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ABSTRACT

Economies of Size in Municipal Water Treatment Texdbgies:
Texas Lower Rio Grande Valley.
(August 2008)
Christopher Neil Boyer, B.S., Texas A&M University

Chair of Advisory Committee: Dr. M. Edward Rister

As the U.S. population continues to increase, pranfor future water quantity and
quality needs is important. Historically, many riaipalities have relied heavily on
surface water as their major source of drinkingawnaiut recently, technological
advancements have improved the economic viabifitgwerse-osmosis (RO)
desalination of brackish-groundwater as a potalaltemsource. Brackish-groundwater
may be an alternative water source that providesicipalities an opportunity to hedge
against droughts, political shortfalls, and pratecfrom potential surface-water
contamination. This research specifically focusesnvestigatinggconomies of sider
conventional surface-water treatment and brackiskwglwater desalination by using
results from four water treatment facilities in fhexas Lower Rio Grande Valley
(LRGV). The methodology and results can have diraplications on future water

planning.



Economic and financial life-cycle costs were esteddor a “small™-
conventional-surface water facility (2.0 millionligas per day (mgd) Olmito facility)
and a “small”-brackish-groundwater desalinatioriliigzgt(1.13 mgd La Sara facility).
Prior analyses were modified to determine simitasts for a “medium”-sized
conventional surface-water facility (8.25 mgd Ma&lINorthwest facility) and a
“medium”-sized brackish-groundwater desalinatiatilfiy (7.5 mgd Southmost facility).
The life-cycle costs of the “small” Olmito faciligre compared to the life-cycle costs of
the “medium” Northwest facility and the life-cyatests of the “small” La Sara facility
are compared against the life-cycle costs of thedionm” Southmost facility to
determine the existence of economies of size.

This research was facilitated by the use of theYCHiILl0 ECONOMICS and the
DESAL ECONOMICS Excel, spreadsheet models previously developed by Texas
AgriLife Research and Texas AgriLife Extension Sesvagricultural economists.
Although the results are applicable to the Texa&WReconomies of size are apparent
in conventional surface-water treatment and constemnomies of size are evident in
brackish-groundwater desalination. This resealst @ncludes that RO desalination of
brackish-groundwater is economically competitivéhvdonventional surface-water

treatment in this region.
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INTRODUCTION *

The Texas Lower Rio Grande Valley's (LRGVS) popiglatis projected to more than
double from 2010 to 2060 (Texas Water Developmerar& 2006). In addition, the
2001 U.S. Census Bureau has identified the LRGWMagourth-fastest-growing
Metropolitan Statistical Area in the United StafgsS. Census Bureau 2000). Such
rapid growth, combined with prolonged drought ahdrtfalls of water deliveries from
Mexico? has resulted in LRGV municipalities consideringvreonstruction of both
traditional and alternative-technology capital wateojects to meet growing potable
(drinkable) water demand in this region.

Historically, the Rio Grande [River] has been tHRGQYV region’s primary source
of municipal water. Municipalities typically usecanventional surface-water treatment
process on Rio Grande water to provide potablentatineir residents. In recent years,
however, reverse-osmosis (RO) brackish-groundveisalination has been
implemented as another source. This thesis iseareh report on these two water
treatment technologies across two size categoaigs. €The resulting four facilities and
their associated results are used as a basisdstigate and report on any presence of

economies of size for both of the technologies.

The thesis follows the style of tihenerican Journal of Agricultural Economics

! This thesis follows the format of the section methather than the chapter method.

2The 1944 Treaty requires the United States and ddetxi share the downstream water release from
Amistad and Falcon reservoirs (Sturdivant et aQ®0 In addition to sharing the water, the treatyuires
the United States to provide Mexico with 1.5 mitliacre-feet per year from the Colorado River, while
Mexico must provide the United States with 350,806t from the Rio Grande River (Spencer 2005).



In anticipation of an increase in municipal-watendnd, the City of McAllen
built a new conventional surface-water treatmeaititg in 2004, which expanded the
city’s water system capacity by 8.25 million galigmer day (mgd) (i.e., the facility’s
maximum-designed capacity) (Rogers 2008). Direwtisth of the City of Brownsville,
Olmito Water Supply Corporation (OWSC) expectsefurbish and expand its current
1.0 mgd conventional surface-water treatment fgditi 2.0 mgd in 2008-2009 (Elium
2008).

Recognizing the diversification benefits and estedacost competitiveness of
brackish-groundwater desalination, the City of Bnewille expanded its water treatment
system by building the 7.5 mgd Southmost brackishigdwater desalination facility in
2004. This adoption of an alternative technolagytended to reduce the City of
Brownsuville’s reliance on the Rio Grande (Sturdivanal. 2008). In November 2004,
the North Alamo Water Supply Corporation (NAWSCyhe operating its 1.13 mgd La
Sara brackish-groundwater desalination facilithisTacility is the first desalination
facility in the NAWSC water treatment system, whadntributes to the treatment and
distribution of potable water to 16 rural commugstin Willacy, Hidalgo, and

northwestern Cameron counties (North Alamo Watgp8uCorporation 2007).



Objective and Purpose

This research builds on two prior case studiesahatyzed the economic and financial
life-cycle costs of producing potable water in HRGV of Texas with conventional
surface-water treatment (Rogers 2008; Rogers 208B) and brackish-groundwater
desalination (Sturdivant et al. 2008). Specifigathis thesis focuses on identifying and
interpreting the implications of life-cycle costs four facilities (i.e., two from these
prior studies and two additional, smaller faciktiepresenting both technologies which
are analyzed in this thesis). Based on the lifdecyosts derived for these four facilities,
the presence and extentemfonomies of sizare evaluated for both technologie3he
study matrix shown in Table 1 identifies the miXfadilities, technologies, and sizes

evaluated.

Table 1. Matrix of the Lower Rio Grande Valley Potalle Water Treatment Facilities by
Size Category and Technology Type, 2008

Facility Names & Maximum-Designed Capacities

Size
Category Conventional Surface-Water Reverse-Osmosis Desalinat
Small Olmito WSC 2.00 migd NAWSC - La Sara 1.13 mgd
Medium  McAllen Northwest 8.25mgd  Brownsgil Southmost 7.50 mgd

#mgd: million gallons per day production capacity

The purposes of the research encompassed by ésis tire to (a) calculate the

life-cycle costs of producing potable water {$/afeet (ac-ft) and $/1,000 gallons

% Economies of sizefers to a change in output brought about byraproportionate change in some or
all of the production inputs (Beattie and TayloB5R



(gals)} for both the OWSCs 2.0 mgd OImito conven#bsurface-water treatment
facility and NAWSCs 1.13 mgd La Sara desalination facilitd (b) compare the life-
cycle costs of treating potable water {$/ac-ft &t 000 gals} for the OWSC facility to
the Northwest conventional surface-water treatnfemility (from Rogers 2008) to test
for economies of size; and perform a similar congoar for desalination based on the La
Sara facility and the Southmost facility (from Stwant et al. 2008) life-cycle costs. In
essence, this research is testing for the presdremmnomies of siza conventional
surface-water treatment and brackish-groundwatsalohation in the LRGV. This
premise is represented below in the null hypoth@sasandHb,) and the alternative
hypothesesHa, andHb,):

Ha, = Economies of sizare not presenin conventional surface-water treatment

in the LRGV.
Ha, = Economies of sizare presenin conventional surface-water treatment

in the LRGV.

Hb, = Economies of sizare not presenin RO desalination of brackish-
groundwater in the LRGV.
Hb, = Economies of sizare presenin RO desalination of brackish-groundwater

in the LRGV.

* The referred Olmito facility (i.e., 2.0 mgd) is ledlson an actual expansion from 1.0 mgd facility to
2.0 mgd facility. Adjustments to initial constrigrt costs and other continued costs were made by C
(2008) and Elium (2008), respectively) to the 1ddnexpansion to reflect a 2.0 mgd facility.



Answering these questions will provide state agesianunicipalities, agricultural
producers, water planners, and engineers with mtafmation for future water
planning.

As noted in Sturdivant et al. (2008) and Rogeia.g2008), using the same
capital-budgetingmethodology allows for an “apple-to-apples” conigam. In addition
to this analytical approach, each facility is “nfoeti/leveled”® across five common areas

to assure a common basis for comparative results.

® As noted in Sturdivant et al. (2008), “Capital Betlgg is a generic phrase used to describe various
financial methodologies of analyzing capital prégecNet Present Value (NPV) analysis is argudidy t
most entailed (and useful) of the techniques fallinder capital budgeting.” For additional infotioa,
refer to the “Summary of Economic and Financial Metology” section in Sturdivant et al. (2008) aad t
the “Economic and Financial Methodology” sectiorRiogers (2008). Also refer to Rister et al. (2008)
6 “Modified/Leveling” of a facility is discussed inone depth in the “Methodology” section of this tises
but the general thought is to remove or modify elmgracteristic specific to an individual facility.g.,
construction design, location differences, opegaéfiiciency levels, etc.) which can result in ssieading
cost of production for comparing the technologyilfgcto other technologies/facilities.



LITERATURE REVIEW

Contemporary literature rarely contains articlesued directly on economies of size,
and when it does, the literature typically (andtakenly) refers to this economic concept
as economies of scale (Sturdivant et al. 2008pn&mies of scale is defined as the
“expansion of output in response to an expansialldéctors [inputs] in fixed
proportion” (Beattie and Taylor 1985). In increagsihe output of potable water,
however, not all inputs (e.g., land, labor, capiealergy) are necessarily increased
proportionately. Therefore, the more correct emi¢o describe a change in the level of
resources committed to production and the assakcratilting change in costs is
economies of sizeThis concept refers to a change in output broagbut by a non-
proportional change in inputs (Beattie and Tay®@83). This thesis uses the term
“economies of size” to discuss this concept.

For the majority of studies that mention econonoiesize, researchers identify,
analyze, and report on specific cost componentsétg.g., concentrate/sludge
discharge, salinity/turbidity levels, energy cattemical cost, etc.). Few reports
mention multiple cost components/items, and nontspeere identified that completely
analyzed every cost component/item in water treatt@zhnologies. Due to the
differences between conventional surface-watetrtreat and reserve-osmosis (RO)

desalination, not all cost components/items arencomacross both water treatment

" Economies of size is discussed in more detailedaérfMethodology” section of this thesis.



technologies. The cost components/items founcattim bhe literature for both treatment
technologies are:

. salinity levels/total dissolved solids (TDS);

. concentrate discharge/sludge disposal; and

. capital investments.

Throughout the literature, it is rare to find adstuhat includes economies of size
for both surface-water treatment and RO desalinagohnologies. An exception is
Traviglia and Characklis (2006), who estimateddbst of producing water for three
different-sized surface-water treatment and br&egi®undwater desalination facilities.
In addition, the study highlighted raw water acdigs, conveyance (i.e., pipelines),
storage, and residuals disposal (i.e., sludge &nd boncentrate) as cost components
which heavily impacts the cost of production. Taelity sizes that Traviglia and
Characklis (2006) analyzed include: 1.0 mgd, 10gdnand 30.0 mgd. The estimated
costs for both technologies were calculated usosf elationships, which were derived
in previous studies of operating and constructiosts. The Traviglia and Characklis
(2006) results presented in Table 2 indicate tbahemies of size do exist for both
water-treatment technologies. Although the redmrnot indicate the itemized cost for
each of the cost components/items noted abowesthted that economies of size were

suggested for all of the individual cost componkieiss.

8 Capital investment is defined as an original inwesit in construction cost of a long-term fixed talpi
item; that is, items having a useful life of gredtean one year (e.g., water rights, storage tguggline
capacity, etc.).



Table 2. Cost of Supply and Treatment ($/1,000 dahs) for Surface-Water
Treatment Facilities and RO Desalination Facilitiesas per Traviglia and Characklis
(2006}

Facility Size
Technology 1.0 mgd 10.0 mgd 30.0 mgd
Surface-Water
Treatment Facility $1.14 $0.68 $0.49
Desalination
Facility $3.26 $2.10 $1.83

& All capital costs were annualized over 20 yearsrmgsy an 8.0% interest rate.

® Freshwater was assumed to have a salinity leveltb®0 mg/l of total dissolved solids (TDS), and
brackish-water was assumed to have a salinity lev2/000 mg/l TDS (Traviglia and Characklis 2006).

Source: Traviglia and Characklis (2006).

Salinity levels and/or total dissolved solids (T8¢ important factors that can
affect the cost of producing water, as well asuiefice the decision makers’ choice of
which water treatment technology is the most ecacalhy viable. Another study by
Characklis (2004) focused on the effects of higmgg levels and/or TDS on the cost of
conventional surface-water treatment and RO destadim facilities. The premise of the
research was to determine the level of salinity@n@DS when surface-water treatment
is more economical than desalination and vice veEganomic costs were estimated for
a 2.0 mgd surface-water treatment facility anddan2gd RO desalination facility, as well
as a 16.0 mgd surface-water treatment facilityad.0 mgd RO desalination facility.
Three salinity/TDS levels examined in this studyevé®00 mg/l, 1,250 mg/l, and 1,600
mg/l. The results indicated that for RO desaloatwhen comparing two facilities with
the same salinity/TDS level, the larger RO faciligs the lowest cost of production.

However, when the larger RO desalination faciliylla salinity level of 1,600 mg/l and



the smaller facility had a salinity level of 900 fghe smaller facility’s cost of
production is lower. Although this research wasdicectly focused on determining
economies of size for surface water and desalinateatment technologies, the results
are interesting and important for this thesis’ gea$. The results imply that economies
of size are present in surface-water treatmendasdlination, as well as emphasize the
critical need in assuring a fair basis is used wd@nparing costs between types of
technologies and/or sizes, i.e., factors other #ize can account for observed
differences in costs.

For desalination, the disposal of the brine water ltave a major impact on the
cost of production. Economies of size researchokas reported for this topic by
Foldager (2003). He compared how different medmsiand disposal of the brine
discharge for a RO desalination facility affects ttost of producing potable water for a
1.0 mgd and a 10.0 mgd facility. The three alteviea considered by Foldager (2003)
for brine discharge included: deep-well injectieaporation ponds, and solar ponds.
Foldager (2003) assumed a construction cost rasgegell as a certain recovery rate of
water transported through the RO membranes. Hegbdormed a regression analysis
to identify how the three disposal methods influeetite cost of production. He
concluded that economies of size were identifi¢dRO desalination facilities using
deep-well injection, diseconomies were identifieddvaporation ponds, and that little to

no economies of size were associated with solagigon
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Economies of size have also been observed in paragital investment
components that define a water treatment faciltyaximum-designed capacity. A
report on the Southmost Regional Water AuthoritgiBeal Desalination Plant states,
“Economies of scale of a 1.0 mgd plant componentpared to a 6.0 mgd component
yields a 38 percent savings [water per-unit] on&@ipment” (Norris 2006a). The
report also implies that a ground-storage tankctving used for both conventional
surface-water treatment and RO desalination, detrasaseconomies of size. Norris
(20064a) indicated a two (2) a million-gallon stagagnk has a cost of $0.37/gallon
whereas an eight (8) a million-gallon storage thak a cost of $0.20/gallon. Cost
estimations were calculated by analyzing constaatost bids for water treatment
facilities from 2003-2004. In addition, focusing the LRGV, Norris (2006b) states that
economies of size can be attained in brackish-gheater desalination if entities
collaborate to build regional desalination facdgi The methodology used in this thesis
facilitates further examination of Norris’ (2006&06b) recognition of economies of
size in capital components.

Boisvert and Schmit (1996) analyzed the treatmedtdastribution of water for
rural water systems, checking for the presencepiaonomies of size. The treatment
process included the cost of building and operadisgrface-water treatment facility.
The distribution system consisted of the transmisgipelines and distribution mains.
Boisvert and Schmit (1996) estimated the costsdoyguthe Engineering News-Record

(ENR) construction cost index and wage historyeyralso assumed a 20-year useful
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life for the facility and distribution system, aglvas an 8.0% discount rate. They
concluded that economies of size do exist for tmalined water treatment facility and
distribution system, but individually, the treatnhéacility showed economies of size
while the distribution system had diseconomiesz#.s

Arroyo (2005) also determined bottom-line cost {$a0 gals} for a number of
multi-sized brackish-groundwater desalination faed. The report estimated the cost of
producing water from a high of $2.37/1,000 galsad.1 mgd facility to a low of
$0.71/1,000 gals for a 10.0 mgd facility. The noelblogy for estimating these values
was not stated in his report; rather, the authéy imlicated the assumptions made in
calculating “project” and “annual” costsThe study concludes that, as research and
technology improves, the cost of RO desalinatioy decrease and economies of size
may increase. This conclusion apparently folloes his introspection of all costs,
particularly with respect to the capital costs afiree water, concentrated discharge,
water storage, pumping and distribution, environtaksrcheology, and land acquisition.

The general absence of studies and incompleteenatihe previous work on
economies of size for both water treatment techgietoprovided the impetus for this
thesis. The methodology used herein, combined théltollection and analysis of
primary data, allows for a comprehensive and atewssessment of economies of size
for conventional surface-water treatment and RQ@ldeaion for the four specific

facilities and geographic area analyzed withingtugly.

o Arroyo’s (2005) assumptions include: (a) TDS raggiom 1,000 to 3,000 mg/Il, (b) feed water
pressure of 300 psi, and (c) power cost of $0.06<¢h.
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METHODOLOGY

To estimate costs associated with conventionaldasdlination water treatment, Capital
Budgeting — Net Present Value (NPV) analysis, imimation with the calculation of
annuity equivalents (AEs), is the methodology ddich for this thesis researth This
approach provides for integrating expected uségilith related annual costs and
outputs, as well as consideration of other findrreialities, into a comprehensive $/ac-ft
{or $/1,000 gals}life-cyclecost. To facilitate application of this prefermagéthodology,
Texas AgriLife Extension Service and Texas Agrillfesearch agricultural economists
developed two MicrosaftExcel, spreadsheet models, DESAL ECONOMfCS
(Sturdivant et al. 2008) and CITY, & ECONOMICS (Rogers 2008;
Rogers et al. 2008). These models facilitate amabyf life-cycle costs (e.g., $/ac-ft) for
producing and delivering potable water to its nefgpessible tie-in point within the
municipal water-delivery system. “Apples-to-applesmparisons can be made among
facilities, both within and across treatment tedbgs, so long as certain prescribed
modifications are made.

The first aspect of the methodology (i.e., NPV gsig) adjusts potential uneven
annual streams of dollars and water flows acrdasihty’s total useful life into a

uniform time-adjusted, or time and inflation-adpsbasis (i.e., current year). That is, to

10 As noted in Sturdivant et al. (2008), “Capital Betlgg is a generic phrase used to describe various
financial methodologies of analyzing capital prégecNet Present Value (NPV) analysis is argudidy t
most entailed (and useful) of the techniques fallinder capital budgeting.” Refer to Rister e{2008)
for additional information.
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analyze life-cycle costs, the methodology firstasriges each facility into a “project,”
inclusive of dollars of initial investment to fumgitial construction (and water rights
purchase, if applicable), as well as costs for arggoperations (operating costs, capital
replacement, etc.). Each “project” is then expttehave a level of productivity some
number of years into the future. With an expedfecextending into future years, the
financial realities of inflation, time-value of mey, and other discounting considerations
such as risk are incorporated. Specifically, tloelets/methodology incorporate a
6.125% discount rate for dollars (i.e., the muitialive product of a 4.0% discount
factor for social-time preferencea 2.043% cost-compound factor to account for
inflation,*? and a 0.0% factor for risk as a government eftisygenerally providing
funding assistance/guaranté&)That is, the nominal values of dollars and wédeeach
future year are discounted into real, current-yaduies by way of the NPV calculations,
which, in effect, “normalize” values across “prdgt subject to additional

consideration.

" The social-time preference of water is a highlyatell issue among economists. For further reading
on the subject, refer to Rister et al. (2008), Re2008), and Griffin and Chowdhury (1993).

121n March 2008, Orlando Cruz (2008), a professi@mgjineer specializing in water resource projects in
the LRGV, stated that the current actual inflatiate on large capital water projects are approxipat
1.0% a month, or 10-12% annually. In recognitibthe several forecasts of this thesis researaadir
completed using the 2.043% inflation factor, conguar of the different types and sizes of waterttregt
facilities are calculated using this factor throagh In general, a higher inflation rate would aapthe
calculated costs. However, once reliable baseipgastment are established, because of the relativ
similar magnitudes of costs and projects livers &nticipated that relative results would be umgjea.
The absolute impact of a higher inflation rate loese results is a topic for future research coriidas.

13 Even though Olmito WSC and NAWSC are not governreetities (i.e., public), a 0.0% risk rate is
applied for comparison purposes. Under the Staiexas Water Code chapter 67, a political subivis
may be contracted by the private entity to admiaistthe bonds, resulting in a virtually risk fizend
(Texas Legislature Online 2008).

4 For additional reading on discount rates and fact@fer to Rister et al. (2008) and Rogers (2008).
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Facilities and their respective cash flows and wateduction levels are
expected to vary from facility to facility and theted methodology, including
calculation of annuity equivalents, neutralize safflcts, thereby allowing derivation of
comparable cost information. Analytically, the NEYuation for dollars (EC) is as

follows:
EC,\P“’D%/ =y T:PO <{[ |jP,Z *(1+i) J]} +{(1+ r J}>
ez 5l ([locr? « crr2yeae) o{as o))

{sv*+{ar o)

Similarly, the NPV equation for water flows (WP) is

RS =3 o ({we 2 {ar )
Refer to Table 3 for definitions of all of the elents in both equations.

The second aspect of the methodology transformsuthmemed NPV values (i.e.,
summed dollars and water over the course of tla fitility’s expected useful life) into
annuity equivalents (AEs), or “annualized amountBlie purpose of this adjustment is
to allow for facilities with different useful/prodtive lives to be compared. The two AE
values (i.e., dollars and water) are calculateduse#ply. The AE of dollars (AEEC) and

the AE of water flows (AEWP) are calculated asdois:
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AEECPZ = Ecﬁ,',§,+<{1—(1+ )77} +{ r}>, and
ABWER = WRES, = ({1- 1+ 57} +{ .

Refer to Table 3 for definitions of all the elemeit the equations.

As observed in the above equations, this thesss thgediscount rate (r) to
calculate the NPV and AE of dollars and the distoate (s) to calculate the NPV and
AE of water flows. The purpose for implementing tiwvo discount rates is to discount
dollars, components for time preference, risk, iafidtion are included in the discount
rate (r), and to discount water, only the comporfi@ensocial-time preference is included
in the discount rate (s).

