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Executive Summary

Faced with a growing potable water demand and concerns regarding the long term sustainability of the
underlying groundwater aquifer water supply, eight water utilities in the Mid-Brazotia County region have
formed a partnership with the State of Texas 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. Raw surface water supply studies conducted and published by the Region
H Water Planning Group of the State Water Plan identify the Brazos River as the raw water source for
the study area. Negotiations with Brazos River water rights holders should be conducted by the Mid-
Brazoria County Planning Group.

The primary water supply for residents of the Mid-Brazoria County region continues to be the
Evangeline and Chicot aquifers. This primary source 1s more than adequate to meet current municipal,
domestic, manufacturing, and agricultural uses throughout Brazoria County. However, studies conducted
by the Region H Planning Group indicate the existing groundwater sources will not meet future demand
without a decrease in water quality or subsidence.

According to Region H Water Plan, which studied water needs in the 15 counties surrounding Houston,
including Brazoria County, additional raw water supplies will be necessary to meet water demands of
several communities in the Mid-Brazoria County Region. Region H estimates the existing groundwater
supply to be able to sustain community growth through 2030, but overproduction of the aquifer may
lead to supply shortages thereafter.

Conversion of the existing potable water sources from a primary groundwater source to a combination
of treated surface water and groundwater would not only expand the region’s water production
capability, but offer the following regional benefits:

o Increase water production capabilities. As an additional water source is introduced into the area,
the growth potential of the area is not imited by water production capacity. By converting to surface
watet, groundwater slated to be used for domestic purposes can be reallocated for industrial and
agricultural uses, thereby allowing greater growth in these economic sectors.

e  Reduce potential for subsidence. As surface water is distributed into the system, groundwater
production will decrease. As this production decreases, the potential to drawdown the water level in
the undetlying aquifer will diminish. If the water table remains high, subsidence will decrease and
property damage and localized flooding conditions due to subsidence will be minimized.

e Reduce potential for water quality degradation. Also, as the aquifer level drops, groundwater
quality can progressively degrade, thus requiring additional treatment processes, increasing costs
dramatically. A reduction in groundwater pumping will increase the level in the aquifer and increase
groundwater quality.

As stated earlier, , Region H reports that the Brazos River will serve as the raw water source for the
convetsion of the region from groundwater to surface water. In lieu of each municipality in the Mid-
Brazoria County Region designing and constructing individual water plants to serve theit customets, a
tegional surface water plant may be a viable and an economically attractive alternative to supply surface
water to this region. This study evaluates the feasibility of this alternative.

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,
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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 eight 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 the notthern portion of Brazoria
County. Water utilittes located in the planning area were contacted regarding their interest in
participating in a regional surface water plan and eight utilities elected to be part of this regional planning
effort. These Participating Utilities are collectively known as the Mid-Brazoria County Planning Group
(MBCPG). MBCPG membets include:

City of Alvin,

City of Angleton,

City of Brookside Village,
City of IDanbury,

City of Hillcrest,

City of Iowa Colony,
City of Manvel, and

City of Pearland

The major surface water feature in this area 1s the Brazos River. Region H has identified this surface
watet body as the future raw water source for the potable water needs of the Mid-Brazoria County
Region. Water rights for this surface water source are managed through watet permits allocated by
Texas Natural Resources Conservation Commussion (INRCC). The TNRCC reports that all available
water permits for sustainable water rights for Brazos River water have been allocated and that the State is
completing the 2002 State Water Plan 1n which the quantity of available sustainable surface water will be
tevisited. Major holders of senior lower Brazos River water rights include Gulf Coast Water Authority
(GCWA), Chocolate Bayou Water Company (CBWC), Reliant Energy, and the Brazos River Authonity

(BRA).

Currently, none of the Participating Utilities hold Brazos River water rights. As such, long term raw
water contracts or water rights will need to be secured. Region H is in the process of planning water
usage through the region and this report assumes that Region H will plan facilities necessary to provide
the MBCPG with the required raw surface watet.

WATER DEMAND

The Participating Utilities estimate that the portion of their utilities in the planning area have a current
population of 100,000 and an average daily water demand of 11.5 MGD. Over the next 50 years, the
population of the Participating Ultilities in the planning area and water demand are projected to grow to
216,918 and 23.13 MGD. Figure ES-2 shows the growth in population and water demand over the
planning period. This represents a 101 percent increase in water demand and will require a significant
expansion in water production capabilities to meet expected demand.
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FIGURE ES-2
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FACILITY DEMAND

To meet this potable water demand, the Participating Utilities will need to expand their water production
facilities. With conversion from groundwater to surface as part of this facility expansion, the effective
split between groundwater and surface water usage is a determining factor on the size of the surface
water treatment facilities. Local experience indicates that the utihzation of groundwater sources is more
cost effective than treating surface water. As such, 1t is the desire of the Participating Ultilities to
maximize the use of groundwater to the extent practicable by the availability and quality of groundwater.

The Harris-Galveston Subsidence District, which is a regulatory entity controlling groundwater pumping
in the neighboring Harris, Galveston, and Fort Bend Counties, has completed a regional groundwater
model which includes the northern portion of Brazoria County. This model indicates that groundwater
production in the Mid-Brazoria County region at current withdrawal rate is not expected to negatively
impact the availability or quality of the groundwater.

Given these expectations, it is the intention of the Participating Utilities to maintain average annual
groundwater production at year 2000 levels through the planning horizon in this study thereby:

® maintaining the current water table level in the underlying aquifer,
maintaining acceptable proundwater quality,
mitigating the potential for subsidence, and

maximizing use of their existing infrastructure.

Therefore, to serve the future average day potable water demand with an effective groundwater
production at 11.5 MGD, the Participating Ultilities will need to construct surface water treatment
facilities with an average annual water capacity equal to the growth in average water demand from year
2000 to the end of the planning horizon.

The Participating Utilities agreed to develop this facility plan based on a plant that delivers a fairly
constant supply of surface water and to augment this supply with groundwater from their wells during
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periods when supply from the surface water treatment plant was exceeded. The Participating Utilities
will activate their wells during times when the water demand exceeds the capacity of the regional surface
water plant. Each participating utility noted that they would expand their existing well and storage
facilities to meet future peak day demands in lieu of drawing additional water from the surface water
plant. Peak hour demands will be met through use of the Participating Utilities individual storage

capacity.

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

TABLE ES-1
PLANNING AREA SURFACE WATER DEMAND

Surface Water
Demand (MGD)

2020 13
2030 17
2040 21
2050 25

The planning area can be divided into two areas of potable water demand. This division is based on the
population within each area. Over one half of the total Participating Utility water demand 1s allocated for
the Cities of Pearland and Brookside Village. The remaining water demand is geographically located in
the central and southern portion of the planning area within an ten mile radius of County Road 121 and
Hwy 1462 just southeast of Towa Colony. The two demand areas are located approximately 14 miles
apart and are shown on Figure ES-3.

Strategic locations for regional surface water treatment facilities were investigated throughout each
Demand Area. Due to the relative proximity of the demand to the planning area, the primary focus of a
regional surface water plant was central to Demand Area A and B to minimize the ovetall length of
finished water pipelines required to reach each Participating Utlity.

TAKE POINTS

As a wholesale provider of raw and potable water, the MBCPG will contract with each participating
utility to deliver water at specified “take points”. Take points are defined as the end point at which the
MBCPG 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 requested water to be delivered at pressure either through system pressure from
regional water treatment plant high service pump station or through an individual booster pump station
located in the Participating Utility. The take points with flow demands are tabulated in Table ES-2.
The City of Pearland, Brookside Village, and Alvin have noted that their take points may be shifted
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depending on the location of the water treatment plant relative to their city. The following table
highlights the alternative take points for each Participating Utility.

TABLE ES-2
REQUESTED FLOW UTILITY TAKE POINTS

Utility Take Point Address Average Day  Ground Elevation
Number Water Demand at Take Point (ft}
{MGD)

City of Manvel 1 lowa Lane and Hwy 8, Manvel TX 3.77 b
City of Pearland 2a SH 288 at 518, Pearland TX 60

2b SH 35 at 518, Pearland TX 13.66 40
City of 3a Garden Road and Brookside Road 50
Brookside 3b Mykawa Road and Knapp Road 0.57 50
Village

4a SH 6, north of Mc Cormick Road 40
City of Alvin 4.13

4b SH 35, at Johnson Road 40
City of Hillecrest | 4a or 4b |Same as City of Alvin take point 0.07 40
Village
City of lowa 5 At the intersection of County Road 64 0.24 50
Colony and lowa School Road
City of Danbury 6 5" Street at St. Spur 8 0.48 20
City of Angleton 7 At the intersection of Henderson Road 2.45 20

and Krankawa Road in the North part of
the City

ALTERNATIVE ANALYSIS

Since the planning area is currently served primarily from groundwater wells, conversion to surface water
will require construction of a raw water delivery system, water treatment plant, and finished water
transmission system. There are a number of alternative approaches to construct these facilities
depending on the location of the water treatment plant. A selection approach was developed and used to
ensure that several alternatives were considered and the benefits to each participating utility were taken
into consideration in the selection of the final alternatives. The approach consisted of three distinct
steps: alternative development, preliminary screening, and participating utility feedback. The entire
process used group meetings and participating utility feedback to develop the best alternatives for more
detailed evaluation. Final alternative evaluation was based on the economic cost to implement the
alternative, including capital costs to construct the facilities and operating and maintenance (O & M)
costs over the planning horizon of the project, and the non-economic tmpact of each alternative on the
surrounding community and environment.
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Water Treatment Plant Treatment Process

Recent Texas Water Development Board (T'WDB) studies have compared the treatability of the Brazos
River water through various treatment processes. These studies comparing conventional, high-rate
conventional, and membrane treatment technologies show that each alternative treatment process will
meet federal and state standards, but the high-rate conventional ptocess has the lowest economic cost to
construct and operate. As such, the proposed treatment facilities for this study will treat the raw Brazos
River water through a high rate conventional water treatment process.

For the high rate conventional process, the capital cost required to construct a 25 MGD water treatment
plant were estimated based on established design cnteria. Construction costs were estimated based on
providing a 15 MGD initial phase in 2010 and a 10 MGD expansion in the year 2030. O & M costs were
estimated assuming full production equal to the capacity of the plant. A summary of the water treatment
plant capital cost is shown in Figure ES-4.

FIGURE ES-4
§25 WATER TREATMENT PLANT ECONOMICS (YEAR 2000 $)
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Preliminary Water Plant Locations

The Patticipating Utility Team reviewed the planning area in search of alternative treatment plant
locations that met established minimum acreage requitements. In sum, five preliminary sites were
identified. After careful evaluadon 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 source, and acreage of the
proposed plant parcel. The Participating Utility Team screened these five sites to two sites based on the
relative location of the sites to the demand, raw water source, and access to the site.
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After this screening, the following two potential water treatment sites remained:
¢ Manvel - Hwy 6 and Iowa Lane, and
*  Alvin — Hwy 35 and Briscoe Canal.

The locations both the two screened sites and the three sites not selected for further review are shown
on Figure ES-5.

Raw Water

Raw water for the regional water plant must be taken from the Brazos Rivet. In a lettet repott to the
TWDB by Turner Collie and Braden dated February 27t 2001, three raw water conveyance mechanisms
were 1dentified, by which Brazos River water may be transported from the River to the water treatment
plant site. The study reviewed each of these alternatives to determine the feasibility of carrying raw water
for the MBCPG through each altetnative. The reviewed alternatives were:

1) Gulf Coast Water Authority (GCWA). In this alternative, the MBCPG would purchase raw water on
a per gallon contract basis. As existing GCWA canals carry Brazos River water from the river
through Fort Bend, Brazos, and Galveston Counties and both screened alternative water treatment
plant locations are adjacent to GCWA canals, no additional facilities are needed in order to transport
Brazos River from the river to the either WTP locations.

2) Chocolate Bayou Water Company (CBWC). Turner Collie & Braden, through a letter report to the
Texas Water Development Board dated February 27 2001 proposed that for this option, the
MBCPG would initially purchase the water rights owned by CBWC. By owning water rights, the
MBCPG would not have to purchase raw water on an annual basis from another agency, but would
utilize their rights to meet the required raw water demand. In purchasing the rights, the MBCPG
would construct a raw water pipeline and pump station to transport the water from the CBWC canal
to the alternative raw WTP locations.

3} Brazos River Authotity. In this alternative, the MBCPG would contract for raw water from the
Brazos River Authority. To transport the raw water from the Brazos River to the alternattve WTP
locations, new large diameter raw water pipeline and pump stations will be required.

Figure ES-6 shows the alternative raw water conveyances options relative to the altemative WTP
locations. In comparing the three alternatives based on the present worth cost to construct, operate, and
maintain facilities necessary to transport the water to the alternative WTP sites. Figure ES-7 shows the

FIGURE ES-7
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overall present worth costs of the three alternatives.

This present worth analysis 1s based on assumptions regarding the relative availability and stated cost of
raw water. Each aforementioned entity has conditions and requirements regarding sale or purchase of
raw water which will impact the overall cost of the raw water for this project. Even with the expected
variability in the raw water costs, the evaluation showed that the BRA option is significantly less cost
effective than the GCWA or CBWC alternatives. The analysis also showed that with the stated
assumptions, the overall economic cost of the CBWC and GCWA alternatives were within the variability
of the cost estimates. It is recommended that the MBCPG negotiate with both CBWC and GCWA to
develop either a raw water option contract or purchase water rights outright to bring Brazos River water
for potable use in the Mid-Brazoria Region. This contract would enable the MBCPG to further solidify
the costs associated with bring raw water to the area and would secure raw watet availability when the
MBCPG is teady to augment their current groundwater supply with treated surface water. Due to the
high degtee of variability associated with the cost of the CBWC raw water due to potential sale of their
water tights to an outside entity, the study compiled total facility costs with GCWA alternative as the raw
water transportation mechanism for the regional water plant. This does not in any way preclude the

Planning Group members to negotiate for raw water from other entities.
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 alignment was based on the
prefetred pipeline corridors identified in a pipeline corridor analysis. The analysis reviewed altetnative
pipeline corridors between the various treatment plant alternatives and the participating utility take
points. The preferred pipeline corridors were identifted based on the following criteria:

e Minimize overall length of finished water pipelines,
e Minimize construction in urban areas,

e Minimize construction in corridors with numerous existing utilities, wetlands, and private lands
requiring 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
putnp station pressure that could adequately meet the take point requirements. The results of the model
runs for each of the alternatives are provided in Section 6.

