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Introduction

In Arizona, water is one of the keys to economieali@oment and quality of life.
Arizona’s water and wastewater systems use sigmifiamounts of electrical energy, and
the generation of that energy often generates greese gases (GHG) that have been
associated with global warming. Water is also dip8ed to Arizona’s industrial sector
where substantial amounts are used for coolingaepplants, agriculture, and for
mining and manufacturing operations. Arizona’s watéastructure is both extensive
and diverse, with systems that range in size frompdex water supply facilities, run by
entities such as the Central Arizona Project, talEnwater systems operated by rural
communities, state and federal agencies, tribespamate entities.

According to the U.S. Census 2000, approximate®s 25 Arizona’s population lives
outside of the urban centers in Maricopa, Pinal Rimaa counties. Typically, these rural
communities have populations of less than 50,00plee A report by the University of
Arizona Water Resources Research Center (Gelt,)Z@fgests that many of these
communities lack the management resources to astmireffectively their water
resources. While urban utilities have a highlyrteai cadre of water professionals, small
communities often must rely on a patchwork of nalpstate and regional agencies for
technical expertise. At the same time, the inadiegax base of many rural communities
hampers their ability to commission evaluationgheir operations, systems and needs.
According to the report, these problems “leavelrafiécials without the means to
contract needed expertise and services to supber ywnanagement efforts”.

Given these challenges, this “best practices” guide developed to help rural Arizona
managers and operators of public and private veatémwastewater systems meet future
water and energy challenges in the most effectiaamar possible. The authors have
investigated the “best practices” for innovativeevaand energy utilization by small- to
medium-sized water and wastewater systems in tlitedJStates, Europe, and elsewhere,
to identify, evaluate, and prioritize technologiesl strategies that can be used by rural
Arizona providers to conserve water, to reduceggnasage and related expenditures,
and to minimize GHG emissions. In short, this gugldesigned to help “green” the
water infrastructure of rural Arizona, and assisal water and wastewater providers in
their efforts to meet ongoing and future water andrgy challenges in the most effective
manner possible.

The best practices in this guide are organized uiode themes:
» Water Management and Policy
» System Design and Engineering
» Operations and Maintenance
» Renewable Energy

In addition, this report provides summaries foresegase studies (Appendix 3)
completed on small water and wastewater systemgah Arizona. These case studies
are intended to illustrate the possible applicatitireal Arizona water and wastewater
systems of concepts and practices presented iguids.
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Background

The United States Environmental Protection AgetdSEPA) considers “small” water
systems to be those systems serving between 508,30@ individuals. Similarly, “very
small” water systems typically serve 500 peopl&ess. Collectively, there are nearly
147,000 such small and very small systems in ti&e &krving nearly 40 million
individuals, or nearly 13% of the population.

In Arizona, nearly 1,600 drinking water systems @eemitted through the Arizona
Department of Environmental Quality (ADEQ). Aboud@zen of these are for towns and
cities that serve populations in excess of 10,006us, most Arizona systems serve
populations of fewer than 500, and many servettems 50. Similar trends hold true for
the nearly 900 wastewater systems permitted thréi@BQ (personal communication,
Bill Reed, ADEQ, 6/30/2008). In addition to ADEQ+p@tted systems, there are many
small systems, including many systems that exatgiserve school populations, in the
numerous sovereign Native American communitiessactioe state. It is these small rural
Arizona water and wastewater systems that areedbttus of this guide.

There are a variety of rural system operators/osvirerural Arizona. Some examples
include:

» Towns and cities, such as Benson, Winslow and Tiita

» Improvement districts, such as Coconino County’sh{i@a Village Improvement
District (KVID);

> Private entities, including developments such age$tddighlands near Flagstaff;

> Private water and wastewater utilities such asoh@Water Co and Global
Water Co.;

» The Bureau of Indian Affairs (BIA), dedicated trihailities such as the Navajo
Tribal Utility Authority (NTUA), and sovereign natns, such as the Ak-Chin
Indian Community;

» Water councils and other organizations in small mamities, such as Sipaulovi
Village on the Hopi Reservation;

» Industrial and mining systems (Chemical Lime CompanNelson near Peach
Springs; Phelps Dodge’s Morenci and Clifton mirets,);

» Arizona State Parks and Arizona Department of Tpartation rest area systems;

» Department of Defense facilities, such as Fort Huaa, Luke Air Force Base,
and the Yuma Proving Ground;

» National Park Service (NPS) systems, such as thieseated at Grand Canyon
National Park;

» State and federal correctional facilities.

Rural Arizona Water and Wastewater System Attributes

Water and wastewater facilities in rural Arizonadaeveral defining characteristics:
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» Though there are some exceptions, Arizona wastewatgment facilities
generally rely on proven simple processes thatiregulow or minimal level of
operations and maintenance (O&M);

Wastewater treatment often is based on facultédiyeons, some aerated and
some not, or utilizes oxidation trenches/ditches;

In some places, lagoons are permitted to discldirgetly to waterways (e.g.,
White River, Arizona);

A common wastewater treatment process is packagesahat use activated
sludge;

Where utilized, disinfection is typically achievesing liquid/tablet chlorination
(UV disinfection is uncommon at small treatmentlfaes);

Raw water, with some important exceptions (e.ggelP&AP water consumers),
is generally supplied by groundwater sources;

In some instances, groundwater sources are deentexiunder the influence of
surface water, and filtration is required,;

Typically, water treatment consists solely of disation;

Less often, groundwater supplies are treated t@aehfluoridation; fluorine
reduction; taste / odor control; arsenic reductlrpicide / pesticide reduction;
or nitrate reduction.

vv VvV Vv YV Vv VY V¥V

(The above is a synthesis developed from convensabio 6/30/2008 with Bill Reed of
ADEQ and on 7/3/2008 with Vern Camp of the Ariz8naall Utilities Associatiol.

Direct and Embedded Energy Demands

There are several accounting methods used to ¢éraeigy when considering its
utilization in water and water systems, its cost] #s conservation.

Direct energyis the result from an accounting which takes gunsideration energy that
exists, is delivered, is purchased, is sold, &tdhe form of: chemical energy (gasoline,
diesel fuel, natural gas, propane, methane fromemader treatment plant sludge
digestion); electrical energy; or thermal energgdeain amount of material, such as air,
water, iron, etc., at a certain temperature).

Embedded energg the result from an accounting which quantiffes total energy used
to extract, manufacture, transport and disposa pfoduct or service. For example, if an
organization purchases sodium hypochlorite forinseater disinfection, the cost paid
for that product presumably includes the energyeazp incurred by the manufacturer
when it created and packaged the product, andndgyge expenses of transport and
storage before it came into the user’s possessimere may be embedded energy in a
product for which one does not pay the suppliear éxample, part of the the cost of a
new service vehicle is for the energy expendedaasgb production, assembly and
transportation to the dealer. As another exampkcbal burned at an electrical
generating station contains energy supplied, midiof years ago, by the sun, which
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aided photosynthesis by plants, which were, sulesgty) over geologic time, converted
into coal.

Water that is purchased from a wholesaler, ortytiduch as the Central Arizona Project
(CAP), has embedded energy. Part of the cost tyarlmf CAP water is used by CAP to
defray expenses for energy and other expenditnoesried to store (e.g., in Lake
Pleasant), lift (pump stations), or transport @aaals) the water. The energy
expenditures come about principally for operatingp stations, and, to a lesser extent,
for heating, cooling, and lighting of facilitiesad powering vehicles used by employees,
etc. Other expenditures arise due to employeeissJ@amployee benefits, etc. If an
organization pays $250 for an acre-foot (43,560cte®t, or 325,000 gallons) of CAP
water, some significant portion of that $250 isdaergy expended by CAP to deliver
that water to the user.

The same concept applies to water provided by 8 sanal Arizona water utility. If a
household pays $7.50 per 1000 gallons of potabterwa significant portion of the $7.50
is for the energy expenditures to lift, pressudre treat the water.