Once the two AE values are determined, the AE étlads (AEEC) is divided by
the AE for water flows (AEWP). The resultant valsen annual dollar-per-unit value
(i.e., $/ ac-ft, or $/1,000 gals), representinglifeecycle cost for a given facility and its

associated technology. The dollars-per-unit véduepresented mathematically as:
AEECWHY” = AEEGS + AEWR”.

Refer to Table 3 for definitions of all of the elents in the equation.



Table 3. Definitions for the Elements of Economiand Financial Costs Calculations,
CITY H ,0 ECONOMICS® and DESAL ECONOMICS® Spreadsheet Models, 2008

Element

Definition

P,z
EC\pv

Z

WR:Y
WF%P'Z

S

AEECL#
AEWPR:*

AEECWH_:*

net present value of net economic and financiaiscios water treatment plant P over
the planning period Z

time (in years) of planning period, consisting ofistruction period and expected
useful life

the specific year in the construction period
length of construction period (years) for wateatneent plant P

initial construction cost (which includes the puash of water rights, if applicable)
occurring during year j of the construction perfodwater treatment plant P in the
planning period Z

compounding inflation rate applicable to constrmctioperation, and maintenance
inputs

the discount rate (%) used to transform nominah ¢@svs into a current (i.e.,
benchmark) dollar standard

length of expected useful life (years following qaetion of construction period) for
water treatment plant P

operation and maintenance costs during year teffilkfe N° for water treatment
plant P over the single economic-planning period Z

capital replacement costs during year t of uséfIN® for water treatment plant P
over the planning period Z

the specific year of the expected useful life

salvage value of water treatment plant P (includiader rights, if applicable) at the
end of year Z

net present value of annual water production faewaeatment plant P over the
planning period Z

annual water production (in ac-ft) in year t of erareatment plant P over the
planning period Z

social time value discount rate (%) of water

annuity equivalent of economic and financial cdstsa series of water treatment
plants P, each constructed and operating overlarihing period, into perpetuity

annuity equivalent of water production for a sedéwater treatment plants P, each
constructed and operating over a Z time period, frgrpetuity

annuity equivalent of costs per ac-ft for a sedkwater treatment plants P, each
constructed and operating over a Z time period, frgrpetuity

Source: Rister et al. (2008), Rogers (2008), Yod0&), and own modifications.
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Modifying/Leveling Baseline Analyses

The baseline results for each facility depict thality in its current operating condition.
While the results for each facility were determinesthg either the DESAL
ECONOMICS or CITY H,O0 ECONOMICS model (previously advocated as
appropriate for making “apples-to-apples” comparssof water-supply alternatives’
life-cycle costs), some additional adjustments tmayecessary to allow for correct
comparisons of life-cycle costs across differentlitées and technologies. That is,
inherent variations in key data-input parametexdeunmxisting operating circumstances
(at different facilities and/or for different teablogies) can greatly distort subsequent
comparisons. To compare as accurately as posaibdss facilities, the following data-
input parameters are modified according to Sturttied al. (2008), Rogers (2008), and
(Rogers et al. 2008):

. thebase period of analysessumes the construction period commences on
January 1, 2006, thereby insuring financial cakioies occur across a common
time frame}> *°

. theannual production efficiendg set at a constant 85% production efficiency
(PE) rate. This stated achieved proportion of maxn-designed capacity is
assumed reasonable, allowing for planned and unpthdowntime (e.g.,

maintenance, emergencies, demand interruption$, atcl complies with the

15 This feature is already incorporated into basedinalysis of case study presented in this report.

18 For facilities constructed in different time perieither inflation or deflation of the cost values
necessary to accommodate specification of thisdtaénchmark period.
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Texas Commission of Environmental Quality (TCEQ)wha@te under the
Texas Administrative Code (TAC) §291.93Leveling the PE to this stated
rate for each facility avoids potential bias asated with operating
circumstances at particular sités;

. any potentiaDverbuilds & Upgrades costs are ignorgddetermining the
modified total life-cycle cost? Doing so ignores non-essential costs which
allow a leveled comparison of: (a) different teclogees based upon only the
technology (i.e., indifferent as to the inclusiorddevel of non-essentials), and
(b) different facilities whereby one can examinetfe existence of economies
of size within (or across) a technology;

. thesalvage, or residual value of capital assets, idalg water rights, are
assumed to have an effective net salvage valusrofdollarsat the end of the
facility’s useful life. Doing so assumes facildgcommissioning and site

restoration costs equal the salvage (i.e., salagyand/or the investment (in

" TAC §291.93 states that when a retail public ytiffossessing a certificate of public convenientd a
necessity) reaches 85% of its capacity as compatetmost restrictive criteria of the Commission’s
minimum capacity requirements in Chapter §290.4thefT AC, it must submit to TCEQ a service-
demand plan, including cost projections and instialh dates for additional facilities
(Texas Secretary of State 2008).

Bn reality, individual facilities operate at diffemt PE rates, for many different reasons. In @mdib
the constraint induced by TAC §291.93, items sigchaasonal demand, source-water quality issues (e.g
abnormal arsenic, iron, etc.), mis-matched equipraed related flow capacity across facility proesss
etc., attribute to less than 100% PE. Using suif&rdnt PEs to calculate per-unit costs; howegan
unrealistically portray one or more facilities téla to others being evaluated.

19«Overbuilds & Upgrades” are the ‘elbow room’ allawi for future growth and captures ‘whistles &
bells’ beyond baseline necessities of the proadmblogy itself (Sturdivant et al. 2008).
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buildings, land, etc.) are intended to be long temth no expectations of ever
‘salvaging’ the asset($};

. the consolidation of the Administrative castmto a separate cost segment
General managers and engineers estimated thessahall of the facilities
evaluated in this thesis, but for all four facédi it was challenging for them to
allocate these costs across the segnfériy. consolidating the Administrative
costs into a single cost segment, the anomalitieinesults were reducétl.

This research does not adjust for any possiblemiiog and/or outgoing water
quality disparities among different facilities begbacknowledging that variability in
water quality could lead to distortions in cost gamsons. For this analysis,
final-product water quality at different facilitiés considered or assumed comparable
because all potable water suppliers are requiredetet specified quality standards on
final-product water (i.e., maximum contaminant levend secondary levels set by

Environmental Protection Agency (EPA) and TCEQ)rstat extreme differences in

2 The opportunity cost values for land, well fieldster rights, etc. associated with potable water
production facilities can be argued to be net pasitProjections of such values 50+ years intoftiigre
are subject, however, to a broad range of subgetdsumptions. Also, the financial discountinguath
values 50+ years virtually eliminates the positivuence of such calculations in current (i.e.08D
dollars.

2L«administrative” costs are annual expenses thafacity-related, but are not included on the wate
treatment facility’s (e.g., Northwest, Southmod, $ara, and Olmito) budget; rather, they are ireduah
the owner-entity’s (e.g., PUB and WSC) budget.

270 accurately determine the “Administrative” cofsts publicly-owned facilities (i.e., Northwest and
Southmost), a time-intensive and costly audit ef¢lty’s PUB accounting records would be requirédr
privately-owned facilities (i.e., Olmito and La &ardetermining an accurate value is difficult biaon
because of their accounting methods.

23 This modification is not included in Sturdivantast (2008), Rogers (2008), and Rogers et al. (2008)
but it is incorporated as part of this thesis.
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quality attributes affecting human health are nqieeted to occur. However, it is
suggested that incoming water be adjusted to aatdrof quality among all facilities
being compared, and further research to addressaic is encouraged.

These modified results for individual facilitieseazomparable and the basis for
the investigation of economies of size. Thatfigraall four facilities’ analyses are
“leveled,” the modified life-cycle costs of mediusized facilities (i.e., the McAllen
Northwest and the Southmost facilities) are congarto the modified life-cycle costs

of the smaller facilities (i.e., the Olmito and thee Sara facilities).

Economies of Size

As noted in the “Literature Review” section of thiesis, much, if not all, of the current
literature refers to economies of scale, whicheifineéd as the “expansion of output in
response to an expansion of all factors [inputsixed proportion” (Beattie and Taylor
1985). In the specific case of increasing outpyacities of water treatment facilities,
not all production inputs (e.g., land, labor, calitnanagement, etc.) are required to be
increased proportionately to attain the increaseédud. Therefore, the correct term is
economies of size referring to the concept thatamestotal cost is decreased as output is
increased from a non-proportional increase in ibe @.e., level) of some, but not
necessarily, all inputs of production. That i;die” refers to a proportionate change in
all production inputs, whereas “size” refers toomproportionate change in some, but

not necessarily all, production inputs (Beattie &aglor 1985).
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The economies of size concept is commonly discussedonomic textbooks in
the context of one firm that is trying to find theduction level where average total cost
is minimized. This level of output can be idemififor both short-run and long-run
analyses (Maurice and Thomas 2002). In short-natyaes, production inputs are
considered to be either fixed (e.g., land, buildic@ncrete, pipes, etc.) and/or variable
(e.g., chemical, energy, labor, etc.). The fixeadpction inputs cannot be either
increased or decreased, while the variable prooluatiputs can be either increased or
decreased. In long-run analyses, all productipats are considered variable and can be
either increased or decreased to minimize a fiam&rage total cost of production. In
this thesis, long-run analyses are the more apategior planning purposes in regards
to evaluating the question of beginning or contiguproduction from one period to the
next (Maurice and Thomas 2002).

The analyses in this thesis “modify” the necesggpyt data to represent the
costs of production for four different facilitiesvo of each type for both conventional
surface-water treatment and brackish-groundwatsaloiation facilities, with the two
facilities for each type producing potable watea &mall”-level and “medium”-level,
respectively). These modified life-cycle costslfate long-run (i.e., planning)
economies of size analyses in conventional sunfeater treatment and brackish-
groundwater desalination. Based on Kay and Edw@@®4), long-run economies of

size are expressed mathematically as:
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Economiesof Size Ratio %Changein Cost
I iz : .
% Changein Output

The “% Change in Cost” numerator in this equatederived by comparing of the
annuity equivalents of costs for the two differsizied facilities of interest. The
denominator “% Change in Output” is determined dyparing the annuity equivalents
of water production for the facilities.

Economies of size (E) exist if the life-cycle codéxrease as the production of
potable water is increased, i.e., the Economi&izd Ratio (ESR) is less than one.
Constant (C) economies of size exist if the lifeleycosts remain constant as the
production of potable water increases/decreagesthe ESR is equal to one.
Diseconomies of size (D) exist if the life-cyclest®increase as the production of
potable water increases, i.e., the ESR is grelader one. Potential economies of size
relationships between size of the facility andabst of producing water are

demonstrated graphically in Figure 1.



Long-run average cost curve.
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Source: Kay and Edwards (1994) and own modification
Figure 1. lllustration of economies and diseconomseof size
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PREVIOUS CASE STUDY RESULTS

Recently, Texas AgriLife Research economists cotatlieconomic case studies on
conventional surface-water treatment and RO destadim facilities in the Texas LRGV.
By developing and applying the CITY, &8 ECONOMICS model, Rogers (2008)
examined economic and financial life-cycle coststii@ city of McAllen’s 8.25 mgd
Northwest conventional surface-water treatmentifgciSturdivant et al. (2008)
performed a similar analysis for the city of Browitie’s 7.5 mgd Southmost RO
desalination facility using the DESAL ECONOMIE8odel. These analyses focused
on the facilities’ current operating status, bsibahcluded modified results, or “leveled”

analyses?

McAllen Northwest Facility

In 2004, the McAllen Public Utilities Board (PUB)mpleted a new conventional
surface-water treatment facility which expandedditgs water system capacity by 8.25
mgd. Further it includes the capacity of furthepansion up to 32.0 mgd (Rogers
2008). The facility obtains water from the Rio Gda via a system of open surface

canals and closed pipelines owned and operateachyitrigation districts (IDs}

%4 The modified results presented in Sturdivant ef2408) and Roger (2008) do not included all of the
modified areas discussed in this thesis (refeiatgep 17-19 for a list of all the modifications)heBe
previous studies did not consolidate the “Admiristre” costs into a separate segment. This maditio
is specific to this thesis.

S The process of obtaining water from the irrigatitistricts stems from the Texas constitutional
amendment Art. 3, Sect. 52 (Stubbs et al. 2003).
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Currently, there are three IBshat provide McAllen PUB with Rio Grande water.
United Irrigation District of Hidalgo County is tlepecific ID that services water to the
Northwest facility. Prior to the completion of tNerthwest facility, McAllen’s only
source of potable of water came from the Southe@stentional surface-water
treatment facility which was built in the 1950s (jeos 2008).

Following Sturdivant et al. (2008), Rogers (20083uamed a 50-year expected
life for the Northwest facility and a zero net saje value for capital assets. Based on
historical water production at the Northwest fagjla baseline annual production
efficiency of 78%’ was applied. Rogers (2008) estimated that théhMest facility
will cost a nominal $207,706,012 (Table 4) to bttt operate for 50-years. Adjusting
for time and inflation, the real cost (i.e., verssninal) of treating water over this time
frame is $79,167,566 (Table 4) in 2006 dollars.néalizing this value results in an
annuity equivalent of $5,079,864.

Using the baseline production efficiency, the Nawdbkt facility is estimated to
produce a nominal 360,406 acre-feet (ac-ft) of lpletavater over the facility’s 50-year
useful life. Adjusting future water for time-valuesults in a real volume of 143,164 ac-
ft (Table 4). Annualizing this volume results im annuity equivalent of 6,583 ac-ft.

Dividing the annuity equivalent of costs ($5,0786) by the annuity equivalent of

% The irrigation districts that delivery water to Mié&n Public Utilities are: Hidalgo County Irrigatio
District No. 2 (commonly referred to as San Jua)) Hitdlalgo County Water Improvement District No. 3,
and United Irrigation District of Hidalgo (a.k.anlted) (Rogers et al. 2008).

2" This percentage represents the Northwest facildyerage annual production level compared to its
maximum-designed capacity (i.e., 8.25 mgd) fordigear 2005-2006.
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water (6,583 ac-ft/yr) produces a cost of treatiager of $771.67/ac-ft {$2.37/1,000

gals} for the Northwest facility (Table 4).

Table 4. Aggregate Baseline Results for Cost of Tréag Water at the 8.25 mgd McAllen
Northwest Facility, in 2006 Dollars

Results Units Nominal Value Real Valtie

NPV of All Costs 2006 dollars $207,706,012 $79,167,566

-Annuity Equivalent $lyr n/a $5,079,864
NPV of Water Produced ac-ft (lifetime) 360,406 143,164

-Annuity Equivalent ac-ft/yr n/a 6,583
NPV of Water Produced 1,000 gals (lifetime) 117,488,7 46,650,165

-Annuity Equivalent 1,000 gals/yr n/a 2,145,074
Cost of Treating Water $/ac-ft n/a $771.67
Cost of Treating Water $/1,000 gals n/a $2.37

@ The results of this table are considered the baselnalysis of the McAllen Northwest facility i1s it
current operating state (i.e., 78% production &dfficy, 2006 dollars, overbuilds and upgrades are
included, and a zero net salvage value is recdiateall capital items and water rights).

b Values are reported on a real (vs. nominal) basigrmined using a 2.043% compound rate on costs,
a 6.125% discount factor for dollars, a 4.0% distdactor for water, and a 0.0% risk factor
(Rister et al. 2008).

Source: Rogers (2008).

The Southmost Facility
Located northeast of the city of Brownsville, thrmugimost facility is a RO desalination

facility which treats brackish-groundwater. Theility was funded by the Southmost
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Regional Water Authority (SWRA)and began Phase | of operation in 2003
(Sturdivant et al. 2008). The facility was builithva maximum-designed capacity of 7.5
mgd, but has the capability to expand output twthore times beyond current designed
capacity (Sturdivant et al. 2008). The Southmasility pumps water from the Gulf
Coast Aquifer, which has an approximate saliniteleof 3,500 parts per million (ppm).
The facility is designed to blend 6.0 mgd of theated final-product water, which has a
salinity level of 50 ppm, with an additional 1.5 dhgf bypass watétto reach its
maximum-designed capacity of 7.5 mjdAfter the water is blended, the salinity level
of the final-product potable water is 300-475 pi@tu(divant et al. 2008}.*

The Southmost facility is assumed (by engineersaie a 50-year useful life, as
well as a zero net salvage value for all capitaétss Based on historical production, the
Southmost facility is also estimated to have aruahhaseline production efficiency of
68% (actual production efficiency in 2006) of iteximum-designed capacity
(Sturdivant et al. 2008). Sturdivant et al. (20€8lculate that the Southmost facility

will cost a nominal $195,914,480 (Table 5) to bttt operate for 50-years. Adjusting

8 SRWA is made up of six partners, including: BrowhewPublic Utilities Board (PUB), City of Los
Fresnos, Valley Municipal Utilities District No.®ywn of Indian Lake, Brownsville Navigation Distric
and Laguna Madre Water District.

29 Bypass water is source water that bypasses the &@bnanes, but does go through the pretreatment
process (i.e., cartilage filters), which reducesghlinity to 1,800 ppm (Sturdivant et al. 2008).

¥ The blending process described is how the fadgityesigned to operate; however, the Southmost
facility is currently not blending because of higfisenic levels in the source water (Sturdivant.2G08).

It is noted that both the baseline and modifiediltesn this thesis assume that the Southmostisdihg
as designed.

3 Bypass Water = 1,800 ppm * (1.5/7.5) = 360 ppmaled Water = 50 ppm * (6.0/7.5) = 40 ppm;
Final Product Water = Bypass Water + Treat Wat866 + 40 = 400 ppm.

%2 The U.S. Environmental Protection Agency (EPA) lelithed a recommended maximum salinity level
for drinking water at 1,000 ppm (College Statiorilitiés 2006).
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for time and inflation, the real value cost of puotlon is $65,281,089 (Table 5) in 2006
dollars. Annualizing this value produces an annedguivalent of $4,201,075.

Using the baseline production efficiency, the Skt facility is estimated to
produce a nominal 285,637 ac-ft of water over thg&ar useful life. Adjusting for the
time value of water production results in a reduwte of 118,002 ac-ft. Annualizing
this volume results in an annuity equivalent o58,4c-ft. Dividing the annuity
equivalent of costs ($4,201,075/yr) by the annegyivalent of water (5,459 ac-ft/yr)
produces an estimated baseline life-cycle cos760%2/ac-ft {$2.36/1,000 gals}

(Table 5).

Table 5. Aggregate Baseline Results for Cost of Prading Water at the 7.5 mgd
Southmost Facility, in 2006 Dollars

Results Units Nominal Value Real Valtie

NPV of All Costs 2006 dollars $195,914,480 $65,281,089

-Annuity Equivalent $lyr n/a $4,201,075
NPV of Water Produced ac-ft (lifetime) 285,637 118,002

-Annuity Equivalent ac-ft/yr n/a 5,459
NPV of Water Produced 1,000 gals (lifetime) 93,078,00 38,451,045

-Annuity Equivalent 1,000 gals/yr n/a 1,778,701
Cost of Producing Water $lac-ft n/a $769.62
Cost of Producing Water $/1,000 gals n/a $2.36

2 The results of this table are considered thelip@sanalysis of the Southmost facility in its amt
operating state (i.e., 68% production efficiendd0@& dollars, overbuilds and upgrades are included,
a zero net salvage value is recorded for all chipitias).

® Values are reported on a real (vs. nominal) basiermined using a 2.043% compound rate on costs,
a 6.125% discount factor for dollars, a 4.0% distdactor for water, and a 0.0% risk factor
(Rister et al. 2008).

Source: Sturdivant et al. (2008).
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CASE STUDY RESULTS

The discussion in this section focuses on the stasly (i.e., baseline) analyses for the
Olmito conventional surface-water facility and tteeSara brackish-groundwater
desalination facility. These analyses reporte@ laee the estimated life-cycle costs of
producing potable water for the two facilities iveir current operating efficiencies (i.e.,
current production efficiencies). The results preed in this section have not been
modified or leveled, and are therefore not appedprior use in making comparisons
across facilities. These results are useful, hewewer understanding the economic and
financial life-cycle costs for the Olmito and Lar&dacilities, and for establishing the

foundation for the modified analyses which follow.

The Olmito Facility *
Olmito Water Supply Corporation (WSC) is a privgteivned and operated water utility
which is located north of Brownsville, Texas in Gaon County? Under their

certificate of convenience and necessity (CCN), i@MWSC is required to provide

3 The input data for the Olmito facility’s initial estruction costs and continued costs were extrégubla
from the costs of expanding and refurbishing threesu 1.0 mgd facility to a 2.0 mgd facility. Tieéore,

it is not appropriate to refer to the analysismaetual case study of the new Olmito facility. fglo
accurately, the analysis is an engineered casy efual2.0 mgd conventional surface-water facityich

is based on projected costs of the Olmito expansion

*Ina privately-owned water utility, each connect{erg., residential, business, etc.) in the utdlity
designed serving area holds one share of stodieiwater utility. This share of stock providesheac
connection the right to vote on all decisions ttiltyimay face. In contrast, a publicly-owned eat
utility (e.g., McAllen Northwest facility) is managd by the respective city’s Public Utility BoardB)
(Browning 2007; Elium 2008).
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potable water and wastewater treatment to residettig a 16 2 square mile service
area (Elium 2008). Currently, Olmito WSC managésOamgd conventional surface-
water treatment facility, which was built in 19&4, well as a 0.75 mgd wastewater
treatment system. These facilities serve apprabeilyd,600 connections and a
population of 5,870 (Elium 2008).

In 2007, Olmito WSC began the preliminary stagegesfigning and planning the
expansion of their conventional water treatmentcép. The goal was to refurbish and
expand the 1.0 mgd conventional surface-waterrreat facility to a 2.0 mgd facility
(Elium 2008). The rationale for the expansion Wwased on Olmito WSCs anticipation
of a new residential development in their serviaaa Construction on the
development’s infrastructure within Olmito’s sewiarea (i.e., roads, lot preparation,
electric lines, and water line) had already comradnand Olmito WSC anticipates the
development to demand upwards of 500 new potableraad wastewater connections
(Elium 2008). To facilitate financing of the ex@on and refurbishing, Olmito WSC
secured a United States Department of Agricultfw&DA) Rural Development grant
for approximately $2,000,000, as well as a USDAdRDevelopment loan for
approximately $2,000,000 (Elium 2008). The objexgiof both the USDA Rural
Development grant and loan programs are to progroieth in rural areas by providing
resources to the development and constructionwfama improved rural water and

wastewater systems (U.S. General Service Administr2008)%°> These funds allow

% For more information such as uses, restrictiortsrast rates, and loan terms, refer to the Catafiog
Federal Domestic Assistance number 10.760 (U.Sef@éBervice Administration 2008).
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Olmito WSC to subsidize the cost of expanding afdrbishing their potable water
system capacity, along with repairing a water naaid construction of a new elevated

storage tank®

Construction and Operation Cost

Olmito WSCs decision to expand its current conwerdi surface-water treatment
facility, as opposed to building a new independaaility, allows it to continue to utilize
some existing infrastructure (e.g., land, concr&ti@age tank, etc.). As a result, the
preliminary construction costs data identified dat include all of the input costs
necessary to build a new self standing 2.0 mgd eathonal surface-water treatment
facility from the ground up. However, working wi@rlando Cruz (2008), Olmito
WSCs consulting engineer, and James Elium Il (200@& manager of Olmito WSC,
opportunity cost estimates were generated forrthatiitems that were not included in

the new expansion construction cost data.

