino County Master Gardeners
Southside Neighborhood Association
Flagstaff Water Group
Flagstaff Commercial Brewing Industry
Coconino County Sustainable Building Program
City of Flagstaff Convention and Visitor’s Bureau








Terra BIRDS
Commercial Architecture Industry
Commercial Property Management Industry
Sierra Club
Willow Bend
Students from Flagstaff High School

1.5.3 Input from the General Public
Input from the general public was garnered throughout the strategic
planning process. Venues for this feedback were as follows:






Surveys
o Online – City website/Strategic Plan page
o In-person – handed out at Flagstaff Festival of Science
2019
Public events
o Open House – Flagstaff Festival of Science 2018
o Tabling – Flagstaff Festival of Science 2019
Neighborhood/club meetings5
o Friends of the Rio de Flag
o Sierra Club
o Soroptimists
o La Plaza Vieja Neighborhood Association

1.5.4 Key Outcomes from Public Outreach Effort
The stakeholder engagement over the course of the process provided the following guidance and direction for
the Plan draft:






Reduction of 38 conservation measures down to the final 22 measures for inclusion in the DSS Model
Insights on how to build each future measure to fit the City of Flagstaff’s needs
Approval of the Optimized Conservation Program
General feedback on importance of Water Conservation to the City of Flagstaff’s community
Ideas for the implementation of the Optimized Conservation Program, including opportunities and
challenges

5

Other clubs and interest groups were recruited over the course of the strategic planning process; those unable to meet
with the conservation team during the draft completion process were recruited again later to discuss content of the final
plan and implementation draft.
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2 HISTORICAL AND CURRENT POTABLE WATER USE AND
CONSERVATION EFFORTS
This section presents information about the analysis of the City’s water use patterns, which was based on
collected historical water production, consumption, and water loss data. Also provided is a summary of the City’s
past and current conservation efforts.

2.1 Historical Data Collection
Thorough collection and review of historical data relevant to this effort was organized into a Data Collection
Workbook created for the City by MWM. This workbook was populated by City staff and reviewed collaboratively
with MWM. The following table presents the data topics and data items requested, gathered, and stored in the
City’s Data Collection Workbook.
Table 2-1. Data Collection Workbook Topics and Items Requested
Topic

Items Requested







Abnormal Years
Customer Category
Descriptions
System Input Volume
(Production)
Consumption and Accounts
Cost of Water
Maximum Day Demand









Capital Improvements
Top 100 CII Users
SF Water Rates
COM Water Rates
COM Account Closures
SF Lot Sizes
Avoided Groundwater Costs

Demographic
Data




Population
Jobs




Historical Weather
Unemployment

Conservation





Conservation Targets
Historical Conservation
Water System Audits

Other



New Development Ordinances






Water Loss Questionnaire
Landscape Area Measurement
CII Classification
ADWR Planning Guidance

Historical Data



Note: CII = Commercial, Industrial, and Institutional; SF = single family; COM = commercial.

Using monthly production, consumption,6 and account values provided by the City, MWM and the City staff
confirmed the number and types of customers within the City service area. Several follow-up data review actions
were conducted by the City staff and/or MWM as a master City database was mined for valuable information
and the unique customer categories to be tracked were identified. Data from each customer category was
analyzed separately. Monthly production data from 1999 to 2017 was reviewed. Due to the labor-intensive
process of extracting monthly use and account data by the selected customer categories, a smaller subset of
monthly consumption data (2011 to 2017) was analyzed and used to derive typical average water use per
account per day. Based on the City’s water billing system, residential water use was further broken down into
single family and multifamily categories. Historical data was segregated into indoor and outdoor water use by
customer type using monthly billing data. Average daily commercial, institutional, and manufacturing water use
6

Consumption data was pulled from Innoprise billing database and compared to numbers in each annual Report to the
Water Commission. In cases where the total consumption published in the Report to the Water Commission and the data
pulled from Innoprise differed for a particular category, an adjustment factor was applied to the Innoprise data. For
example, if the Report to the Water Commission reported 10 AF for hypothetical customer category Breweries in 2015 and
the Innoprise data showed 8 AF for Breweries in 2015, an adjustment factor of 1.25x was applied to all 2015 Breweries data.
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was expressed on a gallons-per-account basis; restaurants and hotels were broken out of the commercial rate
class.

2.2 Production versus Consumption
The City’s historical monthly potable water production and consumption data is illustrated in Figure 2-1 on the
following page. In the figure, the City’s monthly water production from groundwater and surface water sources
is displayed from 1998 through 2017. Water production data was measured at the respective sources, whereas
consumption data was measured at the customer meters. Consumption data was analyzed for the years 2011
through 2017;7 data prior to 2011 was not readily available for the customer categories analyzed due to a change
in City software. An average water loss of 11% non-revenue water (NRW) was estimated for 2014 through 2016
based on the difference between production and consumption.

7

The process was so labor-intensive, another consulting group (Erroll L Montgomery & Associates Inc) was brought on
board to assist in merging together all meters that belonged to a single address. Unfortunately, prior to this effort, every
meter was listed as its own account. Therefore, a large customer, such as a medical facility, would be listed as multiple
separate accounts rather than as a single user. It is also important to note that when the City switched billing software in
2016, there were a number of errors in the billing system and the importation of April 2011–April 2016 data from the old
system was performed without significant quality control.
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Figure 2-1. Potable Water Production and Consumption, 2011-2017

Note: Consumption data prior to April 2011 was not readily available for the customer categories analyzed.
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2.3 Consumption by Customer Category
This section presents the City’s potable customer categories and the distribution of water use among them.
Historical monthly water use by customer category can be found in Appendix B.
The City has several types of potable water users with approximately 20,249 active connections, all of which are
metered. For the purpose of this analysis, current and projected user categories are classified as follows:











Single Family
Multifamily
Commercial
Hotels and Motels
Restaurants

Manufacturing
Higher Education
Landscape
Other

Figure 2-2 presents the water use profile of the various user categories’ average annual billed consumption
based on data from 2012-2017. It excludes 2016 for the Multifamily and Restaurants customer categories due
to several months of software transition issues.
Figure 2-2. Average Potable Water System Consumption by User Category, 2012-2017
Landscape, 3.6%
Higher Education,
7.9%

Other, 1.2%

Manufacturing, 4.2%

Multifamily, 19.5%

Restaurants, 2.7%

Hotels and Motels,
8.5%

Commercial, 16.0%

Single Family, 36.4%

The same dataset from 2012-2017 was also analyzed to approximate the percentages of potable water used
indoors and outdoors. According to the analysis provided for this Plan, approximately 76% of the City’s potable
water is used indoors. Figure 2-3 shows the breakdown of indoor and outdoor water consumption, based on the
assumption that indoor use is approximately equal to winter consumption. While there may be a small amount
of landscape watering in the winter or leakage from irrigation systems, it is assumed that this is less than 5-10%
of winter water use.
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Figure 2-3. Average Potable Water System Indoor versus Outdoor Overall Water Use, 2012-2017

Outdoor, 24.1%

Indoor, 75.9%

2.4 Historic and Current Conservation Program
In 1988, the City of Flagstaff passed a Water Conservation Ordinance that established every-other-day irrigation
requirements by physical address and defined four Water Conservation Strategy levels (later reduced to three
in 2003) (Flagstaff City Code: 7-03-001-0014). Since the Water Conservation Program was established in 2003, it
has provided a variety of rebates, including high efficiency washing machines, high efficiency toilets and urinals,
rainwater catchment installations, and lawn conversions. In addition, the program has provided general water
conservation outreach and free efficient fixtures, including showerheads, aerators, and pre-rinse spray valves.
In 2011, the City also passed an amendment to the International Plumbing Code to require a maximum 1.3
gallons per flush for newly installed toilets (Ordinance 2011-12, July 19, 2011). This was followed by a 2013
amendment that required public facilities to install urinals with a maximum 1 pint flush (Ordinance 2013-19,
August 26, 2013).8
As of 2019, the Water Conservation Program provides the following:


Public Education and Outreach
o



Water Conservation staff conduct general outreach such as time spent on tabling, talks for
schools and community groups, the annual Arizona Water Awareness Month and Wyland
Foundation National Mayor’s Challenge for Water Conservation efforts, and the annual
partnership with Arizona Project Water Education Today (WET).9

Water Conservation Ordinance Enforcement
o

Staff drive or bike around town in the summer months to ensure that residents are abiding by
the every-other-day watering code. Enforcement strategy includes an initial conversation with
the resident to remind them of the code (and provide them with materials such as a magnet
with the watering schedule and a hose nozzle) then escalates to a warning followed by a fine.

8

All City of Flagstaff codes are published online: https://www.codepublishing.com/AZ/Flagstaff/

9

https://www.projectwet.org/
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Water Efficient Landscape Conversions
o



Rainwater Container Program
o



Staff audit residential homes to assess fixture efficiency. High efficiency showerheads and
aerators are provided to any resident who wants them.

High Efficiency Fixtures
o



Staff audit commercial businesses to assess fixture efficiency
across an entire property. Then, these businesses are eligible to
apply for rebates or to enroll in the Water Wise Business
program.

Residential Consultations
o



Staff receive barrels from Joy Cone (local ice cream cone
manufacturer) and retrofit them into 55 gallon rain barrels. The
barrels are then provided to residents who have attended a rain
barrel workshop. Occasionally, 270 gallon containers are
available from the water treatment plant for this purpose as
well. Finally, if a resident installs an active rainwater capture
feature with a capacity of more than 1,000 gallons, that resident
is eligible for a $100 rebate.

Commercial Programming
o



Residents receive $0.25 per square foot of lawn that is replaced with low water plants.
Applicants must provide a site plan of new plants, plants must cover approximately 50% of
replaced space, and no more than 20% of the retrofitted area can be covered with rock.

High efficiency showerheads, aerators, and pre-rinse spray valves are provided to the public at
no charge.

