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1. Purpose and Background

This report addresses the 50 year water demanecpoms for Cumberland County, TN
as contracted in thiehase I Needs Assessment and Water Conservation Plan for Cumberland
County Regional Water Supply Sudy.(July 11, 2006) That document states:

“The A/E shall develop assumptions for growth rategrowing from existing to ultimate land use. The
densities and land use categories will be multipbg assumed water use factors to determine tatednuse on
10 year increments for a 50 year period. Thesggtions will only be required for Cumberland Couht

As indicated in the Phase Il needs assessment¢tisns, the projections have been
completed using the IWR-MAIN Forecast Manager© BN&R-MAIN Conservation Manager©
software developed by Planning and Management Qtanss, Ltd. (PMCL).

This report builds on thieand-use assumptions for Phase Il of the Cumberland County
Regional Water Supply Study memorandum (hereafter referred to as the “LandMis@0”) in
order to develop the 50 year water demand projectdl necessary and relevant analysis used
to create the projection is presented, followedhgybaseline projections. The impact of
conservation measures will be presented in futepents.

2. Revisions to the Land Use Memo

The Land Use Memo presented projections for pdjoahousing units, and
employment by study area and countywide for Cunaloekl TN. These figures have currently
been agreed upon by the relevant stakeholders.

Upon further review, however, GKY & Associates dalecided to slightly revise the
projections for the employment projections. Weebidiss decision on a more careful
examination of historical employment metrics updrick the projections are based.

The alteration comes from a decision to changel#it@ source upon which the
projections were based. Page 8 of the Land UsedMedicated that a constant
population/employee ratio of 2.41 was assumed basemmployment data provided by the
Cumberland County Chamber of Commerce for the yE2@6 — 2006.

Further research indicated that the employmentgistan agreed quite well with the
“employed persons” number of the Bureau of LabatiStics (BLS) Civilian Labor Force
estimates. The BLS data reflects the number afgmetiving in the county who are employed.

To better estimate commercial water demand, itasenmportant to recognize the number of
employees working at establishments operatingerctiunty. The Economic Census, first under
the Standard Industrial Classification (SIC) anghtthe North American Industrial

Classification System (NAICS), keeps this particslatistic. (Data can be most easily accessed
for Cumberland County using the Census Bureau’'s C&@Mties™ database:
http://censtats.census.gov/usa/usa.shtml




Figure 1 below illustrates the difference in thanys population/employee statistics
when calculated using the aforementioned data ssurAll three cases used the same baseline
population data from the census.
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Figure 1 - Population per Employee in Cumberland County, TNcalculated using 3 different data
sources.

The data in Figure 1 show similar trends amonghhee sources until the early 1990s
when Cumberland began its current growth phase demographic nature of new residents in
the county (mostly retirees) supports concludirag there is a stabilization and perhaps a slight
increase in the population to employee ratio adogrtb Chamber of Commerce and BLS
estimates. The Economic Census data show a cedtihecrease which may indicate that the
population growth is in fact spurring economic depenent and driving employment growth.
The additional employment for the Economic Censata dan be explained by employees from
nearby counties commuting to work in Cumberlandremresidents working multiple jobs, and
establishments with multiple shifts.

We believe that the Economic Census data leadora conservative (higher) water use
projection. By basing the employment projectiortlos trends seen in the economic census
data, the projections will include a greater pasdribr future economic development. The
Economic Census data in Figure 1 indicate a coatirdownward trend in the population per
employee statistic, though the rate of decreasaslbasd.

As in the Land Use Memo, employment projectionsefach study area are based on a
countywide population per employee value. Forrdwsion, however, the Economic Census



data are used for the baseline calculation, antf¢inel continues downward according to Table
1.

Table 1 - Population per Employee Statistic used for Emplegt Projections

Year 2006 2016 2026 2036 2046 2054
Pop/Empl )
Countywide 2.09 2.05 2.01 1.97 1.94 1.93

Table 1 indicates a change in the population pgrleyee of -0.04 per decade until 2036,
and even lower thereafter. This is significantbmeer than the historical average of -0.19 per
decade for the 1970 — 2004 period, which reflatisairt the aging population of Cumberland,
and in part, the higher (and still increasing) gapan and employment base, which dampens the
rate of change. Still, this projection allows &monomic expansion as the county grows, unlike
the previous assumption of a constant populatiopleyee ratio.

The following section shows the updated employnpeojections, summarized along
with the population and housing projections.

3. Summary Growth Projections

The justifications and methods for the populatioosing and employment projections
were presented in the Land Use Memo and accompanggponses to stakeholder comments.
Tables 2 — 4 show the projections for populatimyding and employment, respectively.



Table 2 — Population projections for Cumberland County

Study Area Scenario 2006 2016 2024 2034 204p 2046
Slow 10,433| 12,718| 15,002 15,002 | 15,002 15,003
Crossville Expected | 10,433 13,355| 15,002| 15,002 | 15,002 15,003

Aggressive| 10,433| 14,021| 15,002| 15,002 | 15,002] 15,004
Slow 1,235( 1,506 1,836 2,234 2,72B 3,335
Cumberland Coveg Expected 1,235 1,743 2,458 3,304 4,440 4,687
Aggressive| 1,235 1,919| 2,980 4,410 4,637 4,637
Slow 6,400 | 9,474 12,73p 15,520 | 18,919| 23,064
Fairfield Glade Expected 6,400f 9,939 15,43522,848 | 30,125| 30,124
Aggressive| 6,400 [ 10,932 18,674| 30,125 30,125 30,121
Slow 5,000| 6,095 6,739 8,207 10,004 12,105
Lake Tansi Expected 5,000 8,954 14,58619,602 | 23,544| 23,544
Aggressive| 5,000 | 10,795 19,332| 23,544 | 23,544] 23,544
Slow 29,238 29,828( 30,430| 30,982 | 31,450 31,921
Remaining County Expected | 29,238 32,297| 35,676 39,408 | 43,531] 53,064
Aggressive| 29,238| 33,932| 39,379| 45,701 | 67,649] 90,914
Sow 52,306 | 59,620 | 66,732 | 71,949 | 78,103 | 85,509
Countywide Expected | 52,306 | 66,288 | 83,157 | 100,163 | 116,643 | 126,373
Aggressive | 52,306 | 71,598 | 95,366 | 118,783 | 140,958 | 164,223

Table 3 — Housing projections for Cumberland County

Study Area Scenario 2006 2016 2026 203p 2046 2056
Slow 4,774 5,943 7,144 7,26 7,312 7,5p1
Crossville Expected 4,774 6,241 7,144 7,265 7,32 7,401
Aggressive| 4,774 | 6,552 7,144 7,26% 7,372 7,501
Slow 477 591 731 902 1,118 1,390

Cumberland Coveg Expected 477 683 979 1,33 1,812 1,94
Aggressive| 477 752 1,187 1,779 1,898 1,944

Slow 4,137 | 6,316/ 8,720 10,778.3,323| 16,473
Fairfield Glade Expected 4,137] 6,626 10,5725,866| 21,215 21,518
Aggressive| 4,137 | 7,288| 12,79 20,920| 21,215( 21,518

Slow 2,196 | 2,697 2,999 3,68p 4,517 5543
Lake Tansi Expected 2,196| 3,962 6,49 8,790 10,630,702
Aggressive| 2,196 | 4,776| 8,611 10,55810,630( 10,702

Slow 11,761 12,076| 12,395| 12,698| 12,969| 13,247
Remaining County Expected | 11,761 13,076| 14,532| 16,151| 17,951| 22,018
Aggressive| 11,761 13,738| 16,040| 18,730| 27,897 37,724

Sow 23,345 | 27,622 | 31,990 | 35,323 | 39,294 | 44,144
Countywide Expected | 23,345 | 30,588 | 39,724 | 49,404 | 58,980 | 63,664
Aggressive | 23,345 | 33,106 | 45,772 | 59,252 | 69,006 | 79,369




Table 4 — Revised employment projections for Cumberlandr@®pu

Study Area Scenario 2006 2016 2024 203p 2046 20p6
Slow 4986 | 6,204| 7,464 7.61% 7,733 7,713

Crossville Expected | 4,986 | 6,515 7,464 7.61% 7,733 7,713
Aggressive| 4986 | 6,840 7,464 7.61% 7,733 7,773
Slow 590 735 913 1,13 1,406 1,743
Cumberland Covg Expected | 590 850 1,223] 1,671 2,28D 2,403
Aggressive[ 590 936 1,482 2,239 2,390 2,443

Slow 3,069 | 4,621| 6,334 7,878 9,752 11,949

Fairfield Glade Expected | 3,059 | 4,848 7,679 11,59815,528| 15,609
Aggressive| 3,059 | 5,333| 9,290 15,29215,528| 15,609

Slow 2,390 | 2,973| 3,350 4,166 5,157 6,319
Lake Tansi Expected | 2,390 | 4,368 7,259 9,95 12,1362,199
Aggressive| 2390 | 5,266| 9,618 11,99112,136| 12,199

Slow 13,974 14,550( 15,139( 15,727 16,211| 16,541
Remaining County Expected | 13,974| 15,755| 17,749| 20,004| 22,439| 27,495
Aggressive| 13,974 16,552| 19,592| 23,199 34,871| 47,106

Sow 25,000 | 29,083 | 33,200 | 36,522 | 40,259 | 44,305
Countywide Expected | 25,000 | 32,336 | 41,371 | 50,844 | 60,125 | 65,478
Aggressive | 25,000 | 34,926 | 47,446 | 60,296 | 72,659 | 85,000

Tables 2-4 provide important inputs for the watemand forecast model. The
employment projections are revised slightly upwiaodh the projections presented in the Land
Use Memo, but all the other projections remainsame.