®A private water purveyor such as Olmito may eledaghore the capital costs offset by federal and/or
state grants when estimating the cost of produdton facility. Such an approach does not acelyat
portray the full societal costs (which are morepenty reflected by the costs estimated in thisif)esAn
attempt to reflect the benefit of the grant andhlattained by Olmito suggests that life-cycle caosts
treating potable water are reduced approximate®pfic-ft {$0.50/1,000 gals} below these identifiad
the analysis reported subsequently in this thesis.
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The resulting comprehensive cost estimates appuairitihe construction costs for
building a completely new 2.0 mgd conventional acefwater facility. Also, the 2008
construction costs data were deflated two yeaas2a043% compound rate to equal 2006
dollars (i.e., the base year of analysis). A cahpnsive identification of the
extrapolated construction costs for the Olmitolfgcare presented in Table 6. A
construction period of 12-months is assumed, abaged 40-year useful life for the
facility.®’

Similarly, the continued costs and capital replagentosts data were already
available for Olmito’s 1.0 mgd conventional-surfacater treatment facility. Again, by
collaborating with Cruz (2008) and Elium (2008)jreates were obtained for the
continued cost items and capital replacement tesis associated with a new 2.0 mgd
facility. Each continued cost item and capitalaepment cost item were individually
identified to closely reflect the comprehensivetsdsr a 2.0 mgd facility with a 40-year
useful life. The extrapolated input data assodiatgh continued costs and capital

replacement costs are available in Table 7 andeTébl

37 Annuity Equivalents converts the NPV of costs fdacility into an annual per-unit amount into
perpetuity. This allows for comparisons acrossralitive water treatment facilities of differenefig
lives (Rister et al. 2008; Sturdivant et al. 2088¢ Rogers et al. 2008).



Table 6. Initial Construction Costs for the 2.0 md Facility Based on the OImito Conventional SurfacaVater Treatment
Facility, Across Individual Segments, in 2006 Dollas

Individual Segments of the Olmito Facility

Raw Water Deliveryto  Operations’
Intake/ Treatment  Sludge Municipal Line/ Supporting Overbuilds Admini- Total Initial

Initial Construction Cost Item Reservoir Unit Disposal Storage Facilites & Upgraded strative Costs
Pre-Project $125,059 $109,319 $19,357 $89,492 $343,227
Building & Site Construction 67,258 205,132 272,390
Concrete Structures 24,585 115,947 33,612 174,145
Equipment & Installation 19,204 431,458 30,411 470,573 51,649
Excavation & Site Work 458,492 3,330 140,077 601,899
Land 28,267 24,709 4,375 12,236 20,228 89,815
Metals 9,604 33,000 921,940 964,544
Painting 14,405 14,865 29,270
Piping 62,999 31,770 19,207 438,469 552,445
Pumping & Valve Cost 167,102 54,524 221,626
Chemical Feed 356,531 356,531

Total $976,978 $1,175,454  $216,629 $1,403,056 $785,424 $0 $0 $4,557,541

&«Overbuilds” represent the excess construction deted to leave room for future expansion of thédlifgc “Upgrades” represent “over-the-top” consttion
beyond what is necessary for water treatment (8tamtiet al. 2008, Rogers et al. 2008). TherenaréOverbuilds and Upgrades” costs for the Olméoaility, but
the cost segment is included to be consistent thighanalyses of other facilities.

b «“Administrative” costs are annual expenses thatfacility-related, but are not included on theavateatment facility’s (e.g., Northwest, Southmast Sara,
and Olmito) budget; rather, they are included endtwner-entity’s (e.g., PUB and WSC) budget. Beigment was not included in Sturdivant et al. (2@08
Rogers (2008), but is a modification specific tis thesis.

Source: Eluim (2008); Cruz (2008).
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Table 7. Baseline Continued Costs for the 2.0 mdehcility Based on the Olmito Conventional Surface-Veter Treatment
Facility, Across Individual Segments, in 2006 Dollas

Individual Segments of the Olmito Facility

Expansion  Baseline Total
Raw Water Deliveryto  Operations’ Overbuilds Total Costs  Factorstoa Costfora 2.0
Intake/ Treatment Sludge Municipal Line/ Supporting & Admini-  fora 1.0 mgd 2.0 mgd mgd facility
Continued Cost Item Reservoir Unit Disposal Storage Facilities Upgrade¥  strativé facility facility® (i.e., 52% PE)
Administrative $21,345 $21,345 0% $21,345
Office Expense 747 22,401 373 11,201 2,614 31,113 20% $87,3
Chemical 103,526 51,763 100% $103,526
Electrical 19,267 24,084 14,450 28,900 9,633 48,167 100% 6,389
Insurance 4,997 12,493 4,997 1,249 1,249 19,989 25% $24,986
Labor 26,980 44,966 8,993 71,946 26,980 149,888 20% $189,86
Repair & Maintenance 6,000 27,000 6,000 18,000 3,000 040,0 50% $60,000
Licences & Regulatory 12,162 10,135 6,081 12,162 36,855 10% $40,541
Miscellaneous 1,875 9,375 22,500 3,750 25,000 50% $37,500
Equipment Rental 5,000 5,000 1,000 5,000 4,000 20,000 0% 0,082
Water Delivery 59,422 30,473 95% $59,422
Total $136,450 $258,980 $41,894 $170,958 $51,226 $0 $31,34474,593 $680,856

& “Overbuilds” represent the excess constructionmgeted to leave room for future expansion of #uslity. “Upgrades” represent “over-the-top” canstion
beyond what is necessary for water treatment (&amtlet al. 2008, Rogers et al. 2008). Therenar&Overbuilds and Upgrades” costs for the Olméoailty, but
the cost segment is included to be consistent thighanalyses of other facilities.

b “Administrative” costs are annual expenses thafacility-related, but are not included on theavdreatment facility'’s (e.g., Northwest, Southmas Sara,
and Olmito) budget; rather, they are included endtwner-entity’s (e.g., PUB and WSC) budget. Beigment was not included in Sturdivant et al. (2@08

Rogers (2008), but is a modification specific tis thesis.

¢ The listed expansion factors were estimated ly €2008) and Elium (2008) to represent the in@daseach cost item for a surface-water faciliytas
expanded from a 1.0 mgd to 2.0 mgd facility.

Source: Eluim (2008); Cruz (2008).
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Table 8. Capital Replacement Items, Occurrence, an@osts for the 2.0 mgd Facility Based on the

Olmito Facility, in 2006 Dollars

Frequency of No. of Items
Capital Replacement Itém Segment Replacement Cost per Item Replaced
High Speed Pump Treatment Unit 5 years $10,000 6
Delivery to
High Speed Pump Municipal 5 years $20,000 2
Line/Storage
Filter Media Treatment Unit 10 years $25,000 1
Disinfection System Treatment Unit 10 years $60,000 1
Trucks Operation’s Facilities 7 years $16,000 2

2The capital replacement costs in this table ar¢hif@baseline analysis of the Olmito facility.

Source: Eluim (2008); Cruz (2008).
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Annual Water Production

The raw source water for the Olmito facility origtes in the Rio Grande and reaches the
facility through a system of canals and pipelinésclv are owned and operated by the
Cameron County Irrigation District No. 6 (Elium Z&)O In remaining consistent with
the approach followed by Rogers et al. (2008), d@iniglysis establishes a municipal
water-right value of $2,300/ac-ft and assumes tineitd WSC purchases sufficient
water rights for the facility to operate at 96%toé annual maximum-designed capacity.
The 96% level assumes that the facility would pasehenough water (2,151 ac-ft) for
the facility's maximum annual output less a two-Wwsbut-down period, which is

typical of municipal water operations (Rogers 20R8gers et al. 2008). The baseline
production efficiency rate is established at 52%hefOIlmito facility’s operating

capacity, as determined from the Olmito facilitiosal output for 2007.

Aggregate Baseline Results

The nominal value for total costs associated with@Imito facility over a useful life of
40-years amounts to $54,897,294 (Table 9). Thisides water-rights purchase, initial
construction costs, continued costs, and capifdaoement costs

(Elium 2008; Cruz 2008).
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Adjusting this value for time and inflation usingd.25% annual discount rate results in
areal (i.e., versus nominal) value of $23,020,626nualizing this value into perpetuity
results in an annuity equivalent of $1,545,037 (@&). This value represents the total
annual costs associated with building and operahiadacility (basis 2006 dollars) over
the course of its expected 40-year useful life.

The total volume of water estimated to be treatezt the Olmito facility’s useful
life is 46,598 ac-ft in nominal terms (Table 9)djAsting for a 4.0% annual social-time
preference (Griffin and Chowdhury 1993) resulta ireal volume of 22,171 ac-ft.
Annualizing real volume into perpetuity indicatesamnuity equivalent of 1,109 ac-ft.

Dividing the annuity equivalent of costs ($1,545,88) by the annuity equivalent
of water ($1,109/yr) produces a life-cycle cos$df393.28/ac-ft {$4.28/1,000 gals} for
the baseline analysis (Table 9). Consistent wighmhethodology in Rister et al. (2008),
this value represents the cost of treating (anel&hg, to an initial point within the

municipal water-delivery system) one ac-ft {1,0@0sj of potable water into perpetuity.
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Table 9. Aggregate Baseline Results for Cost of &ating Water at the 2.0 mgd Olmito
Conventional Surface-Water Treatment Facility, in 206 Dollars’

Results Units Nominal Value Real Valtie

NPV of All Costs 2006 dollars $54,897,294 $23,020,626

-Annuity Equivalent $lyr n/a $1,545,037
NPV of Water Produced ac-ft (lifetime) 46,598 22,171

-Annuity Equivalent ac-ft/yr n/a 1,109
NPV of Water Produced 1,000 gals (lifetime) 15,186,00 7,224,362

-Annuity Equivalent 1,000 gals/yr n/a 361,344
Cost of Treating Water $/ac-ft n/a $1,393.28
Cost of Treating Water $/1,000 gals n/a $4.28

2 The results of this table are considered the hasealnalysis of the Olmito facility in its current
operating state (i.e., 52% production efficiendd0@ dollars, overbuilds and upgrades are included,
a zero net salvage value is recorded for all chipitians and water rights).

® Values are reported on a real (vs. nominal) basigrmined using a 2.043% compound rate on costs,
a 6.125% discount factor for dollars, a 4.0% distdactor for water, and a 0.0% risk factor
(Rister et al. 2008).

Baseline Results by Cost Type, Item, and Segment

The total cost of treating water for the Olmitoifiég, reported in Table 9, can be
divided into three cost types: (1) initial constian/water rights purchase ($9,504,096),
(2) continued costs ($12,957,707), and (3) capiallacement costs ($558,823). Initial
construction/water rights purchase contribute 4103%he total cost, which includes the
cost of building the facility and purchasing watghts for 96% of the facility’s designed

capacity. Of the 41.3%, the purchase of wateitsiglecount for 21.5% of the total cost.
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The continued costs contribute 56.3% of the tadat,cand capital replacement costs
contribute the remaining 2.4% (Figure 2). In peitmeasurements, the initial
construction/water rights purchase costs accour#i5@5.22/ac-ft {$1.77/1,000 gals},
continued costs account for $784.24/ac-ft {$2.4400 gals}, and capital replacement
costs account for $33.82/ac-ft {$0.10/1,000 galile 10), which sum to
$1,393.28/ac-ft {$4.28/1,000 gals}.

The total continued costs are allocated acrossmsitinued cost items:
administrative ($406,2285,energy ($1,833,382), chemical ($1,970,256), labor
($3,423,115), water delivery ($1,130,897), andbtiker costs ($4,193,82%).In per-unit
measurements, administrative costs are $24.59{&6-f08/1,000 gals}, energy costs are
$110.96/ac-ft {$0.34/1,000 gals}, chemicals are%25/ac-ft {$0.37/1,000 gals}, labor
is $207.18/ac-ft {$0.64/1,000 gals}, water delivensts are $68.45/ac-ft
{$0.21/1,000 gals}, and all other costs are $25&8t {$0.77/1,000 gals}. Refer to
Table 10 and Figure 2 for the complete analysith@fOImito facility’s baseline (i.e.,

case study) cost of treating water across therdiftecost types and items.

38 «Administrative” costs are annual expenses thafac#ity-related, but are not included on the wate
treatment facility’s (e.g., Northwest, Southmod, $ara, and Olmito) budget; rather, they are ireduah
the owner-entity’s (e.g., PUB and WSC) budget.

39«All Other” costs includes the remaining continugabt items (e.g., insurance, repairs, machinery
rental, etc.) in the facility’'s income statemenbliffering accounting methods between facilitiesutesin a
wide range of values for this comprehensive item.
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Table 10. Baseline Life-Cycle Costs of Treating War, by Cost Type and Item, for the 2.0
mgd Olmito Conventional Surface-Water Treatment Fadity, in 2006 Dollars*®

Olmito (Conventional)

Annuity
Annuity Annuity Equivalent % of
NPV of Equivalent  Equivalent in $/1,000 Total
Cost Type and Item Cost Stream in $/yr in $/ac-ft gals Cost
Initial Construction/Investment $9,504,096 $637,871 $575.22 $1.77 41.3%
- Water Right Purchase 4,946,555 331,990 299.38 0.92 5921.
Continued 12,957,707 869,661 784.24 241 56.3%
- Administrativé 406,228 27,264 24.59 0.08 1.8%
- Energy 1,833,382 123,048 110.96 0.34 8.0%
- Chemical 1,970,256 132,235 119.25 0.37 8.5%
- Labor 3,423,115 229,744 207.18 0.64 14.9%
- Water Delivery 1,130,897 75,501 68.45 0.21 4.9%
- All Othef® 4,193,829 281,470 253.81 0.77 18.2%
Capital Replacement 558,823 37,505 33.82 0.10 2.4%
Total $23,020,626 $1,545,037  $1,393.28 $4.28 100.0%

2 The results of this table are considered the hasealnalysis of the Olmito facility in its current
operating state (i.e., 52% production efficiendd@& dollars, overbuilds and upgrades are included,
a zero net salvage value is recorded for all chipitians and water rights).

® Values are reported on a real (vs. nominal) basisgrmined using a 2.043% compound rate on costs, a
6.125% discount factor for dollars, a 4.0% discdantor for water, and a 0.0% risk factor
(Rister et al. 2008).

¢ “Administrative” costs are annual expenses thatfacility-related, but are not included on thaava
treatment facility’s (e.g., Northwest, Southmosd, $ara, and Olmito) budget; rather, they are ireduah
the owner-entity’s (e.g., PUB and WSC) budget.

4 “All Other” costs includes the remaining contidugnst items (e.g., insurance, repairs, machinery
rental, etc.) in the facility’s income statemenbliffering accounting methods between facilitiesutesin
a wide range of values for this comprehensive item.
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Figure 2. Proportion of total baseline cost, by i type and item, for the 2.0 mgd
Olmito conventional surface-water treatment facility
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Shown in Table 11 and Figure 3 are the total basealosts for the Olmito
facility, divided into seven segments. Five of fegments represent the different stages
source water travels to become potable in the atioweal treatment process. The other
two segments (“Overbuilds and Upgrades” and “Adstnative”) are included for
“leveling” purposes. The three most cost-intensi@gments are the water rights/raw
water intake/reservoir ($8,520,385), the treatnuritt ($6,449,807), and the delivery to
municipal line/storage ($4,797,206). Combinedséniree segments contribute 85.8%
of the Olmito facility’s total life-cycle cost. Iper-unit measurements, the water
rights/raw water intake/reservoir costs are $51/8.6& {$1.58/1,000 gals}, the
treatment unit costs are $390.36/ac-ft {$1.20/1,688}, and delivery to municipal
line/storage costs are $290.34/ac-ft {$0.89/1,0818}g For brevity purposes, not all of
the segments are discussed, but refer to Tabled Figure 3 for the complete
distribution of the Olmito facility’s baseline cost treating water across all of the
segments.

In addition, sensitivity analyses were performedtifi@ Olmito facility.
Sensitivity tables for the cost per-unit of varimatinued cost ranges and production
efficiency ranges as well as various energy caosiea and production efficiency ranges

are displayed and discussed in Appendix A.
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Table 11. Baseline Life-Cycle Costs of Treating Wat, by Cost Segment, for the 2.0 mgd
Olmito Conventional Surface-Water Treatment Facility, in 2006 Dollars®

Annuity
Annuity Annuity Equivalent % of
NPV of Equivalent Equivalent in $/1,000 Total
Cost Segment Cost Stream  in $lyr in $/ac-ft gals Costs
1) Water Rights/Raw Water o
Intake/Reservoir $8,520,385 $571,849 $515.68 $1.58 37.0%
2) Treatment Unit 6,449,807 432,881 390.36 1.20 28.0%
3) Sludge Disposal 1,013,956 68,052 61.37 0.19 4.4%
4) Delivery to Municipal 4,797,206 321,966 290.34 089  20.8%
Line/Storage
5) Operations’ Supporting 1,833,045 123,026 110.94 034  8.0%
Facilities
6) Overbuilds and Upgrades 0 0 0.00 0.00 0.0%
7) Administrativé 406,227 27,263 24.59 0.08 1.8%
Total $23,020,616  $1,545,037  $1,393.28 $4.28 100.0%

2 The results of this table are considered the hasealnalysis of the Olmito facility in its current
operating state (i.e., 52% production efficiendd0@ dollars, overbuilds and upgrades are included,
a zero net salvage value is recorded for all chipitians and water rights).

® Values are reported on a real (vs. nominal) bdsigrmined using a 2.043% compound rate on costs,
a 6.125% discount factor for dollars, a 4.0% distdactor for water, and a 0.0% risk factor
(Rister et al. 2008).

¢ “Overbuilds” represent the excess constructionpeted to leave room for future expansion of the
facility. “Upgrades” represent “over-the-top” conetion beyond what is necessary for conventional
water treatment technology (Sturdivant et al. 20R8gers et al. 2008). There are no “Overbuilds and
Upgrades” costs for the Olmito facility, but thesteegment is included to be consistent with the
analyses of other facilities.

4 Due to the difficulty in estimating this value\asll as in allocating it across the segmentspfaihe

“Administrative” costs are combined into a singdgent. This segment was not included in
Sturdivant et al. (2008) or Rogers (2008), butisaalification specific to this thesis.
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Figure 3. Proportion of total baseline cost, by i segment, for the 2.0 mgd
Olmito conventional surface-water treatment facility

The La Sara Facility

The La Sara brackish-groundwater facility is prahgtowned and operated by North
Alamo Water Supply Corporation (NAWSC). The fagikerves residents of eastern
Hidalgo, Willacy, and northwest Cameron Countiethwiotable water and wastewater
treatment services (Browning 2007). NAWSCs deggghaerving area spreads across
973 square miles that include 16 rural communitidsch total approximately 140,000

customers. As of 2007, NAWSC managed six conveatisurface-water treatment
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facilities and one brackish-groundwater desalimataxility, with a second desalination
facility in the final stages of being completed awd more desalination facilities in the
planning stages (Browning 2007). In addition te thunicipal water treatment facilities,
NAWSC also owns and operates four wastewater tegatfacilities. Combined, all
seven online potable water facilities produce altot twenty-two (22) mgd of potable
water and the four wastewater facilities treat mloimed total of 0.646 mgd of
wastewater (North Alamo Water Supply Corporatio0@0

In 2003, NAWSC was faced with an increase in thegtomers’ potable water
demand, which challenged its municipal water suggbtem, encouraging an expansion
of its water treatment capacity. NAWSC chose t@ify its municipal water system

by building the 1.13 mgd La Sara brackish-grounéweesalination facility.

Construction and Operation Cost

The construction period for the La Sara facilityswla8-months, spanning from April
2003 to November 2004. The actual constructiomsomsre provided by Charles
“Chuck” Browning (2007), the general manager of NB®/, and Jake White (2007),
engineer-in-training with NRS Consulting Engineerslarlingen, Texas. Similar to the
Olmito facility, some existing infrastructure (e.gtorage tank, pumps, etc.) at one of
NAWSCs nearby conventional surface-water treatrfaasility was in close enough
proximity to the La Sara facility that it could beared between the two facilities. By

collaborating with Browning (2007) and White (200@9st estimates for already
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existing infrastructure were determined. As a egugnce, construction costs data for a
separate and independent 1.13 mgd brackish-grodadd@salination facility were
estimated. Also, since the construction costs Wwases 2004, they were inflated by two
years using a 2.043% annual interest rate to e2i( dollars. The input data
associated with construction costs for the La ity are shown in Table 12. A
construction period of 12-months was identifiecappropriate, as well as a 50-year
useful life for the facility*

Continued costs and capital replacement costs alsoeprovided by Browning
(2007) and White (2007). Continued costs weretitied directly from the La Sara
facility’s fiscal year 2006 financial statementSince the facility has been in operation
for three years, actual capital replacement coste wbtained for items with three-year
useful lives. For items with greater than threaryeseful lives (i.e., well pumps and
vehicles), estimates were obtained. The contiunelcapital replacement costs for the

La Sara facility are presented in Tables 13 and 14.

Otis recognized that the actual construction meri@s 18-months, but to allow relative comparisoins
the life-cycle costs for the La Sara facility witte Southmost facility costs, a 12-month constourcti
period was established.



Table 12. Initial Construction Costs for the 1.13ngd La Sara Brackish-Groundwater Desalination Treatment Facility,
Across Individual Segments, in 2006 Dollars

Individual Segments of the La Sara Facility

Main Finished High
Facility/ Water & Service & Overbuilds
Transmission Treatment Concentrate Tank Delivery & Admin- Total Initial
Initial Construction Cost Item Well Field Line Process Discharge Storage Pipeline Upgrade$ istrative Costs
Pre-Project $41,651 $5,206 $46,857
Land Cost 820 2,461 3,281
Well Cost 392,629 392,629
Pipeline Cost 2,280 6,482 18,222 26,984
Building & Site Construction 176,386 176,386
RO Equipment & Installation 996,662 996,662
Storage Tank Cost 260,321 260,321
Electrical Cost 44,833 268,997 44,833 358,663
SCADA Cost 14,266 14,266 14,266 42,798
Engineering Cost 34,232 34,232 34,232 34,232 34,232 24,23 205,392
Miscellaneous Cost 4,425 4,425 4,425 4,425 4,425 4,425 55P6,

Total  $535,137

$38,657 $1,502,635

$45,139 $358,077

$66,88 $0

$0 $2,536,524

a“QOverbuilds” represent the excess constructionpleted to leave room for future expansion of ttadlifg. “Upgrades” represent “over-the-top” consttion
beyond what is necessary for desalination watatrtrent technology (Sturdivant et al. 2008; Rogeed.€2008). There are no “Overbuilds and Upgrades
costs for the La Sara facility, but the cost segneimcluded to be consistent with the analysestloér facilities.

b “Administrative” costs are annual expenses thaffacility-related, but are not included on thdevareatment facility’s (e.g., Northwest, Southias Sara,
and Olmito) budget; rather, they are included andtvner-entity’s (e.g., PUB and WSC) budget. Beigment was not included in Sturdivant et al. (2@08
Rogers (2008), but is a modification specific tis thesis.