High Efficiency Toilet Rebates
o

Residents can receive $50 for converting their pre-2009 toilet to a 1.3 gallons per flush (gpf)
toilet. They can receive an additional $50 if the new toilet has a flush volume lower than 1.3 gpf.
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3 BASELINE WATER DEMANDS
The Plan water and cost saving calculations are based on projected potable water demands for the City of
Flagstaff. This forecast is based on the Arizona Office of Economic Opportunity’s 2017 population estimate of
72,961, the City’s growth rate of 2.2% over the decade (2000-2010), and a per capita water use estimate of 104
gallons per capita per day (GPCD). The 104 GPCD rate is the City’s calculated 5-year average per capita water use
across all uses. The baseline demand also includes the estimated 5-year average NRW of 11%. The assumptions
that have the most substantial effect on future demands are estimated real water losses and residential and
commercial use projections, including water fixture use. This includes estimates of average water use and
longevity for fixtures and appliances. Additionally, local, state, and national plumbing codes and appliance
standards for toilets, urinals, showers, and clothes washers are modeled by customer category. This yields two
potable demand forecasts: one with plumbing code savings and one without plumbing code savings. The
demand projection with plumbing code savings assumes that Water Services takes no further water conserving
actions, but does benefit from local, state, and federal codes that limit water consumption across fixtures and
devices. Since the plumbing code requires purchase of more efficient water fixtures, it is estimated that the
City’s customers will save 0.40% of their total demand each year as they replace older fixtures with new, more
efficient ones.
Figure 3-1. Potable Water System Demand Projection to 2040
16,000
Historical Average Demand
14,000

Demand without Plumbing Code Savings
Demand with Plumbing Code Savings

AFY

12,000

10,000

8,000

6,000

A more detailed summary of key assumptions used in the City’s Potable DSS Model can be found in Appendix A
– DSS Model Overview and Assumptions.
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4 WATER CONSERVATION IN RESOURCE PLANNING
Water Conservation is regarded as equal to other water supply options in the City of Flagstaff’s water resource
planning efforts. As an example, beginning in the mid 1990s, the City started transitioning 2,000 AF of potable
water a year (1/5 of total annual demand) to reclaimed water. When the City conducts supply and demand
forecasting analyses, the estimated water made available through conservation is a part of the supply portfolio.
This is evident in the Water Resources Chapter of the City’s 2011 Utilities Integrated Master Plan (City of
Flagstaff, 2011) and will be included again as a supply in the 2020-2021 update.

4.1 Water Conservation as a Source of Supply
One way the City evaluates conservation as a supply is by comparing water supply needs against different per
capita water use scenarios. Figure 4-1 illustrates the City’s current water supply strategy. For example, ADWR
issued the City a Designation of Adequate Water Supply in 2013. The Designation identified 9,913 AFY (acre-feet
per year) of local groundwater (Lake Mary, Woody Mountain and local well fields), 3,585 AFY from Upper Lake
Mary, 16,500 AFY from Red Gap Ranch, and 2,212 AFY of reclaimed water as available supplies to meet 100 years
of projected water demand. While ADWR does not include scenario planning in the Designation, water demand
is based upon a historical population growth projection of 1.44% annually. The City incorporates a gallon-percapita reduction due to conservation against this growth projection to plan for water supplies accordingly. The
updated Water Resources Master Plan will be the first to base future supply needs on a robust analysis of water
conservation in the community.
Figure 4-1. Future Water Supply and Demand Forecast, 2020–2050
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4.2 Recommendation for Further Study of Flagstaff Water Rates
Water Rate Studies are often performed every two to five years. The City last completed a Water, Sewer and
Stormwater Rate Study in 2015. Periodic rate studies ensure that revenue can keep pace with utility costs. If
rates are not increased for years at a time, utilities often have to implement large increases to “catch-up” to
actual expenses. These large increases are politically challenging, making it best practice to implement small
yearly increases rather than no adjustments for several years followed by a large increase.
Looking ahead to the City’s next rate study (scheduled to occur in FY21), following the completion of this Water
Conservation Strategic Plan, the City should explore rate pricing objectives that include conservation,
affordability, equity, simplicity, and revenue stability. Both the future estimates for conserved water and
stakeholder feedback on pricing objectives should be used to inform rate structure design. Two requests were
made by stakeholders during the strategic planning process for consideration in the City’s next rate study:
1. Higher rates on water used outdoors (e.g., landscape meters, sewer usage estimates)
2. Tiered rates for customer classes outside single family residential
It is important to note that other utilities have found the implementation of tiered rates for non-residential
classes challenging due to the non-homogenous needs of non-residential customers. The City should explore
these topics with stakeholders to ensure that a future rate design fits the community’s desires. Given that the
City’s leadership and stakeholders have committed to conservation as a critically important future water supply,
the next rate study should evaluate pricing models that encourage conservation while keeping in mind social
equity.
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5 CONSERVATION MEASURE EVALUATION
An important step in updating the City’s water conservation program included identification of new measures
(or water conserving actions) that could be appropriate for the City of Flagstaff to consider.

5.1 Initial Screening of Conservation Measures
A thorough screening process was necessary to achieve a short enough list of measures for evaluation in the DSS
Model. The initial review of the list of 130 measures was conducted by Water Resources and Conservation
Section staff using the following qualitative criteria:
 Water Savings Potential – emphasis on measure’s ability to reduce water use and current level of
saturation
o Higher savings = 5 (e.g., high end use water savings, low saturation), lower savings = 0 (e.g.,
low end use savings, or very saturated)
 Quantifiable – can verify and quantify water savings for dollars spent
o Emphasis on measures where water savings can be accurately predicted
 Cost/Benefit – can verify and quantify avoided cost of water savings for dollars spent on the
conservation program
o Highly quantifiable/cost-effective = 5 (e.g., substantial evidence exists to demonstrate reliable,
accurate conservation savings), measure savings not quantifiable/high cost-to-savings ratio = 0
 Longevity of Measure – emphasis on savings lifetime/reliability
o Permanent = 5 (e.g., codes and technological changes ensure future reliable savings); short,
temporary savings/behavioral change = 0
 Community Preference – emphasis on willingness to participate, out of pocket expenses,
equity/perceived fairness, aesthetics
o High expected participation = 5, low expected acceptance/reject mandatory participation = 0
 Feasibility – emphasis on ability to achieve objectives/staff time/financial ability
o Fully within City capacity/legally possible = 5, fatally flawed = 0 (e.g., insurmountable obstacle
to implementation, not in City’s control)
 Additional Benefits – emphasis on achieving additional goals including reduction in energy/greenhouse
gas emissions and/or reduction in peak season use, providing valuable customer service, or other nonquantifiable benefits (e.g., behavioral change, public awareness)
o Contributes to City’s goals/programs (e.g., Climate Action Plan, Low Impact Development,
Water Quality) and/or multiple benefits = 2, singular or very limited benefits = 0
This process allowed staff to narrow down the list to 38 potential measures (including those in the Current
Conservation Program) for further input. The second round of measure screening, which was provided by the
Advisory Committee, Stakeholder Group and general public input, is detailed in the following section.

5.2 Advisory Committee, Stakeholder Group, and General Public Screening of
Conservation Measures
After the City of Flagstaff Water Resources Section staff reduced the measures down to a list of 38, the Advisory
Committee, the Stakeholder Group, and members of the general public provided input on which measures were
the highest priority to the City of Flagstaff’s community. This input was gathered through public surveys and
community meetings. Community members were asked to review the list of measures and to indicate their
preferences. The end result of these efforts was the reduction of the measure list from 38 to 22. Much of this
work was facilitated by the team at Southwest Decision Resources, a local consulting group with expertise in
facilitating public input for strategic planning processes. Full details on the public outreach efforts, such as visual
aids and survey language, are located in Appendix D – Public Outreach Details.

City of Flagstaff Water Conservation Strategic Plan

23

5.3 Conservation Measures Analyzed
The following is a list of the 22 conservation measures analyzed in the DSS Model, along with brief descriptions
of each:
Current Measures
 Public outreach and school education
o General public outreach, including
tabling, social media, public
presentations
 Prohibit water waste and practices
o Enforcement of the Water
Conservation Ordinance
 Tiered water rates
o Water gets more expensive as
usage increases for single-family
residential meters
 Water efficient landscape rebate
o Customers receive a rebate for
converting from lawn to low water
landscaping
 System water loss control
o Check system for leaks, verify
meter accuracy, theft prevention
 Rainwater container program
o Barrels and totes provided for free,
rebate provided for large
installations
 Commercial rebates and consultations
o Commercial properties surveyed
for efficiency, rebates available for
efficiency upgrades
 Residential indoor water consultations
o Residential properties surveyed for
efficiency
 High efficiency fixture giveaways
o High efficiency showerheads,
aerators, and pre-rinse spray
valves provided for free
 Hot water recirculation code
o Hot water recirculation required in
new construction as of 2020
 High efficiency toilet rebate (current)
o Toilet conversion rebates, higher
rebates for older toilets
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Potential Future Measures
 Innovation research and pilot studies
o Pilot project to explore innovative
technologies or practices for
conservation
 SmartMeters
o Implementation of SmartMeters
across the system and utilization of
the data collected for efficiency
 Outdoor water budgeting
o Outdoor water budgeting software
for high volume irrigators
 Landscape and rainwater retention code
o Improvement of landscape code
and plant list for conservation
outcomes
 WaterSense showerhead and faucet code
o Amend plumbing code to require
WaterSense certification in new
developments
 School retrofits
o Partner with K-12 and higher
education institutions to improve
water use efficiency
 Government building retrofits
o Retrofits of City owned properties
to improve water efficiency
 Hot water recirculation retrofits
o Provide rebates for existing
buildings to add hot water
recirculation systems
 Low income leak assistance
o Provide financial assistance for low
income customers to address leaks
 Submetering
o Submeter apartments and/or
individual businesses in strip malls
 High efficiency toilet rebate (new)
o Only rebate toilets than exceed the
plumbing code standards

24

5.4 Comparison of Individual Conservation Measures
Presented here are the potential water saved and financial investment required for each conservation measure.
Cost and benefit categories in this section are defined as follows:
 Utility Costs – those costs that the City as a water utility will incur to operate the measure, including
administrative costs.
 Utility Benefits – the avoided cost of producing water at a uniquely identified rate for potable and
reclaimed water. Information about these values can be found in the Avoided Cost discussion
presented in Appendix A, Section A.5.5 Assumptions about Avoided Costs.
Table 5-1 presents a comparison of the different measures and their cost of water saved. The column headings
in the table are defined as follows:
 Present Value (PV) of Utility Costs and Benefits ($) – the present value of the 22-year time stream of annual
costs or benefits, discounted to the base year. The measures start in the years as specified for each
measure shown in Appendix E. Utility costs include administrative costs and staff labor.
 Utility Benefit to Cost Ratio – this is the PV of Utility Costs divided by PV of Utility Benefits over 22 years.
 Cumulative Water Savings 2018-2040 (AF) – water saved in acre-feet over the analysis period.
 Water Savings in 2040 (AFY) – water saved in acre-feet per year. The year 2040 is the selected endpoint of
this planning effort.
 Cost of Savings per Volume of Water Saved ($/AF) – this is the PV of Utility Costs over 22 years divided by
the 22-year water savings. The analysis period is 2018-2040. This value is compared to the utility’s avoided
cost of water as one indicator of the cost effectiveness of conservation efforts. It should be noted that this
value somewhat minimizes the cost of savings because program costs are discounted to present value, but
water benefits are not.
MWM conducted an economic evaluation of each water conservation measure using the DSS Model. Financial
savings from reduced water demand was quantified annually and based on avoided costs provided by the City
for both potable and reclaimed water sources. While each measure was analyzed independently, it is important
to note that very few measures operate independently in the real world.10 For example, Advanced Metering
Infrastructure-based (AMI-based) irrigation and notification may lead to an outdoor survey or low water
landscape retrofit. Higher efficiency indoor fixtures go hand-in-hand with indoor surveys and public education.
It should also be noted that the water savings from Public Education are not double counted with other
conservation measures. As a result, the costs appear significantly higher for Public Education than for other
measures due to the minimal water savings estimated for the cost investment. However, other measures
certainly would be less effective or possibly infeasible without an active Public Education program. Without
Public Education, customers would be unaware of other conservation measures and participation would likely
plummet.