For each water treatment plant alternative, two modeling scenarios were evaluated to determine the
relative economic cost to deliver water to each Participating Utility Take Points at system pressure from
the WTP high service pumps or through a through 2 distributed systern in which finished water is
delivered to each Ground Storage Tanks and repumped to system pressure for each Participating Utility.

Economic Evaluation

An economic evaluation was performed for the two different WP sites alternatives. The following is a
summary of the evaluation.
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, and treatment plant facilities. The capital
costs also includes engineering construction administration and contingency.
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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 teserve for events that
expetience 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 conveyance fot the GCWA option, finished
water transmission systems, and water treatment process for each of the identified plant site alternatives,
inclusive of engineering and construct administration are shown in Table ES-3.

TABLE ES-3
CAPITAL EXPENDITURE (YR 2000 $)
Alternative Phase | Expansion
Year 2008 Year 2028
Manvel at Pressure $77,979,000| $16,142,000
Manvel to GSTs $79,275,000 | $18,466,000
Alvin at Pressure $87,929,000| $16,142,000
Alvin to GSTs $86,565,000 | $18,466,000

Operation and Maintenance Costs

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

Electricity,

Maintenance,

Chemicals,

Labor,

Sludge disposal, and

Administration

The annual O&M costs for the alternative plant site scenarios are summarized in Table ES-4
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TABLE ES-4
ANNUAL O&M (YR 2000 $)

Alternative Phase 1 Phase 2
2010-2030 2030-2050
Manvel at Pressure | $4,355,000 | $6,165,000
Manvel to GSTs $4,445,000 | $6,295,000
Alvin at Pressure $4,395,000 | $6,205,000
Alvin to GSTs $4,475,000 | $6,325,000

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 wotth analysis of each of the alternatives evaluated 1s provided in Table ES-5.

TABLE ES-5
PLANT SITE ALTERNATIVES PRESENT WORTH SUMMARY (YR 2000$)

Alternative Present Worth Cost {$M}

Manvel WTP Site Delivering Water At Pressure $160
Manvel WTP Site Delivering Water To GSTs $164
Alvin WTP Site Delivering Water At Pressure $169
Alvin WTP Site Delivering Water To GSTs $170

The analysis indicates that the scenatio of constructing a new regional watet treatment plant at the
Manvel site and transmitting water to the Participating Utilities at pressute 1s less expensive than either
delivering water to Ground Storage Tanks or constructing a new plant at the Alvin location.

GCWA Regional Water Treatment Plant Alternative

The study also looked at the relative economic cost of participating in a larger regional water treatment
plant proposed by the Gulf Coast Water Authority to serve utilities in Fort Bend, Harris, and Brazoria
Counties. This regional water treatment plant was studied as part of the TWDB / GCWA Facility Plan
study completed in November, 2000. The plant was designed with an ultimate capacity of 150 MGD and
would be located in Stafford, Texas. The advantage of combining forces and constructing a larger
tegional facility is documented cost savings associated with the “economy of scale” in constructing a
larger facility. Offsetting this saving would be the cost of a trans-county pipeline. In addition, in this
alternative, the MBCPG membets would be a raw water customer instead of a wholesale supplier of
treated surface water. This study evaluated the benefits and costs of this larger regional plant.
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CONCLUSIONS

® The Mid-Brazoria County region will requite surface water conversion to protect the groundwater
quality and quantity throughout the planning horizon.

& A 25 MGD high-rate conventional plant at the Manvel site, with associated raw and finished water
improvements provides the lowest present worth option for the local regional surface water facility

plan

® A unit cost of participation with neighboring communities in Fort Bend and Hatris County is less
expensive than a local 25 MGD facility serving just the Mid-Brazoria County Region.

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

® Based on the assumptions governing raw water supply costs, the relative present worth cost for
either the GCWA or CBWC are significantly less expensive than the alternative of buying contract
raw water through the Brazos River Authority.

RECOMMENDATIONS

® MBCPG should form of join a regional authority with the power to construct and operate regional
water supply facilities. The MBCPG members should negotiate raw water contract or purchase for
use in this project.

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

® Investigate the feasibility of joining with neighboring communities to benefit for the cost savings
associated with a larger regional water treatment plant.

® If the Participating Utilities proceed with a local water treatment plant, a 25 MGD high-rate
conventional plant at the Manvel site, with associated finished water improvements should setve as
the basis for the development of regional surface water facilities in the planning area.
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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 s applied to total construction cost which includes the
construction estimate with engineering and construction administration.

The capital costs associated with the identified raw water conveyance for the GCWA option, finished
water transmission systemns, and water treatment process for each of the idendfied plant site alternatives,
inclusive of engineering and construct administration are shown in Table ES-3.

TABLE ES-3
CAPITAL EXPENDITURE (YR 2000 $)

Alternative Phase | Expansion
Year 2008 Year 2028
Manvel at Pressure $77,979,000| $16,142,000
Manvel to GSTs $79,275,000| $18,466,000
Alvin at Pressure $87,929,000| $16,142,000
Alvin to GSTs $86,565,000 | $18,466,000

Opecration and Maintenance Costs

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

Electricity,
Maintenance,
Chemicals,

Labor,

Sludge disposal, and

* & ¢ & &

Administration

The annual O&M costs for the alternative plant site scenarios are summarized in Table ES-4
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TABLE ES-4
ANNUAL O&M (YR 2000 $)

010-2030 030-2050
Manvel at Pressure | $4,355,000 | $6,165,000
Manvel to GSTs $4,445,000 | $6,295,000
Alvin at Pressure $4,395,000 | $6,205,000
Alvin to GSTs $4,475,000 | $6,325,000

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 is provided in Table ES-5.

TABLE ES-5
PLANT SITE ALTERNATIVES PRESENT WORTH SUMMARY (YR 2000$)

Alternative Present Worth Cost (5M)
Manvel WTP Site Delivering Water At Pressure $160

Manvel WTP Site Delivering Water To GSTs $164
Alvin WTP Site Delivering Water At Pressure $169
Alvin WTP Site Delivering Water To GSTs $170

The analysis indicates that the scenario of constructing a new regional water treatment plant at the
Manvel site and transmitting waier to the Participating Utilities at pressute is less expensive than either
delivering water to Ground Storage Tanks or constructing a new plant at the Alvin location.

GCWA Regional Water Treatment Plant Alternative

The study also looked at the relative economic cost of participating in a larger regional water treatment
plant proposed by the Gulf Coast Water Authority to serve utilities in Fort Bend, Harris, and Brazoria
Counties. This regional water treatment plant was studied as part of the TWDB / GCWA Facility Plan
study completed in November, 2000. The plant was designed with an ultimate capacity of 150 MGD and
would be located in Stafford, Texas. The advantage of combining forces and constructing a larger
regional facility is documented cost savings associated with the “economy of scale” i constructing a
larger facility. Offsetting this saving would be the cost of a trans-county pipeline. In addition, in this
alternative, the MBCPG members would be a raw water customer instead of a wholesale supplier of
treated surface water. This study evaluated the benefits and costs of this larger regional plant.
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Based on the unit cost to construct and operate a two-phase 150 MGD plant as reported in the
November 2000 TWDB report, the estimated present wotth cost to buy treated water from the GCWA
and bring the water to the Participating Utilities through a large diameter finished water pipeline is 154
million dollars. This represents a 6 million dollar savings of the low present worth alternative for a
smaller Mid-Brazoria County regional water plant.

Non-Economic Evaluation

The Participating 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 critetia.

The analysis compared the Manvel site against the Alvin 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.

FACILITY PLAN

For the smaller regional water plant alternatives, a facility plan detailing a preliminaty site layout,
operational requirements, and estimated costs have been developed for the low present cost option.

The Manvel site delivering water at pressure from the plant’s high service pump station offers the lowest
present worth cost and will serve as the basis for the recommended facility plan. However, there is less
than a 6% cost difference between all of the siting alternatives.

The facility plan is based on the development of a single 25 MGD high-rate conventional surface water
treatment plant at the Manvel site, as shown in Figure ES-8. The plant would be developed in two
phases. The initial phase would provide 15 MGD to meet the regional sutface water conversion
requirements for the year 2010. A 10 MGD expansion would be accomplished in year 2030 to satisfy
future growth requirements.

The facility plan also includes improvements to the raw water delivety system and the associated finished
water transmission systems required to deliver water to the individual participants. A summary of the
ptobable capital costs for the facility plan is presented in Table ES-6.

TABLE ES-6
FACILITY PLAN CAPITAL COSTS

ITEMS COST { YR 2000 %)
15 MGD Initial Phase 10 MGD Expansion
Property and Site Improvements $760,000 $-
Water Treatment Plant $22,931,000 $7,930,000
Finished Water Transmission $23,268,000 $1,792,000
Raw Water Improvements $0 $0
Capital Subtotal $46,959,000 $9,722,000
Contingency $16,440,000 $3,400,000
Engineering and Administration $14,580,000 $3,020,000
Total Capital $77,979,000 $16,142,000
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CONCLUSIONS

® The Mid-Brazoria County region will require surface water conversion to protect the groundwater
quality and quantity throughout the planning hotizon.

e A 25 MGD high-rate conventional plant at the Manvel site, with associated raw and finished water
improvements provides the lowest present worth option for the local regional surface water facility

plan

® A unit cost of participation with neighboring communities in Fort Bend and Hatris County is less
expensive than a local 25 MGD facility serving just the Mid-Brazotia County Region.

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

® Based on the assumptions governing raw water supply costs, the relative present worth cost for
either the GCWA or CBWC are significantly less expensive than the alternative of buying contract
raw watet through the Brazos River Authority.

RECOMMENDATIONS

e MBCPG should form of join a regional authority with the power to construct and operate regional
water supply facilities. The MBCPG members should negotiate raw water contract or purchase for
use in this project.

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

® Investigate the feasibility of joining with neighboring communities to benefit for the cost savings
associated with a larger regional water treatment plant.

® If the Participating Utilities proceed with a local water treatment plant, a 25 MGD high-rate
conventional plant at the Manvel site, with assoctated finished water improvements should serve as
the basis for the development of regional surface water facilities in the planning area.

MONTGOMERY WATSON
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BACKGROUND

The primary current water supply for the residents of Brazona County is groundwater drawn from the
underlying Gulf Coast Aquifer. Although existing sources are more than adequate to meet current
municipal, domestic, manufacturing, and agticultural uses throughout Brazoria County, the region is
concerned about whether existing soutces can meet future demand without a dectease in water quality or
subsidence. A drop in the groundwater level would force many well owners to lower their wells ot find
alternative sources of water. In addition, the piezometric head or gtoundwater level in aquifers serves as a
barrier to salt water intrusion from the Gulf of Mexico. A decline 1n the piezometric head can potentially
lead to salt water intrusion, further compromising water quality of the aquifer.

The residents of Brazoria County are considering converting to sutface water for domestic use to
minimize required groundwater consumption. In Texas, the State controls the use of surface water by
allocating water right permits to users. These rights are based on the availability of water and may be
superseded by an entity with mote seniot water rights during drought conditions. The State of Texas
through the Texas Water Development Board {TWIDB} has established regional planning groups to assist
in identifying regional water needs and proposed projects to assure that each region has an adequate
supply of water. The Brazoria County Region is part of the State of Texas designated “Region H”.
Region H comprises 15 counties in and around Houston and is a political entity of the State of Texas
charged with defining regional water needs and identifying potential sources of water.

The Region H has just completed thetr review of the water needs in the area and has compiled a list of
proposed projects to supply the region with adequate water supply. For the Mid-Brazoria County
Region, the TWDB tepotts that the Brazos River can setve as the raw water source for the conversion of
the region from groundwater to surface water. In lieu of each municipality in the Mid-Brazoria County
Region designing and constructing water plants to serve their customers, a regional surface water plant
may be a viable and an economically attractive alternative to supply surface water to this region. This
study evaluates the feasibility of this alternative.

SURFACE WATER ADVANTAGES

Although conversion from drinking water comprised primarily of groundwater sources to a blend of
treated surface water and groundwater will require an extensive capital investment to the construction of
new surface water treatment and transmission facilities, the benefits of such an expansion will enhance
and protect the quality of life in the region. By expanding current potable water supplies to include
treated surface water, the region will:

e Increase water production capabilities. As an additional water source is introduced into the area,
the growth potential of the area is not limited by water production capacity. By converting to surface
water, groundwater slated to be used for domestic purposes can be reallocated for industrial and
agricultural uses, thereby allowing greater growth in these economic sectors.

o  Reduce potential for subsidence. As surface water is distributed into the system, groundwater
production wili decrease. As this production decreases, the potential to drawdown the water level in
the undetlying aquifer will diminish. If the water table remains high, subsidence will decrease and
propetty damage and localized flooding conditions due to subsidence will be minimized, and

e Reduce potential for water quality degradation. Also, as the aquifer level drops, groundwater
quality progressively degrades, thus requiring additional treatment processes, increasing costs
dramatically. A reduction in groundwater pumping will increase the level in the aquifer and increase
groundwater quality.
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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 Mid-
Brazoria County Region. 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 provides a planning horizon through year 2050.

SCOPE OF FACILITY PLAN

Montgomety Watson has been hired by the City of Alvin to evaluate the feasibility of constructing a new
regional surface water treatment plant to setve the Participating Utilities. This study includes the
following tasks:

A determination of the expected water demand fot each planning group member,
An evaluation of alternative water treatment plant site locations,
A pipeline corridor study,

A water conservation study,

Overall capital and operating costs, and
e A facility plan for recommended alternative.

In addition, a cultural resources 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. The planming group covers the northern half of Brazona County and includes many
major cities and population centers. Participating Utilities electing to be included in this study are:
City of Alvin

City of Angleton

City of Brookside Village

City of Danbury

City of Hillcrest

City of Iowa Colony

City of Manvel

City of Pearland

A map of the planning area is shown in Figure 1-1. The Participating Utilities estimate that the portion
of their utilities in the planning atea have a current population of 97,694 and an average daily water
demand of 10.4 MGD.

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
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Brazoria and Fort Bend Counties until the Brazos turns southward and flows through Brazoria County
before discharging into the Gulf of Mexico. The State of Texas, through the Texas Natural Resources
Conservation Commission (TNRCC), currently allocates water from the Brazos River for agricultural,
mndustrial, and municipal needs through water permuts.

The Participating Utilities in the Mid Brazoria County Region do not currently hold any water rights on
the Brazos and will need to secure water rights or long term contracts for raw water. The State of Texas
through Region H is in the process of planning water usage through the region and this report assumes
that Region H will plan facilities necessary to provide the region with the required surface water.
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The Participating Utilities plan to minimize the cost of improvements for sutface water conversion
by maximizing the use of their existing infrastructure. 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.

