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ES.1 Introduction

The State of Texas, recognizing a growing water need and the limited availability of fresh surface
water and groundwater, funded analyses of three seawater desalination projects located along the
Gulf Coast. They include the proposed Freeport Seawater Desalination Project, which would serve
Brazoria County and the southeastern portion of Fort Bend County.

Extensive analyses, detailed in this report, conclude that the Freeport Seawater Desalination Project
is an integral component to meeting future water demands in Brazoria and Fort Bend counties.

Following are major observations from the evaluation:
e Population in the area is projected to grow from 450,000 in 2000 to 1.2 million in 2060.

e Groundwater supplies in the service area are limited. Existing groundwater withdrawals in
Brazoria County are approaching available yield. In addition, the Fort Bend Subsidence
District has adopted rules requiring significant reductions in the use of groundwater.

e Existing surface water supplies will not meet all of the long-term water needs.

e As population continues to grow in the service area and groundwater use restrictions take
effect, water deficits will occur. The total unmet municipal average day water demand in
2060 is more than 35 MGD. An additional 15 MGD is needed for seasonal peaking.

e Desalination technology is becoming more cost effective at the same time that the cost of
treating surface water is becoming more complex and expensive due to more stringent
drinking water rules. As these trends continue, desalination will become more cost
competitive.

e There are significant public benefits to using desalinated water as a primary drinking water
supply in the lower Brazos basin, including diversifying water resources in an area with
limited traditional water supply alternatives, providing a high quality, drought-proof
supply, mitigating growing subsidence problems due to groundwater withdrawals, and
enhancing Brazos River flows in an area with increasing needs for surface water for
manufacturing and irrigation uses.

e The public-private partnership between the Brazos River Authority (BRA) and Poseidon
Resources provides added value to the State by leveraging private-sector capital for a public
good, allowing flexibility to adapt to rapidly changing technology of the project, and
shifting part of the performance risk to the private sector.

e Recognizing the public benefit of seawater desalination, both Florida and California have
provided subsidies to enable seawater desalination projects to move forward. Also, the
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federal government is considering bipartisan legislation that would provide subsidies for
desalination facilities up to $0.62/1000 gallons to partially offset the cost of electrical energy
required to operate such facilities.

The Freeport Seawater Desalination Project is the right project for Texas to pursue as a
demonstration project. In addition to proactively meeting long-term needs, the project has several
unique advantages:

e Experienced Partners - A public-private partnership between the BRA and Poseidon will
leverage local and state resources with $76 million in private investments. Poseidon has
substantial experience in large-scale desalination projects in Florida and California.

e Suitable Location - Co-locating the project at The Dow Freeport facilities brings numerous
advantages. These include existing infrastructure, including on-site power and established
site security; convenient access to seawater, river water supply, and concentrate discharge
infrastructure; the possibility of amending existing permits, significantly reducing lead time;
and reduced environmental issues related to brine disposal. Furthermore, because this
project will use existing infrastructure, project implementation can occur rapidly.

e Basinwide Benefits - The project will provide a new, drought-proof source of water,
resulting in a diversity of supply and enhanced reliability for the region. It also will provide
efficiency and future benefits to the entire Brazos River basin by allowing limited surface
water to be used in areas for which seawater is too distant to be a practical option. Finally,
using high quality, reliable desalinated water for municipal supplies could make raw
surface water available for irrigation and manufacturing needs. The Region H Water Plan
predicts year 2050 water deficits of over 90,000 acre-feet/year for manufacturing and over
30,000 acre-feet/year for irrigation in Brazoria County. The plan also projects
manufacturing and irrigation deficits as early as 2010.

ES.2 Desalination Options

In the public-private partnership proposed between the BRA and Poseidon, Poseidon will design,
permit, build, operate, and finance the seawater desalination facility. The BRA will purchase water
from Poseidon through a wholesale contract and will be responsible for conveying the water from
the gate of the desalination facility to water utilities.

The proposed facility will be capable of running in either a full seawater or full river water mode to
take advantage of the economics of the lower salinity source water in the Brazos River. This
concept of “scalping” river water is a form of natural economic subsidy when river water is
available to the Dow canal system, while still providing a drought-proof water supply. The
proposed plant site location, being near the river’s discharge to the Gulf, also makes scalping excess
flow an attractive option.

A blending analysis indicates that the desalinated seawater is compatible with the existing
groundwater and surface water supplies. The desalinated seawater will be conditioned as it leaves
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the desalination facility such that the treated desalinated water is comparable with other piping
systems.

ES.3 Desalination Recommendation

The most economical seawater desalination option is more costly than the alternative to seawater
desalination in terms of net present value. For a demonstration desalination project to succeed, the
unit cost for potable desalinated water to potential customers should not be significantly more than
the available alternatives. The Freeport project will require some form of financial assistance to
achieve this end.

The primary reason for this is two-fold. First, desalination treatment technology is currently still
more expensive than conventional surface water treatment costs. Second, new transmission
infrastructure would be required to deliver desalinated water because the proposed desalination
solution is regional as opposed to local. However, desalination technology is becoming more cost
effective at the same time that the cost of treating surface water is becoming more complex and
expensive due to more stringent drinking water rules. As these trends continue, desalination will
become more cost competitive. In addition, there are significant benefits to using desalinated water
that should be taken into account. These include a more diversified water source, a high quality,
drought-proof supply, and increased river flows.

We recommend that the BRA and Poseidon proceed with implementation of what is being termed
“Option 5.” This option offers several advantages over the other desalinated water options. Under
this scenario, a 10 MGD demonstration facility is constructed to provide water to the Brazosport
area beginning in 2010. Utilities in northern Brazoria and Fort Bend counties will use their surface
and groundwater until 2025, when a pipeline will be built to convey desalinated seawater to these
utilities and the seawater desalination facility is expanded to 50 MGD to meet their growing
demands.

The State can implement this demonstration project without having to provide capital for long-term
needs. The infrastructure for long-term needs would be constructed as the needs develop.
Furthermore, the Brazosport Water Authority’s (BWA) existing surface water treatment plant could
serve as a “back-up” in the event unforeseen problems were encountered during initial operations
of the desalination plant, an ideal situation for a demonstration project.

In addition, we recommend that the BRA and Poseidon proceed as soon as possible with piloting
studies. Notwithstanding activities associated with a full-scale demonstration plant, the State can
learn much from piloting the proposed treatment process. Piloting will establish the viability of the
project to the local area, which is an important aspect to moving the project forward to the full-scale
10 MGD demonstration phase.
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ES.4 Financial Considerations

The BWA currently charges its customers $1.58/1000 gallons. This fee covers the liquidation of the
capital cost of the surface water plant, water distribution piping and appurtenant storage and
pumping facilities, and operating costs. It is estimated that the cost of treated water from the BWA
will increase to $1.62/1000 gallons by 2010 due to improvements to the surface water plant that
may be required by surface water regulations. The BWA’s operations costs are estimated at
approximately $0.41/1000 gallons. For the demonstration desalination project to have no financial
impact on the BWA, a subsidy would be required to hold the cost of water from the desalination
project to approximately $1.21/1000 gallons. Included in this cost would be the charge for
desalinated water from the plant, liquidation of the capital cost of the pipeline from the desalination
plant to Lake Jackson, pumping, storage, and the cost of compensating the BWA and its customer
cities for stranded investment. The remaining $0.41/1000 gallons would be required by the BWA to
liquidate the capital costs of the existing water distribution piping and appurtenant storage and
pumping and for operation and maintenance costs.

At a unit cost of $1.21/1000 gallons and an estimated water delivery quantity of 9.2 MGD, the
annual cost to the BWA cannot exceed $4,063,200. The annual charges for the seawater desalination
project would be $12,025,300. In order to proceed, the demonstration project will need an annual
operating subsidy of $7,962,100, or about $2.37/1000 gallons. The subsidy would be required as
long as the cost of desalinated water is more than that for non-desalinated alternatives. The need
for and the amount of a subsidy should be evaluated biennially. As desalination technology
improves, the unit cost of desalinated water should decrease.

The benefits of seawater desalination have warranted operating subsidies in other states. For the 25
MGD facility at Tampa Bay, the State of Florida set aside an amount equal to 90 percent of capital
costs, up to a maximum amount of $85 million. For the projected $2.08/1000 gallons cost of
desalinated water, an initial subsidy of $0.50 to $0.60/1000 gallons was proposed to yield a net
price of $1.50/1000 gallons for wholesale desalinated water. California has entered into agreements
for annual subsidies of up to $250/acre-foot. The federal government is considering bipartisan
legislation to provide subsidies up to $0.62/1000 gallons to partially offset power costs required to
operate desalination facilities. These subsidies are being considered because of the benefits that the
general public enjoys from the use of desalinated water.
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“It is not a matter of whether saltwater will one day be used as an abundant source of public
use, but of when. As a people, we must have the courage to look into the future and invest today
in a better tomorrow. There is no greater source of untapped water than the ocean water which
Texas can easily access.”
Governor Rick Perry put this vision into action in April 2002 by directing the Texas Water
Development Board (TWDB) to develop a recommendation for a demonstration seawater

desalination project. TWDB solicited Statements of Interest and then ranked proposals based on
certain screening criteria. In order of importance, the criteria are:

¢ need/potential benefit;

e demonstration value of the proposed project;

e siting advantages/benefits;

e State/regional/local support for the project; and
e project cost.

After an intense process of reviewing proposals, TWDB awarded $500,000 planning grants to three
projects, all located on the Gulf of Mexico, for in-depth study. They are:

e Freeport Seawater Desalination Project, presented jointly by the Brazos River Authority and
Poseidon Resources, Inc.;

e Brownsville Demonstration Seawater Desalination Project, presented by the Brownsville
Public Utilities Board and the Port of Brownsville; and

e Corpus Christi Demonstration Seawater Desalination Project, presented by the City of Corpus
Christi.

In its December 2002 Report of Recommendations to Gov. Perry, TWDB noted that “of the three selected
projects, the Freeport project appears to be the most feasible at this time on which to begin permitting

and design activities. . . . Additionally, of the three projects, the Freeport project appears to be the
more developmentally advanced project and, therefore, potentially closer to implementation.”

1.1 About the Freeport Project

The Freeport Seawater Desalination Project is proposed as a public-private partnership between the
Brazos River Authority (BRA) and Poseidon Resources.
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The BRA, created by the Texas Legislature in 1929, was the first state agency in the United States
established specifically for the purpose of developing and managing the water resources of an entire
river basin. Today, the BRA’s staff of more than 280 develop and distribute water supplies, provide
water and wastewater treatment, monitor water quality, and pursue water conservation through
public education programs. The BRA provides water supply and services to a 42,000 square mile
region that stretches from the Texas-New Mexico border west of Lubbock to the Gulf of Mexico at
Freeport.

Poseidon Resources is a private company that develops and invests in water projects throughout
North America. Poseidon’s innovative approach to project development, financing, asset
management, and community outreach makes the company a leader in the field of water resources
development. Poseidon Resources is a leading proponent of water and wastewater infrastructure
projects using public-private partnerships, including the nation’s largest seawater desalination
project in Tampa Bay, Florida, as well as two large-scale desalination projects in Carlsbad and
Huntington Beach, California. In the last 10 years alone, Poseidon’s management team has
structured, arranged, invested in, and completed more than $2.8 billion in financing for major public
and private sector projects.

Poseidon Resources has partnered with the BRA to evaluate the feasibility of a regional desalination
plant in the Freeport, Texas area. The proposed desalination project will be located within the
existing Dow Chemical Company complex with convenient access to existing power supplies and
other infrastructure. In this partnership, Poseidon Resources will be responsible for funding
development of the plant and for permitting, designing, building, and operating the facility. The BRA
will be responsible for purchasing potable water under a long-term supply contract and serve as a
wholesale water provider.

The project will serve customers within an area encompassed by the Route 288 Corridor in Brazoria
County, and northeast Fort Bend County, an area that is rapidly growing as the greater Houston area

moves south. As growth continues, water resources will become scarce as groundwater use is being
curtailed and there is limited availability of surface water rights.

1.2 Scope of Work

The BRA has contracted with CDM, a national engineering consulting firm with offices throughout
Texas, to evaluate the feasibility of developing the Freeport desalination plant to provide the
planning area with an alternative source of potable water.
The scope of work carried out in this project included:

e Projecting population growth and future water demands in the study area;

e Evaluating available water supplies, both groundwater and surface water, in the project area;

¢ Quantifying water deficits by water user group;

e Identifying potential customers for the project;
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e Assessing infrastructure and conveyance requirements for transporting desalinated seawater
to end users; and

¢ Developing and comparing costs and benefits of desalination to other water supply options.

Throughout the study, stakeholders played important roles in providing information and feedback.
Communities, policy makers, and water suppliers throughout the project area have expressed
support for the project as a crucial element to long-range water planning. Appendix A includes
resolutions and letters of support for the project.

This report presents the results of the data analyses and evaluations. It also includes
recommendations for turning project plans into an economically viable reality.

1.3 Public Participation & Outreach

Throughout the study, stakeholders played important roles in providing information and feedback
that helped ensure accurate analyses and sound recommendations. In addition to one-on-one
contacts and discussions with water suppliers and water users, the study team held a series of public
meetings at regular intervals to keep communities informed on the progress of the project and results
of the analyses. Senior officials and technical staff from the BRA, Poseidon, and CDM attended each
meeting. Invitations to the meetings were mailed to names on an extensive database compiled by the
BRA. In addition, press advisories were sent to all media in the study area in advance of the
meetings.

Initial “kick-off” meetings were held November 18, 2003, in Lake Jackson and in Pearland. Those
meetings presented general information about the project, reviewed on-going development activities
including the reverse osmosis (RO) desalination technology, detailed methods being used to
determine the service area for the proposed project, and summarized the project scope and schedule.

Progress meetings were held March 1, 2004, in Lake Jackson; July 7, 2004, in Angleton; and October 7,
2004, in Lake Jackson. The March meeting focused on population and water demand projections,
current regional water production capacities, and water quality issues. The July meeting featured
presentations on specific water needs by community, options for meeting needs, and the costs of
providing water. The October meeting, held after the Draft Report was submitted to the TWDB on
August 31, 2004, focused on the preliminary results and recommendations of the study.

All meetings provided opportunity for public questions and comments and for individual discussion
with members of the study team. Summaries of points raised at each meeting are provided in
Appendix B.

The BRA designed a special section on its website to post and update information about the project:
www.brazos.org/Freeport_Desal/FreeportDesal.asp. The study team also developed a four-page
brochure that concisely answered common questions about the project. This brochure was
distributed at all meetings and made available on the website. A copy of the brochure is provided in
Appendix B.
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1.4 Organization of This Report

The remainder of this report is organized as follows:

Section 2:

Section 3:

Section 4:

Section 5:

Section 6:

Section 7:

Section 8:

Section 9:

Population and Water Demand Projections. This section describes how the
population for the service area was determined using TWDB data, Houston-Galveston
Area Council data, and population data from individual cities. Section 2 also presents
per capita water use and average day and maximum day water demands by utility.

Inventory of Existing Water Supplies. Section 3 documents the available
groundwater capacity and the impact of new Fort Bend Subsidence District rules on
future capacity. Existing surface water capacity and surface water contracts are
presented. Finally, the impact of existing and proposed drinking water quality rules
on water availability is discussed.

Water Deficits. Section 4 presents water deficits by water utility based upon projected
water use and available water supply.

Basis of Water Pricing and Economic Analysis. This section presents basic cost
information that is used in subsequent net present value analysis and unit cost models.

Plan for Providing Desalinated Water. Section 6 presents five desalinated seawater
options for the service area. Included in this section is the amount of desalinated
seawater that could be used under each option and the infrastructure required to
deliver desalinated seawater to the end users.

Alternatives to Desalination. Many of the utilities in the service area use
groundwater. As new groundwater rules force these utilities to seek other water
supply options, it is important to establish what these utilities will be paying for their
new water supplies to allow a fair comparison with the desalinated water supply
options.

Economic Comparison of Water Supply Alternatives. Section 8 presents net present
value information and unit costs for each desalinated water option and the non-
desalinated water alternative.

Recommendations and Implementation Plan. This section details the
recommendations on implementing the most feasible water supply option, the steps
required to fully implement the recommended option, and discussion of financial
assistance that may be required to allow the desalination demonstration facility to
proceed.
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Population and Water Demand Projections

To address the future water needs of the study area, the population growth and expected changes in
water use rates must be determined. This section describes the methodology used in developing
projected water demands for the users. As part of this evaluation, average day and maximum day
demands were estimated to ensure communities were provided sufficient infrastructure to meet
demands throughout the year.

2.1 Population Projections

A key task in this study was to determine and geographically distribute population and demand
projections within the study area at 10-year increments throughout a 50-year planning horizon (from
2010 throughout year 2060). The study used projections approved by the Texas Water Development
Board (TWDB) as a basis for the population projections. This section details the data processing steps
used to spatially distribute those projections across the study area shown in Figure 2-1.
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Figure 2-1
Area Used in Projecting Populations
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This analysis used TWDB data as the primary source for population projections, but as TWDB groups
rural areas into one designation for each county, additional steps were required to distribute these
population projections into discreet areas and water user groups. To achieve this distribution,
Houston-Galveston Area Council (HGAC) data were used to geographically distribute this rural
population into Regional Analysis Zones (RAZ) throughout the county. Additionally, efforts were
made to incorporate projections developed by individual cities where such data were available.

2.1.1 TWDB Population Projections

In 2003, the TWDB published approved population and water demand projections for the State of
Texas. The projections are done on a county basis, with each county divided into urban and rural
portions. The urban population is further subdivided into water user groups! (WUGs), and
projections for each individual WUG determined. The remaining county population (the rural
portion or what is called “County-Other”) was calculated as the difference between the total county
population and the total urban population. A few exceptions to the WUG designation published in
the Region H Water Plan were taken into account in this study. These exceptions are summarized as
follows:

e Palmer Plantation MUD 2 and First Colony MUD 9 were originally distinct WUGs. However,
because these MUDs are located within the City of Missouri City, projections for these two
MUDs have been included in the projections for Missouri City.

e Brazoria County MUD 6 narrowly missed the threshold for being defined as a WUG for 2000.
However, MUD 6 met the criteria sometime in 2001. Therefore, with TWDB concurrence,
MUD 6 was designated as a WUG for this study. The MUD 6 growth rate was taken as the
average of Brazoria County MUDs 1 through 5 with a maximum population as indicated on
its MUD application to the Texas Commission on Environmental Quality (TCEQ).

e Brazoria County MUDs 1 through 6 all are to be annexed by the City of Pearland by the year
2012. These annexations were accounted for at the appropriate planning stage.

e Sienna Plantation MUD 2 is to be annexed by the City of Missouri City, most likely within the
next six years. This annexation was accounted for at the year 2010 planning stage.

Table 2-1 shows the WUGs within the study area by county and their 2000 population estimates.

1 A city that serves 500 or more people per year or a district that produced an annual average of 250,000 gallons per day of water for

municipal use in 2000 (approximately 280 acre-ft/ year).
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TABLE 2-1 TWDB WATER USER GROUPS IN THE STUDY AREA

BRAZORIA COUNTY FORT BEND COUNTY

WATER USER GROUP 2000 Pop. WATER USER GROUP 2000 Pop.
Alvin 21,413 Arcola 1,048
Angleton 18,130 Orbit Systems Inc 144
Bailey's Prairie 694 Fort Bend Co MUD 2 8,308
Orbit Systems Inc 3,746 Fort Bend Co MUD 23 2,961
Brazoria 2,787 Houston 33,360
Brazoria Co MUD 1 4,110 Kingsbridge MUD 4,547
Brazoria Co MUD 2 2,838 Meadows Place 4,912
Brazoria Co MUD 3 2,727 Missouri City 55,381
Brazoria Co MUD 4 3,438 Sienna Plantation MUD 2 2,763
Brazoria Co MUD 5 4,743 Stafford 15,371
Brazoria Co MUD 6 2,241 Sugar Land 63,328
Brookside Village 1,960 County-Other 44,339
Clute 10,424
Danbury 1,611
Freeport 12,708
Hillcrest Village 722
Holiday Lakes 1,095
Iowa Colony 804
Jones Creek 2,130
Lake Jackson 26,386
Manvel 3,046
Oyster Creek 1,192
Pearland 35,696
Richwood 3,012
Southwest Utilities 597
Surfside 763
Sweeny 3,624
Varner Creek Utility Dist 1,850
West Columbia 4,255
County-Other 65,266

2.1.2 Houston Galveston Area Council Projections

In this study, population projections were necessary to determine the location and quantity of future
water demands for the purposes of locating and sizing water delivery pipelines. Therefore, the
geographic distribution of the projections was just as important as the projections themselves. Spatial
distribution for the WUGs was accomplished using the TWDB projection data alone; however, the
County-Other portion of the projections is spread across the entire county. In Fort Bend? and Brazoria
counties, County-Other currently makes up 13 percent and 27 percent of the population, respectively.
In 2060, County-Other is projected to make up 33 percent and 20 percent of Fort Bend and Brazoria
counties, respectively. In order to appropriately locate the water demands in the study area,
geospatially distributed population projections published by the Houston-Galveston Area Council
(HGAC) were used to more definitively target the locations associated with County-Other.

2 Percent of Fort Bend County total. This study does not include all of Fort Bend County.
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HGAC released its 2025 Regional Growth Forecast in May 2003. This publication contains population
projections at multiple planning stages through 2025. The projections encompass the eight-county
Houston Consolidated Metropolitan Statistical Area, which includes Brazoria and Fort Bend counties.
As part of its forecast, HGAC projected population in groups of census blocks, commonly termed
Regional Analysis Zones (RAZs). Brazoria County contains 14 RAZs; Fort Bend County has 15.
Figure 2-2 shows the RAZs in Brazoria and Fort Bendcounties. The HGAC population projections are
provided in Appendix C.

GULF OF
MEXICO

D

Figure 2-2
Regional Analysis Zones in Brazoria and Fort Bend Counties

The HGAC developed projections under both moderate and aggressive growth scenarios. Table 2-2

compares HGAC and TWDB projections for Fort Bend and Brazoria counties. Aggressive growth
scenarios were more consistent with TWDB projections and, consequently, were used in this study.
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TABLE 2-2 HOUSTON-GALVESTON AREA COUNCIL POPULATION PROJECTIONS

2000 | 2010 2020 2030
TWDB 241,767 | 285850 | 331,731 | 375,664
BRAZORIA : : : :
COUNOTY HGAC-Moderate 241,769 | 277,254 | 303548 | 338,000
HGAC-Aggressive 241,769 | 279,049 | 316,209 | 358,000
TWDB 354,452 | 490,072 | 630,624 | 802,486
FORT BEND : : : :
C%UNTFQ{N HGAC-Moderate 354,459 | 507,259 | 629,380 | 763,000
HGAC-Aggressive 354,459 | 507,259 | 661414 | 824,000

Using HGAC projections required two data processing steps. First, the planning horizons were
adjusted to match those of the TWDB. HGAC projections were provided at the following years: 2000
(Estimate), 2007, 2015, 2022, and 2025, while TWDB projections were provided at 10-year increments
from 2010 to 2060. Second, HGAC projections were extrapolated to the year 2060 to match the TWDB
planning horizon. Each of these steps is described in more detail below.

HGAC projections at 2010, 2020, and 2030 were determined by calculating the annual growth rate
using projections before and after the target year. The calculated growth rate was then used to
determine the population at the target year.

To extrapolate RAZ projections to 2060, TWDB annual growth rates for the years 2030-2060 were
used to estimate a RAZ growth rate beyond 2030. This was done by determining the area-weighted
average annual growth rate for each WUG within each RAZ. The resulting average annual growth
rate was then used to calculate a total RAZ population for each planning horizon.

2.1.3 City Population Projections
The cities of Pearland, Lake Jackson, and Sugar Land have projected their respective populations
through master planning studies. These populations are provided in Appendix C.

City of Pearland projections were performed through 2020 and include areas not presently within the
city boundaries, such as planned annexations. The City of Lake Jackson has provided a single
projected population for the year 2020, which includes potential expansions. The City of Sugar Land
has provided a single projected population for the year 2008, which includes only the city limits. In
addition, the Greater Fort Bend Economic Development Council (EDC) has provided population
projections for the year 2008 for the cities of Missouri City, Stafford, and Sugar Land. These
additional projections were compared to TWDB projections for their respective WUGs, as shown in
Figure 2-3. As indicated in Figure 2-3, TWDB, individual city, and/or Greater Fort Bend EDC
projections for Sugar Land, Missouri City, and Stafford are generally consistent. However,
significant differences are observed between TWDB projections and those from the cities of Pearland
and Lake Jackson.