10

Calculations are performed as if the measures were to be implemented on a stand-alone basis (i.e., without interaction
or overlap from other measures that might address the same end use or uses). Savings from measures which address the
same end use(s) are not additive; the model uses impact factors to avoid double counting when estimating the water savings
from programs of measures. This is why a measure like Public Education may show a distorted cost in comparison to water
saved. Most, if not all, measures rely on public awareness. However, it is important to note that water savings are more
directly attributable to an “active” measure, like a toilet rebate, than a less “active” measure like public
education/awareness that simply informs the community of active measures. Since interaction between measures has not
been accounted for in this section, it is not appropriate to present totals at this point. However, the values presented do
offer a close approximation of the cost effectiveness of each measure.
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Additional information about the water reduction methodology, perspectives on benefits and costs, and
assumptions about avoided costs, present value parameters, and measure costs and savings can be found in
Appendix A – DSS Model Overview and Assumptions.
Table 5-1. Potable Water Conservation Measures – Estimated Water Savings and Financial Costs
Present
Value of
Water Utility
Benefits1

Present
Value of
Water Utility
Costs1

Water
Utility
Benefit to
Cost Ratio

Cumulative
Water Savings
2018-2040
(AF)2

Water
Savings
in 2040
(AFY)2

Cost of
Savings per
Unit Volume
($/AF)3

Public Outreach
and School
Education

$695,000

$1,997,000

0.3

1,140

60

$1,750

Innovation
Research and
Pilot Studies

$92,000

$65,000

1.4

170

10

$390

Prohibit Water
Waste and
Practices

$106,000

$129,000

0.8

210

10

$630

System Water
Loss Control

$2,996,000

$1,219,000

2.5

6,210

400

$200

SmartMeters

$1,793,000

$1,151,000

1.6

3,200

200

$360

Water Rates
(Pricing)

$410,000

$367,000

1.1

7,130

630

$50

Outdoor Water
Budgeting

$352,000

$303,000

1.2

780

70

$390

Water Efficient
Landscape
Rebate

$17,000

$224,000

0.1

40

3

$6,060

Rainwater
Container
Rebate

$129,000

$296,000

0.4

270

20

$1,080

Landscape and
Rainwater
Retention Code

$956,000

$147,000

6.5

2,130

210

$70

Commercial
Rebates and
Consultations

$800,000

$926,000

0.9

1,480

130

$630

School Retrofits

$318,000

$347,000

0.9

620

60

$560

Government
Building
Retrofits

$26,000

$141,000

0.2

50

4

$2,850

Measure
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Present
Value of
Water Utility
Benefits1

Present
Value of
Water Utility
Costs1

Water
Utility
Benefit to
Cost Ratio

Cumulative
Water Savings
2018-2040
(AF)2

Water
Savings
in 2040
(AFY)2

Cost of
Savings per
Unit Volume
($/AF)3

Residential
Indoor Water
Consultations

$61,000

$33,000

1.8

100

10

$330

High Efficiency
Fixture
Giveaway w/
Spray Nozzles

$524,000

$118,000

4.5

930

60

$130

High Efficiency
Toilet Rebate
(Current)

$28,000

$29,000

1.0

40

2

$690

High Efficiency
Toilet Rebate
(New)

$230,000

$118,000

2.0

420

40

$280

Hot Water
Recirculation
Code

$893,000

$7,000

126.9

1,620

150

$4

Hot Water
Recirculation
Retrofits

$17,000

$102,000

0.2

30

3

$3,240

Showerhead
and Faucet
WaterSense
Code

$1,334,000

$197,000

6.8

2,430

230

$80

Leak Assistance

$23,000

$135,000

0.2

40

3

$3,280

Submetering

$22,000

$169,000

0.1

40

3

$4,260

Measure

1

Value is in current dollars of the total avoided costs (benefits) over the model analysis period of 22 years. Values are
rounded to the nearest $1,000.
2
Values are rounded to the nearest 10 AF.
3
Values are rounded to the nearest $10/AF except the Hot Water Recirculation Code measure.
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Figure 5-1 presents in graphical format the benefit-cost ratio of each Potable Water DSS Model conservation
measure.
Figure 5-1. Comparison of Potable Water Conservation Measure Analysis Utility Benefit-Cost Ratios
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6 CONSERVATION PROGRAM EVALUATION
After the conservation measures were evaluated for water savings and financial costs, they were placed together
in various configurations, or programs. The programs were designed to illustrate the total costs and savings for
the current water conservation program and for a future or “optimized” conservation program that had an
improved benefit-cost ratio.

6.1 Selection of Conservation Measures for the Optimized Conservation Program
The following key items were taken into consideration during measure selection for the Optimized Conservation
Program:
 Existing conservation measures
 Conservation measures recommended by AWWA, AWE, the United States Bureau of Reclamation
(USBR), and others
 New and innovative measures
 Measure equitability among customer categories
 Customer demographics
 Alignment with the voluntary AWWA G480-13 Water Conservation Program Operation and
Management Standard (AWWA, 2013)
 Coordination with AWE G-480 leaderboard review process for national recognition11
Using the data gathered, MWM created a list of all potential program concepts that were appropriate for the
City’s service area to meet future regulatory and conservation compliance mandates. The list included existing
program elements and traditional conservation measures as well as concepts that had not been implemented
or considered by the City yet. Factors for determining which measure should be in each program included
budgeting, feasibility to implement the program, and the time at which each measure would need to be
introduced to promote conservation efforts. Programs also needed to address water conservation across all
relevant customer categories. The results of the program analysis were reviewed, at which point the City
adjusted the program contents to determine which measures would be in either of the two conservation
program scenarios. MWM then compiled descriptions and parameters of the programs.
These program scenarios were not intended to be rigid but rather dynamic and used to demonstrate the range
in savings that could be generated if selected measures were run at the same time. When programs were
analyzed, any overlap in water savings (and benefits) from individual measures was considered to provide a total
combined water savings (and benefits).
Both of the modeled conservation programs are described below:12
 Current Conservation Program – Current conservation program with no changes (except to comply
with 2018 International Building Code (IBC) code requiring hot water recirculation on all new
development); includes 11 measures.
 Optimized Conservation Program – In addition to continuing most existing measures, this program
includes measures that will be required by law, are more customer-centric, and are more innovative.
For example, this program supports innovation research and pilot studies as well as incentivizing ultra11

G480 Standard and AWE Leaderboard web page: https://www.allianceforwaterefficiency.org/resources/topic/g480standard-and-awe-leaderboard
12

An additional program scenario was analyzed that included all measures modeled in this effort for a total of 22 measures.
This program scenario is not included in this Plan.
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high efficiency toilets; includes 16 total measures. It is intended this is optimized program is reviewed
annually for new innovative measures and technologies, whereas the City’s program moves forward as
a dynamic scenario that will evolve over time.
The following table presents the City’s potable water system conservation measure program scenarios,
indicating which measures were selected and modeled within each program.
Table 6-1. Selected Conservation Program Measures
Measures
Public Outreach and School Education

Current
Conservation
Program

Optimized
Conservation
Program

X

X

Innovation Research and Pilot Studies

X

Prohibit Water Waste and Practices

X

X

System Water Loss Control

X

X

SmartMeters
Water Rates (Pricing)

X
X

Outdoor Water Budgeting

X

Water Efficient Landscape Rebate

X

Rainwater Container Rebate

X

Landscape and Rainwater Retention Code
Commercial Rebates and Consultations

X

X

X
X

School Retrofits

X
X

Residential Indoor Water Consultations

X

X

High Efficiency Fixture Giveaway w/Spray Nozzles

X

X

Current High Efficiency Toilet Rebate

X

New High Efficiency Toilet Rebate
Hot Water Recirculation Code

X
X

Showerhead and Faucet WaterSense Code

X
X

6.2 Results of Potable Water System Conservation Program Evaluation
Figure 6-1 presents historical and projected water demand in AFY given multiple demand and conservation
scenarios as well as the estimated annual savings in acre-feet per year. Plumbing code elements include current
local, state, and federal plumbing code standards for retrofits of items such as toilets, showerheads, faucets,
and pre-rinse spray valves. Additional details are presented in Appendix C in five-year increments for plumbing
codes only with no active conservation activity and for plumbing codes with the various conservation programs.
Also presented in Appendix C are City and customer benefit-cost ratios for each program as well as the present
value of water savings and utility costs.
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Figure 6-1. City Historical and Projected Potable Demand (AFY)

Figure 6-2 illustrates how marginal returns change as more money is invested to achieve water savings in AFY in
2040. A cost-effectiveness curve displays the results of the present value of each program’s costs versus the
cumulative water savings at the end of the planning period. This curve is helpful in determining how far to push
the “conservation envelope” as the point of diminishing economic returns is evident. As the figure shows, the
costs increase as the water savings increase from the Current Conservation Program to the Optimized
Conservation Program, which corresponds to increasing the budget, staffing, and participation in the
conservation programs.
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Figure 6-2. Present Value of Potable Water System Utility Costs versus Water Saved in 2040
3,500