The housing projections in Table 3 reflect theltbtausing in each study area, but
unfortunately, these figures are based on totatld@ed parcel data, and include both
households on public supplied water, and housdsweélls. Data from the parcel database and
customer data from the utility districts indicatédt the Cumberland Cove and Remaining
County study areas had a significant portion ofdetwlds on well water. In the other three study
areas, a negligible portion (<1%) got their watenf wells. Since the water demand projections
are to inform public supply water planning, itmsgortant to separate out the users on wells or
self-supply. (Less than 1% of commercial estabtishts, excluding farms and golf courses, are
self supplied, so only the residential sector isstdered when differentiating between public
supply and self supply.)

While the households on self and public supply nbestalculated, the overall number of
households remains as presented in Table 3. Asianed before, the only study areas affected
are Cumberland Cove and Remaining County. BaseleoR006 parcel data in the Tennessee
Comptroller's Computer Assisted Appraisal SysterAAS), the portion of residential
households not on public supply water is 46.0% um@erland Cove, and 32.4% in the
Remaining County study areas. These figures ae tascalculate the baseline division between
public supply and self-supply households.



We assume that no new self-supplied housed wididaked to the study. The Land Use
Memo clearly indicates that the growth rates doimciide subdivision of farm parcels in the
Remaining County area in part because “many oktkasceed due to sufficient well and septic
conditions.” Therefore, we can exclude the posgiof growth in self-supplied households. It
is more likely that there will be a decrease oueetin the number of the self-supplied
households due to expansions of the water systenthamatural “death” rate of housing.

The death rate (or demolition rate) of housing easulated by comparing the number
of houses (by year built) in the 1990 and 2000 eend he yearly average demolition rate was
weighted by the number of houses in each age aatagthe 1990 census. The final weighted
average demolition rate is 0.88% per year. Rounthis up to 1% (to include houses being
connected to public supply), we compute the yeaumiyber of self-supply houses for each study
year. No variation in demolition rate is assumgddenario. The number of houses on public
supply is calculated by subtracting the numberetffsupplied houses from the total housing
projection in Table 3. Table 5 shows the foreahstaunts of residential households on public
supply (“PS”) and self-supply (“SS”).

From this point forward, the water usage of thésepplied households will not be
included in the overall water demand projectioAsseparate section of the results, however,
will present water use projections for these hoaki=h

Table 5 — Self supply and Public Supply households in Cutabhd Cove and Remaining

County
Study Area PS/SS| Scenario | 2006] 2016 | 2026 2036 2044 205p
SS any 219| 162 119 88 65 48
PS Slow 258 | 429 | 612 814 1048 133

Cumberland C
HMBeTanG ~OVe"PS | Expected | 258] 521] 860 124 1747 18fse

PS | Aggressive| 258 | 590 | 1068 1699 1828 187
SS any 3811| 2810 | 2072| 1528 1121 831
PS Slow | 7950| 9266 | 10323 11170| 11844 12416
PS | Expected | 7950 | 10266| 12460| 14623| 16824 21187
PS | Aggressive| 7950 | 10928| 13968| 17202| 2677d 36893

Remaining Count

4. Modeling Approach

The IWR-MAIN Forecast Manager© and Conservatiombiger© are recognized as a
state-of-the-art, industry standard water foreogssoftware. We utilize IWR-MAIN as a tool
to compute projected water use based on assumatiing the county’s growth and water use
factors. The IWR-MAIN user’'s manualxplains in the detail the structure of model Hrel
precise definitions of the terminology used. Whewossible, we strive to use the correct IWR-
MAIN terminology in describing the constructiontbe Cumberland water demand projection.

At the heart of the IWR-MAIN model is the followingsage model:



Demand Counting Unit Use Factor
Q = N X q

(1)

In short, the demand is determined multiplying smmenting unit by ger counting unit
water use factor. This model determines the denraadyiven time period, in a given subsector,
in a given study area. &ibsector is the base organizational unit for which watendad is
projected. Each subsector has its own assoctateding unit, which is a measure of subsector
size that has a strong influence on water usagau(ption, households, or employees, for
instance). Thease factor is simply the volumetric demand for water per dougunit (per
capita, per house, etc) in a given time perioduslla water demand forecast requires projecting
(at minimum) how the counting units and use facthi@nge over time.

The total county water use in a given time persdimply a sum of the demand for each
subsector. (Subsectors can be grouped into sebtarthis has no effect on the overall
projection.) If different parts of the study unise have different characteristics, the study can
be broken down intstudy areas, each with their own group of subsectors and usaggels. In
this case, the study universe encompasses allmb€land County. Sections 4.1 — 4.5 describe
the model structure particular to Cumberland Coutitiyally, as contracted, this study is a 50
year forecast with 2006 as a base year, and prajscin 10 year increments.

4.1 Study Areas

The Land Use Memo and other previous consultatiatisthe stakeholders have
identified five study areas for the water demamgjgmtions. The Cumberland Cove, Fairfield
Glade, and Lake Tansi areas have been identifitltegsrimary growth areas in the county. The
City of Crossville is the county’s urban and comamrcenter, and the Remaining County area
contains the rest of the county. Figure 2 showsggdgpgraphic extents of the five study areas.
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Cumberland Cove

Fairfield Glade

Remaining County Crossville

Lake Tansi

Figure 2 — The Five Cumberland County study areas
4.2 Sectors, Subsectors, and Counting Units

The study areas listed above have a similar se¢a@brs, subsectors, and counting units
to limit the number of methods of counting unitjeations. Table 6 displays the organization of
the IWR-MAIN model with respect to sectors and sdbsrs. Additionally, the study areas that
contain each of the subsector are indicated icdh&nn at right. Tables 2 -5 contain the
(previously) forecasted values of the countingsiniCounting units for each subsector are
identified in Table 6.

Table 6 — Sectors, subsectors, and counting units useddorberland County

Sector Subsector Counting Units Study Areas
RES_PS Housing Units All
Residential . . Remaining County,
RES_SS Housing Units CumberlgndCovZ
NonResidential NonRES Employees All
Cumberland Med. CMC Population (county) Crossville
Center

Other UAW % All
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Table 6 indicates a fairly coarse breakdown ofasc The residential sector is broken
into houses on public supply (RES-PS) and thossetirsupplied water (RES-SS). Only the
Cumberland Cove and Remaining County areas hauadisant numbers of self-supplied
households (these are excluded from demand foseandtreported separately in the results).
The large majority of Cumberland County housessargle family homes, so no further
breakdowns are made by type of dwelling unit. €ald and 5 indicate the forecasted housing
unit values for all of the subsectors.

All of the study areas include a non-residentgglter. The non-residential subsector
primarily includes commercial and industrial watisers. The counting units are employee
counts, which are projected in Table 4.

At the advice of several stakeholders, the CurmabdrMedical Center (CMC) is included
as a separate water user. Though there are CM@ebtanldings in several parts of the county,
the majority of the demand occurs in Crossvilletflsoentire CMC sector is placed in Crossuville.
The counting unit for CMC, however, is the entioeiety population since residents from the
entire county use it. The countywide populatiotinestes can be found in Table 2, and further
discussion of CMC can be found in Section 4.4.3.

The “Other” sector includes all water losses, maiacounted for water (UAW). This is
expressed as percentage of the total water usgiuea study area. UAW is modeled by the
Unmetered/Unaccounted tool in IWR-MAIN, and is cééted during the forecast, so no
counting unit projection is needed. The percenthgeever, must be specified for each year.
Section 4.5 discusses the calculation of theseep&ages for the study areas.

4.3 Forecasting Model

IWR-MAIN’s Forecast Manager and Conservation ofeange of forecasting models to
estimate future water use factors. Many of theho@t are econometric methods that allow
using explanatory variables to build a predictivedal for the use factors. Among the
explanatory variables that are commonly found ta¢sociated with water use are income,
housing density, persons per household, marginee paiverage daily maximum temperature,
precipitation, and cooling degree days.