WATER SOURCE AND SUPPLY

Currently, the Mid-Brazoria County Area relies predominantly on groundwater for theit potable
water needs, with the exception of the City of Angleton, which satisfies part of its watet demand by
surface water. As the reliability of groundwater supply is reduced in the next five decades, the Brazos
River Authority (BRA) and the Gulf Coast Water Authority (GCWA) will continue to be an
increasingly viable treated surface water source to the major cities of the Planning Area.

Surface water

The Brazos River 1s the main source of surface water for members of the Planning Area. The Gulf
Coast Water Authority currently draws surface water from the Brazos River. Water quality for the
Brazos Rivet is presented in Section 4 of this report.

Groundwater

The Region H area has two major aquifers supplying groundwater, the Gulf Coast aquifer, and the
Carrizo-Wilcox aquifer. The members of the Planning Group are supplied groundwater from the
Gulf Coast aquifer. This aquifer is composed of the Evangeline, Chicot, and Jasper formations, and
extends from near the shoteline to approximately 100 to 120 muiles inland, to Walker and Trinity
counties. The groundwater availability for Brazoria County is 50,315 acre-feet per year.

Surface 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. Holdets of the oldest water permits have first right to take available
watet from the Brazos River. Junior water rights must wait until all holders of senior water rights
have had the chance to receive their allocated water rights. Gulf Coast Water Authority cutrently
holds 3 water permits for diversion of water from the run of the Brazos, the Chocolate Bayou Water
Company holds 2 permits, and the Brazos River Authority holds 1 permit. A summary of permits
and allocations held by various entities are shown in Table 2-1.
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TABLE 2-1
EXISTING WATER PERMITS ON LOWER BRAZOS RIVER

Total Withdrawal

Maximum Withdrawal Rate
MGD Cts MGD
{cubic feet per second)

Permit # Priority No. ac-ft { yr.

1040 - GCWA 1/15/1926 1 99,932
1041 - Reliant Energy 10/23/1926 2 28,000 25 3856 249
1145- CBWC 2/8/1929 3 40,000 36 400 259
1145 - DOW 2/28/1929 4 20,000 18 132 85
1262 - BRA 5/9/1938 5 230,750 | 206
1299 - GCWA 2/2/1939 6 125,000 | 112 600 388
1345/1631 - DOW 2/14/1924 7 150,000 | 134 630 407
1299 - GCWA 12/12/1950 8 50,000 45 600 388
1145 - CBWC 3/3/1955 9 40,000 36 268 173
1264 - DOW 4/4/1960 10 65,000 58 630 407
1145 - CBWC 7/25/1983 21 75,000 67 900 582
ota 0 s G8 824 O 80

DOW — DOW Chemical Company

The City of Pearland currently has a water contract, which expires after the year 2010, with the
GCWA for 5,559 acre-feet per year. The City of Angleton has a water contract with the Brazosport
Water Authority (BWA) for 1,815 acre-feet per year of treated surface water expiring after the year
2040. The City of Angleton is currently using this contract to serve their municipal needs.

MID-BRAZORIA COUNTY PLANNING GROUP EXISTING FACILITIES
DESCRIPTION

The planning area contains municipally owned water systems that deliver potable water to customers.
These entities have constructed the infrastructure to withdraw, store, and treat water for 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, treated surface water from the City of
Houston, or contracts with the GCWA and the BWA.

The cities of Pearland and Angleton use treated surface water for a portion, or all of their potable
water supplies and supplement water from groundwater wells to meet demand. The other
Participating Utilities serve their customers entirely with groundwater. A summary of the
Participating Utilities 1n this study and their water infrastructure are provided below.

City of Manvel

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
ETJ is approximately 23.3 square miles. The city has approximately 4,686 residents with extensive
expansion expected in the future. Currently the water needs for the City are met by water wells. The
city currently operates a water treatment facility with a rated well production capacity of 175 GPM
and a back up well rated at 50 GPM. The primary well was drilled to a depth of approximately 550
feet and has 30 feet of screening. This enables the City to setvice a maximum of 375 service

@ MONTGOMERY WATSON
2-2




Section 2
Planning Area Existing Infrastructure

connections. The ground storage tank is designed to hold 125,000 gallons with the capability of being
expanded to approximately 165,000 gallons. The existing water treatment facility has two 10 HP
booster pumps rated to keep pace with the well. The plant also has a 10,000 gallon pressure tank
designed to maintain a system pressure near the plant of 57 psi. The cutrent average demand is 0.63
MGD. The service area of the existing plant, located near the intersection of Lewis Lane and School
Road, stretches along SH-6 as far west as SH-288. In addition, the City serves customers along FM-
1128 as far south as Taylor Lane and north as far as Lewis Lane

The development of Manvel both residentially and commercially will be centtalized radially around
the intersection of SH-288 and SH-6. The City plans on building a water treatment facility to setvice
this area. The current facility will be used to service the downtown business/tesidential areas, and any
development east of FM 1128, along SH-6.

It is anticipated that the City will experience rapid growth over the next 15 years, with some estimates
expecting 10,000 homes to be constructed. Therefore, the City would requite a water supply
ultimately capable of meeting a demand of approximately 3.15 MGD for residential customers alone
within the next twenty years.

City of Brookside Village

The City of Brookside Village currently has approximately 1,800 residents. The current average water
demand is 0.18 MGD, estimated on a 100 gallon per person per day basis. The water demands are
met by ptivate water wells. The City cutrently does not have a community system to meet its water
demand.

City of Pearland

The City of Pearland, located in Harris and Brazoria County, has an existing population of 31,893
residents and an ET] of approximately 58.4 squate miles in the planning area. The City serves its
customers through groundwater wells, and a contract with the City of Houston. The City cutrently
has seven water wells having a total capacity of 6,412 GPM. The water distribution system is
comprised of eight ground storage tanks having a total capacity of 2,824,000 gallons, and three
elevated storage tanks having a total capacity of 1,500,000 gallons. The City also has seven pump
stations. Table 2-2 presents detailed pump station information,

TABLE 2-2
CITY OF PEARLAND PUMP STATION INFORMATION

Pump Station No. Location Estimated Range of
Capacity (GPM}

1 MclLean Road 520-560
2 Garden Road 780-840
3 Magnolia 720-840
4 Liberty 980-1190
5 Alice 640-1120
6 SH518 500

7 Old City 340-385
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City of Alvin

The City of Alvin, located in Brazotia County, serves a geographic area of 14.8 square miles with a
current population of approximately 24,075 residents. The water supply sources for the City
currently include water from ground water wells. There is no surface water currently purchased by
the City, nor 1s there any surface water treated and supplied to the system. The City of Alvin water
distribution system consists of one pressure plane that includes: five water wells, three booster pump
stations, six ground storage tanks, and two elevated storage tanks. Table 2-3 presents a listing of the
water wells. Well number 8 was the most recent well to be constructed, being completed and on-line
during the summer of 1999.

TABLE 2-3
CITY OF ALVIN WATER WELLS

Well No. Diameter Estimated Capacity (GPM} Depth (feet)
{inches)
3 10 % 1,200 700
4 14 800 700
6 16 900 700
7 18 1,600 700
8 16 1,200 700

Total Capacity 5,600 GPM

The three pump booster stations are referred to as Water Plant No. 3, No. 4, and No. 6. Water Plant
No. 3, located on Snyder Street, includes three service pumps and one ground storage tank that is
supplied by one water well. The pumping capacity of each of the pumps and storage capacity of the
tanks is presented in Table 2-4.

TABLE 2-4
CITY OF ALVIN WATER PLANT NO. 3

Service Pumps

Estimated GPM Rated Head
2 500 183 30 1,750
3 500 183 30 1,750

Ground Storage Tanks

Tank No. Fed by Well No. Diameter (feet) Height {feet) Volume (MG)
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Water Plant No. 4, located on Robinson Street, includes three service pumps and two ground storage

tanks that are supplied by two water wells. The pumping capacity of each of the pumps and storage
capacity of the tanks is presented in Table 2-5.

TABLE 2-5
CITY OF ALVIN WATER PLANT NO. 4

Service Pumps

Pump Nao. Estimated GPM Rated Head HP RPM
1 450 180 25 1,750
2 450 180 25 1,750
3 450 180 25 1,750
5 ad =1l No S oter (fee ai . 5 -
1 4 and 8 148 24 0.25
2 4 and 8 104 24 0.125

Watet Plant No. 6, located on Brazos Street, includes four service pumps and three storage tanks that

are supplied by two water wells. The pumping capacities of each of the pumps and storage capacity
of the tanks are presented in Table 2-6.

TABLE 2-6
CITY OF ALVIN WATER PLANT NO. 6

D () d * died a(l 1 RF

1 600 170 40 1,750
2 600 170 40 1,750
3 600 170 40 1,750
4 600

Ground Storage Tanks

Fed by Well No. Diameter {feet)  Height {feet)  Volume (MG}
1 6 and 7 148 24 0.25
2 6 and 7 148 24 0.25
3 6 and 7 148 24 0.25

Total theoretical output from all setvice pumps is 7.6 MGD. The firm capacity is 5.32 MGD with the
largest pump out of service.

The City of Alvin water system contains two elevated storage tanks located in the southern area of
the City, and they are identified as Verhalen and Dyche Lane.

MONTGOMERY WATSON
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City of Hillcrest Village

The City of Hillcrest Village has an approximate area of 25 square miles and a population of
approximately 891 residents. The city serves its residents through a total of 2 wells with capacity of
185 and 284 GPM. The City has one storage structure with a capacity of 0.10 MG. The current
average demand 1s 0.11 MG.

City of Danbury

The residents of Danbury meet their water demand through private wells. The City does not have a
community system to meet their water demands.

City of Angleton

The City of Angleton currently has approximately 20,000 residents. The City has a water contract
with the Brazosport Water Authority (BWA) for 1,815 acre-feet per year of treated surface water. In
addition to this contract, the City serves its residents through a total of 6 wells with capacity of 450 to
850 GPM per well. It has two storage structures, one ground and one elevated storage tank. The
ground storage tank has a capacity of 2.65 MG, and the elevated tank has a capacity of 1 MG. The
current average demand is 2.64 MGD. The city has reported experiencing taste and odor problems.
It is projected that the city will need a new water plant in the next 5 years.

City of lowa Colony

The residents of Jowa Colony meet their water demand through private wells. The City does not
have a community system to meet their water demands.

Summary of Existing Infrastructure

Table 2-7 reviews the existing infrastructure details for cities in the Planning Area.

TABLE 2-7
EXISTING INFRASTRUCTURE REVIEW

Water Wells Storage Capacity Pump Stations
Participating GSTs ESTs Number Actual Firm
Utilities Number Capacity Number Capacity Number Capacity Capacity  Capacity
(GPM) (MG) (MG) (MGD)  (MGD)
Manvel 1 175 1 1.25 - - NA NA NA
Pearland 7 6,412 8 2.82 3 1.156 7 7.8 6.1
Alvin 5 5,600 6 212 2 - 3 7.6 5.3
Hillcrest Village 2 469 1 0.10 - - NA NA NA
Angleton 6 5,100 1 2.65 1 1 NA NA NA

NA — Not Available
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PROJECTED POTABLE WATER DEMAND

The size of the regional water plant depends on the potable water requirements of the Patticipating
Utilities to the year 2050. Water and population projections for the Participating Utilities were evaluated
and summatized 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 service area of the plant, the projected average and peak
potable water demand for the planning area, and percentage of demand that each utility desites to obtain
from 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 TWDB through the Region H Board.

TABLE 3-1
YEAR 2000 POPULATION AND AVERAGE WATER DEMAND

Participating Utility  Year 2000 Planning Area Year 2000 Average
Population Day Water Demand (MGD)
Alvin 24,075 2.94
Angleton 23,870 2.89
Brookside Village 2,059 Q.26
Danbury 1,870 0.22
Hillcrest 891 0.1
lowa Colony 851 0.1
Manvel 5,152 0.63

Pearland 31,983 4.32
Totatl for Study Area 90,751 11.47
Projected Population and Water Usage

Data regarding projected population and water use for the planning area was collected from the TWDB
Region H Plan.

The TWDB population and water use projections will serve as a basis for the State’s Year 2002 Water
Plan. Detailed breakdowns of the TWDB population and water use projections can be found in
Appendix C — TWDB Population and Water Use Projections.

Fot this study, the TWDB Region H data will be used as the official projected population and water use
for the planning area.

Participating Utility Projected Population

‘The 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.
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TABLE 3-2
PROJECTED POPULATION FOR PARTICIPATING UTILITIES IN PLANNING AREA

Participating Utility 2010 2020 2030 2040
Alvin 24,075 28,723 33,822 40,240 45,7156 51,935
Angleton 23,870 28,737 34,037 40,661 46,773 52,884
Brookside Vill. 2,059 2,282 2,551 2,934 3,337 3,696
Danbury 1,870 2,174 2,442 2,802 3,079 3,381
Hillcrest 891 985 1,245 1,479 1,592 1,696
lowa Colony 8561 922 1,086 1,272 1,375 1,477
Manvel 5,152 6,084 7,080 8,352 9,412 10,606
Pearland 31,883 42,347 53,105 65,569 77,338 91,243

Total for Planning Area

112,264

135,368

163,309

188,621

216,918

Water Demand Projection

Given the Participating Utility population projections, the cortesponding TWIDB 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.

PROJECTED AVERAGE WATER DEMAND (MGD)

TABLE 3-3

FOR PARTICIPATING UTILITIES IN PLANNING AREA

Participating Utility 2000 2010 2020 2030 2040 2050
Alvin 2.94 3.27 3.65 4.23 4.71 5.30
Angleton 2.89 3.28 3.68 4.23 4.73 5.34
Brookside Vill. 0.25 0.27 0.28 0.31 0.34 0.38
Danbury 0.22 0.24 0.25 0.27 0.30 0.32
Hillcrest 0.1 0.12 0.14 0.16 0.17 0.18
lowa Colony 0.1 0.11 0.13 0.14 0.15 0.16
Manvel 0.63 0.70 0.76 0.88 0.96 1.08
Pearland 4.32 5.34 6.32 7.61 8.79 10.37

Total for Planning

Area

17.83

20.15
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By the year 2050, the daily water use for the eight utilities is approximately 23 MGD, which represents an
increase of approximately 12 MGD over the water demand in the year 2000. The planning area expected
population and water demand growth are show in Figure 3-1.