2040 Water Saved (AFY)

3,000
Optimized Conservation
Program with Plumbing
Code

2,500
2,000

Current Conservation
Program with Plumbing
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1,500
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1,000
500
0
$0.0

$1.0

$2.0

$3.0

$4.0

$5.0

$6.0

$7.0

$8.0

Present Value of Costs ($1M)

The following table shows the potable water system demands for the City. Demand is shown in acre-feet in fiveyear increments over the 20-year modeling period (years 2020-2040). Both the table and the figure include
historical demand and demand with and without plumbing code in five-year increments.
Table 6-2. City of Flagstaff Potable Water System Demands for Years 2020-2040, Acre-feet2
2020

2025

2030

2035

2040

9,070

10,120

11,280

12,580

14,020

100

370

650

960

1,300

8,980

9,750

10,620

11,610

12,720

230

590

880

1,100

1,330

Demands with Plumbing Code and Current
Conservation Program Savings

8,750

9,160

9,750

10,510

11,390

Optimized Conservation Program Savings

270

840

1,330

1,670

2,020

8,710

8,910

9,290

9,940

10,700

Baseline Demands1
Plumbing Code Savings
Demands with Plumbing Code Savings
Conservation Current Conservation Program
Savings

Demands with Plumbing Code and Optimized
Conservation Program Savings

Notes:
1. Baseline potable demand forecast provided by City staff and based on (a) Office of Economic Opportunity Arizona
Data 2017 population (72,961) and the City’s higher growth rate of 2.2% over the decade 2000–2010 versus the
historical growth rate of 1.35%; and (b) this population projection applied to a per capita water use estimate of 104
gallons per capita per day. The 104 GPCD rate is based on the City’s calculated 5-year average per capita water use.
Furthermore, baseline demand includes an estimated 5-year average NRW of 11%.
2. Values are rounded to the nearest 10 AF.
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6.3 Selected Program
The City selected the Optimized Conservation Program as the most beneficial and comprehensive option. The
Optimized Conservation Program provides a full range of measures, builds goodwill with institutional partners,
and provides benefits for all City customer categories.
Figure 6-1, earlier in this section, illustrates year 2040 conservation program estimated water savings by
implementing the Optimized Conservation Program. This program includes measures that are customer-centric
and innovative. For example, this program supports innovation research and pilot studies as well as incentivizing
partnerships with K-12 schools and higher education institutions.

6.4 Estimated Budget and Staffing Needs
To achieve the programmatic changes in the Optimized Conservation Program, staff moved funds away from
some programs (e.g., rainwater harvesting) and asked the City Council for $45,000 in additional annual funding.
Of this additional funding, $30,000 was required for direct costs and $15,000 was required for personnel. The
total budget for staff time and expenses (e.g., materials, rebates, giveaways, etc.) was developed for each
measure by evaluating the level of activity by year. Individual measure costs (including utility, administrative,
and customer costs) can be found in the measure input sheets in Appendix E – Individual Conservation Measure
Design Inputs and Results.
As part of this planning effort, consideration has been given to program staffing levels. Addressing the initiatives
needed to reduce water demand is applicable across many departments for the City’s staff and will require a
coordinated effort. This includes staff time from different areas of the operation, such as the Distribution Section
of Water Services, who contribute significantly to water loss control. It should be noted that, dependent upon
position, Water Conservation staff may not spend 100% of their time implementing conservation measures.
Administrative tasks such as timesheets, professional development, and broader organizational committees also
utilize personnel time without contributing to total water savings.
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7 CONSERVATION POTENTIAL FOR RECLAIMED WATER
As technology and water supply issues advance, more water utilities are expanding their conceptual water
systems to embrace the One Water for America Policy Framework.13 This approach considers the value of water
holistically independent of its quality, whether it be potable water, stormwater, wastewater, or reclaimed water.
With this lens, the City of Flagstaff team and Maddaus Water Management built a separate model to consider
water conservation potential for reclaimed water uses. This tool will be an important component in making
decisions about reclaimed water in the coming years, especially as options to treat this water to a higher degree
are considered.

7.1 Reclaimed Water System
The City of Flagstaff expanded to a city-wide reclaimed water system in 1996. In 2019, reclaimed water
comprised approximately 18% of total water demand. At this time, uses are almost entirely outdoors, including
irrigation at municipal parks, athletic fields, golf courses, snowmaking, and municipal beautification efforts such
as medians and curbside landscaping. Smaller users include car washes, construction/dust abatement, and single
family residences. In the past, there had been significant indoor use from a paper manufacturer, but it has since
closed.
The addition of reclaimed water to the City’s water portfolio has provided an excellent reduction in potable
demand. Expansion of the system is one option for future consideration that will be explored in the Reclaimed
Water Master Plan, which will begin in 2020.
Figure 7-1 Reclaimed Water System Map

13

http://uswateralliance.org/one-water
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7.2 Total Water Balance – Reclaimed and Potable
The following figure presents how much of the City’s total water consumption on average was potable water
versus reclaimed water, over the period 2012-2017.
Figure 7-2 Potable and Reclaimed Water Production, 2012–2017

7.3 Reclaimed Measures for Future Consideration
Five of the water conservation measures considered for this Plan could be applied to reclaimed water in the
future:
 System water loss control
o Regular checks for leaks in the reclaimed system; verification of meter accuracy for both
production and consumption; theft mitigation efforts such as locking hydrants
 Outdoor water budgeting
o Outdoor water budgeting efforts for large irrigated sites such as athletic fields and public parks
 Water efficient landscape rebate
o Conversion of lawn to low water landscaping for locations currently utilizing reclaimed water
 Prohibit water waste and practices
o Extension of the every-other-day watering schedule to reclaimed sites and enforcement of the
rules therein
 Innovation research and pilot studies
o Experimental projects to improve reclaimed efficiency, such as GPS units at golf courses to
evaluate which sections of the course are not visited and naturalizing those areas
These measures will be explored as the City‘s water conservation strategy evolves and as the Water Resources
Master Plan and Reclaimed Water Master Plan progress.
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8 IMPLEMENTATION AND CONCLUSION
This section provides suggestions for the implementation of this Plan, including an estimated implementation
schedule, tracking and monitoring ideas, and potential partnerships with stakeholders.

8.1 Proposed Measure Implementation Schedule of Selected Program
The following figure presents the proposed implementation schedule for all 16 ongoing, planned, potential and
analyzed conservation measures in the Optimized Conservation Program.14

2019

2020

2021

2022

2023

2024

2025

2026

2027

2028

2029

2030

2031

2032

2033

2034

2035

2036

2037

2038

2039

2040

Measure
Public Outreach and School Education
Innovation Research and Pilot Studies
Prohibit Water Waste and Practices
System Water Loss Control
SmartMeters
Water Rates (Pricing)
Outdoor Water Budgeting
Water Efficient Landscape Rebate
Landscape and Rainwater Retention Code
Commercial Rebates and Checkups
School Retrofits
Residential Indoor Water Checkup
High Efficiency Fixture Giveaway w/ Spray Nozzles
High Efficiency Toilet Rebate (New)
Hot Water Recirculation Code
Showerhead and Faucet WaterSense Code

2018

Figure 8-1. Optimized Conservation Program Measure Implementation Schedule
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8.2 Implementation Tracking and Monitoring Progress
It is recommended that the City continue to monitor progress and track the level of participation and
effectiveness for all measures in the conservation program. An expanded tracking database in an Excel
spreadsheet could store monthly data collected by the City from each conservation measure. The tracking
database could be designed to easily filter data for reporting purposes and be updated monthly to reflect
program participation.
The tracking database could incorporate the following data which is already tracked for indoor and outdoor
surveys and rebates:
 Customer information – name, address, account number, type of business (e.g., CII customers)
 Water Use Efficiency measure or device – type (including make and model), quantity, unit water
savings, life expectancy
 Cost information – rebate amount
 Other documentation or data as appropriate (e.g., survey reports)
Each year a progress update should be used to analyze the momentum being made meeting the Plan’s targets.
It is imperative to track activities, as well as water demand, to understand the level of progress being made in
meeting overall goals.

14

This may need to be reviewed and adjusted over time as economic conditions change and as state and federal plumbing
codes evolve.
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Plan participation by the general public may be evaluated by tracking the following:

















Number of hits on the public information campaign website
Number of visits and level of interaction with customer portal
Number of water bills with campaign messaging
Number of customers reached by water bills with campaign messaging
Quantity and cost of electronic messaging
Quantity and cost of radio and television advertising
Number of impressions generated by radio and television advertising
Tracking the path taken to get to the City website
Formulate specific URLs by campaign to determine reach, number of users using that URL
Number of teachers implementing lesson plans about water and water conservation
Number and age range of students reached through teacher lesson plans
Number of contests held to promote water efficiency and number of participants
Number, cost, and attendance of workshops
Number and installation costs of demonstration gardens as well as cost of maintenance
Number of citizen visits or tours of demonstration garden
Customer surveys indicating satisfaction and/or dissatisfaction with the program

Program participation by individual accounts may be evaluated by tracking the following:
 Number of occupants in the home or business
 Number and types of rebates or other incentives issued, including water saving details for rebates
such as efficiency level of sprinkler nozzles installed through incentive program
 Water use before and after documented fixture replacement or other implementation, including
behavioral changes from surveys or efficiency of other equipment on-site
To track the success of the City’s conservation program, overall water use will be reviewed by customer category
sector (single family, multifamily, commercial, etc.) to assess the 13-month moving average extending the
information presented in Appendix B. In addition, the City staff will maintain a database of water use records for
conservation measure participation with the intention to measure water savings. Water use will be recorded
before and after a conservation measure’s initiation for participating accounts. In some instances, to the extent
feasible, evaluation may be done on an individual site basis. In addition, data may be normalized to account for
unusual events that will affect water use, such as the following:








Abnormal weather
Recessions and recovery
Water price increases
Changes in plumbing and appliance code regulations
Different visitation trends for rental properties
Changes in home ownership
Changes in occupancy or uses of the facility

To address the above factors, 5 to 10 years of monthly pre-program initiation water use data and 2 to 3 years of
post-program initiation water use data should be gathered and statistically evaluated by qualified professionals.
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8.3 Potential Stakeholder Group Participation
The City has expressed interest in optimizing existing partnerships and creating new partnerships with other
public agencies, neighboring water utilities, and regional stakeholder groups that could provide cost-sharing or
in-kind program support for the Plan, such as maximizing outreach, customer awareness, and participation. The
City also will continue to actively pursue applications for state and federal grants as well as partnering
opportunities. The following list contains suggested actions for the City related to stakeholder engagement:
 Look for new or expanded partnerships with local irrigation equipment contractors.
 Strengthen relationships with landscape professional associations and non-profits (e.g., Master
Gardeners, etc.) to gain more word-of-mouth exposure to the community that is installing or relandscaping properties. This will help capture the maximum water savings from the point of initial
installation.
 Market conservation opportunities through accredited program membership lists as a low-cost means
to spread the word to other professionals in the water industry (e.g., Green Plumbers, WaterSense
Partners, Irrigation Association Certified Professionals, etc.).
 Form additional partnerships and continue to apply for grants where appropriate.