The effectiveness of a water use forecast depé&gdgver, on the quality of the water
usage data, the availability of historical explamatvariable data at appropriate geographic and
time scales, and the ability to forecast futureigalof the explanatory variables. Since most of
the forecast models depend on some kind of regmesisiis important to have high quality
historical water data. Cumberland’s water use as@mewhat limited, though. For instance,
of the four UDs, only Crossville has more than drgeof monthly usage data, and only Crab
Orchard reliably separates the commercial and eesia sectors. Additionally, it is important
to have historical data on the explanatory varskea similar time scale, and be able to project
the variables’ future values. Neither of theseditbons were met, and tests of regressions of
various types with several combinations of explanavariables yielded poor results. Thus, use
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factor models based on explanatory variables wageeted in this study. It should be noted that
future needs assessments should reconsider thgatebecause a few more years of high-
guality water usage data (including sector breakdywnay make these more complex models
viable. We further recommend that all utility dists begin tracking water use by sector (type of
user), or at minimum by size of connection.

Without these models, IWR-MAIN provides two pringaptions for calculating use
factors. The first, contained within IWR-MAIN Farast Manager, is to simply use constant use
factors calculated based on the number of couniity and the base year use. The second,
which requires using IWR-MAIN Conservation Managstto develop end use models for each
subsector. Each end use has its own use facttharsum of the use factors for each subsector
is the overall use factor for this sector. Thipra@ch is more flexible than the constant use
model, though it can be made equivalent throughecbapplication of parameters in the model.

The chosen model is the end use model, mainlytaltiee fact that Conservation
Manager will be used to evaluate the effectivernés®nservation measures in the water
conservation plan. The added benefit to usingetiteuse model in Conservation Manager is
that it is possible to define end uses on threel$eof water use efficiency and shifts between
them over time. This feature allows incorporatmagural, market based changes in water use
efficiency that result from greater average efficig of water using fixtures and appliances over
time. Failing to account for these efficiency ches is one reason water usage factors so often
over-estimate actual future use. This point isulsed in greater detail in Section 6.5.

The end use model and calculation of associatehpaers is discussed in detail in
Appendix A. The following section presents theebgsar water use factors for each subsector.
In all cases, the parameters of the end use moelebastructed such that the water use factors
match these reported values.

4.4 Base-year Water Usage Factors

When employing a constant use model, it is impdrtia have an accurate base-year
water usage estimate. This water demand projeases two seasons, so monthly estimates of
base year use are necessary. The Summer seakmesmdune, July, August, and September,
and the Winter includes the rest of the year. Wase is assumed to be constant for all months
within a given season.

The following sections describe how ‘water usagedies’ are determined for each sector.
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4.4.1 Residential (RES_PS)

Residential water usage factors are based on yaetfiidential water consumption data
from the South Cumberland and Crab Orchard Utiitstricts. Both user districts had
acceptable monthly records of residential watesoamption and the associated number of
customers (households). Since the counting uniti®residential sector is the household, the
water use factor is expressed in terms of gall@emsipy per household (gpd/hhld).

As mentioned previously, the water demand variesdagon, but not within seasons.
Thus, the summer water use factor is the June te®der average gpd/hhld, while the winter
factor is the average of the remaining months. Stigth Cumberland and Crab Orchard
averages are both based on roughly three yearseofdata.

The S. Cumberland and Crab Orchard data yieldedaaverages of 119.69 and 118.9
gpd/hhld, respectively. Lake Tansi is almost catglly encompassed in the S. Cumberland
district, and Fairfield Glade is contained withivetCrab Orchard district, but the rest of the
study areas still need water use factors. Fosde of simplicity, the rest of the study areas are
simply assigned the more conservative (overalJ@nberland water use factors. This
assumption is partially supported by the peoplehpeisehold statistic (2006). See Table 7 for
the residential water use factors and associately streas.

Table 7 — Base-year (2006) residential water use factors

Source Data S. Cumberland Crab Orchard
. Crossville(2.19),

Associated

StudyAreas C“;“be”af‘gczo"e(z-fsg)’ Fairfield Glade (1.55)

(popihouse) Lal eT_ar_15|( .28),

RemainingCounty(2.49)

Demand Winter 114.00 108.15
(gpd/hhid) Summer 130.66 140.32

Annual Avg. 119.69 118.90

4.4.2 NonResidential (NonRES)

Estimating nonresidential demand is somewhat rooneplicated than estimating
residential demand, especially in terms of disag@fiag countywide demand among the study
areas. As mentioned before, future employmeneptigns are based on each study area’s
population and a countywide population to emplog®. Since Crossville’s commercial
development is not distributed exactly the samesisiential development, it is inevitable there
will be some error in the geographic distributidrtcommercial water demand. Without zoning
though, it seems at least reasonable that somesfatunmercial development will occur near
growing areas with concentrated residential devakqt. Still, it is likely much of the
commercial will remain in Crossville, so the watise factors present an opportunity to partially
redistribute demand more realistically.
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There are four steps to estimating the commewaaér demand by study area:

1. Determine portion of total developed commercial and industrial parcelsin all UD-Sudy Area
combinations

The location of the non-residential parcels indbanty is one way to spatially
disaggregate the non-residential water demand.us®¥ehe sum of developed commercial and
industrial parcels as representative of all nondesgial parcels. Then we compute the fraction
of total parcels in each intersecting region ofualg area and utility district. Figure 3 displays
the study areas, utility district boundaries archtmn of the non-residential parcels.

As Figure 3 indicates, most of the commercial depelent is in Crossville, but the
utility districts and study areas do not have peréverlap. For the purposes of this demand
estimation, Crossville and Catoosa remain sepatatagh they are currently the same utility
district.

2. Estimate total county water demand based on UD estimates and fraction of parcelsin UD

Estimates of total commercial water demand arevknior Crab Orchard and South
Cumberland UDs, and estimated for the City of Crities(not including Catoosa) based on
further assumptions from interviews with the CifyGyossville UD. Using these estimates and
the previously calculated portion of parcels infeldl®, the expected total county non-residential
water demand is projected. Total UD commercial aedndivided by fraction of parcels in the
UD equals the expected countywide demand. FoBtligumberland, Crab Orchard, and City of
Crossville UDs, the expected total nonresidentsllyddemand is roughly 1.1, 1.2 and 1.7 MGD,
respectively. These figures are used to calcutet@lemand in the study areas in step 3. The
expected total demand in the Catoosa and W. Cuarizkdreas is assumed to be equal to that of
Crab Orchard. This assumption is based on thdagighensity of commercial development
reflected in Figure 3.
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Figure 3 — Location of non-residential establishmentse() with respect to study areas and utility
district boundaries.

3. Apportion water demand among the study areas according to expected total demand and
geographic distribution

Using the expected total demand for each UD, weutae the expected demand for each
study area. Table 8 shows the fraction of totat@la in each study area — utility district
combination. Impossible combinations are showgray. The demand in each study area is
calculated by multiplying each cell in Table 8 by tappropriate expected total demand
(indicated in the last row of the table), and tsamming across the rows.

For example, the expected total NOonRES demandirfidtd Glade equals 0.060 (see table 8)
times 1.23 (the expected total nonresidential dehmaCrab Orchard), which is 0.07 MGD (see
Table 9). For Crossville, 0.661(1.70) + 0.012()1.28.032(1.23) = 1.18.

Using this method, it is possible to generate ttpeeted total demand by study area. Table 9
has the total water usage for each subsector. dti@ons in expected total demand partially
take into account the geographic differences inresidential usage. Still, this method assumes
that all parcels within a UD have identical watse patterns.
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Table 8 — Fraction of Nonresidential parcels by study aned UD

UtilDistrict: | CROSS- | CRAB SOUTH WEST Grand
StudyArea VILLE ORCHARD | CUMB. CATOOSA | CUMB. Total
Crossville 0.661 0.012 0.000 0.032 0.704
Cumberland Cove 0.011 0.000 0.011
Fairfield Glade 0.060 0.060
Lake Tansi 0.000 0.021 0.021
Remaining County 0.026 0.085 0.016 0.061 0.01p D.40
Grand Total 0.687 0.157 0.036 0.104 0.01¢ 1.0p0
Expected Countywide
Demand (MGD) 1.70 1.23 1.12 1.23* 1.23*

*Assumed equal to Crab Orchard
4. Calculate water use per employee and make seasonal adjustments

To make these calculations ready for use in IWRHN|A water use per employee factor
is needed. The total water use for each studyiargeply divided the number of employees in
the each study area (in the base year). Tablpd®teethe values. As a note, the water use

factors for Crossville have been adjusted to adoigble counting Cumberland Medical Center
demand.