FIGURE 3-1
WATER DEMAND AND POPULATION PROJECTION FOR THE
PLANNING AREA

300,000 = 50
B 5
=4
250,000 40 g
a
200,000 ® S5
c Pt
° 30 =9
= 2=
S 150,000 25 o
g g
g 0 §
100,000 15 <
50,000 —a— TWDB Region H Population Projections 10

—e— TWDB Average Water Dermand (MGD) 5

2000 2010 2020 2030 2040 2050

The per capita water use figures for each participating utility will vary as several utilities have diverse
commetcial and industrial centers with differing water use projections and can be seen in the Figure 3-3.

Based on the current ET]Js, and planned development, some of the Participating Utilities anticipate a
faster growth rate than Region H projections. Several Participating Utilities therefore felt the need for
safety factots to size the facilities to meet this higher growth rate. These safety factors were incorporated
in determining the size of facilities necessary to meet the Participating Utility water demand. are shown in
Table 3-4. The corresponding water use projections with safety factors to be used in sizing facilities are
shown in Table 3-5.
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FIGURE 3-2
REGION H PER CAPITA WATER DEMANDS
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TABLE 3-4
SAFETY FACTORS USED FOR PARTICIPATING UTILITIES

Participating Utilities Safety Factor

Alvin 1.33

Manvel 4.07

Pearland 1.73
TABLE 3-5

PROJECTED MODIFIED AVERAGE WATER DEMAND (MGD)
FOR PARTICIPATING UTILITIES IN PLANNING AREA

Participating Utility 2000 2010 2020 2030 2040 2050

Alvin 2.94 3.27 4.886 5.62 6.26 7.05
Angleton 2.89 3.28 3.68 4.23 4.73 5.34
Brookside Vill, 0.25 0.27 0.28 0.3t 0.34 0.38
Danbury 0.22 0.24 0.25 0.27 0.30 0.32
Hillcrest C.11 c.12 0.14 0.16 0.17 0.18
lowa Colony 0.11 Q.11 0.13 0.46 0.15 0.16
Manvel 0.63 2.23 3.11 3.57 3.91 4.40
Pearland 4.32 8.66 10.93 13.16 15.21 17.94

Total for Planning Area 18.18
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AVERAGE AND PEAK DAY DEMAND

The water use projections reported in Table 3-5 are for average daily demand. In addition to the average
daily water demand, each utility also reported their expected peak day water demand to average day water
demand ratio. The peaking factors for each utility are shown in Table 3-6. The peaking factor is
influenced by the distribution of residential, commercial, and industrial customers throughout the utility.

TABLE 3-6
PEAK DAILY TO AVERAGE DAILY FLOW PEAKING
FACTORS AND PEAK DEMANDS

Participating Utility Peaking Factor Peak Daily Flow in the

Year 2050 (MGD)

Alvin 1.64 11.55
Angleton 1.50 8.01
Brookside Vill. 1.50 0.57
Danbury 1.50 0.48
Hillcrest 2.61 0.47
lowa Calony 1.50 0.24
Manvel 1.50 6.61
Pearland 2.00 35.88
Total for Planning Area 63.81

For the overall planning area, the peak daily flow to average daily flow ratio is 1.78. 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 64 MGD to meet the peak daily demand for the planning atea.

Water Plant Capacity

The water plant capacity is defined as the amount of water that each Participating Utility resetves as its
allotted “take” from the water plant. One option is to supply the entire water demand (average and peak
flow) with water from the surface water plant. Another option is to supply the water demand with a
combination of water produced from the new regional water treatment plant and the existing
groundwater infrastructure. The Participating Utilities have selected to use their existing infrastructure to
minimize the required plant capacity and the associated cost of water production. The following is a
discussion on this selection and the ramifications of this choice.

Selecting the Appropriate Level of Groundwater Usage in the Planning Arca

If the piezometric level in the underlying aquifer remains at or near the current level, experience indicates
that groundwater usage remains the most economical method to meet potable water demand. If the
groundwater level or quality decreases as expected under an increased groundwater pumping scenatio, the
cost of providing potable water from groundwater sources will increase. As this scenario unfolds, treated
surface water will become a more viable and economic solution to supplement groundwater supplies to
meet regional demand and maintain the aquifer and groundwater quality at the current acceptable levels.

MONTGOMERY WATSON
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The Harris-Galveston Subsidence District has conducted groundwater modeling of the Harris —
Galveston-Fort Bend County region to evaluate the effects of proposed groundwater pumping on the
availability of water and subsidence of the overlying ground. This modeling effort also covered the
northern Brazoria County atea. Through this modeling effort, the FHatris-Galveston Subsidence District
expects groundwater pumping at existing production levels in the Mid-Brazoria County area not to
impact the aquifer level and quality at today’s standards. Given this expectation, it is the intention of the
Participating Utilities to maintain average day groundwater production at current levels through the
planning horizon in this study thereby:

* maintaining the current water table level in the underlying aquifer,
* maintaining acceptable groundwater quality,

* mitigating the potential for subsidence, and

®  maximizing use of their existing infrastructure.

Groundwater production will be increased to meet peak daily demands. The existing groundwater
capacity of each participating utility in the study and how that relates to their year 2000 water demand are
shown in Table 3-7. The MBCPG has 3.63 MGD in reserve or excess capacity beyond the projected
year 2000 peak demand, but is about 4 MGD short of TNRCC requirements of 0.6 GPM per connection.
The relation of the Participating Utility extsting production capability and the expected 2050 demand is
presented in Table 3-8. The region needs to construct production capability of 45.48 MGD to meet the
2050 projected demand. Based on TNRCC requirements of 0.6 GPM per connection, a total additional
capacity of 47.5 MGD. The actual capacity that will need to be added may be slightly higher since this
does not account for firm capacity pumping with the largest unit out of service.

TABLE 3-7
PARTICIPATING UTILITY EXISTING GROUNDWATER PRODUCTION CAPACITY
VERSUS EXISTING DEMAND

Participating Utility 2000 Water 2000 Average 2000 Peak 2000 TNRCC
Production Water Demand Woater Demand Requirement
Capacity (MGD) {MGD} {MGD) (MGD)** *

Alvin 4.50 2.94 482 7.32
Angleton 5.60 * 2.89 4.34 7.26
Brookside Vill. 0.00 0.25 0.38 0.63
Danbury 0.00 0.22 0.33 0.57
Hillcrest 0.68 0.1 0.28 0.27
lowa Colony 0.00 0.11 0.17 0.26
Manvel 0.25 0.63 0.95 1.57
Peartand 12.5%* 4.32 8.64 9.73
Total for Planning Area 23.53 11.47 19.90 27.61

“Includes 1.8 MGD contract for surface water from Bragosport Water Authority
** Includes § MGD from a contract of 10 MGD for surface water from City of Houston
** Based on 0.6 GPM per connection, Year 2000 papulation, and 2.84 persons per connection
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TABLE 3-8
PARTICIPATING UTILITY WATER CAPACITY NEEDS

Participating Utility 2000 Water 2050 Peak Additional
Production Water Demand Capacity
Capacity (MGD) (MGD) needed to meet
2050 Peak
Demand {MGD)
Alvin 4.50 11.556 7.05
Angleton 5.60 * 8.01 2.41
Brookside Vill. 0.00 0.57 0.57
Danbury 0.C0 0.48 0.48
Hillcrest 0.68 0.47 0.00
lowa Colony 0.00 0.24 0.24
Manvel 0.25 6.61 6.36
Pearland 7.50 35.88 28.38
Total for Planning Area 18.53 63.81 45.48

* Includes 1.8 MGD contract for surface water froms Brazosport Water Anthority

Assumptions

In meeting the Participating Utilities desire to keep the groundwater production at the current rate, the

capacity of the water treatment plant can be calculated as the difference between expected demand and
current production. In doing such, the following bullets summarize the tecommended assumptions for
consideration in determining this water plant capacity:

Use of Region H Population and Water Demand Projections, with application of safety factors as
determined from each participating utility data.

The City of Angleton’s contract with Brazosport Water Authority for 1.8 MGD of treated surface
watet will continue through the year 2040. Region H has suggested an extension of the contract.

For communities with no public water system (all private wells), meet water demand (average and
peak day) from the regional surface water facility. The required “take” capacity from the water
treatment plant will be equal to the peak day demand of each community.

For communities, with an existing public water distribution system, average day groundwater
production will be maintained at rate equal to current average water demand (11.5 MGD). These
Participating Utilitles “take” capacity from the water plant will be defined as the projected growth in
average water demand over the next 50 years. It is these communities desire to receive a faitly
constant supply of surface water and to augment this supply with groundwater from their wells.
These communities will activate their wells during times when the daily water demand exceeds their
take from the water plant. During winter months, when water demand is typically lower, the
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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 non-winter months, the Participating Utilities
will be required to utilize their groundwater wells to meet the daily water demand.

¢ The Participating Utilities will meet peak hour demand through water stored in their individual water
distribution system infrastructure. The Participating Utilities can draw on their elevated and ground
storage tanks to provide water over and above their maximum regional surface water treatment and
groundwater production capability to meet hourly fluctuations in demand. Each patticipating utility
noted that they plan on expanding their water distribution facilities to meet future peak flow demands.

Water Treatment Plant Reserve Capacity

Given these assumptions, the projected water demand for the participating utilities along with the
ultimate reserve water plant capacity are shown in Table 3-9.

TABLE 3-9
RESERVE SURFACE WATER TREATMENT PLANT CAPACITY (MGD)

Participating Utility 2000 Average Water 2050 Water Reserve Water Plant
Demand from Public Demand Capacity in Year 2050

System (MGD) IMGD}  (Water Demand Growth
2000-208G IMGD))

Communities with Existing Central Water Distribution Systems
Alvin 2.94 7.06 M 3.95
Angleton 2.89 5.34 2.45
JHillgrest 0.11 a.18 ™ 0.07
[Manvel 0.63 440" 2.83
|Pearland 4.32 17.94 13.31
Communities without Existing Central Water Distribution Systems
|Brookside Village 0.0® 0.57 2 0.57
[Danbury 0.0 0.48 @ 0.48
lowa Colony 0.0® 0.24 2 0.24
Total for Planning Area 10.89 36.20 25.31
1) Average Water Demand

2) Peak Water Demand, due to the absence of existing welly
3) Demand met throagh Private Wells, No Excisting Public Distribution System

Water Treatment Plant Capacity Phasing

Assuming that the water treatment is operational by the year 2010, the required capacity of the water
treatment plant to meet the demand under the aforementioned assumptions is shown in Table 3-10.
Assuming groundwater production for the participating utilities remains at the current level (11.5 MGD),
the average day surface water demand (water required from a regional surface water plant to meet average
day demands over the expected groundwater production) will increase from 8 MGD in 2010 to 25 MGD
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in 2050. The difference between the planned plant capacity in 2050 of 25 MGD and the additional
capacity required by TNRCC of 47.5 MGD will be added to the individual systems as required by the
addition of groundwater production.

TABLE 3-10
SURFACE WATER TREATMENT PLANT DEMAND

Water Treatment Plant Reserve

Capacity (MGD)

2010 8
2020 13
2030 17
2040 21
2050 25

The water plant can be constructed in one or two phases. For a one phase construction, a 25 MGD
surface water plant could be built by the year 2010 and would serve the area through the planning petiod.
For a two phase construction plan, a 15 MGD surface water plant could be built by 2010 and serve the
area until the year 2030. At this time, 2 10 MGD expansion would be constructed to supply the area
through year 2050.

Figure 3-3
Two Phase 25 MGD Regional Water Treatment Plant

Construct 10
MGD
Expansion By
Year 2030

JConstruct 1

2000 2010 2020 2030 2040 2050
Year

Iil_Currer'n' GW Production (MGD) @ VPiroject'ed Surface Water Plant Demand (MGD) ' 'h'éiéérngaTJe{cr:ify (MGD)

The two phased construction also minimizes the required initial capital outlay by only constructing the
size facility to meet current and near term needs. A one phased construction approach would require

MONTGOMERY WATSON
@ 3-9



Section 3
Regional Water Supply

expenditure of all capital funds in the first phase to build a facility with enough capacity to meet the water
demand for all years in the planning horizon. This one phased approach will result in a higher initial
water rate to retire the initial capital debt. Through a two phased construction approach, the capital debt
payments can be spread over the entire planning period, thereby lowering the annual cost of the debt
repayment and minimizing the annual cost of the water. The two phase construction approach meeting
the surface water demand of the Participating Utilities over the planning horizon in shown in Figure 3-4.

Water Treatment Plant Capaciev and Construction Recommendation

To offer the lowest apparent rates to the residents, it is recommended that the feasibility study proceed
on the basis of constructing a 25 MGD water treatment plant under a two phase construction approach.
A 15 MGD facility will be built by 2010 with a 10 MGD expansion in the year 2030.

RAW WATER SOURCE

The raw water source for the Mid-Brazotia surface water plant is as of yet unsecured. This section
identified several options that may be pursued by the Regional Planning Group for securing surface water
for use in the Mid-Brazorna County Regional WTP.

Brazos River

In the Turner Collie and Braden letter teport to the Chaitman of Region H, dated February 27, 2001, the
adopted strategy was to use the Brazos River as the raw water source for the new surface water plant.
This report, attached as Appendix E, is dated February 27, 2001 and evaluated the following Brazos
River conveyance alternatives:

® Purchase contact raw water from the Brazos River Authonty and transport this water to the WTP
site via a dedicated pipeline from the Brazos River.

®  Purchase contract raw water from the Gulf Coast Water Authority and transport this water to the
WTP site via the existing GCWA raw water canals that run from the Brazos River through the Mid-
Brazoria Region to Galveston County.

¢ Purchase water rights or contract water from the Chocolate Bayou Water Company and construct a
raw water pipeline to transport water from Chocolate Bayou to the WTP site.

The Region H report evaluated each of these options on overall cost necessary to purchase the water,
construct conveyance facilities, and maintain the facilities through the year 2050. Based on their
evaluation, the option of drawing water through the Gulf Coast Water Authority was the most
economical alternative for using Brazos River Water as the surface water source for the Mid-Brazotia
Regional Water Plant.

Other Sources

In addition to the Brazos River, watet from other sources could serve as the raw or treated water source
for the MBCPG participants. The following is a brief synopsis of several ideniified alternatives to Brazos
River water.
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Trinity River Basin

The Trnity River is located along the eastern edge of the City of Houston. The City has constructed
storage capacity in Lake Livingston and owns a significant allotment of watet rights on this tiver. The
City, through Coastal Water Authority, also has in place a system of canals to transpott the water from
the river to the City of Houston water treatment plant. The City has indicated they can sell treated water.
Cutrrent indications place the costs of treated wholesale water from the City of Houston for between
$1.10 and $1.15 per 1,000 gallons. To utilize this source, the MBCPG would need to

e Contract with the City of Houston for treated water

® Finance and construct a new finished water pipeline from the Cities netwotk near Beltway 8 and
Hwy 35 to the participating utilities take points.

