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Executive Summary

Faced with a growing potable water demand and the regulations limiting pumping from the undetlying
groundwater aquifer, nine water utilities in the Brazoria, Fort Bend, and Harris County region have
formed a partnership with the State of Texas and Gulf Coast Water Authority to evaluate the feasibility
of constructing and operating a regional surface water treatment facility. This study reports on the
findings of the constructability, feasibility, and preliminary cost of a proposed regional surface facility and
associated raw and finished water delivery improvements.

The primary water supply for residents of western Harris County, Fort Bend County, and northern
Brazoria County continues to be the Evangeline and Chicot aquifers. Subsidence due to extensive
groundwater pumping will eventually result in flooding and property damage in these areas unless
restrictions are placed on groundwater use. Additionally, the extensive pumping of water from the
aquifers has also led to a decrease in level of the water table. As the level drops, many well owners have
been forced to lower their wells or find alternative sources of water. In addition, decreases in
piezometric heads are often associated with a decrease in water quality. As the water level drops, the
salinity and TDS levels in the aquifer increase.

As a result of these problems, the Harris-Galveston Coastal Subsidence District (HGCSD) and Fort
Bend Subsidence District (FBSD) were created by the Texas Legislature. Both districts have the
authority to regulate the withdrawal of groundwater to mitigate subsidence and falling water table levels.
The HGCSD has adopted three regulatory plans beginning in 1976. The initial plan focused on having
an immediate impact in the area where the most subsidence had taken place and where surface water was
available as an alternauve to groundwater. Subsequent plans have focused an overall goal of changing
ptimary water usage from groundwater to surface water in a series of steps. In April of 1999, the
HGCSD issued a revised District Regulatory Plan (DRP) with an overall goal to reduce groundwater
withdrawal to no more than 20% of total water demand. In December of 1999, the HGCSD established
a disincentive fee for not complying with the DRP. The FBSD is in the process of developing a DRP
and should release a draft rule by the end of the year 2000. This plan may have a disincentive fee
structure to reduce the groundwater withdrawal in Fort Bend County. It is anticipated that the rules
promulgated for Fort Bend County will be similar to those for Harris and Galveston Countes.

To comply with these rules, the municipalities and industries currently using groundwater will be
required to use surface water as their primary supply. The costs of this conversion to surface water wll
be significant and every Municipal Utility District (MUD), Water Control and Improvement District
(WCID), or municipality in western Harris County and Fort Bend County will have to share in this
expense regardless of the size of their utility. A regional surface water plant may be a viable and
economically attractive alternative to supply water to this region.

SCOPE

This study was authorized to investigate the feasibility of constructing a regional surface water plant,
including an analysis of the surface water treatment alternatives and site locations. Through this study,
the estimated cost to plan, design, construct, operate and maintain a regional surface water treatment
plant, complete with raw water delivery and finished water transmission, was determined. This study
started with the development of the projected water demand for nine Participating Utilities and
culminates with a facility plan of the proposed facilities necessary to satisfy this water demand through
the year 2050 through a mix of groundwater and treated surface water.

BACKGROUND

The planning area, shown on Figure ES-1, for this study encompasses portions of Harris County, Fort
Bend County, and Brazoria County. Water utilities located in the planning area were contacted regarding

MONTGOMERY WATSOM
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Executive Summary

their interest in participating in a regional surface water plan and nine utilities elected to be part of this
regional planning effort. The Participating Utilities are:

*  City of Alvin

= (ity of Arcola

® City of Friendswood

» City of Houston

* City of Manvel

»  City of Missouri City

®  City of Pearland

*  City of Sugar Land

*  Ft. Bend WCID No. 2 (FBWCID No.2)

The closest raw surface water source to this region is the Brazos River, which traverses much of Fort
Bend and Brazona County. The State of Texas, through the Brazos River Authority (BRA), currently
allocates water from the Brazos River for agricultural, industrial, and municipal needs through water
permits. The Gulf Coast Water Authority (GCWA), a political subdivision of the State of Texas has legal
authority to plan, develop, and operate regional water facilities, currently holds the most senior water
permuts in the Lower Brazos Basin and operates raw water canals which carry Brazos River water
through the planning area. The GCWA can draw on these permits to provide raw water for the regional
water plant. The GCWA currently operates two raw water canals from the Brazos River to Galveston
County to serve existing industrial, municipal, and agricultural customers. The GCWA canal system is
shown on Figure ES-1. The American Canal is supplied with water from the Brazos River at the
Shannon Lift Station that flows through Jones and Oyster Creek before the 20 Lift Station in Sugar
Land lifts water to the manmade portion of the American Canal. The Canal meanders from Sugar Land
through Brazoria County until it reaches the Galveston County Reservoir. The Briscoe Canal is supplied
water from the Brazos River at the Briscoe Lift Station and transports the water by gravity through
Brazoria County to the Galveston County Reservoir. Lateral 10 connects the two canals at State
Highway 288.

SURFACE WATER CONVERSION

Conversion to sutface water from groundwater is driven by increasing regulations aimed at reducing
groundwater production to mitigate subsidence and an ever-present increasing water demand. As
subsidence rules are promulgated and implemented and demand grows, the availability of groundwater
will become limited. Mitigation of this limitation may be achieved through the use of surface water as

the raw water source. A review of the surface water conversion drivers is as follows:

Subsidence Regulations

Many of the Participating Ultilities involved in the planning study fall under the jurisdiction of the Harris-
Galveston Coastal Subsidence District (HGCSD) and Fort Bend Subsidence District (FBSD). The
HGCSD has issued regulations limiting the withdrawal of groundwater from the aquifer based on the
geography of the district. The HGCSD is broken into three regions, of which the planning area for this
project falls into HGCSD Region 2 and 3. The rules for HGCSD Region 2 mandate conversion of 80

MONTGOMERY WATSOM
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Executive Summary

percent of the water demand to surface water by the year 2010 and in HGCSD Region 3 groundwater
pumping must be reduced to 70 percent by 2010, 30 percent by 2020, and 20 percent by 2030. The
FBSD is scheduled to promulgate rules in the fall of 2000. These rules are expected to be similar to the
HGCSD rules.

Water Demand

The Participating Utilities estimate that the portion of their utilities in the planning area have a curtent
populaton of 603,000 and an average daily water demand of 74.9MGD. Over the next 50 years, the
population of the Participating Utilities in the planning area and water demand are projected to grow to
807,000 and 187.9 MGD. This represents a 240 percent increase in water demand and will require a
significant conversion to surface water.

FACILITY DEMAND

To serve this growing demand and meet projected groundwater withdrawal regulations, the Participating
Utilities will need to provide 80 percent of the average annual water demand with surface water. The
remaining 20 percent of the water demand will be met through groundwater facilities at each of the
Participating Utilities. The phasing of the conversion to surface water is dependent of the shape of the
FBSD regulations and the overall regional groundwater management plan for HGCSD Region 2 and 3.
For the purposes of this study, it was assumed that the surface water conversion would be required by
the year 2010 and groundwater production would be limited to 20 percent of total demand.

The Participating Utilities agreed to develop this facility plan based on a plant that delivers a faitly
constant supply of surface water and to augment this supply with groundwater from their wells during
high demand periods. The Participating Ultilities will activate their wells during times when the water
demand exceeds 80 percent of their average annual demand. Peak hour demands will be met through use
of the Participating Utlities individual storage capacity. Each participating utlity noted that they would
expand their existing well and storage facilities to meet future peak flow demands in lieu of drawing
additional water from the surface water plant.

Given these assumptions, the Planning Area surface water treatment demands are as follows:

TABLE ES-1
PLANNING AREA SURFACE WATER DEMAND

Year Surface Water
Demand {MGD)
2010 83
2020 102
2030 118
2040 135
2050 150

The majority (75 percent) of the total Participating Utility water demand is for the City of Houston, City
of Sugar Land, FBWCID No. 2, and City of Missouri City. The demand for these four utilities is
located within a 6 mile radius of the intersection of Beltway 8 and Interstate 59 in Sugar Land, Texas.
This area is called Demand Area A. The remaining 25 percent of the water demand for the City of
Arcola, City of Pearland, City of Friendswood, City of Alvin, and the City of Manvel is located within a 9
miles radius of the intersection of Hwy 6 and Masters Road in Manvel and is called Demand Area B.
The two demand areas are located approximately 18 miles apart and are shown on Figure ES-1

MONTGOMERY WATSON
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Executive Summary

Strategic locations for regional surface water treatment facilities were investigated in Demand Area A and
B. Locations in Manvel and Alvin were investigated to serve Demand Area B and locations in Sugar
Land and Missouri City were investigated to serve Demand Area A. The locations within Demand Area
A were also evaluated to serve the entire study area with a single regional water treatment facility.

TAKE POINTS

As a wholesale provider of raw and potable water, GCWA will contract with each participating utility to
deliver water at specified “take points”. Take points are defined as the end point at which the GCWA
will transport potable water to the Participating Utilities. At each of these take points, a flow meter will
be installed to record and monitor the total flow delivered to each participating utility. From this point
on, the participating utility will be responsible for operation and maintenance of the water distribution
system.

Each participating utility provided the physical address, desired water pressure, and expected water
demand at each preferred “take point”. The City of Houston, City of Missouri City, and the City of
Sugar Land requested GCWA to deliver water to existing ground storage tanks. These utilities will boost
the water from the ground storage in to the distribution system. The remaining six Participating Utilities
requested finished water at 2 minimum system pressure in order to directly pressurize the system from
the regional water treatment plant high service pump station.

The take points with pressure requirements and flow demands are tabulated in Table ES-2.

TABLE ES-2
REQUESTED FLOW AND PRESSURE AT UTILITY TAKE POINTS

Utility Take Point Average Pressure Ground Tank
Name Water Requirement Elevation At Height
Demand (psl} Take Point (ft) (ft)
{(mgd)
City of Bellaire Braes PS 59.20 Fill Tank 80 25
Houston
City of Sugar First Colony 17.47 Fill Tank 80 23.5
Land Lakeview 11.65 Fill Tank 68 23.5
City of Quail Valley 8.46 Fill Tank 65 25
Missouri City | sjenna Plantation 8.46 Fill Tank 60 25
FBWCID No. 2 Site B 5.00 60 80 -
Avenue E 5.00 60 75 -
City of SH 288 7.19 5C 60 32
Pearland SH 35 7.19 50 40 32
City of Site E 3.52 50 55 -
Manvel
City of Arcola Town Center 0.13 Fill Tank 63 16
City of Alvin Bypass 35 5.60 65 35 -
City of Waest 5.71 65 35 -
Friendswood Friendswood
SW Friendswood 5.71 65 35 -
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Preliminary Water Plant Locations

The Participating Utility Team reviewed the planning area in search of alternative treatment plant
locations that met established minimum acreage requirements. In sum, eight preliminary sites were
identified. After careful evaluation by the Participating Utility Team, several potential water plant sites
were eliminated from consideration based on the following criteria: proximity of the proposed plant site
to the demand, proximity of the proposed plant site to the raw water soutce, and acreage of the
proposed plant parcel. The Participating Utility T'eam selected sites that were adjacent to a GCWA raw
water canal minimizing raw water conveyance pipelines, centered to a demand area to minimize finished
water pipelines, and with sufficient acreage to support a regional water treatment plant.

After this preliminary screening, the following four potential water treatment sites remained:
e Sugar Land — Hwy 90 and Hwy 6 in Sugar Land,

¢ FBWCID No. 2 — Lexington Blvd and 5t Avenue in Missouri City,

¢ Manvel - Hwy 6 and Iowa Lane in Manvel, and

e Alvin - CR 285 and CR 144 west of Friendswood in Alvin ET].

The elevation of the planning area ranges from 80 feet mean sea level in the western area near Sugar
Land and Missouri City to around 20 feet in the southeastern edge of the planning area near Alvin and
Friendswood. A water plant placed in Demand Area B to serve the entire planning area, would require
finished water pumps designed to pump water uphill (60 feet) to the western part of the service area. A
water plant located in the Sugar Land or FBWCID No. 2 site can take advantage of the elevation
difference in the planning area. This reduced finished water design head attained by locating the plant at
the Sugar Land or FBWICD NO. 2 site, over the Manvel or Alvin site, results in significant O&M cost
savings.

The Participating Utility team also realized that if the regional water plant is located in Demand Area A,
a large diameter 18-mile long finished water pipeline is required to convey water to Demand Area B.

Considering these factors, the Team agreed to evaluate the following two water treatment plant
scenarios:

1) One large water treatment plant located at the Sugar Land or FBWCID No.2 site and a large
transmission main connecting the plant site to all the Participating Utilities, or

2) Two water treatment plants

® One pant located at the Sugar Land or FBWCID No.2 site with finished water pipelines to

serve the demand for the City of Houston, City of Sugar Land, FBWCID No. 2, and City of
Missouri City, and

® One plant located at the Manvel or Alvin site with finished water pipelines to serve the
demand for the City of Arcola, City of Pearland, City of Friendswood, City of Alvin, and the
City of Manvel.

Raw Water Canals

Raw water for the regional water plant must be taken from the Brazos River by direct pumping from the
river or through the GCWA Canal System. As the screened alternative sites are adjacent to the GCWA
canal, the canal serves as the most economical location for a raw water intake. The study reviewed the
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capacity in the canal to determine if projects are required to upgrade the canal capacity to handle the flow
necessary to feed the regional water plant demand and the demand associated with the existing GCWA
customers. The required facility upgrades for each plant site scenario were identified.

Redundant Raw Water Supply

In terms of raw water reliability, the GCWA Canal System is a single continuous delivery system from
the Brazos River to the regional water treatment plant. The reliability of this raw water delivery system is
limited as a single potnt of failure exists. If the Shannon Pump Station or 2nd Lift Station experiences an
outage, raw water delivery to the regional water plant would stop and treated water production would be
limited to stored water in the American Canal and the water plant forebay.

The GCWA has experienced isolated three week outages at the Shannon plant as a result of lightening
strikes. In addition, the GCWA has experienced canal outages of up to a week for repair a ruptured
siphon. To ensure continued water delivery customers in the planning area during a temporary raw
water outage, the Participating Utilities can either have sufficient groundwater capacity or the regional
facility can have improved reliability or a combination of the two solutions. An evaluation of these
methods was conducted.

Groundwater Supply

Since the Participating Utilities have selected to meet peak day and peak hour demands through
groundwater wells and storage volumes, this infrastructure will have the capacity to provide all or a
significant portion the average water demand of the customers. During a temporary outage of the water
plant, the Participating Utilities can draw on this existing infrastructure to meet the needs of the
customers while repairs are made to GCWA raw water delivery system. This method requires no new
infrastructure over and above what the Participating Utilities will provide to supply peak day and hour
demands.