Seasonal adjustments in the water use factorsadeelated in the same manner as in the
residential sector, but using the commercial usiga. The rightmost column indicates on
which UD’s data the seasonal variations are based.

Table 9 — Non-Residential Water Usage Factors by Study Area

Exp. Water .
NonIgES Employ Use Winter Summer Seasonality data
Study Area ees factor factor
demand (2006) Factor (gpd/empl) | (gpd/empl) source
(MGD) (gpd/empl)
Crossville 1.18 4986 235.7 207.4 248.4 Crossville
Cumberland
Cove 0.01 590 23.1 20.7 29.6 Crab Orchard
Fairfield
Glade 0.07 3059 24.2 21.6 31.0 Crab Orchafd
Lake Tansi 0.02 2390 9.7 7.9 13.0 S. Cumberlahd
Remaining
County 0.23 13974 18.6 16.7 23.9 Crab Orchafd

4.4.3 Cumberland Medical Center

Due to the expectation that Cumberland Countyitmary population growth will come
from an influx of retirees, some stakeholders esged interest in seeing a separate forecast of
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the Cumberland Medical Center (CMC) demand. Tlesas of data on the Cumberland
Medical Center accounts were available. As showFigure 4, the water demand remains
roughly consistent on a per population (countywiokis. We calculate the seasonal usage
factors as averages of the demand in the apprepriahths. For Cumberland Medical Center,
this translates to 1.3 gpd per person in the Wirted 1.59 gpd per person in the Summer.

Since the water use factor is specified as gpdlagmper person, the counting unit for this

subsector is logically population. Table 2 inclsidiee countywide population projections for all
three growth scenarios that are used as the cgumtiits for CMC in the IWR-MAIN model.

Cumberland Medical Center -- Water Usage Rate

A
1 180
[ GPD/person (County-wide)
1 160
N
—— 2006
X 2005
A 2004
—— Seasonal Average
1 2 3 4 5 6 7 8 9 10 11 12
Month

Figure 4 — Cumberland Medical Center water usage rate (2004 2006)

4.5 Unmetered/Unaccounted Water (UAW)

In any water system, it is inevitable that notadithe produced water reaches paying
consumers. A combination of leaks, metering eracsidental breaks, line flushing, and other
losses make up what IWR-MAIN refers to as Unmetiiadccounted Water (UAW). For each
study areas, we use the Unmetered/Unaccountedbtsel the year by year UAW percentage.
(IWR-MAIN restricts the percentage is to a constaalte for each year, and only whole
percentages are permitted.)
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Previous water demand studies of Cumberland Ccuatg used a wide range of
methods to model UAW. Breedlove, Dennis, Youngdgsociates’ (BDY) 200Zumberland
County Water Supply Needs Assessment' selects a target loss percentage of 10% as wgadaly
rejecting engineering estimates ranging from 133%. The 199&umberland County
Regional Water Supply Preliminary Engineering Report" prepared by the Corps and Ogden
Environmental and Energy Services, Inc. also esdch&0% UAW on the basis of non-specified
estimates by the Cumberland Utility Districts.

In this study, UAW estimates for the five studgas are based on actual data from the
UDs, and for the baseline forecast, are constaintni@. Perhaps in response to the previous
studies, the UDs have begun collecting more detaiatistics on UAW. It is with these
statistics and advice from interviews with the Ubat we estimate UAW. Table 10 shows the
average monthly UAW percentages by utility distictecent years. The final row displays the
number of years of data upon which the percentagebased.

Table 10- Unaccounted-for-Water data by Utility District

Consumption

Crab South | West | Weighted
Month Orchard | Crossville| Cumb. | Cumb. | Average
Jan 37.5% 16.2% 22.5% 32.5% 23.1%
Feb 35.4% 19.7% 20.0% 26.2% 23.2%
Mar 49.6% 25.49% 22.0% 26.8% 29.4%
Apr 32.2% 18.1% 18.3% 28.8% 21.9%
May 36.5% 19.099 20.0% 23.4% 23.2%
Jun 28.4% 13.8% 23.1% 24.8% 19.0%
Jul 23.4% 14.3% 23.4% 17.5% 17.6%
Aug 27.6% 16.59¢ 20.1% 30.3% 20.9%
Sep 22.0% 13.5% 20.8% 21.3% 17.3%
Oct 35.9% 20.4% 22.5% 33.0% 24.8%
Nov 26.9% 20.19 26.0% 30.3% 22.9%
Dec 39.8% 23.49 22.3% 28.3% 26.1%
Annual 32.9% 18.4% | 21.7% | 26.9% 22.4%
Years of
Data 4 11 4 4

The loss figures in Table 10 appear incrediblhyhhigut when we consider the short
record length, it is clear that at least in somsesasome outlier values may be skewing the
results. While there appears to be some potensajhificant seasonal variation in the loss
percentage, at least in Crab Orchard and Crossthiéee are not enough data to make a strong
case for modeling this variation. Additionally, RMVMAIN does not allow seasonal variation in
the Unmetered/Unaccounted percentage.

Except in Crossville, the record lengths are tamwrtsto make a valid estimation of the
UAW. So we calculate the county average as wetjhyeconsumption in the UDs. The yearly
average UAW percentage is calculated as 22.4% hwhiconservatively rounded upward to
23%. All of study areas except for Crossville assumed to have this 23% average. If metering
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errors, line flushing, and known losses are assuméée 5%, this means that an average of 18%
of total produced water is actual loss. Theseréigwompare favorably with the 20% rate
indicated in interviews with the Crab Orchard Wildistrict, and 14-15% loss rate reported by
West Cumberland. With the Crossville records beirit longer, we feel comfortable setting
Crossville’s UAW percentage at 19%, which is sligimore conservative than the 15%
unaccounted for and the 10-12% loss estimateddZtbssville UD in a May 2006 interview.

For the purposes of a baseline forecast, the UAWeptages are assumed to remain
constant in time, which is a dubious assumptiorethas the large variances in month to month
losses alone. Almost certainly, losses will eitinerease as the system ages, or decrease as the
result of system improvements and maintenance.ai&esitant, however, to forecast changes
to the UAW percentage in a baseline forecast, pose ‘desirable goals’ as some past studies
have done. Additionally, the upcoming conservatiasures to be evaluated will certainly
include loss reduction programs, and their impaetr éime can best be assessed when compared
to a steady baseline.

4.6 Scenarios

The Land Use Memo detailed three different grosaénarios to be used in forecasting
future water use: Expected, Aggressive, and Sidhese different scenarios are modeled by
using the Tool® Sensitivity Analysis> User Count Values tool in IWR-MAIN. This is a
sensitivity analysis which allows specifying altatine values for the user count values (i.e.
counting units). The Slow growth projections wased for the low value, and Aggressive
growth projections for the high value. No variatisy month is assumed, and the sensitivity
analysis is conducted by value (not percent).

5. Error Sources, Uncertainty Mitigation and Calibration

The Land Use Memo, and sections 3 — 4 or thisrtdmave described the methods,
assumptions, and calculations necessary to bwel€Ctimberland demand forecasting model in
IWR-MAIN. Before presenting the results it is inmpant to recognize (1) that uncertainty is
present in any projection, (2) uncertainty in bamehssumptions influences uncertainty in
projections, and (3) errors compound over time, ingaklistant projections less reliable than
near-term projections.

The forecast model is designed to explicitly take account uncertainty where possible,
and otherwise, avoid introducing unknown uncertair{tVe use ‘uncertainty’ instead of error
because error can’t be calculated until there etgahwater demand values in the forecast
years.)

The largest source of error in this forecastkislii contained in the initial population
projection in the Land Use Memo. By explicitly prcting Aggressive and Slow growth, we
introduce bounds on the uncertainty of this pragect This is useful since the housing forecasts
are calculated in tandem with the population propes, and the employment projections depend
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directly on population. In these projections, #issumed growth rates, people per house, and
population per employee estimates all are sourceg@r. As an illustration of the potential
error, Table 11 illustrates the consequences db% @eviation in the actual average population
growth rate from the predicted rates. Resultsshmvn in terms of number of units (e.g. people)
in the forecast year per 1000 units in the base yea

Table 11— Consequences of 0.5% error in growth rates (fotedddnits per 1000 base Units)

10 years 25 years 50 years
Initial rate : : :
N 0.5% high | 0.5%low | 0.5% high | 0.5%low | 0.5% high 0.5% low
projection
1% 53 -56 150 -169 361 -461
2% 58 -61 190 -213 586 -746
5% 76 -79 381 -427 2435 -3075
10% 116 -120 1166 -1301 23914 -29879

Table 11 indicates just how serious minor errorhéprediction parameters can be,
particularly in fast growing regions. The largkdimitations on growth assumed in this study
help put a limit on how large the error can be piactice, growth can be limited (or spurred) by
many factors other than land use considerationsémne limits are advisable as a constant
percentage growth, exponential model is rarelyadisec assumption for a very long study
period.

