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Introduction

CKAA LI LISNI LINBaSyda +y lylrfteara 2F OSNIFAY FaLlsSod:
Application (Application). The Application was submitted to Wisconsin(BNIRIR)n May

2010. In addition to the pplication, numerous other documents wesubmitted or referred to.

Many2 ¥ (G KSa$S I qithof Waukedhs WateRBiversion Applicatweb page.

Documentgeviewed in part or in whole are listed at the end bigt paper.

Thescope of this paper is limited to three aspects of the Application: conservation and
efficiency measures, demand forecast, awiirces of water supplyorsourceghe focus is on
hydrologic and environmental aspectswithdrawals inthe Application. Issues related to
economic factors and return flowts Lake Michiganfor instance, are not addressethe author
assumes readers are familiar with the Application and related documents, so material from
documents is nbpresented again in thigaper;rather it is referred to ands described only to
provide insight into analyses.

The goal of this paper is to provide an objective scientific analysis of particular aspects of the
Application. The author is a scientist and an experienced hydsildde is neither an opponent

nor a proponent of the Application. This paper contains no recommendations for actions by any
parties.

The Application is for water to meet the needs of a service area that is not congruent with the
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conservation measures, and demand is not presented separately égudhs of the service

area outside of the City of Waukesha. Therefore, this paper assumes that facts and figures

presented, in the Application and associated documents, are for the service area, unless

documents specify otherwise. Where this paper reter$Vaukesha wateconservation

measuresdemand forecastsandwater sourcesd 2 | dz] SAKIF ¢ NBTFSNER (2 (GKS aSND
which the Application was made.

Water Conservation and Efficiency Measures
tKAa aSOlA2y RSaONAOSa addlefizie®ynEasfegCEMS)Iti SNI O2y & SN G
summarizes whiclCEMsave been implemented, which are still planned, and water savings for
each if available.
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part of the @ (i & Q-fermfstatégy to meet future demand®Vaukesha adopted Water

Caservation and Protection Plan 2006and updatedit in 2012 as the Final Water

Conservation Plan (FWCP). This plescribesvater conservation and implementation

strategies forall use sectorsThe program will be evaluated annually and formally updated in

2016.



The FWCP sets a goal of 10 percent savings in water deloya@@b0, based on the 2050
average day demand projection of 10.9 Mgderim goas aresavings 00.2 Mgd by2016 and
0.5 Mgd by 2030with a final goal of 1.Mgd by 2050.

The principal CEMs are focused on 5 areas:
1 Monitoringunaccounted for wateand focusing on leak detection and repair
9 Promoting water conservation through public information and educationmaigns;
1 Replacing higluse fixtures by providing users with financial incentives;
9 Reducing lawn sprinkling through ordinances; and
1 Reducing average day and maximum day demand usatiging waterrate blockstructures.

No specifiavater conservation targetare set for each CEM, except for fixture replacement.
Rather they collectively are expected to meet thealsfor 2016, 2030, and 2050.

Implemented CEMs

Unaccounted for water CEMWaukesha has fairly low percentage of unaccourftadwvater,

about 6 percent, with some variability from year to year. This is well below the average of 18

percent for large municipal systems in Wisconsin reported in Water Efficiency Potential Study

(WEPSF2NJ 2 Aa02yaAyd LG A& Ekdlagercant®baukeshakcontnie®a NBO2YYS
its leak detection and repair program, as well as auditing that can point to unaccounted for

water. No specific amount of conserved water is associated with this CEM, because

unaccounted for water continues to hover arou@igercent and is expected o soin the

future.

Public information and education CEMAccording to WEPS, EPA estimates a 3 to 5 percent
reduction in water use as a result of information and education prograissikesha has

promoted conservation through a variety of media and methods. In 2011, Waukesha spent
$16,545 on these efforts, according to their Report on Water Conservation Programs to the
Public Service Commission of WisconBi&{. Although no specific amount of meerved water
isassociated with this CEM, it is a critical part of ensuring success in rebate programs, outdoor
watering inclining waterrate block structuresand reducing overall demand

Fixture replacemenebate CEM Waukesha launched a toilet relmprogram in October 2008,
with a goal stated in the Application of saving 0.5 Mgd by 2050. From inception through 2011,
the program has resulted in replacements of 88 toilets at a cost of $25 per #detrding to

the Report on Water Conservation Pragrs the savings over this time period was 1,430,825
gallons or 0.001 Mgd. Waukesha estimates a savings of 1ga80l@hsper year per toilet in the
Application Thus to reach the 2050 goal of 0.5 Mgd savitigstotal number of toilets that

would need tobe replaced is a little over 12,000 or 300 per year between 2011 and 2050.
Possibly the Applicatiomeant torefer to replacement ofbther fixtures besides toilets, because



the FWCP sets a goal of 7,444,000 gallons saved over §2&422016) which eqates to
about 99 toilets per year
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conservation efforts for eight utilities required to report these to the PSC. The number of toilet

rebates for these utilities ranged fno 14 to 2504, the latter for a city three times bigger than