Similarly, treated effluent that is discharged byastewater utility has embedded
energy, due to the pumping, treatment, aeratioth,oéimer processes that require energy
inputs. The fee to a commercial enterprise fopaking of its wastewater into the
utility’s collection system covers the cost of #reergy. Often, wastewater fees and
water fees are lumped, since it is easy to meté&svaeliveries and less so to meter
wastewater discharges!

Energy Usage in Water and Wastewater Systems

As a nation, the United States devotes nearly 4%64 million Mega-Watt-hours
(MWh), of our electrical energy generation, to Hentift, move, pressurize, distribute,
and treat our water. Typically, this energy usagenergy intensitymay be expressed
either in terms of kilo-Watt-hours (kWh) per acoesf of water (kWh/ac-ft) or in terms of
kWh per 1,000 gallons of water (kWh/kgal).

A comprehensive study (Cohen et al., 2004) concludat the average energy intensity
for California water usage from source throughehd use and continuing through
discharge from a wastewater treatment plant iscmiately 7000 kWh/ac-ft (21
kWh/kgal). End use energy which includes the energy required to heat ot e@ter in
homes and industry — requires 3900 kWh/ac-ft (12Ryal). Source / conveyance
energy uses 2040 kWh/ac-ft (6.3 kWh/ac-ft), whilgribution uses 330 kWh/ac-ft (1.0
kWh/kgal). Wastewater treatmenises approximately 570 kWh/ac-ft (1.7 kWh/kgal),
while water treatmentequires 60 kWh/ac-ft (0.2 kWh/kgal).

According to these values, in California, the esd anergy intensity accounts for more

than 50% of the total. According to the Unitedt&saGeological Survey (USGS) (Solley
et al., 1998), residential usage accounts for pe#? of the water used in the United
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States. Dependent on locale, single family andidarhily dwellings use between 50%
and 80% of billed water demand, and the averagedimlid uses 100 gallons, per capita,
per day. Approximately, 68% of residential wateused inside the home, while 32% is
used outside to irrigate plants and lawns.

Other studies, with a focus purely on water andieveater utilities / systems, have
considered only the energy intensity embeddedamiter delivered to the end user, and
the energy intensity embedded in wastewater dftgelease by the end user to the
wastewater utility. For example, a study (Elliettal., 2003) of Wisconsin drinking
water facilities revealed that the median valuertdrgy intensity was about 1.5
kWh/kgal, considering both surface-water-using graind-water-using facilities. (The
State of Wisconsin [Cantwell, 2008] has an entiegpam,Focus on Energythat offers
energy information and services to Wisconsin ytidistomers.) EPRI (1996) reported
results from an investigation of water supply amétment facilities and found that
surface-water-supplied plants use on average 1A/kysl while groundwater-supplied
facilities used, on average, 1.8 kWh/kgal. deMoesiahnd Liner (1996) studied federal
facilities and reported approximate energy demarfi@skWh/kgal for water treatment
and 3 kWh/kgal for wastewater treatment plants.

Water Used in Energy Production

While not the focus of this guide, it is nonethsleaportant to keep in mind that large
amounts of water are used in the production oftetet energy. According to the

Energy Information Administration (EIA)n Arizona nearly 104.4 million MWh of
electrical energy was generated in 2006. Of that,tthe breakdown by energy sources is
as follows:

coal: 38.7%;

natural gas: 31.5%;

nuclear: 23.0%;

hydroelectric: 6.5%;

petroleum, renewables other than hydroelectric,amdped storage: 0.3%.

YVVVY

Across the U.S., electrical energy generation ayesaver 2 gallons of water usage for
every kWh generated (Torcellini et al., 2003). Radetti (personal communication,
2008) has estimated that, for electricity produitech Arizona hydroelectric sources,
water usage for those facilities can, on averagasohigh as 65 gallons/kWh. However,
because most of Arizona’s electrical generatingcayp is thermo-electric (coal, gas,
nuclear) the average water use at Arizona eletgeerating facilities is near 8
gallons/kWh (Torcellini et al., 2008). This is faimes higher than the national average.

Basic Energy and Water Uses in Water and Wastewater Systems
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In water and wastewater systems, energy is uskftl fmvercome gravity), move /
transport (overcome friction), heat, cool, presmyrand treat water. Actual treatment
consists of pressurization, transport/lifting,rélion, addition and removal of chemicals,
aeration, etc. Additionally, energy is used to heabl, or pressurize air. Finally, energy
is used for lighting, heating, ventilating, air ditoning (HVAC), and
telecommunications at wastewater facilities, ad a®for transportation of employees,
equipment, etc.

For the purposes of this guide it is useful to tiigethe following elements to describe the
water and energy usage of of water supply systeuopply/source; transmission,
distribution, and storage; pumping; treatment; ese(s).

Similarly, this guide uses the the following elenseio describe water and energy usage
in wastewater systems: collection; pumping; steraggatment; reuse / discharge.

Greenhouse Gas Emissions

Users and producers of energy through the combusfifossil fuels recognize that
reducing emissions of GHGs is increasingly impdrtsieluntary reductions of carbon
dioxide emissions are now encouraged, but rapieletbping state, regional, national,
and international policies will mandate reducedssmins of GHGs. Thus, meeting
Arizona’s energy needs will become increasinglyesgive.

In general, a savings of 1 kWh of electrical endrgpslates to a reduction of nearly 1.5

pounds of greenhouse gas emissions (Arizona Cli@atange Advisory Group, 2006;
Dones et al., 2003).
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Best Practices for Water and Energy Conservation

In preparing this guide, we have focused on enanglywater conservation practices for
small rural water and wastewater systems, abouttwlittle has been written. On the
other hand, there are many studies, investigadadsreports concerning larger systems,
from which generalities have emerged. The resultiager systems were used to
identify processes, systems and components faalingview and consideration.

Concerning larger water supply systems, Berry (2083orts that the most promising
areas for intervention are: improving pumping systemanaging leaks; automating
system operations; and, regular monitoring, wittiameg, of end use. For larger
wastewater systems, Elliot (2003) found that aematsludge treatment, and pumping
offer the greatest potential for reducing energstso

We expect that a similar set of best practicesyiglld the most bang for the buck when
it comes to small rural water and wastewater systafthough that premise is untested.
Therefore, it is essential to complete a cost amlipest practice #3, below) before
proceeding with any major improvement or adjustment

Water Management and Policy

1. Balance Revenue and Expenses when Operating Wat er and
Wastewater Systems

To provide baseline data, utilities should striwéraick expenses and revenues associated
with current operations and maintenance, and afisessiccess of best water and energy
conservation practices after implementation.

As part of this practice, it is essential to revi@utinely and, if necessary, adjust water
and wastewater rates. Rate setting can be pdlijtidaarged, but it is critical for long-
term, and possibly short-term viability of a wabemwastewater utility, whether private or
public. The subject of rate setting is mostly b&ythe scope of this guide, but the
American Water Works Association (AWWA, 2000) hesued a manual that provides
guidance; and there are many other referencesi®tofiic. Consult Best Practice 6 in
this guide,for information on water budget-based sdructures.

Success with this and any other rate-related peactiquires periodic communication

with end-users so they: 1) are aware that effortohserve water and energy do result in
reduced demand for both renewable and non-renewallieal resources — which

benefits all; and, 2) help to reduce future us@eeses by reducing the need for ever-
greater amounts of water and wastewater systeiastnficture. End users also need to be
informed that rate reductions, if they occur atale only a secondary benefit that may
arise when best practices are implemented.
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2. Understand How Energy and Water are Utilized in ~ Water and
Wastewater Systems

In order to reduce energy and water use in angsyst is important to understand the
‘where’, the ‘why’, and the ‘when’ of that usage.

For example, aeration in wastewater treatment &fgiconsumes a significant fraction
of overall facility energy usage. Aeration is regdi to facilitate aerobic decomposition
of waste products in the wastewater; and large atsaaf energy are required to power
the blowers / compressors that supply the air rsacggor aeration in conventional
wastewater treatment plants, or to power mixing@gent in aerated lagoons. In many
plants, the blowers or compressors operate atdyiacity all of the time, whether or not
it is necessary. It may be feasible to monitoraligsd oxygen (DO), or another indicator,
in aerated waters and to adjust mechanized equipopenations accordingly.