The other major potential source of model erron ihe water use factors. While IWR-
MAIN has several advanced methods of estimatingréutlemand built into the software,
additional parameter estimates and explanatorablas are necessary. Any more complex
model (such a linear or multiplicative regressiamould introduce more uncertainty through
parameter estimates in addition to any uncertamtgrecasting future explanatory variable
values. The water usage data provided by the S[ksst enough to come up with baseline water
use factors. The small sample sizes of the wateidata mean there is quite a bit uncertainty in
the water use factors (especially in the monthlyes). By averaging the months within 2
seasons, the sample size is effectively increasédgcing the uncertainty introduced by outliers.

In a similar manner, the UAW percentages are @est@ver the county to increase the
effective sample size of estimate, and reduceffieetef outliers.

Based on the assumptions made, it is possiblertgpare the projections to observed
water usage. Figure 5 displays the estimated ¢otahty water consumption as compared to
observed consumption based on data from the Ubssd figures exclude UAW. On average,
the estimated values are about 4% above the olusealges, and therefore slightly
conservative.
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2006 Countywide Water Consumption
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Figure 5 — Predicted versus Observed Countywide Water Consuption (excl. UAW)

The agreement shown between the observed and esdineues in water use is
certainly not perfect, but it indicates the assuoms are at least reasonable, and slightly
conservative. We note that there is excellenteagent at the peak water use month of July.

The agreement between the observed 2006 valugsredidted values is slightly worse
when the demand includes UAW. Data from the wtdistricts indicate that unaccounted for
water makes up 27% of total produced water in 2001s is higher even than the already fairly
conservative assumption of 23% (19 for Crossvild in the modeling. Figure 6 displays the
estimated and observed values, which indicate thaeihpredictions are about 78éow
observed values. This is certainly a source odémiwdl error, but is more likely due to above
average losses in 2006. For the purposes of fstiagathe recent historical averages for UAW
are a more reasonable basis for estimating futé@/lthan the 2006 values alone.
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Figure 6 — Model predicted and observed Cumberland county war use in 2006.

6. Results

The results of the baseline water supply needssasgent are presented in this section.
All results are presented in terms of average dahge in millions of gallons per day (MGD)
except when otherwise noted. We present summantsehere, but full results are available
upon request.

It should also be noted that this is a planningllelocument, so the results are presented
as annual or seasonal average. These figuresdshewufficient for estimating water storage
needs. Calculating peak demand, however, may ¢tessary for more advanced design of
treatment capacity and conveyance. Peak demainohéss were not called for in the scope of
services, but are presented in section 6.1 for ¢etemess. BDY&A’s 200Zumberland County
Water Supply Needs Assessment cites factors in a range of 1.25 to 1.35 of dadysumption for
Cumberland. The Corpgsumberland County Regional Water Supply Preliminary Engineering
Report appears to use 1.35 as well. Thus, a factor & is.applied to the results of this section.
Note that peak factors are applied only to the gonion, and subsequently, the unadjusted
UAW is added.
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6.1 Countywide Results

The countywide results present the broadest piditiee water needs projections.
Figure 7 presents the demand totaled for all saudgs and all subsectors (including UAW).
The demand for all three growth scenarios is irtdd@eparately, however. The results indicate
that demand will not quite triple in 50 years untlex Aggressive scenario, less than double
under the slow scenario, and roughly double urfteekpected scenario.
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Figure 7 — Countywide daily average total water needs foresafor the slow, expected, and
aggressive growth scenarios.

Under any growth scenario the projected demane@asas significantly. As noted
previously, there is a great deal of uncertaingytipularly in the estimation of future trends in
UAW. Figure 8 reports the county totals for congtion, which excludes the UAW. While
there is bound to be some UAW in the future, thesaonption projections are marginally more
certain. Future work on conservation measuresmalte directly assess the effects of reducing
UAW.

23



12.0

10.8
A
10.0 - 95
~ //A//
83 =88
= 8.0
V)
£
<
Qo
5 6.0
IS
>
[%)]
<
O
O 40
—A— Aggressive
2.0 A
-m- Expected
—o— Slow
OO T T T T T
2000 2010 2020 2030 2040 2050 2060

Figure 8 — Countywide daily average projected water consumifn (excludes UAW)

Additionally, there are seasonal variations in e&ee demand. While the existing usage
data could not support variations in usage fadtgrsionth, we did vary the usage by season.
The Summer months include June-September, whilgvinger includes the remaining months.
The results are presented here by scenario andrse@ountywide, the summer usage remains a
fairly consistent 12% above the annual averageyantér usage is always roughly 6% below.
This is a result of the cumulative effects of thater and summer use factors for each of the
subsectors and study areas described in sectiornTéldle 12 displays the countywide daily
demand by season.
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Table 12- Seasonal variations and peak projected total ddridGD)

Scenario Season/Pea 2006 2016 2026 2036 2046 2056
Aggressive| Annual 491 6.55 8.56 10.61 12.18 13.81
Summer 5.55 7.41 9.71 12.09 13.84 15.67
Winter 459 6.12 7.99 9.87 11.34 12.87
PEAK 6.26 8.35 10.91 1351 15.50 17.57
Expected Annual 491 6.11 7.64 9.08 10.54 11.28
Summer 5.55 6.90 8.63 10.27 11.94 12.7y
Winter 4.59 571 7.14 8.48 9.84 10.54
PEAK 6.26 7.79 9.74 11.57 13.42 14.36
Slow Annual 491 5.66 6.52 7.03 7.66 8.41
Summer 5.55 6.40 7.38 7.98 8.71 9.58
Winter 459 5.28 6.08 6.56 7.14 7.83
PEAK 6.26 722 831 8.97 9.77 10.72

Table 12 also displays the projected peak demavtish reflect a 1.35 peakage factor
applied to the annual average consumption. Asioeed before, this factor is based on peak
factors cited in previous studies and is not basedsage data.

6.2 By Subsector
Table 13 indicates the annual average daily derbgraibsector for the entire county.

Table 13- Projected total county water needs (MGD) by sgerand subsector

Scenario Subsector 2006 2016 2026 2036 2046 2056
Aggressive RES_PS 231 3.16 4.46 5.80 6.78 7.82
NonRES 1.49 1.87 211 2.32 2.52 2.71
CMC 0.07 0.10 0.13 0.17 0.20 0.23
UAW 1.04 142 1.86 2.33 2.69 3.05
Aggressive Total 4.91 4.91 6.55 8.56 10.61 12.18
Expected RES_PS 231 2.93 3.84 4,79 5.74 6.21
NonRES 1.49 1.78 2.04 2.18 2.34 2.42
CMC 0.07 0.09 0.12 0.14 0.16 0.18
UAW 1.04 1.30 1.64 1.97 2.31 2.48
Expected Total 4,91 491 6.11 7.64 9.08 10.54
Slow RES_PS 231 2.70 3.13 3.47 3.88 4.39
NonRES 1.49 1.68 191 1.96 2.02 2.08
CMC 0.07 0.08 0.09 0.10 0.11 0.12
UAW 1.04 1.20 1.38 1.50 1.65 1.82
Slow Total 491 5.66 6.52 7.03 7.66 8.41

In terms of total demand growth, it is clear thatstnof the growth occurs in the
residential sector. The other sectors exhibihslyjgower percentage growth, but still increase
significantly over their base year values. The RBS results indicate that commercial growth
will be of a low water intensity variety, whichaéensistent with a primarily service oriented
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commercial sector. The introduction of only a fewge (industrial) water users, however, could
add significantly to commercial demand, makingtenRES sector the most likely to be a low
estimate of actual future demand.

Also notable is that the UAW subsector, while remrag a constant percentage of total
water use, grows to become more significant waige’than the nonresidential sector under the
aggressive scenario and the expected scenarie &0tliear time horizon. While the UAW
percentage is based on the best available cuossElstimates, we view this sector as most
likely to be a high estimate of actual future UAWhe impact of loss reduction measures will be
treated in the upcoming conservation measures sisaly

6.3 By Study Area

In contrast with past studies, this study not aitgmpts to forecast the aggregate total
water needs, but also the water use within segéudly areas. Section 4 detailed several ways in
which the geographic differences in water demanetweeluded in the model. By viewing the
results of the forecasts by study area, the difiege between the growth scenarios become more
evident.

Figure 9, Figure 10, and Figure 11 present thelteby study area for the slow,
expected, and aggressive growth scenarios, resphctiThe effects of the study area specific
limitations of growth become immediately apparehhe aggressive scenario clearly shows the
land use limitations on growth become importantefeery study area except the Remaining
County. The city of Crossville rapidly reachesgtewth limit, though it should be noted that
the Remaining County study area includes the ntgjofithe Crossville suburbs.