Waukeshgtable 1) Waukesha had 17 toilet rebates. The amount of water saved per rebate was

quite variable, ranging from 2000to2nn Il f £t 2y & LISNJ @ S NX 2 | dz] S&aKI Q&
year. Thé is significantly legkan, nearly half, the amount Waukesha estimated to save in the

Application which was 15,000 gallons per year per toiléius, there is some uncertainty with

respect to projections of water savings from the toilet rebate program.

Reported Water Savings from Toilet Rebate Programs in Wisconsin (CY 2010)
Number of Estimated Water  Estimated Water Savings  Estimated Water
Utility Toilet Rebates Savings (Gallons) per Rebate (Gallons) Savings (Mgd)

Janesville Water Utility 104 335,809 3,229 0.0009
Kaukauna Water Utility 95 1,144,440 12,047 0.003
Madison Water Utility 2,504 18,345,151 7,326 0.05
Marshfield Utilities 54 108,000 2,000 0.0003
New Berlin Water Utility 77 820,000 10,649 0.002

Sun Prairie Utilities 14 34,829 2,488 0.0001
Waukesha Water Utility 17 137,064 8,063 0.0004
Total 2,865 20,925,293 7,304 0.0567

Source: Table 2 in 2010 PSC Conservation Summary.
Table 1. Reported water savings from toilet rebate programs in 2010 for eight
water utilities in Wisconsin.

According to WEPSyitets account for nearly 30 percent of indoor water consumption. Average
residential singldamily water use per household is 30 GPD for a toilet. Based on 2010 Census
data on the year homes were bui85 percent ofresidential cstomers in Wisconsiare

estimated to have 3.§allons per flush (gpf) toilets, 13 percent have 1.6 gpf, and 2 pehzarg
1.28 gpf toiletsThe distribution in Waukesha has not been estimated.

Outdoor watering ordinance CEMNVaukesha implemented outdoaprinkling restrictions for

all customer classes in 2006002 NRAYy 3 G2 2 | dzZl SaKIFQa wnamn 2 GSNI/ 2y
PSCthe restrictions are applicable from May 1 to OctobeT ke restrictiors ban daytime

sprinkling from 9:00 a.m. to 5:00 p.m. Custenrs are allowed to irrigate two days a week



according to their addres#gccording to WEP &efficient irrigation practices can cae
observed water loss of 20 to 50 percaftoutdoor water use.

In 2010, maximum day demand was 8.65 Mgd, whi&7 {gercent lower than the 208 peak
demand 0f12.87 For the same time period, the difference in average day to maximum day
demand decreased 61 percent. Although other factors affect maximum day demand, the
sprinkling ordinance is likely a major factor in redggin

Inclining water rateblockstructures CEM In 2007 Waukesha was the first city in Wisconsin to
adopt an inclining water ratblockstructure. The structure is applicable to residential usérs
sets different costs (or rates) for water accordinghe amount of use. Rate blocks are
associated with different levels of quarterly use (for example, 0 to 10,000 gallons, 10,001 to
30,000 gallons, and over 30,001 gallpri3osts in the highest rate block are 40 percent higher
than in the lowest rate blck. The idea is to provide a price incentive for customers to use less
water.

Since implementation of the inclining water rate block structure, residential water use has
decreased. Over the same time period, water use has declined in the industrial, comainand

public water use sectors also, so factors other than the inclining water rate block structure are
likely causing a decline in water use in the residential sector. Still price incentives have been
shown to significantly reduce water use, althougtjustments in the number of rate blocks, the
amounts of water associated with each, and the cost of water in each sometimes take several
years to achieve desired results. Timely feedback (billing) to customers is also necessary so that
decisions on usean be made. Monthly billing would likely influence watese decisions more
effectively than does quarterly billindccording to WEP&PA estimates that an inclining block

rate structure can lead to a 5 perceowerall reduction in water use.

Planned CHs 2012 to 2016
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foundation for theprograms in Year 1 (2012) through public education and incentives for
residental customers, particularly thiop 10 percent wateusers. Starting in Year 2 (2013), the
program focus would expand to include incentivesdommercial and industrial customers. As

the program expands over the subsequémtee years (2014 to 2016additional measures

would be emphasized to capture theegitest savings and the lowest costis plan is outlined

in Table & in the FWCP.