8.4 Implementation Recommendations
Recommendations to assist with implementation include the following:
 Prioritize measures for implementation, with the highest priority for implementation given to those
measures that contribute the most to meeting water savings targets and/or can be implemented with
relative ease. To launch implementation of the OCP, the City may consider asking key questions to
determine measures, budget, and schedule for the Plan, such as:
o What level of support will be required from conservation staff to run the selected measures?
o What other support is needed (e.g., outsourced support or other sources of funding) to run
these measures?
o Which measures contribute the most to meeting per capita use targets and are relatively easy
to operate with limited staff?
o Which measures should be launched initially as pilots?
 Develop analytical tools to track water use by customer class and overall per capita water use,
adjusted for weather and external factors.
 Set up a database to store and manage measure participation, cost, and other data to gauge successes
and determine areas that need improvement or added attention.
 Plan staffing appropriately so that customer participation is successful. Both the Plan and state
mandates are largely driven by voluntary customer changes in equipment and behaviors that need to
be permanent (despite drought conditions).
 Seek testimonials of success to help with outreach materials and presentations to garner more
customer participation.
 Track upcoming state regulations regarding residential, CII, landscape, and water loss management.
 Consider soliciting and tracking community input and feedback through an online or phone survey or
at outreach and education events.
 Consider working with the 100 largest water using customers to seek to maximize water use
efficiency.
 Outsource, as needed, to gain enough staff support to administer the expanded program.
 Seek additional new funding sources, such as U.S. Bureau of Reclamation funds to support Plan
budget needs. The existing budgets may be used as a cost-share to leverage into funding more
activities, especially the less cost-effective measures.
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Tasks that should be performed on an annual basis include:
 Develop an annual work plan for each plan year as soon as the budget is adopted (or in concert with
the budget planning process). Perform a data assessment of the previous year’s progress to determine
priorities for the next year.
 Review Plan inputs and goals in the DSS Model annually and update measure participation, projected
water savings, and anticipated per capita water use reductions to ensure the City is on track to meet
conservation goals.
 Track and assess water use across all customer categories.

8.5 Recommended Next Steps
Water Conservation Program staff will write an initial implementation plan to cover the first five years of the
Plan, with details on important steps for the successful development of each new conservation measure. Staff
will also propose initial metrics for evaluating the effectiveness of each measure, utilizing the suggestions
provided by MWM. Stakeholders from the strategic planning effort will be kept updated on the Plan’s progress
and will provide guidance as new measures are developed and executed.

8.6 Conclusion
The implementation of expanded water conservation efforts is a feasible and cost-effective means of
improving Flagstaff’s sustainability as a community through long-term water resource reliability. Conservation
is the least expensive means of meeting future water supply needs for the Flagstaff area. The implementation
of these conservation measures should reduce per capita water use and have the potential to defer the need
for further costly infrastructure expansion. While the conservation actions identified have a significant cost,
the cost of neglecting conservation and having to address increased demands through engineered solutions
are even higher. Furthermore, with climate change, long-term drought, and environmental restrictions on the
delivery of imported water, additional water supplies may not be available to meet future increases in
demands without conservation.
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APPENDIX A – DSS MODEL OVERVIEW AND ASSUMPTIONS
This appendix presents an overview of the DSS Model and the key assumptions made in this analysis.

A.1 DSS Model Overview
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DSS Model Overview: The Demand Side Management Least Cost
Planning Decision Support System Model (DSS Model) as shown in
Figure A-1 is used to prepare long-range, detailed demand projections.
The purpose of the extra detail is to enable a more accurate
assessment of the impact of water efficiency programs on demand
and to provide a rigorous and defensible modeling approach
necessary for projects subject to regulatory or environmental review.
Originally developed in 1999 and continuously updated, the DSS
Model is an “end-use” model that breaks down total water production
(water demand in the service area) to specific water end uses, such as
plumbing fixtures and appliance uses. The model uses a bottom-up
approach that allows for multiple criteria to be considered when
estimating future demands, such as the effects of natural fixture
replacement, plumbing codes, and conservation efforts. The DSS
Model may also use a top-down approach with a utility-prepared
water demand forecast.
Demand Forecast Development and Model Calibration: To forecast
urban water demands using the DSS Model, customer demand data is
obtained from the water agency being modeled. Demand data is
reconciled with available demographic data to characterize water
usage for each customer category in terms of number of users per
account and per capita water use. Data is further analyzed to
approximate the split of indoor and outdoor water usage in each
customer category. The indoor/outdoor water usage is further divided
into typical end uses for each customer category. Published data on
average per capita indoor water use and average per capita end use is
combined with the number of water users to calibrate the volume of
water allocated to specific end uses in each customer category. In
other words, the DSS Model checks that social norms from end studies
on water use behavior (e.g., flushes per person per day) are not
exceeded or drop below reasonable use limits.

Passive Water Savings Calculations: The DSS Model is used to forecast
service area water fixture use. Specific end-use type, average water
use, and lifetime are compiled for each fixture. Additionally, state and national plumbing codes and appliance
standards are modeled by customer category. These fixtures and plumbing codes can be added to, edited, or
Figure A-1 DSS Model Main Page
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deleted by the user. This process yields two demand forecasts, one with plumbing codes and one without
plumbing codes.
Active Conservation Measure Analysis Using Benefit-Cost Analysis: As shown in the following figure, the DSS
Model evaluates active conservation measures using benefit-cost analysis with the present value of the cost of
water saved ($/million gallons or $/acre-feet). Benefits are based on savings in water and wastewater facility
operations and maintenance (O&M) and any deferred capital expenditures.
Figure A-2. Sample Benefit-Cost Analysis Summary
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Measure
Benefits
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Costs
Costs
Cost Ratio
Cost Ratio
2025
2030 (afy)
($/af)
AMI Full AMI Implementation
$3,976,434
$16,635,194
$1,566,069
$5,893,340
2.54
2.82
$320,000
133.764878
$324
RESHECW
Residential Rebates for HECW
$139,312
$365,447
$95,879
$200,665
1.45
1.82
$50,325
5.124572
$824
WC Water Checkup
$7,648,165
$30,288,419
$6,005,949
$7,665,564
1.27
3.95
$1,382,995
239.652915
$877
IRREVAL
Irrigation Evaluations
$1,589,488
$1,589,488
$1,918,184
$4,332,779
0.83
0.37
$443,824
98.051821
$646
CIIRebCII Water Survey Level 2 and Customized Rebate
$910,720
$3,313,109
$915,904
$2,581,185
0.99
1.28
$193,725
18.753753
$1,055
NOZZLFree Sprinkler Nozzle Program
$277,886
$277,886
$329,386
$455,933
0.84
0.61
$103,145
23.005687
$680
MULCH
Mulch Program
$80,739
$80,739
$287,676
$287,676
0.28
0.28
$66,932
4.554625
$2,000
LDS Water Conserving Landscape and Irrigation Codes
$1,055,819
$1,055,819
$350,316
$7,979,608
3.01
0.13
$78,568
46.098525
$161
PRV Pressure Reduction Valve Rebate
$102,170
$193,972
$49,161
$132,223
2.08
1.47
$37,818
8.503521
$425
LEAK Leak Detection Device Rebate
$174,130
$847,416
$306,843
$1,288,743
0.57
0.66
$80,053
6.065394
$1,895
UHET Ultra-High Efficiency Toilet Rebate
$538,624
$538,624
$405,529
$761,556
1.33
0.71
$362,736
16.287780
$921

Model Use and Validation: As shown in the following figure, the DSS Model has been used for over 20 years for
practical applications of conservation planning in over 300 service areas representing 60 million people,
including extensive efforts nationally and internationally in Australia, New Zealand, and Canada.
Figure A-3. DSS Model Analysis Locations in the U.S.
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The California Urban Water Conservation Council, (now known as theCalifornia Water Efficiency Partnership)
has peer reviewed and endorsed the model since 2006. It is offered to all CalWEP members for use to estimate
water demand, plumbing code, and conservation program savings.
The DSS Model can use one of the following: 1) a statistical approach to forecast demands (e.g., an Econometric
Model); 2) a forecasted increase in population and employment; 3) predicted future demands; or 4) a demand
projection entered into the model from an outside source. The following figure presents the flow of information
in the DSS Model Analysis.
Figure A-4. DSS Model Analysis Flow Diagram

A.2 Passive Savings Modeling Approach using the Plumbing Code
Plumbing code measures are independent of any conservation program; they are based on customers following
applicable current local, state and federal laws, building codes, and ordinances. Plumbing code related water
savings are considered “passive”, reliable, long-term savings and can be counted on over time to help reduce
overall system water demand. In contrast, water savings are considered “active” if a specific action unrelated to
the implementation of codes and standards is taken by the water agency to accomplish conservation measure
savings. The DSS Model incorporates the following items as a “code” meaning that the savings are assumed to
occur and are therefore “passive” savings:
 The Federal Energy Policy Act of 1992 (amended in 2005)
 Flagstaff Plumbing Code Amendment – Toilets (July 2011)15
15

All City of Flagstaff codes are published online: https://www.codepublishing.com/AZ/Flagstaff/
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The following figure conceptually describes how The DSS Model incorporates data inputs into the flow of the
DSS Model analysis. The demand projections, including plumbing code savings, assumes no active involvement
by the water utility, and that the costs of purchasing and installing replacement equipment (and new equipment
in new construction) are borne solely by the customers, occurring at no direct utility expense. The inverse of the
fixture life is the natural replacement rate, expressed as a percent (i.e., 10 years is a rate of 10% per year).
Figure A-5. DSS Model Overview Used to Make Potable Water Demand Projections

A.2 National, State and Local Plumbing Codes
This section describes national plumbing codes and Arizona State Laws and City of Flagstaff Code of Regulations
applicable to the City.