Additionally, there appears to be a shift in tieenénd centers of the county over time.
Notably, Fairfield Glade’s rapid growth puts itsterause on par with Crossville after 30-50
years. Lake Tansi and Cumberland Cove show sagmifiincreases with respect to their initial
values, but never make up a very large portiomefdountywide demand. Under the Aggressive
growth scenario, it is clear that Remaining Cowarga will absorb an increasing amount of
growth as the other areas reach their growth limits
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Figure 9 — Average daily total water needs by study area fortte “Slow” growth scenario
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Figure 10 - Average daily total water needs by study area fothe “Expected” growth scenario
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Figure 11 -Average daily total water needs by study area fothe “Aggressive” growth scenario

The effects of growth limits can clearly be seefigures 9 through 11. Most notably,
Crossville and Fairfield Glade both reach a saitingtoint in both the Expected and Aggressive
growth scenarios. Lake Tansi shows a similar trentlarrives at a somewhat lower saturation
point for total water use.

6.4 Comparisons to other projections

The water needs projections presented in Sedidns 6.3 are based on the forecasts,
calculations and assumptions described in thisrtegpml the Land Use Memo. Previous reports
by BDY&A and the Corps have used a variety of iretegent approaches to project water for
Cumberland County. Though the methods used ahdyhigried, it is useful to compare the
projections to get a sense of the range of poskibbeasted water demands.

We present both the forecasted consumption aatiietter use (production). The
consumption figures do not include UAW. The repdrtotal water use values for the BDY&A
and Corps reports are computed by adding on tHé Idss assumed in those reports. (This is
equivalent to 11.1% of consumption.) Figure 12repthe consumption values, and Figure 13
reports the total demand including unaccountedviter.
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Cumberland Projections - Consumption
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Figure 12 — Projections of average daily water consumption foCumberland County by three
different studies. (GKY= GKY & Associates, 2008; BY & A = Breedlove, Dennis, Young and
Associates, 2002; USACE = US Army Corps of Engineeand Ogden Environmental and Energy
Services, 1998)

Figure 12 shows that the projections are genenaltgasonable agreement, especially the
USACE and GKY studies. The BDY&A study appearbave the most aggressive growth,
which may be explained by modeling the water ustofa as increasing proportionally with
population. The USACE study used several differeathods, which won’t be described here,
but the results seemed to fall within the same ggmange as the GKY estimates. The USACE
projections are quite linear, however, in comparigbthe GKY estimates which increase more
rapidly as first and then level off (slightly) irsponse to reaching saturation points in the
residential sector.
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Cumberland Projections- Total Water Needs
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Figure 13 — Projections of average daily total water demandrfcludes UAW) for Cumberland
County by three different studies.

Figure 13 displays the results of the same studiescludes the UAW in the forecasts,
which makes these projections more reflective qined water production. The results are
similar to those of the previous graph, but the Gi¥jections are comparatively higher with
respect to the other projections. This may bearptl by the higher UAW percentage used in
the GKY study as compared to the other 2 studies.

Of note in the comparison is that the older stsidmem to have mostly overestimated
demand growth from their base year to present Olaig.is especially evident in the consumption
chart. Most notably, the BDY&A study presentseayhigh estimate of demand. Thisis a
likely a result of the method used for forecastimg future use factors. The study uses a gross
total per capita consumption use factor to estirttatevater use. BDY&A chose to express this
factor as total public supply water use divideddtyl population (instead of population served).
As a result, the numerator does not reflect theynsaif-supplied water users in the county
(whose use would not be counted in public supplieryawhile the denominator does count
them. This explains the artificially low historlasse factors (54 and 77 gpd per capita in 1984
and 2000, respectively). The rapid increase iremasage factors is likely more a result of new
development being added on public supply in a niugher proportion than the existing
residences than it is in response to economic srenfundamentally different water usage
patterns of new residents. Furthermore, to bifireguise factors to present day average values

30



from this low starting point requires astoundingngan the per capita use factor. Continued
growth of these use factors can lead to extremigly hse forecasts, especially when population
continues rapid growth.

Instead of using aggregrate countywide use fac@®is; determines the factors based on
averages of actual customer water usage (for sidamrtial use factors). Additionally, by
considering non-residential use separately, thidystan capture the effects of county-wide
economic expansions without increasing use factors.

The GKY study also presents lower water use estignifan previous studies due to a
more realistic accounting for changes in wateraffieiency. Gleick et al. (2003)of the Pacific
Institute note, “With very few exceptions, foresast future water use have greatly exceeded
actual water withdrawals. Only within the past fg®ars have new projections begun to
incorporate new thinking and approaches.” GKY’sdlime projections present a new approach
to countywide water demand forecasting, as antiegpanprovements in water efficiency are
taken into account. These anticipated improvemametsn a sense inevitable as national laws
and standards, as well as simple market availgaliate affected a shift to more conserving
technology. For example, the Energy Policy Ac1892 has made virtually all new toilets on
the market compliant with a 1.6 gallon per flushicegncy standard.

We note that the efficiency assumptions are neamhgpletely independent of any
decisions and policies made by public officials aitizens in Cumberland County. Other water
use reductions may result from programs alreagyagress (notably, infrastructure
improvements to reduce leakage). To establismaerwative baseline projection, however, we
have chosen to analyze these effects much moreugbly and explicitly in the Water
Conservation Plan.

6.5 Self-supply residential water use projections

None of the previously reported results in thigisednclude the usage of self-supplied
residential units. Two study areas, CumberlandeGowl Remaining County, have a significant
number of self-supplied households. Though itr@aseal impact on the county water demand,
we report the expected water use for these dwslliige self-supplied houses are assumed to
have the same water use factors as the publicysupgk. Furthermore, no variation is assumed
by scenario, so all changes in the water usagbeaxplained by the forecasted changes in
number of counting units which were presented ibld&. The water usage by study year for
the self-supplied houses is shown below in Table 14

Table 14- Residential self-supply water use (MGD)

2006 2016 2026 2036 2046 205¢
Cumberland Cove 0.026 0.019 0.014 0.011 0.004 0.00
Remaining County 0.455 0.336 0.248 0.183 0.13% 0.09
Total 0.482 0.355 0.262 0.193 0.142 0.10

[p)

©

O1

31



7. Discussion

This study presents a baseline 50 year water ressgssment for Cumberland County’s
future water needs. Every effort was made to ntlakdorecast reflect the current and expected
future patterns of water use in the county witlpees to historical water use, demographic data,
and informed judgment of county officials and staieers. While long forecasts are inherently
uncertain, great care was taken to reduce unnegasseertainty by making assumptions only
where adequate data could reasonably support thenthis is a baseline forecast, the
assumptions made are generally slightly consemahixoughout the model. Moreover, the three
scenarios in the model are designed to make hamdlertainty more explicitly, and better
illustrate the known variability in the forecast.

The results of the IWR-MAIN modeling indicate tleaterage water use in Cumberland
County should at least double and potentially ntbam triple over the next 50 years. This
baseline forecast provides a starting point fronictvito make decisions about infrastructure and
water management strategies.

GKY & Associates invites your comments on thisdlia® water needs assessment.
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Appendix A — The End Use Model

This appendix describes the relevant backgrounith@®VR-MAIN Conservation Manager
software, and the selections made for the CumbeiGounty Water Needs Assessment.

The essential components of the forecasting mode presented at the beginning of
Section 4. The end use model builds upon that fimdsubdividing the water use factgg,into
end uses. Aend use generally refers a particular use of water thatesaip a measurable
portion of the total water use of a given countimit. For example, for a household,
dishwashers, toilets, showers, and lawn irrigaticmall end uses. IWR-MAIN’s end use model
calculates the per unit water usage for an endvithén a given subsector. As shown in (A.1),
the total water use factor for a subsector (sa)ssm of the water use factor for each end use.

Os = Z Qs (A1)

Where:

Oss - Water use factor of the subsector
Qe - Water use factor for end use i

n - number of end uses in the subsector

An end use water use factor is determined byrihanical parameters of each end use
and the distribution of units in the subsector agndifferent efficiency classes. Conservation
Manager allows the definition of three efficiendgsses for each end u$¢onconserving,
Conserving, and Ultraconserving. Each class has its own mechanical parametersth&or
purpose of this study, mechanical parameters hqueaent units to water use factors
(gpd/unit). The distribution of units in the efBacy classes is determined by saturation

parameters. Equation (A.2) displays the struotfitbe end use model, and defines the
variables.

qe:[(M181+M282+M383)mJN]DA‘N (A2)

Where:

Oe is the water use rate for end use, e

M1, M, M3 are the nonconserving, conserving, ultraconsemiaghanical parameters,
respectively

S1, &, S are the saturation parameters of the units anmteganconserving, conserving,
and ultraconserving efficiency classes, respegtjiwehere $+S,+S;=1

Uy is the intensity of usage parameter

Ay is the saturation rate of the end use within thesector

For this needs assessment, end uses are aggremetethere is little data available
about the saturation of particular end uses amongels and businesses in Cumberland County.
As a result, end uses are aggregated into indes arsd outdoor uses for all subsectors except
the Cumberland Medical Center, for which all watse is considered a single (indoor) end use.
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The percentage of indoor versus outdoor use wéhoh subsector is determined by the
minimum month method. The minimum monthly usehia $ubsector is assumed to the portion
attributed to indoor uses in non-summer monthss $ame proportion is ascribed to the use
factor in a given subsector to get the indoor us®conserving mechanical parameter. The
winter outdoor usage is therefore the differende/ben the overall water use factor and the
indoor use.