Brackish Groundwater

Groundwater sources near the ccast of Brazoria County contain higher levels of TDS than allowed by
regulations for use as potable water. Treatment of this brackish water is technologically feasible and this
water could serve as an alternate water source for the MBCPG. Historically, treatment of brackish water
by reverse osmosis has been cost prohibitive.

Dow Chemical, located in Freeport, Texas, has indicated that they would like to propose on constructing
a reverse osmosis brackish groundwater treatment plant in Freeport and provide water transmission
pipelines to serve the MBCPG. Dow Chemical would then contract with the MBCPG to sell potable
water to the participating utilities.

Raw Water Demand

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. It is expected that process will lose
about 7 percent of the raw water flow in producing the fimished water. Therefore, to meet a finished
water demand of 25 MGD, the raw water flow entering the plant should be 26.75 MGD, or 7 percent
over the desired finished water capacity.
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This section provides discussion of the raw water quality in the Planning Area, along with descriptions of
current and potential federal drinking water regulations that have applicability to treatment of this water.
The raw water quality data presented below is a summary of the information presented in the Turner
Collie and Braden letter report submitted to the Chairman of Region H, dated February 2001 and the

GCWA Regional Surface Water Plant Facility Feasibility Study for Brazoria, Fort Bend, and
West Harris Counties report dated November, 2000.

WATER QUALITY

Regional Raw Water Quality for Brazos River

The GCWA report evaluated the raw water quality of the Brazos River, and listed 2 summary of the
historical raw water data. The 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 provided in the reportt 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 carbon, 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. Standards 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 2 maximum contaminant level
(MCL) of 1,000 mg/l for Total Dissolved Solids, and a chloride MCL of 300 mg/1.

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 ttihalomethanes (ITTHMs) 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 basts. 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 (ESWTR) 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 conventional 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 mote stringent disinfection/removal requirements for microbiological contaminants, such as
Cryprosporidinm. The Backwash Treatment Rule is in development, and 1s 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. 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 ID/DBPR and a future ESWTR may be proposed in the next five to ten
years. If proposed in this time frame, it is likely that compliance would be required within an additional
three to five years after the rules are actually promulgated.
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TABLE 4-1
SUMMARY OF RAW WATER QUALITY

Quality Analysis BRAZOS RIVER" River Intake ' Raw Water
Average ™ Range (") at WTP™
[Algae count {cells/ml) 14214
Alkalinity{as CaCQ3} Ma/l 136 75 - 234 156.6 141
Alyminiym, dissolved \an 51 10 - 390
Ammonia Nitrggen (as N} Ma/ Q.06 0-0.23 0.068
Apparen lor AQY
| Arsenic Uaht 3.9 1-7
Beryllium Ya/t 0.6 05-2
Boron, dissolved Ug/l 119 60 - 170
Bromate Mg/ 0.25 Q.07
jBromide Ma/l 0.26
|Cobalt (as Col Ua/l 2.9 Q- 60
Cadmium {ag Cd) Ug/l 1.4 Q-3
|Calgium Mast 6Q 28 - 100 53
Chigride Ma/l 114 12 - 370 118 &7
Chromium (as Cr) Ug/l 10 Q-20
Copper {as Cu) Uaj 16.8 5-47
issolv Mg/l 8.6 54-12 6.8
DOC Ma/l 11 4.2 -25 4.09
Fecal coliform, 7um-mt colonies/100 ml 730 12 - 7,300
| Flouride Ma/L 0.3 01-05
Glyohosate Ua/l
HzS Mg/l
Iron F Ug/l 5500 390 - 22,000 2650 24
Kieldahl Nitrogen Ma/l 09 Q001-73
Lead {as Pb}, Total Ug/l 24.5 2 - 65
Lithium {dissolved ag Lil Ua/l 14.3 g-30
Magnesium Ma/l 13 35-71 20
Manganese, Total (as Mn} Ugl 200 5-740
Mercur Hal, Total Uall 0.2 Q1-04
Molybdenum (dissolved as Mo) Uall 19.2 10-20
Nickel {(as Ni), Total Ua/l 8.9 2-30
Nitrate Ma/l 0.4 001-15 1.47 1.40
Nitrite Mgl Q.04 Q-9.29 4] D.05
Qdor
Oraanic Nitrogen Mg/l 09 0.15-4.3 Q.86
rtho-Ph Phosphor Ma/l 01 001-0.13 Q.18
PH Units 7.9-8.0 74-85 8.4 8.2
Potassium Mg/l 4.7 1.8-75
Selenium (as Sel. Total Yal 05 g-1
ilica Mg/l 8.7 Q.3-40 8.4
ilver A | Ya/l 0.6 Q-1
|Sodium Ma/l 80 9.5 - 240
ifi n n Umho/em 770 220 - 1,900 700
T i fecal, membran colonies/100 mi 860 20-9,100
Strontium {dissolved as Sr) Qa/l 570 70 - 1.000
Sulfate (as SO4) Mg/l 76 16 - 200 57
109 Mg/l 430 50 - 980 440 140
Temperature ocC 20 3.5-335
Total Hardness, Non Carbonate Mg/l 20 0-190
Total Hardness, as CaCO3 Mgl 200 90 - 470 189
Total Nitrogen N Mgl 0.90
Total Qrganig Carbon (as C) Ma/l 10 2.7 -44 4.80 4.3
Total Qraanig Halogen Ua/l
Total Phosphorys P Ma/l 0.2 0.04.-0.95 Q.07
1SS Ma/L 1150 12.- 7,360 280 19.8
Turbidity NTL) 150 0.4 - 890 160 50
Uv-254 l/cm Q.10
Vanadium {dissolved as V) UaAl 6.1 6-8
Zing { as 7n), Total Lg/ 80 20-120
1 : Richmond-Rosenberg Monitaring Station
a : Average of samples taken from 1870 to 1995. b : Range of sampies taken from 1970 to 1395.
¢ : Shannon Lift Station, Year 1980 d : Dr. Thomas Mackey Water Treatment Plant
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TABLE 4-2
SUMMARY OF FEDERAL AND STATE STANDARDS

Volatile Organic Chemicals Max Contaminant Level (mg/l}

1 1.1:Richlorgethvlene 0,007
| 1.1.1-Trichloroethane 0.2
| 1.1.2-Trichloroethane 0,005
| 1.2-Dichlorgethane 0,005

1,2-Dichloropropane 0.0056
| 1.2.4-Trichlorpbenzene Q.07
Benzene 0.005
|_Carbon tetrachloride 0,005
| Cis-1.2-Dichloroethylene 0.07
|_Dichloromethane 0,005

|_Ethvlbenzene Q.7
|_Monochlgrobenzene 0.1
_o-Dichlorobenzene 0.6

para-Dichlorcbenzene 0.075
Stvrene Q.1

| Tetrachloroethviene 0,005
| Toluene 1
|_trans-1.2-Dichloroethvlene 0.1
|_Trichloroethvlene 0,005
|_Vinyl chloride 0.002

Syntheti

014
¢ Organic Chemicals

Max Contaminant Level (mg/l}

2.3.7.8-TCDD (Dioxin}* 3x103
24D Q.07
| 2.4.5-TP {Silvex) 0,05
Alachlor Q.002
|_Atrazine 0.003
| Benzolalovrene 0.0002
| Carbofuran 0.04
|_Chlordane 0,002
Dalapon 0.2
| Di(2-ethvlhexvlladipate 0.4
Di(2-ethylhexyl)phthalate 0.008
| Dibromochloro-propane (DBCP) 0.0002
|_Dinoseb Q.007
Diayat Q.02
| Endothall 0,1
Endrin Q.002
|_Ethylene dibromide 0.00005
Glvphosate Q.7
Heptachlor 0.0004
Heptachlor epoxide 0.0002
| Hexachlorobenzene Q.001
| _Hexachlorocvclo-pentadiene 0,05
Lindane 0.0002
Methoxychlor Q.04
Oxamyl (vydate) 02
Pentachlorophenot! Q.001
Picloram 0.5
|_Polvchlorinated biphenyl (PCB) 0.00Q5
Simazine 0.004
Toxaphene Q.003
Acrylamide TT
|_Epichlorobvdrin 11
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TABLE 4-2 {CONTINUED)
SUMMARY OF FEDERAL AND STATE STANDARDS

) p 0 0 A A o ()
| Total Trihalomethanes {TTHMs} 0.080
| Haloacetic Acids (HAAS) Q.060
Bromate 0.010
hlorjte 0
Maximum Residual Disinfectant
Chlorine 4.0
| Chloramines 4.0 as Total Chlorine
|_Chlorine Dioxide 0.8
| Enhanced Coaqulation | ~ Treatment Technigug |
| Giardia Lamblia 3-log inactivation/remova
| Viruses

4-loa inactivation/removal

1
Solids
el{®
Microbiclogical
Ulg 0 Ol
Radionuclides

| Combined Radium-226 and 228

Inorganics
Antimony 0,006
| Arsenic Q.05
| Asbestog 7 MFL > 1Omicrens
|_Barium 2
| Bervllium 0,004
Cadmium 0,005
Chromium 0.1
Copper 1.3 action level
Cyanide 0.2
Flueride 4.0
Lead 0.015 action leve]
| Mercury 0.002
| Nickel Q.1
|_Nitrate 10 {as N)
|_Nitrite 1 {as NI
| Total Nitrate and Nitrite 10 {as N}
| Selenium Q.05
hallium 0.00
Secondary Standards Max Contaminant Level (mg/l}
| Aluminum 0.05t0 0,2
|_Chloride 250
Color 15 color ynits
Copper 1
Corrosivity, Sat, Index Non-corrosive |
Fluoride 2.0
| Foamina Agents 0.5
Jron 0.3
| Manganese 0.05
QCdor-TON® 3
PH 6.5-8595
Sitver 0.1
Sulfate 250
|_Total Dissolved Solids 500

Max Contaminant Level
O ]

Max Contaminant Level {pCi/l)

| Gross Alpha {incl. Radium-228. 15
Tritium 20,000
Strontjum-90 8

| Uranium 30 uag/l
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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 requirements of the future EWSTR additional disinfection/removal requirements at
this time. The federal advisory committee is currently discussing a period of monthly monitoring for
Cryprosporidium. Based on the monitoring results, action levels would trigger additional
inactivation/removal requirements. For example 1.0 to 3.0 oocysts/l of Cryptosporidium 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
Requirements 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/I Up to 25 percent removal
Total coliform - Not detectable
Alkalinity, Total mg/I| No additional treatment
Langlier Index mg/I Between 0.1 and 0.4
Total Hardness mg/| No additional treatment
pH - Between 7.5 and 8.0
Chlorite mg/ < 1.0
Total Haloacetic Acids ug/| < 30 Quarterly running average in
distribution system
Total Trihalomethanes ug/l < 40 Quarterly running average in
distribution system
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TREATMENT PROCESS

The recently completed GCWA report preformed a detailed evaluation of several alternative treatment
processes to determine the most cost effective method of treating Brazos River water. In their report, the
GCWA evaluated the following three treatment alternatives.

e Conventional process - The conventional process is similar to the existing Dr. Thomas Mackey
WTP in Texas City.

¢ A high-rate conventional process - The high-rate conventional process assumes that a high-rate
pretreatment process is used to reduce the space and cost of pretreatment before filtration.

¢ A membrane filtration process - The membrane filtration process is expetiencing mote
widespread use in the United States as the cost of membranes and the cost of pumping
assoctated with the membrane treatment 1s lowered.

The GCWA evaluated the three alternatives in terms of fimished water quality, capital costs required to
construct the water treatment plant, and the operating and maintenance costs to operate each alternative
process facilities. With regards to a 35 MGD water treatment plant, the GCWA report concluded the
following:

® The high-rate conventional process had the lowest overall project cost including capital
expenditures and operating and maintenance costs over the lifespan of the project,

® The high-rate conventional process met required finished water goals, and

® The high-rate conventional process was easily adaptable to changes in finished water
regulations.

As the regional water treatment plant for the Mid-Brazoria County Planning Group will have the same
water source and be of a capacity similar to the GCWA 35 MGD plant alternative, a high-rate

conventional process plant 1s also expected to be the most cost-effective treatment process for the
proposed 25 MGD MCBPG WTP.

High Rate Conventional Process

The High-rate conventional process has the following unit operations:

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 for the conventional process with High-Rate Pretreatment is shown in Figure 4-1.
Pre-oxidation is accomplished with chlorine dioxide. Taste and odor control is accomplished with
chlorine dioxide or PAC addition. This treatment process is similar to the conventional process, except
that the pretreatment process is solids-contact type utilizing pulsed upflow clarifiers. These proprietary
units can be operated at higher rates than i1s normally allowed for conventional processes. The high-rate
process combines two processes into a single unit. The high rate process results in space savings because
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of the smaller basin volume which in-turn results in reduced construction costs. This process is proven
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
otganic material. 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 underlayer of sand.
Additional processes that may be required by future regulations include post-sedimentation ozone or
chlorine dioxide for inactivation of Cryptosporidium, and / or post-filtration membrane filtration or UV
disinfection. Circular concrete, aboveground 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 1s to a permutted
disposal site. Dirty filter backwash water is equalized and clarified, and then recycled to the head of the
treatment process.

PROCESS CRITERIA

Criteria for unit processes are lisied in Table 4-4. Where applicable, ctiteria is based in TNRCC critetia
contained in Subchapter D; Rules and Regulations for Public Water Systems, 290.42, Water Treatment.
Criteria for proprietaty process equipment, such as the pulsed upflow clarifiers and membranes are based
on manufacturer’s recommendations. Criteria for other unit processes ate based on criteria from
“Integrated Design of Water Treatment Facilities” by Kawamura.
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TABLE 4-4

CRITERIA FOR SIZING WATER TREATMENT PROCESSES

Sizing Criteria

Velocity Gradient 2000

Flocculation Basins

Conventional Sedi

ntation Basins

No. Stages Each 4
Velocity Gradient sec”’ 75,60,40,25
Type Vertical Turbine

Detention Time Minutes 30

Media Filters

L/d Ratio

L:W Ratio > 4:1
Depth Ft 12
Surface Loading Rate gpm/ft? 0.6

L:W Ratio 2

Loading Rate (cne filter off-line) gpm/ft? 5
Backwash Rate gpm/tt? 22
Average Filter Runtime Hours 72
Auxiliary Wash Type Air Scour

Auxiliary Wash Rate scfmisq ft 3.0
Solids loading rate Ib/ft? 9
Hydraulic Loading Rate gpm/ft? 0.12

Studge Lagoon Process
Loading Rate Ib/t2 14

Waste Washwater Equalization

Minimum length Ft 100
Storage Capacity per Unit Months 3
Minimum Number of Units Each 4

Waste Washwater Clarification

Clarifier Loading Rate

gpm/ft?