Source: Browning (2007); White (2007).
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Table 13. Baseline Continued Costs for the 1.13 mi¢ra Sara Brackish-Groundwater Desalination Treatment Facility,
Across Individual Segments, in 2006 Dollars

Individual Segments of the La Sara Facility

Main Finished High

Trans-  Facility/ Water & Service & Overbuilds

mission TreatmentConcentrate Tank Delivery & Admin-  Total Initial
Continued Cost Item Well Field Line Process Discharge Storage Pipeline Upgrade$ istrative Costs
Administrative $127,913  $127,913
Chemical 26,877 26,877
Concentrated Discharge 3,000 3,000
Electrical 29,969 59,938 29,969 119,875
Labor 3,120 3,120 3,120 3,120 3,120 3,120 18,720
Maintenance 433 433 433 433 433 433 2,600
Water Testing 112 112 2,024 2,249

Total $33,624 $3,553  $90,368 $6,665  $35,546 $3,553 $0 9137, $301,234

2«Overbuilds” represent the excess construction detaf to leave room for future expansion of thélifgc “Upgrades” represent “over-the-
top” construction beyond what is necessary for kitesigon water treatment technology (Sturdivanale2008; Rogers et al. 2008). There are
no “Overbuilds and Upgrades” costs for the La Sacdity, but the cost segment is included to basistent with the analyses of other
facilities.

b “Administrative” costs are annual expenses thatfacility-related, but are not included on theevateatment facility’s (e.g., Northwest,
Southmost, La Sara, and Olmito) budget; rathey, #ne included on the owner-entity’s (e.g., PUB ®8C) budget. This segment was not
included in Sturdivant et al. (2008) or Rogers @0®ut is modification specific to this thesis.

Source: Browning (2007); White (2007).
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Table 14. Capital Replacement Items, Occurrencend Costs for the 1.13 mgd La Sara Facility, in 2006
Dollars

No. of Items
Frequency of Replaced Each
Capital Replacement Itém Segment Replacement Cost per Item Time
Well Pump Well Field 6 years $36,000 1
Main Facility/
RO Membrane Treatment Process 6 years $79,166 1
. Main Facility/
Vehicle Treatment Process 3 years $2,200 1

@ The capital replacement costs in this table ar¢hi® baseline analysis of the La Sara facility.

® NAWSC shares vehicles among all of their wateattrent facilities, therefore, the capital replacenexpense is not for one vehicle,
but for a proportion of one vehicle.

Source: Browning (2007); White (2007).
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Annual Water Production

The La Sara facility’s raw water supply comes frone brackish-groundwater well,
which taps the Gulf Coast Aquifer at an approxindepth of 980 feet. The Gulf Coast
Aquifer follows along the Gulf of Mexico and strht&s from Florida to Mexico.
Historically, the aquifer has provided approximgatell million ac-ft of water per year
for agricultural and municipal purposes in TexaBd@@dhury and Turco 2006).
According to Chowdhury and Mace (2007), the Gula&toAquifer is classified into four
hydrostratigraphic units. Figure 4 is a displayt@ four units by depth, spanning from
west to east. The La Sara facility’s source whser an incoming salinity level of
approximately 2,700 parts per million (ppm) (Brongi2007) compared to 3,500 ppm
for the Southmost facility.

Once the raw source water reaches the main faétlitypumped through two 0.5
mgd RO trains, which treat the water to a salil@tyel of approximately 100 ppm. The
treated water is then blended with bypass water, fpartially treated by the cartridge
filters only);* resulting in final-product water that is approxtelg 87% treated water

and 13% bypass water.

41 RO desalination treats water to a purer salinigliggi(i.e., 100 ppm) than is required by the ER.A.(
1,000 ppm (College Station Utilities 2006)). Iniwst cost effective to blend some minimally-trelate
water with treated water than to treat all of tregew under less pressure (Sturdivant et al. 2008).
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Source: Chowdhury and Mace (2007).
Figure 4. lllustration of the Gulf Coast Aquifer in the Lower Rio Grande Valley of Texas
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The final-product water has a final salinity leeéroughly 438 ppm
(Browning 2007), which is comparable to the watealdgy achieved at the Southmost
facility (Sturdivant et al. 2008).

Similar to the OImito and other water treatmentlitas, a number of operating
parameters such as seasonal demands, unexpec&ddwas, repairs and maintenance,
and State regulations restrict the La Sara fadildgn operating at 100% of its
maximum-designed capacity. Therefore, a baseliag ¢ase study) production
efficiency level is established at 65% of the g8 annual operating capacity, as

determined based on the La Sara facility’s producievel in 2006.

Aggregate Baseline Results

The total nominal value of dollars associated hih La Sara facility over a useful life

of 50-years amounts to $31,139,496. This includiisl construction costs, continued
costs, and capital-replacement costs (Browning 20fhite 2007). Adjusting this value
for time and inflation using a 6.125% annual disdaate results in a real value of
$9,127,005 (Table 15). Annualizing this real vahte perpetuity indicates an estimated

annuity equivalent of $587,356 (Table 15).
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This value represents the total annual cost ofyring) water at the La Sara facility
(basis 2006 dollars) over the course of its exgeaseful life.

The total volume of water estimated to be produmest the La Sara facility’s
useful life of 50-year amounts to 41,241 ac-ft ammnal terms (Table 15). Adjusting for
a 4.0% annual social-time preference (Griffin atb@dhury 1993) results in a real
volume of 17,038 ac-ft. Annualizing this real vmle into perpetuity produces an
estimated annuity equivalent of 788 ac-ft.

Dividing the annuity equivalent of costs ($587,38pby the annuity equivalent
of water (788 ac-ft/yr) produces a baseline lifeleycost of $745.25/ac-ft
{$2.29/1,000 gals} (Table 15). Consistent with thethodology in Rister et al. (2008),
this value represents the annual cost of produg@nd delivering, to an initial point
within the municipal water-delivery system) onefiafd,000 gals} of potable water into

perpetuity.
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Table 15. Aggregate Baseline Results for Cost ofd®lucing Water at the 1.13 mgd La
Sara Brackish-Groundwater Desalination Facility, in2006 Dollar$

Results Units Nominal Value Real Valtie

NPV of All Costs 2006 dollars $31,139,496 $9,127,005

-Annuity Equivalent $lyr n/a $587,356
NPV of Water Produced ac-ft (lifetime) 41,241 17,038

-Annuity Equivalent ac-ft/yr n/a 788
NPV of Water Produced 1,000 gals (lifetime) 13,438,50 5,551,669

-Annuity Equivalent 1,000 gals/yr n/a 256,815
Cost of Producing Water $/ac-ft n/a $745.25
Cost of Producing Water $/1,000 gals n/a $2.29

@ The results of this table are considered the baselnalysis of the La Sara facility in its current
operating state (i.e., 65% production efficiendyQ@ dollars, overbuilds and upgrades are included,
a zero net salvage value is recorded for all chipétns).

b Values are reported on a real (vs. nominal) basigrmined using a 2.043% compound rate on costs,
a 6.125% discount factor for dollars, a 4.0% distdactor for water, and a 0.0% risk factor
(Rister et al. 2008).
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Baseline Results by Cost Type, Item, and Segment

The total cost of producing water for the La Sawlity ($9,127,005), reported in

Table 15, can be divided into three cost typesinitipl construction ($2,536,527),

(2) continued costs ($6,222,266), and (3) capéplacement costs ($368,212)

(Table 16). The initial construction costs conitd27.8% of the total costs, while
continued costs contribute 68.1%, and capital cepreent costs contribute the remaining
4.1% (Figure 5). In per-unit measurements, thiingonstruction costs are
$207.11/ac-ft {$0.64/1,000 gals}, continued costs$608.07/ac-ft {$1.56/1,000 gals},
and capital replacement costs are $30.07/ac-fO88Q,000 gals} (Table 16), which sum
to $745.25/ac-ft {$2.29/1,000 gals}.

The total continued costs of potable water producsre allocated across five
continued cost items: administrative ($2,642,16@pergy ($2,476,132), chemical
($555,170), labor ($386,679), and all other ca8162,125) (Table 16). In per-unit
measurements, administrative costs are $215.74{§6-66/1,000 gals}, energy costs
are $202.18/ac-ft {$0.62/1,000 gals}, chemicals$#6.33/ac-ft {$0.14/1,000 gals},
labor is $31.57/ac-ft {$0.10/1,000 gals}, and dher costs are $13.25/ac-ft
{$0.04/1,000 gals}. Refer to Table 16 and Figurfeisthe detailed set of La Sara’s

baseline (i.e., case study) cost of producing wedesss different cost types and items.

42«pndministrative” costs are annual expenses thafac#ity-related, but are not included on the wate
treatment facility’s (e.g., Northwest, Southmod, $ara, and Olmito) budget; rather, they are ireduah
the owner-entity’s (e.g., PUB and WSC) budget.

434pll Other” costs includes the remaining continugabt items (e.g., insurance, repairs, machinery
rental, etc.) in the facility’'s income statemenbliffering accounting methods between facilitiesutesin a
wide range of values for this comprehensive item .
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Table 16. Baseline Life-Cycle Costs of Producing ®er, by Cost Type and Item, for the
1.13 mgd La Sara Brackish-Groundwater DesalinatiorfFacility, in 2006 Dollars*®

La Sara (Desalination)

Annuity
Annuity Annuity Equivalent % of
NPV of Equivalent Equivalent in $/1,000 Total

Cost Type and Item Cost Stream  in $/yr in $/ac-ft gals Cost
Initial Construction/Investment $2,536,527  $163,235 $207.11 $0.64 27.8%
Continued 6,222,266 400,425 508.07 1.56 68.1%

- Administrativé 2,642,160 170,033 215.74 0.66 28.9%
- Energy 2,476,132 159,727 202.18 0.62 27.1%
- Chemical 555,170 35,727 45.33 0.14 6.1%
- Labor 386,679 24,884 31.57 0.10 4.2%
- All Othef 162,125 10,432 13.25 0.04 1.8%
Capital Replacement 368,212 23,696 30.07 0.09 4.1%
Total $9,127,005 $587,356 $745.25 $2.29 100.0%

2 The results of this table are considered the hasealnalysis of the La Sara facility in its current
operating state (i.e., 65% production efficiendd0@& dollars, overbuilds and upgrades are included,
a zero net salvage value is recorded for all chipitias).

® Values are reported on a real (vs. nominal) basisgrmined using a 2.043% compound rate on costs, a
6.125% discount factor for dollars, a 4.0% discdantor for water, and a 0.0% risk factor

(Rister et al. 2008).

¢ “Administrative” costs are annual expenses thatfacility-related, but are not included on thaava
treatment facility’s (e.g., Northwest, Southmosi, $ara, and Olmito) budget; rather, they are ireduah
the owner-entity’s (e.g., PUB and WSC) budget.

4 “All Other” costs includes the remaining continusmbt items (e.g., insurance, repairs, machinery
rental, etc.) in the facility’s income statemenbliffering accounting methods between facilitiesutesin
a wide range of values for this comprehensive item.
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Figure 5. Proportion of total baseline cost, by i type and item, for the 1.13 mgd

La Sara brackish-groundwater desalination facility
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Demonstrated in Table 17 and Figure 6 are the adgiroducing water at the La
Sara facility, divided into eight segments. Sixleé segments represent the different
stages of the RO desalination process. The otleeségments (“Overbuilds and
Upgrades” and “Administrative”) are included foetieling” purposes. The three most
cost-intensive segments are the well field ($1,3d0), the main facility/treatment
process ($3,626,870), and the administrative ¢@&$42,160). Combined, these three
segments contribute 83.4% of the La Sara facilitgseline life-cycle costs. In per-unit
measurements, the well field costs are $109.46/&80f34/1,000 gals}, the main
facility/treatment process costs are $296.14/§$€191/1,000 gals}, and administrative
costs are $215.74/ac-ft {$0.66/1,000 gals}. Favity purposes, not all of the segments
are discussed, but refer to Table 17 and Figuoe @ tletailed listing of La Sara’s
baseline costs of producing water across the diftecost segments.

In addition, sensitivity analyses were performedtifi@ La Sara facility.
Sensitivity tables for the cost per-unit of vari@matinued cost ranges and production
efficiency ranges, as well as various energy asjes and production efficiency ranges

are displayed and discussed in Appendix B.
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Table 17. Baseline Life-Cycle Costs of Producing ®er, by Cost Segment, for the 1.13
mgd La Sara Brackish-Groundwater Desalination Facity, in 2006 Dollars*

Annuity
NPV of Annuity Annuity Equivalent % of
Cost Equivalent Equivalent in $/1,000 Total

Cost Segment Stream in $/yr in $/ac-ft gals Costs

1) Well Field $1,340,500 $86,266 $109.46 $0.34 14.7%

2) Transmission Line 112,055 7,211 9.15 0.03 1.2%

3) Main Facility/Treatment 3,626,870 233,402 296.14 091  39.8%

Process

4) Concentrated Discharge 182,828 11,766 14.93 0.05 %2.0

5) Finished Water/Storage Tanks 1,092,314 70,294 89.19 0.27 12.0%

6) High Service and Delivery 130,278 8,384 10.64 0.03  1.4%

Pipeline

7) Overbuilds and Upgrades 0 0 0.00 0.00 0.0%

8) Administrativé 2,642,160 170,033 215.74 0.66 28.9%
Total $9,127,005 $587,356 $745.25 $2.29 100.0%

2 The results of this table are considered the hesealnalysis of the La Sara facility in its current
operating state (i.e., 65% production efficiendd0@ dollars, overbuilds and upgrades are included,
a zero net salvage value is recorded for all chipitias).

® Values are reported on a real (vs. nominal) basigrmined using a 2.043% compound rate on costs,
a 6.125% discount factor for dollars, a 4.0% distdactor for water, and a 0.0% risk factor
(Rister et al. 2008).

¢ “Overbuilds” represent the excess constructionpeted to leave room for future expansion of the
facility. “Upgrades” represent “over-the-top” comstion beyond what is necessary for desalination
water treatment technology (Sturdivant et al. 20R8gers et al. 2008). There are no “Overbuilds and
Upgrades” costs for the La Sara facility, but thetcsegment is included to be consistent with the
analyses of other facilities.

4 Due to the difficulty in estimating this valueasll as allocating it across the segments, athef

“Administrative” costs are combined into a singdgent. This segment was not included in
Sturdivant et al. (2008) or Rogers (2008), butisaalification specific to this thesis.
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Baseline Summary of the Olmito and the La Sara Falifies

Using the actual level of production efficiency,vesll as including any overbuilds and
upgrades, a review of life-cycle costs for the @naind the La Sara facilities provide
insight on the current situation. For example,2866 real value of all costs associated
with the Olmito facility is $23,020,626 compared®®,127,005 for the La Sara facility.
After accounting for the potable water produced,life-cycle costs for the Olmito
facility are $1,393.28/ac-ft {$4.28/1,000 gals} cpaned to $745.25/ac-ft

{$2.29/1,000 gals} for the La Sara facility. Howeyas stated previously, these values
are not appropriate for comparison because no matidns have been made to key
input data to remove facility-specific discrepasdietween the facilities and

technologies.
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MODIFIED RESULTS

A detailed evaluation of the modified or levelg@cycle costs result is provided in this
section for all four water treatment facilities Biaed in this thesis. The two
conventional surface-water treatment facilities.(iOImito and Northwest) are discussed
first, with the review of the two reverse-osmo$€)| brackish-groundwater desalination
facilities (i.e., La Sara and Southmost) followings previously discussed on pages 17-
20, modifying key input data allows for “apple-tppde” comparisons between facilities,

as well as for definitive conclusions to be det@&mexli for economies of size.

The Olmito Facility

The Olmito facility is considered, within this thesas a “small”-sized conventional
surface-water treatment facility. As previousigtetl in the “Case Study Results”
section of this thesis, the Olmito facility has aximum-designed production capacity of

2.0 mgd.
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Aggregate Modified Results

The modified total cost estimated for the Olmitoiligy over its 40-year useful life
amounts to $65,344,046 in nominal terms (Table B)justing for time and inflation
using a 6.125% annual discount rate results imbvaue of $26,152,158 compared to
$23,020,626 for the baseline scendtficAnnualizing this real value into perpetuity
indicates an estimated annuity equivalent of $1ZEb (Table 18). This value
represents the modified total annual cost of cantitrg and operating the Olmito
facility (basis 2006 dollars) over the course ef40-year useful life extended into
perpetuity.

The modified total volume of water estimated tqpbeduced over the Olmito
facility’s useful life is 76,170 ac-ft in nominadrims (Table 18). Adjusting for a 4.0%
annual social-time preference (Griffin and Chowghl®93) results in a real volume of
36,241 ac-ft compared to 22,171 ac-ft for the basedcenario. Annualizing this real
volume into perpetuity results in an estimated @graquivalent of 1,813 ac-ft
(Table 18).

Dividing the annuity equivalent of costs ($1,753,8%) by the annuity
equivalent of water (1,813/yr) produces a life-eycbst of $968.31/ac-ft
{$2.97/1,000 gals} for the modified analysis (Tati#) compared to $1,393.28/ac-ft

{$4.28/1,000 gals} for the baseline analysis. Gstesit with the methodology in Rister

“The apparent increase in the NPV of costs is becaluthe additional chemicals and energy required
to increase production efficiency to 85% of thdlfists maximum-designed capacity. The NPV of wate
also appears to increase because of the prodwedfiorency being increased to 85%.
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et al. (2008), this value represents the annualafdseating one ac-ft {1,000 gals} of

potable water into perpetuity.

Table 18. Aggregate Modified Results for Cost of reating Water at the 2.0 mgd Olmito
Conventional Surface-Water Treatment Facility, in 206 Dollars’

Results Units Nominal Value Real Valtie

NPV of All Costs 2006 dollars $65,344,046 $26,152,158

-Annuity Equivalent $lyr n/a $1,755,211
NPV of Water Produced ac-ft (lifetime) 76,170 36,241

-Annuity Equivalent ac-ft/yr n/a 1,813
NPV of Water Produced 1,000 gals (lifetime) 24,820,00 11,809,054

-Annuity Equivalent 1,000 gals/yr n/a 590,658
Cost of Treating Water $/ac-ft n/a $968.31
Cost of Treating Water $/1,000 gals n/a $2.97

2These results are the adjusted (or modified) aealg$ the Olmito facility (i.e., operating at 85%
production efficiency, ignoring costs for “Overtdsland Upgrades,” and assuming a zero net salvage
value for all capital items and water rights, amadib 2006 dollars).

® Values are reported on a real (vs. nominal) basigrmined using a 2.043% compound rate on costs,
a 6.125% discount factor for dollars, a 4.0% distdactor for water, and a 0.0% risk factor
(Rister et al. 2008).

Modified Results by Cost Type, Item, and Segment

The modified total cost of treating water for then@o facility, reported in Table 18, can
be divided into three cost types: (1) initial constion/water rights purchase costs
($9,504,096), which are equivalent to the baselalae, (2) continued costs

($16,089,239), which increased from the baselieaago ($12,957,707), and (3) capital
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replacement costs ($558,823), which are also dqubk baseline analysis (Table 19).
The initial construction/water rights purchase arde for 36.4% of the total modified
costs. Of the 36.4%, the purchase of the watétgigontribute 18.9%. Continued costs
contribute 61.5%, and capital replacement costtribote the remaining 2.1% of the
total modified costs (Figure 7). In per-unit measoents, the initial construction/water
rights purchase costs are $351.90/ac-ft {$1.080Lg#s}, continued costs are
$595.72/ac-ft {$1.83/1,000 gals}, and capital repiment costs are $20.69/ac-ft
{$0.06/1,000 gals} (Table 19), which sum to $928a&1ft {$2.97/1,000 gals}.

The modified total continued costs are allocatedsssix continuing cost items:
administrative ($406,2285,energy ($2,996,874), chemical ($3,220,612), labor
($3,423,115), water delivery ($1,848,582), andbtiker costs ($4,193,828).In per-unit
measurements, administrative costs are $15.04{$6-f05/1,000 gals}, energy costs are
$110.96/ac-ft {$0.34/1,000 gals}, chemicals are%25/ac-ft {$0.37/1,000 gals}, labor
is $126.74/ac-ft {$0.39/1,000 gals}, water delivensts are $68.45/ac-ft
{$0.21/1,000 gals}, and all other costs are $15&e@t {$0.47/1,000 gals} (Table 19).
Refer to Table 19 and Figure 7 for the completdyaisof the Olmito facility’s
modified cost of treating water across the difféi@st types and items. Primarily, the

modified or leveled scenario involves a higher picithn efficiency; therefore, the

4S«Administrative” costs are annual expenses thafac#ity-related, but are not included on the wate
treatment facility’s (e.g., Northwest, Southmod, $ara, and Olmito) budget; rather, they are ireduah
the owner-entity’s (e.g., PUB and WSC) budget.

46upll Other” costs includes the remaining continugabt items (e.g., insurance, repairs, machinery
rental, etc.) in the facility’s income statemeiliffering accounting methods between facilitiesui¢s in a
wide range of values for this comprehensive item.
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investment in construction and purchasing of watgds are spread over a greater
guantity of output (i.e., potable water). As autgghe per-unit costs are lower in

comparison to the baseline cost estimates.