A.2.1 National Plumbing Code
The Federal Energy Policy Act of 1992, as amended in 2005, mandates that only fixtures meeting the following
standards can be installed in new buildings:







Toilet – 1.6 gal/flush maximum
Urinals – 1.0 gal/flush maximum
Showerhead – 2.5 gal/min at 80 pounds per square inch (psi)
Residential faucets – 2.2 gal/min at 60 psi
Public restroom faucets – 0.5 gal/min at 60 psi
Dishwashing pre-rinse spray valves – 1.6 gal/min at 60 psi
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Replacement of fixtures in existing buildings is also governed by the Federal Energy Policy Act, which mandates
that only devices with the specified level of efficiency (as shown above) can be sold as of 2006. The net result of
the plumbing code is that new buildings will have more efficient fixtures and old inefficient fixtures will slowly
be replaced with new, more efficient models. The national plumbing code is an important piece of legislation
and must be carefully taken into consideration when analyzing the overall water efficiency of a service area.
In addition to the plumbing code, the U.S. Department of Energy regulates appliances, such as residential clothes
washers, further reducing indoor water demands. Regulations to make these appliances more energy efficient
have driven manufactures to dramatically reduce the amount of water these machines use. Generally, front
loading washing machines use 30 to 50% less water than conventional models (which are still available).
In this analysis, the DSS Model forecasts a gradual transition to high efficiency clothes washers (using 12 gallons
or less) so that by the year 2025 that will be the only type of machine available for purchase. In addition to the
industry becoming more efficient, rebate programs for washers have been successful in encouraging customers
to buy more water efficient models. Given that machines last about 10 years, eventually all machines on the
market will be the more water efficient models. Energy Star washing machines have a water factor of 6.0 or less
– the equivalent of using 3.1 cubic feet (or 23.2 gallons) of water per load. The maximum water factor for
residential clothes washers under current federal standards is 9.5. The water
factor equals the number of gallons used per cycle per cubic foot of capacity.
Prior to year 2000, the water factor for a typical new residential clothes washer
was about 12. In March 2015, the federal standard reduced the maximum water
factor for top- and front-loading machines to 8.4 and 4.7, respectively. In 2018,
the maximum water factor for top-loading machines was further reduced to 6.5.
For commercial washers, the maximum water factors were reduced in 2010 to
8.5 and 5.5 for top- and front-loading machines, respectively. Beginning in 2015,
the maximum water factor for Energy Star certified washers was 3.7 for frontloading and 4.3 for top-loading machines. In 2011, the U.S. Environmental
Protection Agency estimated that Energy Star washers comprised more than
60% of the residential market and 30% of the commercial market (Energy Star,
2011). A new Energy Star compliant washer uses about two-thirds less water per
cycle than washers manufactured in the 1990s.

A.2.2 Arizona State Law
Plumbing codes for toilets, urinals, showerheads, and faucets for the state of Arizona align with federal
standards.

A.2.3 City of Flagstaff
Fixture characteristics in the DSS Model are tracked in new accounts, which are subject to the requirements of
applicable City building codes. City efficiency standards supersede federal standards for toilets. Per City of
Flagstaff 2013 Amendments to the Flagstaff City Code, Title 4, Building Code, Section 403.11,16 as of July 2011,
all newly installed toilets must be "high efficiency toilets (HET) units which have a maximum of 1.3 gallons for
solids." This bill requires high efficiency toilets (1.28 gpf) to be exclusively sold in the City.

A.3

Key Baseline Potable Demand Inputs, Passive Savings Assumptions and Resources

Table A-1 presents the key assumptions and references that are used in the DSS Model in determining projected
demands with plumbing code savings. The assumptions having the most dramatic effect on future demands are
the natural replacement rate of fixtures, how residential or commercial future use is projected, and the percent
of estimated real water losses.
16

All City of Flagstaff codes are published online: https://www.codepublishing.com/AZ/Flagstaff/
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Table A-1. List of Key Assumptions and Resources for Potable DSS Model Analysis
Parameter

Model Input Value, Assumptions, and Key References

Model Start Year

2018

Water Demand Factor Years
(Base Years)

2012-2017 when available
(excluding 2016 for MF and REST customer categories due to several
months of software transition issues)
11%

Non-Revenue Water in Start Year

Based on average 2014-2016 NRW.
Office of Economic Opportunity Arizona Data 2017 population used as
starting data (72,961). Used higher growth rate of 2.2% over last decade
(2000-2010).

Population Source

FRED Graph Observations (Federal Reserve Economic Data)
https://fred.stlouisfed.org
August 2018

Employment Source
Base Year Water Use Profile

Start Year Accounts

Total Water Use
Distribution

Demand Factors
(gpd/acct)

Multifamily

2,940

19.5%

458

Single Family

15,344

36.4%

163

Commercial

1,380

16.0%

797

Hotels and Motels

91

8.5%

6,429

Restaurants

131

2.7%

1,444

Manufacturing

39

4.2%

7,390

Higher Education

1

7.9%

546,852

322

3.6%

770

Other

1

1.2%

84,410

Total

20,249

100%

N/A

Customer Categories

Landscape

Parameter

Resource
Key Reference: CA DWR Report California Single Family Water Use Efficiency Study
(DeOreo, 2011 – Page 28, Figure 3: Comparison of household end-uses) and AWWA
Research Foundation (AWWARF) Report Residential End Uses of Water, Version 2 –
4309 (DeOreo, 2016).

Residential End Uses

Table 2-A. Water Consumption by Water-Using Plumbing Products and Appliances –
1980-2012. PERC Phase 1 Report. Plumbing Efficiency Research Coalition. 2012.
Model Input Values are found in the “End Uses” section of the DSS Model on the
“Breakdown” worksheet.
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Key Reference: AWWARF Report Commercial and Institutional End Uses of Water
(Dziegielewski, 2000 – Appendix D: Details of Commercial and Industrial Assumptions,
by End Use).
Non-Residential End
Uses, percent

Santa Clara Valley Water District Water Use Efficiency Unit. SCVWD CII Water Use and
Baseline Study. February 2008.
Model Input Values are found in the “End Uses” section of the DSS Model on the
“Breakdown” worksheet.
U.S. Census, Housing age by type of dwelling plus natural replacement plus rebate
program (if any).
Key Reference: GMP Research, Inc. (2019). 2019 U.S. WaterSense Market Penetration
Industry Report.

Efficiency Residential
Fixture Current
Installation Rates

Key Reference: California Urban Water Conservation Council Potential Best
Management Practice Report High Efficiency Plumbing Fixtures – Toilets and Urinals
(Koeller, 2005 – Page 42, Table 8 and Table 9: Residential toilet installation rates in
California).
Key Reference: Consortium for Efficient Energy (www.cee1.org).
Model Input Values are found in the “Codes and Standards” green section of the DSS
Model by customer category fixtures.
Key Reference: AWWARF Report Residential End Uses of Water, Version 2 - 4309
(DeOreo, 2016).

Water Savings for
Fixtures, gal/capita/day

Key Reference: CA DWR Report California Single Family Water Use Efficiency Study
(DeOreo, 2011 – Page 28, Figure 3: Comparison of household end-uses). WCWCD
supplied data on costs and savings; professional judgment was made where no
published data was available.
Key Reference: California Energy Commission, Staff Analysis of Toilets, Urinals and
Faucets, Report # CEC-400-2014-007-SD, 2014.
Model Input Values are found in the “Codes and Standards” green section on the
“Fixtures” worksheet of the DSS Model.
Key Reference: 2010 U.S. Census, Housing age by type of dwelling plus natural
replacement plus rebate program (if any). Assume commercial establishments built at
same rate as housing, plus natural replacement.

Non-Residential Fixture
Efficiency Current
Installation Rates

California Energy Commission, Staff Analysis of Toilets, Urinals and Faucets, Report #
CEC-400-2014-007-SD, 2014.
Santa Clara Valley Water District Water Use Efficiency Unit. SCVWD CII Water Use and
Baseline Study. February 2008.
Model Input Values are found in the “Codes and Standards” green section of the DSS
Model by customer category fixtures.

Residential Frequency of
Use Data, Toilets,
Showers, Faucets,
Washers, Uses/user/day

Key Reference: AWWARF Report Residential End Uses of Water, Version 2 - 4309
(DeOreo, 2016). Summary values can be found in the full report:
http://www.waterrf.org/Pages/Projects.aspx?PID=4309
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Key Reference: California Energy Commission, Staff Analysis of Toilets, Urinals and
Faucets, Report # CEC-400-2014-007-SD, 2014.
Key Reference: Alliance for Water Efficiency, The Status of Legislation, Regulation,
Codes & Standards on Indoor Plumbing Water Efficiency, January 2016.
Model Input Values are found in the “Codes and Standards” green section on the
“Fixtures” worksheet of the DSS Model and confirmed in each “Service Area
Calibration End Use” worksheet by customer category.
Key References: Estimated based on AWWARF Report Commercial and Institutional
End Uses of Water (Dziegielewski, 2000 – Appendix D: Details of Commercial and
Industrial Assumptions, by End Use).

Non-Residential
Frequency of Use Data,
Toilets, Urinals, and
Faucets, Uses/user/day

Key Reference: California Energy Commission, Staff Analysis of Toilets, Urinals and
Faucets, Report # CEC-400-2014-007-SD, 2014.
Fixture uses over a 5-day work week are prorated to 7 days.
Non-residential 0.5 gallons per minute (gpm) faucet standards per Table 2-A. Water
Consumption by Water-Using Plumbing Products and Appliances – 1980-2012. PERC
Phase 1 Report. Plumbing Efficiency Research Coalition, 2012.
Model Input Values are found in the “Codes and Standards” green section on the
“Fixtures” worksheet of the DSS Model and confirmed in each “Service Area
Calibration End Use” worksheet by customer category.
Toilets 2%-2.5%
Residential Showers 4% (corresponds to 25-year life of a new fixture)

Natural Replacement
Rate of Fixtures (percent
per year)

Residential Clothes Washers 10% (based on 10-year washer life).
Key References: Residential End Uses of Water (DeOreo, 2016) and Bern Clothes
Washer Study, Final Report (Oak Ridge National Laboratory, 1998).
Model Input Value is found in the “Codes and Standards” green section on the
“Fixtures” worksheet of the DSS Model.

Future Water Use

Increases Based on Population Growth and Demographic Forecast

There are several aspects of the DSS Model that were not used in this analysis effort, which result in empty
spreadsheets within the DSS Model. They remain available in the DSS Model should the City choose to employ
them in future efforts.