Alternative Raw Water Supply

The following three alternate methods for improving the reliability of the raw water supply were
evaluated:

e  Construct alternate power or fuel-driven motors at Shannon and 27 Lift Station as needed. The
capacity of the raw water pump stations would be increased to minimize the risk of failure at the
pump station. This option will not eliminate a risk to canal faiture, but will reduce to overall risk of
raw water outages due to the mechanical failure or power outages.

e Construct new pump station and pipeline from the Brazos River to the American canal. This option
would minimize risk of a Shannon or 2 Lift Station failure and a simultaneous canal failure by
offering a completely independent raw water transmission system from the Brazos the regional water
authority.

¢ Construct an on-line storage reservoir on the American Canal upstream of the 2nd Lift Station. This
terminal storage reservoir would be located near the regional water treatment facility and would
contain enough storage to maintain flow to the water plant in the event of a temporary raw water
pump station or canal failure.

Raw Warter Redundancy Recommendation

Fach of these alternatives was evaluated in terms of non-economic factors and economic present worth.
The option of utilizing Participating Utilities groundwater wells to meet the potable water demand during
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a temporary outage in the raw water delivery system was selected as the preferred alternative. This
alternative maximizes use of the Participating Utilities existing infrastructure and minimizes capital
expenditures for a redundant system that will only be utilized during infrequent emergencies.

Finished Water Transmission

For each water treatment plant alternative, the finished water transmission system that presents the
lowest overall capital and O & M costs was developed. The pipeline alighment was based on the
preferred pipeline corridors identified in a pipeline corridor analysis. The analysis reviewed alternative
pipeline corridors between the various treatment plants alternatives and the participating utility take
points. The preferred pipeline corridors were identified based on the following criteria:

¢  Minimize overall length of finished water pipelines,

¢ Minimize construction in urban areas,

e Minimize construction in corridors with numerous existing utilities, wetlands, and private lands
requiting easements.

To develop the cost effective sizing of the finished water transmission system components, a hydraulic
model was utilized to size pipeline components based on the take point requirements and the preferred
pipeline alignments. The goal of the model was determine the minimum sized pipelines and booster
pump station pressure that could adequately meet the take point requirements. The resuits of the model
runs for each of the alternatives are provided in Section 6.

Economic Evaluation

An economic evaluation was performed for six different siting alternatives. Two alternatives consisted
of a single plant located at either the Sugar Land site or the FBWCID No. 2 site. The other four
alternatives combined a plant at these two sites with a second plant at either Alvin or Manvel.

Capital Cost

The capital costs for each plant site alternative includes costs associated with the finished water pipeline,
high service pump station, booster pump stations, easements, raw water pump station upgrades, raw
water canal improvements, and treatment plant facilides. The capital costs also includes engineering
construction administration and contingency.

Construction projects have certain unpredictable expenses. To cover the costs of these unpredictable
expenses, an allowance for various contingencies is designed to reduce project risk. The contingency
will vary according to the type of project, complexity of design, and geographical location. This
allowance can be reduced as the design progresses from concept through final construction documents,
but some contingency must remain throughout the life of the project as a reserve for events that
experience shows will likely occur. Contingency is applied to total construction cost which includes the
construction estimate with engineering and construction administration.

The capital costs associated with the identified raw water improvements, finished water transmission

systems, and water treatment process for each of the identified plant site alternatives are shown in Table
ES-3.
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TABLE ES-3
CAPITAL EXPENDITURE (YR 2000 $)

£\ o a = D ase o5 0

ea GOS8 ¥ D28
Sugar Land $ 317,290,000 $ 40,970,000
FBWCID No. 2 $ 294,660,000 $ 39,830,000
Sugar Land / Manvel $ 331,250,000 $ 51,250,000
Sugar Land /Alvin $ 310,750,000 $ 48,980,000
FBWCID No. 2 / Manvei $ 312,180,000 $ 48,380,000
FBWCID No. 2 / Aivin $ 291,730,000 $ 49,380,000

Operation and Maintenance Costs

O & M costs for the facility include the costs associated with producing and delivering the water demand
to the Participating Utilities. O & M costs include the following items:

Electricity,
Maintenance,
Chemicals,
Labor,
¢  Sludge disposal, and
o  Administration

The annual O&M costs for the alternative plant site scenarios are summarized in Table ES-4

TABLE ES-4
ANNUAL O&M ($ PER YR, YR 2000 $)

Alternative Phase 1 Phase 2
2010-2030 2030-2050
Sugar Land $ 19,320,000 $ 23,540,000
FBWCID No. 2 $ 19,350,000 $ 23,540,000
Sugar Land / Manvel $ 20,780,000 $ 24,910,000
Sugar Land / Alvin $ 20,750,000 $ 24,880,000
FBWCID No. 2 / Manvel $ 21,170,000 $ 25,250,000
FBWCID No. 2 / Alvin $ 21,140,000 $ 25,320,000

Present Worth Analysis

A present worth analysis was prepared for the purposes of evaluating the identified alternatives. The
present worth of an alternative represents the investment required today to construct and operate the
recommended raw water improvements, water treatment plant, and finished water transmission system.
The present worth analysis of each of the alternatives evaluated utilizing the low cost treatment process
is provided in Table ES-5.
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TABLE ES-5
PLANT SITE ALTERNATIVES PRESENT WORTH SUMMARY

Alternative Present Worth
Cost {$M)

150 MGD Plant at FBWCID No.2 Site

1860 MGD Plant at Sugar Land Site $615
115 MGD Plant at FBWCID No. 2 Site and 35 MGD Plant at Alvin Site $628
115 MGD Plant at Sugar Land Site and 35 MGD Plant at Alvin Site $636
115 MGD Plant at FBWCID No. 2 Site and 35 MGD Plant at Manvel Site $644
11% MGD Plant at Sugar Land Site and 35 MGD Plant at Manvel Site $654

The analysis indicates that the scenario of one treatment plant serving the entire planning area is less
expensive than the two regional watet plant scenario.

Non-Economic Evaluation

‘The Participaung Utility Team met to discuss the non-economic factors involved in site selection and
developed the following list of general criteria: Public Acceptance, Expandability, Reliability,
Environmental Impacts, and Permitting. An analysis was completed to review this criteria.

The analysis compared the Sugar Land site against the FBWCID No.2 site and showed that no
significant difference existed between the two sites based on non-economic impacts to the community.
Each site has drawbacks and benefits, but no one criteria outweighed another. The analysis also
compared the Manvel site versus the Alvin site. In this comparison, the Manvel site scored slightly
higher than the Alvin site based on the Manvel sites ability to be fed by a redundant raw water canals,
increasing the reliability of the raw water supply.

FACILITY PLAN

The single plant alternative at the FBWCID No. 2 site offers the lowest present worth cost and will serve
as the basis for the recommended facility plan. However, there is less than a 10% cost difference
berween all of the siting alternatives. The other alternatives may offer siting options as the project
matures.

The facility plan is based on the development of a single 150 mgd high-rate conventional surface water
treatment plant at the FBWCID No. 2 site, as shown in Figure ES-3. The plant would be developed in
two phases. The initial phase would provide 120 mgd to meet the regional surface water conversion
requirements for the year 2010. Regional surface water demands, from the City of Houston or other
participants may modify the timing and phasing of the initial plant project. A 30 mgd expansion would
be accomplished in year 2030 to satisfy future growth requirements.

The facility plan also includes improvements to the raw water delivery system and the associated finished
water transmission systems required to deliver water to the individual participants. A summary of the
probable capital costs for the facility plan are presented in Table ES-6.
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TABLE ES-6
FACILITY PLAN CAPITAL COSTS

O 000 R 2000
0 D al Phase D D pa 0

Water Treatment Plant $131,2000 $26,140

Finished Water Transmission $82,910 $2,460

Raw Water improvements $4,150 $810

Capital Subtotal $218.260 529,510

Contingency $76,390 $10,330

Total Capital $294,650 $39,840
CONCLUSIONS

°

Mandates by the HGCSD and the FBSD will require participating utlities in western Harris and Fort
Bend Counties to convert to surface water as their primary water supply.

Ground water quality and localized drainage and flooding issues may require surface water
conversion in Brazoria County

GCWA is the logical developer of regional surface water facilities to serve the planning area and has
extensive expernience in successfully treating lower Brazos river water.

While GCWA does hold senior rights on the Brazos, it currently does not have sufficient water
rights to meet the projected demand for the facility plan.

The alternative analysis developed in this study provides a number of sties and plant configurations
that are technically and economically feasible.

The single 150 mgd high-rate conventional plant at the FBWCID No. 2 site, with associated raw and
finished water improvements provides the lowest present worth option for the surface water facility

plan

RECOMMENDATIONS

GCWA should prepare a preliminary rate analysis based on the facility plan. Initial project sizing and
phasing alternatives may be considered as part of the rate analysis to improve project feasibility. The
larger the system is, the more cost-effective it will be to the participants. Therefore GCWA should
begin negotiations with the Participating Utilities for their inclusion in the project.

Investigate Federal and State grants and other available funding sources to help offset project
development costs.

Confirm the timing and quantity of the City of Houston’s water needs within the planning area

GCWA should continue to explote alternative water resources within the region to meet the
projected demands associated with the facility plan

@ MONTGOMERY WATSON ES-11



Section 1
Introduction

BACKGROUND
Surface Water Conversion

The primary water supply for the residents of western Harris County, Fort Bend County, and northern
Brazoria County continues to be the Evangeline and Chicot aquifers which are a part of the Gulf Coast
Aquifer. Continuous groundwater pumping in these areas has led to significant ground subsidence,
which has resulted in localized flooding and property damage. The extensive pumping of water from the
aquifers has also led to a decrease in piezometric level of the water table. As the piezometric level drops,
many well owners have been forced to lower their wells or find alternative sources of water. In addition,
the piezometric head in the aquifers serves as a barrier to salt water intrusion from the Gulf of Mexico.
As the piezometric head falls, the barrier to salt water intrusion is diminished and the water quality of the
aquifer may be compromised.

As a result of these problems, the Harris-Galveston Coastal Subsidence District (HGCSD) and Fort
Bend Subsidence District (FBSD) were created by the Texas Legislature. Both districts have the
authority to regulate the withdrawal of groundwater to mitigate subsidence and falling water table levels.
In April of 1999, the HGCSD issued a revised District Regulatory Plan (IDRP) with an overall goal to
reduce groundwater withdrawal to no more than 20% of total water demand. In December of 1999, the
District established a disincentive fee for not complying with the DRP. The FBSD 1s in the process of
developing a new DRP and should release a draft rule by the end of the year 2000. This plan may have a
disincentive fee structure to reduce the groundwater withdrawal in Fort Bend County. Itis anticipated
that the rules promulgated for Fort Bend County will be similar to those for Harris and Galveston
County.

To comply with these rules, the municipalities and industries currently using groundwater water will be
required to convert to surface water. In lieu of each Municipal Udlity District (MUD), Water Control
and Improvement District (WCID), or municipality in western Harris County, Fort Bend County, or
northern Brazoria County designing and constructing numerous individual water plants to serve their
customers, a regional surface water plant may be a viable and economically attractive alternative to supply
surface water to this region.

STUDY PURPOSE

The purpose of this Regional Surface Water Plant Feasibility Study is to evaluate alternatives for
regional water treatment facilides and transmission piping system to serve Participating Utlities in
Brazoria, Fort Bend and Harris Counties. This feasibility study will estimate the capital cost to construct
a regional water treatment facility inclusive of the cost of raw water pumping and treatment process
facilities, potable water pump stations, and potable water pipelines. Operating and maintenance costs for
the facility will also be estimated. The study planning horizons in the year 2050.

SCOPE OF FACILITY PLAN

Montgomery Watson has been retained by Gulf Coast Water Authority (GCWA) to evaluate the
feasibility of constructing a new regional surface water treatment plant to serve the Participating Utilites.
This study includes the following tasks:

An evaluation of the water treatment plant capacity,

An evaluation of alternative water treatment technologies,

An evaluation of alternative water treatment plant site locations,
Pipeline corridor study,
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® The single 150 mgd high-rate conventional plant at the FBWCID No. 2 site, with associated raw
finished water improvements should serve as the basis for the development of regional surface water
facilities in the planning area.
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BACKGROUND
Surface Water Conversion

‘The primary water supply for the residents of western Harris County, Fort Bend County, and northern
Brazoria County continues to be the Evangeline and Chicot aquifers which ate a part of the Gulf Coast
Aquifer. Continuous groundwater pumping in these areas has led to significant ground subsidence,
which has resulted in localized flooding and property damage. The extensive pumping of water from the
aquifers has also led to a decrease in piezometric level of the water table. As the piezometric level drops,
many well owners have been forced to lower their wells or find alternative sources of water. In addition,
the piezometric head in the aquifers serves as a barrier to salt water intrusion from the Gulf of Mexico.
As the piezometric head falls, the barrier to salt water intrusion is diminished and the water quality of the
aquifer may be compromised.

As a result of these problems, the Harris-Galveston Coastal Subsidence District (HGCSD) and Fort
Bend Subsidence District (FBSD) were created by the Texas Legislature. Both districts have the
authority to regulate the withdrawal of groundwater to mitigate subsidence and falling water table levels.
In April of 1999, the HGCSD issued a revised District Regulatory Plan (DRP) with an overall goal to
reduce groundwater withdrawal to no more than 20% of total water demand. In December of 1999, the
District established a disincentive fee for not complying with the DRP. The FBSD is in the process of
developing a new DRP and should release a draft rule by the end of the year 2000. This plan may have a
disincentive fee structure to reduce the groundwater withdrawal in Fort Bend County. It is anticipated
that the rules promulgated for Fort Bend County will be similar to those for Harris and Galveston
County.

To comply with these rules, the municipalities and industries currently using groundwater water will be
required to convert to surface water. In lieu of each Municipal Utility District (MUD), Water Control
and Improvement District (WCID), or municipality in western Hatris County, Fort Bend County, or
northern Brazoria County designing and constructing numerous individual water plants to serve their
customers, a regional sutface water plant may be a viable and economically attractive alternative to supply
surface water to this region.

STUDY PURPOSE

The purpose of this Regional Surface Water Plant Feasibility Study is to evaluate alternatives for
regional water treatment facilities and transmission piping system to serve Participating Utilities in
Brazoria, Fort Bend and Harris Counties. This feasibility study will estimate the capital cost to construct
a regional water treatment facility inclusive of the cost of raw water pumping and treatment process
facilities, potable water pump stations, and potable water pipelines. Operating and maintenance costs for
the facility will also be estimated. The study planning horizons in the year 2050.