L:W Ratio 4
SWD Ft 16
Storage Volume # of backwashes 3

0.2

Sludge Removal

%

85
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TABLE 4-4 (CON'T)
CRITERIA FOR SIZING WATER TREATMENT PROCESSES FEED CRITERIA

Sizing Criteria

Dewatering

Holding Tank Capacity
Holding Tank Depth

Hydraulic Loading Rate Gpm/unit

Finished Water Storage

Operational Volume Hours 4

High-Rate Clarification

Membrane Fiftration

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

Expected chemical feed criteria based on other regional water treatment plants treating lower Brazos
River water are shown in Table 4-5. 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.

TABLE 4-5
CHEMICAL FEED CRITERIA

Chemical Purpose Application Point

Ferric sulfate Coagulant 30 Flash Mix Pump

Cationic Polymer Coagulant Aid 5 Flash Mix Pump

Anionic Polymer Flocculant / Filter Aid 1 After Flash Mix Pump and Settled Water Channel

Sodium Chlorite Form Ch]o.rine Qioxide 0.8 Chlorine Dioxide Generator
for Disinfection

Chlorine Form Ch!o_rine D_ioxide 0.8 Following Low Lift Pumps and Clarifier
for Disinfection

Chlorine - BW Disinfection 5 Backwash Supply Pipe

Chlorine Residual Disinfection 3 Following Transfer Pumps

Ammonia Disinfection 1 Foliowing Transfer Pumps

PAC Taste and Odor 10 Following Low Lift Pumps

Caustic Soda pH Adjustments 10 Following Transfer Pumps

Fluoride Aesthetics 0.6 Following Transfer Pumps

Poly - or orthophosphate Corrosion Inhibitor 0.5 Following Transfer Pumps

Copper Sulfate Algae Control Raw Water Reservoir

MONTGONMERY WATSON
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Water Treatment Process Costs

For a high-rate conventional water treatment plant, estimated construction costs wete developed based
on the preliminary process sizing using the aforementioned design criteria. Estimates of the O&M costs
were calculated based on the labor, maintenance, and electrical demands of the plant process based on a
capacity of 25 MGD. Table 4-6 summarizes the construction cost for a two phased construction effort
as described in Section 3. Details of the construction estimate can be found in Appendix F.

TABLE 4-6
ALTERNATIVE PRQCESS CONSTRUCTION COST ESTIMATE (YR 2000%)

Unit High Rate Conventional
Water Treatment Process
Sitework $3,500,000
Yard Piping $2,125,000
Low Lift Pumping $792,000
Mixing/Flocculation/Sedimentation $1,170,000
Filters $5,467,000
Transfer Pumping $780,000
PAC System $250,000
Backwash Equalization Tank $232,000
Backwash Clarification $106,000
Gravity thickeners/holding tanks $16,000
Chemical Systems, Building, Tanks $5,335,000
Sludge Lagoons $888,000
Ground Storage Tanks $2,800,000

Electrical, Instrumentation, and Controls $3,050,000

795,000

Construction Management, Insurance, Bonds, Profit $3,550,000

Total 30,856,000

The high rate conventional plant has an estimated construction cost at $30.9 M, which equates to $1.23
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

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, which treats the same water as
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expected for this regional water treatment plant. A summary of the O&M costs for a high-rate
conventional process appear in Table 4-7.

TABLE 4-7
HIGH RATE CONVENTIONAL PROCESS O&M COST ESTIMATE (YR 2000%)

0O&M Compaonent Annual Usage Unit Cost Annual Cost
Process Electrical
Chemicat
Ferric 1256 tons $450 $ 565,200
Cationic Polymer 209 tons $1,000 $ 209,000
Anionic Polymer 21 tons $1,500 $ 31,500
Sodium Chlorite 34 tons 51,000 $ 34,000
Chlorine - Cl02 35 tons $400 $ 14,000
Chlorine - BW 10 tons $400 $ 4,000
Chlorine - Residual 114 tons $400 $ 45,600
Disinfectant
Ammonia 38 tons $350 $ 13,300
PAC 419 tons $1,100 $ 460,900
Caustic Soda 381 tons $600 $§ 228,600
Fluoride 23 tons $1.500 $ 34,500
Corrosion Inhibitor, mg/L 19 tons $5,200 $ 98,800
Total Chemical $1,739,400
Sludge Disposal 8,200 Yd3 $ $246,000
Maintenance 1.7 % of $525,000
construction
GAC Replacement 5832 Ft3 $100 $583,000
Labor Number at Plant g::ceiened Hourly
Process Operators 6 $25.50 $318,000
Electrician, Instrument 2 $33.75 $140,000
Tech
Maintenance 3 $27.00 $168,000
Administration 1 $19.50 $41,000
Superintendent 1 $49.50 $103,000

Total 13 $28.50 $770,000
Administration .- -— $600,000

Total Annual O&M for 25 MGD High Rate Conventional Plant $4,702,000

The high rate conventional O&M costs for a 25 MGD plant is §4.7 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 will be entered into part of the alternative selection process for the Regional Surface Water
as described in Section 7 of this report.
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One of the most important steps in this feasibility study is selecting the site for any treatment facility.
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 watet 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 wete taken into consideration in the
selection of the alternative WTP sites. The approach consisted of the following three steps:

Establishment of Preliminary Siting Criteria
Identify Candidate Sites
Preliminary Screening

Final Screening

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

Establishment of Preliminary Siting Criteria

The furst step was to identify potential sites for the water treatment plant. The Planning Group reviewed
5 alternative land parcels as potential sites based on the following criteria: estimated required acreage for
the water plant, proximity of the plant to the Participating Utilities and the raw water source, proximity to
greatest demand areas, surface features, and proximity to major highway and utilities. Each of these
criteria is discussed below:

Estimated Minimum Acreage Required For A Water Plant

A key siting criterion is the minimum site area required to accommodate the necessary plant facilities. 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
conservatively 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¢, where Q 1s the uliimate capacity of the plant in MGD. For a desipn flow of 25
MGD, the minimum plant area would then be 8 acres.

Ideally, the site should also contain ample land for a raw water fotebay, 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 facilities as well as the basic
processes. Therefore the minimum acceptable parcel of land is 7 acres, with a preference for sites with a
minimum of 43 acres.

Proximity to the Water Source and Distribution Svstem

Another criterion for selecting the location of water plant facilities is the proximity of the plant to the raw
water soutce and the customer. It is desirable to keep the raw water piping as short as practicable to
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simplify the maintenance and reduce the cost of the raw water pipeline. The new water plant can
withdraw water indirectly from the Brazos River through the existing GCWA American and Briscoe
Canals, and/or the Chocolate Bayou Water Company, depending on the site location. Sites adjacent to
ot in very close proximity to the Canals will be given preference, as no raw water pipeline will be
required, and less energy will be expended in pumping water consumed by in-plant needs (backwash,
sludge, etc.).

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

Site Surface Features

A potential site should be relatively flat without any major obstacles, such as fault zones, wetlands, ateas
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 complicates
permitting from regulating bodies. Sites without these surface features were given a higher rating in this
preliminary site selection.

Proximity to major highway and utilities

The site should be as close as practicable to major roads and highways to minimize any costs in providing
acceptable access to the site for delivery and sludge vehicles. The site should be as close as practicable to
existing power lines, sanitary sewer, gas, and storm discharge facilities to minimize costs associated with
providing these necessary utilities to the water plant site.

Identifv Candidate Sites

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

Piant Site Location Approx.
C t N t Ci tR Wat Usable
urren earas osest Raw Water ..
. Description Acreage
Owner City Source {AC)
SH 6 at Briscoe Canal and
A - Manvel Private Manvel GCWA A or B Canal Lateral 19 intersection in 50
Manvel
B — Pearland/ Near CR 285 and CR 144
) Private Alvin GCWA A Canal west of Friendswood in Alvin 100
Alvin
ETJ
Alvin/ GCWA A or B Canal / Waest of Alvin adjacent to
C - Alvin Bri Manvel Chocolate Bayou Water Saladino Road. Adjacent to 643
b riscoe Company Canal (via Site D and City of Alvin
roperties Pipeline) Landfill Property
Briscoe Near Parker Davis and West
D - Alvin P . Manvel GCWA A or B Canal Road, west of Alvin adjacent 919
roperties to Site C
GCWA A or B Canal or
E - Alvin anco_e Alvin Chocolate Bayou Wz.ater Hwy 35 and_Brlscoe Canal 278
Properties Company Canal (via south of Alvin
Pipeline)

Preliminary Screening

The next step in the site selection process was to evaluate these five sites with respect to their preliminary

siting ctiteria. The five sites contained in the preliminary review represent a geographically diverse

selection across the planning area, each with a minimum usable acreage of 50 actes, meeting the
minimum criteria established above. The following is a general comparison of the five sites in relation to

the screening criteria.

Evaluation of Minimum Acreage Requirements

All five sites have the required minimum acreage with several sites having large open expanses of land
available for use. The additional acteage is a valuable attribute of the sites providing land for future
expansions, sludge disposal, buffer zone, or a raw water reservoir. The Manvel site is the smallest of the
five sites and will yield a constrained site layout.

On the basis of available acreage, Sites B and E in Alvin, and Sites C and D in Manvel, 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,

® Future Expansion Possibilities, and

e Inclusion of Ancillary WIP options. Sludge Disposal, Raw Water Reservoir, Additional Finished

Watet Storage
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Evaluaton of Proximaty of Site to Raw Water Source and Finished Water Demand
Proximity of Site to Raw Water Sonrce

All the five selected sites are located close 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 following compares proximity tp primary and alternative raw water sources for each site:

Site A, in Manvel, has a distinct advantage in this regard, as it can be served from either the American
Canal (through lateral 10) or the Briscoe Canal. This site is also located approximately 5 miles from the
existing Chocolate Bayou Water Company raw water pump station.

Of the remaining four sites, Site E in Alvin is the closest to the Chocolate Bayou, which can be the
alternative raw water source, the primary being the Gulf Coast Water Authority Briscoe Canal.

Site B, in Pearland/Alvin is adjacent to the Gulf Coast Water Authotity American Canal, but does not
have any alternate raw water source. Transportation of raw water from the Chocolate Bayou will be
expenstve, as a major raw water transmission line of approximately 10 miles will be needed.

Sites C and D in Alvin have the Gulf Coast Water Authority Briscoe Canal as the primary water soutce.
Chocolate Bayou can be the alternative source, but a raw water transmission line of over 2 miles will have
to be constructed.

Proximity of Site to Finished Water Demand

The planning area can be divided into two areas of potable water demand. This division is based on the
population within each area. For the purpose of this evaluation, the City of Pearland, and the City of
Brookside Village constitute “IDemand Area A”, and comprises of approximately 50% of the total
population of the Planning Area. The cities of Manvel, Alvin, Angleton, Danbury, Hillctest, and Iowa
Colony form the “Demand Area B”. These two demand areas are shown in Figure 5-2. The proximity of
the proposed plant location to the water demand is shown in Table 5-2. Since it is desirable to locate the
plant close to the demand area to minimize the finished water pumping expense, the distance between
the detnand area centers creates several issues. If a plant is located near one of the demand centet, 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.

Site B is located in Demand Area A. If the water plant is located at this site, 50% of the demand, i.e. City
of Peatland and City of Brookside Village, 1s located within 8 miles. A large finished water main will be
required to convey the remaining 50% of the planning area average water demand, or 7.5 MGD, 30 miles
to the City of Angleton, 5 miles to the City of Alvin, 7 miles to the City of Manvel, and 3 mules to the
City of Pearland. Not only would this require a large transmission main, but the pumping cost to
transport 7.5 MGD over the distances mentioned would be substantial.

The plant can be located at three possible sites located in Demand Area B. If the plant is located at Site
A, in the City of Manvel, the distribution cost will be reduced, as the plant itself will be located within the
city. There will still be the need for a transmission main, over a distance of 6 miles to service Demand
Area A, and a transmission main of 20 miles to service the City of Angleton, and 2 miles to serve the City
of Alvin. If the plant is located at either Site B or Sites C or D, there will be the need for transmussion
lines from this site to all the major take points in Distribution Areas A and B. The length of these
transmission lines are shown in Table 5-2. Conversely, if the plant is located at Site E, transmission lines
will have to be constructed for the cities of Angleton, and Manvel, of 16 and 11 miles respectively in
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Distribution Area B. Transmission lines of length 12 miles will have to be constructed to service the cities
of Peatland and Brookside Village in Disttibution Area A.

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

TABLE 5-2
PROXIMITY OF SITE TO FINISHED WATER DEMAND

Plant Site Finished Water Take Points (miles)

Pearland Manvel Alvin Angleton

A - Manvel 6 0 2 20
B — Pearland/ Alvin 3 7 5 30
C - Alvin 8 6 4 20
D - Alvin 8 6 4 20
E - Alvin 12 11 0 16

Evaluaton of Site Surface Features

Cursory reviews of each of the five sites revealed the following sutface features that impact the sites use
as a water treatment plant. The following 1s a list of these potential impacts:

¢ Site A is not expected to contain any environmentally sensitive areas. A portion of Site A is within
100-year flood plain, but it is not expected to impact construction of the main facilities.

® Site B contains several drainage facilities that may impact construction of any solids handling facilities
ot raw water reservoir. Site B contains portions that are inside the 100-year flood plain.

e Sites C and D contain the old City of Alvin municipal landfill, which is now capped. The remaining
majotity of the site is currently rice farms, and has enough land area to situate a water treatment
plant. The site meets regulations governing municipal landfills.

* Site E is not expected to contain any environmentally sensitive areas, but does contain several
drainage facilities that may impact construction of any solids handling facilities or raw water
reservoir. Site E contains portions that are in the 100-year flood plain.

Proximity to Major Highway and Utilities

Site A is adjacent to State Highway 6 and is located within %2 mile of State Highway 288. The site is
adjacent to an existing Reliant Energy power line. Site E is adjacent to State Highway 35. Power, sewet,
and gas setvice are readily available along the Highway 35 corridor. Site B is 2 miles from the nearest
major road, Highway 35. It is adjacent to a proposed residential community where sewer and power
facilities would be accessible. Sites C and D 1s not adjacent to any major highways. The sites contain
available power, but would require sewer and gas setvice.