Local knowledge of potential growth is key to developing accurate population projections.
Accordingly, population from County-Other was re-allocated and added to TWDB projections for
Pearland and Lake Jackson to match the projections provided by those cities. Details of this re-
allocation are discussed in Section 2.2.2.
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3 Both City of Pearland projections include planned annexations of Brazoria County MUDs 1 through 6.

Comparison of TWDB and Alternative Projections
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2.2 Geographically Locating Population

2.2.1 Water User Groups

This study uses the population projections to determine the location and quantity of future water
demands for the purposes of locating and sizing water delivery pipelines. This also requires
determining the boundaries associated with the projections for each planning horizon. The existing
boundaries of most WUGs were defined by city limits, extraterritorial jurisdiction (ETJ) limits, and
utility district boundaries. For future boundaries, the following cities were contacted to determine if
any annexations and/or expansions were planned:

e Freeport e Pearland

o Lake Jackson o Alvin

e Angleton e Sugar Land

e Oyster Creek e Missouri City

o Jones Creek o  West Columbia
e Manvel

Where information was available, future annexations and/or expansions were included when
defining the boundaries of each WUG. Table 2-3 summarizes the future annexations and/or
expansions incorporated into the projections used in this study. The year 2000 and year 2060 WUG
boundaries are shown in Figures 2-4 and 2-5, respectively.

TABLE 2-3 FUTURE ANNEXATIONS AND EXPANSIONS

City ' Annexation or Expansion Approximate Year Source

Pearland Brazoria County MUD 1 2006 Pearland
Brazoria County MUD 2 2008 Planning
Brazoria County MUD 3 2009 Department
Brazoria County MUD 4 2012
Brazoria County MUD 5 2005
Brazoria County MUD 6 2011

Missouri City | All Sienna Plantation MUDs | 2005 — 2013 Missouri City
Riverstone Area Unknown Planning

Department

2.2.2 County - Other

Once the RAZ population projections were adjusted to match the TWDB planning horizons, HGAC
RAZs were used to better define the location of TWDB County-Other populations.

First, the boundaries associated with WUGs were intersected with the RAZ boundaries using ArcGIS
software. This step split WUGs along RAZ boundaries. The WUG populations were then
proportioned into each RAZ based upon area. This process is illustrated in Figure 2-6.
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Splitting Water User Groups Within Regional Analysis Zones

For each RAZ, the total population within the WUGs was determined. The example shown above
totals the population contributed by Lake Jackson, Angleton, Bailey’s Prairie, and Holiday Lakes
within the RAZ. This population represents the portion in the TWDB’s WUGs. The remaining
RAZ population is therefore the County-Other portion of the population within the RAZ. This
process is illustrated in Figure 2-7.

In some cases, the total WUG population within a RAZ as indicated by the TWDB was greater
than the total for that RAZ, resulting in a population deficit for the RAZ. For each planning
horizon, this population deficit was proportioned across all RAZs based upon area.

Finally, population from County-Other was re-allocated and added to TWDB projections for
Pearland and Lake Jackson to match the projections provided by those cities. The population was
withdrawn from each County-Other RAZ, based upon the original proportion determined to be
in the RAZ using the method described above. The advantages of this step are as follows:

e The Brazoria County totals will match those of the HGAC projections for each planning
horizon. For Fort Bend County, totals for the RAZs within the study area will match HGAC

projections at each planning horizon.

e The study will match the city projections provided by Pearland and Lake Jackson while
simplifying overall data processing.
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Figure 2-7
Determination of County — Other Within RAZ

e As the study area grows, many of the cities are likely to annex land, which will have the effect
of increasing the portion of urban population. Shifting some rural population into urban areas
in northern and southern Brazoria County (Lake Jackson and Pearland) approximates this
process of urbanization in a regionally unbiased manner. Consequently, water delivery
facilities, identified as part of this study, will be better suited for likely urbanization.

This methodology resulted in population projections for County-Other, City of Pearland, and
City of Lake Jackson that differ from those published by the TWDB. Figure 2-8 compares the
differing projections and shows the difference between the County-Other projections as a
percentage of the total county population.
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Figure 2-8
Comparison of “County-Other” Populations

2.3 Population Projections and Maps

The population projections for WUGs in the study area are listed in Table 2-4. For comparison
purposes, the projections determined by entities other than the TWDB are shown in bold and
italics. These are the projections used in this study. Figures 2-9 and 2-10 show the spatial
distribution of population for the years 2000 and 2060, respectively.

24 Water Demand Projections

TWDB approved in February 2004 a set of average day per capita municipal water demand
projections to be used for the 2006 regional water plan. These projections do not include the
planned annexations in Pearland and Missouri City (see Section 2.1.1). The water use projections
were adjusted to accommodate for these planned annexations by determining the population-
weighted average water use. The final per capita average day municipal water demand
projections used in this study are listed in Table 2-5, which also notes water demands associated
with a planned annexation. Average day water demands by WUGs and County-Other RAZs are
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itemized in Table 2-6 and are shown in Figures 2-11 and 2-12 for the years 2000 and 2060,
respectively.

The water demands were used to plan water delivery systems in subsequent tasks of this study.
Fluctuations in water use must be considered when planning such systems; therefore, maximum
day demand factors were determined based upon usage patterns reported in the TCEQ annual
Compliance Evaluation Investigation. The proposed maximum day demand peaking factors for
each WUG are listed in Table 2-7. Maximum day peaking factors could not be determined in
some cases. For example, County-Other WUGs, Orbit Systems, and Southwest Utilities are not
centralized water suppliers. Other reasons include situations where a significant portion of the
WUG is served by private water wells or no water demand data were reported on the TCEQ
Compliance Evaluation Investigation. In these cases, the average of the known maximum day
factors were used and is indicated in bold for each of these WUGs.
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TABLE 2-4 POPULATION PROJECTIONS

WATER USER GROUP 2000 2010 2020 2030 2040 2050
BRAZORIA COUNTY (COP = City of Pearland)
Alvin 21,413 23,231 25,123 26,935 28,605 30,375 32,223
Angleton 18,130 18,951 19,805 20,623 21,377 22,176 23,010
Bailey's Prairie 694 744 795 844 889 938 988
Orbit Systems Inc 3,746 4,717 5,728 6,696 7,589 8,535 9,523
Brazoria 2,787 2,845 2,906 2,964 3,017 3,074 3,133
Brazoria County MUD 1 4,110 COP COP COP COP COP COP
Brazoria County MUD 2 2,838 COoP COP COP COP COP COP
Brazoria County MUD 3 2,727 COP COP COoP COP COP COP
Brazoria County MUD 4 3,438 3,438 COP COP COP COP COP
Brazoria County MUD 5 4,743 COP COP COP COP COP COP
Brazoria County MUD 6 2,241 4,009 COP COP COP COP COP
Brookside Village 1,960 2,282 2,618 2,939 3,235 3,549 3,877
Clute 10,424 11,217 12,043 12,834 13,563 14,335 15,141
Danbury 1,611 1,747 1,888 2,023 2,148 2,280 2,418
Freeport 12,708 15,794 19,006 22,082 24,917 27,922 31,059
Hillcrest Village 722 744 767 789 810 832 855
Holiday Lakes 1,095 1,141 1,189 1,235 1,278 1,323 1,370
lowa Colony 804 911 1,022 1,129 1,227 1,331 1,440
Jones Creek 2,130 2,130 2,130 2,130 2,130 2,130 2,130
Lake Jackson — TWDB 26,386 29,383 32,502 35,488 38,241 41,159 44,205
Lake Jackson/City of Lake Jackson 26,386 31,665 38,000 41,491 44,710 48,121 51,683
Manvel 3,046 3,046 3,046 3,046 3,046 3,046 3,046
Oyster Creek 1,192 1,424 1,666 1,897 2,110 2,336 2,572
Pearland - TWDB 35,696 85,789 | 121,404 | 146,461 | 167,815 | 190,423 | 214,011
Pearland — City of Pearland 37,640 | 106,895 | 144,453 | 174,268 | 199,676 | 226,576 | 254,642
Richwood 3,012 3,244 3,486 3,717 3,930 4,156 4,392
Southwest Utilities 597 632 668 703 735 769 804
Surfside 763 889 1,020 1,146 1,262 1,385 1,513
Sweeny 3,624 3,895 4,177 4,447 4,696 4,960 5,236
Varner Creek Utility Dist 1,850 2,341 2,852 3,341 3,792 4,270 4,769
West Columbia 4,255 4,158 4,057 3,960 3,871 3,777 3,678
County-Other TWDB (Incl
Reallocation) 65,266 61,157 69,005 77,326 84,965 93,088 | 101,592
County-Other (HGAC) 65,427 32,073 34,140 23,084 22,408 23,001 23,437
FORT BEND COUNTY (COMC = City of Missouri City)
Arcola 1,048 2,500 2,750 3,025 3,328 3,661 4,026
Orbit Systems Inc 144 163 183 207 232 264 301
Fort Bend Co MUD 2 8,308 9,792 9,792 9,792 9,792 9,792 9,792
Fort Bend Co MUD 23 2,961 5,968 9,084 12,895 16,813 21,952 27,824
Houston 33,360 39,890 46,657 54,931 63,439 74,596 87,345
Kingsbridge MUD 4,547 6,371 8,262 10,574 12,952 16,070 19,633
Meadows Place 4,912 4,912 4,912 4,912 4,912 4,912 4,912
Missouri City 47,419 82,425 | 103,601 | 122,617 | 141,918 | 155,313 | 186,508
Sienna Plantation MUD 2 2,763 COoMC comMC COoMC coMC CoMC CcoMC
Stafford 15,371 23,026 30,959 40,659 50,633 63,714 78,661
Sugar Land 63,328 72,500 72,500 72,500 72,500 72,500 72,500
County-Other (TWDB) Entire
County 44,339 72,626 | 128,876 | 204,565 | 282,622 | 396,970 | 511,758
County-Other (HGAC) Study Area 17,338 29,777 80,642 | 104,848 | 138,074 | 183,044 | 219,302
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Population and Water Demand Projections

TABLE 2-5 AVERAGE DAY MUNICIPAL PER CAPITA WATER DEMAND PROJECTIONS

(GALLONS PER CAPITA PER DAY)

Water User Group 2000 2010 2020 2030 2040 2050 2060
Alvin 124 120 117 114 111 110 110
Angleton 102 99 95 92 89 88 88
Bailey's Prairie 111 108 104 100 98 97 97
Brazoria 92 88 85 82 78 77 77
Brazoria County MUD 1 104 COP COP COP COP COP COP
Brazoria County MUD 2 209 COP COoP COoP COP COP COoP
Brazoria County MUD 3 113 COP COoP COP COP COP COP
Brazoria County MUD 4 154 150 COP COP COP COP COP
Brazoria County MUD 5 133 COP COP COP COP COP COoP
Brazoria County MUD 6 143 138 COP COoP COP COP COP
Brookside Village 109 104 101 98 96 95 95
Clute 97 94 90 88 85 84 84
County-Other (Brazoria) 224 220 217 215 212 211 211
Danbury 112 108 105 102 99 98 98
Freeport 112 107 103 101 99 98 98
Hillcrest Village 153 150 147 143 140 139 139
Holiday Lakes 76 72 68 65 62 61 61
lowa Colony 111 106 103 100 98 97 97
Jones Creek 44 41 38 35 32 30 30
Lake Jackson 127 122 119 116 114 113 113
Manvel 107 104 101 98 95 93 93
Orbit Systems Inc 87 82 79 77 76 75 75
Oyster Creek 109 104 101 99 97 96 96
Pearland* 134 129 129 127 126 126 126
Richwood 90 86 83 80 77 76 76
Southwest Utilities 105 100 98 95 94 92 92
Surfside Beach 173 169 165 163 161 160 160
Sweeny 143 139 136 133 130 129 129
Varner Creek Utility District 142 137 134 132 131 130 130
West Columbia 120 116 113 110 107 105 105
Arcola 149 144 141 140 138 138 138
County-Other (Fort Bend) 151 146 147 146 143 142 142
First Colony MUD 9 COMC COMC COMC COMC COMC COMC COMC
Fort Bend County MUD 2 142 138 134 132 130 129 129
Fort Bend County MUD 23 102 101 100 100 100 100 100
Houston 159 155 152 149 147 146 146
Kingsbridge Mud 147 142 140 138 136 136 136
Meadows 270 266 262 259 256 255 255
Missouri City® 191.5 186.5 184.5 182.5 181.5 181.5 181.5
Orbit Systems Inc 87 82 78 78 77 74 74
Sienna Plantation MUD 2 171 167 165 165 164 164 164
Stafford 72 67 65 63 62 62 62
Sugar Land 221 216 214 212 211 211 211

COP = City of Pearland

4 Average of Pearland and annexed Brazoria County MUDs.

5 Average of Missouri City and First Colony MUD 9.

COMC = City of Missouri City
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TABLE 2-6 AVERAGE DAY MUNICIPAL
WATER DEMAND PROJECTIONS (MGD)

WATER USER GROUP 2000 2010 2020 2030 2040 2050 | 2060
BRAZORIA COUNTY (COP = City of Pearland)
Alvin 2.66 2.79 2.94 3.07 3.18 3.34 3.54
Angleton 1.85 1.88 1.88 1.90 1.90 1.95 2.02
Bailey's Prairie 0.08 0.08 0.08 0.08 0.09 0.09 0.10
Orbit Systems Inc 0.33 0.39 0.45 0.52 0.58 0.64 0.71
Brazoria 0.26 0.25 0.25 0.24 0.24 0.24 0.24
Brazoria County MUD 1 0.43 COP COP COP COP COP COP
Brazoria County MUD 2 0.59 COP COP COP COP COP COP
Brazoria County MUD 3 0.31 COP COP COP COP COP COP
Brazoria County MUD 4 0.53 0.52 COP COP COP COP COP
Brazoria County MUD 5 0.63 COP COP COP COP COP COP
Brazoria County MUD 6 0.32 0.55 COP COP COP COP COP
Brookside Village 0.21 0.24 0.26 0.29 0.31 0.34 0.37
Clute 1.01 1.05 1.08 1.13 1.15 1.20 1.27
Danbury 0.18 0.19 0.20 0.21 0.21 0.22 0.24
Freeport 1.42 1.69 1.96 2.23 2.47 2.74 3.04
Hillcrest Village 0.11 0.11 0.11 0.11 0.11 0.12 0.12
Holiday Lakes 0.08 0.08 0.08 0.08 0.08 0.08 0.08
lowa Colony 0.09 0.10 0.11 0.11 0.12 0.13 0.14
Jones Creek 0.09 0.09 0.08 0.07 0.07 0.06 0.06
Lake Jackson —
City of Lake Jackson 3.35 3.86 4.52 4.81 5.10 5.44 5.84
Manvel 0.33 0.32 0.31 0.30 0.29 0.28 0.28
Qyster Creek 0.13 0.15 0.17 0.19 0.20 0.22 0.25
Pearland — City of Pearland 5.04 13.79 18.63 22.13 25.16 28.55 32.08
Richwood 0.27 0.28 0.29 0.30 0.30 0.32 0.33
Southwest Utilities 0.06 0.06 0.07 0.07 0.07 0.07 0.07
Surfside 0.13 0.15 0.17 0.19 0.20 0.22 0.24
Sweeny 0.52 0.54 0.57 0.59 0.61 0.64 0.68
Varner Creek Utility Dist 0.26 0.32 0.38 0.44 0.50 0.56 0.62
West Columbia 0.51 0.48 0.46 0.44 0.41 0.40 0.39
County-Other (HGAC) 14.66 7.06 7.41 4.96 4.75 4.85 4.95
FORT BEND COUNTY (COMC = City of Missouri City)

Arcola 1,048 2,500 2,750 3,025 3,328 3,661 4,026
Orbit Systems Inc 0.39 0.45 0.52 0.58 0.64 0.71
Fort Bend Co MUD 2 1.18 1.35 1.31 1.29 1.27 1.26 1.26
Fort Bend Co MUD 23 0.30 0.60 0.91 1.29 1.68 2.20 2.78
Houston 5.30 6.18 7.09 8.18 9.33 10.89 12.75
Kingsbridge MUD 0.67 0.90 1.16 1.46 1.76 2.19 2.67
Meadows Place 1.33 1.31 1.29 1.27 1.26 1.25 1.25
Missouri City 9.08 15.37 19.11 22.38 25.76 28.19 33.85
Sienna Plantation MUD 2 0.47 COMC COMC COMC COMC COMC COMC
Stafford 1.11 1.54 2.01 2.56 3.14 3.95 4.88
Sugar Land 14.00 15.66 15.52 15.37 15.30 15.30 15.30
County-Other (HGAC) Study 2.62 4.35 11.85 15.31 19.74 25.99 31.14
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TABLE 2-7 MAXIMUM DAY FACTORS FOR EACH WATER USER GROUP

Water User Group Max Day Factor Water User Group Max Day Factor \

Alvin 2.23 Holiday Lakes 2.03
Angleton 1.68 lowa Colony 2.23
Arcola 2.23 Jones Creek 2.23
Bailey's Prairie 2.23 Kingsbridge MUD 2.55
Brazoria 1.71 Lake Jackson 2.00
Brazoria County MUD 1 2.23 Manvel 2.04
Brazoria County MUD 2 2.04 Meadows Place 2.23
Brazoria County MUD 3 2.23 Missouri City 2.79
Brazoria County MUD 4 1.45 Brazoria, Orbit Systems Inc 2.23
Brazoria County MUD 5 1.99 Fort Bend, Orbit Systems Inc 2.23
Brazoria County MUD 6 2.23 Oyster Creek 2.97
Brookside Village 2.23 Pearland 1.60
Clute 1.47 Richwood 2.08
Brazoria, County - Other 2.97 Sienna Plantation MUD 2 2.23
Fort Bend, County - Other 2.23 Southwest Utilities 2.23
Danbury 2.23 Stafford 1.66
First Colony MUD 9 2.00 Sugar Land 2.05
Fort Bend County MUD 2 2.31 Surfside Beach 2.07
Fort Bend County MUD 23 3.11 Sweeny 2.23
Freeport 1.58 Varner Creek Utility District 2.42
Hillcrest Village 3.21 West Columbia 1.90

2.5 Non-Municipal Water Demands

Although the focus of this study is on municipal water demands, it is important to consider non-
municipal water demands when managing the total available water supply to a region. Table 2-8
shows the projected non-municipal water demands for Brazoria and Fort Bend County. In Brazoria
County, 99 percent of the projected non-municipal water demand is for irrigation and manufacturing.
While the irrigation demand in Brazoria County is projected to slightly decrease from 2010 through
2060, the manufacturing demand is projected to increase by almost 50 percent.
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TABLE 2-8 NON-MUNICIPAL WATER DEMANDS
Brazoria County 2010 2020 2030 2040 2050 2060
Irrigation 135,033 123,115 118,544 115,788 115,788 115,788
Livestock 1,614 1,614 1,614 1,614 1,614 1,614
Manufacturing 260,239 286,554 309,841 333,348 354,093 379,241
Mining 4,104 4,502 4,737 4,969 5,201 5,419
Steam Electric 0 0 0 0 0 0
Total Brazoria Co. = 400,990 415,785 434,736 455,719 476,696 502,062
Fort Bend County 2010 2020 2030 2040 2050 2060
Irrigation 53,455 53,455 53,455 53,455 53,455 53,455
Livestock 1,171 1,171 1,171 1,171 1,171 1,171
Manufacturing 6,863 7,199 7,468 7,685 7,829 7,410
Mining 3,010 3,070 3,105 3,138 3,169 3,196
Steam Electric 66,026 68,046 79,553 93,582 110,682 131,527
Total Fort Bend Co. = 130,525 132,941 144,752 159,031 176,306 196,759
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This section details the total available water capacity for each water user group (WUG) in the study
area based upon existing infrastructure, current contracts, future groundwater subsidence rules, and
water quality limitations. The section specifically addresses:

Data used to determine available water capacities;

A summary of current and future water quality issues;

Effect of Fort Bend Subsidence District rules on groundwater availability;
Assumptions made during estimation of water capacities; and

Total available water capacity by WUG.

The potable water capacity of the study area totals approximately 250 MGD, as determined by the
current maximum capacity of well and surface water treatment facilities. Wells currently contribute
approximately 95 percent of the potable water capacity in the study area.! The Brazosport Water
Authority’s (BWA) surface water treatment plant contributes the remaining five percent through
wholesale treated water contracts. The Gulf Coast Water Authority (GCWA) and the City of Houston
have contracts to provide an additional 56.5 MGD of wholesale surface water to entities in the study
area. However, only 3 MGD of water under contract with the City of Houston currently is being used
by these entities. The two sources of water - groundwater and surface water contracts - were
evaluated for each water user group in the study area.?

3.1 Water Use Assumptions

The amount of a given water supply available to a community is dependent upon multiple factors,

including;:
e The environmentally sustainable yield of the supply;
e Contractual restrictions associated with a water supply;
e The quality of the water supply and effectiveness of treatment; and
¢ Demand fluctuations and associated water system operations.

Each of these issues is discussed in more detail in the following sections. In general, this study
assumed contracted surface waters and desalinated water would be used at a constant rate (daily and
annually), and groundwater would be used for peaking in the summer months. Communities would
moderate diurnal fluctuations through local storage. This ideal annual pattern is depicted in

Figure 3-1.

! Includes operating, demand (or peaking), and emergency groundwater wells.
2 Water conservation can also be a water source. The per capita water demands used in this study (published by TWDB) include projected
conservation efforts. See Table 2-5.
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This assumption is generally consistent with the way existing surface water contracts are currently
exercised or would be exercised in the future. However, there is some discrepancy in the way various
communities interpret existing surface water contracts. Different interpretations may result in
deviations from the availability of supplies reported in this study.

Groundwater

for Peaking
_Avgnaynemand ‘=_‘—Z—-——--- -_— e = =

Water Use

Figure 3-1
Annual Water Use Pattern

3.2 Groundwater Capacity

3.2.1 Well Capacity

Well capacities were determined with information from a database of all drinking water wells
maintained by the Texas Commission on Environmental Quality (TCEQ). Data were received in both
GIS and tabular format.

The total current well capacity within a WUG3 was determined by summing the well capacities in the
TCEQ database for operating, demand, and emergency wells. These data were summed by location
using GIS software. The results then were compared to those capacities reported by each WUG in
TCEQ Compliance Evaluation Investigations (CEI). The TCEQ Compliance Evaluation Investigations
are contained in Appendix D. In some cases, the well capacities reported in the CEI were used as
opposed to the sum of the individual well capacities. For WUGs with a significant number of
private, non-regulated wells, year 2000 maximum day demand was used to represent maximum well
capacity. (See Table 2-7 for maximum day peaking factors for each WUG.)

Table 3-1 summarizes the current well capacities by WUG. Because Angleton, Clute, Lake Jackson,
Opyster Creek, and Richwood all currently use both wholesale purchased surface water and local
groundwater to meet their water demands, the true well capacity for these WUGs is not known. This
study assumes that their well capacities reflect their 2003 maximum day use.