Indoor residential end uses are further disaggeegato potable and non-potable uses.
The mechanical parameters for indoor use in thdeasal units were determined by average
values national reported in Mayer et al., 1999bl@d displays the average daily per capita
indoor water use by end uses for the average umsishe potential reduction if the users used
the best practical fixtures and appliances.

Table 1 Average daily per capita use by end uses, andhiiést of end use fixtures

End Use Lifetime | NonConserving Best Practical Pot/NonPot
* gpd/cap %total gpd/cap %total

Showers 15 11.6 16.8% 8.8 19.59 Potable
Baths 15 1.2 1.7% 1.2 2.7% Potable
Faucets 17 10.9 15.7% 10.8 23.99 Potable
Leaks - 9.5 13.7% 4 8.8% Potable
Toilets 30+ 18.5 26.7% 8.2 18.1% NonPotaple
Clothes Washer 10 15 21.79 10 22.1% NonPothble
Other 13 1.6 2.2% 1.6 3.5% NonPotaple
DishWasher 9 1 1.4% 0.7 1.5% NonPotaple
Potable 33.2 47.9% 24.8 54.7%
Non-potable 36.1 52.1% 20.5 45.3%

* from NAHB/Bank of America Home Equity Study of Life Expectancy of Home Components,Feb. 2007

For this study, since end uses are relatively aggesl, A is assumed to be one (a one
hundred percent penetration rate) for all end usesthermore, the sum of S1, S2, and S3 is also
one. Shifts between the classes are achievedmaanits are built with more efficient end use
technology, and as existing units replace lessaroimgy fixtures with newer ones through
natural replacement. These shifts are achieveddifying the “S” parameters.

Table 2 displays the mechanical parameters carnelipg to each efficiency class within
each subsector. Ultraconserving mechanical pammetflect the same percentage reductions
as shown in Table 1 between nonconserving anddpastical technology. The conserving
mechanical parameters are merely the average oith&onserving and ultraconserving values.
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Table 2 Mechanical parameters and summer intensity fattipsibsector and end use
Non- Conservin Ultra- Summer
StudyArea Subsector EndUse Name conserving (gpdiu nit)g conserving | Intensity
(gpd/unit) gp (gpd/unit) Factor
. Non-
Crossville Residential Outdoor Cr_NR_out 49.97 42.47 34.98 141
Cumberland Non-
Cove Residential Outdoor CC_NR_out 5.79 4.63 4.05 1.90
o Non-
Fairfield Glade Residential Outdoor FG_NR_out 5.20 4.42 3.64 1.90
. Non-
LakeTansi Residential Outdoor LT_NR_out 1.91 1.62 1.33 2.34
Remaining Non-
County Residential Outdoor RC_NR_out 4.00 3.40 2.80 1.90
) Non- .
Crossville Residential Indoor Cr_NR_in 158.22 134.49 110.76 1.13
Cumberland Non- .
Cove Residential Indoor CC_NR_in 14.89 11.91 10.42 1.28
- Non- .
Fairfield Glade Residential Indoor FG_NR_in 16.45 13.99 11.52 1.28
. Non- .
LakeTansi Residential Indoor LT_NR_in 6.03 5.13 4.22 1.44
Remaining Non- .
County Residential Indoor RC_NR_in 12.65 10.76 8.86 1.28
Residential Outdoor ExFG_RES_out 16.64 14.15 11.65 1.50
Allexcept | Residential | M9%0" | ExFG RES 46.64 40.74 3484 | 109
Fairfield Glade Ip?jtab'e P
. . ndoor-
Residential nonpotable EXFG_RES_np 50.72 39.76 28.80 1.08
Residential Outdoor FG_RES out 15.81 13.44 11.07 2.01
Faifield Glade| Residential mgg{e FG_RES_p 4431 38.71 3310 | 118
. . Indoor-
Residential nonpotable FG_RES_np 48.19 37.77 27.36 1.17
Cossvile | cmc | al | cmcal | 130 | 130 | 130 | 12

Section 4.4 presented the summer and winter useréaior the study areas and
subsectors. Seasonality is controlled for eachusedby the intensity of usage parametey)(U
For the winter season, the base value pfdJl. The water use factor for the summer moisths
the product of the winter use factor angl. Un the summer season, the increase in the U
parameter varies by end use, but the total for sabkector adds up to the summer water use
factor reported in Section 4.4. Intensity factars determined by apportioning the summer
increase among the end uses. In general, 50% ahthease goes to outdoor usage. The restis
apportioned equally among indoor uses, which reflaxcreased summer time usage by part-
time residents and visitors.

For the baseline forecast, no units are assumbd &dlocated to the ultraconserving class
within the study period. In the base year (2086)nits are assumed to be in the nonconserving
class in all subsectors. After 2009, all new ufetscept in Crossville) are attributed to the
conserving class due to natural shifts in the atéal fixtures and the probable implementation of
a plumbing code in Cumberland County. Since Crtlesalready has a plumbing code, new
units begin as in the conserving class startirgQio6.
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Finally, a natural replacement rate for fixtured appliances of roughly 6.5% per year
was calculated by making a use-weighted averagevefse of the lifetimes for the end uses in
Table 1. Several utility district managers indezhthat Cumberland county users were likely to
wait slightly longer than the nation as a wholedplace fixtures. Thus, a conservative 5%
natural replacement rate (equivalent to a 20 y&grwas assumed as the yearly rate at which
existing nonconserving units are shifted from narsewving to conserving efficiency classes for
all end uses.
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Appendix B - Full results

B.1 Aggressive Scenario Full Needs Assessment (MGD

Study Area Data Subsectof 2006 2016 2026 2036 2046 2056
Crossville Annual RES PS| 0.57 0.71 0.74 0.74 0.74 0.75
NonRES 1.11 1.39 1.47 1.47 1.48 1.48

CMC 0.07 0.10 0.13 0.17 0.20 0.23

UAW 0.41 0.52 0.55 0.56 0.57 0.58

Summer RES PS| 0.62 0.77 0.81 0.81 0.81 0.82

NonRES 1.24 1.56 1.65 1.65 1.66 1.66

CMC 0.08 0.11 0.15 0.19 0.22 0.26

UAW 0.46 0.57 0.61 0.62 0.63 0.64

Winter RES_PS 0.54 0.68 0.71 0.71 0.71 0.72

NonRES 1.04 1.30 1.38 1.38 1.39 1.39

CMC 0.07 0.09 0.12 0.15 0.18 0.21

UAW 0.39 0.49 0.52 0.53 0.54 0.54

Cumberland Cove Annual RES PS| 0.03 0.06 0.11 0.17 0.18 0.19
NonRES 0.01 0.02 0.03 0.05 0.05 0.05

UAW 0.01 0.02 0.04 0.06 0.07 0.07

Summer RES PS| 0.03 0.07 0.12 0.18 0.20 0.2¢

NonRES 0.02 0.03 0.04 0.06 0.06 0.06

UAW 0.02 0.03 0.05 0.07 0.08 0.08

Winter RES_PS 0.03 0.06 0.10 0.16 0.17 0.18

NonRES 0.01 0.02 0.03 0.04 0.04 0.04

UAW 0.01 0.02 0.04 0.06 0.06 0.07

Fairfield Glade Annual RES_PS| 0.49 0.77 1.29 2.09 211 2.13
NonRES 0.08 0.12 0.20 0.32 0.33 0.33

UAW 0.17 0.27 0.45 0.72 0.73 0.74

Summer RES PS| 0.58 0.91 1.53 2.46 2.49 2.52

NonRES 0.09 0.15 0.25 0.41 0.41 0.41

UAW 0.20 0.32 0.53 0.86 0.87 0.88

Winter RES_PS 0.45 0.70 1.18 1.90 1.92 1.94

NonRES 0.07 0.10 0.17 0.28 0.29 0.29

UAW 0.15 0.24 0.40 0.65 0.66 0.67

Lake Tansi Annual RES PS| 0.26 0.50 0.87 1.06 1.06 1.07
NonRES 0.02 0.04 0.08 0.09 0.09 0.09