Table 19. Modified Life-Cycle Costs of Treating Weer, by Cost Type and Item, for the
2.0 mgd Olmito Conventional Surface-Water TreatmentFacility, in 2006 Dollars®

Olmito (Conventional)

Annuity
Annuity Annuity Equivalent % of
NPV of Equivalent  Equivalent in $/1,000 Total
Cost Type and Item Cost Stream in $/yr in $/ac-ft gals Cost
Initial Construction/Investment $9,504,096 $637,871 $351.90 $1.08 36.4%
- Water Right Purchase 4,946,555 331,990 183.15 0.56 99%8.
Continued 16,089,239 1,079,834 595.72 1.83 61.5%
- Administrativé 406,228 27,263 15.04 0.05 1.6%
- Energy 2,996,874 201,136 110.96 0.34 11.5%
- Chemical 3,220,612 216,153 119.25 0.37 12.3%
- Labor 3,423,115 229,744 126.74 0.39 13.1%
- Water Delivery 1,848,582 124,068 68.45 0.21 7.1%
- All Othef 4,193,828 281,470 155.28 0.47 15.9%
Capital Replacement 558,823 37,506 20.69 0.06 2.1%
Total $26,152,158 $1,755,211 $968.31 $2.97 100.0%

#These results are the adjusted (or modified) arsalgé the Olmito facility (i.e., operating at 85%
production efficiency, ignoring costs for “Overlidsgland Upgrades,” and assuming a zero net salvage
value for all capital items and water rights, aagib 2006 dollars).

b Values are reported on a real (vs. nominal) basigrmined using a 2.043% compound rate on costs, a
6.125% discount factor for dollars, a 4.0% discdantor for water, and a 0.0% risk factor

(Rister et al. 2008).

¢ “Administrative” costs are annual expenses thaffacility-related, but are not included on theava
treatment facility’s (e.g., Northwest, Southmod, $ara, and Olmito) budget; rather, they are iredush
the owner-entity’s (e.g., PUB and WSC) budget.

4 “All Other” costs includes the remaining contidueost items (e.g., insurance, repair, machinamate
etc.) in the facility’s income statement. Diffgginccounting methods between facilities resules wide
range of values for the comprehensive item.
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Figure 7. Proportion of modified total cost, by cst type and item, for the 2.0 mgd
Olmito conventional surface-water treatment facility

Presented in Table 20 and Figure 8 are the totdifirad costs for the Olmito
facility, divided into six cost segments. The thraost cost-intensive segments are the
raw water intake/reservoir ($9,470,768), the tremtunit ($7,991,035), and the
delivery to municipal line/storage ($5,146,254). per-unit measurements, the water
rights/raw water intake/reservoir costs are $35a6& {$1.07/1,000 gals}, the
treatment unit costs are $295.87/ac-ft {$0.91/1,88}, and the delivery to municipal
line/storage costs are $190.54/ac-ft {$0.58/1,0818}g For brevity purposes, not all of
the segments are discussed, but refer to Tablea@@igure 8 for the complete analysis
of the Olmito facility’s modified cost of treatingater across the segments. Similar to

the cost types and items, the per-unit costs foh eAthese segments decreased
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compared to the baseline analysis because of theaise in the annual output of water
from 1,109 ac-ft/yr at 52% production efficiencylt@13 ac-ft/yr at 85% production

efficiency.

Table 20. Modified Life-Cycle Costs of Treating Weer, by Cost Segment, for the 2.0
mgd Olmito Conventional Surface-Water Treatment Fadity, in 2006 Dollars*®

Annuity
Annuity Annuity Equivalent % of
NPV of Equivalent Equivalent in $/1,000 Total

Cost Segment Cost Stream  in $/yr in $/ac-ft gals Costs

1) Raw Water Intake/Reservoir/ o

Water Rights Purchase $9,470,768 $635,634 $350.66 $1.07 36.2%

2) Treatment Unit 7,991,035 536,321 295.87 091 30.5%

3) Sludge Disposal 1,188,480 79,765 44.01 0.14 4.5%

4) Delivery to Municipal 5,146,254 345,393 190.54 058  19.7%

Line/Storage

5) Operations’ Supporting 1,049,394 130,834 72.18 022  7.5%

Facilities

6) Administrativé 406,227 27,264 15.05 0.05 1.6%
Total $26,152,158 $1,755,211 $968.31 $2.97 100.0%

2These results are the adjusted (or modified) aealg$ the Olmito facility (i.e., operating at 85%
production efficiency, ignoring costs for “Overtdsland Upgrades,” assuming a zero net salvage value
for all capital items and water rights, and bagie&dollars).

® Values are reported on a real (vs. nominal) bdsigrmined using a 2.043% compound rate on costs,
a 6.125% discount factor for dollars, a 4.0% distdactor for water, and a 0.0% risk factor
(Rister et al. 2008).

¢ Due to the difficulty in estimating this valuewasll as allocating it across the segments, alhef t
“Administrative” costs are combined into a singdgment. This modification is specific to this tises
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Figure 8. Proportion of modified total cost, by cst segment, for the 2.0 mgd
Olmito conventional surface-water treatment facility

The Northwest Facility
The McAllen Northwest facility is considered, withthis thesis, as a “medium”-sized
conventional surface-water treatment facility. pkeviously stated in Rogers (2008), the

Northwest facility has a maximum-designed productiapacity of 8.25 mgtl.

4" The modified results presented in Rogers (2008)atanclude all the modifications made in this
thesis. Rogers (2008) did not consolidate the “ilstrative” costs into a separate cost segmehis T

modification is specific to this thesis, but does change the bottom-line modified cost reported in
Rogers (2008).
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Aggregate Modified Results

The modified total cost estimated for the Northwiastlity over its 50-year useful life
amounts to $208,408,155 in nominal terms (Table(Rbgers 2008). Adjusting this
value for time and inflation using a 6.125% anmdiatount rate results in a real value of
$74,653,110 compared to $79,167,565 for the baseghiue’® Annualizing this real
value into perpetuity indicates an estimated agraquivalent of $4,790,190 (Table 21).
This value represents the modified annual cosboétructing and operating the
Northwest facility (basis 2006 dollars) over thense of its 50-year useful life extended
into perpetuity.

The modified total volume of water estimated tgpbeduced over the Northwest
facility’s useful life totals 392,750 ac-ft in nonal terms (Table 21) (Rogers 2008).
Adjusting for a 4.0% annual social-time prefere(@éffin and Chowdhury 1993)
results in a real volume of 156,012 ac-ft compacet4 3,164 ac-ft for the baseline
scenario. Annualizing this real volume into pegitgtdetermines an estimated annuity
equivalent of 7,174 ac-ft.

Dividing the annuity equivalent of costs ($4,79@A#®) by the annuity
equivalent of water ($7,174/yr) produces a lifeleyzost of $667.74/ac-ft
{$2.05/1,000 gals} for the modified analysis (TaBlE) compared to $771.67/ac-ft

{$2.37/1,000 gals} for the baseline analysis (Reg2908). Consistent with the

48 Although, the Northwest facility will require moohemicals, energy, and raw water with its produrctio
efficiency increased to 85%, the NPV of total caldsreases in the modified calculations because
“Overbuilds and Upgrades” costs ($6,533,789) wereaved to modify the facility (Rogers et al. 2008).
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methodology in Rister et al. (2008), this valueresents the annual cost of treating one

ac-ft {1,000 gals} of potable water into perpetuity

Table 21. Aggregate Modified Results for Cost of reating Water at the 8.25 mgd
Northwest Conventional Surface-Water Treatment Fadity, in 2006 Dollars

Results Units Nominal Value Real Valtie

NPV of All Costs 2006 dollars $208,408,155 $74,653,110

-Annuity Equivalent $lyr n/a $4,790,190
NPV of Water Produced ac-ft (lifetime) 392,750 156,012

-Annuity Equivalent ac-ft/yr n/a 7,174
NPV of Water Produced 1,000 gals (lifetime) 127,928,1 50,836,718

-Annuity Equivalent 1,000 gals/yr n/a 2,337,580
Cost of Treating Water $/ac-ft n/a $667.74
Cost of Treating Water $/1,000 gals n/a $2.05

#These results are the adjusted (or modified) aaalgé the Northwest facility (i.e., operating a#85
production efficiency, ignoring costs for “Overldsland Upgrades,” assuming a zero net salvage value
for all capital items and water rights, and baie@dollars).

b Values are reported on a real (vs. nominal) basigrmined using a 2.043% compound rate on costs,
a 6.125% discount factor for dollars, a 4.0% distdactor for water, and a 0.0% risk factor
(Rister et al. 2008).

Source: Rogers (2008) and own modifications.

Modified Results by Cost Type, Item, and Segment

The modified total cost of treating water for thertlhwest facility, reported in Table 21,
can be divided into three cost types: (1) init@hstruction/water rights purchase
($37,397,088), (2) continued costs ($36,550,837],(8) capital replacement costs

($705,185) (Rogers 2008). The initial construdticater rights purchase accounts for
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50.1% of the modified total costs. Of the 50.1B®& water rights purchase contribute
27.3%. The continued costs contribute 49.0% apdalaeplacement costs contribute
the remaining 0.9% of the total modified costs (if@9). In per-unit measurements, the
initial construction/water rights purchase costs$834.50/ac-ft {$1.03/1,000 gals},
continued costs are $326.93/ac-ft {$1.00/1,000}galsd capital replacement costs are
the remaining $6.31/ac-ft {$0.02/1,000 gals} (TaB®), which sum to $667.74/ac-ft
{$2.05/1,000 gals}.

The total modified continued costs are allocatedsesix continued cost items:
administrative ($1,634,518).energy ($7,888,890), chemical ($6,309,248), labor
($7,124,847), water delivery ($10,322,366), and#ier costs ($3,270,998)

(Rogers 2008). In per-unit measurements, admatigér costs are $14.62/ac-ft
{$0.05/1,000 gals}, energy costs are $70.56/a&€.22/1,000 gals}, chemicals are
$56.43/ac-ft {$0.17/1,000 gals}, labor is $63.73f{$0.20/1,000 gals}, water delivery
costs are $92.33/ac-ft {$0.28/1,000 gals}, andtiker costs are $29.26/ac-ft
{$0.08/1,000 gals}. Refer to Table 22 and Figuran@ Rogers (2008) for the complete
analysis of the Northwest facility’'s modified casttreating water across the different
cost types and items. The per-unit cost typestants decreased from the baseline

analysis because of the overbuilds and upgradensgpevere removed, as well as the

49 «pAdministrative” costs are annual expenses thafac#ity-related, but are not included on the wate
treatment facility’s (e.g., Northwest, Southmost, $ara, and Olmito) budget; rather, they are ireduah
the owner-entity’s (e.g., PUB and WSC) budget.

S0«all Other” costs includes the remaining continugast items (e.g., insurance, repairs, machinery
rental, etc.) in the facility’s income statemenbliffering accounting methods between facilitiesuteig a
wide range of values for this comprehensive item.
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increased production efficiency spreads the coastni costs and cost of water rights

purchased across a greater quantity of water.

Table 22. Modified Life-Cycle Costs of Treating Weer, by Cost Type and Item, for the
8.25 mgd Northwest Conventional Surface-Water Treahent Facility, in 2006 Dollarg ®

Northwest (Conventional)

Annuity
Annuity Annuity Equivalent % of
NPV of Equivalent  Equivalent in $/1,000 Total
Cost Type and Item Cost Stream in $/yr in $/ac-ft gals Cost
Initial Construction/Investment$37,397,088  $2,399,621 $334.50 $1.03 50.1%
- Water Right Purchase 20,404,541 1,309,277 182.51 56 0. 27.3%
Continued 36,550,837 2,345,320 326.93 1.00 49.0%
-Administrativé ¢ 1,634,518 104,880 14.62 0.05 2.2%
- Energy 7,888,890 506,198 70.56 0.22 10.6%
- Chemical 6,309,248 404,839 56.43 0.17 8.5%
- Labor 7,124,847 457,173 63.73 0.20 9.5%
- Water Delivery 10,322,336 662,343 92.33 0.28 13.8%
- All Other 3,270,998 209,887 29.26 0.08 4.4%
Capital Replacement 705,185 45,249 6.31 0.02 0.9%
Total $74,653,110 $4,790,190 $667.74 $2.05 100.0%

& These results are the adjusted (or modified) aealpf the Northwest facility (i.e., operating 8¢8
production efficiency, ignoring costs for “Overldsland Upgrades,” assuming a zero net salvage value
for all capital items and water rights, and baie@dollars).

b Values are reported on a real (vs. nominal) basigrmined using a 2.043% compound rate on costs, a
6.125% discount factor for dollars, a 4.0% discdantor for water, and a 0.0% risk factor

(Rister et al. 2008).

¢ “Administrative” costs are annual expenses thaffacility-related, but are not included on theava
treatment facility’s (e.g., Northwest, Southmod, $ara, and Olmito) budget; rather, they are ireduah
the owner-entity’s (e.g., PUB and WSC) budget.

¢ “All Other” costs includes the remaining contidusnst items (e.g., insurance, repairs, machinery
rental, etc.) in the facility’s income statememtiffering accounting methods facilities resultsainvide
range of values for this comprehensive item.

Source: Rogers (2008) and own modifications.
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Figure 9. Proportion of modified total cost, by cest type and item, for the 8.25 mgd
Northwest conventional surface-water treatment fadity

Demonstrated in Table 23 and Figure 10 are thénwdified costs for the
Northwest facility, divided into ten cost segmenthe three most cost-intensive
segments are the raw water intake/reservoir ($38923), the pre-disinfection
($8,326,125), and the delivery to municipal linefage ($8,921,500) (Table 23)

(Rogers 2008). In per-unit measurements, the ratemntake/reservoir costs are
$341.97/ac-ft {$1.05/1,000 gals}, the pre-disinfentcosts are $74.47/ac-ft

{$0.23/1,000 gals}, and the delivery to municipak/storage costs are $79.80/ac-ft
{$0.25/1,000 gals}. For brevity purposes, notdadlthe segments are discussed, but refer
to Table 23 and Figure 10 and to Rogers (2008jh®icomplete analysis of the

Northwest facility’s modified cost of treating watcross the segments. The per-unit
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costs for each of these segments decreased contpdteribaseline analysis because of
the increase in the annual output of water fron88 &c-ft/yr at 78% production
efficiency to 7,174 ac-ft/yr at 85% production eifincy, as well as due to the removal of

overbuilds and upgrades.

Table 23. Modified Life-Cycle Costs of Treating Weer, by Cost Segment, for the 8.25
mgd Northwest Conventional Surface-Water Treatmenfacility, in 2006 Dollars*

Annuity
Annuity Annuity Equivalent % of
NPV of Equivalent Equivalent in $/1,000 Total
Cost Segment Cost Stream  in $/yr in $/ac-ft gals Costs

1) Raw Water Intake/Reservoir/

Water Rights Purchase $38,231,943  $2,453,190 $341.97 $1.05 51.2%

2) Pre-Disinfection 8,326,125 534,254 74.47 0.23 11.1%

3) Coagulation/Flocculation 2,834,006 181,847 25.35 80.0 3.8%

4) Sedimentation 1,575,323 101,082 14.09 0.04 2.1%

5) Filtration/Backwash 3,575,081 229,399 31.98 0.10 4.8%

6) Secondary Disinfection 3,485,520 223,652 31.18 0.10 .7%4

7) Sludge Disposal 2,834,082 181,852 25.35 0.08 3.8%

8) Delivery to Municipal 8,921,500 572,457 79.80 025 12.0%

Line/Storage

9) Operations’ Supporting 3235012 207,577 28.93 008  4.3%

Facilities

10) Administrativé 1,634,518 104,880 14.62 0.04 2.2%
Total $74,653,110 $4,790,190 $667.74 $2.05 100.0%

2These results are the adjusted (or modified) aralg$ the Northwest facility (i.e., operating a#85
production efficiency, ignoring costs for “Overtdsland Upgrades,” assuming a zero net salvage value
for all capital items and water rights, and bagie&dollars).

® Values are reported on a real (vs. nominal) basigrmined using a 2.043% compound rate on costs,
a 6.125% discount factor for dollars, a 4.0% distdactor for water, and a 0.0% risk factor
(Rister et al. 2008).

¢ Due to the difficulty in estimating this valuewsll as allocating it across the segments, athef
“Administrative” costs are combined into a singdgment. This modification is specific to this tises

Source: Rogers (2008) and own modifications.
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Figure 10. Proportion of modified total cost, by ost segment, for the 8.25 mgd

Northwest conventional surface-water treatment fadity

The La Sara Facility

The La Sara facility is considered, within thisgise as a “small’-sized brackish-

groundwater desalination facility. As previousigted in the “Case Study Results”

76

section of this thesis, the La Sara facility hasaximum-designed production capacity

of 1.13 mgd.
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Aggregate Modified Results

The modified total costs estimated for the La Sacdity over its 50-year useful life
amounts to $35,121,706 in nominal terms (Table 24)justing this value for time and
inflation using a 6.125% annual discount rate itesuola real value of $10,049,721
compared to $9,127,005 for the baseline valuannualizing this real value into
perpetuity determines an estimated annuity equinat$646,736 (Table 24). This
value represents the modified annual cost of ugéind operating the La Sara facility
(basis 2006 dollars) over the course of its expeaseful life.

The modified total volume of water estimated tgpbeduced over the La Sara
facility’s useful life amounts to 53,795 ac-ft iominal terms (Table 24). Adjusting for
a 4.0% annual social-time preference (Griffin atb@dhury 1993) results in a real
volume of 22,224 ac-ft compared to 17,038 ac-ftiierbaseline scenario. Annualizing
this real volume into perpetuity indicates an eated annuity equivalent of 1,028 ac-ft.

Dividing the annuity equivalent of costs ($646,38pby the annuity equivalent
of water ($1,028/yr) produces a life-cycle cos$629.09/ac-ft {$1.93/1,000 gals} for
the modified analysis (Table 24) compared to $78/aeft {$2.29/1,000 gals} for the
baseline analysis. Consistent with the methodoiodgister et al. (2008), this value
represents the annual cost of producing one at;®0p gals} of potable water into

perpetuity.

*1The apparent increase in the NPV of costs is becalthe additional chemicals and energy La Sara
will require to operate at 85% of its designed-maxin capacity compared to 65% in the baseline
analysis. The increase in production efficienoynfr65% to 85% also increases the NPV of water.
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Table 24. Aggregate Modified Results for Cost ofi@ducing Water at the 1.13
mgd La Sara Brackish-Groundwater Treatment Facility, in 2006 Dollar$

Results Units Nominal Value Real Valtie

NPV of All Costs 2006 dollars $35,121,706 $10,049,721

-Annuity Equivalent $lyr n/a $646,736
NPV of Water Produced ac-ft (lifetime) 53,795 22,224

-Annuity Equivalent ac-ft/yr n/a 1,028
NPV of Water Produced 1,000 gals (lifetime) 17,529,12 7,241,613

-Annuity Equivalent 1,000 gals/yr n/a 334,989
Cost of Producing Water $lac-ft n/a $629.09
Cost of Producing Water $/1,000 gals n/a $1.93

& These results are the adjusted (or modified) aealpf the La Sara facility (i.e., operating at 85%
production efficiency, ignoring costs for “Overldsland Upgrades,” assuming a zero net salvage value
for all capital items, and basis 2006 dollars).

b Values are reported on a real (vs. nominal) basigrmined using a 2.043% compound rate on costs,
a 6.125% discount factor for dollars, a 4.0% distdactor for water, and a 0.0% risk factor
(Rister et al. 2008).

Modified Results by Cost Type, Item, and Segment

The modified total cost of production for the La&#acility, reported in Table 24, can
be divided into three cost types: (1) initial canstion costs ($2,536,527), which are
equivalent to the baseline value, (2) continuedsc(®7,144,982), which increased from
the baseline scenario ($6,222,266), and (3) cagipdhcement costs ($368,212), which
are also equal to the baseline analysis (Table 2B initial construction costs
contribute 25.2% of the total modified costs, conéid costs contribute 71.1%, and
capital replacement costs contribute the remaiBiigo (Figure 11). In per-unit

measurements, initial construction costs are $B3&c#ft {$0.49/1,000 gals}, continued
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costs are $447.26/ac-ft {$1.37/1,000 gals}, andtahpeplacement costs are $23.05/ac-ft

{$0.07/1,000 gals} (Table 25), which sum to $62%a9ft {$1.93/1,000 gals}.

Table 25. Modified Life-Cycle Costs of Producing Véter, by Cost Type and Item, for the
1.13 mgd La Sara Brackish-Groundwater DesalinatiorfFacility, in 2006 Dollars*®

La Sara (Desalination)

Annuity
Annuity Annuity Equivalent % of
NPV of Equivalent Equivalent in $/1,000 Total

Cost Type and Item Cost Stream  in $/yr in $/ac-ft gals Cost
Initial Construction/Investment $2,536,527  $163,235 $158.78 $0.49 25.2%
Continued 7,144,982 459,805 447.26 1.37 71.1%

- Administrativé 2,642,160 170,033 165.39 0.51 26.3%
- Energy 3,229,856 207,853 202.18 0.62 32.1%
- Chemicals 724,162 46,602 45.33 0.14 7.2%
- Labor 386,679 24,884 24.21 0.07 3.8%
- All Othef 162,126 10,433 10.15 0.03 1.7%
Capital Replacement 368,212 23,696 23.05 0.07 3.7%
Total $10,049,721  $646,736 $629.09 $1.93 100.0%

2These results are the adjusted (or modified) aralgé the La Sara facility (i.e., operating at 85%
production efficiency, ignoring costs for “Overtdsland Upgrades,” assuming a zero net salvage value
for all capital items, and basis 2006 dollars).

® Values are reported on a real (vs. nominal) basisgrmined using a 2.043% compound rate on costs, a
6.125% discount factor for dollars, a 4.0% discdantor for water, and a 0.0% risk factor

(Rister et al. 2008).

¢ “Administrative” costs are annual expenses thatfacility-related, but are not included on thaava
treatment facility’s (e.g., Northwest, Southmosd, $ara, and Olmito) budget; rather, they are ireduah
the owner-entity’s (e.g., PUB and WSC) budget.

4 “All Other” costs includes the remaining continusmbt items (e.g., insurance, repairs, machinery
rental, etc.) in the facility’s income statemenbliffering accounting methods between facilitiesutesin

a wide range of values for this comprehensive item.
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The modified total continued costs are allocatedszcfive continued cost items:
administrative ($2,642,166} energy ($3,229,856), chemical ($724,162), labor
($386,679), and all other costs ($162,126 per-unit measurements, administrative
costs are $165.39/ac-ft {$0.51/1,000 gals}, eneagts are $202.18/ac-ft
{$0.62/1,000 gals}, chemicals are $45.33/ac-ft {801,000 gals}, labor is $24.21/ac-ft
{$0.07/1,000 gals}, and all other costs are $1@a&5f {$0.03/1,000 gals} (Table 25).
Refer to Table 25 and Figure 11 for the completdyais of the La Sara facility’s
modified cost of producing water across the diffiéi@st types and items. Similar to the
Olmito facility, the modifications increase prodioct efficiency (PE) at the La Sara
facility, which spreads the initial investment ionstruction across a greater quantity of
output, producing lower per-unit costs as compé#odtie baseline analysis.