The University of California at Davis (UC Davis) mementecdheration control using
continuous DO monitoringt their campus wastewater treatment plant. Peaiajplyg and
guoting from the 2005 report by Phillips and Fan:

The original design for the 20Q0C Davis Wastewater Treatment Plant
(WWTP) relied on manual aeration control to maintain idése dissolved
oxygen (DO) levels in the oxidation ditch. Givemr farge daily variation in
flow and wastewater strength, WWTP operators fauddficult to maintain
stable DO levels. As a result, operators typicathgd by providing too much
oxygen, and the ditch was often found to be in&r-@erated state. Thus, the
control strategy wasted energy and promoted urestablogical conditions. In
January 2004, UC Dauvis installed a new systemdatiguously measuring DO
in the oxidation ditch and automatically contralfiaeration:

Over a 12-month period the use of Variable-Frequd@®rves (VFDs) for
oxidation ditch aeration in conjunction with DO é#ack-loop control reduced
WWTP electrical consumption by an average of 23%.855 kWh/kgal. The
project was found to have a 1.2 year payback gpit&eailing municipal
electrical rate of $0.09/kwWh. Beyond energy efficig, the ability to maintain
DO at prescribed levels in the oxidation ditch &isrded operators a higher
degree of biological process control. Effluent dgydias improved as a result.
The sludge volume index (SVI) increased from anaye of 84 to 99.
Ammonia as nitrogen has consistently remained bél®&wmg/l after
implementation.

In many water treatment facilities, backwashinglegrs utilizes significant quantities of
water. At a minimum, backwash rates and procedshieald be reviewed for possible
changes to lower water use. Also, to the greatgshepossible, overflows from basins
and storage tanks, as well as leakage from suohjdbe eliminated.
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In Ruidoso, New Mexico, the water utility has immplentedoackwash recyclingt its
water treatment plants in order to conserve watedun plant operations (Brand and
Wilt, 2003). The “wet” water savings, due to backWwaecycling at a new water
treatment plant, were estimated at 30 ac-ft./yis Tépresents 3% of total water
deliveries to the plant.

For public health reasons, reuse of backwash virmgepotable water facility must be
approached carefully; it may not be allowed byrégulating authority, which in Arizona
is ADEQ or USEPA (for tribal systems). Even if ba@sh water cannot be recycled as
potable water, there may be other potential uses$ as dust control, construction water
for soil compaction, etc.

The Cedar Rapids, lowa, water utility (lowa Asstioma of Municipal Utilities, Year
unknown A) has an energy efficiency managementrpraghat addresses the needs of
public, commercial and industrial users. The progcansists of the following elements:

Y

Maintaining electrical usage records and developmagjytical methods to review
the record data,;

Monitoring and management of peak-demand powetlagower factor(s);
Equipment for real-time monitoring of power usage;

Variable speed/frequency drives for pumps;

Participation in the electrical provider's powetdmuption management program;
Citywide energy management system.

YVVVY

In all of these examples, a thorough understandirigw, where, and why energy and
water were being utilized was needed before coasiervstrategies could be formulated
and implemented.

3. Develop a Cost Analysis and Implement Capital Im  provement
Planning

Before making any significant investment requiregtper money (capital) or labor,
complete an economic evaluation that takes intowaticthe annual cost of maintaining
the status quo (an existing system configuratiorgomparison to making improvements.
This is often referred to as alternatives analysms.example, it may appear, on the
surface, that a facility could utilize renewablergy to support part of its energy
demand. A complete analysis will consider all castenplementing renewable energy:
any borrowing cost(s), purchasing the equipmestalfation, permitting, maintenance,
operations, etc., in addition to the savings likelype gained. This analysis will take into
account capital costs, energy and other costsesttanflation, depreciation (possibly),
operations and maintenance expenses, labor ctst3hes type of analysis is typically
completed by an engineer with expertise both intthter or wastewater systems under
consideration and in engineering economics.
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If an alternatives analysis requires resources e yloose readily available, it may be
possible to seek out the experiences and expeiftisdividuals who work for water or
wastewater utilities that have completed such atyais before they proceeded, or
declined to proceed, with an upgrade similar toahe being contemplated.

Once an alternatives analysis has been complé¢teah) iserve as the basis for either
staying the course, or making a change.

The State of Washington offers energy life-cyclst@malysisELCCA) guidelines,
spreadsheets and reports that address buildpugsp Life Cycle Costs: A Guide to LCC
Analysis for Pumping Systenis a detailed life-cycle cost (LCC) guide develdjy the
Hydraulic Institute, Europump, and the U.S. Deparitrof Energy’s Office of Industrial
Technologies (OIT).

4. Implement a Water Conservation Program

Based on U.S. Census data, the U.S. populatiorgvall by 30% over the next thirty
years. In growing regions like the Southwest, laagd small utilities will need to expand
their operations. As noted earlier, end use oplstipg water to homes and businesses is
energy intensive, and, as demand and power castssimall utilities will be challenged
by rising costs. Fortunately, the most cost-effectvay to reduce water costs is to simply
use less. As a result, water conservation progeamsften the most cost-effective way
to lower energy bills for both consumers and ugdit(Cohen et al. 2004).

Conservation can provide other system benefitsedls When utilities reduce the water
that has to be pumped and treated, they reduaewthé&sr production and chemical
expenses. Because conservation reduces the deoramdtér, a conservation program
can also effectively increase system capacity,aeduthe need for costly upgrades or
expansions of existing facilities.

Unfortunately, reduced water usage also means Ioevenues for a utility. For water or
energy conservation to be attractive to water aast@water utilities, the implementation
of best practices must be accompanied by pardftate to adjust rates so that expenses
will continue to be met by revenue. Similarly, @aues to the system should not
necessarily be an incentive to expand production.

Generally, there are five approaches that utilignagers can use to create effective
conservation programs:

Water audits/& leak detection programs;
Water budget/rate programs;

Financial incentives;

Ordinances/codes;

Education.

YVVYVYY
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The State of Texas has developed an excellent @mapsive guide that outlines several
conservation strategies in each of these aream$ater Development Board, 2004).

5. Develop Water Audits and Implement Leak Detectio n

An old saying suggests, “what gets measured, gete.tl To implement a conservation
program, often the best place to start is withmmehensive water audit. Typically, a
water audit uses a two-step approach where themyistlooked at from the top down
and then, from the bottom up. The top-down apgr@aempares the utility’s production
data with billing records to help determine a pietaf the total system water losses. The
bottom-up approach looks at utility managementmas to determine exactly where
water losses occur. For instance, some water lassebe attributed to line flushing, fire
department usage, or street-cleaning operatiotiser@ater losses can be attributed to
meter errors, water theft, and pipe leakage dextess pressure. The American Water
Works Association (AWWA) publishes a comprehenshanual (Water Audits and Leak
Detection M36) that can be used to develop a pieéing or comprehensive water audit.

Water audits also can be used by utilities to ustded the water usage characteristics of
individual users. For instance, many larger iggitoffer water audit services to their
industrial, commercial, institutional (ICl) usesshelp their largest customers understand
their water usage trends and detect system inefficoaes. Once created these audits can
help customers save money through reduced watgeuaad create good will between
customers and utilities. Water expert Amy Vickieas written a comprehensive book on
water conservation that includes water audit chsiskfor both residential and ICI
customers (Vickers, 2001).

Typically, a large part of the bottom up approach comprehensive leak detection
program. Leak detection is a systematic searcleéks within a utility’s infrastructure.
An effective program uses electronic equipmenbtale leak sounds and pinpoint the
exact location of leaks. Because leaks can dealapy time, these programs should be
used on a regular basis.

An effective program can yield several benefitsn&ally, there is an immediate savings
in pumping and treatment costs. Additionally, oleaks are discovered they can be
scheduled for repair, eliminating the need for lyostnergency repairs. A leak-detection
program can also identify trends with faulty equgmn For example, one study found
that most of the leaking fire hydrants in the eityre purchased from the same
manufacturer. Using this information, the utilityamager developed a replacement plan
for the leaking parts, and changed to the city&c#ation for new hydrants (Wright,
2008).