3 See Section 2 for definition of water user group (WUG).
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TABLE 3-1 WELL CAPACITIES
Compliance | Sum of Well ~ Value
Investigation = Capacities Used
(MGD) (MGD) (MGD)
Alvin 6.8 7.1 7.1
Angleton 5.6 5.5 1.4 Assumed 2003 maximum day use
Arcola 0.2 0.3 0.3 Used capacity consistent with demand
Brazoria 0 0 0
Brazoria County MUD 2 6.1 4.7 6.1 Used capacity consistent with demand
Brazoria County MUD 5 2.4 2.3 2.4
Brazoria County MUD 1 0.0 0.0 0.0
Brazoria County MUD 3 0.0 0.0 0.0
Brazoria County MUD 4 0.0 0.0 0.0
Brazoria County MUD 6 0.05 NA 0.05
Brazoria County - Other 30.6 28.6 28.6
Mostly private wells; assumed capacity
Brookside Village 0.03 0.04 0.5 equal to maximum day demand
Clute 2.1 2.2 0.8 Assumed 2003 maximum day use
Danbury 0.9 0.9 0.9
Ft Bend County - Other 2.5 3.2 3.2
Ft Bend County MUD 2 3.7 3.5 3.5
Ft Bend County MUD 23 2.5 3.5 25 Used capacity consistent with demand
Freeport 0.0 0.0 0.0
Hillcrest Village 0.6 0.6 0.6
Holiday Lakes 0.6 0.5 0.5
Private wells; assumed capacity equal
lowa Colony 0.1 0.1 0.2 to maximum day demand.
Private wells; assumed capacity equal
Jones Creek 0.5 0.5 0.6 to maximum day demand
Kingsbridge MUD 2.6 2.6 2.6
Lake Jackson 5.5 6.7 4.4 Assumed 2003 max day use
Private wells; assumed capacity equal
Manvel 1.2 1.1 5.6 to maximum day demand.
Meadows Place 5.6 54 5.4
Missouri City NA 39.3 39.3
Qyster Creek 1.4 1.4 0.4 Assumed 2003 maximum day use
Pearland NA 19.4 15.8 | Based on conversation with Pearland
Richwood 0.5 0.5 0.4 Assumed 2003 maximum day use
Sienna Plantation MUD 2 0.0 0.0 0.0
Stafford 15.9 16.2 16.2
Sugar Land NA 45.6 45.6
Surfside 0.9 0.9 0.9
Sweeny 1.9 1.9 1.9
Varner Creek Util. Dist. 1.9 1.9 1.9
West Columbia 2.1 2.1 2.1
Total= 201.8 (226,034 acre-ft/year)
Total Brazoria County = 83.2 ( 93,159 acre-ftlyear)

Total Ft. Bend County =  118.6 (132,876 acre-ft/year)
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3.2.2 Groundwater Contracts

Existing treated groundwater contracts are summarized in Table 3-2.

TABLE 3-2 SUMMARY OF EXISTING GROUNDWATER CONTRACTS
Year

Buyer ST Water Type Amount | Ending |
Brazoria County MUD 1 Brazoria County MUD 2 Treated As Needed 2040
Brazoria County MUD 3 Brazoria County MUD 2 Treated As Needed 2040
Brazoria County MUD 6 Brazoria County MUD 2 Treated As Needed 2040
Sienna Plantation MUD 2 | Sienna Plantation MUD 1 Treated As Needed | None

In the process of using these contracted water supplies to accurately determine water deficits, specific
water rates were assigned to “as needed” contract amounts based on the following assumptions:

e Sienna Plantation MUDs 1 and 2: All Sienna Plantation MUDs will be annexed by the City of
Missouri City. Water exchanges that occur within a WUG have no impact on calculating
deficits.

e Brazoria County MUDs 1, 2, 3, and 6: Brazoria County MUD 2 is a master services district,
providing wholesale treated water to Brazoria County MUDs 1, 3, and 6. Unlike the Sienna
Plantation MUDs, MUD 2 serves water to customers inside the district as well as providing
wholesale water to neighboring MUDs. The maximum contracted purchase rate for the
master services agreement for Brazoria County MUDs 1, 2, 3 and 6 was determined by
distributing the total well capacity of MUD 2 across each MUD by population. Table 3-3
indicates the assumed maximum purchase rates for the master services agreement for
Brazoria County MUDs 1, 2, 3, and 6.

TABLE 3-3 PURCHASE RATES FOR BRAZORIA COMUDS, 2,3, AND 6

Production Population Assumed Max.
Capacity (MGD) Served Purchase Rate (MGD)
Brazoria County MUD 1 0 4,122 2.09
Brazoria County MUD 2 6.1 3,402 1.73
Brazoria County MUD 3 0 2,241 1.14
Brazoria County MUD 6 0 2,241 1.14
Totals = 6.1 12,006 6.10

3.2.3 Groundwater Withdrawal Limitations

Fort Bend County

The Fort Bend Subsidence District (FBSD) was established in 1989 to manage groundwater
withdrawal in order to prevent subsidence. In 2004, FBSD adopted a regulatory plan that will limit
groundwater withdrawals in the future. The plan divides Fort Bend County into three areas - Area
A, Subarea A, and Area B - and establishes future groundwater withdrawal restrictions and
compliance deadlines for each. The portion of Fort Bend County included in this water planning
study is Area A. Accordingly, this report references the rules associated with Area A.




Section 3
Inventory of Existing Water Supplies

FBSD Area A rules impact projected available groundwater capacities in Fort Bend County beyond
2010. FBSD currently plans on restricting groundwater withdrawals in Area A at two planning
horizons. By 2013, communities will be required to limit groundwater withdrawals to “no more than
70 percent of total water demand.” By 2025, groundwater withdrawals will be limited to 40 percent of
total water demand. A copy of the adopted FBSD Area A rules is located in Appendix E.

As the Area A rules are currently written, groundwater withdrawal limitations are a function of
demand; there are no rules that prohibit the installation of new groundwater wells. Consequently,
long-term groundwater withdrawals may actually increase relative to existing withdrawals if
demand becomes high enough. The projected demands for this study indicate that groundwater
usage could be increased and still meet the FBSD Area A rules. One possible scenario for this
additional groundwater need is indicated in Table 3-4.

Since the current rules do not indicate maximum withdrawal rates, this study assumed that the
withdrawal limitations cited in the rules would be determined on an annual average basis.
Consequently, it was assumed that communities would install new wells to meet short-term peaking
needs as dictated by their projected maximum day water demands.

Table 3-4 summarizes by planning horizon and WUG the projected maximum groundwater capacity
in Fort Bend County as dictated by FBSD Area A rules. The FBSD rules are based on a planning
period that extends through the year 2030. Based on recent Region H planning discussions,
additional curtailment of the use of groundwater may occur in years beyond 2025 if demands
increase as projected; however, because further reductions in maximum groundwater pumping
within the FBSD beyond the year 2025 are unknown, the study assumes a maximum allowable
pumpage equal to 40 percent of annual average demand through the entire study period. The Region
H Planning Group and the Fort Bend Subsidence district, recognizing that the District’s current rules
allow for increased groundwater withdrawals, have indicated that the rules may be changed to
further restrict groundwater pumping in Fort Bend County as demands increase. This will have the
effect of increasing the need for non-groundwater sources in Fort Bend County, such as desalinated
water.

Brazoria County

The recently formed Brazoria County Groundwater Conservation District is subject to confirmation
through a local election. However, pending confirmation, the District may implement rules
regulating groundwater withdrawals. The most recently published State Water Plan concluded that
there is a “complete utilization” of sustainable groundwater in Brazoria County and that
groundwater therefore should not be used to meet future demands.# Preliminary results from the
groundwater availability modeling (GAM) study to be completed in 2004 also indicate that current
groundwater usage in Brazoria County is at maximum sustainable yield.> Consequently, this study
assumed current groundwater withdrawal rates in Brazoria County represent the maximum
available groundwater capacity.

4 “Task 5 Report: Identification, Evaluation, and Selection of Water Management Strategies.” Region H Water Planning Group. January
2001. Page 15.
5 Conversation with TWDB staff.
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TABLE 3-4 FORT BEND SUBSIDENCE DISTRICT CAPACITY LIMITATIONS®

Sugar Land (PF = 2.05)

Existing GW Capacity =| 45.6 | 45.6 | 45.6 | 45.6 | 45.6 | 45.6 Existing GW Capacity =[ 2.5 | 25 | 2.5 25 | 25 | 25

Average Day Demands =| 15.7 | 15,5 | 154 [ 153 | 15.3 | 15.3 Average Day Demands =| 0.6 | 0.9 1.3 17 | 22 | 28

Subsidence Max.GW Used for Demand =| None [ 70% | 40% | 40% | 40% | 40% Subsidence Max.GW Used for Demand =| None | 70% | 40% | 40% [ 40% | 40%

Minimum Non-GW Source Required =[ 0.0 4.7 9.2 9.2 9.2 9.2 Minimum Non-GW Source Required=[ 0.0 | 0.3 [ 0.8 | 1.0 | 1.3 | 17

Additional GW Needed for Peaking =| 0.0 0.0 0.0 0.0 0.0 0.0 Additional GW Needed for Peaking =| 0.0 0.0 0.0 0.3 1.1 2.0

Total GW Capacity =| 45.6 | 27.2 | 22.3 | 22.2 | 22.2 | 22.2 Total GW Capacity = 2.49 | 1.75 | 2.10 | 2.74 | 3.58 | 4.54

Missouri City (PF = 2.79) Kingsbridge MUD (PF = 2.23) 2010 2020 2030 2040 2050 2060

Existing GW Capacity =| 39.3 | 425 | 425 [ 425 | 425 | 425 Existing GW Capacity=| 2.6 | 26 | 26 [ 26 | 26 | 2.6

Average Day Demands =| 13.9 | 17.3 | 20.4 | 23.7 | 26.1 | 31.5 Average Day Demands =[ 0.9 1.2 15 18 | 22 | 2.7

Subsidence Max.GW Used for Demand =| None [ 70% | 40% | 40% | 40% | 40% Subsidence Max.GW Used for Demand =| None | 70% | 40% | 40% [ 40% | 40%

Minimum Non-GW Source Required =[ 0.0 5.2 12.2 | 142 | 15.7 | 18.9 Minimum Non-GW Source Required=[ 0.0 | 0.3 [ 09 | 1.1 | 1.3 | 16

Additional GW Needed for Peaking =[ 0.0 0.6 2.1 9.4 | 147 | 26.5 Additional GW Needed for Peaking=[ 0.0 | 0.0 | 0.0 | 0.3 1.0 1.8

Total GW Capacity =| 39.3 | 43.1 | 44.6 | 51.9 | 57.1 | 69.0 Total GW Capacity = 2.59 | 2.23 | 2.38 | 2.87 | 3.56 | 4.35

Stafford/WCID No. 2 (PF = 1.66) Meadows Place (PF = 2.23)

Existing GW Capacity =| 16.2 | 16.2 | 16.2 | 16.2 | 16.2 | 16.2 Existing GW Capacity=| 54 | 54 | 54 [ 54 | 54 | 54
Average Day Demands =| 4.3 5.7 7.4 9.2 | 116 | 143 Average Day Demands =[ 1.3 1.3 1.3 1.3 1.3 13
Subsidence Max.GW Used for Demand =| None [ 70% | 40% | 40% | 40% | 40% Subsidence Max.GW Used for Demand =| None | 70% | 40% | 40% [ 40% | 40%
Minimum Non-GW Source Required =[ 0.0 1.7 4.5 5.5 6.9 8.6 Minimum Non-GW Source Required =[{ 0.0 | 0.4 [ 0.8 | 0.8 | 0.8 | 0.8
Additional GW Needed for Peaking =| 0.0 0.0 0.0 0.0 0.0 0.0 Additional GW Needed for Peaking=[ 0.0 | 0.0 | 0.0 { 0.0 | 0.0 | 0.0
Total GW Capacity =| 16.2 | 7.8 7.9 9.7 | 12.3 | 15.1 Total GW Capacity =| 5.43 | 2.48 | 2.07 | 2.05 | 2.04 | 2.04

Arcola (PF = 2.23) Sienna Plantation MUD 2 (PF = 2.23)
Existing GW Capacity =[ 0.3 0.3 0.3 0.3 0.3 0.3 Existing GW Capacity=| 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0
Average Day Demands =| 0.4 0.4 0.4 0.5 0.5 0.6 Average Day Demands=[ 0.0 | 0.0 { 0.0 | 0.0 | 0.0 | 0.0
Subsidence Max.GW Used for Demand =| None [ 70% | 40% | 40% | 40% | 40% Subsidence Max.GW Used for Demand =| None | 70% | 40% | 40% [ 40% | 40%
Minimum Non-GW Source Required =[ 0.0 0.1 0.3 0.3 0.3 0.3 Minimum Non-GW Source Required = 0.0 | 0.0 { 0.0 | 0.0 | 0.0 | 0.0
Additional GW Needed for Peaking =| 0.5 0.4 0.4 0.4 0.5 0.6 Additional GW Needed for Peaking=f 0.0 | 0.0 | 0.0 { 0.0 | 0.0 | 0.0
Total GW Capacity =[ 0.75 | 0.75 | 0.69 | 0.75 ] 0.82 | 0.91 Total GW Capacity = 0.0 | 0.0 | 0.0 | 0.0 [ 0.0 | 0.0

Fort Bend County MUD 2 (PF = 2.23) Fort Bend County - Other (PF =2.23)

Existing GW Capacity =| 3.7 3.7 3.7 3.7 3.7 3.7 Existing GW Capacity=f 3.1 | 0.1 | 0.1 { 0.1 | 23 | 3.8
Average Day Demands =| 1.4 1.3 1.3 1.3 1.3 1.3 Average Day Demands=| 2.0 | 6.4 | 9.2 | 122|174 | 21.3
Subsidence Max.GW Used for Demand =| None [ 70% | 40% | 40% | 40% | 40% Subsidence Max.GW Used for Demand =| None | 70% | 40% | 40% [ 40% | 40%
Minimum Non-GW Source Required =[ 0.0 0.4 0.8 0.8 0.8 0.8 Minimum Non-GW Source Required =[ 0.0 | 1.9 [ 55 | 7.3 | 10.4 ] 12.8
Additional GW Needed for Peaking =| 0.0 0.0 0.0 0.0 0.0 0.0 Additional GW Needed for Peaking =[ 4.3 | 12.4 | 15.0 [ 19.8 | 26.0 | 30.9
Total GW Capacity =[ 3.74 | 2.53 | 2.11 | 2.07 | 2.06 | 2.06 Total GW Capacity =| 7.40 | 12.44]15.08 | 19.84 | 28.33| 34.74
PF = Peaking Factor for Maximum Day Demand GW = Groundwater

¢ Note that Missouri City is planning to eventually annex all of Sienna Plantation, which accounts for the increase in existing GW capacity.



Section 3
Inventory of Existing Water Supplies

3.3 Surface Water Capacity

All surface water in the study area, both used and unused, is delivered through wholesale contracts
with the Brazosport Water Authority (BWA), the Gulf Coast Water Authority(GCWA), or the City of
Houston. These contracts are summarized in Table 3-5.

TABLE 3-5 SUMMARY OF EXISTING SURFACE WATER CONTRACTS
Water Amount
Buyer Seller Type (MGD) Year Ending
City of Angleton BWA Treated 1.8 2027
City of Brazoria BWA Treated 0.3 2027
City of Clute BWA Treated 1 2027
City of Freeport BWA Treated 2 2027
City of Lake Jackson BWA Treated 2 2027
City of Oyster Creek BWA Treated 0.095 2027
City of Richwood BWA Treated 0.235 2027
Fort Bend WCID No. 2* GCWA Raw 10.5 Converts to take or pay in 2006
City of Missouri City* GCWA Raw 15 Converts to take or pay in 2009
City of Pearland* GCWA Raw 10 Converts to take or pay in 2010
City of Pearland City of Houston | Treated 3 None
City of Sugar Land* GCWA Raw 20 Converts to take or pay in 2012
TDCJ Clemens Unit BWA Treated 0.2 2027
TDCJ Wayne Scott Unit BWA Treated 0.2 2027

* Denotes contracts currently not exercised

3.3.1 Brazosport Water Authority (BWA)

Currently, there is one active surface water treatment plant (WTP) in the study area. The BWA owns
and operates a conventional surface WTP with a maximum capacity of approximately 12.5 MGD.
Raw water is withdrawn from the Dow Chemical freshwater canal system, which can be fed through
either Jones Creek or the Buffalo Camp Bayou system. The plant currently provides wholesale water
to nine customers at a total contracted capacity of 7.83 MGD.

The BWA contracts are summarized in Table 3-5. The BWA prefers that its customers do not use
water at a rate higher than the specified contract amount. In reality, BWA customers often use up to
10 percent more than their contracted amount during maximum demand days. For the purposes of
this study, it was assumed that the contracted amount specified could not be exceeded on any given
day, and that, if needed, the BWA surface water could be supplied at the contracted amount year-
round. This study also assumed these contracts would expire in the year 2027.

3.3.2 Gulf Coast Water Authority (GCWA)

Wholesale surface water contracts with the GCWA are of particular importance to water supply in
the northern portion of the study area. The GCWA has contracts for 45.5 MGD of currently unused
surface water with four major cities in this area: Missouri City, Sugar Land, Stafford (WCID No. 2),
and Pearland. These contracts are currently option water contracts, but would convert to take-or-pay
contracts when water is actually used.
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Fort Bend County WCID No. 2 currently provides wholesale water to the cities of Stafford, Missouri
City, Sugar Land, and to unincorporated areas in Fort Bend and Harris counties. If WCID No. 2 were
to exercise its options under the GCWA contract, the water likely would be divided up among its
customers. This study adopts the assumptions documented in the 2002 State Water Plan for allocating
that contract water, as summarized in Table 3-6.

There is some discrepancy in the way various communities interpret the GCWA surface water
contracts. For the purposes of this study, these surface water contracts were assumed to specify
average day amounts that would be supplied at a constant rate, this rate being the specified contract
amount.

TABLE 3-6 ASSUMED PURCHASE RATES FOR FT. BEND COUNTY WCID NO. 2

Ft. Bend Co. WCID 2 Customer  Assumed Portion of GCWA Contract
Missouri City 0.12 MGD
Sugar Land 0.04 MGD
Harris County - Other 0.0178 MGD
Fort Bend County - Other 0.098 MGD
Stafford 10.22 MGD
Total = 10.5 MGD

3.3.3 City of Houston

The City of Pearland currently has a contract with the City of Houston to purchase 3 MGD of
wholesale treated surface water. Pearland is negotiating with the City of Houston to increase the total
water available for purchase to 6 MGD. This study assumes that the 6 MGD contract amount is
available for the City of Pearland. The City of Pearland is also currently negotiating with GCWA for
10 MGD in the City of Houston Southeast Water Purification Plant (SEWPP).”

3.4 Water Quality

Data on the quality of water supplied in the study area were collected and reviewed to determine the
likelihood of current or future water service limitations as a result of poor water quality.

Water quality records for all public water suppliers in the study area were obtained from the TCEQ.
These water quality records are summarized in Appendix F. Data on contaminants were divided into
four categories: organics, inorganics, trihalomethanes (THMs), and haloacetic acids (HAAs). The
years of coverage for each data set are as follows:

Data Set Coverage
Organics 1993 - 2003, with a few isolated samples prior to 1993
Inorganics 1996 - 2003
THM 2002 - 2003
HAA 1991 - 2003

7 The 10 MGD associated the City of Houston’s SEWPP is distinct from the existing 10 MGD option contract between the
City of Pearland and the GCWA.
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The water quality data were evaluated for violations of current primary and secondary EPA drinking
water standards and future regulations. (Upcoming regulations are discussed in Section 3.4.3.) The
State of Texas can adopt primary drinking water standards at least as stringent as those specified by
the EPA. For secondary standards, the State may choose to adopt less stringent standards.
Correspondence between the TCEQ and most public water suppliers also was reviewed for
notifications of water quality violations.

3.4.1 Primary Drinking Water Standards

EPA establishes maximum contaminant levels (MCLs) for primary drinking water contaminants. The
primary drinking water standards “protect drinking water quality by limiting the levels of specific
contaminants that can adversely affect public health and are known or anticipated to occur in
water.”8 The primary standards are legally enforceable, subjecting violators to civil penalties.

Few primary drinking water standards violations were found for public water suppliers in the study
area. Table 3-7 lists those that were identified.

TABLE 3-7 SUMMARY OF PRIMARY STANDARDS VIOLATIONS

No. of

Contaminant Violations Value
Atrazine 1 9.01mg/L | 0.003 mg/L
Fecal Coliform 1 5% /month
Dichloromethane 1 11 mg/L 0.005 mg/L
Dichloromethane 3 10 mg/L 0.005 mg/L | Plant
Trichloroethylene 5 5.3-17 mg/L | 0.005 mg/L | abandoned
1,X-Dichloroethane 1 73mg/L 0.005 mg/L
Uranium 1 32.6 ug/L 30 pg/L
Radium 226 & 228 1 5.1 pCi/L 5pCi/L
Gross Alpha 1 21.8 ug/L 15 pCi/L

The atrazine violation was associated with the BWA and likely resulted from runoff containing
pesticides that contaminated the Buffalo Camp Bayou source water for the BWA’s treatment plant.
The BWA was unaware of the pesticide application. Since then, the BWA has requested notification
of pesticide applications that might affect its source waters so it can switch source water accordingly.

Positive tests for fecal coliforms have been observed in the BWA’s system. However, the positive
tests have not yet resulted in a primary standard violation.

The remaining primary standard violations appear to be sporadic. Therefore, it was concluded that
there are no readily apparent water supply or treatment limitations dictated by primary drinking
water standards.

8 http:/ /www.epa.gov/safewater/standard/setting. html
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3.4.2 Secondary Drinking Water Standards

Secondary drinking water standard contaminants are those associated with cosmetic and aesthetic
effects, such as tooth discoloration, taste, and odor. Secondary standards are established by the EPA
for guidance only and are not enforceable.

Secondary standard violations are frequent and widespread throughout the study area. The
majority of these violations are associated with groundwater supplies. The BWA had two secondary
standard violations on record in the past seven years.

Figure 3-2 shows the number of secondary standard violations per 1,000 people by region within the
study area. As indicated there, secondary drinking water standards violations are most problematic
in the southeastern portion of the study area. Since secondary standards are non-enforceable, it is
difficult to predict to what degree these violations will limit water supply availability in the future.
Public acceptance and cost considerations will likely be balanced in addressing the effect that
secondary standards may have on water availability and treatment. The estimated costs to treat water
supplies within the study area to meet secondary standards are presented in Section 7.

3.4.3 Future Drinking Water Standards

Future drinking water quality standards may impact the extent to which a water supplier can
continue to use its current water source and/or treatment scheme. Consequently, this study
examined available water quality data to evaluate potential limitations associated with future water
quality standards.

Table 3-8 summarizes the future drinking water quality standards used to evaluate water systems. In
many cases, the data required to definitively determine the extent to which water suppliers will have
difficulty meeting future standards are unavailable. These data will be collected as new rules become
imminent.

Despite the lack of data, upcoming rules on arsenic and the Long Term 2 Enhanced Surface Water
Treatment Rule may impact some public water suppliers.

Arsenic Rule

Levels of arsenic greater than 0.01 mg/L have been found in at least two samples each over the last
five years for two entities, and five other smaller water suppliers (less than 500 customers) in the
study area. Another entity also has experienced high levels of arsenic in its drinking water wells;
however, this entity no longer uses its wells for drinking water. Appendix F contains TCEQ data on
finished water quality with arsenic above the proposed regulatory limit of 0.01 mg/L.

For the purpose of ascertaining whether available water capacity would be limited because of
upcoming water quality standards, wells with indications of arsenic levels greater than the proposed
regulatory limit of 0.01 mg/L were considered either unusable or likely to require treatment.
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TABLE 3-8

Rule Name
[Arsenic Rule

FUTURE WATER QUALITY STANDARDS

Short Description
MCL From 0.05 mg/L to 0.01 mg/L

Compliance Date |
January 2006

Radionuclides Rule

Changes in monitoring requirements for currently monitored parameters
Changes in monitoring requirements
No MCL changes for currently monitored parameters

Establishes new MCL of 0.03 mg/L for Uranium

2003, Initial
reporting to be
completed in 2007

[Radon Rule

Establishes new MCL or 300 pCi/L for Radon

Initial monitoring required to determine required continued frequency of
monitoring

Rules differ based upon whether or not states develop multimedia
monitoring programs

Rules are less stringent for smaller water systems (< 10,000 people)

Likely 2004

IGroundwater Rule

Applies to all groundwater systems

Requires sanitary surveys every 3 years for community water systems and
every 5 years for non-community water systems

Hydrogeologic sensitivity assessment required for all groundwater systems
that do not meet 4-log inactivation/removal of viruses

Source water monitoring for sensitive or contaminated systems that do not
have 4-log removal of viruses

Daily compliance monitoring for systems serving < 3,300 people

Continuous compliance monitoring for systems serving >= 3,300 people

Statutory Deadline
2003, Likely 2004

Changes in sampling for TTHM and HAA5

* From running annual avg. to local running annual average

EPA to finalize late

SBt}.,a}i;reoi1 lll)citssinlieﬁ;ion = Highest DBP concentration locations will be used for compliance 2004; Compliance 3-
(DBP) No MCL changes for TTHM and HAA5  years after
promulgation
New peak requirements: 0.1 mg/L for THM; 0.075 mg/L for HAA5
Establishes new MCL of 0.7 mg/L for Chloroform
Long Term 2 Additional monitoring required at various point in treatment process Likely 2005 for large
[Enhanced Surface systems; smaller

Water Treatment Rule

All unfiltered systems must provide at least 99 or 99.9 % inactivation of
cryptosporidium depending on results of monitoring

systems to follow

Contaminant . . .