Presented in Table 26 and Figure 12 are the mddibil costs for the La Sara
facility, divided into seven cost segments. Theéhmost cost-intensive segments for
the La Sara facility are the well field ($1,528,93Re main facility/treatment process
($4,172,724), and the administrative costs ($283, In per-unit measurements, the
well field costs are $95.71/ac-ft {$0.29/1,000 galke main facility/treatment process
costs are $261.21/ac-ft {$0.80/1,000 gals}, andatheinistrative costs are $165.39/ac-ft

{$0.51/1,000 gals}.

2 «pAdministrative” costs are annual expenses thafac#ity-related, but are not included on the wate
treatment facility’s (e.g., Northwest, Southmost, $ara, and Olmito) budget; rather, they are ireduah
the owner-entity’s (e.g., PUB and WSC) budget.

3«All Other” costs includes the remaining continugast items (e.g., insurance, repairs, machinery
rental, etc.) in the facility’s income statemenbliffering accounting methods between facilitiesutesin a
wide range of values for this comprehensive item.
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For brevity purposes, not all of the segmentdaeussed, but refer to Table 26
and Figure 12 for the complete analysis of the & Sacility’s modified cost of
producing water across the segments. The peicasis for each of these segments
decreased compared to the baseline analysis bechileincrease in the annual output
of water from 788 ac-ft/yr at 65% production effiocy to 1,028 ac-ft/yr at 85%

production efficiency.

Table 26. Modified Life-Cycle Costs of Producing Vdter, by Cost Segment, for the 1.13
mgd La Sara Brackish-Groundwater Desalination Facity, in 2006 Dollars*®

Annuity
Annuity Annuity Equivalent % of
NPV of Equivalent Equivalent in $/1,000 Total

Cost Segment Cost Stream  in $/yr in $/ac-ft gals Costs

1) Well Field $1,528,932 $98,391 $95.71 $0.29 15.2%

2) Transmission Line 112,055 7,211 7.01 0.02 1.2%

3) Main Facility/Treatment 4,172,724 268,530 261.21 0.80 41.5%

Process

4) Concentrated Discharge 182,827 11,766 11.44 0.04 %1.8

5) Finished Water/Storage Tanks 1,280,746 82,421 80.17 0.25 12.7%

6) High Service and Delivery 130,277 8,384 8.16 002  1.3%

Pipeline

7) Administrativé 2,642,160 170,033 165.39 0.51 26.3%
Total $10,049,721 $646,736 $629.09 $1.93 100.0%

2 These results are the adjusted (or modified) apalgé the La Sara facility (i.e., operating at 85%
production efficiency, ignoring costs for Overbuildnd Upgrades, assuming a zero net salvage value
for all capital items, and basis 2006 dollars).

® Values are reported on a real (vs. nominal) basigrmined using a 2.043% compound rate on costs,
a 6.125% discount factor for dollars, a 4.0% distdactor for water, and a 0.0% risk factor
(Rister et al. 2008).

¢ Due to the difficulty in estimating this valuewsll as allocating it across the segments, athef
“Administrative” costs are combined into a singdgment. This modification is specific to this tises
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Figure 12. Proportion of modified total cost, by ost segment, for the 1.13 mgd La
Sara brackish-groundwater desalination facility

The Southmost Facility

The Southmost facility is considered, within thiggis, as a “medium”-sized facility in
the economies of size calculation for RO desalimatif brackish-groundwater. As
previously stated in Sturdivant et al. (2008), $meithmost facility has a maximum-

designed production capacity of 7.5 nigd.

%4 The modified results presented in Sturdivant ef28108) do not include all of the modifications read
in this thesis. Sturdivant et al. (2008) did notsolidate the “Administrative” costs into a separost
segment. This modification is specific to thisdise but does not change the bottom-line modifiest ¢
reported in Sturdivant et al. (2008).
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Aggregate Modified Results
The modified total costs estimated for the Southrfaaslity over its 50-year useful life
amounts to $209,423,179 in nominal terms (Table(&®)rdivant et al. 2008).
Adjusting this value for time and inflation usingd.25% annual discount rate results in
a real value of $65,208,300 compared to $65,281f@8® e baseline valug.
Annualizing this real value into perpetuity detemes an estimated annuity equivalent of
$4,196,391 (Table 27). This value representsdta annual cost of constructing and
operating the Southmost facility (basis 2006 ds)laver the course of its expected
useful life extended into perpetuity.

The modified total volume of water estimated tqpbeduced over the Southmost
facility’s useful life amounts to 357,046 ac-ftnominal terms (Table 27)
(Sturdivant et al. 2008). Adjusting for a 4.0% aalhsocial-time preference
(Griffin and Chowdhury 1993) results in a real vokiof 147,502 ac-ft compared to
118,002 for the baseline scenario. Annualizing teal volume into perpetuity indicates
an estimated annuity equivalent of 6,823 ac-ft.

Dividing the annuity equivalent of costs ($4,196,89) by the annuity
equivalent of water (6,823 ac-ft/yr) produces e-tificle cost of $615.01/ac-ft
{$1.89/1,000 gals} for the modified analysis (TaBlg) compared to $769.62/ac-ft

{$2.36/1,000 gals} for the baseline analysis (Siwadt et al. 2008). Consistent with the

> Even though “Overbuilds and Upgrades” costs ($5758) are removed for the modified analysis, it
appears that the increase in the NPV of costs ezeudt of more energy and chemicals being requased
production efficiency increases from 68% to 85%e Thcrease in production efficiency from 68% to
85% also increases the NPV of water.
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methodology in Rister et al. (2008), this valueresents the modified annual cost of

producing one ac-ft {1,000 gals} of potable wateoiperpetuity.

Table 27. Aggregate Modified Results for Cost of ®ducing Water at the 7.5 mgd
Southmost Brackish-Groundwater Treatment Facility,in 2006 Dollars'

Results Units Nominal Value Real Valtie

NPV of All Costs 2006 dollars $209,423,179 $65,208,300

-Annuity Equivalent $lyr n/a $4,196,391
NPV of Water Produced ac-ft (lifetime) 357,046 147,502

-Annuity Equivalent ac-ft/yr n/a 6,823
NPV of Water Produced 1,000 gals (lifetime) 116,358,7 48,063,806

-Annuity Equivalent 1,000 gals/yr n/a 2,223,376
Cost of Producing Water $/ac-ft n/a $615.01
Cost of Producing Water $/1,000 gals n/a $1.89

@ These results are the adjusted (or modified) aealpf the Southmost facility (i.e., operating %8
production efficiency, ignoring costs for “Overtdsland Upgrades,” assuming a zero net salvage value
for all capital items, and basis 2006 dollars).

b Values are reported on a real (vs. nominal) basigrmined using a 2.043% compound rate on costs,
a 6.125% discount factor for dollars, a 4.0% distdactor for water, and a 0.0% risk factor
(Rister et al. 2008).

Source: Sturdivant et al. (2008) and own modifimadi

Modified Results by Cost Type, Line, and Segment
The modified total costs for the Southmost faciligported in Table 27, can be divided
into the three cost types: (1) initial constructaosts ($22,022,150), (2) continued costs

($39,729,651), and (3) capital replacement cogg186,499) (Sturdivant et al. 2008).
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The initial construction costs contribute 33.8%had total modified costs, continued
costs contribute 60.9%, and capital replacemeris @mtribute the remaining 5.3%
(Figure 13). In per-unit measurements, initial stouction costs are $207.70/ac-ft
{$0.64/1,000 gals}, continued costs are $374.71ita{$1.15/1,000 gals}, and capital
replacement costs are $32.60/ac-ft {$0.10/1,008}d@kble 28), which sum to
$615.01/ac-ft {$1.89/1,000 gals}.

The modified total continued costs are allocatadscfive continued cost items:
administrative ($1,891,888)energy ($21,078,014), chemical ($6,363,404), labor
($7,615,484), and all other costs ($2,780,86Bturdivant et al. 2008). In per-unit
measurements, administrative costs are $17.84{$6-f06/1,000 gals}, energy costs are
$198.80/ac-ft {$0.61/1,000 gals}, chemicals are.$8hc-ft {$0.18/1,000 gals}, labor is
$71.83/ac-ft {$0.22/1,000 gals}, and all other soste $26.22/ac-ft {$0.08/1,000 gals}.
Refer to Table 28 and Figure 13 and Sturdivant. ¢2808) for the complete analysis of
the Southmost facility’s modified cost of producivgter across the different cost types

and items.

6 «Administrative” costs are annual expenses thafac#ity-related, but are not included on the wate
treatment facility’s (e.g., Northwest, Southmost, $ara, and Olmito) budget; rather, they are ireduah
the owner-entity’s (e.g., PUB and WSC) budget.

S7«All Other” costs includes the remaining continugast items (e.g., insurance, repairs, machinery
rental, etc.) in the facility’s income statemenbliffering accounting methods between facilitiesutesin a
wide range of values for this comprehensive item.



87

Table 28. Modified Life-Cycle Costs of Producing Vdter, by Cost Type and Item, for the
7.5 mgd Southmost Brackish-Groundwater Desalinatiorfracility, in 2006 Dollars"®

Southmost (Desalination)

Annuity
Annuity Annuity Equivalent % of
NPV of Equivalent  Equivalent in $/1,000 Total
Cost Type and Item Cost Stream in $/yr in $/ac-ft gals Cost
Initial Construction/Investment$22,022,150 $1,417,205 $207.70 $0.64 33.8%
Continued 39,729,651 2,556,747 374.71 1.15 60.9%
- Administrativé 1,891,888 121,750 17.84 0.06 2.9%
- Energy 21,078,014 1,356,447 198.80 0.61 32.3%
- Chemicals 6,363,404 409,508 60.02 0.18 9.7%
- Labor 7,615,484 490,084 71.83 0.22 11.7%
- All Othef 2,780,861 178,958 26.22 0.08 4.3%
Capital Replacement 3,456,499 222,438 32.60 0.10 5.3%
Total $65,208,300 $4,196,391 $615.01 $1.89 100.0%

# These results are the adjusted (or modified) aealpf the Southmost facility (i.e., operating &8
production efficiency, ignoring costs for “Overkdsland Upgrades,” assuming a zero net salvage value
for all capital items, and basis 2006 dollars).

® Values are reported on a real (vs. nominal) basisgrmined using a 2.043% compound rate on costs, a
6.125% discount factor for dollars, a 4.0% discdantor for water, and a 0.0% risk factor

(Rister et al. 2008).

¢ “Administrative” costs are annual expenses thatfacility-related, but are not included on thaava
treatment facility’s (e.g., Northwest, Southmosd, $ara, and Olmito) budget; rather, they are ireduah
the owner-entity’s (e.g., PUB and WSC) budget.

¢ “All Other” costs includes the remaining contidusost items (e.g., insurance, repairs, machinery
rental, etc.) in the facility’s income statemenbliffering accounting methods between facilitiesutesin

a wide range of values for this comprehensive item.

Source: Sturdivant et al. (2008) and own modifimadi
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Capital Continued, 60.9%
Replacement
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Construction/ -/Chemical, 9.7%
Investment,
33.8% L —Labor, 11.7%
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Source: Sturdivant et al. (2008) and own modifaadi
Figure 13. Proportion of modified total cost, by ost type and item, for the 7.5
mgd Southmost brackish-groundwater desalination faitity

Presented in Table 29 and Figure 14 are the mddibil costs for the
Southmost facility, divided into seven cost segraerithe three most cost-intensive
segments for the Southmost facility are the welbfi($18,144,781), the main
facility/treatment process ($34,059,653), and figh Bervice and delivery pipeline
($6,270,530). In per-unit measurements, the viedtll icosts are $171.13/ac-ft
{$0.53/1,000 gals}, the main facility/treatment pess costs are $321.23/ac-ft
{$0.99/1,000 gals}, and high service and deliveipetine costs are $59.14/ac-ft
{$0.18/1,000 gals}. For brevity purposes, notta# segments are discussed, but refer to
Table 29 and Figure 14 and Sturdivant et al. (26@8)he complete analysis of the

Southmost facility’s modified cost of producing waacross the segments. The per-unit
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costs for each of these segments decreased contpdteribaseline analysis because of
the increase in the annual output of water frons® dc-ft/yr at 68% production
efficiency to 6,823 ac-ft/yr at 85% production eifincy, as well as the removal of

overbuilds and upgrades.

Table 29. Modified Life-Cycle Costs of Producing Véter, by Cost Segment, for the 7.5
mgd Southmost Brackish-Groundwater Desalination Faitity, in 2006 Dollars*®

Annuity
Annuity Annuity Equivalent % of
NPV of Equivalent Equivalent in $/1,000 Total

Cost Segment Cost Stream  in $/yr in $/ac-ft gals Costs

1) Well Field $18,144,781 $1,167,683 $171.13 $0.53 27.8%

2) Transmission Line 2,063,930 132,822 19.47 0.06 3.2%

3) Main Facility/Treatment 34,059,653 2,191,862 321.23 099 52.2%

Process

4) Concentrated Discharge 133,518 8,592 1.26 0.01 0.2%

5) Finished Water/Storage Tanks 2,644,000 170,151 424.9 0.07 4.1%

6) High Service and Delivery 6,270,530 403,531 59.14 0.18 9.6%

Pipeline

7) Administrativé 1,891,888 121,750 17.84 0.05 2.9%
Total $65,208,300 $4,196,391 $615.01 $1.89 100.0%

2 These results are the adjusted (or modified) asalgé the Southmost facility (i.e., operating a¥%85
production efficiency, ignoring costs for “Overtdsland Upgrades,” assuming a zero net salvage value
for all capital items, and basis 2006 dollars).

® Values are reported on a real (vs. nominal) basigrmined using a 2.043% compound rate on costs,
a 6.125% discount factor for dollars, a 4.0% distdactor for water, and a 0.0% risk factor

(Rister et al. 2008).

¢ Due to the difficultly in estimating this value well as allocating it across the segments, ahef
“Administrative” costs are combined into a singdgment. This modification is specific to this tises

Source: Sturdivant et al. (2008) and own modifimadi
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Evaluation of Baseline and Modified Life-Cycle Cost

A review of Table 30 indicates that all of the fdigs have higher baseline life-cycle
costs than modified costs. This is explained leyiticrease of potable water output for
all of the facilities as their production efficiaas are increased to 85% from their
baseline PE in the modified analyses. Althoughexaergy, chemicals, and water
delivery (if applicable) are required for greatetput, the capital investment costs are
spread across a greater amount of output, resuftiaglecrease in the per-unit life-cycle
costs. In addition, “Overbuild and Upgrades” exgenare removed from the Northwest

facility and the Southmost facilif{j,decreasing their life-cycle costs as well.

Table 30. Baseline and Modified Life-Cycle Costsgy Unit of Water, by Facility
Type and Size, in 2006 Dollars

Conventional Surface-

Water RO Desalination
Size Units Baseline  Modified Baseline Modified
Small $/1,000 gals  $4.28  $2.97 $2.29 $1.93
Medium $/1,000 gals  $2.837  $2.0%8 $2.36 $1.89

& Modified production efficiency was 85% and oveltisiand upgrades costs are removed.
® The Olmito Facility; baseline (i.e., case studgddguction efficiency was 52%.

¢ The La Sara Facility; baseline (i.e., case stypdgyuction efficiency was 65%.

4 The Northwest Facility; baseline (i.e., case gtymtoduction efficiency was 78%.

¢ The Southmost Facility; baseline (i.e., caseygtpdoduction efficiency was 68%.

%8 The “Overbuild and Upgrade” costs for the Northwiasility are $0.19/1,000 gals (Rogers et al. 2008)
and are $0.21/1,000 gals for the Southmost fadiBtyrdivant et al. 2008). For a complete repartre
“Overbuilds and Upgrades” costs for the Northwest Southmost facilities, refer to Rogers et al.O@0
and Sturdivant et al. (2008), respectively.
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Summary of Modified Life-Cycle Costs for All Facilities

After the modifications are applied to costs anthple water production for all of the
facilities, the life-cycle costs for each facildye suitable for comparisons. Presented in
Table 31 are the per-unit modified costs for adl #imalyzed facilities. Examining this
table indicates that both the “small’-and “mediusi?ed brackish-groundwater
desalination facilities produce the lowest costpte water in the LRGV. This indicates
that brackish-groundwater desalination is econoltyicampetitive with conventional
surface-water treatment for both “small’- and “medi-sized facilities. In addition, it

is evident that life-cycle costs for conventionaiface-water treatment decreases as
output increases, as well as life-cycle costs #iigtecrease for brackish-groundwater
desalination as output increases. However, ps@priate to calculate and evaluate the
economies of size ratio (Kay and Edwards 1994 ktedain the existence and degree of

economies of size.

Table 31. Modified Life-Cycle Costs per Unit of Wéer, by Facility Type and Size,
in 2006 Dollars

Size Units Conventional Surface-Water RO Desalination
$/ac-ft $968.32° $629.09 ¢
Small $/1,000 gals $2.97 $1.93°
i $/ac-ft $667.73¢ $615.0%¢
Medium
$/1,000 gals $2.05 $1.89-¢

& Modified production efficiency was 85% and oveltisiand upgrades costs are removed.
® The Olmito facility.

¢ The La Sara facility.

4 The Northwest facility.

¢ The Southmost facility.
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ECONOMIES OF SIZE RESULTS

Using the modified set of life-cycle costs presdrtethe previous section, implications
related to economies of size for conventional sedaater treatment and brackish-
groundwater desalination in the LRGV are estimatédonomies of size ratios (ESRS)
and interpretations are determined for each tedgyohks well as for all of the cost
types, items, and segments. Since the analysbes# facilities are deterministic (i.e.,
no stochastic factors are included), a plus or @6 confidence interval is
established in this thesis for the economies & siculations? Therefore, in this
thesis, the ESR must be less than 0.64 to conthadeeconomies of size exist, and
greater than 1.36 to conclude diseconomies ofesii. For any ESR that is between
this range (i.e., 0.64 to 1.36), constant econowiiesze are considered to be present.

Following the pattern of the previously-presenteslits, conventional surface-
water treatment is discussed first and the evaloaif brackish-groundwater

desalination follows. The ESR approach is a mattieal technique to determine the

%9 The “confidence interval” calculation (a.k.a. “catd@nce interval”) referred to is intended to reflec
and account for the possibility of slight errorgtie raw data collected from the respective watsatinent
facility managers. Subijectively, based on the atstperception of the accuracy of the information
provided him and the various interpolations thatengecessary to determine the baseline cost infamma
used in the CITY KD ECONOMICS and DESAL ECONOMICS models, the respective sets of raw
data were increased and decreased by 10% to rpfiesible ranges of “more correct” cost data.
Subsequently, the overall Economic Size Ratios @3$6t both conventional water treatment and
brackish groundwater desalination treatment weeen@xed for the alternate combinations of 10% lower
(higher) input costs for the small-sized facilitydal 0% higher (lower) input costs for the mediuzedi
facility. The corresponding changes in overall ES®re then compared to the respective baselimalbve
ESRs and a maximum variation of 36% change wasrebde Consequently, it was determined that a
range of + 36% about an ESR of 1.00 representsaoinsconomies of size, with greater than 1.36
signaling diseconomies of size and less than Géitating economies of size.
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existence and the degree of economies of size. eMenyit is acknowledged within this
thesis that a single pair-wise comparison of cestymit of potable water production by
two facilities provides insight into possible eriste of economies of size between two

facilities.

Conventional Surface-Water Treatment

By applying a consistent methodology (i.e., appicraof the CITY HO ECONOMICS
model and modified data) to calculate the life-eyobsts for both “small”-and
“medium”-sized conventional surface-water treatnfaantlities, a valid basis for use in
determining the existence and degree of econonigig®is established. This approach
extends the literature to provide a detailed exgtlon of economies of size for
conventional surface-water treatment; however, bmtyfacilities are available for this

analysis?

Aggregate Economies of Size Implications

Presented in Table 32 are the modified annuityvedgmt of costs ($1,755,211/yr) and of
water (1,813 ac-ft/yr) for the Olmito facility, agell as the modified annuity equivalent
of costs ($4,790,190/yr) and of water (7,174 apffor the Northwest facility. Using

the Olmito facility (i.e., small facility) as theitial value in the percent change

0 That is, in this thesis, economies of size can belgxamined by comparing one facility's life-cycle
costs against the other facility’s costs. As désed in the “Limitations” section of this thesiests for
more facilities of different sizes are needed ttidveevaluate and understand the implications of
economies of size in this technology.
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calculation indicates an ESR of 0.58, indicatingremmies of size (E) (Table 32). This
value can be interpreted as a 1.00% increase wvectional surface-water treatment
output (i.e., potable water delivered to an inigalnt within the municipal water-
delivery system) results in a 0.58% increase ircths of treating surface-water in the
LRGYV, i.e., costs increase less proportionally tth@nincrease in the facility size,

representing economies of size.

Table 32. Modified Aggregate Annuity Equivalent ofCosts and of Water and the
Aggregate Economies of Size Ratio, for Convention&urface-Water Treatment in
the Lower Rio Grande Valley of Texas, in 2006 Dolis

Olmito Northwest
Results Units (2.0 mgd) (8.25mgd) % change
Annuity Equivalent of Costs $lyr $1,755,211 $4,790,19 1.73
Annuity Equivalent of Water — ac-ft/yr 1,813 7,174 2.96
Aggregate Economies of Size Ratio (ESR) 0.58

& Source: Rogers (2008).
® The small-sized Olmito Facility is the initial valdirom which the % change calculation is
determined.

¢ Economies of size is calculated based on KayEiwiards (1994); i.e., economies of size ratio exjual
the percent (%) change in cost divided by the per(®) change in output.
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Economies of Size Implications by Cost Type, l&gd,Segment
Dividing the modified annuity equivalent of costs ach facility across the three cost
types, an ESR can be estimated for €achhe ESR for initial construction costs is 0.93,
and the purchase of water rights has an ESR of®1if@icating constant economies of
size (C) under the assumption in this thesis o pluminus 0.36 confidence interval.
The continued costs ESR is 0.40, and the capip#écement costs ESR is 0.07
(Table 33; Figure 15), indicating economies of g&gexist for both cost types. The
ratios can be interpreted as a 1.00% increasenwetional surface-water output infers
a 0.93% increase in the initial construction cast$,00% increase in the purchasing
water rights, a 0.40% increase in the continuetscasid a 0.07% increase in the capital
replacement costs.

The apparent economies of size for the continuédcapital replacement costs
can be attributable to price discounts for largeive purchases of inputs
(e.g., chemicals, pumps, vehicles, etc.), and tdnges typically utilize labor (and other
inputs) more efficiently than smaller firms (KaydaBdwards 1994). The constant
economies of size for the initial construction eadid not follow conventional wisdom,
since it is typical for fixed costs to be spreadlmore across larger output firms, which

produces lower per-unit costs (i.e., economieszaf) Kay and Edwards 1994).