Land Owncership

Sites C, D, and E are privately owned. Briscoe Properties, who own these tracts of land, have indicated
that they ate willing to donate these sites with special stipulations to the City of Alvin. The private
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landowner would secure water from the Gulf Coast Water Authority and then in turn sell it to the City of
Alvin,

Sites Selected for Further Review

After preliminary review based on the above criteria, the Participating Utility team narrowed the field of
alternative sites to two sites, sites A and E. These sites were chosen primarily due to their proximity to
both raw water source, and the demand areas, and also due to alternate soutces of raw water available to
them. These altetnatives were then subject to final screening criteria based on the economic and non-
economic factors associated with each alternative. Ariel photos of 2 screened sites appear as Figutes 5-3
and Figure 5-4. The discussion of these costs and factors each site are described in Section 7.
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Surface water must be transported from the raw water source to the selected plant site and finished water
must be transmitted from the plant site to the Participating Utilities Take Points. This section develops
facility plans for transporting the raw water from the Brazos River to the regional water treatment plant
site and distnbuting treated water from the regional water treatment facilities to the Participating Utility
Take Points.

FINISHED WATER PIPELINE

From the high service pumps at the regional water treatment facilities, treated water must be transported
through a finished water transmission system to the Participating Utilities.

This development of this finished water transmission system plan depends on the following criteria:

Plant site location

Participating utilities water demand
Participating utilities desired water pressure
The finished water pipelines be mstailed

The finished water transmission system can be developed based on these criteria. The goal of the
finished water transmission system is to deliver water at the specified flow and pressure to the
Parucipating Utilities at the lowest overall project cost. To assist in this analysis, a hydraulic model was
utilized to optimize the size of the finished water pipelines and pump stations in order to minimize
project costs.

The first step in creating and analyzing the finished water transmission system was to locate the finished
water source.

Finished Water Source

The location of the finished water depends on the location of the regional surface water plant. In Section
5, the Parucipating Utilites T'eam reviewed five alternative sites and screened out three. The following
two sites were selected for further evaluation:

e Site A: Manvel
e Site F: Alvin

Pipeline Corridor Analysis

The corridor analysis focuses on the route the finished water pipelines will take from the water plant to
the Participating Utility Take Points. Given the fixed location of the Take Points and the two alternate
water treatment site locations, alternate pipeline corridors wete identified to connect the Take Points with
the alternate water plant sites. These alternative corridors were then evaluated to determine a preferred
touting of the finished water pipelines. Factors considered in the selection of routes include the
following:

¢ Length of corridor

e Known environmental impacts along route

¢ Land ownership

o Consttuctability
Fach corridor has a general economic costs associated with the construction of a pipeline through the

corridot. As the length of the cortidor increases, so does the length of the pipeline and the construction
costs. Construction cost also increase if the pipeline passes through an environmentally sensitive area.
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Wetlands for example would require some form of mitigation. If the corridor is owned by a public
agency, it is likely that right-of-way for the finished water pipeline can be obtained without expensive
surveying and easement agreements. If a corridor traverses private land, pipeline easements will be
required. These easements will increase the overall project costs. If the proposed corridor passes
through developed areas, the cortidor will likely contain existing utilities that will itnpact the alignment of
the pipeline. Construction around these utilities will increase the cost of construction and impact utlity
setvices to the surrounding area.

Take Poinis

With the selection of alternative water treatment plant sites, the next step towards development of
pipeline corridors is to identify finished water Take Points for each Participating Utility. Take Points are
defined as the transfer point at which the Mid Brazoria Regional Water Plant will transpott 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 pomnt 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”. As the alternative water treatment plant sites are scattered across
the county, several Participating Utilities have provided alternative Take Points for consideration in the
pipeline cortidor and finished water pipeline evaluation. These Participating Utilities indicated that they
will receive water at whichever Take Point makes better economic sense to lowering the capital and
operational cost of the finished water pipeline system. The Take Points can be viewed on Figure 6-1 and
Figure 6-2 and are summarized on Table 6-1 by Participating Utility.
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TABLE 6-1
PARTICIPATING UTILITY TAKE POINT INFORMATION

Utility Take Point Address Average Water Ground Elevation
Number Demand (MGD) at Take Point (ft)
City of Manvel 1 lowa Lane and Hwy 6, Manvel TX 3.77 55
City of Pearland 2a SH 288 at 518, Pearland TX 13.66 60
2b SH 35 at 518, Pearland TX ’ 40
City of 3a Garden Road and Brookside Road 0.57 50
Brookside 3b Mykawa Road and Knapp Road 50
Village
4a SH 6, north of Mc Cormick Road 40
City of Alvin 4.13
4b SH 35, at Johnson Road 40
City of Hillcrest { 4a or 4b |Same as City of Alvin take point 0.07 40
Village
City of lowa 5 At the intersection of County Road €4 0.24 50
Colony and lowa School Road
City of Danbury 6 5™ Street at St. Spur 8 0.48 20
City of Angleton 7 At the intersection of Henderson Road 2.45 20
and Krankawa Road in the North part of
the City

Muanvel WTP Site Pipeline Corridor Analysis

This section presents evaluations of prospective pipeline corridors from a regional water treatment plant
located at Site A in Manvel to the Participating Utilities. The Manvel Site 1s located in the central western
portion of the service area with Participating Utilities located to the north, east, and south. Based on the
relative location of the Participating Ultilities, their Take Points, and demand allocations, the most cost
effective manner to serve the Participating Utilities is with three trunk lines feeding to the north, south,
and east, respectively. The north line will serve the Cities of Manvel, Pearland, and Brookside Village.
The south line will serve the communities of Iowa Colony, Angleton, and Danbuty and the east line will
serve the Cities of Alvin and Hillcrest Village. The corridor analysis evaluates alternative pipeline
corridors to serve these three areas.

North Line

The north line will serve the City of Pearland and City of Brookside Village. Both the City of Brookside
Village and the City of Peatland have noted alternative Take Points for use in the finished water pipeline
evaluation. Two identified alternatives are the State Highway 288 corridor and the FM 1128 corridor.
Figure 6-3 shows the two altetnative corridors to route water from the proposed Manvel WIP to the
City of Peatland and City of Brookside Village.
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The SH 288 corridor runs north from the Manvel WP adjacent to Iowa Lane, then turns north in the
Texas Department of Transportation (DOT) State Highway 288 right-of-way to the City of Peatland
Take Point 2A. After the City of Pearland Take Point, the corridor turns west of FM 518 until Garden
Road, where the corridor turns north to the City of Brookside Village Take Point 3A. The total length of
this corridor is 5.5 miles to the City of Pearland Take Point and 11.5 miles to the Brookside Village Take
Point.

The FM 1128 corridor runs east from proposed WIP site along Highway 6 until FM 1128, The corridor
then turns north and runs approximately 5 miles to FM 518 in Pearland and turns east. The corridor
splits at the intersection of Garden Road and FM 518 to go north along Garden to the City of Brookside
Village Take Point and west along FM 518 to the City of Pearland Take Point 2B. The corridor is
approximately 10.5 miles from the Manvel plant to the City of Brookside Village Take Point and 11.5
miles to the City of Peatland Take Point. A common pipe would be utilized between the WIP and the
Brookside Village and Pearland Split.

The advantages and disadvantages of the alternative pipeline corridors are shown in Table 6-2. Since the
City of Peatland is the largest demand in the MCBPG,; the pipeline to the City of Pearland will be the
largest diameter installed. By selecting the shortest possible route to the City of Pearland Take Potint, the
overall cost for installing the finished water netwotk will be minimized. As the SH 288 corridor
alternative has the shortest route to the City of Pearland Tzke Point and has no expected adverse
environmental impacts, it is anticipated that the SH 288 corridor will result in the lowest cost altetnative
for North Line.

TABLE 6-2
MANVEL NORTH PIPELINE CORRIDOR ANALYSIS

Alternative Advantages Disadvantages
SH 288 ¢ Minimizes pipeline length between | ¢ Work Along long portion of
WTP and City of Pearland Take FM 518,
Point. e Work in State right-of-way
« A portion of this route is along alongside of existing utilities

public right-of-way.
e No adverse environmental impact

expected.
FM 1128 ¢ No adverse environmental impact ¢ Significantly increased length
expected. of large diameter water main
e Construction along rural roads to the City of Pearland

East Corridor

The east line will serve the City of Alvin. The City of Alvin also indicated several Take Points for
consideration. As the City of Alvin west Take Point, No. 4A is the closer to the Manvel WTP site than
TP 4B, this Take Point will be used for this alternative. To transport finished water to the City of Alvin,
the following two possible corridors exist:
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e State Highway 6
¢ Burlington Northern Santa Fe Railroad (BNSFRR)

Both these corridors are a direct path from the Manvel WIP to the City of Alvin TP 4A. The SH 6
corridor utilizes public right of way along TXIDOT State Highway 6 between Manvel and Alvin to route
the single water line to Alvin. The BNSFRR corridor is parallel to the SH 6 corridor and utilizes the
private right of way adjacent to the railroad approximately 1000 feet south of Highway 6. Both of these
corridors are 8.5 miles in length.

Construction along this East corridor will require crossings of the Chocolate Bayou and the GCWA
Lateral 10 in addition to several other bayous and creeks. As these crossings are common to each
corridor, the costs associated with installing a pipeline through these environmentally sensitive areas will
be common to both alternatives. The largest difference is that construction in the BNSFRR corridor will
require purchase of 8.5 miles of easement from the BNSFRR. This private easement will greatly increase
the cost of using this corridor. The SH 6 corridor utilizes public right-of-way and should have available
room to install a small (less than 20 inch) water main. Figure 6-4 highlights the alternative Manvel-East
pipeline corridors

As the SH6 corridor should not require private easements, the relative cost of this cortidor will be
significantly less than construction within the BNSFRR corridor. As a result of this major cost saving
and the ease of access to the SHG cottidor, this corridot is tecommended as the preferred cotridor to the
City of Alvin from the Manvel WP site.

South Corridor

The south cortidor will serve the communities of lowa Colony, Angleton, and Danbury. In reviewing the
geography of the area, alternative corridors within public right-of-way were available to individually feed
each community with a dedicated line, but the cost of such a network would be cost prohibitive. As
Towa Colony, the City of Angleton, and Danbury generally lie within a straight line from the Manvel
WP site, it would be cost effective to identify a corridor within this straight line to maximize pipeline
capacity to meet the needs of all three south Participating Utilities. Fortunately, SH 288 runs between
Manvel and Angleton and, according to the Brazoria County TXDOT office, there is available public
land with the SH288 right-of-way which could be used as the pipeline corridor. As no major known
environmentally sensitive areas ot other known construction obstacles are located with the SH 288 south
corridor and this corridor is the most direct route between the WTP site and Participating Utilities Take
Point, the corridor analysis will focus on the State Highway 288 corridor. Figure 6-4 shows the
alternative feeds along State Highway 288 for Iowa Colony, Angleton, and Danbury.

Connection to Iowa Colony

Iowa Colony’s Take Point is located just east of State Highway 288 near the intetsection of County Road
64 and Towa School Road. Routing to this location from State Highway 288 can be achieved 1n public
right of way from County Road 64 to the west or from County Road 48 from the north. Connection via
County Road 64 would require a separate small diameter line from State Highway 6. Connection from
the north on County Road 48 could be a small tap on a large diameter line that could continue to south
towards Angleton. As both cottidots have no known concerns, either corridor would be feasible. In
terms of cost, the alternative whete a common line feeds Iowa Colony and then progtesses to the south
would maximize use of the carrying capacity in the line and would eliminate construction of a long small
diameter line.
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Connection to Angleton and Danbury

From Iowa Colony, the pipeline corridor will route south along the State Highway 288 right-of-way to
the Cittes of Angleton and Danbury. There are several alternatives for the pipeline cotridor to serve
both of these Take Points. These include:

® Continuation of the South Line to the Angleton Take Point along SH 288 and then turning northeast
along SH 35 and Spur 28 to the City of Danbury

¢ Splitting the line near the intersection of SH 288 and North Velasco Street and serving the two Take
Points with separate lines.

Figure 6-4 shows the two alternative pipeline routings.

The advantage of the second alternative, splitting the line, is in the reduced amount of pipeline that
would need to be installed. From the flow split near SH 288, the Angleton branch is 7 miles and the
Danbury Branch is 7.5 miles long. The combined system pipeline length 1s 13.8 miles and would consist
a great diameter pipeline to handle the increased flow from both Danbury and Angleton in a common
line.

More speciftcally, the flow-split alternative would likely use the following public right-of-ways from the
intersection of SH 288 and North Velasco Street:

* Angleton: From North Velasco Street, the corridor will continue south until East Highway 35,
where the corridor will the turn west until Business 288. On Business 288, the corridor will

continue south until reaching the existing water booster pump station on West Henderson
Road.

® Danbury: From North Velasco Street, the pipeline will turn east along Chenango School Road
for 3.5 miles, and upon reaching Novak road, turn southeast for 2 miles until the Danbury
Take Point.

As thete are no appatent obstacles to construction in this corridor, this corridor will result in the most
cost-effective route to serve the City of Angleton and Danbury.

Alvin WTP Site Pipeline Corridor Analysis

This section evaluates pipeline corridors from a regional water treatment plant located at site E in Alvin
to the Participating Utilities. The analysis follows a similar methodology used in the previous section. The
Alvin site is located in the central eastern portion of the service area with Participating Utilities located to
the north, west, and south. Given the location of the demand centets and their Take Points, the most
cost effective manner to serve the Participating Utilities is with three trunk lines feeding to the north,
south, and west, respectively. The north line will serve the Cities of Pearland and Brookside Village.

The south line will serve the communities of Danbury and Angleton. The west line will serve the Cities of
Manvel and Towa Colony. The cotridor analysis evaluates alternative pipeline corridors to serve these
three areas.

North Line

The north corridor will serve the Cities of Pearland and Brookside Village. Both the City of Pearland and
Brookside Village have provided alternate Take Points. There are several alternatives for the pipeline
carridors to serve these two cities. These include:
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¢  State Highway 35
¢ Burlington Northern Santa Fe Railroad (BNSFRR)

These corridots represent a direct path to the Take Points. The first option utilizes public tight-of-way
along the TXDOT SH 35. The pipeline along this corridor runs north from the Alvin WIP along SH 35,
looping around the City along SH 35. It runs further northwest to the City of Pearland Take Point 2b at
the intersection of FM 518 and SH 35. After serving the City of Pearland Take Point, the cortidor runs
north along SH 35 turning west on Knapp Road to the City of Brookside Village Take Point 3b on
Mykawa Road. The length of this pipeline corridor is approximately 14 miles. The second option will
place the pipeline along SH 35 for approximately 4 miles, and then along the BNSFRR for another 9
miles. Though the total length of this railroad corridor is less than the SH 35 corridor, construction along
the BNSFRR will require purchase of easements along 9 miles of the railroad tract. The SH 35 corridor
utilizes public right-of-way and should have available room to install a 36 inch watet main.