SCOPE OF FACILITY PLAN

Montgomery Watson has been retained by Gulf Coast Water Authority (GCWA) to evaluate the
feasibility of constructing a new regional surface water treatment plant to serve the Participating Utilities.
This study includes the following tasks:

An evaluation of the water treatment plant capacity,
An evaluation of alternative water treatment technologies,
An evaluation of alternative water treatment plant site locations,

Pipeline corridor study,
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®  Schematic water treatment plant design,
®  Overall capital and operating costs, and
¢ Facility plan for recommended alternative.

In addition, a cultural resoutces survey and public information program were included in this study.
References used in the preparation of this report are included in Appendix A.

PLANNING AREA

The planning area is located in the Texas Water Development Board Regional Water Planning Area H in
southeast Texas. It contains West Harris County, the north part of Brazotia County, and the southern
patt of Fort Bend County to the east of Brazos River. The area includes many major cities and
population centers. Utilities electing to be included in this study are:

¢ City of Alvin

City of Arcola

Ft. Bend WCID No. 2

City of Friendswood

City of Houston

City of Manvel

City of Missouri City

City of Pearland

City of Sugar Land

A map of the planning area is shown in Figure 1-1. The Partcipating Utilities estimates that the portion
of their utilities in the planning area have a current population of 630,000 and an average daily water
demand of 74.9 mgd.

The Fort Bend Subsidence District and the Harris-Galveston Coastal Subsidence District cover
significant portions of the planning area. River basins within the planning are: the lower portion of the
Brazos River Basin, the northeast portion of the San Jacinto-Brazos Coastal Basin and the southwest
portion of the San Jacinto Coastal Basin.

AVAILABLE SURFACE WATER

‘The major surface water feature in this area is the Brazos River. The Brazos River flows diagonally
through Fort Bend County from the northwest to the southeast and then serves as the border between
Brazoria and Fort Bend Counties until the Brazos turns towards the south and flows through Brazoria
County before discharging into the Gulf of Mexico. The Brazos River is shown on Figure 1-1.

The State of Texas, through the Texas Natural Resources Conservation Comtmission (INRCC), currently
allocates water from the Brazos River for agricultural, industrial, and municipal needs through water
permits. The GCWA currenty holds the most senior water permits in the Lower Brazos Basin. GCWA
1s thus a logical supplier for the surface water for a regional plant.

Guif Coast Water Authority

Gulf Coast Water Authority was created by the 59% Texas Legislature in 1965 under Chapter 712 and was
given legal authority to plan, develop, and operate regional water facilities. The GCWA operates an
extensive canal and reservoir system that conveys water from the Brazos River to industrial, agricultural,
and municipal customers in Fort Bend, Brazoria and Galveston Counties. Gulf Coast Water Authority

MONTGOMERY WATSON
@ 1-2



Section 1
Introduction

has over twenty years expetience in operating a regional water treatment facility in Texas City, Texas
serving municipal and industrial customers in Galveston County.
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Section 2
Planning Area Existing Envirostructure

As the planning area utilities plan for the conversion from ground water to surface water, the
Participating Utilities plan to maximize use of their existing envirostructure to minimize the cost of
improvements for surface water conversion. This section reviews the planning area and identifies the
existing envirostructure in the planning area and highlights the capacity of the surface water availability
and conveyance in the planning area.

SURFACE WATER SOURCE AND SUPPLY

The City of Houston and the GCWA are well suited to serve as the ptime purveyors of treated surface
water. The City of Houston currently has two surface water plants with expected total capacity exceeding
470 mgd located on the east side of Houston. The plants treat water from the Trinity and San Jacinto
rivers. The Gulf Coast Water Authority currently has one surface water treatment plant located in Texas
City that treats surface water from the Brazos River. The GCWA plant is currently expanding the
capacity of the plant to 50 mgd.

Due to the proximity of the Brazos River to the planning area and the existing GCWA and City of
Houston water rights on the Brazos, it is likely that a new regional surface water plant for the planning
area would utilize the Brazos River as the raw water source.

Water Source

The Gulf Coast Water Authority currently draws surface water from the Brazos River. The Brazos River
transverses Texas from Lubbock through Waco to Richmond before discharging into the Gulf of Mexico
at Freeport. For the period between 1973 and 1995, the Brazos River had an average daily flow at the
Richmond — Rosenberg USGS monitoring station of 8,200 mgd. During this same monitoring period,
the minimum recorded flow at the station was 148 mgd. Water quality for the Brazos River is presented
in Section 4 of this report.

Water Rights

The right to take water from the Brazos is based on the permit allocation from the State of Texas and the
date of the permit. Holders of the oldest water permits have first right to take available water from the
Brazos River. Junior water rights must wait untl all holders of senior water rights have had the chance to
receive their allocated water rights. Gulf Coast Water Authority currently holds 3 water permits for
diversion of water from the run of the Brazos River and one permit for diversion of water that falls in the
Oyster Creek watershed. A summary of these permits and allocations are shown in the following table:

TABLE 2-1
GULF COAST WATER AUTHORITY EXISTING WATER PERMITS

Total Withdrawal Maximum Withdrawal Rate

CA Number (Permit i)

ac-ft / yr mgd cfs mgd
5168 (10401} - GCWA 1926 99,932

Shanncon Pumping Plant

5171 (1298D) - GCWA 1939 /1950 | 125,000 111.57 600.00 387.80
Briscoe Pumping Plant

5169 (1467D} - Oyster 1930 12,000 10.71 60.10 38.84

Creek Withdrawal

Total 236,932 1,345.10
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FIGURE 2-2
HARRIS GALVESTON COASTAL SUBSIDENCE DISTRICT REGULATORY BOUNDARIES
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Area 1 must limit groundwater production to 10 percent of total water demand. In Area 2, the region
must reduce groundwater pumping to 20 percent of the total water use or have a certified groundwater
reduction plan in place to attain the 20 percent rule by year 2010. In Area 3, groundwater pumping must
be reduced to 70 percent by 2010, 30 percent by 2020, and 20 percent by 2030. Construction of the
facilities necessary to meet these reductions must be started by January 1, 2005. A chart of the
groundwater reduction plan is shown in Figure 2-3:
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Figure 2-3
Harris-Galveston Subsidence
District Groundwater Reduction Plan

Max Groundwater Usage

2010 2020 2030

The rules for Fort Bend County are not expected to be promulgated until the fall of 2000, but 1t is
expected that the rules will be sitnilar in form to the rules for Harris and Galveston Counties. Brazotia
County 1s not currently under any mandate for groundwater reduction.

GULF COAST WATER AUTHORITY EXISTING FACILITIES AND DEMAND
Raw Water Conveyance System
Canal System

The GCWA operates two canals from the Brazos River to serve customers in Brazoria and Galveston
Counties. These canals are designated System A or the American Canal and System B or the Briscoe
Canal. They are shown on Figure 1-1. If the new water plant were to utilize Brazos River water as the
raw water source, the GCWA canal system could be utilized to convey raw water to the new plant.

The American Canal transverses approximately 72 miles from the Shannon Pump Station near Fulshear,
Texas to the Galveston County Reservoir which is located north of Texas City, Texas. The Shannon
Pump Station has 4 pumps and has a rated capacity of 330 mgd, but field tests indicate that actual
installed capacity is in the range of 260 mgd. The American canal system consists of both natural and
man made sections. Once the flow is lifted from the Brazos River to the American Canal, Jones Creek
carries the flow to Oyster Creek in Sugar Land, Texas. The 2% lift Station then lifts flow from Oyster
Creek to the man-made portion of the American Canal. After the 27 lift Station, the American Canal
flows through Missouri City and adjacent to Manvel, Alvin, and Friendswood before finally discharging
to the GCWA Resetvoir. The 2nd Lift Station has 4 pumps with an installed capacity of 220 mgd.

The Briscoe Canal starts at the Briscoe Pump Station, which is located on the Brazos River south of
Missouri City. The Briscoe Pump Station has 3 pumps with an installed capacity of 300 mgd. Once the
water is lifted from the Brazos to the man-made canal, the water flows 51 miles to the Monsanto and
Chocolate Bayou Reservoirs. Lateral 10 connects the American and Briscoe Canal near Manvel and is
ptimarily used to convey water from the American Canal to the Briscoe Canal. Flow in Lateral 10 can be
reversed, but the hydraulic grade line of the Briscoe Canal must be raised to drive water to the American
Canal.

Canal Capacity

The GCWA has recently completed a report entitled “Gulf Coast Water Authority Water Audit
Summary”. This report reviews the canal system and calculated the theoretical capacity of the canal, and
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Section 2
Planning Area Existing Envirostructure

recommends improvements to the Canal to minimize restrictions in flow. The report findings in regards
to the capacity of the System A and B canal system are shown in Table 2-2. The limiting capacities along
the Canal are shown in Figure 2-4.

TABLE 2-2
GCWA CANAL CAPACITY

Jones and QOyster Creek 175 129
American Canal: 220 197
2" Lift Station to Lateral 10

American Canal: Lateral 10 to New 129 a7
Extension

Briscoe Canal: 265 252
Briscoe Pump Station to Lateral 10

Briscoe Canal: 291 291
Briscoe Pump Station to B-4 Canal

Lateral 10 107 107

{1): With 1 foot of freeboard

With a clean canal, the limiting capacity of the American Canal above Lateral 10 is 175 mgd, while the
limiting capacity of the American Canal below Lateral 10 drops to 129 mgd. With several modifications
noted in the consultant’s report, the capacity of the Jones and Oyster Creek section could be upgraded to
approximately 1,200 mgd. If these improvements were constructed, the limiting silted capacity of the
American Canal System above Lateral 10 would be 197 mgd.

Dr. Thomas Mackey Water Treatment Plant

GCWA currently owns and operates the Dr. Thomas Mackey WTP in Texas City, Texas. The plant is
being expanded to 50 mgd from an original capacity of 25 mgd. Construction of this expansion should
be complete by the summer of 2000. The 50 mgd plant provides potable water to the majority of the
residents of Galveston County, including the citizens of Texas City, La Marque, Galveston, Tiki Island,
League City, and varicus other Galveston County communities.

The conventional filtration plant has a highly flexible operations plan. The Authotity can feed powdered
activated carbon and chlorine dioxide at the head of the plant for raw water taste and odor control. The
plant currently feeds cationic polymer primary coagulant with ferric sulfate and non-ionic polymer as
coagulant aids. Flocculation and primary clarification occur in the upflow solids contact reactors from
which the settled water passes through dual-media filters. The existing dual media filters contain granular
activated carbon over sand. The plant adds chlorine and chlorine dioxide as post-filtration primary
disinfectants. Ammonia is added downstream of the clearwells to form chloramines for secondary
disinfection. The Authority also adds zinc polyphosphate and sodium fluoride for corrosion control and
consumer dental hygiene. The Authority also land-applies the sludge from the plant on land adjacent to
the site. The plant has the capability to provide lime softening to remove heavy metals and hardness.

GCWA is a wholesaler supplier and the plant distributes water from the distribution pump station
through a series of transmission mains to the ground storage tanks of customers. The plant currently
operates the high service pumps at approximately 90 pst.

MONTGOMERY WATSON
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Section 2
Planning Area Existing Envirostructure

GCWA Existing Customer Demand

GCWA currently serves numerous municipalities, industries, and agricultural customers in Fort Bend,
Brazoria, and Galveston Counties. The customers obtain raw water direcdy from the GCWA canals or
treated water via the Dr. Thomas Mackey WIP. The customers have contracted with the GCWA for
delivery of a total of approximately 154 mgd. The distribution of water among the existing GCWA
customers is shown in Table 2-3

TABLE 2-3
EXISTING GULF COAST WATER AUTHORITY CUSTOMER WATER DEMAND

Existing  Existing Water Projected Increase Projected Year 2050

Customer .
Demand Contract in Water Demand Water Demand

Raw Water (mgd)

Treated Water (mgd)
Total Water Demand {mgd} 113.7

It should be noted that only 1.9 mgd of the existing raw water demand is withdrawn along the upper
reaches of the American Canal and customers along the Briscoe Canal use 26.9 mgd. The upstream
demands are not projected to increase over the next 50 years. Therefore, of the projected water demand
for GCWA’s existing customers in the year 2050, the demand at the Galveston County Reservoir will be
145.2 mgd (total GCWA demand minus the upstream raw water demand). The Galveston County
Reservoir is replenished by water conveyed through the American and Briscoe Canals. Detailed
descriptions of the existing GCWA customers with individual projects for water use can be found in the
Appendix B - GCWA Existing Customer Water Demand.

PARTICIPATING UTILITY EXISTING FACILITIES DESCRIPTION

The planning area contains many small Municipal Utlity Districts (MUDs) and Water Conservation and
Imptovement Districts (WCIDs), in addition to municipally owned water systetns that deliver potable
water to customers. These entities have constructed the infrastructure to withdraw, store, and treat water
fot delivery and consumption by their customers. Participating Utility water customers in the planning
area are served either via water pumped from the Gulf Coast Aquifer or treated surface water from the
City of Houston.

The Cities of Friendswood, Houston, and Pearland use treated surface water for some or all of their
potable water supplies. The other Participating Utilities serve their customers entirely with groundwater.
A summary of the Participating Utilities in this study and their water infrastructure are provided below.
Unless otherwise noted, population estimates for each utility are summarized from Appendix C - TWDB
Population and Water Used Projections.

City of Sugar Land

The City of Sugar Land extraterritorial jurisdiction (ET]) limits comprises a geographic area of
approximately 45 square miles, including the existing Sugar Land city limits, the undeveloped areas west
of the city, Riverpark, New Territory, and Greatwood. The City of Sugar Land currently has
approximately 79,758 residents. The city serves its residents through a total of 14 wells with a total
capacity of 35.5 mgd.

MONTGOMERY WATSON
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The city’s water distribution system is divided into two separate divisions: North and South. The South
system contains one elevated storage tank with a 2 mg capacity and 4 ground storage tanks with a
combined capacity of 3.84 mg. The North system contains 4 elevated storage tanks with a combined
capacity of 4 tanks and 8 ground storage tanks with a total capacity of 5.83 mg.