1 The annuity equivalents of cost (i.e., numeratog)allocated across the cost types, items, and
segments, but the annuity equivalent of water, @enominator) is held constant at its aggregatel.le
That is, each type, item, and segment is gauged tise aggregate annuity equivalent of water, bahe
type, item, and segment comprise a different priiqoof the annuity equivalent of costs.

%2 A cost of $2,300/ac-ft for water rights (Rogers 8p@as assumed for both facilities; therefore,
constant economies of size for purchasing watéitsigre given.



Table 33. Economies of Size Ratios, by Cost Typadltem, for Conventional
Surface-Water Treatment in the Lower Rio Grande Valey of Texas, in 2006

Dollars

Surface-Water Treatment

Economies Economies
Olmito Northwest of Size Ratio  of Size
Cost Type and Item Unit (2.0mgd) (8.25 mgd) (ESRY Inferencé
Initial Construction/Investment $lyr $637,871  $2,399,621 0.93 C
- Water Rights Purchase “ 331,990 1,309,277 1.00 C
Continued “ 1,079,834 2,345,310 0.40 E
- Administrative “ 27,263 104,880 0.96 C
- Energy “ 201,163 506,198 0.51 E
- Chemical “ 216,153 404,839 0.30 E
- Labor “ 229,744 457,173 0.33 E
- Water Delivery “ 124,068 662,343 1.47 D
- All Othef ! 281,470 209,887 -0.09 E
Capital Replacement “ 37,506 45,249 0.07 E
Modified Annuity Equivalerit ~ $/yr $1,755,211  $4,790,190 0.58 E

& Source: Rogers (2008) and own modifications.

® Economies of size ratios are calculated basd€agrand Edwards (1994); i.e., economies of size
ratio equals the percent (%) change in cost divigethe percent (%) change in output, the latter
remains constant at 2.96 for all ratio calculatifmrshis table (refer to Table 32).

¢ Interpretation (i.e., inference) of the calculagetbnomies of size ratio results are:
» Economies of Size (E) exist ... ESR < 0.64;

» Constant Economies of Size (C) exist ... x@@SR< 1.36; and
» Diseconomies of Size (D) exist ... ESR > 1.36.

4 Such extreme economies of size results can beiasst with the different accounting methods used
by the facilities (i.e., public vs. private). Fexample, different accounting approaches resultebsts
being recorded in the “All Other” costs item foet®Imito facility when they might be more accurgatel
included in another item (e.g., the “Administratieests item).

¢ These are the modified total annuity equivalérgal values, basis 2006 dollars) relevant to
producing potable surface-water for a given year.

97
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The modified annuity equivalent of continued casts be further allocated
across six cost items to determine an ESR for gagh The ESR results in Table 33
demonstrate that there are economies of size (EEnfergy costs (0.51), chemical costs
(0.30), labor (0.33), and all other costs ( -0.83@pnstant economies of size (C) for
administrative costs (0.96), and diseconomieszzf @) for water delivery (1.47)

(Table 33; Figure 16). The ESRs can be interpraseal 1.00% increase in conventional
surface-water treatment output results in a 0.96&&ease in the administrative costs, a
0.51% increase in the energy costs, a 0.30% inerieate chemical costs, a 0.33%
increase in the labor costs, a 1.47% increasesinviter delivery costs, and a 0.09%
decrease in the all other costs. Figure 16 isplgcal presentation of ESRs by cost

items for conventional surface-water treatment.

83 Such extreme economies of size (i.e., a negati\r faGo) results can be associated with the differe
accounting methods used by the facilities (i.ebliows. private). For example, different accongti
approaches resulted in costs being recorded itAth©ther” costs item for the Olmito facility whethey
might be more accurately included in another iterg.( the “Administrative” costs item).

%4 Since the OImito facility and the McAllen Northwdatility receive their source water from different
IDs, possible differences in the rates the IDs ghao deliver the source water could be a explanaif
the diseconomies of size present in water deligests.
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Figure 15. Economies of size ratios, by cost typeyr the Olmito and Northwest
conventional surface-water treatment facilities inthe Lower Rio Grande Valley of
Texas
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Figure 16. Economies of size ratios, by cost iterfgr the Olmito and Northwest

Economies of Size (E) exist ... ESR < 0.64;

Constant Economies of Size (C) exist 0s6BSR< 1.36; and
Diseconomies of Size (D) exist ... ESR > 1.36.

Yellow denotes Constant Economies of Size; Gre@aotds Economies of Size; and Red denotes
Diseconomies of size

conventional surface-water treatment facilities inthe Lower Rio Grande Valley of

Texas
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The modified annuity equivalent of costs can als@located across six
common cost segments to determine an ESR for dadiig 34). The estimated ESRs
for the cost segments are: 0.97 for the raw watake/reservoir/water rights purchase,
0.46 for the treatment unit costs, 0.43 for thelgtudisposal costs, 0.22 for the delivery-
to-municipal-line costs, 0.20 for the operationgdgorting facilities costs, and 0.96 for
the administrative costs (Table 34; Figure 17)e BSRs determine economies of size
(E) exist for all of the stated cost segments withexception of the raw water
intake/reservoir/water rights purchase and the adtnative costs, which demonstrate
constant economies of size (€)The ESRs can be interpreted as a 1.00% increase i
conventional surface-water treatment output resnlgs0.97% increase in the cost of
raw water intake/reservoir/water rights purchase48% increase in the treatment unit
costs, a 0.43% increase in the sludge disposa,c@$&22% increase in the delivery-to-
municipal-line costs, a 0.20% increase in the dpmra’ supporting facilities costs, and a
0.96% increase in the administrative costs.

A word of caution is related to the analysis ofremmies of size for individual
segments. The level of certainty is surely limibestause methods used for identifying
the segment costs for all of the facilities. Thessilts are presented to provide insight

on details with the caveat of care in making litémgerpretations.

8 Refer to footnotes 62 and 63 for an explanatiocarstant economies of size for these two cost
segments.
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Table 34. Economies of Size Ratios, by Cost Segrmdor Conventional Surface-Water
Treatment in the Lower Rio Grande Valley of Texasjn 2006 Dollars

Surface-Water Treatment

Economies of Economies

Olmito Northwest Size Ratio of Size
Cost Segment Unit (2.0 mgd) (8.25 mgd) (ESRY Inferencé
Raw Water Intake/
Reservoir/Water Purchase $lyr $635,634  $2,453,190 0.97 C
Treatment Unft “ 536,321 1,270,534 0.46 E
- Pre-disinfection “ n/a 534,234 n/a n/a
- Coagulation/Flocculation “ n/a 181,847 n/a n/a
- Sedimentation “ n/a 101,082 n/a n/a
- Filtration/Backwash “ n/a 229,399 n/a n/a
- Secondary Disinfection ‘ n/a 223,652 n/a n/a
S|udge Disposa' “ 79,765 181,852 0.43 E
Delivery to Municipal Line ‘ 345,393 572,457 0.22 E
Operations’ Supporting Facilities “ 130,834 207,577 00.2 E
Administrative “ 27,264 104,880 0.96 C
Modified Annuity Equivalert  $/yr  $1,755,211  $4,790,190 0.58 E

& Source: Rogers (2008) and own modifications.

® Economies of size ratios are calculated basd@agrand Edwards (1994); i.e., economies of size
ratio equals the percent (%) change in cost divigethe percent (%) change in output, the latter
remains constant at 2.96 for all ratio calculatifmrshis table (refer to Table 32).

¢ Interpretation (i.e., inference) of the calculagethnomies of size ratio results are:
» Economies of Size (E) exist ... ESR < 0.64;
» Constant Economies of Size (C) exist ... x@@SR< 1.36; and
» Diseconomies of Size (D) exist ... ESR > 1.36.

4 The Olmito facility was not designed in a way thast estimates could be allocated for the itadidiz
cost segments. Therefore, the Northwest facilidgtailed cost segments listed in italics are coebi
into the treatment unit segment to determine an.ESR

¢ These are the modified total annuity equivalérgal values, basis 2006 dollars) relevant to
producing potable surface-water for a given year.
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Note: Interpretation (i.e., inference) of the c#ted economies of size ratio results are:

» Economies of Size (E) exist ... ESR < 0.64;

» Constant Economies of Size (C) exist ... 06BSR< 1.36; and

» Diseconomies of Size (D) exist ... ESR > 1.36.
Yellow denotes Constant Economies of Size; Greaotds Economies of Size; and Red denotes
Diseconomies of Size.

Figure 17. Economies of size ratios, by cost segmefor the Olmito and Northwest
conventional surface-water treatment facilities inthe Lower Rio Grande Valley of
Texas
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The results derived within this thesis give cawseeject the null hypothesisié,)
and suggest that economies of size are preseoabifmentional surface-water treatment.
This conclusion aligns with the literature (i.etaViglia and Characklis (2006),
Characklis (2004), and Boisvert and Schmit (1996)f)e constant economies of size
found in the initial construction costs are perpigpgiven the literature commonly
reports that per-unit costs decrease as watentegdtfacilities output increases. This
indicates that construction costs for the LRGV dbfollow national trends or are an
anomaly to the facilities examined for the LRGV hiiit this thesis.

Possible explanations for constant economies effsiznd for the construction
costs could be that the construction costs datthéOIlmito facility were received in
2008 dollars and deflated by two years using aZZ®dnnual inflation rate. Cruz
(2008) indicates that construction costs in the MRBe actually increasing at a rate of
10-12% annually. Therefore, it is possible that2006 construction costs for the
Olmito facility were under discounted from 2008usimg a slightly distorted basis for
the analysis. In addition, given the explosivewgaoxcurring in the LRGV, the demand
for new infrastructure (e.g., water systems, haysievelopments, etc.) may not be
sufficiently met by the current engineering andstauction firms in the LRGV. This
surplus of potential projects can give engineeand construction firms little incentive
to bid projects with the lowest costs in mind. téasl, LRGV firms may have such a
large volume of projects to select from that thesnmit only to projects that will bring
the highest rate of return. This phenomena regultsnstruction costs being higher

than if there was a shortage of construction ptsjecthe LRGV. Other artifacts (i.e.,
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administrative costs, all other costs, and watévely costs) are somewhat explained in
the footnotes, but would be expected to becomeeaedth availability of life-cycle

costs for additional facilities.

Brackish-Groundwater Desalination

By applying a consistent methodology (i.e., appicaof the DESAL ECONOMICS
model and modified data) to calculate the life-eyabsts for two brackish-groundwater
desalination facilities, a valid basis for use xamining the existence and degree of
economies of size. This approach extends thaliiez to provide a detailed exploration
of economies of size for brackish-groundwater deatbn; however, only two facilities

are available for this analysis.

Aggregate Economies of Size Implications

Presented in Table 35 are the modified annuityvedemt of costs ($646,736/yr) and
water (1,028 ac-ft/yr) for the La Sara facilitydatine modified annuity equivalent of
costs ($4,196,391/yr) and of water (6,823 ac-ftiigrithe Southmost facility. Using the
La Sara facility (i.e., small facility) as the it value in the percent change calculation
indicates an ESR of 0.97, which falls within the&fied confidence interval for this

thesis, indicating constant economies of size ¢€pfackish-groundwater desalination

® That is, in this thesis, economies of size can belgxamined by comparing one facility's life-cycle
costs against the other facility’s costs. As désed in the “Limitations” section of this thesigna life-
cycle costs for more facilities of different sizze needed to better evaluate and understand the
implications of economies of size in this technglog
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in the LRGV (Table 35). This value can be intetpdeas a 1.00% increase in brackish-
groundwater desalination output (i.e., potable wdédivered to an initial point within
the municipal water-delivery system) results inragpnately the same percentage

increase in the cost of producing water in the LRGV

Table 35. Modified Aggregate Annuity Equivalent ofCosts and of Water and the
Aggregate Economies of Size Ratio, for Brackish-Gumdwater Desalination in the
Lower Rio Grande Valley of Texas, in 2006 Dollars

La Sara Southmost
Results Units (1.13mgd) (7.50 mgd) % changg
Annuity Equivalent of Costs $lyr $646,736 $4,196,391 495
Annuity Equivalent of Water  ac-ft/yr 1,028 6,823 5.64
Aggregate Economies of Size Ratio (ESR) 0.97

& Source: Sturdivant et al. (2008).

® The small-sized La Sara Facility is the initialue from which the % change calculation is
determined.

¢ Economies of size is calculated based on KayEaiwiards (1994); i.e., economies of size ratio exjual
the percent (%) change in cost divided by the per() change in output.
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Economies of Size Implications by Cost Type, l&gd,Segment

Dividing the modified annuity equivalent of costs ach facility across the three cost
types, an ESR was estimated for each. Preseniieabie 36, the ESR for the initial
construction/investment costs is 1.36, indicatiogstant economies of size (C). The
ESR for continued costs is 0.81, representing emmgtconomies of size (C), and the
ESR for capital replacement costs is 1°4iddicating diseconomies of size (D)

(Table 36; Figure 18). The ESRs can be interpraseal 1.00% increase in brackish-
groundwater desalination output results in a 1.3&fease in the initial construction
costs, a 0.81% increase in the continued costsadndi9% increase in the capital
replacement costs.

The constant economies of size identified for thgal construction costs and
continued costs were not expected, suggestingdtbaé costs could be an anomaly to
the LRGV. Similar to conventional surface-wateatment, the current supply of
engineering and construction firms in the LRGV cbnbt be sufficient to meet the
demand for new infrastructure. As discussed on fi@dethis could be an explanation
for constant economies of size found for initiahstuction costs. It appears that price
discounts for large volume purchases of RO dedaim@roduction inputs do not occur

in the LRGV.

67 Referring back to the La Sara case study in tldsishand Sturdivant et al. (2008), the La Sarditfaci
treats source water that has a lower salinity l&évah the Southmost facility. High salinity leveln
reduce the life of certain components (e.g., RO brames) in the facility, resulting in more frequent
replacement and higher capital replacement casts diseconomies of size) (Browning 2007; White
2007). As discussed in the “Limitations” sectiailing to adjust for different incoming source watan
be a limitation of this thesis.
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Table 36. Economies of Size Ratios, by Cost Typadaltem, for Brackish-
Groundwater Desalination in the Lower Rio Grande Vdley of Texas, in 2006

Dollars

Brackish-Groundwater

Desalination .
Economies
of Size Economies
La Sara Southmost Ratio of Size
Cost Type and Item Unit (1.13mgd) (7.5 mgd} (ESRY Inferencé
Initial Construction/Investment $lyr $163,235 $1,417,205 1.36 C
Continued “ 459,809 2,556,747 0.81 C
- Adminstrativé “ 170,033 121,750 -0.05 E
- Energy “ 207,853 1,356,447 0.98 C
- Chemical “ 46,602 409,508 1.38 D
- Labor “ 24,884 490,084 3.32 D
- All Others “ 10,433 178,959 2.87 D
Capital Replacement “ 23,696 222,438 1.49 D
Modified Annuity Equivalerft ~ $/yr $646,736 $4,196,391 0.97 C

& Source: Sturdivant et al. (2008) and own modifiagi

® Economies of size ratios are calculated basd€agrand Edwards (1994); i.e., economies of size
ratio equals the percent (%) change in cost divigethe percent (%) change in output, the latter
remains constant at 5.64 for all ratio calculatifmrshis table (refer to Table 35).

¢ Interpretation (i.e., inference) of the calculagesthnomies of size ratio results are:

» Economies of Size (E) exist ... ESR < 0.64;

» Constant Economies of Size (C) exist ... x@SR< 1.36; and

» Diseconomies of Size (D) exist ... ESR > 1.36.
4 Such extreme economies of size results can beiasst with the different accounting methods used
by the facilities (i.e., public vs. private). Fexample, different accounting approaches resultexbsts
being recorded in the “Administrative” costs iteon the La Sara facility when they might be more
accurately included in another item (e.g., the ‘@ther” costs item).

¢ These are the modified total annuity equivalérgal values, basis 2006 dollars) relevant to
producing potable surface water for a given year.
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As mentioned in footnote 67, the source water@Sbuthmost facility has higher levels
of salinity than the La Sara facility. This maguée the Southmost facility to use more
energy and chemicals to treat the source wateptiable level, resulting in constant
economies in size.

The modified annuity equivalent of continued casts be further allocated
across five cost items to determine an ESR for €dahle 36). The ESR results
presented in Table 36, demonstrate economies @{Eizfor administrative costs
(-0.05) constant economies of size (C) for energy (0.88)l, diseconomies of size (D)
for chemicals (1.38), labor (3.3%)and all other costs (2.87) (Table 36; Figure TR)e
ESRs can be interpreted as a 1.00% increase ikidinagroundwater desalination output
results in a 0.05% decrease in administrative cadds98% increase in the energy costs,
a 1.38% increase in the chemical costs, a 3.32%ase in the labor cost, and a 2.87%

increase in all other costs.

®8 Such extreme economies of size can be associatedheidifferent accounting methods used by the
facilities (i.e., public vs. private). For examptifferent accounting approaches resulted in dosisg
recorded in the “Administrative” costs item for tha Sara facility when they might be more accuyatel
included in another item (e.g., the “All Other” t®gem).

%9 NAWSCs (i.e., the La Sara facility) SCADA systendarther operational designs do not require a
trained professional to be continuously on locatidypically, only hourly workers are on locatian t
monitor the system (Browning 2007). This can eixplehy La Sara has a lower per-unit labor cost
relative to the Southmost facility.
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Figure 18. Economies of size ratios, by cost typr the La Sara and Southmost
brackish-groundwater desalination facilities in theLower Rio Grande Valley of
Texas
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Figure 19. Economies of size ratios, by cost iterfgr the La Sara and Southmost

brackish-groundwater desalination facilities in theLower Rio Grande Valley of
Texas

The modified annuity equivalent of costs can als@liocated across seven
common cost segments to determine an ESR for'@athe estimated ESRs for the cost
segments are 1.27 for the main facility/treatmeatess, -0.05 for the concentrated

discharge, 0.19 for the finished water/tank stor8d&9 for the high service and delivery

& Engineers and facility managers for both brackisfuugdwater desalination facilities had difficultly
allocating costs across the segments. Theseudiffis contributed to several issues in calculating
precisely-accurate cost segments’ ESRs.
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line, 1.92 for the well field; 3.09 for the transmission liféand -0.05 for the
administrative costs (Table 37; Figure 20). Th&E$r each cost segment indicate
diseconomies of size (D) for the well field, thartsmission line, and the high service
and delivery pipeline; economies of size (E) weeniified for the concentrated
discharge, the finished water/tank storage, anéddmeinistrative costs; and constant
economies of size (C) for the main facility/treatthprocess. The ESRs can be
interpreted as a 1.00% increase in brackish-groatetvdesalination output results in a
1.92% increase in the well field costs, a 3.09%eaase in the transmission line costs, a
1.27% increase in the main facility/treatment pssceosts, a 0.05% decrease in the
concentrated discharge costs, a 0.19% increabe ifnished water/tank storage costs, a
8.36% increase in the high service and deliverglpip costs, and a 0.05% decrease in
the administrative costs.

The estimated economies of size implications fackish-groundwater
desalination based on the two facilities in the MR@ not concur with the literature
(Traviglia and Characklis (2006), Characklis (2Q0%yoyo (2005), and
Norris (2006a; 2006b)). Based on the estimateseatkivithin this thesis, a fail to reject
conclusion is drawn on the null hypothesib{). The evidence produced in this thesis

research is suggestive that an increase of outms dot decrease the per-unit cost of

" The La Sara facility’s source water is suppliedrfriss one well (Browning 2007), compared to the
Southmost facility which receives its source wditem 18 wells (Sturdivant et al. 2008).

"2 The La Sara facility is located approximately 56tfisom its source water (Browning 2007), whereas
the Southmost facility is located approximatelymies away from its raw source water

(Sturdivant et al. 2008).
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producing potable water via RO desalination of kistcgroundwater in the LRGV. As
mentioned throughout this section and further dised in the “Limitations” section of
this thesis, additional life-cycle costs for faids of different sizes are needed to extend

this test of the null hypothesis.

Table 37. Economies of Size Ratios, by Cost Segrhdor Brackish-Groundwater
Desalination in the Lower Rio Grande Valley of Texa, in 2006 Dollars

Brackish-Groundwater

Desalination .
Economies
of Size Economies
La Sara Southmost Ratio of Size
Cost Segment Unit (1.13 mgd) (8.25 mgdj (ESRY Inferencé?
Well Field $lyr $98,391 $1,167,683 1.92 D
Transmission Line “ 7,211 132,821 3.09 D
Main Facility/Treatment Process “ 268,530 2,191,862 71.2 C
Concentrated Discharge “ 11,766 8,592 -0.05 E
Finished Water/Tank Storage “ 82,421 170,151 0.19 E
H!gh .SerV|ce and Delivery “ 8.384 403,531 8.36 D
Pipeline
Administrative “ 170,033 121,750 -0.05 E
Modified Annuity Equivalerit ~ $/yr $646,736  $4,196,391 0.97 C

& Source: Sturdivant et al. (2008) and own modifiagi

® Economies of size is calculated based on KayEaiwiards (1994); i.e., economies of size ratio exjual
the percent (%) change in cost divided by the per) change in output, which is held constantly a
5.64 (refer to table 35).

¢ Economies of size ratios are calculated basdfagrand Edwards (1994); i.e., economies of size
ratio equals the percent (%) change in cost divigethe percent (%) change in output, the latter
remains constant at 5.64 for all ratio calculatifovghis table (refer to Table 35).

4 Interpretation (i.e., inference) of the calculaéednomies of size ratio results are:
» Economies of Size (E) exist ... ESR < 0.64;
» Constant Economies of Size (C) exist ... k@8SR< 1.36; and
» Diseconomies of Size (D) exist ... ESR > 1.36.

¢ These are modified annuity equivalent (real vallrasis 2006 dollars) relevant to producing petabl
surface-water for a given year.
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Figure 20. Economies of size ratios, by cost segmefor the La Sara and
Southmost brackish-groundwater desalination facilites in the Lower Rio Grande

Valley of Texas
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DISCUSSION

The purposes of this research included estimaifiegycle costs for “small” water
treatment facilities using conventional surfaceerdteatment and RO desalination.
Further, combining those estimates with resultstbér related LRGV studies of water
treatment facilities, an additional objective waddst for evidence of economies of size.
Thus, this thesis represents the collaboratioh@efforts of a team of agricultural
economists to bring together several studies aat Oroad implications for use by
decision makers (i.e., engineers, water planneusjcipalities, IDs, etc.) in the LRGV.

The null hypothesisHa,: “Economies of size are not present in conventiona
surface-water treatment in the LRGV.”) is reject8dherefore, the alternative hypothesis
(Ha,: “Economies of size are present in conventiongbse-water treatment in the
LRGV.") is accepted, indicating economies of sipeedtist in the LRGV. The null
hypothesisKib,: “Economies of size are not present in RO destinaf brackish-
groundwater in the LRGV.”) fails to be rejectedjirating constant economies of size
are present in brackish-groundwater desalinatidgherLRGV.