Table 2 adapted from Table-& in the FWCP, shows a projected 86 MG (8184d) in water

savings across all sectarsmillions of gallons per ye&etween 2007 an®016.2 | dz] Sa K| Q&
implementation schedule is outlined only until 2016, leaving some uncertainty about how the
additional 0.268Mgdin savings will be achieved by 2030. Furthermore, how Waukesha will
achieve aradditional0.5Mgd between 2030 and 2050 has nio¢en described. That being said,
plans needo remain flexible in order to be effectively budgeted and implemented. When the

4
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Conservation Plan is reviewed agairt016§ Waukeshahouldknow what itsfuture water
supplies will be and can better evaluatedaadopt appropriate measures.

Total Projected Cumulative Water Savings

User 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Residential 6.1 12 17.7 23 28.1 354 43.2 51 59.1 67
Commercial, Industrial, & Public 1.8 3.6 5.2 6.8 8.3 9.8 12.1 14.3 16.6 19.7
Total (Mgy) 7.9 15.5 22.9 29.8 36.4 45.2 55.3 65.4 75.8 86.8
Total (Mgd) 0.02 0.04 0.06 0.08 0.1 0.12 0.15 0.17 0.21 0.24

Table 2. Projected Waukesha water savings 2007-2016.

Unaccounted for Water CE&/As previously stated, unaccounted for wateratatively lowin
Waukesha. Waukesha will continue its leak detection and repair programeaied audits.

Public Information and Education CENurrent measures already implemented will be further
publicized and expanded in scope through 2016. Educational programs will expand into schools,
from elementary to college campuses, such as Teach the Teacher wpskaho course

projects. Partnerships with coalitions throughout Wauke&tmauntywill strengthen and expand

as well. Although this CEM &n essential part of amyater conservation planno specific goal of
water savings is associated with it

Fixture Relacement Rebate CE4yMeasures incentivizing fixture replacement will be expanded
from 2012 to 2016 as well. For residential customers, the toilet rebate program will provide
$100 rebatesrather than the curren$25, with the objectiveof accelerating theaumber of
replacements Rebates or a distribution program will also begin for kefficiency showerheads.
Indoor water audits will also be available to residential customershas/n in Tabl8, the
projected water savings from these measures are 8.3 (@.0046 Mgd).

For commercial, industrial, and institutional customers, rebates for-bifjhiency toilets,
showerheads, clothes washers, sprayse valves, and urinals will begin in order to provide
incentives for these customers to make their faig more efficient. Indoor water use audits

will also begin for these use sectors between 2012 and 2016. Accordig RfSresidential and
nonresidential audits that include plumbing retrofits, evaluations of kitchen and irrigation
systems, and leak redtion have the potential to reduce demand by 15 to 35 percent. Based on
only the CIl water demand from 20810 in the FWCP, that would equate to 0.0009.0022

Mgd in water savings. As shown in TaBlaccording to the FWCP an estimated 4.93 MG
(0.00Z Mgd) in water savings is attributed to these programs.



Projected Water Savings 2012-2016
Projected Water Savings Projected Water Savings
User Conservation Measure (MG) (Mgd)
Commercial, Industrial, High-Efficiency Toilet Rebate 0.41
and Public Water-Efficient Showerhead 0.04
Indoor Water Use Survey 0.06
Outdoor Water Use Survey -0.11
Urinal Rebate 0.28
Spray-Rinse Valves Rebate 4.24
High-Efficiency Clothes Washer Rebate 0.01
4.93 0.0027
Residential High-Efficiency Toilet Rebate 7.44
Water-Efficient Showerhead 0.88
Indoor Water Use Survey 0.08
8.39 0.0046
Total 13.32 0.007

Source: Table 6-6 in FWCP
Table 3. Projected Waukesha water savings in millions of gallons for various fixtures,
2012-2016.

Outdoor Watering Ordinance CEM he sprinkler ordinance will remain in effect through 2016
to continue to help reducaverage and maximum dalemand in summer months.

Inclining Water Rate Blo&ructure CEMWater pricing is an important driver of a
comprehensive conservation program. The current rate structure will continue to be evaluated
annually.

Recommended Future CENts FWCP pos2016

I RSGFAf SR 2dzit Agndimpglémertationzdtratégiib &vdilable b Kibendix F
of the FWCP. As many of these measures are continued or expanded versions of measures
already implemented, proper tracking and evaluation over the next few years is essential in
allowing stakeholders to liger project water savings for the following measures.