Candidate List (CCL) 9 CCLs were reviewed in 2003. No new regulations were recommended None
If routine samples are positive, repeat samples are required

Total Coliform Rule Compliance based on presence or absence of total coliform, determined Likely 2008
each calendar month, based on routine and repeat samples

Filter Backwash Rule Requires public water systems to review their recycle practices and to work boo4

with the States to make any necessary changes to recycle practices
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Long Term 2 Enhanced Surface Water Treatment Rule

Depending on results of source water sampling, the BWA may need to modify or enhance the
disinfection capabilities of its surface water treatment plant, such as adding ultraviolet (UV)
disinfection, to meet the requirements of the Long Term 2 Enhanced Surface Water Treatment Rule
(LT2ESWTR). These probable modifications are discussed in more detail in Section 7 of this report.

Groundwater Rule

The upcoming Groundwater Rule may increase operational costs for groundwater-dependent
systems in the study area by requiring increased monitoring. However, the TCEQ already conducts
sanitary surveys every three years. The TCEQ also plans to conduct hydrogeologic sensitivity (HGS)
assessments once the Groundwater Rule takes effect. Once that assessment is complete, an
appropriate sampling schedule will be adopted. In general, the TCEQ indicated that it is too early in
the planning stages to determine the impact of the Groundwater Rule on water suppliers in the study
area.

3.5 Summary

The current available water capacities were evaluated for each WUG in the study area. Two water
sources currently constitute the study area’s water supply: groundwater and wholesale surface water
provided through contracts with the BWA, the City of Houston, and the GCWA. The wholesale
surface water contracted with the GCWA, an average day demand of 45.5 MGD, currently is not
being used.

Three future restrictions to groundwater usage were identified: Subsidence District limitations in Fort
Bend County; upcoming water quality regulations; and unquantified restrictions on increases in
groundwater withdrawals in Brazoria County. The Fort Bend Subsidence District will limit
groundwater pumping in Fort Bend County. A review of finished water quality data concluded that
the upcoming Arsenic Rule may limit the ability of some water suppliers in Brazoria County to
continue to deliver water using their current sources and infrastructure.

Table 3-9 summarizes the maximum available supplies by WUG based upon the current
groundwater infrastructure, existing surface water contracts, Subsidence District limitations, and
water quality limitations.

CDM 313
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TABLE 3-9 SUMMARY OF TOTAL MAXIMUM DAY AVAILABLE WATER SUPPLIES BY PLANNING HORIZON AND WATER USER GROUP
Current Well Surface Water Contract Contract Well Capacity Loss Due Subsidence Rules (Max Total Available Capacity (MGD)
Water User Group (WUG) Capacity (MGD) Amount (MGD) Ending Year  to Arsenic Rule (MGD)  Withdrawal as % of Demand) *° 2030 2040
Alvin 7.10 7.10 7.10 7.10 7.10 7.10 7.10
Angleton 1.44 1.80 2027 3.24 3.24 1.44 1.44 1.44 1.44
Arcola 0.34 60% in 2013; 30% in 2025 0.80 0.75 0.69 0.75 0.82 0.91
Bailey's Prairie 0.17 0.17 0.17 0.17 0.17 0.17 0.17
Brazoria 0.00 0.30 2027 0.30 0.30 0.00 0.00 0.00 0.00
Brazoria County MUD 1 0.00 2.10 2040 COP COP COP COP COP COP
Brazoria County MUD 2 6.13 (4.39)* 2040 COP COP COP COP COP COP
Brazoria County MUD 3 0.00 1.14 2040 COP COP COP COP COP COP
Brazoria County MUD 4 0.02 0.02 COP COP COP COP COP
Brazoria County MUD 5 2.36 COP COP COP COP COP COP
Brazoria County MUD 6 0.05 1.14 2040 1.19 COP COP COP COP COP
Brazoria County - Other 28.61 0.40 2027 3.97 25.04 25.04 24.64 24.64 24.64 24.64
Brookside Village 0.48 0.48 0.48 0.48 0.48 0.48 0.48
Clute 0.75 1.00 2027 1.75 1.75 0.75 0.75 0.75 0.75
Danbury 0.88 0.88 0.00 0.00 0.00 0.00 0.00 0.00
Fort Bend County MUD 2 3.74 60% in 2013; 30% in 2025 3.74 2.53 2.11 2.07 2.06 2.06
Fort Bend County MUD 23 2.49 60% in 2013; 30% in 2025 2.49 1.75 2.10 2.74 3.58 4.54
Fort Bend County - Other 3.15 (0.90)* Variable 60% in 2013; 30% in 2025 7.40 12.44 15.08 19.84 28.33 34.74
Freeport 0.00 2.00 2027 2.00 2.00 0.00 0.00 0.00 0.00
Hillcrest Village 0.55 0.55 0.55 0.55 0.55 0.55 0.55
Holiday Lakes 0.55 0.55 0.55 0.55 0.55 0.55 0.55
lowa Colony 0.20 0.20 0.20 0.20 0.20 0.20 0.20
Jones Creek 0.62 0.62 0.62 0.62 0.62 0.62 0.62
Kingsbridge MUD 2.59 60% in 2013; 30% in 2025 2.59 2.23 2.38 2.87 3.56 4.35
Lake Jackson 4.40 2 2027 6.40 6.40 4.40 4.40 4.40 4.40
Manvel 5.60 5.60 5.60 5.60 5.60 5.60 5.60
Meadows Place 5.43 60% in 2013; 30% in 2025 5.43 2.48 2.07 2.05 2.04 2.04
Missouri City 39.28 15.12 None 60% in 2013; 30% in 2025 54.40 58.20 59.70 67.02 72.26 84.15
Oyster Creek 0.43 0.10 2027 0.52 0.52 0.43 0.43 0.43 0.43
Pearland 15.85 16.00 None 47.98 48.05 48.05 48.05 48.05 48.05
Richwood 0.37 0.24 2027 0.60 0.60 0.37 0.37 0.37 0.37
Prior to
Sienna Plantation MUD 2 0.00 1.00 2010 60% in 2013; 30% in 2025 COMC COMC COMC COoMC COoMC CoMC
Stafford 16.22 10.24 None 60% in 2013; 30% in 2025 26.08 17.63 17.73 19.60 22.12 24.99
Sugar Land 45.55 20.04 None 60% in 2013; 30% in 2025 65.59 47.19 42.33 42.22 42.22 42.22
Surfside 0.90 0.90 0.00 0.00 0.00 0.00 0.00 0.00
Sweeny 1.90 1.90 1.90 1.90 1.90 1.90 1.90
Varner Creek Utility District 1.87 1.87 1.87 1.87 1.87 1.87 1.87
West Columbia 2.07 2.07 2.07 2.07 2.07 2.07 2.07

* Contracted supplies in parenthesis indicate water sold, i.e., the net water balance for that WUG is negative.

10 Tn Fort Bend County, the available groundwater was determined by maximizing the amount of groundwater that could be used while still meeting the Fort Bend Subsidence District Rules. In some cases, this resulted in drilling new wells.
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A number of unit costs and pricing assumptions are common to many of the cost estimates presented
in the following sections of this report. Section 5 presents the unit costs used and pricing assumptions
made for comparing proposed desalinated water supply versus conventional surface and
groundwater supply and treatment. Prices are given in current year (2004) dollars unless otherwise
indicated.

Where possible, capital and operating cost information was obtained from other local and regional
projects. Otherwise, information was selected based on best professional judgment.

5.1 Plant Pricing

5.1.1 Desalinated Water

Poseidon Resources Corporation, a private developer and owner of water infrastructure that focuses
on seawater desalination, has proposed designing, building financing, owning, and operating the
seawater desalination water treatment plant within the confines of The Dow Chemical Company near
Freeport, Texas. Although the unit cost information and assumptions internal to Poseidon are
considered confidential, Poseidon has provided indicative finished desalinated water unit capacity
and commodity charge estimates for various rated plant capacities. Table 5-1 shows the finished
desalinated water cost estimates provided by Poseidon. The table also presents commodity charges
for the proposed facility when operated using either raw Brazos River water or seawater from the
Dow seawater intake system. Poseidon proposes to operate the plant using river water during times
of excess flow to minimize delivered costs, especially in the short term. For the purposes of this
study, an average of these two commodity charges was used, as shown in Table 5-1.

TABLE 5-1 DESALINATED WATER CAPACITY AND COMMODITY COSTS

Rated Capacity Capacity Seawater River Water Average
Capacity Charge for Charge After 30 Commodity Commodity Commaodity
First 30 Years Years Charge Charge Charge
10 $1.78 $0.89 $1.10 $0.72 $0.91
15 $1.70 $0.85 $1.11 $0.72 $0.92
25 $1.42 $0.71 $1.07 $0.68 $0.88
50 $1.21 $0.61 $1.05 $0.66 $0.86
100 $1.21 $0.61 $1.05 $0.66 $0.86

The costs presented in Table 5-1 are all-inclusive. These costs incorporate expenditures associated
with project development, permitting, financing, construction, start-up, administration, and long-
term operation and maintenance. The costs for a 100 MGD plant (indicated above in bold face) are
shown as the same unit costs as a 50 MGD plant. This is because there are no anticipated additional
economies of scale realized above 50 MGD. The feasibility of a 100 MGD facility has not been
confirmed. Site limitations could prohibit development of a plant this large.

The total unit cost of water is a sum of the capacity and commodity charges.

CDM 5.1
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The capacity charge is intended to recover all fixed costs associated with the development,
construction, and operation of the desalination plant of a certain rated capacity. This charge is a
function of the rated plant capacity, rather than the actual desalinated water flow produced by the
plant at any given time; due to economies of scale, the rate decreases significantly as the plant rated
capacity increases. Under the financing Poseidon currently plans for the plant, the capacity charge
associated with an initial capital expenditure would decrease by 50 percent 30 years after the initial
capital expenditure. This was incorporated into the planning level costs presented in this study.

The commodity (variable) portion of the water cost accounts for expenses associated with water plant
operations that are proportional to the desalinated water flow actually produced (e.g., energy,
chemicals, etc.). Table 5-1 lists a commodity charge for the desalination facility when it is treating
seawater and when it is treating river water. Although the unit commodity charge also decreases
with the rated plant capacity, the economies of scale associated with this charge are significantly
smaller because the unit price of commodities such as chemicals or power is significantly less
dependent on or even independent of the actual amount of the commodity produced. For example,
the unit cost of power (“power tariff”) remains the same, regardless of the actual amount of power
used.

The proposed facility will be capable of running in either a full seawater or full river water mode to
take advantage of the economics of the lower salinity source water in the Brazos River. This concept
of “scalping” river water is a form of natural economic subsidy when river water is available to the
Dow canal system, while still providing a drought proof water supply. The proposed plant site
location (near the river’s discharge to the Gulf) also makes scalping excess flow an attractive option.
The economic advantage of treating river water is apparent from reviewing the commodity charge
for treating seawater and the commodity charge for treating surface water from the Brazos River.
The study used the average of the seawater and river water commodity charges shown in Table 5-1.

The proposed desalination plant includes:

e Separate river water and seawater intakes, providing flexibility to use seawater, river water,
or any mixture of the two influent sources to produce potable water;

¢ Enhanced sedimentation facilities for high turbidity influent;
e Two-stage granular media filtration or single-stage membrane filtration pretreatment system;
e A single-stage RO system; and

e Facilities for finished water conditioning, disinfection and storage, and solids and concentrate
handling and disposal.

The finished water produced by the desalination plant will meet all primary and secondary Safe
Drinking Water Act standards and have a concentration of total dissolved solids at 350 to 400 mg/L.
The desalination infrastructure is sized for a combination of maximum and average day demands.
The demand scenarios used to design the desalination infrastructure are presented in Section 4.
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In general, the desalination infrastructure was sized based on average day demands, with
desalinated water being delivered at or near a constant daily and seasonal rate. Such plant
operations were assumed to minimize the costs associated with desalinated water transmission
facilities and plant operations. Demands above the desalinated water plant capacity would be met by
either surface water or groundwater wells. A more detailed review of the operational assumptions
made as part of this study is found in Section 4.1.

5.1.2 Surface Water

To benchmark the cost of providing finished desalinated water, surface water treatment and delivery
alternatives were developed that meet the projected water needs for water deficits identified in
Option 1.

The following general pricing values were used in the cost calculations:

* Capital Costs
Expansion or construction of plants is estimated at $1.50/ gallons per day (gpd). This price is
a conservative average for construction of a conventional treatment plant with UV
disinfection, a likely requirement for meeting the Long Term 2 Enhanced Surface Water
Treatment Rule (LT2ESWTR). It was assumed that conventional treatment with UV will meet
future water quality requirements. If membrane treatment is required to fully meet future
drinking water standards, capital and O&M costs will be higher than the conventional
treatment with UV, which was assumed adequate as part of this study.

e Operations and Maintenance (O&M) Costs

O&M costs for future surface water provisions are estimated at $0.60/1000 gallons (1000
gallons = kGal). This cost is assumed to include O&M for plant pump stations and pipelines.

O&M costs for treated surface water from the City of Houston are established at $0.58 /kGal.
Pumping O&M costs were determined based upon hydraulic modeling and unit electrical

costs.

e Administrative Fee

Consistent with most municipalities, a six percent administrative fee was added to the overall
unit costs (including capital and O&M) calculated for providing treated surface water and
groundwater to customers.

Water treatment system sizing for municipal water systems is typically based on maximum day
demand (MDD). Based on previous water supply planning studies for this area, the surface water
plants are assumed to be base loaded and sized to provide approximately an average day demand,
depending on an individual entity and its other available water supplies. Demands in excess of the
surface water plant capacities would be met by either desalinated water or groundwater wells.

5.2 Pipeline Pricing

Unit pipeline costs were taken from two reports:
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e City of Houston/Water Production Optimization Strategy (CDM, Oct 2002); and

e City of Houston/Collaborative Strategic Plan for a Regional Water Distribution System
(CH2M Hill, Sept 2001).

The costs per linear foot (LF) of installed pipe as referenced in the above studies are indicated in
Table 5-2. Several prices were interpolated based upon engineering judgment; those are indicated in
bold type. While these prices are based on data developed in 2001 and 2002, they are considered
indicative of current day prices for this geographic area.

TABLE 5-2 UNIT PRICES FOR INSTALLED PIPE
Pipe Diameter (inches) | Cost ($/LF) |

8 60

12 90

16 130

20 165

24 210

30 280

36 340

42 405

48 475

54 555

60 635

66 715

72 795

84 955

96 1125

These local unit costs are slightly high relative to other geographic areas. However, a number of
difficult pipe crossings were not specifically included in the final cost estimate and some of the
proposed piping would be rated at a high pressure. It should be noted that these unit costs are
considered relatively conservative and lower unit pipe costs might be achieved in the study area.

5.3 Cost of Water

5.3.1 Contracted Treated Water

The City of Pearland currently purchases wholesale treated water from the City of Houston. The
current wholesale rate to purchase treated water from the City of Houston is $1.38 /kGal.

The Brazosport Water Authority sells water to its customers - the cities of Angleton, Brazoria, Clute,
Freeport, Lake Jackson, Oyster Creek, Richwood, and the Texas Department of Criminal Justice - at a
rate of $1.58/kGal.
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5.3.2 Raw Water

Based on information provided by the City of Pearland, the cost to provide groundwater for all
customers in the area was estimated at $0.49/kGal. This includes amortized capital expenditures,
operations, and upgrades as necessary.

The Brazos River Authority (BRA) sells water to various entities in the study area through surface
water contracts. The current rate is $45.75/acre-foot. The BRA is currently conducting a cost of
service study and anticipates that there will be modest annual increases in the raw water price.
Assumptions for these increases are included in the financial analysis contained in this study. These
rate increases are a result of the cost of service for additional system infrastructure to meet
anticipated needs of the basin, such as construction of the Allen’s Creek Reservoir.

Finally, the GCWA has option contracts with several customers in the study area. Following are
estimated rates of points when those contracts convert to take-or-pay contracts, the rates are
estimated to be:

e 2004 - $22.80/ acre-foot!
e 2011 - $29.33 /acre-foot?
e 2023 - $35.84/acre-foot?

5.4 Cost of Storage

For certain take points (as detailed in Section 6 and 7), ground storage is considered as part of the
water conveyance system. In general, the size of the ground storage tank is assumed to be equal to
one-half of the average daily demand on the delivered water. This tank-sizing criterion is
conservative and more than the TCEQ minimum for system ground storage.

The cost of storage was assumed to be $0.50/ gallon of installed capacity.

5.5 Cost of Pump Stations

Pump stations were sized to deliver the design capacity of the desalination facility or surface water
treatment facilities. Pump station capital costs were computed based on a unit cost of $0.15/ gallon-
per day. This value was taken from recent bids on high service pump stations of similar capacity.
When additional pumping capacity is added to the pump stations, it is assumed that the additional
capacity is added at a unit cost of $0.06/ gallon-per day. Again, this value is taken from recent bids
on pumps added to existing pump stations.

! Sugar Land 2003 Surface Water Feasibility Study
2 May 2004 draft Tri-Entity Surface Water Study, prepared by LAN for WCID No. 2, Sugar Land, and Missouri City.
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5.6 Cost of Electricity

Electrical costs are computed separately for all pumping operations. The cost of electricity used in
the study is $0.07/kwh.

5.7 Economic Analysis

Capital costs were amortized over 30 years. Based on typical plant schedule of values, it was assumed
that rotating equipment (e.g., pumps and clarifiers) makes up approximately 30 percent of the total
capital cost of treatment plants. It was further assumed that rotating equipment would require
replacement every 20 years; thus rotating capital costs were amortized over 20 years.

Current competitive bond rates obtained from First Southwest Co. for fully insured, non-Qualified
Tax Exempt Obligation (QTEO) retail utility revenue bonds are as follows:

e 30-year bond: 4.87%
e 20-year bond: 4.36%

The annualized present worth factors (A/P) for these 30-year and 20-year bonds are 0.06409 and
0.07595, respectively. In comparison, the A /P factor for a state tax exempt bond through the TWDB
(22 years at 4.98 percent) is 0.07583.

In order to use the market interest rates quoted above to perform necessary financial analyses, the
rates must be converted to real interest rates by removing the inflation rate. The inflation rate
recommend by the U.S. Office of Management and Budget is two percent.3 Removing the effect of
inflation gives the final discount rates used in this study:

e 30-year bond: 2.87%
e 20-year bond: 2.36%

Finally, a 1.5 percent administrative fee was added to all costs for providing desalinated water to
cover the BRA management and oversight costs.

3 http:/ /www.whitehouse.gov/omb/ circulars/a094/a094.html
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Section 4 presented four water deficit options; Section 6 analyzes how desalinated water produced at
the proposed site location in Freeport could be used to meet the deficits for each option. Factors
considered in these analyses include the proposed pipeline alignment and take points selected for
delivery of finished desalinated water. For each water deficit option, a hydraulic analysis was
conducted to determine the conveyance facilities necessary to deliver the finished desalinated water,
including a finished water pumping station, pipelines, storage tanks, and booster station.

As a water supply, desalinated water has multiple advantages over existing supplies including, but
not limited to, the following:

e Desalinated water is a drought-proof, reliable water supply;
e Desalinated water is of high quality, surpassing most drinking water quality standards;

e Desalinated water adds diversity to water supplies, which helps areas better manage
subsidence; and

e Desalinated water supports industrial activities by:

v reducing demand on existing surface water supplies;

v providing a large source of high purity water for industries requiring high quality water;
and

v expanding local drinking water supplies, which enables healthy community growth.

The proposed Freeport Seawater Desalination Project has additional unique advantages over and
above those mentioned above. The project is proposed as a public-private partnership between the
Brazos River Authority (BRA) and Poseidon resources. Poseidon has a wealth of experience in
designing, financing, building, and operating seawater desalination plants. The public-private
relationship also leverages the private sector capital for a public good, allowing flexibility to adapt to
rapidly changing technology of the project and shifting part of the performance risk to the private
sector.

6.1 Proposed Desalination Treatment Plant

The 10 MGD Freeport Seawater Desalination Project will be a reverse osmosis (RO) membrane water
treatment facility located within The Dow Chemical Company industrial complex in Freeport, Texas
on a proposed 10-acre greenfield site known as Oyster Creek East. The desalination plant will
withdraw Gulf Coast seawater from the existing seawater intake system known as A801 across from
the Port of Freeport or raw Brazos River water from the Dow water canal system, produce high-
quality potable drinking water for transmission to the BRA’s proposed water conveyance system,
and discharge the twice-concentrated seawater into the existing permitted Dow Freeport discharge
canals and outfall No. 001 for dilution and discharge to the lower reach of the Brazos River and then
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into the Gulf of Mexico. The initial 10 MGD phase will have the capability to expand to 50 MGD in
subsequent phases.

The point of interconnection (delivery point) of the desalination project with the BRA is at the Dow
Freeport plant boundary line near State Road 523 and 322 north of the greenfield site in Oyster Creek.
The BRA will be responsible for the permitting, design, construction and installation of the product
water pump stations and pipeline connecting the desalination plant to the respective distribution
systems in Brazoria and/or Fort Bend counties.

The proposed site offers the unique advantages of accessibility to:

e Raw seawater and Brazos River water through the Dow canal system;
e Existing brine disposal infrastructure and permit 1; and

e Electrical power at wholesale rates.

These unique features of the Freeport project result in significant cost savings and would allow for
relatively rapid construction of a demonstration seawater desalination plant.

6.1.1 Water Sources

Source water for the desalination project will be lifted from the inland water way adjacent to the Port
of Freeport and conveyed via a new lift station on an existing canal distribution system within the
Dow Plant A complex. The desalination project will have two intakes: one for seawater and one for
raw water from Dow’s canal system off the Brazos River. Depending on the availability of surface
water from the Brazos River and any potential minimum instream flow (MIF) restrictions, the plant
will operate either on seawater or river water. Raw feed water will be pumped from the seawater
and river water intake structures alongside the respective canal systems within Plant A and conveyed
under the Dow Barge Canal through large diameter pipes to the proposed desalination plant site.
The capacity of the desalination facility is incrementally increased from 10 MGD to 50 MGD
depending on the option and the water demands in that option. The capacity of the desalination
facility for each year and for each option is provided in Appendix G. For the 10 MGD scenario, the
desalination plant will divert 22 MGD of seawater. Under a river water production mode, the facility
will divert 19 MGD for production of potable water. To prevent growth of marine organisms in the
seawater and freshwater intake systems, these systems will be equipped with provisions for
disinfecting the raw water using chlorine.

6.1.2 Pretreatment System

Because the seawater and the river are high in suspended solids, the pretreatment system will
include a combination of high-rate sedimentation followed by either two-stage gravity sand-media
filters or membrane filtration systems. Chemical feed systems for addition of coagulant, such as
ferric chloride or ferric sulfate, and for filter polymer feed are included to enhance the operation of
both the high-rate sedimentation process and the filters as needed to provide the required quality
and quantity of water to the RO process. There are a variety of filtration systems and technologies

1 In February 2004, the Texas Commission on Environmental Quality (TCEQ) modified Dow's existing seawater withdrawal permits to

include industrial and potable municipal uses.
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available that can meet the feed water requirements the RO process. The preferred pretreatment
filtration technology to be used will be determined during the design phase of the project.

The final phase of pretreatment will be cartridge filtration. The filter cartridges will be industry
standard 5-micron polypropylene wound filters housed in pressure vessels. These pressure vessels
will be located in the RO feed water piping between the pretreatment and RO processes.

Intake Water Chlorination/De-Chlorination

The source water-seawater or Brazos River water will be chlorinated intermittently to minimize
microbiological growth on the filter media. Any chlorine remaining in the filter effluent water can
damage the RO membranes due to membrane oxidation. To protect the RO system, the pretreatment
filter effluent will be de-chlorinated using sodium bisulfite.

Intake Seawater pH Adjustment

The RO feed water would be treated with sulfuric acid as necessary to reduce the potential for scale
formation in the RO process. The specific amount of acid will be determined based on the allowable
concentration of sparingly soluble salts and Stiff & Davis Index (S&DI) of the RO concentrate.
Addition of acid also creates carbon dioxide in the RO permeate (product water) which is needed to
react with the lime to stabilize the product water in the permeate post-treatment process.