UAW 0.09 0.16 0.28 0.34 0.34 0.34

Summer RES PS| 0.29 0.55 0.95 1.16 1.16 1.17

NonRES 0.03 0.06 0.10 0.12 0.12 0.12

UAW 0.09 0.18 0.32 0.38 0.38 0.38

Winter RES_PS 0.25 0.48 0.83 101 1.01 1.02

NonRES 0.02 0.04 0.06 0.07 0.07 0.07

UAW 0.08 0.15 0.27 0.32 0.32 0.32

RemainingCounty Annual RES PS| 0.95 1.12 1.44 1.74 2.68 3.68
NonRES 0.27 0.29 0.33 0.38 0.57 0.77

UAW 0.36 0.42 0.53 0.64 0.97 1.33

Summer RES PS| 1.04 1.22 1.58 1.91 2.93 4.02

NonRES 0.33 0.37 0.42 0.48 0.71 0.96

UAW 0.41 0.47 0.60 0.71 1.09 1.49

Winter RES_PS 0.91 1.07 1.38 1.66 2.55 3.50

NonRES 0.23 0.26 0.29 0.34 0.50 0.67

UAW 0.34 0.39 0.50 0.60 0.91 1.25
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B.2 Expected Scenario Full Needs Assessment (MGD)

StudyArea Data Subsector 2006 2016 2026 2036 2046 056 2
Crossville Annual RES _PS 0.57 0.68 0.74 0.74 0.74 0.75
NonRES 111 1.34 1.49 1.49 1.49 1.49

CMC 0.07 0.09 0.12 0.14 0.16 0.18

UAW 0.41 0.50 0.55 0.56 0.56 0.57

Summer | RES_PS 0.62 0.74 0.81 0.81 0.81 0.82

NonRES 1.24 1.53 1.70 1.69 1.70 1.70

CMC 0.08 0.11 0.13 0.16 0.19 0.20

UAW 0.46 0.56 0.62 0.62 0.63 0.64

Winter RES_PS 0.54 0.65 0.71 0.71 0.71 0.72

NonRES 1.04 1.25 1.38 1.38 1.39 1.39

CMC 0.07 0.09 0.11 0.13 0.15 0.16

UAW 0.39 0.46 0.52 0.52 0.53 0.53

Cumberland Coveg Annual RES _PS 0.03 0.05 0.09 0.12 0.17 0.19
NonRES 0.01 0.02 0.03 0.03 0.05 0.05

UAW 0.01 0.02 0.03 0.05 0.07 0.07|

Summer | RES_PS 0.03 0.06 0.10 0.14 0.19 0.20

NonRES 0.02 0.02 0.03 0.04 0.06 0.06)

UAW 0.02 0.02 0.04 0.05 0.07 0.08

Winter RES_PS 0.03 0.05 0.08 0.12 0.17 0.18

NonRES 0.01 0.02 0.02 0.03 0.04 0.04

UAW 0.01 0.02 0.03 0.04 0.06 0.07|

Fairfield Glade Annual RES_PS 0.49 0.69 1.05 1.55 2.06 2.09
NonRES 0.08 0.11 0.17 0.25 0.33 0.33

UAW 0.17 0.24 0.36 0.54 0.71 0.72

Summer | RES_PS 0.58 0.79 1.20 1.77 2.36 2.38

NonRES 0.09 0.14 0.21 0.31 0.41 0.41

UAW 0.20 0.28 0.42 0.62 0.83 0.84

Winter RES_PS 0.45 0.64 0.98 1.44 1.92 1.94

NonRES 0.07 0.10 0.14 0.22 0.29 0.29

UAW 0.15 0.22 0.34 0.50 0.66 0.67|

Lake Tansi Annual RES_PS 0.26 0.39 0.66 0.88 1.06 1.07
NonRES 0.02 0.04 0.06 0.08 0.10 0.10

UAW 0.09 0.13 0.22 0.29 0.35 0.35

Summer | RES_PS 0.29 0.43 0.72 0.97 1.16 1.17

NonRES 0.03 0.05 0.08 0.11 0.14 0.14

UAW 0.09 0.14 0.24 0.32 0.39 0.39

Winter RES_PS 0.25 0.37 0.63 0.84 1.01 1.02

NonRES 0.02 0.03 0.05 0.07 0.08 0.08

UAW 0.08 0.12 0.20 0.27 0.33 0.33

RemainingCounty Annual RES_PS 0.95 1.12 1.30 1.49 1.69 2.12
NonRES 0.27 0.28 0.30 0.33 0.37 0.45

UAW 0.36 0.42 0.48 0.54 0.62 0.77

Summer | RES_PS 1.04 1.22 1.42 1.63 1.85 2.31

NonRES 0.33 0.35 0.38 0.42 0.46 0.56)

UAW 0.41 0.47 0.54 0.61 0.69 0.86)

Winter RES_PS 0.91 1.06 1.23 1.42 1.61 2.02

NonRES 0.23 0.24 0.27 0.29 0.32 0.39

UAW 0.34 0.39 0.45 0.51 0.58 0.72
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B.3 Slow Scenario Full Needs Assessment (MGD)

StudyArea Data Subsector 2006 2016 2026 2036 2046 056 2
Crossville Annual | RES_PS| 0.57 0.65 0.74 0.74 0.74 0.75
NonRES 1.11 1.27 1.47 1.47 1.48 1.48

CMC 0.07 0.08 0.09 0.10 0.11 0.12

UAW 0.41 0.47 0.54 0.54 0.55 0.55

Summer| RES_PS 0.62 0.71 0.81 0.81 0.81 0.82

NonRES 1.24 1.43 1.65 1.65 1.66 1.66

CMC 0.08 0.09 0.11 0.11 0.12 0.14

UAW 0.46 0.52 0.60 0.61 0.61 0.61

Winter | RES PS| 0.54 0.62 0.71 0.71 0.71 0.72

NonRES 1.04 1.19 1.38 1.38 1.39 1.39

CMC 0.07 0.08 0.09 0.09 0.10 0.11

UAW 0.39 0.44 0.51 0.51 0.52 0.52

Cumberland Coveg Annuall RES_P$ 0.03 0.05 0.06 0.08 0.10 0.13
NonRES 0.01 0.02 0.02 0.02 0.03 0.03

UAW 0.01 0.02 0.02 0.03 0.04 0.05

Summer| RES_PS 0.03 0.05 0.07 0.09 0.11 0.15

NonRES 0.02 0.02 0.02 0.03 0.04 0.04

UAW 0.02 0.02 0.03 0.04 0.04 0.06

Winter | RES_PS| 0.03 0.04 0.06 0.08 0.10 0.13

NonRES 0.01 0.01 0.02 0.02 0.02 0.03

UAW 0.01 0.02 0.02 0.03 0.04 0.05

Fairfield Glade Annual | RES PS 0.49 0.69 0.92 1.13 1.38 1.71
NonRES 0.08 0.10 0.14 0.17 0.20 0.25

UAW 0.17 0.24 0.32 0.39 0.47 0.58

Summer| RES_PS 0.58 0.81 1.09 1.33 1.63 2.01

NonRES 0.09 0.13 0.17 0.21 0.25 0.31]

UAW 0.20 0.28 0.38 0.46 0.56 0.69

Winter | RES PS| 0.45 0.63 0.84 1.03 1.26 1.55

NonRES 0.07 0.09 0.12 0.15 0.18 0.22

UAW 0.15 0.21 0.29 0.35 0.43 0.53

Lake Tansi Annual | RES PS 0.26 0.29 0.31 0.38 0.45 0.55
NonRES 0.02 0.03 0.03 0.03 0.04 0.05

UAW 0.09 0.10 0.10 0.12 0.15 0.18

Summer| RES_PS 0.29 0.32 0.34 0.41 0.50 0.61

NonRES 0.03 0.04 0.04 0.05 0.06 0.07

UAW 0.09 0.11 0.11 0.14 0.17 0.20

Winter | RES_PS| 0.25 0.28 0.30 0.36 0.43 0.53

NonRES 0.02 0.02 0.02 0.03 0.04 0.04

UAW 0.08 0.09 0.10 0.12 0.14 0.17

RemainingCounty] Annual| RES PS 0.95 1.02 1.08 1.14 1.20 1.25
NonRES 0.27 0.26 0.26 0.26 0.27 0.27]

UAW 0.36 0.38 0.40 0.42 0.44 0.45

Summer| RES_PS 1.04 1.11 1.18 1.25 1.31 1.36

NonRES 0.33 0.32 0.32 0.33 0.34 0.34

UAW 0.41 0.43 0.45 0.47 0.49 0.51

Winter | RES PS| 0.91 0.97 1.03 1.09 1.14 1.19

NonRES 0.23 0.23 0.23 0.23 0.23 0.24

UAW 0.34 0.36 0.38 0.39 0.41 0.42
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