City of Missouri City

The City of Missoun City’s ET] comprises approximately 60 square miles and includes the existing city
limits and the Sierra Plantation area. The City’s population is currently estimated at 63,458 residents. The
City of Missouri City cutrently does not provide potable water to the residents of the city, instead the
residents of Missouni City are provided water by one of 16 MUDs. The MUDs range in size from less
than 600 to 5,000 connections. Each MUD has it’s own water source, storage tanks, and distribution
system. Southwest Harris County MUD 1 and Harris County WCID (HCMUD)- Fondten Road
purchase treated water from the City of Houston for use during peak flow conditions. HCMUD 122
receives all of its potable water from the City of Houston at the City of Houston system pressure. The
rest of the MUDs rely on their own wells to supply the daily water demand. The MUDs have a
combined well capacity of 31.5 mgd. Each MUD except HCMUD 122 has at least one ground storage
tank. The total ground storage capacity of the MUDs in Missouri City is 9.084 mg. Two MUDs have
elevated storage tanks with a total storage volume of 1 mg,

For the purposes of providing residents of Missouri City with potable surface water, the City of Missouri
City will serve as a local water wholesaler to each of the 16 MUD:s.

City of Friendswood

The City of Friendswood is located in Galveston and Harris Counties. The City’s ET] covers an
approximate area of 22 square miles. The city’s current population 1s estimated at 32,416 residents. The
city currently serves it’s customers with potable water purchased from the Southeast Water Purification
Plant (SEWPP) located near Ellington Field in Houston Texas and several groundwater wells. The city
currently has a contract to purchase 6 mgd from the SEWPP and has a groundwater capacity of 7.85
mgd.

The city water infrastructure includes one elevated storage tank with a capacity of 1.0 mg and 8 ground
storage tanks with a combined storage volume of 2.3 mg.

Ft. Bend WCID No. 2

Ft. Bend WCID No. 2 provides Stafford and portions of Missouri City with water and wastewater
setvices. The District’s service area is 6.1 square miles. The District reports that the current population
in the service area 1s 17,900 residents. The city has 5 water plants with seven wells totaling a capacity of
10.4 mgd and has plans to increase groundwater capacity to 17.3 mgd over the next few years. The
District owns 6 ground storage tanks with a combined storage volume of 6.0 mg and has one elevated
storage tank with a volume of 0.5 mg.

City of Arcola

The City of Arcola serves approximately an area of 1.58 square miles and has a current population of 988
residents. The population projections were obtained as part of the “Recommended Population and
Water Use Projections for GCWA Customers™ Residents of the City of Arcola have private groundwater
wells.

City of Manvel

MONTGOMERY WATSON
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The City of Manvel is located in Brazoria County and serves an area bordered by Lewis Lane to the
North, SH 288 to the west, Taylor Lane to the south, and Lewis Lane to the east. The City of Manvel’s
ET] is approximately 23.3 square miles. The city currently has approximately 4,686 residents with
extensive expansion expected in the future.

The city operates one groundwater plant with 2 wells and one ground storage tank. The primary well has
a capacity of 175 gpm and the ground storage tank is designed to hold 125,000 gallons.

City of Alvin

The City of Alvin, located in Brazoria County, serves a geographic area of 14.8 square miles with a
current population of approximately 24,075 residents. The city receives all of its potable water from wells
drilled in the Gulf Coast Aquifer. The City of Alvin has one elevated storage tank with a capacity of 1
mg and a total ground storage capacity of 2.8 mg.

City of Pearland

The City of Pearland, located in Harris and Brazoria County, has an ET] of approximately 75 square
miles in the planning area. The City of Pearland serves its customers through numerous ground water
wells and connections with the City of Houston disttibution system. The City of Pearland existing
population is estimated at 45,000 residents. The city has several ground storage tanks and an elevated
storage tank.

City of Houston

The portion of the City of Houston within the study area covers approximately 12 percent of the existing
residents of the city. This portion of the City of Houston receives potable water from numerous ground
water wells in the area. The City of Houston already serves a large portion of its customers with surface
water, but this area of this study is primarily served with groundwater. The City of Houston anticipates
that the western portion of the city will recetve water from a new regional surface water plant described
as part of this study.

It is anticipated that the city would use the Bellaire Braes Pump Station as a booster station for any
surface water from a new water plant. The Bellaire Braes Pump Station currently has a ground storage
capacity of 10 mg.
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PROJECTED POTABLE WATER DEMAND

The size of the regional water plant depends on the potable water requirements of the Participating
Utilities to the year 2050. Water and population projections for the Participating Udlities were evaluated
and summarized to obtain the projected ultimate capacity for the water plant in the year 2050. The size
of the water plant will be governed by the projected average and peak potable water demand for the
planning area, the subsidence district rules and regulations, and the service area of the plant.

Current Population and Water Usage

Data for current population and water usage were taken from the Texas Water Development Board
Population & Water Demand Projections: Board Approved Regional Projections to be Used in the 2002
State Water Plan. For the Participating Utilities in this study, Table 3-1 provides the year 2000
population and water use as reported by TWIDB through the Region H Board or the Utility itself, where
Board projections for the portion of the utility in the planning area were not provided.

TABLE 3-1
YEAR 2000 POPULATION AND AVERAGE WATER DEMAND
P pating : 000 P : 000G Average
Area Populatio Da ater Demand gd
Alvin 24,075 2.94
Arcola 988 0.11
Manvel 5,162 0.63
Pearland 31,983 4.32
Missouri City 63,458 10.66
FBWCID No. 2 17,033 2.0
Sugar Land 79,758 12.44
Friendswood 32,416 4.21
Houston 376,000 37.6

Total for Study Area 630,863 74.93

Projected Population and Water Usage

Data regarding projected population and water use for the planning were collected from the TWDB, the
GCWA, and questionnaires delivered to the Participating Utilities.

The TWDB population and water use projections will serve as a basis for the State’s Year 2002 Water
Plan. Although the State of Texas has adopted these numbers for their future projections, the
Participating Utilities felt that the projections underestimate the future population for the planning area.
Detailed breakdowns of the TWDB population and water use projections can be found in Appendix C —
TWDB Population and Water Use Projections.

The Participating Utilities felt that the projections contained in the GCWA report entitled
“Recommended Population and Water Use Projections for GCWA Customers” dated December 1999
better reflected realistic projections of regional population and water demand. These projections were

MONTGOMERY WATSON
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then modified by the Participating Utilities with data obtained from recent questionnaires. Therefore,
this study will use the GCWA projections, as modified by the Participating Utility's questionnaires, as the
official projected population and water use for the planning area. These projections will be labeled as the
“GCWA modified” projections.

Participating Utility Projected Population

The GCWA modified population projections for the Participating Utilities are reported in the Table 3-2.
The data lists projected water use and population in 10-year increments to the year 2050. Figure 3-1
shows the relative difference in these projections versus the TWDB Region H water planning group
population projections.

TABLE 3-2
PROJECTED POPULATION FOR PARTICIPATING UTILITIES IN PLANNING AREA
Fa oF; g 010 020 030 040 050
Alvin 38,048| 48,922 64,615 80,307 96,000
Arcala 1,037 1,089 1,144 1,201 1,261
Manvel 16,622 27,000 28,000 29,000 30,000
Pearland 97,000] 117,000 143,000 174,000 212,000
Missouri City 72,688| 87,979 115,994 137,739 137,739
Stafford (FBWCID 2) 33,000] 40,400 45,267 50,133 55,000
Sugar Land 88,6561| 122,975 129,642 136,310 142,977
Friendswood 44,700] 61,567 81,427 105,959 132,065
Houston 430,520 492,945 575,288 657,630 739,972

Total for Planning Area 833,066 999,878 1,184,376 1,372,279 1,547,014

Population Projection Comparison

A comparison of the GCWA modified population projections to the Region H water planning group
numbers is shown in Figure 3-2. This figure indicates that the modified GCWA projections are more
conservative than the TWDB projections with an additional increase in population projection of
approximately 50,000 residents by the year 2050. It is also noted that the modified GCWA projections
shown a more accelerated growth pattern throughout the planning horizon than the Region H water
planning group projections. This reflects the data that shows that Participating Utilities expected growth
in the planning area is occurting faster than the growth schedule presented by Region H water planning

group.
The City of Houston population projections are not included in this comparison. The Region H water

planning group projections are listed for an entire city. Region H water planning group population
estimates for the portion of the City of Houston in the study planning area were not available.

Water Demand Projection

Given the Participating Utlities approved population projections, the corresponding water use
projections are shown in Table 3-3. These water use projections represent the expected annual water
use reported as average daily demand in mgd.

MONTGOMERY WATSON
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Figure 3-1
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Each participating utlity developed their water use projections based on the past water use data and
future projections of growth.

TABLE 3-3
PROJECTED AVERAGE WATER DEMAND {MGD)
FOR PARTICIPATING UTILITIES IN PLANNING AREA

Participating Utility 2000 2010 2020 2030 2040 2050

Alvin 2.94 3.30 4.30 5.20 6.10 7.00
Arcola 0.11 0.12 0.13 0.14 0.15 0.186
Manvetl 0.63 1.37 2.13 2.89 3.64 4.40
Pearland 4.32 8.23 9.92 12.13 14.76 17.98
Missaouri City 10.66 11.82 13.85 17.57 20.50 21.15
Stafford (FBWCID 2) 2.01 6.70 8.80 10.03 11.27 12.50
Sugar Land 12.44 23.87 31.58 33.19 34.79 36.40
Friendswood 4.21 5.37 6.96 8.96 11.44 14.26
Houston 37.60 43.05 49.29 57.53 65.76 74.00

Total for Planning Area 126.96

By the year 2050, the Participating Ultilities expect the average daily water use for the nine udlities to be
approximately 188 mgd, which represents an increase of 113 mgd over the water demand in the year
2000. The per capita water use figures for each participating uulity will vary as several udlities have
diverse commercial and industrial centers with differing water use projections and can be seen in the

Figure 3-3.

Figure 3-3
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Average and Peak Day Demand

The water use projections reported in Table 3-3 are for average daily demand. In addition to the average
daily water demand, each utility also reported their expected peak water demand to average water demand
ratio. The peaking factor for each utility are shown in Table 3-4. The peaking factor is influenced by the
distribution of residential, commercial, and industrial customers throughout the utility.

TABLE 3-4
PEAK DAILY TO AVERAGE DAILY FLOW PEAKING
FACTORS AND PEAK DEMANDS

Participating Utitity Peaking Factor Peak Daily Flow in the
Year 2050 {mgd)
Alvin 1.64 11.50
Arcola 1.8C 0.30
Manvel 1.50 6.60
Peartand 2.00 36.00
Missouri City 1.81 38.30
FBWCID No. 2 2.24 28.00
Sugar Land 2.40 87.40
Friendswood 2.13 30.40
Houston 1.25 92.50

Total for Planning Area 330.80

For the overall planning area, the peak daily flow to average daily flow ratio is 1.76. If the water
treatment plant were to be sized to meet 100 percent of the water demand at each of the utilities, the
plant would be required to deliver at least 331 mgd to meet the peak daily demand for the planning area.

Water Plant Capacity

The HGCSD currently limits groundwater production to a percentage of annual average water use. The
FBSD is in the process of issuing a District Regulatory Plan (DRP). It is anticipated that the FBSD DRP
will use the cuttent HGCSD rules as a guide. For the purposes of this study, it is anticipated that the
HGCSD and FBSD rules governing the planning area will limit the maximum groundwater pumpage
from the underlying Gulf Coast Aquifer to no more than 20 percent of their annual water use.

It is the intention of the Participating Utilities to maximize the use of their existing infrastructure in
providing water to their customers; therefore the Participating Utllities desire to pump as much water
from the undetlying aquifer as permissible by the Subsidence District. Given an expected 80 / 20 rule
from the Subsidence District, the Participating Utilities would pump 20 percent of their average annual
demand from the aquifer and obtain 80 percent of their water from the new surface water plant.

It is the desire of the Participating Utilities to receive a fairly constant supply of surface water and to
augment this supply with groundwater from their wells. The Participating Utilities will activate their wells
during times when the daily water demand exceeds 80 percent of their average annual demand. During
winter months, when water demand is typically lower, the Participating Utilities may not need to operate
their wells as the constant flow of the surface water may meet the daily demand in and of itself. During
the summer months, the Participating Utilities will be required to utilize their groundwater wells to meet
the daily water demand.

MONTGOMERY VWATSONM
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The Participating Utilities will also use their existing infrastructure to meet peak daily fluctuations in the
water demand. The Participating Utilities can draw on their elevated and ground storage tanks to meet
peak hour flows. Each participating utility noted that they plan on expanding their existing well and
storage facilities to meet future peak flow demands in lieu of drawing additional water from the surface
water plant.

The following bullets summarize the assumptions used by the Participating Utilities to determine the
required capacity of the new surface water plant and provide their customers with a reliable supply of
water in accordance with Subsidence District regulations are summarized below.

e Use GCWA Modified Population and Water Use Projections
® Maximize allowable groundwater production

®  Meet 80 percent of Average Annual Water Demand with Surface Water, Use Existing or Future
Groundwater Infrastructure to meet 20 percent of Average Annual Water Demand

e Use water stored in elevated and ground storage tanks to meet maximum day and peak hour
demands

Given these assumptions, the required capacity of the water treatment plant are shown in Table 3-5:

TABLE 3-5
SURFACE WATER TREATMENT PLANT DEMAND

Year Surface Water Demand {mgd)
2020 102
2030 118
2040 135
2050 150

TAKE POINT OPERATING PLAN

Take points are defined as the end point at which the GCWA will transport potable water to the
Participating Utilities. At each of these take points, a flow meter will be installed to record and monitor
the total flow delivered to each participating utility. From this point on, the participating utility will be
responsible for operation and maintenance of the water system.

Each participating utility provided the physical address, desired water pressure, and expected water
demand at each preferred “take point”. The take points can be viewed on Figure 3-4 and are
summarized on Table 3-6 by Participating Utility.

The Patticipating Utilities were presented with the following two delivery options:

® At System Pressure: Water will be delivered at a preset pressure requested by the participating utility.
Water will be feed directly into the Participating Utilities distribution system. If necessary, a booster
pump station will be added.