A.3.1 Fixture Replacement
The DSS Model is capable of modeling multiple types of fixtures, including fixtures with different designs. For
example, currently toilets can be purchased that flush at a rate of 0.8 gpf, 1.0 gpf or 1.28 gpf. The 1.6 gpf and
higher toilets still exist but can no longer be purchased in the City. Therefore, they cannot be used for
replacement or new installation of a toilet. So, the DSS Model utilizes a fixture replacement table to determine
what type of fixture should be used for a new install or replacement. The replacement of the fixtures is listed as
a percentage. A value of 100% would indicate that all the toilets installed would be of one particular flush
volume. A value of 75% means that three out of every four toilets installed would be of that particular flush
volume.
The DSS Model provides inputs and analysis of the number, type and replacement rates of fixtures for each
customer category (i.e., single family toilets, multifamily toilets, commercial toilets, residential clothes washing
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machines, commercial washing machines). For example, the DSS Model incorporates the effects of the 1992
Federal Energy Policy Act and AB 715 on toilet fixtures. A DSS Model feature determines the “saturation” of 1.6
gpf toilets as the 1992 Federal Energy Policy Act was in effect from 1992-2014 for 1.6 gpf toilet replacements.
AB 715 now applies for the replacement of toilets at 1.28 gpf. Further consideration and adjustments were made
to replacement rates to account for the reduction in fixture use and wear due to lower occupancy and based on
field observations.
The DSS Model forecasts service area water fixture use. In the codes and standards part of the DSS Model,
specific fixture end-use type (point of use fixture or appliance), average water use, and lifetime are compiled.
Additionally, state and national plumbing codes and appliance standards for toilets, urinals, showers, and clothes
washers are modeled by customer category. These fixtures and plumbing codes can be added to, edited, or
deleted by the user. This yields two demand forecasts: with plumbing codes and without plumbing codes.

A.3.2 Fixture Estimates
Determining the current level of efficient fixtures in a service area is part of the standard process while evaluating
the passive savings in the DSS Model and is called “initial fixture proportions.” MWM reconciled water efficient
fixtures and devices installed within the City’s service area and estimated the number of inefficient fixtures
outstanding.
MWM used the DSS Model to perform a saturation analysis for each of the following plumbing fixtures: toilets,
urinals, showers, faucets, and clothes washers. The process included a review of age of buildings from census
data, number of rebates per device, and assumed natural replacement rates. MWM presumed the fixtures that
were nearing saturation and worth analysis would include residential toilets and residential clothes washers as
both have been included in recommended conservation practices for over two decades.
In late 2014, the Water Research Foundation updated its 1999 Residential End Uses of Water Study (REUWS).
Water utilities, industry regulators, and government planning agencies have considered it the industry
benchmark for single family home indoor water use. This Plan incorporates the recent study results which reflect
the change to the profile of water use in residential homes including the adoption of more water efficient fixtures
over the past 15 years (1999 to 2014). The REUWS results were combined with the City’s historical rebate and
billing data to enhance and verify assumptions made for all customer accounts. This particularly included
saturation levels on toilets, urinals, showerheads, clothes washers, and faucets.
The DSS Model presents the estimated current and projected proportions of these fixtures by efficiency level
within the City’s service area. These proportions were calculated by:





Using standards in place at the time of building construction;
Taking the initial proportions of homes by age (corresponding to fixture efficiency levels);
Adding the net change due to natural replacement; and
Adding the change due to rebate measure minus the "free rider effect."

Further adjustments were made to initial proportions to account for the reduction is fixture use due to lower
occupancy and based on field observations. The projected fixture proportions do not include any future active
conservation measures implemented by BBLDWP. More information about the development of initial and
projected fixture proportions can be found in the DSS Model “Codes and Standards” section.
It is also important to note that in water conservation program management “free-ridership” occurs when a
customer applies for and receives a rebate on a targeted high efficiency fixture that they would have purchased
even without a rebate. In this case, the rebate was not the incentive in their purchase but a “bonus.” Rebate
measures are designed to target those customers needing financial incentive to install the more efficient fixture
beyond current codes or standards.
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A.4

Key Baseline Reclaimed Demand Inputs and Assumptions

The following table presents a list of key assumptions used in the City’s Reclaimed Water System DSS Model.
Table A-2. List of Key Assumptions and Resources for Reclaimed DSS Model Analysis
Parameter

Model Input Value, Assumptions, and Key References

Model Start Year

Water Demand Factor Years
(Base Years)

2018
2012-2018*
*Excluding 2012 for Construction due to unexplained data; excluding 20122017 for Manufacturing due to the paper tissue factory closing and stopping
reclaimed water use 2017; and excluding 2012-2013 for Offices/Commercial
Retail due to many more accounts, including a large mall, coming online in
more recent years.
7%

Non-Revenue Water in Start Year

Based on 2016, 2017 and 2018 historical NRW. This value can be found in
the green NRW section of the DSS Model.

Base Year Water Use Profile
Start Year Accounts

Total Water Use
Distribution

Demand Factors
(gpd/acct)

Golf Courses - Reclaimed Water

3

64%

325,736

Winter Recreation - Reclaimed
Water

1

11%

163,372

Higher Education - Reclaimed
Water

1

8.4%

128,801

Parks/Cemeteries - Reclaimed
Water

9

6.0%

10,179

K-12 Schools - Reclaimed Water

10

3.1%

4,772

Car Washes - Reclaimed Water

2

0.6%

4,948

Construction - Reclaimed Water

4

5.7%

21,976

Manufacturing - Reclaimed Water

1

0.1%

1,203

Offices/Commercial Retail Reclaimed Water

10

0.93%

1,424

Residential MF - Reclaimed Water

2

0.5%

3,760

Residential SF - Reclaimed Water

11

0.28%

398

Streetscape - Reclaimed Water

8

0.30%

586

Customer Categories
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A.5 Key Inputs for the DSS Model Conservation Analysis
The following subsections present information regarding the DSS Model’s conservation measure benefit-cost
analysis.

A.5.1 Water Reduction Methodology
Each conservation measure targets a particular water use such as indoor single family water use. Targeted water
uses are categorized by water user group and by end use. Targeted water user groups include single family
residential, multifamily residential, commercial, industrial, and institutional, etc. Measures may apply to more
than one water user group. Targeted end uses include indoor and outdoor use. The targeted water use is
important to identify because the water savings are generated from reductions in water use for the targeted
end use. For example, a residential retrofit conservation measure targets single family and multifamily
residential indoor use, and in some cases specifically shower use. When considering the water savings potential
generated by a residential retrofit, one considers the water saved by installing low-flow showerheads in single
family and multifamily homes.
The market penetration goal for a measure is the extent to which the product or service related to the
conservation measure occupies the potential market. Essentially, the market penetration goal identifies how
many fixtures, rebates, surveys, and so forth that the wholesale customer would have to offer or conduct over
time to reach its water savings goal for that conservation measure. This is often expressed in terms of the
number of fixtures, rebates, surveys offered or conducted per year.
The potential for errors in market penetration goal estimates for each measure can be significant because they
are based on previous experience, chosen implementation methods, projected utility effort, and funds allocated
to implement the measure. The potential error can be corrected through reevaluation of the measure as the
implementation of the measure progresses. For example, if the market penetration required to achieve specific
water savings turns out to different than predicted, adjustments to the implementation efforts can be made.
Larger rebates or additional promotions are often used to increase the market penetration. The process is
iterative to reflect actual conditions and helps to ensure that market penetration and needed savings are
achieved regardless of future variances between estimates and actual conditions.
In contrast, market penetration for mandatory ordinances can be more predictable with the greatest potential
for error occurring in implementing the ordinance change. For example, requiring dedicated irrigation meters
for new accounts through an ordinance can assure an almost 100% market penetration for affected properties.
BBLDWP is constantly looking at when a measure might reach saturation. Baseline surveys are the best approach
to having the most accurate information on market saturation. This was considered when analyzing individual
conservation measures where best estimates were made. MWM was not provided with any baseline surveys for
this analysis, but discussions were held with BBLDWP regarding what best estimates were for saturation for its
service area.

A.5.2 Perspectives on Benefits and Costs
The determination of the economic feasibility of water conservation programs involves comparing the costs of
the programs to the benefits provided. This analysis was performed using the DSS Model developed by MWM.
The DSS Model calculates cost effectiveness of conservation measure savings at the end-use level; for example,
the model determines the amount of water a toilet rebate program saves in daily toilet use for each single family
account.

A.5.3 Present Value Analysis
Present value analysis using present day dollars and a real discount rate of 3.72% is used to discount costs and
benefits to the base year. From this analysis, benefit-cost ratios of each measure are computed. When measures
are put together in programs, the model is set up to avoid double counting savings from multiple measures that
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act on the same end use of water. For example, multiple measures in a program may target toilet replacements.
The model includes assumptions to apportion water savings between the multiple measures.
Economic analysis can be performed from several different perspectives, based on which party is affected. For
planning water use efficiency programs for utilities, the perspectives most commonly used for benefit-cost
analyses are the “utility” perspective and the “community” perspective. The “utility” benefit-cost analysis is
based on the benefits and costs to the water provider. The “community” benefit-cost analysis includes the utility
benefit and costs together with account owner/customer benefits and costs. These include customer energy
and other capital or operating cost benefits plus costs of implementing the measure, beyond what the utility
pays.
The utility perspective offers two advantages. First, it considers only the program costs that will be directly borne
by the utility. This enables the utility to fairly compare potential investments for saving versus supplying
increased quantities of water. Second, revenue shifts are treated as transfer payments, which means program
participants will have lower water bills and non-participants will have slightly higher water bills so that the
utility’s revenue needs continue to be met. Therefore, the analysis is not complicated with uncertainties
associated with long-term rate projections and retail rate design assumptions. It should be noted that there is a
significant difference between the utility’s savings from the avoided cost of procurement and delivery of water
and the reduction in retail revenue that results from reduced water sales due to water use efficiency. This budget
impact occurs slowly and can be accounted for in water rate planning. Because it is the water provider’s role in
developing a water use efficiency plan that is vital in this study, the utility perspective was primarily used to
evaluate elements of this report.
The community perspective is defined to include the utility and the customer costs and benefits. Costs incurred
by customers striving to save water while participating in water use efficiency programs are considered, as well
as the benefits received in terms of reduced energy bills (from water heating costs) and wastewater savings,
among others. Water bill savings are not a customer benefit in the aggregate for reasons described above. Other
factors external to the utility, such as environmental effects, are often difficult to quantify or are not necessarily
under the control of the utility. They are therefore frequently excluded from economic analyses, including this
one.
The time value of money is explicitly considered. Typically, the costs to save water occur early in the planning
period whereas the benefits usually extend to the end of the planning period. A long planning period of over 20
years is often used because costs and benefits that occur beyond year 2040 have very little influence on the total
present value of the costs and benefits. The value of all future costs and benefits is discounted to the first year
in the DSS Model (the base year), at the real interest rate of 3.72%. The DSS Model calculates this real interest
rate, adjusting the current nominal interest rate (assumed to be approximately 6.0%) by the assumed rate of
inflation (2.2%). The formula to calculate the real interest rate is: (nominal interest rate – assumed rate of
inflation)/ (1 + assumed rate of inflation). Cash flows discounted in this manner are herein referred to as “Present
Value” sums.