A leak detection program can generate significamirgys in utility operating costs. One
Florida study (Wright, 2008) uncovered four waterimleaks that were responsible for
240,000 gallons per day in losses. Once the le&ks repaired, the water utility
realized a reduction of $3,000 a month in watedpotion costs, and a significant
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improvement in water main pressure. The higher m@tessure also eliminated the need
to replace a main that had previously failed to ieefighting requirements. Another
large leak detection/ remediation program in Georgsulted in estimated annual savings
of $650,000 for the utility (Pennington, 2007).

Developing a leak detection program can be coBtliyate contractors charge up to $120
per mile for leak detection services, and in-hqu&grams require training and costly
equipment. This can be problematic for smalleitigd with limited staff. But, because
leaks can account for up to 10% or more of systesds, implementation costs can be
often be quickly recovered through reduced produactiosts and increased system
efficiency.

6. Implement Water Budgets and Rate Structures

According to a recent study by the American Waterk§ Association (Mayer et al,
2008), “As populations increase and climate ungdies place heightened demand and
stresses on water systems, more utilities are rsg@ldw tools for water conservation and
drought response.” One effective management talutility managers can use to meet
these challenges is a water budget rate strucfMBRS), which is a management system
that uses a water budget together with an inceiltaged rate structure.

Utilities can develop water budgets for differelatsses of water customers, such as
single-family residential, restaurants, etc., byie@ing historical records for those
customers, and by analyzing water budgets that bege developed by other regional
utilities, or by developing their own water budgéftke data are then used to establish a
level of efficient water use or “targets” for théferent types of customers. For instance,
in Boulder, Colorado, a water budget of 7000 gallpar month is established for single-
family. In an effort to curb landscape water usggee landscaping section below),
exterior water budgets are developed on a slidiatesvhere 15 gallons / square foot
(gal/sf) are allotted for the first 5,000 sf of tltape area, 12 gal/sf for the next 9000 sf,
and 10 gal/sf for areas that exceed 14,000 silitiek can also use a similar approach to
establish budgets for multi-family users and conuiagrindustrial, and institutional
users.

The second part of the WBRS usually makes use ofagasing block-rate pricing
structure, by means of which water rates incredsanveustomers exceed their water
budget.

This kind of program has several benefits. Watelgets help utility customers
understand their usage patterns, and the slidiegscale provides monetary incentives
for customers to stay within their water budgetilities that have adopted a WBRS have
also created substantial conservation savings.s@y that reviewed several programs
in California, reported up to a 37% reduction in@vaonsumption. These reductions
have stabilized demand and made it easier fotiesilto set rates that can meet cost of
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service requirements, improving their revenue &tgl{Pekelney and Chesnutt, 1997).
Reduced demand also generates savings in the fomduced energy usage.

A recent report (Mayer et al., 2008) provides a pmhensive look at how WBRS
programs are created and managed. According tsttidgy, implementation costs for a
WBRS can vary widely. Generally, the existing onsér billing system can be modified
to meet the demands of a variable block rate strachowever software revisions may
require outside expertise. Even with limited resesy utility staff can research historical
trends, develop cost of service models, and revigner systems’ operations to learn of
the effectiveness of such programs, where they haga adopted. The AWWA study
cites several programs that implemented WBRS progiia less than twelve months
with existing staff resources. A recent report (llagt al., 2008) provides a
comprehensive look at how WBRS programs are creatddnanaged.

7. Create Financial Incentives for Water Customers

Because the success of conservation programs éndept upon the end user, many
utilities have developed financial incentives sashrebates, vouchers, or incentives to
encourage customers to change their water usags.h&wme examples include rebate
programs for installing new water conserving figsirfinancial incentives for utilizing
water efficient techniques like xeriscaping, anckimtive-based rate structures (see
discussion above).

Landscaping Programs

For many Americans, the image of the ideal homkides a lush, well-maintained lawn.
Unfortunately, the American obsession with greeesbas significant water and energy
consequences. According to the U.S. Geological Syrv.8 billion gallons of water are
used every day, largely to irrigate our lawns dodér beds (Solley et al., 1995).
Nationally, this accounts for approximately 30%abfresidential water usage, and, in
arid climates like Arizona, the numbers for langecasage are much higher, sometimes
accounting for 50-75% of total daily usage. Thes¢ewdemands often pose significant
challenges to small utilities. During hot summemtis, many water suppliers
experience demand that is 1.5 to 3.0 times hidreer the winter demand, and in smaller
communities, this peak demand often approachespérating capacity of the water
system.

Given these issues, several innovative utilitiegehifacused their incentive efforts on
reducing the outdoor water demand by creating leaqus water conservation programs.
These programs can generate several benefitskeMi€2001) reports that the city of
Albuquerque reduced outdoor water usage (whichuadsdor 50% of the city’s
residential usage) by ten percent after mandatiwgtar wise landscaping program that
included rebates of $250 for reducing turf usagesies water usage and associated
energy costs, a landscape water conservation progaa also reduce the need for water
infrastructure (storage, wells, pumping facilities)d reduce energy costs associated

A Water / Energy Best Practices Guide for Rurakémna’'s Water & Wastewater Systems 16



with pumping and treatment. These reductions edm $tabilize a utility’s cost of
service and improve long-term revenue stability.

Several utilities offer landscaping incentive prags to help customers convert their
existing water-hungry “turfed” landscapes to lowtgrause xeriscapes. Here, the utility
offers a monetary incentive to customers to conwvegated turf landscapes to water-
efficient “xeriscaping.” For instance, the CitiyFdagstaff (2008) turf replacement
program offers rebates of up to $3,000 for replgeiater-intensive landscapes with
approved xeriscaping. The rebates are calculatedeosquare footage of turf removed
from service. Other programs offer incentivesdpproved high-efficiency irrigation
components such as rain-sensitive shutoff deviodgap irrigation systems.

Toilet Replacement Programs

Toilets account for almost 27% of the water usagani American single family home,
using more water than any other household fixturgppliance. On average, each person
uses a toilet 5.1 times per day, and each flushages 3.48 gallons per flush, or gpf
(Mayer et al., 1999). Toilets are also one of tle@msources of leaks in a typical
residence. Aging flapper valves, poorly sizedaepment parts and malfunctioning
contribute to a large piece of the water consumppie. The AWWA estimates that up
to 25% of American toilets leak, and these lossesaae 9.5 gallons per day per fixture
(AWWA, 1993).

As a result, many utilities have implemented taigbate or replacement programs to
help conserve water. For instance, the city ot&Monica, California, implemented a
toilet rebate program in 1993 that effectively esq@d 60% of older toilets with more
efficient 1.6 gpf models. According to utility offals, this reduced water and sewage
flows within in the city by 15%. These usage redud resulted in the avoidance of
significant capital improvement costs, and reduseergy usage for the city.

Toilet replacement programs are generally spondoyesater utilities that use a credit or
rebate to get their customers to update theirfédu These programs vary widely. Some
programs utilize an “incentive” fee program, wheeeh customer is charged $2 a month
to help fund the program, and the fee is removex @customer’s toilet has been
replaced. Other utilities offer a rebate of $5A5@ to replace an old toilet. In Santa Fe,
New Mexico, a recent law requires builders to replan aging toilet in order to obtain a
building permit for new construction. While fedelalv governs new toilet performance
at 1.6 gpf, research indicates that toilet perforceavaries widely. As a result, utility
managers should look to replace toilets with preésltizat carry th&€PA's Water Sense
logo.

Showerhead Exchange Program

According to the study “Residential End Uses of &¥a(Mayer et al. 1999) showers
account for almost 17% of a typical household’sevase. Because modern
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showerheads are more efficient than older programater providers can effectively
reduce water consumption by establishing a shovaérkgchange program. Users
exchange their current showerheads for replacefixtutes (2.5 gallons per minute, or
gpm, at 60 psi) provided by the utility. This eresuthat water efficient showerheads are
installed and inefficient fixtures are recycled cBet research suggests that an effective
showerhead exchange program can reduce househt@dagasumption by between
5.7% and 10%, and, when fully implemented, a shbeas exchange program can save
significant amounts of water (Vickers, 2001).