MONTGOMERY WATSON
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TABLE 3-6
PARTICIPATING UTILITY TAKE POINT INFORMATION

Ground Tank
Elevation at  Height
Take Point (ft)

Take Point
Pressure
Requirement

Address Average
Water

Demand

Take Point Name

Utility

{(mgd)

{ft)

City of Houston Bellaire Braes Pump|12423 Bellaire Blvd, Houston TX 59,20 Fill Tank 80 25
Station
City of Sugar Land [First Colony 1402 Austin Parkway, Sugar Land TX 17.47 Fill Tank 80 23.5
Lakeview 1101 Lakeview Drive, Sugar Land TX 11.65 Fill Tank 68 23.5
City of Missouri Quail Valley Corner of Hwy 6 and Murphy Road, 8.46 Fill Tank 65 25
City Missouri City Texas
Sienna Plantaticn {Corner of Hwy 6 and Sienna Parkway, 8.46 Fill Tank 60 25
Missouri City Texas
FBWCID No. 2 Site B GCWA Canal, 1700 feet east of Murphy 5.00 60 psi 80 -
Road
Avenue E GCWA Canal, 4300 feet west of Murphy 5.00 60 psi 75 -
Road
City of Pearland SH 288 SH 288 at 518, Pearland TX 7.19 50 psi 60 32
SH 35 SH 35 at CR 101, Pearland TX 7.19 50 psi 40 32
City of Manvel Site E lowa Lane and Hwy 6, Manvel TX 3.62 50 psi 55 -
City of Arcola Town Center Hwy 521 and the Briscoe Canal 0.13 Fill Tank 63 16
City of Alvin Bypass 35 Bypass 35 north of Shirley Drive, Alvin TX 5.60 65 psi 35 -
City of West Friendswood |FM 528 at SW city limits, Friendswoocd TX 5.71 65 psi 35 -
Friendswood
SW Friendswood |FM 2351 at W city limits, Friendswood TX 5.71 65 psi 35 -
@ MONTGOMERY WATSON
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¢  Fill Tanks: Water will be delivered to the Participating Utilities existing or future ground storage
tanks. The participating utility will be responsible for distributing water from these tanks to their
customers via a booster pump station.

The City of Houston, City of Missouri City, City of Sugar Land, and the City of Arcola have requested
the GCWA to deliver surface water to ground storage tanks. Water will be delivered at such pressure to
fill the tank. FBWCID No. 2, the City of Pearland, City of Friendswood, City of Manvel, and the City of

Alvin have requested treated surface water at system pressure. System pressure requests ranged from 50
psi to 65 psi.

OTHER DEMAND CONSIDERATIONS

Raw Water Conveyance

The new surface water plant will draw on Brazos River water delivered to the plant via the existing
GCWA canal system. The canal system will have to convey not only the flows associated with the new
surface water plant, but flows associated with the GCWA existing municipal, industrial, and agricultural
customers. The projected demand for GCWA existing municipal, industrial, and agricultural customers
are detailed in Section 2 and total 174 mgd in the year 2050. This represents an increase of 61 mgd over
the Year 1999 demand of these existing customers.

The raw water demand placed on the GCWA canal by the new surface water plant will be equal to the
finished water flow plus the water losses in the treatment process. Itis expected that process will lose
about 7 percent of the raw water flow in producing the finished water. Therefore, to meet a finished
water demand of 150 mgd, the raw water flow entering the plant should be 161 mgd, or 7 percent over
the desired finished water capacity.

The required capacity of the American Canal to ensure that raw water is delivered for both the new water
plant and to the existing GCWA customers are shown in Table 3-7. The GCWA also uses the Briscoe
Canal to convey water to its customers, but it is assumed that all raw water demand will be drawn from
the American Canal. This is the worst case scenario and will simulate the requirement on the Canal in the
event that the Briscoe Canal is out of service for maintenance.

TABLE 3-7
GCWA CANAL REQUIRED CAPACITY

Year Existing Customer Water Surface Water Plant Raw Total Canal Flow To WTP

Contracts {mgd) Water Demand (imgd) " (mgd)™
2000 174 - 191
2010 174 89 289
2020 174 109 311
2030 174 126 313
2040 174 145 350
2050 174 161 368

Note 1: with 7% allowance for wash water and sludge production.
Note 2: with 10% allowance for evaporation and seepage.

To carry these flows to the water treatment plant, the canal will require several modifications to limit
constrictions and increase capacity. The GCWA has identified that these modifications are feasible and
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that the required capacities can be attained. The location and the magnitude of the canal reaches where
improvements are required are shown in Figure 3-5.

Water Rights

One issue surrounding the construction of a surface water facility is the availability of reliable surface
water. The GCWA currently holds senior water rights on the Brazos River and Oyster Creek watersheds
to the sum of an average annual withdrawal of 211.48 mgd. The GCWA currently holds contracts with
its customers to deliver an average annual flow of 154 mgd, leaving the GCWA with approximately 55
mgd of unallocated water rights. These unallocated rights have been optioned to several Participating
Uulittes, but will not meet the projected water demand of the new surface water facilities. To meet the
required demand of the new surface water plant and serve the existing GCWA customers, an additional
145 mgd of reliable surface water will be required. The need for additional water rights over the planning
period is demonstrated in Figure 3-6.

Figure 3-6
Water Rights vs. Water Demand
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Although the current GCWA water rights fall short of the amount needed for the region through the year
2050, GCWA is actively pursuing additional water rights and it is the expectation of GCWA to secure
reliable raw water yield within the next few years. Additionally, the Texas Natural Resource Conservation
Commission is cutrently completing a water availability modeling (WAM) effort to help clarify water
rights. The results from this study will show the impacts of current withdrawal during drought conditions
and will be used to craft the next version of the State Water Plan.




= @ | __
(=) i @u & @
|
; f !
P CITY OF : M @ H o.r
B (AREA IN D..—.—.gvm . @ @
i AV i |
m &
= @ CHE
@

i P p !
i 239 MGD ! : !
/«D)\J | Ry i M. v
—_— m wissouR ey | I = f
= N m.ﬁ .r....n.. . o L .

' COMPANY CANAL
_ )
LEGEND i ® N
il | [MeD] siTED UMMING CAPACITY ; GCWA / TWBD FACILITY PLAN
: i e
m 5:&2049\:2‘_§mm
m @ MONTGOMERY WATSON FIGURE 3-5




Section 3
Current and Future User Demand

MONTGOMERY WATSON
@ 310



Section 4
Development of Treatment Process

This section provides discussion of the quality of water from the Brazos River, along with descriptions
of current and potential federal drinking water regulations, which have applicability to treatment of the
water. This development of treatment requirements is followed by the development of treatment
process alternatives, unit process design criteria, and associated chemical feed criteria.

WATER QUALITY
Historical Raw Water Quality

The proposed treatment facilities will treat raw water from the Brazos River. The water will be conveyed
to the sites via the GCWA canals. The canal system effectively serves as a presedimentation process to
remove solids and dampen the effects of the variable water quality in the Brazos River.

Water quality data was obtained from two sources: United States Geological Society (USGS) data for the
Brazos River at the Richmond - Rosenberg Monitoring Station, and data from the GCWA for the river
intake and for the raw water at the existing water treatment plant in Texas City. A summary of the
available data is shown in Table 4-1.

The raw water quality evaluation showed that the Brazos River contained elevated levels of total
dissolved solids, aluminum, manganese, bromide, and total organic catbon, but the observed
contaminant levels in the raw water is easily treatable through conventional processes.

FEDERAL AND STATE STANDARDS

Federal standards for drinking water are summarized in Table 4-2. Standatds for the State of Texas are
set by the Texas Natural Resources Conservation Commission. In most cases, Texas standards match
federal standards. Some secondary standards are different; Texas has a maximum contaminant level
(MCL) of 1,000 mg/1 for Total Dissolved Solids, and a chloride MCL of 300 mg/l.

Pending federal regulations must be considered in the evaluation of treatment processes for the
proposed plant. The Stage 2 Disinfectants/Disinfection By-Products (D/DBP) Rule is expected to
maintain current MCLs for total trthalomethanes (TTHMs) and total haloacetic acids (THAAs) at 80
and 60 ug/1. The rule will become more stringent in that individual monitoring sites will be used to
determine compliance, rather than on a system-wide basis. This change will probably have the effect of
requiring lower levels of TTHMs and THAAs leaving a treatment plant. The recently promulgated
Interim Enhanced Surface Water Treatment Rule (EWSTR) set a goal for disinfection/temoval of
Cryptosporidium of zero, with an MCL of 2-log disinfection/removal. The rule grants 2-logs of
disinfection/removal credit to facilities using conventicnal treatment processes that meet other
requirements of the rule. A second Enhanced Surface Water Treatment Rule is expected in the future.
This rule is expected to focus on more stringent disinfection/removal requirements for microbiological
contaminants, such as Cryptogporidium. The Backwash Treatment Rule is in development, and is expected
to require all plants to recycle waste washwater from backwashing of filters to the head of the treatment
process after equalization. The Backwash Treatment Rule is not expected, at least initially, to set
treatment limits.

The Stage 1 D/DBPR and the Interim ESWTR were promulgated in December, 1998. Data related to
future changes in these two rules has been collected by utilities, and is now under evaluation by EPA and
other agencies and groups. Itis estimated that the data evaluation will be completed in 2000. The EPA
has formed advisory committees to begin a negotiated process for future regulations. Based on the time
required for the negotiations for the most recent two regulations, it is anticipated that the Stage 2
D/DBPR and a future ESWTR may be proposed in the next five to ten years. If proposed in this time

MONTGOMERY WATSGN
@ a1




Section 4
Development of Treatment Process

SUMMARY OF RAW WATER QUALITY

TABLE 4-1

c: Year 1890

() 4 BRA [ D Ra
() [2 o
|Algae count icells/ml) 14214
Alkalinity{as CaC03) mal 136 75 -234 156.6 141
LAluminium, disseived uall 91 10 -390
Ammonia Nitrogen (as N) ma/l 0.06 Q9-Q023 0,068
| Apparant Color AGU
| Arsenic uai 3.0 1-7
Barvilium wal 0.6 05-2
[Boron, dissolvad uall 119 60-170
|Bromate mall 0,26 Q.07
Gromide mad D26
|Cabalt (as Co) ug/l 2.9 0-60
|Cadmium (as Cdl ug/l 1.4 0-3
|Calcium mgi 60 28-100 53
|Chioride ma/l 114 12 - 370 118 67
|Chromium (gs Cr} o/l 10 0-20
|Copper {as Cul ug/l 16.8 5-47
IDissolved oxygen may/l 8.8 54-12 6.8
DOC ma/l 13 4,2-25 4.09
Eecal coliform, Zum-mf | colonias/100 ml 730 12 - 7.300
[Elouride ma/b 0.3 0.1-05
Glvphosate ugll
HzS ma/l
lron, Total tas Fa) ua/l 5500 390 - 22,000 2850 24
|Kieldahl Nijrogen mal Q9 001-73
ll.ead (as Pb), Telal ug/l 24.5 2-65
Lithium (dissolved as Li} ual 143 8-30
Magnesiym mgl 13 35-71 20
IManganese, Total {as Mn} ug/l 2008 $-740
IMercury (as Hal. Total gl Q.2 Ql1-04
[Molvbdenum {dissolved as Mo} ug/l 10.2 10 - 20
INickel_{as Ni), Total ug/l 4.9 2-30
Nitrate ma/l 0.4 001-1%5 1.47 1.40
Nitrite mq/l 0.04 0-0.29 Q 0.05
Qdor
|Oraanic Nitrggen m/ 0.9 0.15-4.3 Q.86
|Ortho-Phosphate Phosphorus (as ma/l 0.1 0,01-0.13 0,18
pH units 7.9-80 724-85_ 8.4 8.2
Potassium ma/l 4.7 18-75
[Selanium (as Sel, Total ua/l Q.5 Q-1
|Silica ma/l 87 0.3-40 84
Silver {as Ag), Total ua/ 0.6 Q-1
|Sodium ma/l 80 95240
Specitic Conductange umho/em 770 220 - 1,900 200
Stregtococcei tacal, membrane | colonies/100 mi 860 20-9.100
Sirontivm (dissalyved as Sr) yaA 570 70 -1.000
Sulfate {(as SO4) ma/l 76 16 - 200 57
TDS ma/l 430 50.-980 440 140
fTemperature aC 20 3.5-33.9
€ ma/l Z0 Q-190
Total Hardness. as CaCO3 mal 200 90-470 189
[ Total Nitrogen N mi/l 0,90
[Total Organic Carbon {as C) ma/t 10 2.7-44 4,80 48
[ Total Organic Halogen ua/l
[ Taotal Phosphorus B mas 0.2 004-095 007
1SS mail 1150 12 - 7.360 280 19.8
[ Turbidity NTU 150 0.4 -830 160 50
UV-264 1/cm 010
lYanadium (dissolved as V) ug/l 6.1 6-8
|Zing { as Zn), Tgtal yg/l 60 20-120
a : Average of samples taken from 1970 to 1995. b: Range of sampies taken from 1970 10 1895.
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TABLE 4-2
SUMMARY OF FEDERAL STANDARDS

Volatile Organic Chemicals Max Contaminant Level (mg/l}

|_1.1-Dichlorosthylene Q.007
| 1.1.1-Trichloroethane 0.2
L 1.1.2-Trichloroethane 0,005
|_1.2-Dichlorgethane 0.00%
1,2-Dichlorcpropane 0.005
| 1.2.4-Trichlorobenzene Q.07
| Benzens 0,006
|_Carbon tetrachloride 0.005
Cis-1.2-Dichiorosthviens 0.07
| Dichloromethane 0.008
|_Ethvibenzens 0.7
| Monochlorobenzene Q.1
| 0-Dichlorobenzene 0.6
para-Dichlorobenzene 0.075
|_Stvrene 0.1
|_Tetrachloroethviene 0,005
| Toluene 1
_irans-1.2-Dichloroethviene 0.1
|_Trichloroethylena 0.005
| Vinv] chioride 0.002
etic 0
2.3.7.8-TCDD (Dioxjn}* 3x10°
2.4-D 0.07
- ilvex} 0.05
| Alachlor 0.002
|_Atrazine 0.003
|_Benzolalovrene 0.0002
Carbofuran 0.04
- Chlordane 0.002
| Dalaoon, 0.2
Di(2-ethvlhexyl)adioate 0.4
Di(2-ethylhexyl)phthalate 0.006
| Dibromochloro-propane (DBCPI 0.0002
|_Dinoseb 0.007
L Diguat 0.02
| _Endothall 0,1
Endrin 0.002
|_Ethvlene dibromide 0.00008
_Glvphosate 9.7
| Heptachlor 0.0004
|_Heotachlor epoxide 0.0002
|_Hexachlorobenzene 0.001
W 0.05
| Lindane 0.0002
| Methoxvchipr 0.04
| Oxamvl (vydate) 0.2
| Pentachlorophenol 0.001
Picloram Q.5
|_Polvchlorinated biphenvi (PCB) 0.0005
Simazine 0.004
| Toxaphene 0.003
Acrylamide TT
rghydrin I

@ MONTGOMERY WATSON
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TABLE 4-2 (CONTINUED)

SUMMARY OF FEDERAL AND STATE STANDARDS

Max Contaminant Level {mg/l)

| Total Trihalomethanas (TTHMs) £.080
|_Haloacetic Acids (HAAS) 0.0860
|_Bromate 0.010
hiorite [)
Maximum Residual Disinfectant
| Chlorine 4.0
|_Chloramines 4.0 as Total Chiorine |
Chlorine Digxid 0.8
|_Enhanced Coagulation Treatment Technigue |
|_Giardia Lamblia 3dog inactivation/removal |
| Viruses 4-log inactivation/removal |
Antimony 0.006
LArsenic 0.08
|_Asbestos 7 MFL > 10microns
| Barium 2
| Bervillium 0.004
| Cadmium 0.005
| Chromium 0.1
Copper 1.3 action level
| Cvanide 0.2
| Fluoride 4.0
| [ead 0.01b action level |
| Mercury Q.002
Nickel| 0.1
|_Nitrate 10 {as N}
|_Nitrite 1lias N)
[ Total Nitrate and Nitrite 10 (as N
ium 0.05
O D d e & q
| _Aluminum 0.05100.2
_Chloride 250
|_Color iScolorunits |
Copper 1
| Corrosivity, Sat, Index Non-corrosive |
| Fluoride 2.0
| Foaming Agents 9.5
lron 0.3
_Manaanese 0.05
Qdor-TON® 3
PH 6.5-85
Silver Q.1
Sulfate 250
| Total Dissolved Solids 500
’_cgmbiuad_ﬁa.dm;ZZG_and D
|_Gross Alpha (incl, Radium-228 15
Tritium 20.000
Strontium-20 g

@ MONTGOMERY WATSON
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frame, it is likely that compliance would be required within an additional three to five years after the rules
are actually promulgated.