Unaccounted for Water CE§lLeak deéection and reir programs will continue pos2016. A
new policy regarding the survey and repair of leaks upon the sale or lease of property may also
come into affect

Public Information and Education CENIhis CEM is planned to continue

Fixture Replacement Rebate CEMiere aremany areasvithin each use sector that Waukesha
can, and in some cases alredgyexploring for water savings through rebates. For examnphe
area that appears to have a high potential for water savingslisessingnefficiencies of
cooling systems through audits and retrofits. AccordingieP Scooling systems account for
16.8 percent of indoor water use in nonresidential accoultgyation technology or spinkler
head replacement rebateare also being considered. A new policy requirihgybing retrofits
upon sale or leasef property may also come intdfect. Furthermore, incentives or policies



regarding waterefficiency standard for new buildings and loimpact development techniques
are likely to begin.

Outdoor Watering Ordinance CEM he sprinkler ordinance will continue to remain in effect.
Irrigation control outreach, along with distribution of rain gauges or sensors towier users
with either large lots or high peak seasonal use will also be explored. Newrefficimndards
addressing outdoor decorative features and swimming pools may also be implemented.

Inclining Water Rate Block Structure C&Whe current rate structure will continue to be
evaluated annually. Waukesha will also explore monthly billing which has been shown to
increase customer awareness abavater use and thuslecrease demand.

Comparison to other cities
The EPA recently published a report that highlights the results of water conservation plans

implemented by different cities around the country. As shown in Tdpleater savings from
conservation plans that incorporate elements similar to Wauk€&stged from 7.3 to 30

percent. Obviously, differences in climate, population, infrastructure, water savings potential,
and user profiles exist between these cities and Waukesha. However, it does provide insight as
to the level of water savings a city can hopeathieve following implementation of a
comprehensive water conservation plan. The amount of water savings these cities achieved
aK2¢g 0G0KFG 21 dzl SakKlkQa 321Kt 2F | wmMgreakdSauDshy G
may be conservative.

Water Conservation Case Studies

City Approach Results

Houston, TX Education Program, Plumbing Retrofits, Audits, Leak Detection and Estimated 7.3% reduction in water demand by
Repair, Increasing-Block Rate Structure, and Conservation Planning. 2006.

Goleta, CA Plumbing Retrofits and Increased Rates. 30% decrease in district water use. 50%

reduction in per-capita residential water use.

Irvine Ranch Water Five-Tiered Rate Structure. 19% decrease in water use in the first year.
District, CA
Cary, NC Education Program, Toilet Rebates, Landscape and Irrigation Codes, and  Water savings of 16% by 2028.

Rate Structure.

Santa Monica, CA Education Program, Water Use Surveys, Toilet Retrofits, and Landscaping 14% reduction in water use.
Measures.

Seattle, WA Education Program, Plumbing Retrofits and Code, Seasonal Rate 20%drop in per capita water use in the 1990s.
Structure, and Leak Detection and Repair.

[Tampa, FL Education Program, Plumbing Retrofits, Increasing-Block Rate Structure,  Pilot retrofit program achieved 15% reduction in
and Irrigation and Landscape Codes. water use.

Source: USEPA Cases in Water Conservation.

Table 4. Results of water conservation case studies for eight North American cities.

Effect onaverage day demandnd maximum day demand
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by 10 percent. Maximum day demand, while important, is only the demand for a single day and
can be affected by activitiehat are not impacted by conservation, such as firefighting.
Maximum day demand is important mostly for design and infrastructure, and less so for
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environmental impacts of withdrawals. A better targatght be reducing maximum week or
month demand. Measurelated to outdoor water and cooling will reduce maximum day
demand, but more importantly, they will reduce maximum week or month demand.

FWCRL.2.3 makes the argument that demand will increase due to improving economic
conditions, especially growth ihe commercial and industrial sectors. While it appears
reasonable to argue that an increase in water utility customers will result in higher demand, the
history of demand and per capita use by sector does not support this argument, as discussed in
the nextsection on Demand Forecast.

If the FWCP is fully implemented and successful, then per capita demand and maximum day
demand should continue to decreadeisdifficult, however to directly measurgrogress

towards the conservation goal for individualNIE other than fixture replacement, because
there are many confounding factotisat affect trends in demanddemand and water use per
capita were decreasing for a long time prior to implementation of CEMs, as shown in the next
section. Estimates of savirggfor each CEM could be made, as they are, for example in WEPS.