6.1.3 Reverse Osmosis (RO) Treatment Facilities

The RO treatment process will incorporate a single-pass design using industry standard 8-inch
diameter, high-rejection seawater membrane elements. The RO treatment system will separate the
pretreated and conditioned intake seawater in two streams: permeate, which is desalinated water of
low salinity (350 to 400 mg/L of total dissolved solids), and concentrated seawater with salinity
nearly two times higher than the intake seawater salinity (typically up to 66,000 mg/L TDS).

For the 10 MGD scenario, the RO system will consist of six, each with process trains, a design
capacity of about 2.0 MGD. The facility will be designed to produce 10 MGD of potable water using
five RO trains only. The sixth RO train will be provided as a standby to be used when any of the
other trains undergoes maintenance/upkeep activities. This arrangement provides for approximately
20 percent standby capacity, which will ensure continuous water delivery with normal membrane
wear and maintenance requirements.

Each RO train will be designed to operate independently from the other RO trains. A representative
train feed pump will consist of a combination of low-pressure pretreatment filter transfer pump,
followed by a high-pressure pump in series. The low-pressure transfer pumps will convey water
from the pretreatment filter effluent wetwell to the suction pipe of the high-pressure RO pumps,
which in turn will pump the filter effluent through the RO membranes. Each dedicated pump system
will deliver water at feed pressures ranging from 600 to 950 psi. If a blend of fresh and seawater is
used, the feed pressures and associated power use will be lower. The actual feed water pressure
depends on several factors, including temperature and salinity of the intake water and the age of the
membranes, but could be as low as approximately 250 psi. The low-pressure filter effluent transfer
pumps will be equipped with variable frequency drives to improve energy efficiency and to provide
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pressure control over a wide range of feed water quality and membrane conditions. A large amount
of residual pressure resides in the concentrated seawater leaving the RO process. To further improve
energy efficiency, the high-pressure pumps will be equipped with energy recovery devices.

Ancillary RO support equipment will include a membrane clean in-place (CIP) system, which allows
in-situ cleaning of each membrane array, and a system flush tank to remove high TDS feedwater
from the feed/brine channel of the membrane elements during shutdown operations.

The facility will be equipped using state-of-the art control architecture for supervisory control and
data acquisition (SCADA). Instrumentation and controls systems will utilize a combination of
programmable logic controllers (PLCs) and integrated operator interface consoles (OICs) located in
the plant operations control room.

A process schematic of the proposed RO facility at Freeport is shown as Figure 6-1.

6.1.4 Post-Treatment Facilities

Product water from the RO process (permeate) requires chemical conditioning for stabilization before
it can be delivered to the distribution system. Stabilization will be accomplished by increasing the
hardness level and reducing the permeate's corrosion potential. Lime and carbon dioxide will be
used for this purpose. The product water also will be disinfected prior to delivery to the BRA
distribution system. Chlorine, in the form of sodium hypochlorite, will be added as a disinfectant to
meet all applicable product water quality standards and regulations for potable water disinfection.
Ammonia also may be added if product water chloramination is required to match existing
disinfection practices.

6.1.5 Product Water Storage Tank and Pump Station

The plant on-site product water storage and transfer facilities will include:

¢ One product water pump station;

¢ One 2.5 million gallon permeate storage reservoir; and

¢ One flow quantification meter and water quality sampling station at the point of delivery
located at the Dow property fence line/delivery point.

The product water pump station will be equipped with three pumps (two duty and one standby)
equipped with high-efficiency motors. All of the pumps will have average/ maximum unit capacity
of 5 MGD/6 MGD and their motors will be controlled by constant speed drives. The pumps are high
volume/low pressure units designed to deliver product water at the desalination plant boundary line
at 15 to 20 psig.

6.1.6 Discharge

The Dow Plant A complex discharges into the Brazos River discharge point 001 within the Plant B
complex northwest of the proposed site under a TCEQ approved TPDES discharge permit.
Consultation with the site host indicates that sufficient flow exists to accommodate the twice
concentrated seawater discharge among the existing industrial process and seawater discharge into
the Brazos River leading directly to the Gulf of Mexico. Upon signing of a water purchase
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agreement, Poseidon will release full permitting of the seawater desalination facility for seawater and
river modes.

6.2 Proposed Pipeline Alignment

Finished desalinated water must be delivered to discrete locations. However, water deficits are
regional, spread across municipal boundaries. For the purposes of delivering finished water, the
regional water deficits were centralized into “take points.” These are locations where finished
desalinated water would be transferred from the BRA’s regional conveyance system to the
distribution systems of local water suppliers.

This study relied upon the following information to determine take point locations and pipeline
alignments:

o Regional Surface Water Plant Feasibility Study for Brazoria, Fort Bend, and West Harris Counties
(2000), published by the TWDB and the GCWA,;

o Regional Surface Water Plant Feasibility Study for Mid-Brazoria County Planning Group (2000),
published by the TWDB and the GCWA;

e Brazosport Water Authority water distribution system map; and
e Communication with individual public water suppliers.

Depending on each community’s needs and the attributes of its distribution system, the study
defined one or more take points for each major water user group (WUG). Delivering water to a
location within the boundaries of every WUG demonstrating a deficit would be cost-prohibitive.
Consequently, smaller WUGs are associated with the take points for adjacent larger groups.
Figure 6-1 shows the locations of each take point and the proposed pipeline alignment.

Table 6-1 summarizes these associations and indicates the locations and names of the take points
used in this study. In general, these associations were determined based upon proximity. The take
point associations between Pearland and Brazoria County MUDs 1-6 are based upon planned
annexations. The take point associations between Missouri City and Sienna Plantation are also based
upon planned annexations.

Those WUGs that did not demonstrate a deficit through 2060 were not analyzed for water delivery
options, and take points were not defined for them. In addition, although some WUGs were grouped
into centralized take points, water capacities, demands, and deficits were calculated separately, not
shared across WUG boundaries.
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TABLE 6-1 TAKE POINTS
Take Point \ Associated WUGs | Location
Alvin Alvin Highway 6 at Cardinal Drive
Angleton Angleton Henderson Road west of Highway 288
Arcola Arcola Highway 6 at FM 521
Brazoria Brazoria Red Oak Street near Laurie Lane
Clute Clute Qyster Creek Driver at Juniper Street
Danbury Danbury Avenue L at 5th Street
Freeport Freeport Baldwin Road south of Highway 288
Future MUD Fort Bend County - Other Cabrera Drive west of Qilfield Road
lowa Colony lowa Colony Airline Road No 3 at CR 65

Lake Jackson North

Lake Jackson

Beechwood Street near Dogwood St

Lake Jackson South

Lake Jackson

Oak Drive north of Highway 288

Missouri City Quail Valley

Missouri City

Highway 6 at FM 1092

Fort Bend County MUD 23

Sienna Plantation MUD 2

Missouri City Sienna Plantation

Missouri City

Knight Road at Highway 6

Fort Bend County MUD 23

Sienna Plantation MUD 2

Missouri City South & Future MUD

Missouri City

North of Scanlan Road on FM 521

Fort Bend County MUD 23

Sienna Plantation MUD 2

Fort Bend County - Other

Oyster Creek

Oyster Creek

Oyster Creek Bend Rd near Hays Dr

Pearland West

Brazoria County MUD 1-6

Broadway Street at Smith Ranch Road

Brookside Village

Pearland

Pearland East

Brazoria County MUD 1-6

Broadway Street at Main Street

Brookside Village

Pearland
Richwood Richwood Brazosport Blvd near College Blvd
Stafford/WCID No. 2 Site B Stafford Between Oakdale Drive and FM 1092
Meadows Place
Stafford/WCID No. 2 Ave E Stafford Avenue E at Brand Lane
Meadows Place
Sugar Land First Colony Sugar Land First Colony Blvd at Southwest Pkwy

Fort Bend County MUD 23

Kingsbridge MUD

Fort Bend County - Other

Sugar Land Lakeview

Sugar Land

Lakeview Drive at Eldridge Road

Fort Bend County MUD 23

Kingsbridge MUD

Surfside

Surfside

Highway 332 west of Casco Road

Future MUD

Fort Bend County - Other

Cabrera Drive west of Qilfield Road
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It is cost prohibitive to deliver desalinated water to all areas that demonstrate a water deficit. A WUG

can take advantage of piped-in desalinated water only if it has the ability to distribute the
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water to its customers. Consequently, areas that currently do not have centralized distribution
systems or do not plan on developing such systems were not considered for delivery of desalinated
water. The total deficit for which desalinated water was not considered for delivery is approximately
1 MGD.

Although the area immediately south of Sugar Land and southwest of Missouri City currently does
not have a centralized distribution system, the high growth here is likely to result in development
that includes centralized water distribution. Consequently, a take point was established to serve this
area, termed “Future MUD” in this study.

6.3 Hydraulic Analysis

Hydraulic criteria and limitations were established in order to determine the necessary size and
associated costs of the proposed finished desalinated water conveyance system. Table 6-2
summarizes the pressure and velocity criteria used to size the proposed water delivery system. Some
exceptions to these criteria were allowed under special circumstances. These exceptions are discussed
by option in Table 6-3.

The study assumes that finished desalinated water will be boosted from approximately 20 psi leaving
the water treatment plant to 300 psi at a finished water booster station located within reasonable
proximity to the plant. Booster pumping stations are required when the pressure in the transmission
system drops below 20 psi.

TABLE 6-2 HYDRAULIC CRITERIA
Parameter Minimum Maximum ‘ Optimal
Velocity (ft/s) 2 9 5.5
Pressure (psi) 20 300 NA
TABLE 6-3 EXCEPTIONS TO HYDRAULIC CRITERIA

‘ Planning Take Point Model

Pipe Segment Horizon Served Options  Result (ft/s) Reason for Exception

Airline Rd No. 3 from
Hwy 288 to CR 65 2025 lowa Colony 1-5 0.62 Min. pipe size recommended is 4"
Hwy 288 from Hwy 6 to Pearland
Broadway Ave 2025 West 1,2,&5 0.87 Min. pipe size recommended is 4"
Brazos River Rd from FM
2004 to Brazoria 2060 Brazoria 1&3 1.88 Min. pipe size recommended is 4”
Brazos River Rd from FM Used BWA pipe for 2025 planning
2004 to Brazoria 2020 Brazoria 2,4,&5 1.2 horizon
FM 523/Oyster Creek
Bend Rd from Hwy 332 Oyster Used BWA pipe for 2025 planning
to Oyster Creek 2020 Creek 28&4 0.33 horizon
College Blvd from
Juniper St to Brazosport Used BWA pipe for 2025 planning
Blvd 2020 Richwood 28&4 0.34 horizon
Dixie Dr & Oyster Creek Clute & Used BWA pipe for 2025 planning
Dr in Clute 2020 Richwood 28&4 1.56 horizon
Hwy 288 from Lake Used BWA pipe for 2025 planning
Jackson to Angleton 2020 Angleton 2&4 151 horizon
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6.4 Desalinated Seawater Delivery Options

Under each water deficit option, projected deficits increase significantly from 2010 to 2060. Installing
a single set of pipes and pumps to meet the projected water deficits over all planning horizons is not
feasible given the range in hydraulic conditions dictated by the deficits. At the same time, it is not
practicable or cost effective to install new or parallel pipes each decade. Rather, this study assumes
that two parallel transmission systems are implemented: one system to meet deficits through 2020
and a parallel system to meet deficits throughout 2060.

The 2020 planning horizon was chosen as the interim planning horizon for several reasons:

e BWA contracts expire in 2027;

e The second and more stringent phase of the Fort Bend Subsidence District rules take effect in
2025; and

e Preliminary hydraulic analysis indicates that a system designed for 2030 water deficits would
be too large for the 2010 demands.

A hydraulic model was configured for each water deficit option presented in Section 4. The
hydraulic criteria presented in Section 6.3 were used to size pumping facilities and pipelines along
the proposed alignment indicated in Figure 6-2. The hydraulic analyses for each water deficit option
are discussed below. For each option, the required infrastructure and any important hydraulic details
are presented.

Options 2, 4, and 5 hypothetically assume that the BWA will buy wholesale desalinated water for
distribution to its customer cities. (See Section 4.2 for a more detailed discussion of these options.)
For Options 2, 4, and 5, existing BWA pipelines were used in lieu of new pipelines where
hydraulically feasible. It was assumed that the BWA pipelines are 100 psi pressure class pipe. It was
further assumed that the BWA pipes could not be used beyond 2025. A summary of the BWA
pipelines used for Options 2, 4, and 5 is shown in Table 6-4. Using existing infrastructure decreases
the cost to deliver water to the customer.

TABLE 6-4 BWA PIPES USED FOR OPTIONS 2,4, AND 5

Pipe Description Take Point \ Length (ft) ‘ Diameter (in)

Hwy 332 at FM 523 north into Oyster Creek Oyster Creek 7,067 8
Brazos River Rd from FM 2004 to Brazoria Brazoria 39,389 10
From Hwy 288 at FM 2004 going east into Lake Jackson Lake Jackson 10,012 12
From Hwy 288 at Oak Dr going north into Lake Jackson Lake Jackson 1,706 12
From Oyster Creek Dr at Dixie Dr to Brazosport Blvd at College Blvd Richwood 5,216 14
From Hwy 288 at Dixie Dr to Oyster Creek Dr at Dixie Dr Clute & Richwood 13,442 14
Hwy 332 at FM 523 south into Freeport Freeport 4,627 16
Hwy 288 from Lake Jackson to Angleton Angleton 63,096 16-18

6.4.1 Option1l

Figure 6-2 shows the location of the infrastructure for Option 1. Table 6-5 summarizes the necessary
infrastructure for Option 1. Planning level cost estimates for Option 1 are contained in Appendix G.
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TABLE 6-5 TRANSMISSION FACILITIES TO MEET OPTION 1 DEFICITS

Piping Length (feet)
Diameter (in) 2020 2060
4 98,316 12,283
6 35,756 54,244
8 61,148 76,722
10 28,781 38,859
12 6,723 29,020
16 240,455 69,691
20 67,361 5,154
24 0 425
30 0 58,435
36 0 154,788
42 0 89,808
48 0 906
TOTAL (Inch*Diameter*Miles) 2 = 1,261 2,669
Pumping Peak Capacity
Location 2020
Finished Water Booster 8.2 43.3
Booster at Angleton 4.1 -
Booster Hwy 6 at Hwy 288 4.0 25.9
Total Capacity (MGD) = 16.3 69.2
Storage Capacity (MG)
Take Point Name 2020 2060
Alvin 0.00 0.40
Danbury 0.22 0.04
lowa Colony 0.02 0.04
Missouri City Sienna Plantation 0.05 0.86
Missouri City South & Future MUD 0.05 1.99
Oyster Creek 0.00 0.15
Pearland West 0.02 0.84
Pearland East 0.00 0.86
Stafford/WCID No. 2 Site B 0.10 0.09
Stafford/WCID No. 2 Ave E 0.10 0.09
Sugar Land First Colony & Future MUD 1.01 2.08
Surfside 0.17 0.08
Future MUD 0.40 2.36
Total Storage (MG) = 2.14 9.89

6.4.2 Option 2

Table 6-6 summarizes the necessary infrastructure for Option 2; Figure 6-3 shows the location of the
infrastructure for this option. Planning level cost estimates for Option 2 are presented in
Appendix G.

2 An inch*diameter*miles (“IDM”) is the diameter of the pipe multiplied by the length of pipe in miles. This unit is used to summarize the
overall amount of pipe of different diameter.
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TABLE 6-6 TRANSMISSION FACILITIES TO MEET OPTION 2 DEFICITS
Piping Length (feet)
Diameter (in) 2020 2060

4 52,026 19,789
6 35,849 40,315
8 57,203 94,387
10 28,781 33,767
12 23,025 29,223
16 213,589 71,155
20 8,183 5,726
24 46,696 0
30 20,199 35,492
36 0 252,418
42 0 15,273
48 0 812

TOTAL (Inch*Diameter*Miles) = 1,279 2,623

Pumping

Location

Peak Capacity
2020

Finished Water Booster 154 43.3

Booster at Angleton 5.3 -

Booster Hwy 6 at Hwy 288 3.5 25.9
Total Capacity (MGD) = 16.3 69.2

Storage Capacity
Take Point Name 2020
Alvin 0.00 0.40
Danbury 0.22 0.04
lowa Colony 0.02 0.04
Missouri City Sienna Plantation 0.05 0.86
Missouri City South & Future MUD 0.05 1.99
Qyster Creek 0.00 0.15
Pearland West 0.02 0.84
Pearland East 0.00 0.86
Stafford/WCID No. 2 Site B 0.10 0.09
Stafford/WCID No. 2 Ave E 0.10 0.09
Sugar Land First Colony & Future MUD 1.01 2.08
Surfside 0.17 0.08
Future MUD 0.40 2.36
Total Storage (MG) = 2.14 9.89
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6.4.3 Option 3

Table 6-7 summarizes the necessary infrastructure for Option 3; Figure 6-3 shows the location of the
infrastructure for this option. Planning level cost estimates for Option 3 is shown in Appendix G.

TABLE 6-7 TRANSMISSION FACILITIES TO MEET OPTION 3 DEFICITS
Piping Length (feet)
Diameter (in) 2020 2060
4 57,139 12,283
6 0 38,674
8 61,979 58,840
10 39,580 2,091
12 19,313 0
16 47,799 29,979
20 143 63,029
24 39,941 32,029
30 250,213 14,495
36 21,725 34,978
42 0 35,491
48 0 22,944
54 0 8,682
60 0 236,820
TOTAL (Inch*Diameter*Miles) = 2,153 4,213
Pumping Peak Capacity
Location 2020
Finished Water Booster 22.8 103.6
Booster at Angleton 18.0 -
Booster Hwy 6 at Hwy 288 18.0 86.1
Total Capacity (MGD) = 58.8 189.7
Storage Capacity
Take Point Name
Alvin 0.00 0.40
Danbury 0.22 0.04
lowa Colony 0.02 0.04
Missouri City Sienna Plantation 0.91 2.90
Missouri City South & Future MUD 0.91 4.03
Oyster Creek 0.00 0.15
Pearland West 0.91 4.95
Pearland East 0.00 5.86
Stafford/WCID No. 2 Site B 0.52 1.80
Stafford/WCID No. 2 Ave E 0.52 1.80
Sugar Land First Colony 2.19 4.44
Surfside 0.17 0.08
Future MUD 0.40 2.36
Total Storage (MG) = 6.79 28.86
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Table 6-8 summarizes the necessary infrastructure for Option 4; Figure 6-4 shows the location of the
infrastructure for this option. The planning level cost estimates for Option 4 are shown in

Appendix G.
TABLE 6-8 TRANSMISSION FACILITIES TO MEET OPTION 4 DEFICITS
Piping Length (feet)
Diameter (in) 2020 2060
4 11,119 19,789
6 0 39,142
8 58,127 56,944
10 39,310 2,147
12 17,647 2,087
16 47,896 47,038
20 1,010 46,356
24 39,943 31,620
30 194,863 14,495
36 53,761 29,580
42 20,199 22,969
48 0 40,735
54 0 7,004
60 0 237,783
TOTAL (Inch*Diameter*Miles) = 2,176 4,227

Pumping Peak Capacity (MGD)
Location 2020 2060
Finished Water Booster 28.9 103.6
Booster at Angleton 16.8 -
Booster Hwy 6 at Hwy 288 16.8 86.1
Total Capacity (MGD) = 58.8 189.7
Storage Capacity (MG)
Take Point Name 2020 2060
Alvin 0.00 0.40
Danbury 0.22 0.04
lowa Colony 0.02 0.04
Missouri City Sienna Plantation 0.91 2.90
Missouri City South & Future MUD 0.91 4.03
QOyster Creek 0.04 0.12
Pearland West 0.91 4.95
Pearland East 0.00 5.86
Stafford/WCID No. 2 Site B 0.52 1.80
Stafford/WCID No. 2 Ave E 0.52 1.80
Sugar Land First Colony 2.19 4.44
Surfside 0.17 0.08
Future MUD 0.40 2.36
Total Storage (MG) = 6.83 28.82
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6.4.5 Option 5

Table 6-9 summarizes the necessary infrastructure for Option 5; Figure 6-5 shows the location of the
infrastructure for this option. The planning level cost estimates for Option 5 are shown in Appendix

G.

TABLE 6-9 TRANSMISSION FACILITIES TO MEET OPTION 5 DEFICITS
Piping Length (feet)
Diameter (in) 2020 2060
4 4,025 55,433
6 0 40,739
8 237 117,264
10 0 52,785
12 143 203
16 7,270 56,180
20 47,138 61,719
24 20,307 42,258
30 0 4,918
36 0 104,443
42 0 197,602
48 0 812
54 0 0
60 0 0
TOTAL (Inch*Diameter*Miles) = 297 3,282
Pumping Peak Capacity (MGD)
Location 2020 2060
Finished Water Booster 11.4 43.3
Booster at Angleton 0 -
Booster Hwy 6 at Hwy 288 0 25.9
Total Capacity (MGD) = 11.4 69.2
Storage Capacity (MG)
Take Point Name 2020 2060
Alvin 0.00 0.40
Danbury 0.00 0.26
lowa Colony 0.00 0.06
Missouri City Sienna Plantation 0.00 0.91
Missouri City South & Future MUD 0.00 2.04
QOyster Creek 0.04 0.12
Pearland West 0.00 0.86
Pearland East 0.00 0.86
Stafford/WCID No. 2 Site B 0.00 0.19
Stafford/WCID No. 2 Ave E 0.00 0.19
Sugar Land First Colony 0.00 3.09
Surfside 0.17 0.08
Future MUD 0.00 2.76
Total Storage (MG) = 0.21 11.82
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6.5 Blending Considerations

A planning level blending analysis was performed for three locations within the study area:
Missouri City, southern Brazoria County (the Brazosport area), and Pearland. These locations
were chosen to cover the geographical extents of the study area and to analyze all the various
blends of water supplies available to entities in the area. Representative planning horizons were
chosen to analyze representative projected proportions of desalinated water, surface water, and
groundwater lending analysis for blended compatibility.

The compatibility of blended waters was evaluated using the Rothberg, Tamburini and Winsor
(RTW) water chemistry model published by the American Water Works Association. For this
study, the RTW model was used to automate the calculation of the Langelier Index resulting from
mixing two different source waters.

The Langelier Index parameter characterizes the stability of a water by considering the saturation
level of the common precipitant Calcium Carbonate, CaCO; ). The Langelier Index is a measure of
the difference between the pH of a given water and the pH at which that water would begin
precipitating CaCOs ). Therefore, a positive Langelier index indicates supersaturation with respect
to CaCO; s, with increasing positive values corresponding to a greater tendency toward scaling.
Alternatively, a negative Langelier Index indicates an unsaturated water, with increasingly
negative numbers corresponding to greater corrosivity. Noteworthy is the fact that the RTW model
and the Langelier Index both depend on equilibrium water chemistries, and thus do not predict
when precipitation will occur, only the relative supersaturation of the solid. This explains why
some waters may have negative Langelier Index values without the presence of scaling in the
system. In this study, the Langelier Index of a particular blend of waters was compared to the
Langelier Index of the constituent waters. Blended waters with Langelier Index values within 0.5
pH units of the existing water were regarded as similar and for the purposes of this study deemed
compatible.

The results of the planning level blending analysis indicate all blending scenarios proposed in this
study were found to be compatible. The greatest difference in indices was 0.51 for the Missouri
City area using 60 percent GCWA surface water and 40 percent desalinated water in the year 2030.
Additional more detailed evaluation of water compatibility will be required before desalinated
seawater could be implemented. A tabular summary of all blending analysis data is provided in
Appendix H.
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Section 7
Alternatives to Desalination

As population in the study area increases and groundwater resources become limited, water
suppliers in the study area will need to increase their available potable water supplies. Section 6
presented five desalinated water delivery options (“Options 1 - 5”) that meet projected future potable
water demands. However, the alternative considered prior to the possibility of using desalinated
water focused on more traditional supplies to provide the next increment of potable water to the
study area. This section of the report presents a feasible planning level alternative to meeting future
water demands in the study area using traditional water supplies. This “Option 6” provides a non-
desalinated water supply alternative that can be used to benchmark, both in economic and non-
economic terms, the desalinated water supply options summarized in Section 6.

Two other water sources were evaluated for comparative purposes as alternatives to the use of
desalinated seawater: groundwater and other surface water sources. This section presents limitations
and costs associated with continued development and use of these two sources. Costs associated with
use of groundwater reflect treatment of individual wells and are specific to a particular city or water
user. The costs presented for surface water alternatives were not developed for each city or water
user, but rather based on take point deficits, as discussed later in this section.