The showerhead replacement program should alsabeeted to non-residential users
with high water usage profiles. These include Iseed motels, schools, dormitories,
hospitals, gymnasiums, and athletic clubs. In oresddchusetts athletic facility, thirty-
five high-flow showerheads were replaced with a-flaw model. The initial cost of the
program was only $300; the annual savings fromctaios in water, sewer and water
heating energy costs was $3,300. The effective gayperiod for this program was one
month (Vickers, 2001).

8. Adopt Water Efficient Ordinances and Codes

Municipal ordinances and building codes are oftea of the most cost-effective tools
for accelerating water conservation within a comityut©ver the past several years,
drought-like conditions in the Southwest have fdromunicipalities to draft ordinances
that limit excessive exterior water usage. Facel veipidly declining supplies, and
explosive growth, the City of Las Vegas developatimances that limited lawn
watering, banned the use of turf on new projectd,raandated water conservation
techniques in all new building projects. Theseraggive ordinances reduced water
consumption in the City of Las Vegas by 20% in gear (JP Morgan, 2008).

The City of Tucson requires the use of rain-shutieffices (devices that turn off
irrigation systems before and after rain eventsalbnew irrigation systems. Other
cities, including Phoenix and Albuquerque, havetzé ordinances that mandate
summer watering restrictions, and prohibit the efmdtuse of water. Users who fail to
comply with the ordinances are fined (Vickers, 2001

Building codes also can be used to help utiliti@sserve water. While building codes are
often focused more on public safety than on wdteriency, they can usually be
modified to mandate water conservation within a eamity. For instance, federal
regulations stipulate that showerheads use less2fbagallons per minute, but most
building codes do not limit the number of showedsethat can be used in any one
shower. This can be remedied by adopting a codatiza that limits the number of
showerheads per square foot of shower area. @tlagtations to the code allow for the
usage of “waterless” urinals in public and commedrfacilities (Pape, 2008).

The “green” building movement can also be usedetp htilities manage water demand.
One of the areas of emphasis in most green buiiditigtives is the “efficient usage of
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water”. Cities that adopt green building requiretsdike the United States Green
Building Council’s LEED initiative (seesww.USGBC.org, can use these programs to
mandate water efficiencies in new and existingdings. The Alliance for Water
Efficiency (AWE) maintains a websitevvw.allianceforwaterefficiency.ojghat
outlines several useful code variations and watginances.

9. Create Water Education Programs

The effectiveness of any conservation programuwsilally depend upon a utility’s
customers. For this reason, it is important to atkiatility customers on “why” water
conservation is important. Education can take nfanys. The City of Albuquerque
maintains a websitevivw.abcwua.org/content/view/70/§@hat shows customers how to
create efficient rainwater gardens, and providesgae for drought-tolerant landscapes.
In Australia, one utility uses an education progtaat features a water mascot, similar to
those used at sporting events. The mascot apaepublic events, shopping malls, and
parades where he generates enthusiasm for thg sitliater education efforts. The water
mascot also appears at grade schools where hducts the water conservation program
to young students.

According to a Texas study, school education pmogrean be particularly effective at
gaining the public’s trust for new conservationgrams. Here, water conservation is
introduced to the students, who, in turn, introdileeconcepts to their parents. The
Texas study suggests creating an advisory boaeduwdfators and utility operators, who
can assist in choosing and developing a curricul@me curriculum features a science
experiment where students are asked to measufiewseof their showers, toilets, and
faucets. When the data are returned, students\ae lpw-flow faucet aerators and
showerheads, which they then use to retrofit themes. In the final part of the project,
students determine the water savings for the househis case, a science project not
only trains students and parents about the ecorsoofivater conservation, but it also
helps reduce the water usage with the local ufiligxas Water Development Board,
2004).

One resource for Arizona educators is Project W&&tér Education for Teachers)
Project WET Arizona, is a state affiliate of Na@droject Wet, which was developed
by the U.S. Bureau of Reclamation. Theiversity of Arizona's Water Resources
Research Centand the College of Agriculture Cooperative Extensi-H Youth
Development jointly administer the program. Proj T provides water education
resources and assistance to educators, who arélyoedined as public and private
school teachers, 4-H leaders, Boy and Girl Scaddes and others in teaching or
leadership positions. WET resources are appropiaat@! ages, although the project's
priority is to provide teaching aides for K-12. Muef the educational information
specifically relates to Arizona, including watemnservation, water pollution, and water
rights.
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System Design and Engineering

10. Review System Plans, Specifications, and Recor ds

Plant operators and managers who are well-acquaawitd the design and the intended
operation, as well as with the current and histdroperation of their facility, are best
situated when it comes to evaluating how theiresystare performing and how those
systems might better perform if improvements omgjes are made.

If new management or operators seek to gain fantyliezith the system(s) for which
they are responsible, consider inviting a ‘circider’ from theArizona Small Utilities
Association(ASUA), which can provide:

» On-site Technical Assistanoghich may include, but not be limited to:
development of operational and equipment prevemtiamtenance plans,
identification of operational deficiencies, corigetmaintenance plans, system
enhancement project planning and financing, an@mitality sampling for
analysis.

» Training: organized by certified water and wastewater @siteals with
gualified trainers having expertise and knowledfjhe water and wastewater
industry.

» Source Water ProtectioMSUA professionals work with water systems to
develop Wellhead Protection Programs (WHPS).

» Regulatory and Legislative Advocaddith the help of member systems, ASUA
develops positions on legislative and rule-makiciivdies. ASUA legislative
representatives will work with Congress, the staggslature and state
departments to communicate positions.

11. Take Measurements, Evaluate the Data, Make Deci sions

Water and wastewater system operators and managedso be able to measure, or
have access to individuals or equipment that cassore: pressure; elevation; flow;
electrical voltage and current, or power; tempegtrotational pump speed.

These measurements are necessary to assess @@ ppyating condition of systems
and system elements, and to provide answers tdigngesuch as:

» what is the load factor (see AWWA, 2003) for a giyeece of equipment?
» what is the average inflow of influent?
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how does potable water production vary over thesmof an hour, a day, a
month, or a year?

what is the energy loss between two given points whter / wastewater system?
how much energy is a pump adding to a flow?

Where on the pump curve is a given pump operatigvehat is the efficiency of
that pump’s operation?

Is a motor operating efficiently?

Y VVVY

Also, these measurements provide the data that alj@rators and managers to assess
whether a given change or improvement has hactbaded effect.

Guidance on open-channel flow measurements isadlaifrom the U.S. Bureau of
Reclamation (USBR, 2001). For pressurized systémase is not a single guide that
covers all possibilities, however, manufacturerpaiver, flow, level and pressure meters
/ transducers / sensors typically provide their @uidance.

While the above types of measurements are the ecoastnon in water and wastewater
systems, on occasion, other measurements (seed®udi al., 2004) may be useful —
particularly with regard to evaluating the energngsumption and energy efficiency of
equipment and machinery: oil analysis; temperatugasurement (for example, using
thermal imaging); vibration measurement and anslysi

When deciding to collect data, consider that:

» Good data are better than no data;

» No data may be better than bad data;

» Too much information can overwhelm an organizagability to manage the
data;

» There are expenses associated with collecting amhging data, so plan
strategically to collect useful data and to archiheg data for future needs.

12. Evaluate Different Available Water Sources and Their Costs

A recent study (Olsen & Larson, 2003) indicated tha energy cost associated with
groundwater production and treatment is typicatlyater than for surface water
production and treatment. In the cited study, wltichsiders systems in the Madison,
Wisconsin area, energy costs are estimated atVW8Kgal for surface water and 1.7
kWh/kgal for groundwater. While groundwater treatihcosts are often relatively low,
the energy cost for lifting water from consideratdgths to the surface is not.

An economic analysis to decide between ground idace water sources requires
consideration not only of energy costs, but must &hke into account any necessary
infrastructure, such as for water treatment, waggts or procurement, and O&M costs.
This sort of analysis also must consider issueb ascecurity, whether the supply can be
sustained (drought and other impacts), etc., aesktissues may well trump energy costs.
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13. Reduce Leakage through Pressure Management

Consider reducing the water system pressure whesilge to reduce leakage and to
reduce stress on distribution system and usergifihere may be additional
opportunities to reduce pressure during periodeswér demand, which will be at night
for most systems.