Water Demand Forecasts
Future water needs are based upon projections of population growth, a future mix of \wager
sectors (residential, comencial, industrial, and publicgstimates othe amount each sector will
use, and improvements and efficiencies in infrastructure and water use that conserve water.
Estimates of future water needs are conservative in the sense that they must not-pnetdict
future needs. Potential and largely unpglietable changes in infrastructure, demand, and
climate must all be accounted for.

Waukesha forecasts water needs for 2050. The Application assumes that 2050 represents a

timeframe in which the population and associated use sectors have reachedrtheimum

based upon planning studies done by the City of Waukesha and SEWRPC. There are projections

AY @FNAR2dza 20KSNJ R20dzySyda FT2NJ GAYSTFNIYSa o60STF2NB
However, the Application is conservative in the sense that it apfitir water needs in
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Water demand forecasts, through the use of future patign and water use estimateproject
needs for water in the future. The Waukesha Diversion Application includes several dosument
that contain water demand forecasts or information relevant to forecasts. These were reviewed
for this analysis and include: Appendix Ruture Water Supply (March 2002), Appendix K
Summary of Water Requirements, (May 2009), Appendix\iater Supply Seree Area Plan

(April 2010), the Application (May 2010), and Final Water Conservation Plan (May 2012).



The most recent demand forecasts for 2050 are an average day demand of 10.9 million gallons
per day Mgd) and a maximum day demand of 18/gd (AppendixD, exhibit 13). The average

day demand projected for 2050 assumes a constant gallons per capita per day (GPCD) from 2008
through 2050 for three use sectors (residential, commercial and public) that is near, but above,
current GPCDAppendixD, exhibit 13)GPCD is not given specifically for the industrial sector,

but instead a total water use for 2050 is givéyppendixD, exhibit 13). Future average day

demand is forecast simply by using a static GPCD of 112 and future population estimates, along
with assumptions on unaccounted for water and a percent reduction in demand from
implementingCEMs Future maximum day demand is based on a ratio of maximum day

demand to average day demand of 1.8¢pendixD, p. 16), using analyses of historical ratios

and precationary assumptions regarding factors that may increase maximum day demand,

such as extended droughAppendixD, p. 16).

Figurel illustrates the historical trends in population and pumpage, along with projected
population and demand. Note that both thestorical and projected population have increasing
trends. In contrast, Historical pumpage has a decreasing trend, and projected demand has an
increasing trend.
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Historical data through 2008 from App K, table 1, 2009-10 from Final Water
Conservation Plan, figure 4-1. Projected 2028 data values from App K, table 5.
Projected 2035 and 2050 values from App D, exhibits 11 and 13.

Figure 1—Historical and projected water demand and population for Waukesha.



Illustrating similar trends to Figure 1, Figurstibows historical declines in GPCD,rage day
pumpage, and maximum day pumpage, while showing increases in projected values for all three
of these.
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Historical data through 2008 from App K, table 2 and 3, 2009-10 from Final Water
Conservation Plan, figure 4-6. and 4-1. Projected 2028 data values from App K,
table 5. Projected 2035 and 2050 values from App D, exhibits 11 and 13.

Figure 2—Historical and projected GPCD, average and maximum day demand for Waukesha.
Figure 3shows trends irGPCDor various use sectors and tot@PCDAside from the
commercial use sector, other use sec®PCB and totalGPChow historical declines. The

horizontal line indicates the tot&PCD112, which is used to project 2050 average day demand
(AppendixD, exhibit 13). In comparison, the to@PCDor 2010 was 86.
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Figure 3—Historical GPCD compared to projected GPCD for Waukesha.

Future maximum day demand is projected byngsa ratio of 1.68, based on historical ratios of
maximum day demand to average day demand. Figuigows the historical ratios. No trend is
apparent. The average ratio is 1.46, and only thirteen years from 1970 to 2010 had ratios above
1.5. The most recd ratio for 2010 is 1.30. The horizontal line illustrates the ratio used for
projection of 2050 maximum day demand. Only one year, 1992, has a value equal to or greater

than 1.68.
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Models of any kind that predict the future typically are calibratedistorical data. Doing so

gives confidence that predictions are based on known historical relationships and functions. The
demand forecast model used for Waukesha does not appear consistent with historical data; that
is, it cannot predict historical dat as illustratd in this paragraph and Figure Bhe model used

to forecast average day demand assumes a const€f 112, similar to that in 2000. Using

a similar approach, one can test the predictive capabilities of the model by using the historical
GPCI»f 1990 (142), predict future demand, and compare it to historical aveday pumpage

from 1991 to 2008The results of this test of the predictiveodel are shown below in Figure 5
Clearly, the further in time one moves from the base date of 1990, the more the model over
predicts demand.
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