Early in this project, it became apparent that the study area can be divided in three subareas based on
the direction communities are taking to address future water deficits: (1) the City of Pearland area, (2)
the Fort Bend County area, and (3) the southern Brazoria County area. The water alternatives
discussed here are presented in the context of these three geographic areas. Option 6 is the
culmination of the non-desalinated water supply alternatives developed for these three areas.

7.1 Groundwater Sources

Most of the municipal water supplies in the study area currently are derived from groundwater.
However, due to existing groundwater subsidence district rules and future uncertainty with regard
to groundwater quantity and quality, many of the entities are planning to reduce their groundwater
dependency and are evaluating alternative surface water options.

7.1.1 Groundwater Quantity

The Fort Bend Subsidence District (FBSD) has developed a Groundwater Management Plan that has
been approved by the TWDB. FBSD also has adopted a District Regulatory Plan. In general, for the
portion of this study area that is within Fort Bend County, the regulatory plan requires that by 2013,
no more than 70 percent of the total water demand may be met by groundwater. Beginning in 2025,
no more than 40 percent of the total water demand may be met by groundwater.

The newly formed Brazoria County Groundwater Conservation District still must be confirmed
through a local election. If confirmed, the district will adopt a Groundwater Management Plan. This
plan will be based in part on a Groundwater Availability Model that is being developed by the
TWDB. This model is not yet complete; however, based upon discussions with the TWDB, it appears
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that current groundwater usage in Brazoria County is at or near sustainable levels. Therefore, it was
assumed that groundwater will not be developed in excess of current usage levels in Brazoria
County.

Finally, a number of relatively remote rural communities in the study area rely solely on
groundwater from individual wells for their water supply. These areas do not have existing take
points or existing centralized distribution systems. Their individual water needs are small enough
that providing desalinated water would be economically infeasible. Because groundwater availability
is not likely to increase in the future, some existing water utilities rely on groundwater will need to
shift a portion of their demand to surface water to free up some additional groundwater for those
that cannot readily utilize surface water sources.

7.1.2 Groundwater Quality

This study also evaluated how the quality of groundwater will affect availability. TCEQ records
were queried to obtain water quality data in four categories for the various Public Water Systems
(PWSs) in the study area:

e Organics;

e Inorganics;

e Trihalomethanes (THM); and
e Haloacetic Acids (HAA).

These records were evaluated against existing and proposed drinking water regulations.
The evaluation indicates that there have been a few violations of current primary drinking water
standards associated with existing groundwater use.

Water quality violations should not increase as a result of future water quality standards. However,
a few systems show arsenic levels that will require some action once the new Arsenic Rule comes into
effect, probably in 2006. This is discussed in detail in Section 7.1.2 below.

There have been numerous violations of the secondary drinking water standards associated with
groundwater in the study area. A number of systems have elevated levels of some inorganics
(predominantly aluminum, iron, and manganese), which are typically associated with taste and odor
problems rather than major health concerns. However, treatment for these parameters would result
in water of higher quality that is more palatable and better accepted.

Costs for treating groundwater were analyzed for individual public water systems rather than for
take points because treatment would be for individual wells as opposed to a centralized system.

Treatment for Arsenic

The most significant groundwater quality issue is the level of arsenic in supplies for the cities of
Brazoria and Danbury and the Village of Surfside. These PWS have average arsenic concentrations of
19.2ug/L,11.2ug/L, and 13.2 ug/L, respectively. When the new arsenic rules are implemented, each
will have to make a choice: treat its groundwater to comply with the new MCL of 10 ug/L, mix the
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groundwater with another source to bring levels down through dilution, or replace groundwater
altogether as a drinking water source.

CDM used the AWWA Research Foundation’s Arsenic Decision eTree

(http:/ /www.awwarf.org/research/ TopicsAndProjects / Resources/redirect/arsenic.aspx) to make a
preliminary determination of appropriate treatment technology and associated costs. The eTree takes
into consideration information on incoming water quality, required arsenic reduction, considerations
for additional available land, additional handling that might be required, interest rate, payback
period, and current Engineering News Record (ENR) indices when recommending the most cost
effective treatment technology. The eTree decision matrix is based on each point of entry (POE) into
the system. The City of Brazoria has one POE; the City of Danbury has two; and the Village of
Surfside has five. The total demand was distributed among the POEs based on percent of total
pumping capacity for the PWS.

The eTree requires input for a variety of parameters for each POE. The rated well capacity was used
as the maximum design point for a given POE. The average flow rate used in the decision tree was
assumed as half of the rated well capacity. The maximum design point effectively sets the calculated
capital costs, while the average flow rate effectively sets the calculated O&M costs. The O&M cost
calculations are proportional to the amount of water treated. For each planning period, O&M costs
were adjusted by the ratio of projected demand to the average flow assumed in the eTree. The Village
of Surfside has much more well capacity than its demands require. For this reason, it was assumed
that the three larger wells could meet the requirements; the two smallest POEs (44 gpm and 60 gpm)
were not considered in the cost analysis. While Brazoria and Danbury also have more well capacity
than their demands require, Brazoria has only one POE and Danbury has only two. There was no
option for leaving POEs out of the analysis. The flows used in the eTree are shown in Table 7-1.

Other POE-specific input data are shown in Table 7-2. These data came from TCEQ and TWDB
databases.

TABLE 7-1 eTREE FLOWS FOR ARSENIC TREATMENT
Maximum
Point of Design Flow Average Flow
Entry (gpm) (gpm)

Brazoria 1 720 360
Danbury 1 210 105

2 400 200

1 250 125

2 0 0
Surfside 3 145 72.5

4 75 37.5

5 0 0

7-3
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TABLE 7-2 OTHER eTREE POE-SPECIFIC PARAMETERS
Parameter Brazoria Danbury Surfside

Influent arsenic (ug/L) 19.2 11.9 13.2
Targeted finished 8 8 8
arsenic (ug/L)
Influent sulfate (mg/L) 19 8.7 2.2
Influent silica (mg/L) 12.2 14.7 135
Influent nitrate as N 0.01 0.012 0.06
(mg/L)
Influent iron (mg/L) 0.39 0.592 0.519
Influent manganese 0.036 0.0343 0.034
(mg/L)
Influent phosphate 0.07 0.07 0.07
(mg/L)
Influent pH 7.8 7.8 7.4
Influent TDS (mg/L) 710 657 1465
Influent alkalinity (mg/L) 234 384 489

The eTree takes into account such parameters as silica and phosphate, which could reduce the
efficiency of some media-based treatment technologies. These two parameters typically are not
constituents of concern for drinking water quality and thus are not typically sampled. Silica data
were obtained for the cities of Brazoria and Danbury from the TWDB’s Groundwater Monitoring
Section. Because no silica data were available for groundwater in the Village of Surfside, the average
values determined for the other two cities were used to estimate silica data for Surfside.
Additionally, phosphate data were not available for any cities in Brazoria County. The eTree model
was run using a range of phosphate values from 0 to 10 mg/L to test sensitivity to this parameter.
The silica concentration was increased to 100mg/L to test sensitivity to this parameter. In both cases,
the model results were not sensitive to either parameter. A sample of raw groundwater collected
from the City of Brazoria indicated 0.07 mg/L phosphate in the groundwater.

Finally, a number of general decision tree data input values were consistent for all POEs. Table 7-3
outlines those default parameters used in the decision eTree.

Treatment with granular ferric hydroxide (GFH) was deemed the most cost effective for the City of
Brazoria, while throwaway activated alumina (TAA) was deemed most cost effective for both the
City of Danbury and the Village of Surfside. Following are capital costs for treatment for each of the
systems:

City of Brazoria $2,338,164
City of Danbury $1,523,380
Village of Surfside $ 921,293
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TABLE 7-3 eTREE GENERAL DATA INPUT
Would you be willing to adjust the pH? Yes
Do you chlorinate the water? Yes
If not, do you anticipate any As Ill presence? No
Available Land at POE (acres): 5
Cost of additional land ($/acre): 5000
Acceptable water loss (%): 15
Would you be willing to treat liquid/solid waste generated by the treatment process? Yes
Would you be willing to handle hazardous waste generated by the treatment process? No
Maximum allowable TDS in sewer discharges (mg/L)? 1500
Maximum allowable arsenic in sewer discharges (mg/L)? 8
Would you be interested in doing a split stream treatment? Yes
Current ENR building cost index: 3955
Current ENR skilled labor index: 6672.09
Current ENR construction cost index: 7064.14

ENR indices came from www.enr.com for 2004.

These costs were amortized over a 30-year period on the assumption that the systems have a 30-year
useful life span and will require replacement on that schedule. Annual O&M costs are also estimated
by the eTree. These annual costs were adjusted for each planning period using the ratio of projected
average daily demand to assumed average flow, as follows:

* Ave rage DayDemand projected

AnnualO & MCost = O & MCost

eTree

AverageFlow

eTree

The annual O&M costs are shown in Table 7-4.

TABLE7-4 ANNUAL ARSENIC TREATMENT O&M COSTS
PWS 2010 2020 2030 2040 2050 2060
Brazoria $54,457 $53,728 $52,866 $51,187 $51,485 $52,473
Danbury $38,343 $40,287 $41,934 $43,216 $45,408 $48,156
Surfside $39,390 $44,125 $48,975 $53,270 $58,099 $63,469

Based on capital and O&M costs and projected demands, a cost in dollars per 1000 gallons (kGal) of
water provided was calculated for each of the three entities. Total cost for a particular POE was
calculated as follows:

AnnualizedCapitalCost + AnnualO & MCost
Qgon *(60*24*365/1000)

Cost/kGal,o =
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Overall total cost for a municipality with more than one POE was calculated using a weighted
average:

*Cost / kGal
Cost/ kGaICity = Z Qroe ZQ poE )
POE

Table 7-5 shows the cost of treating groundwater to meet the proposed EPA arsenic rules at each
planning decade.

TABLE7-5 OVERALL FUTURE GROUNDWATER COSTS WITH ARSENIC TREATMENT
Total Cost/1000 Gallons

2020 2030 2040 2050
Brazoria $2.24 $2.26 $2.29 $2.34 $2.33 $2.30
Danbury $1.97 $1.91 $1.85 $1.81 $1.75 $1.69
Surfside $2.19 $2.05 $1.93 $1.85 $1.77 $1.69

Treatment to Meet Secondary Drinking Water Standards

A number of water users/suppliers have contaminant levels exceeding secondary drinking water
standards. These standards deal with taste, odor, and aesthetic issues and do not affect human health.
Exceedances of secondary standards have been an issue for some time; this situation is likely to
continue in the future.

There is no regulatory driver for compliance with secondary standards. However, in order to
compare other water sources to desalinated water (which will be a high quality water meeting all
primary and secondary drinking water standards), options for treatment to meet secondary
standards were evaluated and costed. Generally, secondary standards violations fell into two
categories: metals (iron, manganese, or aluminum) or inorganics (total dissolved solids or chlorides).
The City of Pearland has elevated levels of fluoride. In some cases, a particular entity fell into more
than one category and would require more than one treatment type.

For the most part, the flows that would be treated are fairly low, although the well capacity for
Missouri City does approach 40 MGD. While the arsenic eTree offers a user-friendly framework for
selecting an appropriate treatment technology, there is no similar tool readily available for secondary
standards constituents. A CDM water treatment expert reviewed contaminant levels and
recommended appropriate treatment technologies.

Most cities in the study area could benefit from treatment for metals. Manganese Green Sand (MGS)
would be appropriate treatment for these metals at the levels and flow rates for these cities. Capital
costs for MGS are estimated at $0.50/ gpd; O&M costs are estimated at $0.10/1000 gallons.

In addition to treatment for metals, one PWS would require treatment for fluoride levels.

Activated alumina (AA) would be appropriate treatment for the levels and flow rates for the City of
Pearland. Activated alumina capital costs are estimated at $0.80/gpd; O&M costs are estimated at
$0.075/1000 gallons. Four cities would require treatment for total dissolved solids (TDS) or chlorides.
Ultra-low-pressure reverse osmosis (ULPRO) would be appropriate treatment for these contaminants
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at the levels and flow rates for these cities. Capital costs for ULPRO are estimated at $1.50/ gpd; O&M
costs are estimated at $0.85/1000 gallons.

Table 7-6 presents amortized capital costs and annual O&M costs for treatment to meet secondary
standards. Costs here were amortized over 20 years because this type of treatment system has a
useful life span of 20 years. Because this equipment only has a 20 year useful life, the equipment will
effectively be repurchased every 20 years; hence, just as the capital is being paid off, that same cost
(not accounting for inflation) will recur. So, the amortized capital cost is carried out through all years
of the planning period. Capital costs were determined based on well capacity. The City of Danbury
and Village of Surfside appear in these tables, as well as in the arsenic treatment tables. However, the
recommended treatment for secondary standards parameters in these two cities is different than that
required for arsenic treatment, so they likely will have cost implications under both treatment
schemes. Further investigation might reveal a treatment option that would be appropriate for both
needs. Because compliance with secondary standards is not required, the costs presented for
treatment to meet secondary standards were not carried forward in any of the financial analyses
presented later in this report. In addition, if groundwater sources are mixed with other surface water
sources or high quality desalinated water, these constituents would in all likelihood be diluted
enough to meet the secondary standards.

Overall costs for treating groundwater to meet secondary drinking water standards were based on
average day demands. These costs are presented in Table 7-7.

These cities have been using water of lower quality for years now, and it is unlikely that any will
implement treatment for secondary standards. If these cities continue to rely only on ground-water,
growth may take them to a point where public desire for water of a higher quality may warrant some
level of treatment. Table 7-7 shows the order of magnitude of costs should such treatment be
pursued.

7.2 Surface Water

There are several cities in the northern part of the study area with existing contracts for surface water.
The following cities have option water contracts with the Gulf Coast Water Authority (GCWA):
Pearland (10 MGD), Missouri City (15.12 MGD), Stafford/ WCID No. 2 (10.1 MGD), and Sugar Land
(20 MGD). These raw water contracts are not currently utilized, and water treatment plants will have
to be constructed before they can be exercised. The City of Pearland currently exercises a contract
with the City of Houston for 3 MGD of wholesale treated water. In addition to the 10 MGD from
GCWA mentioned above, Pearland is in discussions with GCWA for another 10 MGD of treated
water from the City of Houston Southeast Water Purification Plant (SEWPP).

Finally, Pearland is also in discussion with the City of Houston for an additional 3 MGD of wholesale
treated water. The cities in the southern part of Brazoria County generally purchase surface water
from the Brazosport Water Authority (BWA) to supplement their groundwater supplies. Freeport
and Brazoria currently rely totally on the BWA for all of their water supply.

77
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Capital Cost O&M Cost
Treatment All years 2020 2030 2040 2050

Angleton MGS $207,713 $61,320 $61,320 $61,320 $61,320 $61,320 $61,320
Arcola MGS $12,911 $5,475 $5,475 $5,475 $5,475 $5,475 $5,475
Danbury MGS $33,416 $6,887 $7,236 $7,532 $7,762 $8,156 $8,649
Freeport ULPRO and MGS $192,904 $547,865 | $547,865 | $547,865 | $547,865 | $547,865 | $547,865
lowa Colony MGS $7,595 $3,285 $3,285 $3,285 $3,285 $3,285 $3,285
Jones Creek ULPRO $71,200 $27,094 $25,112 $23,129 $21,147 $19,825 $19,825
Lake

Jackson MGS $504,664 $141,004 | $165,053 | $175,673 | $186,038 | $198,475 | $213,167
Manvel MGS $212,650 $11,563 $11,229 $10,896 $10,562 $10,340 $10,340
Missouri City MGS $1,491,587 $508,439 | $513,920 | $513,920 | $513,920 | $513,920 | $513,920
Pearland MGS and AA $2,409,019 $880,801 | $974,094 | $974,094 | $974,094 | $974,094 | $974,094
Richwood MGS $20,885 $9,490 $9,490 $9,490 $9,490 $9,490 $9,490
Surfside ULPRO $102,528 $46,612 $52,215 $57,954 $63,037 $68,751 $75,105
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TABLE 7-7 OVERALL FUTURE UNIT COSTS TO MEET SECONDARY STANDARDS
Total Cost/1000 Gallons

2010 2020 2030 2040 2050 2060
Angleton $0.44 $0.44 $0.44 $0.44 $0.44 $0.44
Arcola $0.34 $0.34 $0.34 $0.34 $0.34 $0.34
Danbury $0.59 $0.56 $0.54 $0.53 $0.51 $0.49
Freeport $1.28 $1.28 $1.28 $1.28 $1.28 $1.28
lowa Colony $0.33 $0.33 $0.33 $0.33 $0.33 $0.33
Jones Creek $3.08 $3.26 $3.47 $3.71 $3.90 $3.90
Lake Jackson $0.46 $0.41 $0.39 $0.37 $0.35 $0.34
Manvel $1.94 $1.99 $2.05 $2.11 $2.16 $2.16
Missouri City $0.39 $0.39 $0.39 $0.39 $0.39 $0.39
Pearland $0.65 $0.61 $0.61 $0.61 $0.61 $0.61
Richwood $0.32 $0.32 $0.32 $0.32 $0.32 $0.32
Surfside $2.72 $2.52 $2.35 $2.23 $2.12 $2.01

It should be noted that there is some uncertainty about the amount of water available and how
GCWA contracts would actually operate once they are converted to take-or-pay contracts.
Consistent with recent regional water supply planning studies, this study assumes that the amount
specified is the maximum amount that is available, even on the maximum use day. As discussed in
Section 4, it also assumes that GCWA water is used to baseload any deficit that must be met. The
same is true for the contract for SEWPP water. Any peaking would be met with groundwater.

The sections below focus on take points in the three main subareas described earlier in this section:
Fort Bend County, City of Pearland, and southern Brazoria County. The water deficits used for
these analyses are consistent with Option 1 presented in Section 4. Table 7-8 shows the entities that
make up the take points in the three areas.

7.2.1 Fort Bend County Area

The three main municipalities in this area are Missouri City, Stafford/ WCID No. 2, and Sugar
Land. A number of user groups or MUDs also have been included in this regional area, as outlined
in Table 7-8. As a group, these users have approximately 120 MGD of groundwater, with the
largest portion of that total used by the three main cities.

Additional water beyond existing GCWA contracts will have to be secured to meet demands for
Missouri City after 2050. In addition to the three main cities, certain populations not currently in
any incorporated area have significant water needs in the outyears. These are the three RAZ areas.
Two are included with existing take points; the third is projected to become a MUD in the future.
This future MUD deficit has been considered along with the deficits for the other three cities. In
addition, a number of users without existing option contracts in the area will need to secure
additional surface water supplies before 2013.
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TABLE 7-8 AREA GROUPING OF USERS
Area Take Point Entity \
Fort Bend County Missouri City Missouri City

Fort Bend County MUD 23

Sienna Plantation MUD 2

Regional Analysis Zone (RAZ) 155"

Stafford/WCID No. 2

Stafford

Meadows Place

Sugar Land

Sugar Land

Fort Bend County MUD 2

Kingsbridge MUD

RAZ 1511

Arcola

Arcola

Future MUD

RAZ 154!

Pearland Area

Pearland

Pearland

Brazoria County MUD 1

Brazoria County MUD 2

Brazoria County MUD 3

Brazoria County MUD 4

Brazoria County MUD 5

Brazoria County MUD 6

Brookside Village

Alvin

Alvin

Hillcrest Village

So Brazoria County

BWA

Angleton

Brazoria

Clute

Freeport

Lake Jackson

QOyster Creek

Richwood

Surfside

! See Section 2 for information on Regional Analysis Zones
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Table 7-9 shows deficits for the users in the Fort Bend County area. These deficits represent
demands in excess of groundwater supplies. Note that despite the fact that most users will
baseload average day demands, Arcola needs to be able to have maximum day demands met
because it lacks enough groundwater to meet its peaking needs. The deficits will be met through
contracted water (for those users with GCWA contracts) or through other surface water supplies,
most likely obtained through the BRA, as recommended in the 2001 Region H Water Plan.

TABLE 7-9 FORT BEND COUNTY AREA DEFICITS (MGD)

Take Point 2010 2013 | 2020 | 2030 | 2040 | 2050 2060
Arcola Arcola 0.00 0.11| 0.12| 0.25| 0.28| 0.30| 0.33
Future MUD RAZ 1542 0.00 046 | 0.81| 230| 3.32| 448 | 5.52
Missouri City RAZ 155 0.00 0.00| 0.00| 0.00| 0.00| 1.38| 2.26

Fort Bend Co
Missouri City MUD 2 0.00 021| 0.27| 0.77| 1.01| 132 | 1.67
Missouri City Missouri City 0.00 448 | 5.19| 12.21 | 14.22 | 15.66 | 18.91
Sienna Plantation
Missouri City MUD 2 0.00 0.00| 0.00| 0.00| 0.00| 0.00| 0.00
Stafford/WCID No. 2 Meadows Place 0.00 039| 039| 0.76 | 0.75| 0.75| 0.75
Stafford/WCID No. 2 Stafford 0.00 142 | 171 | 445| 551 | 6.94| 8.57
Sugar Land RAZ 151 0.00 052 | 1.13| 3.25| 398 | 457 | 5.00
Fort Bend Co
Sugar Land MUD 2 0.00 0.39| 039| 0.78| 0.76 | 0.76 | 0.76
Sugar Land Kingsbridge MUD 0.00 029| 035| 0.88| 1.06| 1.31| 1.60
Sugar Land Sugar Land 0.00 468 | 465| 9.22| 9.18 | 9.18 | 9.18
Total 0.00 12.95 | 15.01 | 34.87 | 40.08 | 46.64 | 54.56

Much discussion over the last several years has related to a future water treatment plant in the
vicinity of Missouri City or Stafford. The City of Houston does not have immediate water needs in
the west, but under one scenario Houston could partner with Missouri City, Stafford/WCID No. 2,
and Sugar Land to build this plant. Another, more likely option is for the three cities to work
together to construct a regional water treatment plant to meet their needs. A primary source of
water for this plant would be GCWA option contracts from the Brazos River, likely diverted from
the canal system in this area, specifically the American Canal.

The possibility of the SEWPP supplying water to the area was considered but general consensus
was the transport distance made this option much less feasible or desirable.

The anticipated course of action is that the contracts for option water that Missouri City,
Stafford/WCID No. 2, and Sugar Land have with the GCWA convert to take or pay contracts as
demands dictate. This water would be produced at and distributed from a plant in the vicinity of
the three cities. For purposes of this report, the location is assumed to be a WCID No. 2 site in the
vicinity of FM 1092 and 5t Street. This was deemed the most economical site in the November 2000
Regional Surface Water Plant Feasibility Study completed for the GCWA and TWDB. It should be
noted that these three entites are currently re-evaluating this option in a separate study effort.
Figure 7-1 shows the plant site, analyzed water take points, and proposed distribution system pipe
alignment.

2 See Section 2 for information on Regional Analysis Zones
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The plant serving this contract water will need to be in place by 2013 to meet the first horizon of
the FBSD Area A rules and should be rated for 35 MGD. This plant would serve deficits through
the year 2030. Estimated capital costs are as follows:

e 35 MGD conventional plant with UV disinfection: $52.5 million.
e Raw water intake: $5.5 million.

e Transmission lines: $23.1 million (See Table 7-10 for pipe cost data)

TABLE 7-10 FORT BEND COUNTY AREA TRANSMISSION LINE COST DATA
Linear Feet
Ripe Size 2013 2030

(in)
16 31,550 2,250 $4,101,500 $292,500
20 63,750 | 5,500 | $10,518,750 | $907,500
24 22,300 12,000 $4,683,000 | $2,520,000
30 12,000 | 1,200 $3,360,000 | $336,000
36 1,200 0 $408,000 $0

Totals 130,800 20,950 $23,071,250 | $4,056,000

Deficits for year 2060, the end of the planning horizon, would be met by expanding the plant in
2030 from 35 MGD to 55 MGD.

Table 7-11 shows the various capital expenditures, amounts, and the planning years in which these
costs would be incurred.