A future ESWTR has not been proposed, nor has EPA suggested what contaminants, nor what levels of
treatment may be regulated. It is recommended that the process treatment selection NOT be selected to
meet the undefined requitements of the future EWSTR additional disinfection/removal requirements at
this time. The federal advisory committee is currently discussing a period of monthly monitoting for
Cryptosporidium. Based on the monitoring results, action levels would trigger additional
inactivation/removal requirements. For example 1.0 to 3.0 oocysts/1 of Cryprosporidium would trigger an
additional 2.0 log inactivation/removal requirement. Multiple approaches for achieving
inactivation/removal credit may be allowed, including watershed protection, enhanced turbidity removal,
in addition to a mandatory partial disinfection process that is broadly defined as Ultraviolet light, ozone,
or membranes).

It is recommended, however, that the treatment process evaluation consider the adaptability of the
process to possible changes by this rule. It is recommended that an allocation (both site area and
hydraulic head) be set aside for future processes that may be required by this rule.

FINISHED WATER QUALITY GOALS

The key water quality goals for the proposed WTP are listed in Table 4-3. The goals are based on federal
Primary and Secondary Standards, and TNRCC standards from its draft proposal for Chapter 290, Subchapter F,
Drinking Water Standards Governing Drinking Water Quality and Reporting Reguirements for Public Water
Supply Systems. The new TNRCC standards are for turbidity, TTHMs, THAAs, bromate, chlorite, and
enhanced coagulation. .

TABLE 4-3
SUMMARY OF TREATMENT GOALS
Parameter Units Treatment Goal Remarks
Giardia Lamblia - 0.5-log chemical disinfection | 2.5-log removal provided by
conventional process
Cryptosporidium - No additional treatment 2-log removal provided by
conventional process
Viruses - 2.0-log chemical disinfection | 2-log removal provided by
conventional process
Turbidity Ntu < 0.1
TOC Mg/l Up to 25 percent removal
Total coliform - Not detectable
Alkalinity, Total Mg/l No additional treatment
Langlier Index Mg/l Between 0.1 and 0.4
Total Hardness Mg/l No additional treatment
pH - Between 7.5 and 8.0
Chlorite Mg/l < 1.0
Total Haloacetic Ug/i < 30 Quarterly running average in
Acids distribution system
Total Ug/l < 40 Quarterly running average in
Trihalomethanes distribution system
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TREATMENT PROCESS ALTERNATIVES

The treatment process alternatives that were evaluated include:

* Conventional process — The conventional process includes standard pretreatment (four stages of
flocculation and rectangular plug-flow sedimentation basin) before filtration with granular activated
carbon media.

® A high-rate conventional process - The high-rate conventional process assumes that 2 high-rate
pretreatment process (SUPERPULSATOR Type U technology) is used to reduce the space and cost
of pretreatment before filtration with granular activated catbon media. The existing Mackey WIP
uses high-rate pretreatment (reactor-clarifiers).

¢ A membrane filtration process - The membrane filtration process is experiencing more widespread
use in the United States as the cost of membranes and the cost of pumping associated with the
membrane treatment is lowered.

Ozone was considered as a possible treatment alternative at this titne due to the elevated levels of
bromide in the raw water, average of 0.26 mg/l, as a process with ozone would create bromate as an
ozonation by-product. Bromate is regulated at an MCL of 0.010 mg/1 with discussions of a lower MCL
in the future of 0.005 mg/l. Many studies of ozone and bromate formaton have found that bromide
levels above 0.10 mg/1 typically result is bromate levels in excess of the MCL. Since ozone would likely
create bromate at a level that exceeds the MCL for this DBP, it was not considered to be a viable option
at this ime. Ozone may indeed be a viable option, but an exhaustive treatability study to determine the
exact requirements to control DBPs will be required.

Alternative 1- Conventional Process

Oxidation Chlorine dioxide

Pretreatment Coagulation, flocculation, sedimentation
Filtration Media filters

Adsorption Powdered and Granular Activated Carbon
Primary disinfectant Chlorine dioxide

Residual disinfectant Chloramine

A flow diagram of the recommended process units for the conventional treatment alternative is shown in
Figure 4-1. Pre-oxidation 1s accomplished with chlorine dioxide. Taste and odor control is
accomplished with chlorine dioxide or PAC addition. Pre-treatment is provided by chemical coagulation,
rapid mixing, four-stage flocculation, and sedimentation. For this evaluation, flocculation is
accomplished with vertical turbine flocculators. The sedimentation basins are assumed to be rectangular
basins with chain-and-flight collector mechanisms. Filters are assumed to be deep-bed, constant-level,
constant loading filters. Media is assumed to be granular activated carbon (for taste and odor control)
with an undetlayer of sand. Additional processes that may be required by future regulations include
post-sedimentation ozone or chlorine dioxide for inactivation of Cryplosporidium, and / or post-filtration
membrane filtration or UV disinfection. Circular concrete, above-ground tanks are provided for storage
of finished water. Sludge from the pretreatment process is sent to a gravity thickener for preliminary
separation of solids and water. Thickened sludge is dewatered on-site with centrifuges. Ultimate disposal
is to a permitted disposal site.  Dirty filter backwash water is equalized and clarified, and then recycled
to the head of the treatment process.
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Alternative 2- Conventional with High-rate Pretreatment

Oxidation Chlorine dioxide

Pretreatment High Rate Solids contact (Pulsed Upflow)
Filtration Media filters

Adsorption Powdered and Granular Activated Carbon
Primary disinfectant Chlorine dioxide

Residual disinfectant Chloramine

A process schematic of Alternative 2 for the conventional process with High-Rate Pretreatment is shown
in Figure 4-2. This alternative is similar to Alternative 1, except that the pretreatment process is solids-
contact type utilizing pulsed upflow clarifiers. These proprietary units can be operated at higher rates
than is normally allowed for conventional processes. The high-rate process combines two processes into
a single unit. The high rate process results in to space savings because of the smaller basin volume which
in-turn results in reduced construction costs. This process is ptoven with source waters similar to those
for this facility. In addition, the clarifiers maintain a sludge blanket, which when used in conjunction with
powdered activated carbon, is an efficient process for removing organic material. All other processes will
be as described in Alternative 1 above.

Alternative 3- Membrane Filtration

Oxidation Chlorine dioxide
Pretreatment Pulsed-upflow clarifiers
Filtration Ultrafiltration membranes
Adsorption PAC

Primary disinfectant Chlorine dioxide

Residual disinfectant Chloramine

The quality of the source water will allow the use of membrane filtration when used in conjunction with
pretreatment for removal of solids. The sizing of the membranes is optimized with the use of high-rate
pretreatment with pulsed upflow clarifiers. Taste and odor control is achieved with chlorine dioxide as a
pre-oxidant, and with powdered activated carbon added to the pretreatment process. PAC may also be
re-circulated in the membrane system. Reject water from the membranes (up to 10% of the finished
water flow) is equalized and clarified prior to return to the head of the plant. Residuals from the
clarifiers is thickened in gravity thickeners, and subsequently dewatered with centrifuges. Ultimate
disposal is to a permitted disposal site. Waste from chemical cleaning of membranes is discharged to the
sludge system after neutralization. A process schematic of this alternative is shown in Figure 4-3.

PROCESS CRITERIA

Criteria for unit processes ate listed in Table 4-4. Where applicable, criteria are based in TNRCC criteria
contained in Subchapter ID: Rules and Regulations for Public Water Systems, 290.42, Water Treatment.
Criteria for proprietary process equipment, such as the pulsed upflow clarifiers and membranes are based
on manufacturer’s recommendations. Criteria for other unit processes are based on criteria from
“Integrated Design of Water Treatment Facilities” by Kawamura. The costs analysis of these three
alternatives is presented in Section 7.
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TABLE 4-4

CRITERIA FOR SIZING WATER TREATMENT PROCESSES

Sizing Criteria

Mixing
Type

Units

Value

Pumped Diffusion

Velocity Gradient | sec’ | 2000

Flocculation Basins

Conventional Sedimentation Basins

No, Stages each 4
Velocity Gradient sec’ 75,60,40,25
Type Vertical Turbine

Detention Time minutes 30

Media Filters

Type Rectangular, Plug Flow
L:W Ratio > 41
Depth Ft 12
Surface Loading Rate gpm/ft? 0.6

Sludge Lagoon Process

Type Deep Bed, Dual Media (GAC/Sand)
L/d Ratio 1500

L:W Ratio 2

Loading Rate (one filter off-ling) gpm/ft? 5
Backwash Rate gpm/ft? 22
Average Filter Runtime hours 72
Auxiliary Wash Type Air Scour

Auxiliary Wash Rate sctm/sq ft 3.0
Gravity Thickener

Solids loading rate Ib/ft? 9
Hydraulic Loading Rate gpm/ft? 0.12

Waste Washwater Equalization

Type

Loading Rate Ib/ft? 14
Minimum length ft 100
Storage Capacity per Unit months 3
Minimum Number of Units each 4

L:W Ratio 4
SWD ft 16
Storage Volume # ot backwashes 3
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TABLE 4-4 (CON'T)
CRITERIA FOR SIZING WATER TREATMENT PROCESSES FEED CRITERIA

Sizing Criteria Units
Waste Washwater Clarification
Clarifier Type Lamella
Clarifier Loading Rate gpm/ft? 0.2
Sludge Removal % 85
Dewatering
Holding Tank Capacity days 4
Holding Tank Depth ft 30

Centrifuge Type Solid Bowl
Hydraulic Loading Rate gpm/unit 200

Finished Water Storage

Operational Volume hours 4
Type Above Ground, Pre-stressed Concrete

High-Rate Clarification

Type Pulsed-Upflow

Unit Design Application Rate gpm/ft?

Membrane Filtration

Design Flux gfd 70
Average Recovery % 90
Temperature degrees C 10
Maximum TMP psi 13
Cleaning Cycle per year 4 (max)

Chemical feed criteria are shown in Table 4-5. Criteria are based on historical chemical data for the Dr.
Thomas Mackey WTP. Preliminary jar tests were also conducted on the raw water by GCWA staff to
understand the estimated ferric and polymer dose required for coagulation. It should be noted that these
chemical doses are preliminary and represent likely chemical doses at the water plant. It would be
advantageous to establish a pilot plant to test and optimize chemical doses.

MONTGOMERY WATSON
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TABLE 4-5
CHEMICAL FEED CRITERIA
Avg. Dase
Chemical Purpose 9 ‘ Application Point
(mg/l)

Ferric Coagulant 30 Flash Mix Pump
Cationic Coagulant Aid 5 Flash Mix Pump
Polymer
Anionic Flocculant / Filter Aid 1 After Flash Mix Pump/ Settled Water
Polymer Channel
SOd'u.m Form Ch.lo'rme D.|0x1de for 0.8 Chlorine Dioxide Generator
Chlorite Disinfection
Chlorine Form Ch'|o'r|ne DIIOXIdE for 0.8 Follc.nfwng Low Lift Pumps, Following

Disinfection Clarifier
Chlorine -BW Disinfection 5 Backwash Supply Pipe
Chlarine Residual Disinfection 3 Following Transfer Pumps
Ammonia Disinfection 1 Following Transfer Pumps
PAC Taste and Odor 10 Following Low Lift Pumps
Caustic Soda pH Adjustments 10 Following Transfer Pumps
Flouride Aesthetics 0.8 Following Transfer Pumps
Phosphate Corrosion Inhibitor 0.5 Following Transfer Pumps
Copper Sulfate Algae Control Raw Water Reservoir

Each of these three treatment plant alternatives can meet the required finished water goals and are easily
adaptable for future regulations. Selection of the preferred treatment process alternative will be based on
the overall project cost including capital expenditures and operating and maintenance costs over the
lifespan of the project.

DISCUSSION OF ALTERNATIVES

The treatment process alternatives were compared based on the following general criteria.

®  Ability to meet all current applicable federal and state water quality standards and achieve treatment
goals defined in Table 4-3

e Based on commercially available process equipment that have a successful history of application in
municipal drinking water industry

Maximize use of limited raw water supply by high recovery / low wastage or recycle rates

Fit within the available space of the proposed site

Ease of operations

Level of maintenance

Alternative 1 is very similar to the existing Mackey WTP. The one notable difference is the conventional
flocculadon and sedimentation basins are proposed. These types of units are more economical at the
scale of the facility under evaluation as compared to the reactor-clarifiers in use at the Mackey plant.

This similarity to the Mackey WTP is a significant advantage in terms of operability, training of staff, and
water quality produced. This alternative is capable for meeting current drinking water standards and is
adaptable for future regulations. An ozone process can be added after the pretreatment process for
additional disinfection, if may be required by the Final Enhanced Surface Water Treatment Rule. An UV
irridation can be added after the media filters as another alternative means of disinfection. This
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alternative i1s space efficient since multiple trains of flocculator / sedimentation tanks can be constructed

with common walls. The level of maintenance for Alternative 1 is higher than Alternative 2 because

Alternative 1 requires additional equipment. The type of unit is very resistant to changes in water quality

and requires very little operator attention. Filter operations can be automated to allow minimal operator

attention. This alternative uses process design criteria that are covered by the TNRCC design criteria in
ubchapter D; Rules and R ions for Publi er Systems, 290.42, Water Treatment.