With pressure management, not only will leakagecokeiced, but system energy
requirements also may be reduced, depending orphesgure is reduced. If pressure
reducing valves (PRVSs) are used to reduce presthars will be no energy savings.
However, if pumps operated by variable frequendyedr(VFDs) are used to manage
pressure, there will be energy savings.

A series of relevant articles, including a caselgiof one Australian water distribution
system pressure management, are provided dpabtiéc Water Efficiency websiteln
one such article (Mistry), the author reports that:

Basically, a higher pressure will result in a geedtequency of bursts and more
water lost through leaks and burst pipes. Instaliadf computerized, flow-
sensitive pressure control valves or the retrafitof electronics on to existing
pressure reducing valves can be used to reduceessay high nighttime
pressures and minimize the problem of fluctuationsressure which weaken
pipe systems and reduces their asset life.

14. Reduce Energy Losses in Pumps & Fans

Pumping systems use substantial amounts of enEogynstance, an Electric Power
Research Institute study (EPRI, 1996) found thét wroundwater based water supply
systems, the vast majority (nearly 99%) of energgsgfor well pumping and booster
pumping. With surface-water-based water supplyesgst most (in excess of 95%) of the
energy used is for raw and treated water pumping.

There are fairly standard methods and technoldgresssessing the efficiency and
operation of pumps, and software is available f@@ating the effectiveness of proposed
improvements. The objective is to reduce hydragmiergy losses in the pump and
electrical energy losses in the driver (motor) tmthaximize overall system efficiency in
the process. The closer the match between the pometrto the pump and the power
transferred to the water, the greater the effigienc

Two common strategies are to operate constant-gnee@s as near as possible to their
point of maximum efficiency, and to utilize variakdpeed pumping to achieve the same
objective when the flow or pressure that must pbed by the pump varies
considerably during the period(s) of pump operation
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Best energy management practices for pu@@&DOE, 2008) are a series of tip sheets
have been detailed by the U.S. Department of Ereiyyergy Efficiency and

Renewable Energy program, which has also prepapean® energy sourcebook
(USDOE, 2006) that addresses improving pump effyeand dan energy sourcebook
(USDOE, 2003) that addresses fan efficiency. Adddaily, pump energy efficiency
(USDOE, 2008a) anthn enerqy efficiencyUSDOE, 2008b) assessment software are
available from the Department of Energy. The tnadgazine Waterworld has a monthly
column, Pump Tips & Techniques that offers guidaioce®perators and managers
(Budris, 2008).

15. Reduce Friction Losses in Production Wells

As noted previously lifting and pressurizing growader requires considerable energy.
Depending on design and operating conditions, therg be considerable energy losses
incurred as water is extracted from aquifer storage

Related best practices include design for higttiefficy extraction, with consideration
given to the aquifer, the gravel pack and the s@iéen, and through maintenance or
rehabilitation to restore efficiency lost due tamal aging processes (Drake, 2008;
McGinnis, 2008).

The commonly used measure of well (not pump) efficy is specific capacity, which is
the volume of water produced (gallons) divided bgwtlown (feet). The larger the
volume that can be produced at a given drawdovengtbater the well efficiency; as
drawdown increases, the required lift will increaae will the required energy input.

On a parallel track, pumping systems for water pobidn wells, such as vertical turbines
with the electrical motor at the surface, or sulsifbe pump and motor configurations,
need to be designed, operated, and maintaineddwimmm efficiency.

16. Reduce Friction Losses in Valves

Valves of all types (check, stop, regulating, cohtaltitude, etc.) have the proven
potential to cause energy losses in water systéhs.is especially a concern for systems
that are pressurized by pumps. Even when valvesaeting correctly, the energy loss
associated with one valve type could be ten tirhasdf another valve. If your system
has only a few valves, this will not be significaHbwever, if a system has tens or
hundreds of valves, the associated energy costsecaignificant. Valves that are
operating in a partially closed position can gige ito large hydraulic energy losses; if
pumps pressurize the system, then large electrealgy losses will be incurred.

17. Reduce Friction Losses in Pipes

It takes energy, supplied either by pumps or byatkd storage, to overcome pipe
friction in transmission and distribution systemipg. Since frictional resistance to the
flow of water is present in any pipe, all one cangiminimize friction losses. This is an
optimization problem that requires consideratiothef value of existing pipe runs, the
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cost of rehabilitation or replacement, and thedddfilbetween projected energy cost
reduction(s) and the costs of improvements.

Plastic pipe friction losses are relatively lowniew pipe and can be treated as fairly
constant over time. For metal pipes, no matter grah a water transmission or water
distribution system, friction losses will generaihgrease over time. The growth of
tubercules in many types of metal pipe both inasdsction and reduces the area of
pipe available for transmitting water.

Best practices for reducing pipe friction consistimhy of pipe cleaning (AWWA, 2003),
pipe lining (Muenchmeyer, 2008), and pipe replac@neith or without an increase in
pipe diameter).

18. Adequately Ventilate or Sunshield in Warm Weath  er

Electrical resistance increases with temperatusea Aesult, exterior motors should be
shielded from the sun. Motors at wellheads neednmin accessible for repair or
removal and shields need to be removable.

19. Use Gravity to Move Water

Most hydraulic systems provide for the exchangenafrgy between elevation, or
gravitational potential energy, velocity, or kireetinergy, and energy of pressurization. In
some operations, water flows from a higher to aeloglevation under the action of
gravity and then, due to a design flaw or anotkason, the water must be returned to a
higher elevation with a pump. The objective of fhiactice is to utilize gravitational
potential energy wherever possible, rather thangsno promote the flow of water from
one location to another.

20. Automate System Operation

The utilization of Supervisory Control and Data Aition (SCADA) systems is
widespread in larger water and wastewater utilitigisnot so in smaller rural systems.
SCADA systems allow not only for monitoring, but fmntrol and more sophisticated
automated decision making and real-time adjustrmkptimping rates, process
parameters, valves, etc. A recent overview is plewiby Schroeder et al. (2008).

21. Generate High-Quality WWTP Effluent

Adequately treated wastewater (effluent) is a wegsource of increasing value. If
treatment is to sufficiently high quality, whichryaacross the nation but are generally
uniform across a given state, such as Arizonaetthgéent can be reused for irrigation,
industrial applications, groundwater recharge, pgwant cooling water, etc. The
wastewater treatment process(es) in use, or sdlastpart of redesign, or for design of a
new facility, can have a great influence on efflugmality. As an example, a membrane
bioreactor (MBR) process, in comparison to an atéiet sludge process, may offer
considerable advantage in removing endocrine disrgigontaminants (presently
unregulated) that exist in most WWTP influent stnegArizona Water Resource, 2008
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Mankato, Minnesota’s new wastewater reclamatioiitiagvas recognized by Minnesota
APWA (American Public Works Association) for hgyh-quality effluent which will be
used for power plant cooling water at the nearblpi@a power plant (Water World,
2008). The new plant was constructed by meangobéc-private partnership amongst
the City of Mankato, California-based Calpine, dmel Minnesota Pollution Control
Agency (MPCA).

22. Consider Hydroxyl lon Fog for Wastewater Odor C  ontrol

A relatively new technology is the hydroxyl ion fodor control system byapex The
hydroxyl ion fog system offers the potential fodueed energy and capital costs where
odor control is routinely required: headworks, strers, holding tanks, lift. stations, wet
wells, etc. The hydroxyl ion fog reacts with odasdwdrogen sulfide gas, reduces the
corrosion associated with the gas, and breaks dpease. The system can be considered
as an alternative, or supplement to carbon, bioddgand chemical scrubbers.

Operations and Maintenance

23. Manage Air in Pressurized Water and Wastewater  Systems

The presence of air in pressurized water or wageggstems can cause excessive
energy consumption in pumped systems, includingsipée damage due to hydraulic
transients (water hammer). The underlying causdass in cross-sectional area of flow
with accompanying flow reduction and increasedifsiclosses.