TABLE 7-11 FORT BEND COUNTY (FBC) AREA FUTURE CAPITAL COSTS
Year Capital Improvement ‘ Cost ($M) 2020 2030 2040 2050‘ 2060
2013 | 35 MGD WTP $52.5 X X
2013 | Raw Water Intake - 35 MGD $5.5 X X
2013 | Initial Transmission Lines $23.1 X X
2030 | WTP Expansion (+20 MGD) $30.0 X X X
2030 | Intake Expansion (+20 MGD) $3.2 X X X
2030 | Parallel Transmission Lines $4.1 X X X
Rotating EquiPment (35 MGD)

2033 | Replacement $17.4 X X
Rotating EquiPment (+20 MGD)

2050 | Replacement $9.9 X X
Rotating EquiPment (35 MGD)

2053 | Replacement $17.4 X

! Rotating plant equipment is estimated at 30% of initial capital cost.
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Capital costs were amortized over a 30-year period. Annual O&M costs were calculated as follows:

(OMgy, +OM,, +PC
1000

)* ADD * 365

Pump

Annual O & M Cost =WaterCost * ADD *365 +

Where: WaterCost = Cost of purchasing raw water ($/gal)
ADD = Average Day Demand (gpd)
OMGcw = cost to provide groundwater

OMprant = cost of plant operation and maintenance (includes chemicals,
power, labor, and routine maintenance) ($/kGal)

PCpump = cost of power for pumping ($/kGal)

Unit costs for groundwater O&M, plant O&M and power for pumping, as well as costs for raw
water, were presented in Section 5.

An overall unit cost was calculated for the area at each planning decade as follows:

AnnualizedCapitalCost + Annual O & M Cost
ADD *365/1000

Cost/kGal = ( )* AdmnFee

Where: AnnualizedCapitalCost = Capital Cost amortized over 30 years
Annual O&M Cost = as calculated above
ADD = Average Day Demand (gpd)
AdmnFee = Administrative fee (%)

Table 7-12 presents amortized capital costs and annual O&M costs for the Fort Bend County area
for several key planning years, along with the rate for customers. This rate is an amalgamation of
costs for all sources of water provided and includes an administrative fee charged by the water
service provider. Detailed breakout of costs can be found in Appendix G.

TABLE 7-12 FBC AREA ANNUALIZED CAPITAL AND O&M COSTS AND RATES

Capital Cost O&M Cost Rate ($/kGal) ‘
2010 $0 $7,651,641 $0.52
2013 $5,197,140 $11,587,535 $0.89
2020 $5,197,140 $12,063,989 $0.95
2030 $7,581,943 $20,579,084 $1.33
2040 $8,697,490 $24,138,283 $1.35
2050 $4,137,805 $29,159,584 $1.17
2060 $2,868,549 $36,161,605 $1.18
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7.2.2 City of Pearland Area

The City of Pearland has approximately 16 MGD of groundwater from existing wells. Because the
city will be annexing several MUDs over the course of a number of years, its available
groundwater will increase to approximately 22 MGD. Pearland also has a contract with the City of
Houston to purchase 3 MGD of wholesale treated water at a cost of $1.38/1000 gallons. In
addition, Pearland has an option contract for 10 MGD raw water, and is in the process of pursuing
an additional 3 MGD of wholesale treated water from the City of Houston. Finally, Pearland is
pursuing a contract for 10 MGD of treated water from the SEWPP through a contract with GCWA.

Table 7-13 shows deficits for the Pearland area users. This table assumes that all six Brazoria
County MUDs are annexed sometime during the planning period.

TABLE 7-13 PEARLAND AREA DEFICITS (MGD)
Take Point

Alvin Alvin 0.00 0.00 0.00 0.00 0.16 0.36
Alvin Hillcrest Village 0.00 0.00 0.00 0.00 0.00 0.00
Pearland Brazoria County MUD 1 0.00 0.00 0.00 0.00 0.00 0.00
Pearland Brazoria County MUD 2 0.00 0.00 0.00 0.00 0.00 0.00
Pearland Brazoria County MUD 3 0.00 0.00 0.00 0.00 0.00 0.00
Pearland Brazoria County MUD 4 0.50 0.00 0.00 0.00 0.00 0.00
Pearland Brazoria County MUD 5 0.00 0.00 0.00 0.00 0.00 0.00
Pearland Brazoria County MUD 6 0.00 0.00 0.00 0.00 0.00 0.00
Pearland Brookside Village 0.02 0.05 0.07 0.10 0.12 0.15
Pearland Pearland 0.00 1.77 7.36 12.21 17.63 23.29

Total | 0.52 1.82 7.44 12.30 | 17.91 | 23.80

Even with existing groundwater capacity and 6 MGD of wholesale water, the Pearland area shows
an additional deficit in 2010 of less than 1 MGD. Although this study generally assumes that
contracted water will not be shared, two exceptions are made. The largest portion of the initial
deficit is from Brazoria County MUD 4, which will be annexed by Pearland by 2020. The
assumption is that Pearland will make arrangements to cover that deficit and share contract water
with Brookside Village. Although there are no annexation plans for the village, its deficit prior to
2040 is so small that an arrangement with Pearland could easily support this need.

It was assumed that Pearland would first receive additional water from the SEWPP. By 2035, this
source of water becomes fully utilized. This study assumes that at this point Pearland will convert
its option water to take-or-pay water and build a 15 MGD regional plant located southeast of the
intersection of Airline-Ft Bend Rd and County Road 48. In addition, the City of Alvin has deficits
that occur in the last two planning periods. For this reason, an additional transmission line to the
Alvin take point will be built in 2045. Figure 7-1 shows the infrastructure for this regional plant.
This scenario is consistent with the 2000 Montgomery Watson report. After 2035, any other water
users with deficits will need to secure additional water rights, most likely from the BRA.
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Table 7-14 shows the various capital expenditures, amounts, and the planning years in which these
costs would be incurred.

TABLE 7-14 PEARLAND AREA FUTURE CAPITAL COSTS
Year ‘ Capital Improvement ‘ Cost ($M) ‘ 2010 2020 2030 2040 2050 | 2060
2010 | Buy into SEWPP (10 MGD) $23.8 X X X

Buy into Major Transmission

2010 Lines (10MGD)

$3.1 X X X

Transmission line to Pearland
2010 Take Point $4.9 X X X

Transmission line within
2010 Pearland (to other take point) $6.6 X X X

Rotating EquiPment (SEWPP)

2030 Replacement $7.14 X X
2035 | Area WTP (15 MGD) $22.5 X X
2035 | Raw Water Intake (15 MGD) $2.4
Transmission Line from Area
2035 WTP to Take Points $9.23 X X X
2045 | Transmission Line to Alvin $2.3 X X
2050 Rotating EqU|Pment (SEWPP) $7.14 X X
Replacement
2055 Rotating EqU|Pment (Area Plant) $7.47 X

Replacement

! Rotating plant equipment is estimated at 30% of initial capital cost.

Capital costs were amortized over 30 years. Estimated costs to buy capacity in the SEWPP include
payments to the Coastal Water Authority (CWA) and Trinity River Authority (TRA) and for
associated infrastructure upgrades, such as Luce Bayou and Allen’s Creek Reservoir. Costs for
capacity in the SEWPP have been calculated by a consultant for the City of Houston and are
consistent with cost-allocations for other potential customers.

Annual O&M costs were calculated based on average day demands using the same equations
presented in Section 7.2.1. These include cost for raw water, groundwater O&M, plant O&M, and
power for pumping. Wholesale water also was considered an O&M cost. Wholesale water
purchased from Houston currently costs $1.38/1000 gallons, a rate that recently was increased
from $1.13/1000 gallons. The overall unit cost was calculated based on the annualized capital cost,
all annual O&M costs, and average day demands using similar equations presented in Section
7.2.1.

Table 7-15 presents amortized capital costs and annual O&M costs for the Pearland area, along
with anticipated rates, for several key planning years. These rates represent an amalgamation of
costs for all sources of water provided and include an administrative fee charged by the water
service provider. Detailed breakout of costs can be found in Appendix G.
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TABLE 7-15 PEARLAND AREA ANNUALIZED CAPITAL AND O&M COSTS AND RATES

Year Capital Cost O&M Cost Rate ($/kGal)

2010 $2,461,657 $6,780,953 $1.06
2020 $2,461,657 $7,575,994 $0.98
2030 $2,919,264 $8,491,494 $0.99
2040 $2,645,110 $9,479,627 $0.96
2050 $4,915,135 $11,030,555 $1.14
2060 $12,385,135 $14,927,856 $1.78

7.2.3 Southern Brazoria County Area

The southern Brazoria County area consists largely of Brazosport Water Authority (BWA)
customers. According to the Region H Water Plan, the BWA has rights to 45,000 acre-feet of water
from the Brazos River; 13,217 acre-feet ? is considered firm supply available through the drought of
record. This information would indicate that the BWA has adequate raw water supply to meet the
needs of its customers through the entire planning period, although the situation could be affected
by future use and how BWA customers operate their groundwater systems.

The needs of this area were evaluated differently from those of the Fort Bend County and Pearland
areas. In the Fort Bend County and Pearland areas, surface water is used to meet base load average
demands. In the southern Brazoria County area, all BWA customers except Angleton currently use
BWA water to meet peak demands. Thus, peaking factors were considered in sizing infrastructure;
average O&M costs were still calculated based on average day demands.

Table 7-16 shows customer demands during the planning horizon.

TABLE 7-16 SOUTHERN BRAZORIA COUNTY AREA DEMANDS
Average Day Demands (MGD)

2020 2030 2040 2050

Angleton 1.80 1.80 1.75 1.76 1.84 1.96
Brazoria 0.30 0.30 0.42 0.40 0.40 0.41
Clute 1.00 1.00 0.91 0.94 1.02 1.12
Freeport 1.94 2.36 3.52 3.90 4.32 4.81
Lake Jackson 3.33 4.64 5.23 5.79 6.48 7.28
Qyster Creek 0.10 0.10 0.13 0.18 0.24 0.31
Richwood 0.24 0.24 0.25 0.26 0.29 0.33
Surfside 0.31 0.35 0.39 0.42 0.46 0.50

Total | 9.01 10.78 | 12.60 | 13.66 | 15.05 | 16.72

The BWA plant currently can provide 12.5 MGD of treated water. The plant probably will have to
add ultraviolet (UV) disinfection by 2010 to meet the Long Term 2 Enhanced Surface Water
Treatment Rule (LT2ESWTR). In addition to disinfection improvements, a line must be constructed

% Brazos River Basin & San Jacinto-Brazos Coastal Basin Water Availability Model, Full Authorization Run dated 03/25/04,
obtained from TCEQ on 3/26/04, using the February 2003 version of WRAP
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to serve customers in Surfside, assuming that Surfside chooses to use BWA surface water in lieu of
removing arsenic from its existing groundwater wells as required by the upcoming Arsenic Rule.
Capital costs for disinfection improvements are estimated at $0.20/ gpd for the 12.5 MGD plant for
a total capital cost of $2.5 million. The transmission line is estimated at $120,000. The current BWA
rate for providing water is $1.58/1000 gal; this value includes amortized existing capital costs and
was used to estimate O&M costs for the BWA area through the year 2029.

In 2030, demands will exceed the current plant capacity. Since the plant will be almost 50 years old
at that time, it most likely will be replaced with a new 20 MGD plant. With this capacity, the plant
will be able to meet water demands through the 2060 planning horizon. Capital expenditures in
2030 will include $30 million for the plant and $3.2 million for a raw water intake. In 2030, O&M
costs are estimated at $0.67/1000 gal, consistent with other area estimates used in this study.

Table 7-17 shows the various capital expenditures, amounts, and the planning years in which these
costs would be incurred.

TABLE 7-17 SOUTHERN BRAZORIA COUNTY AREA FUTURE CAPITAL COSTS

Year Capital Improvement Cost ($M) 2010 ‘2020 2030 ‘ 2040 2050 2060
2010 | UV Improvements $2.5 X X X

2010 | Transmission Line to Surfside $0.12 X X

2030 | New 20 MGD WTP $30.0 X X X

2030 | New Intake for Plant $3.2 X X X

2050 | Rotating Equipment $9.9 X X X

Table 7-18 presents amortized capital costs and annual O&M costs for the southern Brazoria
County area, along with anticipated rates, for several key planning years. These rates represent an
amalgamation of costs for all sources of water provided and include an administrative fee charged
by the water service provider. Detailed breakout of costs can be found in Appendix G.

TABLE 7-18 SOUTHERN BRAZORIA COUNTY AREA ANNUALIZED CAPITAL
AND O&M COSTS AND RATES

Year Capital Cost O&M Cost Rate ($/kGal)

2010 $130,822 $3,948,828 $1.50
2020 $130,822 $5,140,774 $1.53
2030 $1,235,950 $2,700,330 $0.98
2040 $1,105,128 $2,843,368 $0.94
2050 $1,436,667 $3,063,345 $1.00
2060 $1,436,667 $3,304,276 $0.98

7.2.4 City of Danbury

The City of Danbury is outside of the BWA service area. However, in this alternative, Danbury
does not have access to BWA water. In order for Danbury to meet all of its needs, it must treat its
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groundwater to meet the EPA Arsenic Rule. The capital and O&M costs were presented earlier in
Section 7.1.2, Treatment for Arsenic.

7.3 Blending and Treatability Issues

7.3.1 Blending Analysis

The compatibility of blended waters was evaluated using the Rothberg, Tamburini and Winsor
(RTW) water chemistry model published by the American Water Works Association. For this
study, the model was used to automate the calculation of the Langelier Index resulting from the
mixing of two different source waters. The Langelier Index parameter characterizes the stability of
water by considering the saturation level of the common precipitant Calcium Carbonate, CaCOs).
The Langelier Index is a measure of the difference between the pH of a given water and the pH at
which that water would begin precipitating Calcium Carbonate. Therefore, a positive Langelier
index indicates supersaturation with respect to CaCO:s ), with increasing positive values
corresponding to a greater tendency toward scaling. Alternatively, a negative Langelier Index
indicates an unsaturated water, with increasingly negative numbers corresponding to greater
corrosivity. Noteworthy is the fact that the RTW model and the Langelier Index both depend on
equilibrium water chemistries, and thus do not predict when precipitation will occur, only the
relative supersaturation of the solid. This explains why some waters may have negative Langelier
Index values without the presence of scaling in the system. In this study, the Langelier Index of a
particular blend of waters was compared to the Langelier Index of the constituent waters. Waters
with Langelier Index values within 0.5 pH units were regarded as similar and, for the purposes of
this study, deemed compatible.

For the City of Pearland area, consideration was given to mixing groundwater with water
produced by the SEWPP. For the Fort Bend County area, consideration was given to mixing
groundwater with treated GCWA water. All blending scenarios proposed for this option were
found to be compatible. A tabular summary of all blending analysis data is provided in
Appendix H.

7.3.2 Treatability Analysis

To better characterize the treatment requirements for the GWCA water, coagulant jar testing was
conducted on a water sample collected from the American Canal in Missouri City, Texas. Jar
testing is an experimental procedure common in water treatment that uses benchtop beakers and a
six-paddle stir mechanism to simulate the coagulation, flocculation and settling processes common
in conventional water treatment. By holding constant the mixing speeds, mixing times, settling
times, temperature, etc., the impact of varying doses of coagulant can be determined. In this study,
the coagulant used was Aluminum Sulfate (Al>(SO4)s; ® X H2O) better known as alum. The results
of chemical analyses performed after the experiment are presented in Table 7-19. From the
turbidity data, it is apparent that significant removal of solids occurs in alum doses greater than 20
mg/L. Furthermore, for the combination of TOC and alkalinity in the raw water, the EPA’s Stage 1
Disinfection Byproducts Rule requires a minimum TOC removal of 35 percent to discourage
disinfectant by-product formation. This level of treatment requires alum doses approaching 50

mg/L.
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TABLE 7-19 TREATABILITY ANALYSIS RESULTS
Alkalinity
Alum Dose Tubidity [mg/L pH TOC
[mg/L] [NTU] CaCo03] [-]1 [mg/L]
RAW 46.2 77 7.75 6.21
5 40.1 88 7.88 6.41
10 36.9 85.8 7.89 6.28
20 35.9 84 7.66 6.57
50 0.9 73.6 7.5 3.66
100 1.9 46.8 7.18 2.82
150 3.1 26.4 6.87 2.48

The treatability analysis and TOC removal analysis were conducted to determine if the unit
operating cost for surface water treatment used in this section was realistic. Although an alum
dose of 50 mg/L is relatively high, the unit cost used for operation and maintenance of future
surface water treatment plants in the analysis of alternatives to desalinated seawater is reasonable.

7.4 Summary of Alternatives to Desalination

This section has presented a plan to meet area needs using traditional supplies of groundwater and
surface water. This plan or alternative is referred to as “Option 6.” Each of the three geographic
areas discussed has some unique needs, as well as unique limitations, in regards to incorporating
conventionally treated surface water into the water supply portfolio. For this reason, costs have
been presented specific to an area. However, collectively, these three "sub plans” outline actions
that would likely have to be taken to meet water demands if desalinated water were not available
as part of the water supply portfolio.

As water quality regulations continue to increase, the complexity of surface water treatment
required to meet new standards also is likely increase. This could equate to higher costs for
treatment than presented in this study. Another factor that could affect this alternative to using
desalinated seawater is the potential impact of drought combined with future development of
surface water for growing manufacturing, irrigation, and municipal demands. In addition, both
the primary surface water source (the Brazos River) and groundwater are susceptible to salt water
intrusion in some geographic areas. In 1996, a salt wedge that was moving up the Brazos River
towards the Harris Reservoir elicited considerable concern. The Harris Reservoir is about 46 river
miles from the Gulf. The salt wedge was within two miles of the reservoir intake. If it had
continued to move up-river, the results could have been dramatic for the Brazosport area from
both a manufacturing and municipal supply perspective.

While a water supply plan that focuses strictly on ground and traditional surface water sources is

certainly feasible, having more sources of water available in a municipality’s portfolio allows for
greater flexibility, diversity, and reliability.
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Economic Comparison of Water Supply Alternatives

A total of six water supply alternatives were developed in Sections 6 and 7. Five of the alternatives -
Option 1 through Option 5 - use various combinations of desalinated water, surface water, and
groundwater to meet the projected water needs of the study area. Option 1 through Option 5 are
discussed in detail in Section 6. The sixth alternative, Option 6, uses surface and groundwater to
meet the projected water needs. Option 6 is discussed in detail in Section 7. Section 8 compares
these alternatives on multiple economic bases.

This study assumed desalination conveyance infrastructure would be implemented in two phases.
Initial infrastructure would be implemented by 2010 to meet short-term demands, followed by
additional infrastructure in 2020 to meet long-term demands. Expansions in the capacity of the
desalination facility are assumed to occur when required by demand and vary for each option. The
spreadsheets in Appendix G list the capacity of the desalination facility by year for each option.

8.1 Net Present Value

In Sections 6 and 7, six water supply options were presented, each using different portions of surface
water, groundwater, and desalinated water. The existing and future infrastructure listed below is
common to all six of these options.

o Existing groundwater infrastructure;

e Future groundwater infrastructure in Fort Bend County consistent with the Fort Bend
Subsidence District Rules; and

e Pearland’s purchasing treated water from the City of Houston.

The costs associated with these commonalities were not included in the net present value analysis
because it is assumed that they would be implemented under all the options evaluated.
Consequently, they do not have the effect of stratifying the net present values so as to make an
appropriate comparison among the options considered. The different costs used to determine the
net present values are summarized in Table 8-1.

8.1.1 Economic Analysis Factors

The process of discounting is used to make dollar values comparable over time. Discounting does
not account for inflation or for risk, but rather the “time preference” of money. For example, a
million dollars today is worth more than a million dollars 10 years from now because of the
potential interest earnings during those 10 years.

The process of discounting yields the “present value” of a future sum of money. The rate used to

convert future dollars into present dollars (i.e., the discount rate) is typically the available interest
rate.
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TABLE 8-1 SUMMARY OF COST INCLUDED IN NET PRESENT VALUE ANALYSES

Description of Cost Iltem

Seawater Desalination Treatment Plant

Administrative

Capacity Charge X X
Commodity Charge X X
Finished Desalinated Seawater Transmission
Finished Water Pumping Station
Capital X X
O&M X X
Booster at Angleton
Capital X
O&M X
Booster at Hwy 6 & Hwy 288
Capital X X
O&M X X
Pipeline Capital
Original System X X
Parallel System X
Storage Capital X X
Surface Water
GCWA Raw Water Contracts X
Raw Water Costs X X X
Fort Bend County Plant X
Capital (transmission and storage) X X X
0&M X
Pearland Area Plant X
Capital (transmission and storage) X X X
0&M X X X
City of Houston Southeast WPP X
Capital (transmission and storage) X X X
0&M X X X
City of Houston Treated Water (Pearland Only)
Brazosport Water Authority
UV Disinfecation Upgrade X
O&M X
Debt Payoff X
Plant Upgrade (2040)
Capital (transmission and storage) X
0&M X
Existing Wells (Operating)
New Wells (Mixed Operating and Capital)
Arsenic Removal (Danbury) X X
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Economic analyses are often most readily accomplished using real or constant-dollar values, i.e., by
measuring benefits and costs in units of stable purchasing power. The difference between real and
nominal values is due to inflation. Nominal and real values must not be combined in the same
analysis. The nominal interest rate is the real interest rate plus inflation. The appropriate discount
rate for any given analysis depends on whether the benefits and costs are measured in real or
nominal terms: real dollars should be calculated using real interest rates and nominal dollars should
be calculated using nominal interest rates.

All cost estimates presented in this study are in 2004 dollars, which are real dollars. However,
market interest rates are nominal rates unless stated otherwise. Consequently, the market interest
rate used in this study was converted to a real interest rate by assuming an inflation rate of two
percent, which is the interest rate recommended by the U. S. Office of Management and Budget.!

This study uses a nominal rate of 4.87 percent, which is the rate for fully insured, non-Qualified Tax
Exempt Obligation (QTEO) retail utility revenue bonds with 30-year maturity available to the BRA.2
In comparison, the discount rate listed by the U. S. Office of Management and Budget for 30-year
maturities is 5.5 percent. (OMB Circular A-94, Appendix C, revised February 2004). In order to use
the nominal interest rate quoted above to perform necessary financial analyses, the rates must be
converted to real interest rates by removing the inflation rate. Removing the effect of inflation (two
percent) gives the final discount rates used in this study: 2.87 percent.

8.1.1 Net Present Value of Alternatives

Following the discounting guidelines for economic analyses presented above and using the
information presented in Sections 6 and 7, the net present value (NPV) was calculated for each
alternative.

Table 8-2 presents the NPV for each alternative and indicates the overall relative rank of each.
Detailed breakdowns of costs for each option are presented in Appendix G.

TABLE 8-2 SUMMARY OF NET PRESENT VALUE ANALYSES

Desalinated Water
Delivered from 2010-
2060 (acre foot)

Total Net
Present
Value

Desalinated
Water
Conveyance

Desalinated
Water
Treatment

Other Water
Sources

Other

Rank Costs®

Option|

6 1 $597,002,800 NA NA $597,002,800 NA NA

5 3 $789,464,130 $319,436,500 | $134,474,261 | $297,140,445 | $38,412,924 1,051,614
1 2 $815,322,477 $330,852,366 | $155,185,213 | $298,595,074 | $30,689,823 1,005,763
2 4 $838,042,830 $361,182,857 | $159,714,599 | $278,534,441 | $38,610,934 1,099,079
3 5 $1,010,993,965 | $663,856,639 | $312,640,811 $20,060,633 $14,435,882 3,076,765
4 6 $1,049,222,088 | $701,591,547 | $325,097,129 $0 $22,533,412 3,167,928

Note: Dollars in Millions Unless Otherwise Noted.

L http:/ /www.whitehouse.gov/omb/circulars/a094/a094.html
2 The Texas Water Development Board can provide a 22-year maturity state tax-exempt bond at a nominal rate of 4.98 percent, as of July
2004. However, the bonds quoted to the BRA through private investors provide better financing. Consequently, these values were used in

this study.

3 Includes administrative fees and debt defeasance.
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The NPV analysis demonstrates that economies of scale do exist for this project. For Options 3 and
4, increasing NPV by approximately 30 percent yields a threefold increase in the total amount of
desalinated water delivered.

Options 5 and 6, the two lowest cost options, were selected for additional financial analyses. For
these two options, Section 8.2 presents the time variable unit cost of water by water source while
Section 8.3 presents the estimated consolidated unit rate costs that includes existing and future water
supplies for several communities in the study area.

8.2 Comparison of Cost of Water Supplies

Options 5 and 6 use different portions of various water sources to meet the projected water deficits.
It is useful to examine the time varying unit cost of desalinated water to the unit cost of other water
supply alternatives to determine the potential long-term financial impact of supplying water from
each source. Figure 8-1 compares the projected unit cost of desalinated water for Option 5 to the
unit cost of the other water supply alternatives. Figure 8-1 indicates the varying unit cost of water in
dollars per 1000 gallons.