The advantages and disadvantages for Alternative 2 ate very similat to those for Alternative 1. This
alternative is capable of meeting current drinking water standard. With the exception of the pulsed-
upflow clanfiers, this alternative uses process design criteria that are covered by the TNRCC in
Subchapter D: Rules and Regulations for Public Water Systems, 290.42, Water Treatment. Alternative 2
is adaptable for future regulations. An ozone process can be added after the pretreatment process for
additional disinfection, if may be required by the Final Enhanced Surface Water Treatment Rule. An UV
irndation can be added after the media filters as another alternative means of disinfection. As with
Alternative 1, the pulsed-upflow clarifiers are space efficient and allow the use common wall
construction. The level of maintenance for Alternative 2 is lower that the conventional alternative
because there is less equipment. Pulsed-upflow clarifiers flocculate and settle the raw water in a single
basin with a single mechanism, while conventional flocculators and sedimentation basins have multiple
flocculators and sludge collectors. This type of unit is more susceptible to changes in water quality, and
more operator attention is required. Filter operations can be automated to allow minimal operator
oversight.

The membrane process of Alternative 3 will exceed current water quality standards for turbidity and
removal of microorganisms. With a membrane process in use at the proposed WTP, and a conventional
process in use at the Mackey WTP, public issues about the disparity in the level of treatment will arise.
Although both processes will meet all drinking water standards, the perception exists that membranes
provide a more aesthetic water that is more safer to drink. A membrane process is expected to yield a 90
percent rate of recovery. Additional processes are needed to capture and treat the high volume of reject
water generated by the primary membranes. This process alternative does provide total removal of
microotrganisms that are currently regulated. Therefore, this process already provides or exceeds the
level of treatment that the future regulations are anticipated to require. Membrane filtration is not
currently covered by TRNCC’s design criteria in Subchapter D: Rules and Regulations for Public Water
Systems, 290.42, Water Treatment. Several months of treatability testing would be required by the
TNRCC to gain regulatory approval. Pilot testing of new processes is generally advisable in advance of
construction of a major treatment plant. Currently there is no membrane facility in the United States of
the size being proposed for this facility, While there is no inherent reason why a large scale membrane
facility cannot be operated, the economy of scale realized with large concrete structures used in
conventional processes does not yet exist with membrane systems. In addition, the water industry is still
developing a level of comfort with the potential risks and cost uncertainties associated with larger
membrane systems. Alternative 3 has the highest maintenance costs as membrane s will have to be
constantly monitored with replacement of the membranes on a frequency of about every seven years.
The high number of components (approximately 240 separate membrane modules on each separate unit)
requires a high level of maintenance.

Water Treatment Process Costs

Each alternative has a capital cost associated with the construct the facilities and an operating and
maintenance (O&M) cost duting operation of the plant. For each alternative, the estimated construction
costs were developed based on the preliminary process sizing using the aforementioned design criteria
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and the estimated O&M costs were calculated based on the labor, maintenance, and electrical demands
of the plant process based on a capacity of 150 MGD. The summary of the costs appear in Table 4-6.

TABLE 4-6

ALTERNATIVE PROCESS CONSTRUCTION COST ESTIMATE (YR 2000$)

O e Ond (] e DIrd <
Sitework $6,000,000 $6,000,000 $7,500,000
Yard Piping $9,000,000 $9,000,000 $9,000,000
Low Lift Pumping $5,192,000 $5,192,000 $5,192,250
Mixing/Flocculation/Sedimentaiton $15,525,000 $12,883,000 $ -
Filters $25,322,000 $25,322,000 $ -
Transfer Pumping $4,515,000 $4,515,000 $ -
Pretreatment Clarifiers $ - $ - $10,600,000
IMembrane Building $ - $ - $98,245,000
Membrane Equipment $ - $ - $33,063,000
PAC System $750,000 $750,000 $750,000
Backwash Equalization Tank $3,5670,000 $3,570,000 $3,060,000
Backwash Clarification $480,000 $480,000 $5,200,000
Gravity thickeners/holding tanks $2,640,000 $2,640,000 $3,510,000
Chemical Systems, Building, Tanks $6,435,000 $6,435,000 $2,820,000
Centrifuges $3,360,000 $3,360,000 $3,360,000
Centrifuge Building $3,230,000 $3,230,000 $3,230,000
Ground Storage Tanks $13,300,000 $13,300,000 $13,300,000

Subtotal $99,319.000 496,677,000 $109,829,000

Electrical, Instrumentation, and Controls $12,912,000 $12,568,000 $16,474,000

Subtotal $112.231.000 $109,245.000 $126,304,000

$3,367,000 $3,277,000 $3,789,000

$112,523,000 130,093,000

Subtotal $115,598,000

Construction Management, Insurance, $15,028,000 $14,628,000 $16,912,000
Bonds, Profit

Total +130,625,000 $127.151,000 $147,006,000

The conventional plant has the lowest estimated construction cost at $127.1 M, which equates to $0.85
cents per gallon of capacity. Construction contingency and engineering fees are not included in these
calculations as they are percentages of construction and are independent of the process selection.

The O&M costs to operate the plant include the following items:

Electricity,
Maintenance,
Chemicals,

Labor,

Sludge disposal, and
Administration

® & & & & @
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The costs for the operating and maintenance were based on recent quotes from vendors and current
operations at the GCWA Dr. Thomas Mackey Water Treatment Plant. A summary of the O&M costs
for the alternative processes appear in the Table 4-7 though 4-9.

The high rate conventional O&M costs for a 150 MGD plant is the least expensive at $24.0 M per
annum. These O&M costs exclude high service pumping and raw water delivery costs which are a
function of plant location and will be considered in the site location study.

These costs and non-economic were evaluated and entered into part of the alternative selection process
for the Regional Surface Water as described in Section 7 of this report.

TABLE 4-7
CONVENTIONAL PROCESS O&M COST ESTIMATE (YR 2000%)
. ; O O e A cl s e O i O
Proce 94,094 0.06 061.000
Ferric 7,533 tons $450 $ 3,390,000
Cationic Polymer 1,256 tons $1,000 $1,256,000
Anionic Polymer 125 tons $1,500 $188,000
Sodiurn Chlorite 203 tons $1,000 $203,000
Chlorine - CIO2 208 tons $400 $83,000
Chlorine - BW 58 tons $400 $23,000
Chilorine - Residual 685 tons $400 $274,000
Disinfectant
Ammonia 229 tons $350 $80,000
PAC 3,767 tons $1,100 $4,144,000
Caustic Soda 2,283 tons $600 $1,370,000
Fluoride 205 tons $1,000 $137.000
Corrosion Inhibitor, 114 tons $5,200 $594,000
mg/L
Total Chemical 511,742,000
Sludge Disposal Yd! § $1.185,000
Maintenance % of 52,613,000
construction
GAC Replacement 23.000 Ft? 3100.00 $2,300,000
Labor Number at Plant Burdened Hourly
Rate
Process Operators 9 $25.50 $477,000
Electrician, 4 $33.75 $281,000
Instrument Tech
Maintenance 5 $27.00 $281,000
Administration 2 $19.50 $81,000
Superintendent 1 $49.50 $103,000

Total $28.00 $1,223,000

Administration

Cost of Raw Water

165 MGD

5.07 / 1000 gal

$600.000
$4,220,000

Total Annual O&M for 150 MGD Conventional Plant

$25,940,000
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TABLE 4-8
HIGH RATE CONVENTIONAL PROCESS 0&M COST ESTIMATE (YR 2000$)

0&M Component Annual Usage Units Unit Cost Annual Cost
Process Electrical 89,821 KWh S 0.06 5 1,967,000
Chemical

Ferric 7533 tons $450 $ 3,380,000

Cationic Polymer 1256 tons $1,000 $ 1,256,000

Anionic Polymer 125 tons $1,500 $ 188,000

Sodium Chlorite 203 tons $1,000 $ 203,000

Chlorine - ClO2 208 tons $400 $ 83,000

Chlorine - BW 58 tons $400 $ 23,000

Chlorine - Residual 685 tons $400 $ 274,000

Disinfectant

Ammonia 229 tons $350 $ 80,000

PAC 2512 tons $1,100 $ 2,763,000

Caustic Soda 2283 tons $600 $ 1,370,000

Fluoride 205 tons $1,000 $ 205,000

Corrasion Inhibitor, 114 tons $5,200 $ 594,000

mg/L
Total Chemical 5 10,429,000
Sludge Disposal 79,000 yd? $ s 1,185,000
Maintenance 1.7 Y% of $2,162,000

construction
GAC Replacement 23000 Ft! $100.00 $2,300.000
Lahor Number at Plant Bul(ier;{::eHoully

Process Operators 9 $25.50 $477.,000

Electrician, Instrument 4 $33.75 $281,000

Tech

Maintenance 5 $27.00 $281,000

Administration 2 $19.50 $81,000

Superintendent 1 $49.50 $103,000

Total $28.00 $1.223.000
Administration --- $600,000

Cost of Raw Water 165 MGD $.07 / 1000 gal 44,220,000
Total Annual O&M for 150 MGD High Rate Conventional Plant $ 24,090,000
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TABLE 4-9
MEMBRANE CONVENTIONAL PROCESS O&M COST ESTIMATE (YR 2000%)

O&N Component Annual Usage Units Unit Cost Annual Cost
Process Electrical 185,754 KWh 50.06 $ 4,068,000
Chemical

Ferric 3938 tons $450 $ 1,772,000

Sodium Chiorite 213 tons $1,000 $ 213,000

Chlorine - CiO2 218 tons $400 $ 87,000

Chlorine - BW 113 tons $400 $ 45,000

Chiorine - Residual 6856 tons $400 $ 274,000

Disinfectant

Ammonia 229 tons $350 $ 80,000

PAC 2625 tons $1,100 $ 2,888,000

Caustic Soda 2283 tons $600 $ 1,370,000

Fluoride 137 tons $1,500 $ 205,000

Corrosion Inhibitor, 114 tons $5,200 $ 594,000

mg/L

ota e 8,000
ge Disposa 0.000 650,000
brane Clea 4 ber pe 4 0 997,000

00

o R 9 000

Process Operators 9 $25.60 $477,000

Electrician, Instrument 5 $33.75 $351,000

Tech

Maintenance 6 $27.00 $337,000

Administration 2 $19.50 $81,000

Superintendent 1 $49.50 $103,000

Total 542.31 $1,246.,000

Administration $600,000

Cost of Raw Water 172.5 MGD $.07 /1000 gal $4,410,000
Total Annual O&M for 150 MGD Membrane Plant 526,290,000
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Section 5
Water Treatment Plant Site Development

One of the most important steps in this feasibility study is selecting the site for any treatment facilities.
The decision to select one site over another is complex and is influenced by many diverse criteria. This
chapter will review these criteria with respect to several alternative sites throughout the planning area and
summarize the benefits and costs associated with each alternative site.

APPROACH TO SITE SELECTION

One of the first tasks in this study was to identify possible sites of a water treatment facility. In order to
evaluate the entire planning area, a selection approach was developed to ensure that all alternatives were
considered and that the benefits to each Participating Utility were taken into consideration in the
selection of the alternative WTP sites. The approach consisted of the following three steps:

¢ Establishment of Preliminary Siting Criteria
e Identify Candidate Sites

® Preliminary Screening

¢ Final Screening

This approach allowed the Participating Utilities to have control over the selecdon of the water treatment
plant site and to offer input at each stage in the process. The following is a detailed description of the
process for selecting the site

Establishment of Preliminary Siting Criteria

The first step was to identify potential sites for the water treatment plant. The Participating Utility team
was tasked with reviewing the planning area to locate sites based on the following three criteria: estimated
required acreage for the water plant, the proximity of the plant to the Participating Utilities and the raw
water source, and surface features of the site. Each of these criteria is discussed below.

Estimated Minimum Acreage Required For A Water Plant

One of the primary criteria in selecting a site for a water plant is the size of the site. The selected site
must have enough acreage to support the requirements of a water plant. The layout of the facilities on the
site has a large impact on the total required area. Water treatment plants with high-rate process units and
compact, common-wall construction require less space than consetvatively sized stand-alone process
basins. According to Kawamura in “Integrated Water Treatment Plant Design”, the required plant area
for the basic process facilities of a conventional treatment plant is Q"6, where Q is the ultimate capacity
of the plant. For a design flow of 150 MGD, the minimum plant area would then be 20 acres.

Ideally, the site should also contain ample land for a raw water forebay, sludge disposal, pipeline
easements, finished water storage, and future expansion. Based on the data from local water treatment
plants, an additional 35 to 80 acres would be required to support these ancillary facilities.

For this preliminary selection of potential water treatment plants, acceptable sites were limited to those
with enough acreage to accommodate the basic processes of the water treatment plant. Preference was
also given to sites with enough acreage to accommodate the ancillary facilides as well as the basic
processes. Therefore the minimum acceptable parcel of land is 20 acres, with a preference for sites with
a minimum of 55 acres.
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Proximity To the Water Source and Distribution Svstem

Another criteria for selecting the location of water plant facilities is the proximity of the plant to the raw
water source and the customer. It is desirable to keep the raw water piping as short as practicable to
simplify the maintenance and reduce the cost of the raw water pipeline. The new water plant can either
withdrawal water directly from the Brazos River or indirectly from the Brazos through the existing
GCWA American and Briscoe Canals. Sites adjacent to or in vety close proximity to the Brazos River or
to the Canals will be given preference as no raw water pipeline will be required. One advantage of
placing the water plant as close to the raw water source is that less energy is expended in pumping water
consumed by in-plant needs (backwash, sludge, etc.).

Similarly, the water treatment plant site should be located in close proximity to the distribution system,
which in this case is the nine Participating Utilities. This will minimize the size of the finished water
transmission pipelines and the cost of pumping the water to the Participating Utlities. Duplication of the
raw water and finished water pipelines should also be avoided.

Site Surface Fearures

A potential site should be relatively flat without any major obstacles, such as fault zones, wetlands, areas
prone to flooding, or encumbrances. This cursory review of the planning area for potential sites looked
for sites in areas without large areas of known wetlands, utility encumbrances, or flood plains. Although
wetlands and utilities can be relocated and levees can be built to protect the facility from flooding, these
attributes of a site are not desirable and result in additional site work that increases cost and complicate
permitting from regulating bodies. Sites without these surface features were given a higher rating in this
preliminary site selection.