A.5.4 Measure Cost and Water Savings Assumptions
Appendix E presents the assumptions and inputs used in the City’s DSS Model to evaluate each water
conservation measure. Assumptions regarding the following variables were made for each measure:
 Targeted Water User Group End Use – Water user group (e.g., single family residential) and end use
(e.g., indoor or outdoor water use).
 Utility Unit Cost – Cost of rebates, incentives, and contractors hired to implement measures. The
assumed dollar values for the measure unit costs were closely reviewed by staff and are found to be
adequate for each individual measure. The values in most cases are in the range of what is currently
offered by other water utilities in the region.
 Retail Customer Unit Cost – Cost for implementing measures that is paid by retail customers (i.e., the
remainder of a measure’s cost that is not covered by a utility rebate or incentive).

City of Flagstaff Water Conservation Strategic Plan

53

 Utility Administration and Marketing Cost – The cost to the utility for administering the measure,
including consultant contract administration, marketing, and participant tracking. The mark-up is
sufficient (in total) to cover conservation staff time and general expenses and overhead.
Costs are determined for each of the measures based on industry knowledge, past experience and data provided
by the City. Costs may include incentive costs, usually determined on a per-participant basis; fixed costs, such as
marketing; variable costs, such as the costs to staff the measures and to obtain and maintain equipment; and a
one-time set-up cost. The set-up cost is for measure design by staff or consultants, any required pilot testing,
and preparation of materials that are used in marketing the measure. Measure costs are estimated each year
through 2040. Costs are spread over the time period depending on the length of the implementation period for
the measure and estimated voluntary customer participation levels.
Lost revenue due to reduced water sales is not included as a cost because the water use conservation measures
evaluated herein generally take effect over a long span of time that is sufficient to enable timely rate
adjustments, if necessary, to meet fixed cost obligations and savings on variable costs such as energy and
chemicals.
Data necessary to forecast water savings of measures include specific data on water use, demographics, market
penetration, and unit water savings. Savings normally develop at a measured and predetermined pace, reaching
full maturity after full market penetration is achieved. This may occur three to ten years after the start of
implementation, depending upon the implementation schedule.
The unit costs vary according to the type of customer account and implementation method being addressed.
For example, a measure might cost a different amount for a residential single family account than for a
residential multifamily account, and for a rebate versus an ordinance requirement or a direct installation
implementation method. Typically, water utilities have found there are increased costs associated with achieving
higher market saturation, such as more surveys per year. The DSS Model calculates the annual costs based on
the number of participants each year. The general formula for calculating annual utility costs is:
 Annual Utility Cost = Annual market penetration rate x total accounts in category x unit cost per account
x (1+administration and marketing markup percentage)
 Annual Customer Cost = Annual number of participants x unit customer cost
 Annual Community Cost = Annual utility cost + annual customer cost
Data necessary to forecast water savings of measures include specific data on water use, demographics, market
penetration, and unit water savings. Savings normally develop at a measured and predetermined pace, reaching
full maturity after full market penetration is achieved. This may occur three to seven years after the start of
implementation, depending upon the implementation schedule. For every water use efficiency activity or
replacement with more efficient devices, there is a useful life. The useful life is called the “Measure Life” and is
defined to be how long water use conservation measures stay in place and continue to save water. It is assumed
that measures implemented because of codes, standards or ordinances, like toilets for example, would be
“permanent” and not revert to an old inefficient level of water use if the device needed to be replaced. However,
some measures that are primarily behavioral based, such as residential surveys, are assumed to need to be
repeated on an ongoing basis to retain the water savings (e.g., homeowners move away, and new homeowners
may have less efficient water using practices around the home). Surveys typically have a measure life on the
order of five years.

A.5.5 Assumptions about Avoided Costs
The City’s primary source of water is potable groundwater supplied by natural precipitation. Surface water from
Lake Mary and Inner Basin Springs accounts for approximately 25% of the City’s water. Costing over $290 per AF
for chemicals, treatment, pumping, moving and compliance testing and permit fees, the City reduces
groundwater use when demands are reduced (with conservation) as compared to surface water which costs
approximately $188 per AF. These costs are based on year 2017 volume and expenditures. Additional avoided
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costs that are considered when determining the value of water saved due to conservation are the cost savings
from deferring the Red Gap Ranch project as a result of passive and active conservation water savings. Without
conservation, a future significant water supply expansion project has been estimated to begin its 10-year
construction in year 2023, be online by 2032, and have a project capacity volume of 12,000 AF. Life-cycle
construction costs are estimated to be $268 million with annual operational costs of approximately $1.34 million.
Designed to be “triggered” when average demands exceed 12,000 AF per year (in year 2032), it is estimated that
passive and active conservation effort savings could delay the project need by more than 15 years to year 2048,
deferring both construction and annual maintenance costs. The estimated total cost savings by deferring a future
significant water supply expansion project is $175.4 million for a cost-of-water savings estimate of $487/AF.
The City’s average wastewater cost of approximately $171/AF is based on 2017 annual chemical/treatment costs
and 2017 annual energy costs for pumping/moving the wastewater.
Reclaimed water is estimated to cost approximately $67 per AF based on 2017 volumes and expenditures for
annual chemical/treatment, annual energy costs for pumping and moving the water, and permitting fees.
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700

650

600

550

500

Gallons per Day per Acct
13 per. Mov. Avg. (Gallons per Day per Acct)

Apr 2017

Jan 2017

Oct 2016

Jul 2016

Apr 2016

Jan 2016

Oct 2015

Jul 2015

Apr 2015

Jan 2015

Oct 2014

Jul 2014

Apr 2014

Jan 2014

Oct 2013

Jul 2013

Apr 2013

Jan 2013

Oct 2012

Oct 2017

750

Oct 2017

800

Jul 2017

Potable Water System Multifamily
Gallons per Day per Acct

Jul 2017

Apr 2017

Jan 2017

Oct 2016

Jul 2016

Apr 2016

Jan 2016

Oct 2015

Jul 2015

Apr 2015

Jan 2015

Oct 2014

Jul 2014

Apr 2014

Jan 2014

Oct 2013

Jul 2013

Apr 2013

Jan 2013

850

Oct 2012

400

Jul 2012

Apr 2012

Jan 2012

Oct 2011

Jul 2011

Apr 2011

GPDA
325

Jul 2012

450

Apr 2012

Jan 2012

Oct 2011

Jul 2011

Apr 2011

GPDA

APPENDIX B – HISTORICAL MONTHLY POTABLE WATER USE
PER ACCOUNT TYPE

Potable Water System Single Family
Gallons per Day per Acct
Gallons per Day per Acct
13 per. Mov. Avg. (Gallons per Day per Acct)

275

225

175

125

75

56

City of Flagstaff Water Conservation Strategic Plan

57

City of Flagstaff Water Conservation Strategic Plan

58

City of Flagstaff Water Conservation Strategic Plan

59

City of Flagstaff Water Conservation Strategic Plan

60

APPENDIX C – CONSERVATION ANALYSIS RESULTS
The following table shows the estimated annual savings in acre-feet per year in five-year increments for
plumbing codes only with no active conservation activity and for plumbing codes with the Current and Optimized
Conservation Programs. City and customer benefit-cost ratios are presented for each program as well as the
present value of water savings and utility costs.
Table C-1. Potable Water System Conservation Program Estimated Costs and Water Savings Comparison
Water Savings (AFY)
Conservation
Program

Water
Utility
BenefitCost
Ratio

Water
Utility
Present
Value of
Water
Savings

Water
Utility
Present
Value of
Utility
Costs

Water
Utility
Cost of
Water
Saved
($/AF)

2020

2025

2030

2035

2040

Plumbing
Code Only

100

370

650

960

1,300

N/A

N/A

N/A

N/A

Current
Conservation
Program with
Plumbing
Code

230

590

880

1,100

1,330

1.7

$8,842,000

$5,345,000

$300

Optimized
Conservation
Program with
Plumbing
Code

270

840

1,330

1,670

2,020

1.8

$13,331,000

$7,347,000

$280

Notes:
1. Costs presented here are directly attributable to the City only.
2. Present value costs and savings are rounded to the nearest $1,000.
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APPENDIX D – PUBLIC OUTREACH DETAILS
This Appendix contains details about public outreach efforts conducted over the strategic planning process.

D.1 Open House – Flagstaff Festival of Science 2018
At an open house during the 2018 Flagstaff Festival of Science, members of the public were asked to place dot
votes on their favorite measures on a set of posters. The water droplet symbols on the posters indicated current
measures. Members of the Water Resources Section were available to answer questions at the event.
Figure D-1. Open House Dot Vote Posters

D.2 Advisory Committee and Stakeholder Group Meetings
The Advisory Committee met on these dates:






th

September 12 , 2018
November 27th, 2018
December 18th, 2018
October 9th, 2019
February 6th, 2020
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The Stakeholder Group met on the following dates:
 February 26th, 2019
 October 23rd, 2019
 March 12th, 2020

62

D.3 SurveyMonkey Survey
Figure D-2. Image of Survey Open to Public
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D.4 Festival of Science 2019
At the 2019 Festival of Science – Science in the Park, staff administered a survey to participants, asking them to
select measures to insert into the Optimized Conservation Program.
Figure D-3 Public Survey – Measures for Optimized Conservation Program (FRONT)

Figure D-4 Public Survey – Measures for Optimized Conservation Program (BACK)
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APPENDIX E – DSS MODEL INDIVIDUAL CONSERVATION
MEASURE DESIGN INPUTS AND RESULTS FOR POTABLE
WATER SYSTEM
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