The conclusions drawn on the economic viability #re@lconstant economies of
size for RO desalination of brackish-groundwatendbagree with work by Traviglia
and Characklis (2006). They report that surfaceemaeatment was cheaper than RO
desalination for facilities sized 1.0 mgd, 10.0 maad 30.0 mgd, as well as that
economies of size were identified for RO desalorati Traviglia and Characklis (2006)

used cost relationships, which were derived froenlitierature (i.e., secondary data), to
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calculate construction and operating costs for bater-treatment technologies. The
research in this thesis analyzed primary constvoa@nd operating costs data to calculate
life-cycle costs for all four facilities. The ddtéterature could reflect costs no longer
being experienced. Other deviations between li@si$ and Traviglia and Characklis
(2006) include: a different discount rate, diffdraseful life for the facilities, different
production efficiencies, and different levels offage-water and brackish-groundwater
quality.

Characklis (2004) reported similar economies o sig Traviglia and Characklis
(2006) for conventional surface-water treatment lanaatkish-water desalination. The
primary reasons for the contrasting results betwksthesis and Characklis (2004) can
be explained by data and methodology which werdieghpCharacklis (2004) relied on
data from the literature, but did make attemptadjust the data to a study region. In
addition, his study was more focused on the effetsalinity level on the two water-
treatment technologies than on economies of size.

In 2005, Arroyo (2005) reported that economiesizé svere present in brackish-
groundwater desalination. In his analysis, Arretates that the cost of producing
brackish-groundwater decreases from $1.09/1,080fgek 1.0 mgd facility to
$0.71/1,000 gals for a 10.0 mgd facility. Howewvemoyo (2005) did not include the
cost of source water development, concentratecgapfinished water storage,
pumping and distribution, environmental/archeoldgyd acquisition, and surveying in
his analysis; that is, the costs estimates inth@sis are more comprehensive than that of

Arroyo (2005). As presented in this thesis, nbtast types, items, and segments
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capture similar degrees of economies of size,yf &@ome of the excluded costs in
Arroyo’s (2005) report might experience disecon@ésize, which would reduce or
even reverse the degree of economies of size bepogted. In addition to Arroyo
(2005), Norris (2006b) also states that economiiesze are present in brackish-
groundwater desalination. Norris’ (2006b) assesgnsenot demonstrated with cost
estimates, but based on his experience in constguanhd operating desalination
facilities.

The standards for determining economies of sizberstudies mentioned above
are unclear. This thesis uses a mathematical apipr@.e., ESR) with a fairly
conservative confidence interval (plus or minu$Pid ascertain the existence of
economies of size for both water treatment tectgieto Therefore, only relative
comparisons of the results presented in this tloesidoe made to the conclusions in the
previous studies.

Extending the results achieved in this thesis béybe literature, two important
implications can be made about future water expansi the LRGV. First, results
presented in this research suggest that a “sméltiBsalination facility, which is within
close proximity of its residents, provides a cortet economic source of potable water
in the LRGV. By building multiple small desalinai facilities close to new
developments that require potable water connectmmmunities can avoid extending
their existing distributions networks, which Boisivand Schmit (1996) report as having
diseconomies of size. For example, a new resialetiévelopment on the outer edges of

a city in the LRGV might receive lowest-cost potablater by building a “small” RO
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desalination facility adjacent to the developmeastppposed to extending the city’s
distribution system from one large facility to reabe new development.

Second, an additional null hypothedty) stating “RO desalination of brackish-
groundwateis noteconomically competitive with conventional surfacater treatment
in the LRGV” and the alternative to the niq) stating “RO desalination of brackish-
groundwateis economically competitive with conventional surfacater treatment in
the LRGV” could have been included in the objediwéthis thesis. The null would
have been rejected and the alternative would haea bccepted, indicating that RO
desalination provides LRGYV cities a viable altew®to conventional surface-water for
potable water. This conclusion is important ti&stelders in the LRGV because it
could alleviate municipalities’ need to purchasevater rights from IDs. Agriculture is
a major contributor to the LRGV economy (Stubbale003; Yow 2008), and
producers rely on Rio Grande water for irrigatiamgoses. Unfortunately, most LRGV
agricultural producers do not have an alternatowgce of irrigation water at this time,
and by reducing the purchase and conversion ofw@grral water rights to municipal
water rights, they are “protected” from losing thamly source of irrigation water.

To reiterate, there is only one facility each watist estimates for the small-sized
conventional and desalination treatment alternatared one each for the medium-sized
conventional and desalination technologies. Eachitly is unique and subject to
different constraints. Therefore, the results Haaéations related to extrapolation of
the data. On the positive side, the work is basegdrimary data and reflects actual

investment and operation costs, albeit modifieceflect basis year 2006 results.
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LIMITATIONS

This research uses primary data collected from onpali water managers and their
consulting engineers, as well as a consistent ndetbgy to calculate life-cycle costs.
Even so, this thesis does have shortcomings anthtions. The modifications to the
data for the economies of size calculations aenuhéd to remove many of the
limitations, but are lacking in completeness. Tihst limitation in this research is that
only two facilities’ life-cycle costs are calculdtéor each water treatment technology.
More life-cycle costs for facilities of differenizes would provide a broader
understanding of costs estimates for both watatrtrent technologies, as well as more
robust calculations and associated economies efisigrences. Future research is
encouraged to apply this same methodology to catielife-cycle costs for large-sized
(e.g., 25 mgd) conventional surface-water and lisheground desalination facilities.

In addition, each facility analyzed has a differewner-entity and general
manager, which implies possibilities of differingamagerial philosophies along with
different accounting methods. No attempt to adjoise manager’s decision-making
ability was accounted for in this thesis, but iacknowledged that differences in such
abilities could affect a facility’s life-cycle casestimates. Also, as noted in footnotes
throughout the results sections, several discrepamngere present among cost items
when making economies of size calculations. Tihesensistencies are perceived to be
a product of different accounting methods betwadniiply-owned and privately-owned

firms. For instance, it is believed that some sastluded in the “Administrative” costs
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item at the La Sara facility would be more accuyatecluded under the “All Other”

costs item if consistency with the categorizatiboasts for the other facilities is desired.
As a result, artifacts are present for both thd @ther” costs item and “Administrative”
costs item when calculating the economies of sities. The aggregate estimate does
not suffer from this limitation, however.

Another limitation of this thesis is that the etfeof different incoming water
quality are not considered, but it is recognizeat thcoming water quality needs to be
normalized across all of the facilities, if one ngs to precisely compare technologies.
As such, the calculated life-cycle costs includedkpenses necessary for an individual
facility to take its raw source water to potablgeva Incoming water that contains
higher levels of TDS and/or salinity reduces tlfe éixpectancy of components and/or
can require more chemicals and energy to treatvétier to a potable level, causing
higher chemical, energy, and/or capital replacemests (White 2007). That is,
incoming water quality affects life-cycle costs #ofacility. If the objective is for a
direct comparison of different facilities, such atmalities need to be neutralized before
proceeding with the analyses.

Finally, the results for this thesis are limitedhe facilities studied, but provide
insight for the LRGV region. Certain factors tha¢ unique to the LRGV (e.g.,
$2,300/ac-ft municipal water rights) make brackisbundwater desalination more
economically competitive than the literature gehieea for the entire U.S. However, the

methodology and models used in this thesis aregthtaio be applicable to other regions.
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CONCLUSION

For future water planning in the LRGV, municipagij IDs, planning groups, state
agencies, and engineers will search and choosegbuih traditional and alternative
water treatment technologies. Economics (e.@-djfcle costs) are an important
component in evaluating that choice, and more Qadily are the existence and degree
to which economies of size are found in the diffiéteeatment technologies. Capital
budgeting — NPV analyses combined with the anregfyivalent methodology offer an
effective evaluation technique as it provides &fele costs of treating/producing
potable water for the different capital water potge The economies of size ratio
provides an equally effective evaluation of theglwan returns to size for the capital
water projects. That is, sound economic and firr@malyses contribute useful
information toward making cost-effective decisioihe results of this thesis lead to the
conclusion that brackish-groundwater desalinatsoan economically-viable alternative
to surface-water treatment in the Lower Rio Gravididey. Further, the results
determine that economies of size are present forerttional surface-water treatment
and constant economies of size are present inisfagkoundwater desalination. These
results indicate that determining accurate costbdth water treatment technologies, as
well as for alternative facility sizes, are impaorttaonsiderations as the region seeks to

expand its potable water supplies to meet futuneashe.
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APPENDIX A

Tables Al and A2 are summaries of the sensitiviithe cost-per-unit (i.e., $/ac-ft and
$/1,000 gals) for the Olmito facility across vamoeontinued costs and the production
efficiency levels. The continued costs range feoplus or minus 10%, 20%, and 30%
about the expected level, while production efficietevels range from 42% to 92%,
including the expected level. Across the givergemnof variation, the life-cycle costs
for the Olmito facility range from a high of $1,978/ac-ft {$5.88/1,000 gals} to a low
of $749.59/ac-ft {$2.30/1,000 gals} about the expdc$1,393.28/ac-ft {$4.28/1,000
gals}. As expected, higher life-cycle costs angnid when the continued costs increase
and, likewise, higher life-cycle costs are foundewlproduction efficiency is reduced.
Tables A3 and A4 demonstrate the sensitivity ofdbst-per-unit (i.e., $/ac-ft
and $/1,000 gals) for the Olmito facility acrossioas energy costs and the production
efficiency levels. The energy costs range frontua pr minus 5%, 10%, and 20% about
the expected level, while production efficiencyds/range from 42% to 92%, including
the expected level. Across the given ranges aétran, the life-cycle costs for the
Olmito facility range from a high of $1,676.10/ad$5.14/1,000 gals} to a low of
$895.10/ac-ft {$2.75/1,000 gals}, about the exped#,393.28/ac-ft {$4.28/1,000 gals}.
As expected, higher life-cycle costs are found witkenenergy costs increase and,
likewise, higher life-cycle costs are found wheadarction efficiency is lower than

expected.



Table Al. Sensitivity Analysis of Cost of TreatingVater ($/Acre-Foot), by Variations in Production and Annual Continued Costs at the
Olmito Facility, in 2006 Dollars

Annual Water Production in $/acre-foot

Annual
Continued 941 1,008 1,053 1,120 1,165 1,277 1,389 1,613 2,061
Cost 42% 45% 47% 50% 52%? 57% 62% 82% 92%

-30.0% $1,393.08 $1,314.14 $1,267.12 $1,203.64  $1,165.3%1,081.49 $1,011.14 $815.51 $749.59
-20.0% $1,480.02 $1,397.28 $1,347.99 $1,281.44  $1,241.3%1,153.42 $1,079.67 $874.61 $805.51
-10.0% $1,566.96 $1,480.42 $1,428.86 $1,359.25 $1,317.3%$1,225.34 $1,148.20 $933.71 $861.43
0.0%? $1,653.90 $1,563.55 $1,509.73 $1,437.06$1,393.28  $1,297.26 $1,216.73 $992.81 $917.35
+10.0% $1,740.84 $1,646.69 $1,590.60 $1,514.87 $1,469.281,369.18 $1,285.26  $1,051.90 $973.28
+20.0% $1,827.79 $1,729.85 $1,671.43 $1,592.68 $1,545.2$1,441.10 $1,353.79  $1,111.00 $1,029.29
+30.0% $1,914.73 $1,812.96 $1,752.34 $1,670.49 $1,621.1$1,513.02 $1,422.32  $1,170.10 $1,085.12

#Numbers in bold represent the baseline resultthfoOlmito facility in its current operating status

Table A2. Sensitivity Analysis of Cost of TreatingVater ($/1,000 Gallons), by Variations in Producthn and Annual Continued Costs at
the Olmito Facility, in 2006 Dollars

Annual Water Production in 1,000 gallons

C'(A)\:grl:sled 306,600 328,500 343,100 365,000 379,600 416,100 452,600 525,600 671,600
Cost 42% 45% 47% 50% 52%? 57% 62% 82% 92%

-30.0% $4.28 $4.03 $3.89 $3.69 $3.58 $3.32 $3.10 $2.50 $2.30
-20.0% $4.54 $4.29 $4.14 $3.93 $3.81 $3.54 $3.31 $2.68 $2.47
-10.0% $4.81 $4.54 $4.39 $4.17 $4.04 $3.76 $3.52 $2.87 $2.64
0.0%? $5.08 $4.80 $4.63 $4.41 $4.28 $3.98 $3.73 $3.05 $2.82

+10.0% $5.34 $5.05 $4.88 $4.65 $4.51 $4.20 $3.94 $3.23 $2.99
+20.0% $5.61 $5.31 $5.13 $4.89 $4.74 $4.42 $4.15 $3.41 $3.16
+30.0% $5.88 $5.56 $5.38 $5.12 $4.98 $4.64 $4.36 $3.60 $3.33

#Numbers in bold represent the baseline resultthfoOlmito facility in its current operating status
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Table A3. Sensitivity Analysis of Cost of TreatingVater ($/Acre-Foot), by Variations in Production and Annual Energy Cost at the
Olmito Facility, in 2006 Dollars

Annual Water Production in acre-foot

Annual
Energy 941 1,008 1,053 1,120 1,165 1,277 1,389 1,613 2,061
Cost 42% 45% 47% 50% 52%? 57% 62% 82% 92%
-20.0% $1,631.71 $1,541.36 $1,487.54 $1,414.87 $1,371.081,275.07 $1,194.53 $970.61 $895.10
-10.0% $1,642.81 $1,552.46 $1,498.63 $1,425.97 $1,382.181,286.16 $1,205.63 $981.71 $906.26
-5.0% $1,648.36 $1,558.00 $1,504.18 $1,431.51 $1,387.731,29%.71 $1,211.18 $987.26 $911.81
0.0%° $1,653.90 $1,563.55 $1,509.73 $1,437.06$1,393.28  $1,297.20 $1,216.73 $992.81 $917.35
+5.0% $1,659.45 $1,569.10 $1,515.28 $1,442.61 $1,398.831,30%.81 $1,222.27 $998.35 $922.90
+10.0% $1,665.00 $1,574.65 $1,520.82 $1,448.16 $1,404.3%$1,308.35 $1,227.82 $1,003.90 $928.45
+20.0% $1,676.10 $1,585.75 $1,531.92 $1,459.26 $1,415.4%$1,319.45 $1,238.92 $1,015.00 $939.55

& Numbers in bold represent the baseline resultth®Olmito facility in its current operating status

Table A4. Sensitivity Analysis of Cost of TreatingVater ($/1,000 Gallons), by Variations in Producthn and Annual Energy Cost at the
Olmito Facility, in 2006 Dollars

Annual Water Production in 1,000 gallons

222:’151;/ 306,600 328,500 343,100 365,000 379,600 416,100 452,600 525,600 671,600
Cost 42% 45% 47% 50% 52%? 57% 62% 82% 92%

-20.0% $5.01 $4.73 $4.57 $4.34 $4.21 $3.91 $3.67 $2.98 $2.75
-10.0% $5.04 $4.76 $4.60 $4.38 $4.24 $3.95 $3.70 $3.01 $2.78
-5.0% $5.06 $4.78 $4.62 $4.39 $4.26 $3.96 $3.72 $3.03 $2.80
0.0%? $5.08 $4.80 $4.63 $4.41 $4.28 $3.98 $3.73 $3.05 $2.82
+5.0% $5.09 $4.82 $4.65 $4.43 $4.29 $4.00 $3.75 $3.06 $2.83
+10.0% $5.11 $4.83 $4.67 $4.44 $4.31 $4.02 $3.77 $3.08 $2.85
+20.0% $5.14 $4.87 $4.70 $4.48 $4.34 $4.05 $3.80 $3.12 $2.88

&Numbers in bold represent the baseline resultthfoOlmito facility in its current operating status

LCT
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APPENDIX B

Tables B1 and B2 demonstrate the sensitivity otcths-per-unit (i.e., $/ac-ft and
$/1,000 gals) for the La Sara facility across vasiocontinued costs and the production
efficiency levels. The continued costs range feoplus or minus 10%, 20%, and 30%
about the expected level, while production efficiefevels range from 50% to 100%,
including the expected level. Across the givergemnof variation, the life-cycle costs
for the La Sara facility range from a high of $9@v/ac-ft {$3.28/1,000 gals} to a low
of $446.22/ac-ft {$1.37/1,000 gals}, about the etpd $745.25/ac-ft
{$2.29/1,000 gals}. As expected, higher life-cyctests are found when the continued
costs increase and, likewise, higher life-cyclesase found when production efficiency
is reduced.

Tables B3 and B4 demonstrate the sensitivity otcths-per-unit (i.e., $/ac-ft
and $/1,000 gals) for the La Sara facility acramsous energy costs and the production
efficiency levels. The energy costs range frontua pr minus 5%, 10%, and 20% about
the expected level, while production efficiencydssrange from 50% to 100%,
including the expected level. Across the givergemnof variation, the life-cycle costs
for the La Sara facility range from a high of $%&4ac-ft {$2.87/1,000 gals} to a low of
$530.89/ac-ft {$1.63/1,000 gals} about the exped@d5.25/ac-ft {$2.29/1,000 gals}.
As expected, higher life-cycle costs are found witkenenergy costs increase and,

likewise, higher life-cycle costs are found wheadarction efficiency is decreased.



Table B1. Sensitivity Analysis of Cost of Producig Water ($/Acre-Foot), by Variations in Productionand Annual Continued Costs at the
La Sara Facility, in 2006 Dollars

Annual Water Production in acre-foot

Annual

Continued 635 698 762 800 825 951 1,078 1,141 1,268

Cost 50% 55% 60% 63% 65%° 75% 85% 90% 100%

-30.0% $718.28 $668.88 $627.69 $606.11 $592.83 $537.01 $494.30 76.49 $446.22
-20.0% $776.88 $724.41 $680.67 $657.74 $643.63 $584.35 8.983 $520.07 $487.92
-10.0% $835.48 $779.94 $733.64 $709.37 $694.44 $631.69 3.6B8 $563.66 $529.62
0.0%* $894.08 $835.47 $786.61 $761.01 $745.25 $679.03 $628.36 $607.24 $571.33
+10.0% $952.67 $891.00 $839.58 $812.64 $796.05 $726.37 3.667 $650.82 $613.03
+20.0% $1,011.27 $946.53 $892.55 $864.27 $846.86 $773.71 717.83 $694.40 $654.73
+30.0% $1,069.87 $1,002.06 $945.53 $915.90 $897.67 $821.0 $762.42 $737.99 $696.43

#Numbers in bold represent the baseline resultthfot a Sara facility in its current operating statu

Table B2. Sensitivity Analysis of Cost of Producig Water ($/1,000 Gallons), by Variations in Produdgbn and Annual Continued Costs at
the La Sara Facility, in 2006 Dollars

Annual Water Production in 1,000 gallons

C'(A)\:grl:lejlled 206,903 227,525 248,148 260,521 268,770 310,015 351,260 371,883 413,128
Cost 50% 55% 60% 63% 65%* 75% 85% 90% 100%
-30.0% $2.20 $2.05 $1.93 $1.86 $1.82 $1.65 $1.52 $1.46 $1.37
-20.0% $2.38 $2.22 $2.09 $2.02 $1.98 $1.79 $1.65 $1.60 $1.50
-10.0% $2.56 $2.39 $2.25 $2.18 $2.13 $1.94 $1.79 $1.73 $1.63
0.0%* $2.74 $2.56 $2.41 $2.34 $2.29 $2.08 $1.93 $1.86 $1.75
+10.0% $2.92 $2.73 $2.58 $2.49 $2.44 $2.23 $2.07 $2.00 $1.88
+20.0% $3.10 $2.90 $2.74 $2.65 $2.60 $2.37 $2.20 $2.13 $2.01
+30.0% $3.28 $3.08 $2.90 $2.81 $2.75 $2.52 $2.34 $2.26 $2.14

& Numbers in bold represent the baseline resultthfota Sara facility in its current operating statu

6T



Table B3. Sensitivity Analysis of Cost of Producig Water ($/Acre-Foot), by Variations in Productionand Annual Energy Costs at the La
Sara Facility, in 2006 Dollars

Annual Annual Water Production in acre-foot
Energy 635 698 762 800 825 951 1,078 1,141 1,268
Cost 50% 55% 60% 63% 65%? 75% 85% 90% 100%
-20.0% $853.64 $795.04 $746.17 $720.57 $704.81 $638.59 $587.92 66.86 $530.89
-10.0% $873.86 $815.25 $766.39 $740.79 $725.03 $658.81 8.$60 $587.02 $551.11
-5.0% $883.97 $825.36 $776.50 $750.90 $735.14 $668.92 3618 $597.13 $561.22
0.0%* $894.08 $835.47 $786.61 $761.01 $745.25 $679.03 $628.36 $607.24 $571.33
+5.0% $904.19 $845.58 $796.72 $771.12 $755.36 $689.14 .8h38 $617.35 $581.43
+10.0% $914.29 $855.69 $806.83 $781.22 $765.46 $699.25 8.9584 $627.46 $591.54
+20.0% $934.51 $875.91 $827.05 $801.44 $785.68 $719.46 8.866 $647.68 $611.76
& Numbers in bold represent the baseline resultthfota Sara facility in its current operating statu

Table B4. Sensitivity Analysis of Cost of Producia Water ($/1,000 Gallons), by Variations in Produéon and Annual Energy Costs at the
La Sara Facility, in 2006 Dollars

Annual Annual Water Production in 1,000 gallons
Energy 206,903 227,525 248,148 260,521 268,770 310,015 351,260 371,883 413,128
Cost 50% 55% 60% 63% 65%? 75% 85% 90% 100%
-20.0% $2.62 $2.44 $2.29 $2.21 $2.16 $1.96 $1.80 $1.74 $1.63
-10.0% $2.68 $2.50 $2.35 $2.27 $2.23 $2.02 $1.87 $1.80 $1.69
-5.0% $2.71 $2.53 $2.38 $2.30 $2.26 $2.05 $1.90 $1.83 $1.72
0.0%* $2.74 $2.56 $2.41 $2.34 $2.29 $2.08 $1.93 $1.86 $1.75
+5.0% $2.77 $2.60 $2.45 $2.37 $2.32 $2.11 $1.96 $1.89 $1.78
+10.0% $2.81 $2.63 $2.48 $2.40 $2.35 $2.15 $1.99 $1.93 $1.82
+20.0% $2.87 $2.69 $2.54 $2.46 $2.41 $2.21 $2.05 $1.99 $1.88
& Numbers in bold represent the baseline resultthfota Sara facility in its current operating statu
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