Pressure pipe runs need to be evaluated by anesrgiith expertise in water
transmission. Common remedies include strategeptent of air release valves.

24. Utilize Off-Peak Power Usage Strategies

Electrical power demand by residential, commeranstitutional, and industrial users
varies considerably over the course of a 24-hoyr Barthermore, the demand over a 24-
hour period will vary according to the season. &ieal power providers need to respond
to this variable demand and their expenses, ansecpently, the cost of purchasing
power, is usually greatest when demand is at #&.p&s a result, the rate for electrical
power, particularly for users with large electridemands, will vary, depending if the use
is on-peak or off-peak. For users with significal®ctrical power needs, often there are
cost advantages to shifting power use from on-peaitf-peak periods. The threshold for
electrical power pricing, according to such a paogyis different for each electrical
power provider.

With water treatment, raw / source groundwater suppmps are used to lift water from
wells to the surface and into storage, often withimal treatment. In small systems,
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these well pumps usually operate intermittentlynéty be advantageous to operate the
well pumps at off-peak periods when electricityeiss expensive to purchase.

The North Liberty, lowa, water utility saves eneagyd reduces expenses with off-peak
groundwater pumping into ground storage, in corjonowith variable frequency drive
(VFD) pumps to move water through treatment ana @ivated storage (lowa
Association of Municipal Utilities, Year Unknown A)n this instance, a key
requirement imdequate storageso that pumps can be operated during the off-peak
period. Otherwise, the pumps would have to openasgnchronization with demand,
regardless of power pricing.

The water utility department in the City of Fredras several hundred well pumps.
Fresno uses a SCADA system to monitor and contnolgs for operation, to the greatest
extent possible, at times when power costs for gacticular pump location is at a
minimum (City of Fresno, 2008).

25. Optimize Treatment Processes to Reduce Water an  d Energy
Consumption

Poor water quality may necessitate treatment thsitsignificant associated energy costs.
This is certainly the case for wastewater, bug @lso true for potable water. Certain
water treatment processes, for example, reverseasifRO), consume both energy and
water. Each treatment process generates a wastéastwhich could be small, as in the
solid waste generated from water disinfection usiotiled sodium hypochlorite, or it
could be much more significant, as in sludge gaierat a WWTP.

While laws and regulations typically dictate thivaiable water quality for treated
potable water or wastewater, e.g., the Safe Drinkifater Act (SDWA) and Clean
Water Act (CWA), compliance with the laws, regubais, and standards often requires
one or more additional processes. These procassesly have capital and O&M costs,
but they also require energy, and they may requisater input.

Blending water supplies may, in some instances asaheeting the SDWA arsenic
standard, allow a water utility to reduce or eliatenthe treatment necessary to meet
regulatory criteria.

Alternative processes may consume less energy;\rewene needs to take into account
all costs, not only capital or energy costs.

26. Coordinate Water Production / Delivery with Tre  atment Process
Capacity
High rates of raw water production / delivery fbwost periods of time may result in over-

sized water treatment infrastructure with corresipogly high energy use, embedded
energy use, operations and maintenance expensepeexample, if a new arsenic
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treatment system has to be sized for 300 gpm wakproduction and the well only

runs for a few hours a day, it may be prudent tordoze the production well pump and
go with a lower-capacity treatment system, presuynaie that is scalable as demand
grows over time. Wastewater facilitiesthat havdittle or no storage at the front-end and
are sized primarily for peak periods of inflow, deto have processes and equipment that
must be operated under peak inflow conditions, elteimg periods of off-peak inflow.

27. Retrofit Facilities with Energy-Efficient Light ing

A good general reference, extensively quoted her&nergy Reduction Techniques for
Small and Medium Water and Wastewater Systemsifeldtural Water Association,
2007). Proven practices include:

» Utilize natural lighting when and where possibledd to consider HVAC costs
and benefits as well);

Use high efficiency ballasts for fluorescent ligigti(retrofit/new purchase);
Use high-reflectivity reflectors (retrofit/new pinase);

Replace incandescent bulbs with compact fluoredwmalbs (use same fixture);
Consider high or low pressure sodium over incarstgdaulbs;

Consider low pressure sodium over high pressureisgd

Consider LED lighting, which has the best efficigt all lighting;

Consider, time-based, occupancy-based, or photdsaséd lighting controls;
Consider task lighting instead of overhead lighting

For outdoor lighting, make sure lighting is direttanto the ground or task area
instead of up into the sky.

YVVVVYVVVYY

28. UV Disinfection Systems Best Practices

Ultraviolet light-based effluent disinfection cuntéy is not common in rural wastewater
systems. However, these systems are increasingty aad some attention to their
operation and maintenance is warranted.

A first strategy is to reduce the electrical endagt (as heat) in low efficiency ballasts,
which are electrical devices that limit currentflthrough the UV lamps.
Implementation of this practice will require evdioa of the existing system and
ballasts, and consultation with the manufacturer.gn overview, consult Lupal (2001).
The Princeton, Indiana WWTP recently has implentitite use of high-efficiency
ballasts (Princeton, 2008).

The quartz sleeves that enclose the UV lamps foeit tme and there is an
accompanying decline in UV intensity, with reducksinfection. Automated systems
will assess UV light intensity attenuation overeinbut that is no substitute for regular
visual inspection of operating conditions.
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Larger UV disinfection systems with multiple flowaannels and banks of UV
disinfection lamps may be candidates for modifipdration by means of which flows
pass through a single channel during periods offlow, reducing the need for
simultaneous and energy-wasting operation of laamk® in two or more channels.
Philips and Fan (2005) provide a case study of émgntation at the UC Davis WWTP,
where it was found that annual UV system energppled by nearly 25%; bulb lives
were extended by a similar amount; and, paybadedan energy savings alone, took
only four years.

29. Increase Electrical Motor Efficiency

This a widely-used practice and consists primalyeplacing lower efficiency motors
with higher-efficiency models. This reduces eleariosses in the driver. It may be cost-
effective to not replace motors until they are rtearend of their design life. If
appropriate, single-speed motor operations shoellgpgraded to variable-frequency
drives. Additionally, it may be feasible to swittbm single-phase to three-phase
power. Three-phase motors are generally more effién their use of electrical power.
Finally, motors should be evaluated for inefficieperation due to miscoupling /
misalignment or due to poor mounting. Electricalsles are reduced because electrical
energy will no longer be converted to unnecesgaotentially damaging, and energy-
wasting mechanical vibration (see practice 11).

30. Operations and Maintenance (O&M) Guides and Edu  cation &
Training

When new systems or components are procured, gpkaifthe designer or supplier is to
provide written and illustrated operations and rrenance (O&M) guides and on-site
O&M training, possibly with a requirement for prefonal videography of the initial on-
site training. These reference and training malterif used and followed, will help to
promote O&M consistent with the intent of the desigor vendor. Anticipate that, over
time, seasoned and knowledgeable operators mapwaand amend O&M practices.

Additionally, overall education and training foreyptors is essential so that they can
understand utility policies, management and opanatibe aware of energy supplies and
uses and costs and understand the basis for studaggdication of best practices for
water and energy conservation (Cantwell, 2008).

Renewable Energy

Because water and wastewater systems have regul@oatinuous power demands,
there are excellent opportunities for using rendevabergy sources. Renewable energy
sources such as photovoltaic panels and wind testean be used to help meet day-to-
day energy needs. Given the significant recentamgbing investment in renewable
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energy, technologies are becoming more efficiedt@st effective. In Arizona, where
there are ample sun and significant wind resoureegwable systems can be effective at
reducing expensive peak power demand placed oreational providers.

Other renewable sources include sludge digestatptbduce methane. The methane is
captured and used to power a gas engine generaaanicro-turbine system. These
systems utilize the methane gas produced in anadreltment processes, reducing the
GHG emissions of the wastewater treatment plantdate, these kinds of systems have
been limited to plants that exceed a threshold D® Billion gallons per day (Mgd).