8.3 Rate Analysis

A community considering incorporating desalinated water into its water supply must look at the
total unit cost of water. The projected unit cost of desalinated water used as a sole source is
expected to be high relative to the unit cost of conventional groundwater and surface water supplies.
However, each community is projected to use desalinated water to meet only a portion of its
demands. Consequently, by mixing the more expensive desalinated water with less expensive
supplies, the overall unit cost of water could be moderated.

For Options 5 and 6, a preliminary rate analysis was conducted for the following take points:

e BWA customers (taken as a whole);
e Southeastern Fort Bend County area; and
e Pearland area.

Each community is projected to use different combinations of groundwater, surface water, and
desalinated water throughout the planning horizon.
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Time Varying Unit Cost of Water by Source

*Values shown are for an initial delivery of 6.5 MGD of desalinated water

Since these take points may serve more than one water user group, the costs are considered
representative of the expected difference between the total costs of using desalinated water to meet
water needs versus using surface water to meet water needs.

Figure 8-2 shows the rate analysis for Options 5 and 6 for the selected areas. The effect of
incorporating desalinated water into the water supplies of the selected communities is apparent
when the projected water rates for Option 5 are compared to the projected rates for Option 6, which
meets all future demands through surface water or groundwater. The unit costs shown do not
include any financial assistance in the form of an operating subsidy. Financial assistance is
discussed in Section 9.
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Figure 8-2
Rate Analysis for Selected Areas

8.4 Conclusions

For the five desalinated water supply options evaluated as part of this study, the net present value
varies from $789 million to $1.05 billion. The net present value analysis indicates that economies of
scale do exist for the desalinated water supply options: an approximate 30 percent increase in net
present value results in delivering threefold the total amount of desalinated water.

The initial unit cost of desalinated water for Option 5 is $4.44 per 1000 gallons. Under Option 5, the
cost of desalinated water increases in 2030, as major transmission facilities would be required to
deliver desalinated water to the northern portion of the study area. After 2030, the unit cost of
desalinated water for Option 5 starts to decline as debt from capital expenditures is retired and more
desalinated water is used. By 2060, the projected desalinated water costs approach the projected
cost of surface water.

The composite water rate, which includes blending desalinated water with other available water
supplies, was projected for three areas within the study area: the Pearland area, southeastern Fort
Bend County, and the BWA area. This rate analysis takes into account the groundwater and surface
water supplies communities might use in the future. The rate analysis indicates that the increase
associated with blending desalinated water with other available supplies is most pronounced in the
BWA area. In the BWA area, the rate projected approximately doubles as a result of incorporating
desalinated water into the total water supply. This increase occurs because the BWA uses a
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significant portion of desalinated water relative to other water supplies under the desalinated water
options.

The rate analysis indicates that the BWA and its customers will require financial assistance to use
desalinated water due to the significant increase that desalinated water is projected to have on the
overall unit cost of water. For the Fort Bend County and Pearland areas, the effect of incorporating
desalinated water into water supplies is not as significant. Consequently, financial assistance may
not be needed.

CDM 8-7
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Recommendations and Implementation Plan

9.1 Introduction

The extensive analyses carried out as part of this study clearly demonstrate a municipal average
day water deficit greater than 35 MGD in the proposed service area by 2060. With implementation
of Option 5, a minimum average daily demand of approximately 6.5 MGD could be met by the
demonstration project as soon as it becomes operational. An additional 2.7 MGD (for a total of 9.2
MGD) of manufacturing demand may also be met by the demonstration project, depending on
industrial activities in the area.

9.2 Recommendations

The desalinated seawater option with the lowest net present value (NPV) is Option 5. Option 5 was
developed to minimize upfront capital costs while maximizing initial demand. The economic
specifics for Option 5 are shown below.

Option 5 Summary

NPV $ 789,464,130
Initial Capital Cost $ 28,161,324
Initial Average Day Demand 6.5 MGD

Average Unit Cost of Desalinated Seawater in First Five Years $ 4.67/1000 gallons
Average Unit Cost of Desalinated Seawater over Study Period $ 4.48/1000 gallons

The Brazosport Water Authority (BWA) and a large industrial client currently are discussing an
additional 1 MGD of water demand; furthermore, the desalination facility will be located in a large
industrial complex and there is a possibility that there will be additional demands for this high
quality water. If these demands materialize after further development of the project, the unit cost
of water and the required subsidy would decline. This prospect is examined further in Section 9.5.

The objective of the State of Texas is to help create a desalinated seawater demonstration project. To
be feasible, the demonstration project must produce water in sufficient quantities and consistently
so that important operating information about the facility can be ascertained. The demonstration
project also must minimize any subsidies required and reduce large initial capital outlays. Option 5
meets all of these criteria.

Option 5 provides an initial desalinated seawater plant capacity of 10 MGD. Because Option 5 taps
into an existing customer base, the initial average day demand for desalinated water would be a
minimum of 6.5 MGD. Option 5 also uses portions of the BWA’s existing infrastructure to deliver
water to BWA customers, thus minimizing the initial capital investment. Furthermore, because
these economic factors favor Option 5, the subsidy required to equalize the costs of desalinated
seawater and existing water supplies would be minimized. The capacity of the desalinated
seawater plant would be expanded under Option 5 as demand dictated. (The spreadsheets in

CDM 01
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Appendix G show the increases in plant capacity.) Ultimately the desalinated seawater plant
capacity under Option 5 reaches 50 MGD. The proposed demands and plant capacities are shown
graphically in Figure 9-1.

60
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Figure 9-1
Projected Desalinated Water Demands and Plant Expansions for Option 5

Therefore, of the desalinated seawater options investigated, we recommend that the BRA and
TWDB move forward with Option 5. The layout of Option 5 is shown in Figure 9-2.

Following submittal of the Draft Report, discussions with local stakeholders revealed an interest in
a seawater desalination facility that would provide 3 MGD to 4 MGD. Because of the timing of this
expression of interest, an option including this size facility was not included in the Final Report.
However, the Brazos River Authority (BRA) will continue to pursue this option and will keep the
TWDB informed regarding its progress.

9.3 Implementation Plan

Many steps must be taken to implement a desalinated seawater project at Freeport. The major steps
are itemized below.

9.3.1 Piloting

Desalination using reverse osmosis is not an approved water treatment process in TCEQ 290 rules
and therefore must be piloted prior to implementation. Data from a pilot test phase of at least 90
days must be submitted to TCEQ for review and approval prior to construction.
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The cost of desalinating seawater can vary significantly due to pretreatment requirements. We
recommend piloting the pretreatment and reverse osmosis treatment for a minimum of six months
to gather data on treatability under both warm and cold water conditions. The pilot program also
should be designed to analyze the impact of using a mix of seawater and surface water as proposed
by Poseidon Resources.

The pilot plant also would demonstrate the feasibility of the desalination project to stakeholders.

Poseidon will use the results of the pilot program to finalize its capacity and commodity charges for
the facility. This study used indicative costs provided by Poseidon, but actual pilot data will allow
those costs to be verified.

The TWDB has received a State and Tribal Lands Assistance Grant from EPA in the amount of
$400,000 specifically designated for the Freeport project. The terms of the grant require matching
funds. We recommend that this grant money and matching funds be used to pilot the desalinated
seawater facility, including pretreatment, at Freeport for a minimum of six months.

9.3.2 Necessary Support, Agreements, and/or Contracts

Before the final unit cost of water from a seawater desalination project can be determined for its
potential customers, the availability and amount of financial assistance from the State of Texas and
the federal government must be finalized.

After the cost of water is determined, the BRA will need to pursue cooperative agreements with the
BWA that would provide for the BRA /Poseidon Partnership treating and delivering desalinated
seawater to BWA's facilities in Lake Jackson for distribution to BWA’s customers.

The BRA and Poseidon will need to negotiate a pay-for-performance contract for Poseidon to
deliver water to the BRA from the seawater desalination plant. The terms and conditions of this
contract will be complex and beyond the scope of this study; at a minimum, they must include the
amount of water to be purchased, the quality of the finished water, the term of the agreement, and
commodity and capacity charges. The demonstration focus of this project, building ahead of actual
demand, and the existence of groundwater and surface water facilities provide an ideal situation
for a pay-for-performance public-private contract. The BRA and State of Texas can transfer a
substantial portion of the project risk to the private sector since there will be alternative supplies
still in place.

9.3.3 Permits

Permits and approvals for construction will be required before construction can begin on the
seawater desalination facility and its storage and conveyance appurtenances. If the seawater
desalination facility is constructed at the Dow facility, there should be few issues involving
threatened/endangered species, wetlands, or archaeological artifacts. Depending on who owns the
land where the facility will be constructed, environmental assessments of the property may be
required.

Assessments also will be required of the impact to endangered/threatened species, wetlands, and
archaeological issues from storage, pumping, and conveyance facilities. However, because the



Section 9
Recommendations and Implementation Plan

proposed pipeline from Freeport to Lake Jackson will be constructed parallel to the existing BWA
pipeline, environmental and archaeological issues should be minimized.

The question of whether an individual 404 permit is required for the Freeport project will depend
upon the total linear footage and number of acres disturbed in the waters of the United States.
These issues can be revisited as pipeline routes and other construction sites are finalized.

Dow already has permits for withdrawing and discharging surface water and seawater. Poseidon
plans on working with Dow to amend these permits as necessary for the seawater desalination
project. In February 2004, the Texas Commission on Environmental Quality (TCEQ) modified
Dow's existing seawater withdrawal permits to include industrial and potable municipal uses. 1

For permitting purposes, The Dow Chemical Company discharges directly to the Brazos Coastal
Segment as defined in Section 201 by the TCEQ and as referenced in the Dow discharge permit.
The proposed desalination facility will discharge to an internal point within the Dow discharge
canal system before being blended with other seawater and process water for discharge to the
Brazos River at the existing discharge point 001. With the concurrence of the TCEQ, Poseidon
expects to use the Dow discharge as a common outfall but under a separate TPDES discharge
permit regulated by the state.

9.4 Schedule

The schedule for implementing the demonstration seawater desalination project at Freeport is as

follows:
Task Start Date Finish Date
Pilot Agreements and Grant Application January 2005 October 2005
Pilot Facility Construction and Implementation November 2005 September 2006
TCEQ Review October 2006 December 2006
Permits October 2006 April 2007
Contract for Water Delivery between BRA & Poseidon January 2007 June 2007
Wholesale Water Agreements July 2007 December 2007
Design/Build Desalination Facilities June 2008 May 2010
Design/Permit/Easements for Conveyance Facilities June 2008 December 2008
Bid/Construct Conveyance Facilities January 2009 May 2010

This is an aggressive schedule; however, we believe it is realistic because of the unique site at the
Dow facility, the public-private partnership, the design/build delivery technique for constructing
the desalination facility, and the relatively small amount of offsite improvements required to
deliver water under Option 5.

T Amendment to Certification of Adjudication No. 11-5334 allows for industrial and now municipal uses for seawater. Date Granted Feb.
2, 2004, as Certificate No.11-5334A.
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9.5 Financing

Five options to provide desalinated seawater to the service area were evaluated in detail. These five
options were compared to a non-desalinated water option to determine any additional costs to
implement desalinated seawater. Section 8 summarized the net present value and presented the
projected unit cost of water for all of the options. The desalinated seawater options have higher net
present values and higher unit costs than the alternative to desalinated seawater. However, the cost
of desalinating seawater is decreasing as technology improves in this area. At the same time, the
cost of treating surface water maintains an upward trend as drinking water rules continue to make
treatment of surface water more complex and more expensive. As these trends continue into the
future, the cost of desalinating seawater will become more competitive. Nevertheless, at this time,
implementing a desalinated seawater option will require financial assistance, probably in the form
of an operating subsidy.

9.5.1 Freeport Project Approach

The seawater desalination project at Freeport is unique among the projects being reviewed by
TWDB. This project includes a public agency entering into a public-private partnership with
Poseidon Resources. Virtually all the successful seawater desalination facilities have been
completed as public-private partnerships. This project proposes that Poseidon design, permit,
build, operate, and finance the seawater desalination facility in Freeport. (One financing vehicle
being explored is the use of Private Activity Bonds.) Poseidon then will contract with the BRA to
sell the water under a contract structure using a capacity charge and commodity charge.

BRA would be responsible for conveyance facilities from “the gate” to the individual water utility
take points, including ground storage tanks, pump stations, and pipelines. This infrastructure
probably would be financed over 30 years using tax-exempt financing. Revenue to repay the bonds
would be derived from sales of desalinated seawater to water utilities.

The BRA may be able to proceed with the pilot facility using the EPA grant mentioned above. Full
implementation depends on decisions made by the State of Texas as to whether the financial
assistance will be provided to the seawater desalination project and in what amount.

The Freeport Seawater Desalination Project is the right project for Texas to pursue as a pilot
demonstration project. In addition to proactively meeting long-term needs, the project has several
unique advantages:

e Experienced Partners - A public-private partnership between the BRA and Poseidon
Resources will leverage local and state resources with $76 million in private investments.
Poseidon has substantial experience in large-scale desalination projects in Florida and
California.

e Location - Co-locating the project at The Dow Freeport site brings numerous advantages:

existing infrastructure, including on-site power and established site security;
convenient access to seawater, river water supply, and discharge;

shorter project implementation schedule due to existing permits; and

no bay means reduced environmental issues related to brine disposal.

SR NEENEEN
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Furthermore, because this project will use existing infrastructure, project implementation
can occur rapidly.

e Basinwide Benefits - The project will provide a new, drought-proof source of water
resulting in a diversity of supply and enhanced reliability for the region. It also will provide
efficiency and future benefits to the entire Brazos River basin by allowing limited surface
water to be used in areas for which seawater is too distant to be a practical option. Finally,
using high quality, reliable desalinated water for municipal supplies could make raw
surface water available for irrigation and for manufacturing needs that do not require
highly treated water.

9.5.2 Required Subsidy

The BWA currently sells water to its customers for $1.58 /1000 gallons through take-or-pay
contracts. The amount of water taken in excess of the contract amount also is billed to the customer
cities at a unit cost of $1.58/1000 gallons. It is anticipated that improvements to the BWA surface
water treatment plant may be required that would increase the unit cost of water to BWA
customers to $1.62/1000 gallons by 2010. In order for the demonstration project to have no
financial effect on BWA, a subsidy would be required to hold the cost of water from the
desalination facility to approximately $1.21/1000 gallons, including storage, pumping, and
pipeline. This cost ceiling is necessary because the BWA will have to retire debt on its pipeline
facilities, provide for operation and maintenance of the pipeline facilities, and cover general and
administrative costs. At a unit cost of $1.21/1000 gallons and the contracted quantities, the
desalination project cannot exceed an annual cost to end users of $3,458,000.

BWA customers are shown below:

Contract Take-or-Pay
Customer Amount (MGD) Amount

Angleton 1.800 $1,038,060
Brazoria 0.300 $ 173,010
Clute 1.000 $ 576,700
Freeport 2.000 $1,153,400
Lake Jackson 2.000 $1,153,400
Oyster Creek 0.095 $ 54,787
Richwood 0.235 $ 135,525
Correctional Units 0.400 $ 230,680
Total 7.830 $4,515,562

Annual charges for the demonstration seawater desalination facility as currently proposed include:

Capacity Charges (10 MGD) $ 6,497,000
Commodity Charge (6.5 MGD) $ 2,165,000
Debt Service for Conveyance Facilities $ 1,747,900
Maintenance Cost for Conveyance Facilities $_ 724,600

Total $11,134,600
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In order to proceed, the demonstration seawater desalination project will need an annual subsidy of
$7,676,600 in financial assistance. Based on 6.5 MGD of use, this is equal to $3.24/1000 gallons or
about $1,056/ acre-foot.

If additional industrial demand is added to the desalination project so that the total demand
reaches 9.2 MGD by the year 2010, the required subsidy is $7,962,100 per year, but the unit cost of
the subsidy becomes $2.37/1000 gallons or $772/acre-foot. The desalination project is located on a
large industrial area and these possibilities are being actively explored.

The subsidy will be required as long as the cost of desalinated water is higher than non-
desalination alternatives. The need for and amount of a subsidy should be evaluated biennially.
As desalination technology improves, the unit cost of desalinated water should decrease. At what
point in time improvements in technology would allow desalinated water unit costs to approach
those of treated surface water is unknown.

9.5.3 Current Subsidies

In Florida and California, substantial subsidies have been established. The federal government also
is considering operating subsidies for seawater desalination facilities. The current subsidies in
place or being considered are described below.

Federal Government

The federal government is considering bipartisan legislation that would subsidize the energy costs
of operating a seawater desalination facility. As currently proposed, HR 3834 would “direct the
Secretary of Energy to make incentive payments to the owners or operators of qualified
desalination facilities to partially offset the cost of electrical energy required to operate such
facilities.” The proposed payments would total $0.62/1000 gallons of desalinated water produced
and sold. The legislation also provides that payments would be adjusted for inflation. The total
funding available under HR 3834 is $200 million.

Southwest Florida Water Management District (SWFWMD)

Southwest Florida Water Management District (SWFWMD) is one of five water management
districts within the State of Florida regulating the use of water resources in its territory. The
SWFWMD serves 4 million people. As a public agency of the State of Florida created and operating
pursuant to Chapter 373 of Florida Statutes, SWFWMD may use permit application fees and a
method of ad valorem taxation to finance its activities. SWFWMD mandated that Tampa Bay Water
(TBW) reduce reliance on groundwater resources and agreed to provide funding assistance in a
maximum amount equal to 90 percent of capital costs for the 25 MGD Tampa Bay Desalination
Project, up to a maximum amount of $85 million. The funding was to be used to pay:

e A portion of the cost of water purchased pursuant to the Water Purchase Agreement with
Tampa Bay Desalination or an indirect payment of a portion of the capital cost of the project,
including interest;

e A portion of the purchase price of the project in the event that TBW exercised an option to
purchase the project; or
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e The costs of another new water supply in accordance with a partnership agreement with
SWFWMD.

For the projected $2.08/1000 gallons unit cost of desalinated water, an initial subsidy of $0.50 to
$0.60 was proposed to yield a net price of approximately $1.50/1000 gallons of wholesale water.

Metropolitan Water District of Southern California

In order to stimulate the development of groundwater and wastewater reuse, as well as seawater
desalination programs, the Metropolitan Water District of Southern California (MWD) has created a
series of local resource programs over the last decade within its Integrated Resources Program. The
MWD supplies imported water to 26 member agencies serving approximately 17 million people.
The MWD has entered into a number of agreements for annual subsidies of local supply of up to
$250/ acre-foot of treated water in order to encourage the use of local supplies. For example, the
Capistrano Valley Water District in Orange County recently financed and constructed a 5 MGD
inland desalter called the San Juan Basin Desalter Project. MWD has agreed to make a financial
contribution in the amount of $250/acre-foot to recover degraded groundwater.

9.6 Conclusion

The Freeport Seawater Desalination Project best meets the criteria put forth by the State of Texas for
constructing a demonstration seawater desalination facility.

e Option 5 provides an immediate demand on the demonstration facility. The demonstration
facility would be operated at 6.5 MGD when it opens. Population in the service area is
projected to almost triple from 2000 to 2060 and water shortages have been identified in
municipal, manufacturing, and irrigation areas.

o The facility is located close to the largest urban area in Texas and, of the three proposed
seawater desalination projects, is the closest to two major engineering universities. The
Freeport facility will add immensely to research on desalination and information on the
project will reach a larger population.

e The site distinguishes the Freeport facility from the other proposed projects. Co-locating the
Freeport facility within the existing Dow complex provides existing access to seawater,
brine disposal discharge permits, and wholesale electrical power. Because the site is not a
greenfield, development of the desalination facility will not cause environmental damage.
The Texas coast at this location lacks a bay; as a consequence, the project will have minimal
impact on the environment. Furthermore, construction cost will be reduced because no long
brine discharge pipe will be needed.

e The project is supported by the major cities in the service area, the Brazoria County
Economic Development Alliance, and the Greater Houston Partnership. The project is also
supported in the Texas Legislature and the U.S. Congress.

CDM 0.9
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e Because the project is being proposed as a public-private partnership, it limits risks to both
the BRA and the State of Texas. Although financial assistance is needed, this support and
the risk associated with the project are shared with a private entity.

9-10 CDM
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August 26, 2004 COPY

Mr. Kevin Ward

Executive Administrator

Texas Water Development Board
P.0O. Box 13231

Austin, Texas 78711-3231

Dear Mr. Ward:

I am writing in support of the Freeport Seawater Desalination Project, the proposed public-
private partnership between the Brazos River Authority and Poseidon Resources. This project
promises to bring a high quality, sustainable new water supply to Brazoria and Fort Bend
counties.

There have been detailed analyses conducted over the past year which show that the project can
dramatically enhance the quality and certainty of our water supplies, This desalination project
will provide another alternative 1o surface water from the Brazos River, which is given to
drought susceptibility and issues of water quality in this portion of the basin. It also provides an
alternative to groundwater, now subject to increasing regulation resulting from land subsidence,
limited availability, and salt water intrusion.

For all these reasons, I believe the development of the Freeport Seawater Desalination Plant will
be highly beneficial to SD 17 and all of Texas.

Please do not hesitate to contact me if | can answer any questions.

Sincerely,
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25 August 2004

Mr. Kevin Ward

Executive Administrator

Texas Water Development Board
P.O. Box 13231

Austin, Texas 78711-3231

Dear Mr. Ward:

This letter comes in support of the Freeport Seawater Desalination Project, the proposed public-
private partnership between the Brazos River Authority and Poseidon Resources, This project
promises to bring a high quality, drought-proof, sustainable new water supply to Brazoria and
Fort Bend counties.

The detailed analyses that have been conducted over the past year show that the project can
dramatically enhance the quality and certainty of our water supplies. This desalination project
will provide another alternative to surface water from the Brazos River, which is given to
drought susceptibility and issues of water quality in this portion of the basin. It also provides an
alternative to groundwater, now subject to increasing regulation resulting from land subsidence,
limited availability, and salt water intrusion.

Furthermore, advances in technology have made desalination of seawater more cost-competitive
when compared with other new water supply development alternatives.

For all these reasons, I support development of the Freeport Seawatcr Desalination Plant and
deems water produced from the seawater desalination plant as a viable option for meeting its
long-term needs. Desalinated seawater at reasonable rates will be an important part of our future
water supply strategies.

Ilook forward to seeing the green light on this important and far-reaching project.

incerely,

W.A. Callegari

E-Mail: bill.callegari@house.state.tx.us
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512/463-0111 BUSINESS AND COMMERCE
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Mr. Kevin Ward RECEIVED
Executive Administrator AUG 13
Texas Water Development Board UG 2004
P.O. Box 13231 KUUTE TO:
Austin, Texas 78711-3231 OTO - —
CTO: V\\N’ M-S AW
Dear Mr. Ward: ’

This letter comes in support of the Freeport Seawater Desalination Project, the proposed public-
private partnership between the Brazos River Authority and Poseidon Resources. This project
promises to bring a high quality, drought-proof, sustainable new water supply to Brazoria and
Fort Bend counties.

The detailed analyses that have been conducted over the past year show that the project can
dramatically enhance the quality and certainty of our water supplies. This desalination project
will provide another alternative to surface water from the Brazos River, which is given to
drought susceptibility and issues of water quality in this portion of the basin. It also provides an

- alternative to groundwater, now subject to increasing regulation resulting from land subsidence,
limited availability and salt water intrusion.

Furthermore, advances in technology have made desalination of seawater more cost-competitive
when compared with other new water supply development alternatives.

For all these reasons, I support development of the Freeport Seawater Desalination Plant and
deem water produced from the seawater desalination plant as a viable option for meeting long-
term needs. Desalinated seawater at reasonable rates will be an important part of our future
water supply strategies.

T aon

Mike Jackson
State Senator
District 11

LEAGUE CITY DISTRICT OFFICE PASADENA DISTRICT OFFICE
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LEAGUE CITY, TEXAS 77573 > PASADENA, TEXAS 77504
281/334-0011 713/948-0111

FAX: 281/334-3043 SENATE DISTRICT 11 FAX: 713/948-0004
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August 24, 2004

Mr. Kevin Ward

Executive Administrator

Texas Water Development Board
P.O. Box 13231

Austin, Texas 78711-3231

Dear Mr. Ward:

This letter comes in support of the Freeport Seawater Desalination Project, the proposed public-
private partnership between the Brazos River Authority and Poseidon Resources. This project
promises to bring a high quality, drought-proof, sustainable new water supply to