Identify Candidate Sites

Based on these criteria, the Participating Utilities team assessed the planning area and developed a list of
alternative water treatment sites. The location of the sites that were selected by the Participating Utility
team are shown in Figure 5-1. The listing of these sites with a brief description appears in Table 5-1.
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TABLE 5-1
POTENTIAL WATER TREATMENT PLANT SITES

Plant Site Location Approx.
Nearest Kev M Usable
County ‘E];PS LCV .ap Description Acreage
ity acation (AC)
Sugar Land Fort Bend [Sugar Land {567 M/ 568 J{Hwy 6 and Hwy 90 in Sugar Land 225
Lexington Blvd - east of Murphy
FBWCID No. 2 [Fort Bend |Stafford B9 U, V.Y, Z Road in the city of Statford 80
Adjacent to TV Towers, north of
Missouri City |Fort Bend [Missouri City| 611 M / 612 J|American Canal east of Missouri 150
City
. Lateral 10 and American Canal
Pearland ETJ |Brazoria |Arcola 612v,2 west of 288 in Pearland ETJ 80
Manvel Brazoria |Manvel 653 S, W SH .6 at Brtss:oe.CanaI and Lateral 50
10 intersection in Manvel
Manvel- Brazoria [Manvel ) Herman Hospital property south of 1193
Herman Manvel
. . . CR 285 and CR 144 west of
Alvin Brazoria |[Friendswood 615 T Friendswood in Alvin ETJ 280
Alvin-Landfill |Brazoria |Alvin ; City of Alvin land adjacent to 100
existing landfill

Preliminary Screening

The next step in the site selection process was to evaluate these eight sites with respect to their
preliminary siting criteria. The eight sites contained in the preliminary review represent a geographically
diverse selection across the planning area, each with 2 minimum usable acreage of 50 acres, meeting the
minimum critetia established above. The following is a general comparison of the eight sites in relation to
the screening criteria.

Evaluation of Minimum Acreage Requirements

All of the identified potential sites have the required minimum acreage meeting the requirements listed
above, with several sites having large open expanses of land available for use. These additional lands over
and above the minimum requited are a valuable attribute of the site as this land could be used for furure
expansions, sludge disposal, buffer zone, or a raw water reservoir. The FBWCID No. 2, Pearland ET]J,
and Manvel sites are the smallest of the eight sites and will yield a constrained site layout. Expansion past
150 MGD at these three sites may not be feasible.

On the basis of available acreage, the Sugar Land, Missouri City, Manvel-Herman, Alvin, and Alvin-
landfill sites were the most desirable as the large amount of usable land at each of these sites offers the
following advantages:

*  Operational flexibility. Layout of plant not scripted by limited site configuration,

e Future Expansion Possibilities, and

MOMTGOMERY WATSON
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e Inclusion of Ancillary WTP options. Sludge Disposal, Raw Water Reservoir, Additional Finished
Water Storage

Evaluation of Proximity of Site to Raw Water Source and Finished Water Demand

Proximity of Site to Raw Water Source

Although the eight selected sites are scattered throughout the planning area, the one common thread is
that each site, with the exception of the Manvel-Herman site, is located adjacent to a GCWA raw water
canal. By locating the water plant as close to the raw water source as possible, the raw water transport
costs are minimized or in some cases eliminated. The Alvin-Landfill site will require 2 one and half mile
long pipeline from the GCWA Canal to the plant site to deliver raw water plant. Conversely, the other
seven sites can pump directly from the canal and eliminate the raw water pipeline.

The differences among the sites in reference to proximity of the plant to the raw water source are:
e  Canal which the plant would be served by,

e Required improvements to the canal pump stations, and

®  Operational flexibility

The Sugar Land, FBWCID No. 2, Missouri City, Pearland ETJ, and Alvin sites are located along the
American Canal and can only be served by the American Canal. The Manvel, Manvel-Herman, and
Alvin-Landfill sites offer the advantage that they can be served from either the American Canal (through
Lateral 10) ot the Briscoe Canal. This allows the GCWA to take a canal out of service for repairs or
maintenance and maintain flow to the water plant via the other canal.

Depending on the water plant location, modifications to the canal and raw watetr pump stations will be
required. A summary of the required improvements are shown in the Table 5-2:
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TABLE 5-2
REQUIRED RAW WATER CONVEYANCE IMPROVEMENTS

Plant Site Pump improvements Canal improvements
Raw Water Source

Shannon 2nd Litt Brisco Oyster American Briscoe

Plant Station e Plant Creek Canal Canal
(System 2)

Sugar |Oyster Creek X - - X - -
Land
FBWCI |American Canal X X - X - -
D No. 2
Missour|American Canal b X - X X -
i City
Pearlan |American Canal X X - X X -
d ETJ
Manvel |American or Briscoe Canal x (1) x {1) x (2} x (1) x (1) x (2)
Manvel |American or Briscoe Canal x {1) x{1) X {2) x (1) x {1} x {2)
Herman
Alvin American Canal x X X X X X
Alvin- |American or Briscoe Canal x (1) x (1) x (2) x (1) x (1) x (2}
Landfill

{1)— Improvement required if the American Canal is used

(2 Improvement requiced if the Briscoe Canal is used

As seen in the table, the Sugar Land site requires the least improvement and thus is the most desirable
from a proximity to the raw water canal point of view. The Manvel, Manvel-Herman, and Alvin-Landfill
sites offer the operational flexibility of having two raw water feeds, but will require raw water
improvements to both canals to provide this flexibility.

Proximity of Site to Finished Water Demand

The planning area is divided into two distinct areas of potable water demand. The majonty, 75 percent,
of the demand is located within a 6 mile radius of the intetsection of Beltway 8 and Interstate 59 in Sugar
Land Texas. The remaining 25 percent of the average water demand is located within a 9 miles radius of
the intersection of Hwy 6 and Masters Road in Manvel Texas. These two demand areas are shown on
Figure 5-2 and are located approximately 18 miles apart. The proximity of the proposed plant location to
the water demand is shown in Table 5-3.
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TABLE 5-3
PROXIMITY OF SITE TO FINISHED WATER DEMAND

Plant Site Water Demand Within (%)

5 mi 1M0mi 15mi 27 mi 35 mi

Sugar Land 61 75 75 82 100
FBWCID No. 2 36 75 82 100 100
Missouri City 14 36 82 100 100
Pearland ETJ 7 7 42 100 100
Manvel 2 7 N 100 100
Manvel-Herman 2 14 25 100 100
Alvin 11 25 25 42 100
Alvin-Landfill 0 5 14 39 100

The Sugar Land, FBWCID No. 2, and Missoun City sites are located in and around the Demand Center
A, while sites Pearland ET], Manvel, Manvel-Herman, Alvin, and Alvin-Landfill sites are located in and
around Demand Center B. Since it is desirable to locate the plant as close to the demand to minimize the
finished water pumping expense, the distance between the demand area centers creates several issues. If
a plant is located near one of the demand center, an extensive piping network will be required to
transport the finished water across the planning area to the other demand center, resulting in an increased
expenditure for pipelines and pumping costs.

If the water plant is located in Demand Area B, only 25 percent (+/-) of the demand is located within 15
miles. A large finished water transmission main would be required to convey approximately 76 percent
of the planning area average water demand, or 115 MGD, 18 miles to the northeast. Not only would this
require a large transmission main, but the pumping cost to transport 115 MGD over 18 miles would be
substantial.

Conversely, if the plant is located in Demand Area A, 2 minimum of 75 percent of the water demand is
located within 15 miles of a proposed water plant. A transmission main is still required to convey water
to Demand Area B, but the pipeline would only have to be sized to transport approximately 24 percent
of total finished water demand, or 35 MGD, instead of 115 MGD if the water plant was located in
Demand Area B.

This scenario of having the a single water plant in Demand Area A over a single water plant in Demand
Area B will result in reduced finished water pipelines capital costs. In addition, the cost of pumping
water from one side of the planning area to the other will be substantially less expensive for a single water
plant in Demand Area A versus a single water plant in Demand Area B.

Additionally, the general topography of the planning area is a gentle slope from the Sugar Land area to
Alvin. The decrease in elevation from the northwest side to the southwest side of the planning area is
approximately 60 feet. If the plant is located in Demand Area B, the finished water will have to be
pumped uphill to Sugar Land, Missouti City, City of Houston, and FBWCID No. 2 at an increased cost
because of pumping against a higher head.

MONTGOMERY WATSON
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The Participating Utilities reviewed this alternative and decided that a single plant in the eastern section
of the planning area serving the entire planning area was not feasible when compared to having a single
water plant in the western section of the planning atea.

The Participating Utilities realized that the 18-mile difference in demand areas requires a vast
transmission network to serve the entire planning area from one plant. One option is to split the
planning area into two distinct demand areas and serve each demand area with its own surface water
plant. If this alternative is initiated, a large surface water plant located in Demand Area A would serve the
City of Houston, FBWCID No. 2, Sugar Land, and the City of Missouri City. This plant would serve 76
percent of the water demand and would have an ultimate capacity of 115 MGD. Secondarily, a small
surface water plant with a maximum capacity of 35 MGD would be located at the Alvin, Alvin-Landfill,
Manvel, Manvel-Herman, or Pearland ET]J to serve the water needs of Demand Area B. In this
alternative, 100 percent of the water demand would be located within 15 miles of a water plant.

Evaluation of Site Surtface Feamres

Cursory reviews of each of the eight sites revealed the following surface features that impact the sites use
as a water treatment plant. The following is a list of these potental impacts:

e Site A contains a man-made wetland on the southwest corner, but due to large acreage of available
land at this site, it is likely that impact to the wetland can be mitgated.

e  Allsites adjacent to the Canal have a risk of having sections of their sites located within the 100-year
flood plain. In addition, the Sugar Land, Pearland ETJ, Manvel, and Alvin sites are located adjacent
to a natural bayou or creek, which is subject to flooding. A cursory review of the 100-year flood
plain indicates that each of these sites will be impacted by the flood plain, but mitigating measures
can be taken to eliminate the risk due to flooding. It is anticipated that only the Manvel site will
require improvements which will impact project costs as the flood plain impacts on this site are
extensive while proper site layout on the other sites will mitigated the potential impact of flooding.

e The Manvel site contains an existing encumbrance with regards to an HL&P high voltage electrical
transmission main. This easement is located along the southern boundary and does not impact the
site’s ability to host a 35 MGD plant.

Sites Selected for Further Review

After preliminary review of the alternative water treatment sites, the Participating Utility team narrowed
the field of alternative sites to four sites, eliminating sites that they felt were not desirable. The team
decided to further analysis the sites based on the following two scenarios.

Scenario A - One Regional Surface Water Plant

In Scenario A, the planning area would be served through one large water treatment plant. This plant
would be located in Demand Area A and would serve the entire planning area through an extensive
system of transmission mains, The ultimate capacity of this plant by the year 2050 would be 150 MGD.

The Participating Utility team decided that the Sugar Land or FBWCID No.2 sites were the most
advantageous sites for the water treatment plant in Demand Area A as sites A and B both offer the
following advantages over the other six sites:
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* Ample Land for Existing Demand and Future Growth. Both sites have a minimum of acreage
required to support a 150 MGD plant and ancillary facilities with provisions for future expansion as
required past the year 2050.

¢ Lowest Water Distribution Costs. The cost of distributing water to the Participating Utilities will be
lowest at Site A or B, as these sites are the closest to the demand of any of the eight potential sites.
Since the sites are the closest to the demand, the required length and diameter of finished water
pipeline and construction cost will be significantly reduced. In addition, the power costs associated
with transmitting water will also be significantly trimmed with the decrease in distance berween the
Participating Utlities and the water plant location.

Scenario B - Two Regional Surface Water Plants

In Scenario B, two surface water plants would serve the planning area. One plant would serve Demand
Area A and would be located in the western portion of the planning area. The second plant would serve
Demand Area B and would be located in the eastern portion of the planning area. The water plant near
Demand Area A will have a year 2050 capacity of 115 MGD to meet the demands of Sugar Land,
Missouri City, Houston, and FBWCID No. 2. The water demand at the second water plant serving
Arcola, Manvel, Pearland, Friendswood, and Alvin will have a capacity of 35 MGD in the year 2050.

For Alternative B, the Participating Utility team decided that the large plant would be located at the Sugar
Land or FBWCID No.2 sites for the same principles as under Alternative A. For the second plant, the
Participating Utlity team based their decision to site the smaller water plant at the Manvel or Alvin Site
on the following screening decisions:

e  The Alvin-Landfill site was eliminated from consideration due to the proximity of the site to an
existing landfill and its distance from the raw water canal.

¢  The Manvel-Herman was eliminared as the property was recently sold to a residential development as
an entire site, 1192 acres, and purchasing a small allotment of land for the water plant (50 acres)
would be difficult. In addition, the parcel of land contains numerous pipeline easements and
encumbrances that transverse the site.

e  Of the remaining three sites, the following table describes the major differences in the sites. The
Alvin Site is the closest of the sites to the Demand Area while Manvel Site has the advantage of being
fed from both canals. The Peatland ET] does not have any site drawbacks other than is the farthest
from the demand area and can be only fed from the American Canal.

A summary of the preliminary screening criteria for a 35 mgd water plant in Demand Area B is shown mn
Table 5-4.

TABLE 5-4
REVIEW OF PRELIMINARY SCREENING CRITERIA FOR SMALL WATER PLANT

Proximity to Demand Area B Raw Water Source
Pearland ETJ Farthest American Canal
Manvel Far American and Briscoe Canal
Alvin Close American Canal
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Based on this preliminary screening info, the Participating Utilities eliminated Pearland ETJ and selected
the Manvel and Alvin Sites for further review.

Screened Alternatives

The following is the list of alternatives agreed upon by consensus as being the alternatives that most
merited additional evaluation:

150 MGD WP at the Sugar Land Site

150 MGD WTP at the FBWCID No.2 Site

115 MGD WTP at the Sugar Land Site, 35 MGD WTP at Manvel Site

115 MGD WTP at the Sugar Land Site, 35 MGD WTP at Alvin Site

115 MGD WTP at FBWCID No.2 Site, 35 MGD WTP at Manvel Site

115 MGD WTP at FBWCID No.2 Site, 35 MGD WTP at Alvin Site

These 6 alternatives were then subject to final screening criteria based on the economic cost and non-

economic factors associated with each alternative. Aetial photos of the 4 screened sites appear as
Figures 5-3 through 5-6. The discussion of these costs and factors appears in Section 7.
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Based on this preliminary screening info, the Participating Utilities eliminated Pearland ETJ and selected
the Manvel and Alvin Sites for further review.

Sc