31. Wind Energy

wind has long been used to help pump, distributeterat water. In the early 20
century, the development of the steel windmill aaciprocating pump provided water to
farms, ranches, and railroads in the rapidly deuiap American west. This technology
is still used to pump water worldwide. Accordingatoeport from the National
Renewable Energy Laboratory (NREL), there are ower million windmills in the

United States, Argentina, and Australia alone (Arg2001). However, wind-powered
mechanical pumps have limitations. Because of tieeiprocating pump design, these
pumps need to be installed directly over a welldh@ais poses problems because
groundwater is often tapped in low-lying valleysddhese locations are not usually
optimal for available wind energy.

Given the above location constraints on windmiéldiprocating pump installations, an
electric wind turbine offers greater versatiliffhese turbines are designed to generate
electricity (AC or DC) that can be used to opertariety of electrical devices. Wind
power can be used effectively to power pump mofarss, lights, controls, and
convenience power for small utilities. In pumpingeaations, the turbine can be coupled
with an AC motor, which then drives the pump atyirag speeds. This eliminates the
need for costly batteries and inverters. Becausgrality is easily transported, the
turbine can also be placed in locations that viidiva for the most efficient wind energy
harvesting. Electrical wind pumps are twice ascedfit as traditional windmills and are
often a cost-effective alternative to traditionainer supplies (Argaw, 2001).

In relatively recent applications, wind-energizedadion of both potable water reservoirs

and wastewater lagoons and ponds has been impledhand evaluated in a range of
settings (Horan et al., 2006; Anonymous, 2008; Boreski, 2008).

32. Solar Energy

Given the escalating cost of energy, several largeicipalities have started to integrate
solar power into their operations. The Alvaradden#&reatment plant in San Diego (120
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Mgd) recently installed a solar power system tlaaes the utility nearly $70,000 in costs
annually.

Many smaller municipalities will have difficulty iding the upfront costs associated
with renewable systems. In this case, it may maksesto utilize a “power purchase
agreement.” Here, a development partner acts agermediary between the
municipality and its power utility. The developmembup provides all of the upfront
costs, design, installation and financing costslireq for the project. In turn, the
municipality signs a power-purchase agreementatats them to buy power at a
specified rate for 15 to 20 years. Generally, fixisd rate can be 15% to 25% less than
the utility’s typical cost per kilowatt hour. Tlavantage here is that utilities can lock in
power rates for an extended period at a reducdd ésspower prices are escalating at an
average of 5% a year, a fixed rate can substantiedluce future costs (Public Works,
July 2008).

The most cost-effective method is to install a vesi@de energy system behind the
electric utility’s meter at the site. In this wdlge water or wastewater utility can use the
energy produced to augment power usage withouhtamiual agreement from the
electric utility. This is particularly appropreafor small renewable systems like wind
turbines and smaller photo-voltaic (PV) systemgpoksible, it is best to size the
renewable system to provide 75% of the power requint of the facility. This allows
the water or wastewater utility to generate a $icgmt fraction of its power
requirements, but still allows for a backup coniecto the electric utility.

If the renewable energy is installed in front of #lectric meter, then a power purchase
agreement will have to be negotiated with the l@tattric utility. In this case, the green
credits are sold to the local electric utility, eamgower agreement is established between
user and provider. Again, because the rate islfittee inflation risk is reduced.

Another idea is to form a collective that can pswlall users to purchase bulk power
from utility groups. Small collectives may alsodtae to pool enough small projects to
generate the interest of a solar investment pastier
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Appendix 1 — Design Best Practices Checklists forN  ew
Water and Wastewater Facilities

Excerpted from Roadmap for the Wisconsin MunicWater and Wastewater Industry
(Wisconsin, 2002). There is considerable overl#p tihe best practices identified in this
guide.

New Water Treatment Facilities

Provide ample storage capacity and flow flexibittyaccommodate variable
demand.

Specify high efficiency motors and pumps.

Include control systems and software.

Consider low-energy backwashing system options.

Optimize chemical requirements.

Install baffled flocculation tanks instead of megital flocculators.

Use staged, load-adjusted, small air compressowrféed ozone systems.
Consider alternative solution mixers that are na@eianical (static or hydraulic
jump).

Consider minimal energy concept, with respect attiaplayout of a new water
extraction / treatment system to minimize pumpattise and head requirements
Select water treatment system technology thatatsflme best life-cycle
economics, with respect to environmental compliance

Use lower friction pipes (estimated 6-8 percentrgysavings)

O O OO0O0oOooOooOoOo O

O

Apply not-quite-potable, treated wastewater to:
O Recharge aquifers.
O Support industrial processes.
O Irrigate certain crops.
O Augment potable water, when and where appropriate.

New Wastewater Treatment Facilities

O Use attached-growth type of secondary treatmankijtrg filters or biological
contactors) in lieu of activated sludge for medisized plants to reduce energy
costs.
Provide ample storage capacity and flow flexibittyaccommodate variable
demand.
Specify high-efficiency motors and pumps.
Include control systems and software.
Employ initial removal of large debris in lieu admminutors to avoid increased
secondary treatment costs.
Consider low-energy backwashing system options.
Optimize chemical requirements.
Apply baffled flocculation tanks vs. mechanicalcitolators.
Use staged, load-adjusted, small air compressowrtéed ozone systems.
Consider alternative solution mixers that are naeianical (static or hydraulic

jump).

Ooo0ooO0 Oooo 04
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O Apply fine-bubble aeration instead of coarse bulagieation.

O Consider UV for disinfection, instead of chemicabaonation systems.

O Minimize infiltration of groundwater and rainwat@to sewage collection system
to reduce pumping requirements (seal joints, linP\gC pipe, bypasses, etc.).
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Appendix 2 — Funding Sources, Renewable Energy
Specialists, and Other Resources

Funding Sources

WIFA — Water Infrastructure and Financing Autholi{#rizona)
http://www.azwifa.gov/

Clean Water State and Safe Drinking Acts (StateoRé@wy Fund Program)
http://www.epa.gov/safewater/

DOLA, CDPHE CWRPDA

National Water Program Strategy (Response to CérGéange)
Direct and Leveraged Loans

Disadvantaged Community Loans

Colorado Water Resources and Power Developmentofitith
http://www.cwrpda.com/Programs.htm

Small Hydro Loan Program (Colorado only)

Water Resources and Power Development Authority
Engineering up to $150K per year, $15,000 perllgoaernment
Up to $2 million per borrower, 2% for 20 years

SRF — Planning and Design Grants have been assicce

Energy Efficiency and Conservation Block Grant Pamg (EECBG)
http://www.usmayors.org/climateprotection/documérdsbghandout.pdf

U.S. DOE

68 % to Municipalities (30,000+)
28% to States

2% to Tribes

USDA Section 9006 Energy Programs

http://epa.gov/region09/cleanup-clean-air/pdf/aztesenergy/renewable-energy-
efficiency-pgm-farm-bill-sec.pdf

Section 9007 in new farm bill
AG producers and rural small business

25% grant

Water / Energy Partnerships
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Solar Investment Partnership
Solar Development Companies
Sol Equity
IEG — Independent Energy GrowfASU developer
Camilla Strongin (602) 346-5054
Code Electrical
Mark Holahan (602) 438-0095
Sun Edison- (solar systems 50 KW or bigger)
Deer Path — (Boston)

Renewable Energy Specialists

Barbara Lockwood APS (602) 250-3361

Tom Hansen FEP(928) 337-7322

Lori Singleton— SRP(602) 236-3323

Terry Hudgins — Green 1de&4$80) 620-4795 (mobile)

Ken Starche+ Alternative Energy Groug (806) 651-2296

Tom Acker — Department of Mechanical Engineerifdorthern Arizona
University (928.523.5200)

Other Resources

Agricultural Pumping Efficiency Program
http://www.pumpefficiency.org

National Environmental Services Center
http://www.nesc.wvu.edu/index.cfm

USEPA Small Water Systems
http://www.epa.qgov/OGWDW/smallsystems/index.html

Consortium for Energy Efficiency
http://www.ceel.org/

WATERGY — Water and Energy Efficiency
http://www.watergy.org/

Focus on Energy — State of Wisconsin
http://www.focusonenergy.com/
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