As a result of this major cost savings, the SH 35 corridor is the preferred corridor to the Cities of
Pearland and Brookside Village from the Alvin WP site. Figure 6-5 presents the Alvin-North pipeline
corridors. The advantages and disadvantages of the alternative corridors are shown in Table 6-3.

TABLE 6-3
ALVIN NORTH PIPELINE CORRIDOR ANALYSIS

Alternative Advantages Disadvantages

SH 35 + It is expected that public right-of- ¢  Work in State Right-of-way
way will be sufficient to install the alongside of existing utilities
pipeline.

¢ No adverse envircnmental impact

expected.

BNSFRR s No adverse environmental impact s  Purchase of private
expected. easements

+ Ease of construction along railroad

West Corridor

The west cortridor will serve the cities of Manvel and fowa Colony. Both these cities can be served by a
common 20 inch water main along the Briscoe Canal, and then splitting flow to serve Manvel to the
north and Towa Colony to the south. Alternate pipeline corridors, running along SH 6 to Manvel and
along FM 1462 to Towa Colony can also serve these cities.

Connection to Manvel

Two alternate pipeline cotridors can serve Manvel:

e  State Highway 6
¢ Briscoe Canal

Pipeline along the SH 6 corridor will run north along Business 35, and then west along SH 6 to the
Manvel Take Point 1. Pipeline along this corridor will traverse through a congested area of the City of
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Alvin, and it will have to share the public right-of-way with other utilities. The length of this cotridor will
be 14 mules.

The second alternative would be to install a pipeline along the Briscoe Canal. The pipeline along this
corridor will run northwest along the canal all the way to Take Point 1 for the City. The length of this
corridor will be 11 miles. Construction along this cotridor is expected to be highet, and private easements
will need to be purchased.

Connection to Iowa Colony

Two alternate pipeline corridors can serve Iowa Colony:

®  Briscoe Canal
e FM 1462

The first option will share the 20 inch pipeline with the City of Manvel along the Briscoe Canal. A smaller
8 inch pipeline can then be branched out from this 20 inch water main to run south along Masters road.
It will then run west along CR 64 to the Iowa Colony Take Point 5. The total length of this corridor will
be 11.5 miles.

The second option 1s to build a pipeline running north along Briscoe Canal from the Alvin WTP site, and
then southwest along FM 1462. It then turns northwest along CR 121, and then north along CR 67 to the
Take Point. The length of this corridor will be 13 miles.

Table 6-4 summarizes the advantages and disadvantages of the alternative pipeline corridors in the
western trunk line from the Alvin WP site. Though the requirement for easement along the Briscoe
Canal will increase the cost associated with pipeline corridors, the Canal has an existing easement for raw
water conveyance, and so it will be easier to obtain a finished water easement near the current raw water
easement. The increase in cost due to construction along the Briscoe Canal will be offset by the increased
construction cost due to longer lengths along the SH 6 corridor and the FM 1462 corridors. As a result of
relative cost savings, the Briscoe Canal cortidor is the prefetred corridor to the cities of Manvel and Towa
Colony. Figure 6-5 presents the Alvin-West pipeline corridors serving Manvel and JTowa Colony.
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Alternative
SH 6

TABLE 6-4

ALVIN WEST PIPELINE CORRIDOR ANALYSIS

Advantages
It is expected that public right-of-
way will be sufficient to install the
pipeline.
No adverse environmental impact
expected.

Disadvantages
Work in SH 6 Right-of-way
alongside of existing utilities

Increased length compared
to Briscoe Canal alternative

Briscoe Canal

No adverse environmental impact
expected.

Ease of construction along canal

Reduced cost due to reduced
length

Purchase of private
easements

Need for easements along
canal

FM 1462

No adverse environmental impact
expected.

Construction along public right-of-
way

Construction along rural
roads

Increased length compared
to Briscoe Canal alternative

South Corridor

The south corridor will serve the communities of Danbury and Angleton. An analysis of the regional
geography shows that two parallel corridors can be used, which can feed both the communities.

Connection to Danbury and Angleton

A common water main can be constructed for these ciites thus reducing construction costs. The two

alternatives are

e State Highway 35

¢  Burlington Northern Santa Fe Railtoad (BNSFRR)

The SH 35 corridor will use the available TXIDOT public right-of-way, which is sufficient for a 20 inch
pipeline. The pipeline will run south along SH 35, with an 8 inch pipeline line tapped off at Spur 8§ to feed
Take Point 6 in Danbury. After meeting the City of Danbury water demand, the water main will run
further south along SH 35, turning west on FM 523, south along business 288, and finally west on
Henderson Road to Take Point 7 in Angleton. The length of the pipeline to the Danbury Take Point will
be 12 miles. The length of the cortidor from the Alvin WTP site to the Angleton Take Point will be 18

miles.

The alternative BNSFRR option will construct a water main along the railroad. This corridor will also be
common for both the cities. The pipeline will run south along FM 2403, and then southwest along
BNSFRR to Take Point 6 in Danbury. The pipeline will further run south along BNSFRR after feeding
the Danbuty Take Point. Tt will turn east on SH 35, and then north along Velasco Street. Finally it will
turn east on Henderson Road to the Angleton Take Point. The length of this corridor to the City of

Danbury Take Point will be 12 miles. The length of the corridor from the WTP in Alvin to the Angleton
Take Point will be 22 miles.
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‘Table 6-5 summarizes these alternative pipeline cotridors in the south trunk of the distribution network.
The major differences between the two options are the length and the construction cost associated with
the BNSFRR cornidor. The BNSFRR corridor is 4 miles longer than the SH 35 corridor to the Angleton
Take Point. Construction in the BNSFRR corridor will require purchase of easement from the BNSFRR.
This ptivate easement will greatly increase the cost of using this corridor. Compared to this, the SH 35
corridor has a TXDOT public right-of-way. This will significantly reduce construction cost in SH 35
corridot. Figure 6-6 highlights the alternative Manvel-South pipeline corridors.

TABLE 6-5
ALVIN SOUTH PIPELINE CORRIDOR ANALYSIS

Alternative Advantages Disadvantages
SH 35 e |t is expected that public right-of- * Work in SH 6 Right-of-way
way will be sufficient to install the alongside of existing utilities
pipeline.
s No adverse environmental impact
expected.
BNSFRR » No adverse environmental impact s  Purchase of private
expected. easements
* Ease of construction along railroad | « Increased length
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MODELING AND PIPELINE LAYOUT DESCRIPTIONS

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. Hydraulic models of the
transmission pipeline system were constructed for each of the two alternative water treatment plant
scenarios developed in Section 5.

The study looked at the relative economic cost of participating in a larger regional water treatment plant
proposed by the Gulf Coast Water Authority to serve utilities in Fort Bend, Harris, and Brazoria
Counties. This regional water treatment plant was studied as part of the TWDB / GCWA Facility Plan
study completed in November, 2000. The plant was designed with an ultimate capacity of 150 MGD.
The advantage of combining forces and constructing a larger regional facility is documented cost savings
associated with the “economy of scale” in constructing a larger facility. Offsetting this saving would be
the cost of a trans-county pipeline. A hydraulic model connecting the GCWA plant to the eight Mid-
Brazotia County Participating Utilities was also constructed. The GCWA alternative is presented to offer
the Participating Utilities a comparison with other regional water plans.

For each treatment plant site location, the following two modeling scenarios were evaluated.

® Delivery to each Participating Utility Take Point at a minimum system pressure to meet the
Participating Ultilities customer demand. The intent of this alternative is to deliver water at a set
minimum pressure to the Participating Utilities and to directly feed customer demand from the
regional water treatment plant

¢ Delivery to Participating Utilities Take Point at sufficient pressure to fill existing or proposed ground
storage tanks. The intent of this alternative is serve as the Participating Utilities treated surface water
supply, but the Participating Utilities would be responsible for repumping the water to meet the
required system pressure to serve their customers.

Hydraulic Model

The program used for the hydraulic modeling was H:ONET Utility Suite, which is a GIS based softwate.
The software contains seven subprograms designed to optimize water disttibution modeling. The
subprogram used for this task was the HHONET Analyzer. HHONET Analyzer enables the modeler to
track the flow and velocity of water in each pipe; the pressure, age of water, and fire flow capacity at each
node; the height and volume of water in each tank; the discharge pressure/flow, efficiency and energy
cost for each pump; the cost of physical improvements; and the movement and fate of water quality
constituents as they travel through the distribution system. For this evaluation, only a portion of these
modeling capabilities was utilized.

Model Assumptions and Lavout

Several basic parametets and assumptions were used to design the hydraulic model. For this study, the
following assumptions were defined:

¢ Pipeline size based on ultimate demand of Participating Utilities in year 2050
e Maximum velocity in any given pipeline - 8 ft/s

®  Hazen and Williams pipe friction coefficient - 130

¢  Minimum system pressure — 50 psi
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®  Ground storage tank at Take Points are filled at top of tank
®  Ground storage tank at water treatment plant or booster station is empty

Given these assumptions, results from all the hydraulic model scenarios depicting the layout of the
demand points, plant location, pressure and pipeline sizes can be seen in Figutes 6-7 through 6-12.

Model Results

For each alternative, finished water transmission system consists of the pipeline facilities and high service
pump stations. The final quantities of finished water pipelines are shown in Tables 6-6 and 6-7. These
tables report the finished water pipe lengths as either rural or urban, based on the existing site geography.
Rural installations are italicized. Rural installations refer to pipelines that will be installed in open cut
trenches with minimal utility crossings, pavement repair, and trenchless installations. Conversely, utban
installations refer to pipelines installed in developed areas where frequent trenchless installations,
pavement repair, utility conflicts, and traffic control will be required. The type of installation, either rural
or urban, will affect the construction cost of the transmission alternatives. The tables also summarize the
requited length of private landowner easements.

TABLE 6-6
MODEL RESULTS FOR AT SYSTEM PRESSURE ALTERNATIVE

Pipeline Segment Manvel Plant Site Alvin Plant Site GCWA Piant Site

Length {ft} Diameter Length (ft)} Diameter Length {ft} Diameter
{in} {in) {in)

Manvel to Pearland 28.700 36 - - 28.700 36
Pearland to Brookside from Site A 24 800 i : 24 800 a2
Manvel to Alvin 31.300 18 - - 31.300 18
Manvel to Node B 13.100 20 - - 13,100 20
Node B to lowa Colony 15.5Q0 20 - - 15,500 20
lowa Colony to Node C 70.4Q0 20 - - 70,400 20
Node C to Danbury 36,000 10 - - 36.000 10
Node C to Angleton 23,800 18 - - 23,800 18
Site E 1o Pearland - - 78.400 42 - -
FPeariand 1o Brogkside Village From Site £ - - 12 300 8 - -
Site E to Node D - - 45,100 20 - -
Node D to Manvel - - 14,300 20 - -
Node D to lowa Colony - - 19,900 8 - -
Site E to Node E - - 56,100 20 - -
Node E to Danbury - - 7.800 8 - -
Node E to Angleton - - 37.900 18 - -
Node A to Pearland 9.500 36 - - 9,500 36
GCWA Plant to Node B - E - - 71.800 60
Total Pine in Rural Areas (ft) 228 300 259.500 300.100

Total Pipe in Urban Areas (ft} 24,800 12,300 24,800

Total Pipeline Lepath (i1 253.100 271,800 324 900

Tatal In-Diameter Foot in Riral Areas(in-dia ft) 4 707.000 6.506.600 9.015.000
Total In-Diameter Foot in Urban Areas (in-dia ft} 198.400 98,400 198,400
Total In-Diameter Foot (in-dia {1} 4.905.400 6,605,000 9.213.400
Private Landowner Fasements (f11 b 830 59.400 1272.330

Note: Rural installations are designated in ltalic Type (gray)
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Pine 0 “Te

TABLE 6-7

A

MODEL RESULTS FOR AT GROUND STORAGE TANK DELIVERY ALTERNATIVE

Manvel to Pearland 28 700 386 - - 28.700 38
Pearland to Brookside from Site A 24 800 g 24 800 g8
Manvel to Alvin 31.300 16 - - 31.300 16
Manvel to Node B 13,100 20 - - 13,100 20
Node B to lowa Colony 15,500 20 - - 15,500 20
lowa Colony to Node C 70,400 18 - 70,400 20
Node C to Danbury 36,000 8 - 36,000 8
Node C to Angleton 23.800 16 - - 23,800 16
Site E to Pearland - - 718,400 36 -
Pearland 10 Brookside Village From Site £ 12.300 g -
Site E 1o Node D - 45,100 20 -
Node D to Manvel - 14,300 18 -
Node D to lowa Colony - - 19,900 6 -
Site E to Node E - - 56,100 18 -
Node E t¢ Danbury - - 7.800 8 -
Node E to Analeton - - 37.900 16 -
Node A to Pearland 9,500 36 - - 9,500 24
GCWA Plant to Node B - - - Z71.800 (s]8]
I Total Pine in Rural Areas (ft] 228 300 259 500 300 100
Total Pipe in Urban Areas (ft) 24,800 12,300 24,800
Total Pipeline Lenath {ft) 253.100 271.800 324,900
Total In-Diameter Foaot in Bural Argas(in-dia ft} 4 384 .000 5.779.80 8.718.800
Total In-Diameter Foot in Urban Areas (in-dia ft} 198,400 98,400 198,400
Total In-Diameter Foot (in-dia ft) 4,582,400 5.878.200 8.917.200
Private L andawner Fasements (f1) 55.530 RO 400 127.330
Note: Rural installations are designated in Rtalic Type (gray}
For each of the scenatios, a high service pump station will be required to deliver water from the water
treatment plant to the Participating Utility Take Points. The requirements of the pump station are
dependent on the pressure requirements of the Participating Utilities and the headloss associated with
flow through the pipelines. To meet the specified pressure and flow requirements at the Participating
Utility Take Points, the following pump station pressures will be required. The pump station
requirements are shown in Table 6-8.
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TABLE 6-8
PUMP STATION MODEL RESULTS

Plant Site Alternative WTP Pump Station Pressure Setting {psi)

At Pressure To GSTs
Manvel Site g5 65
Alvin Site 99 70
GCWA Site 95 80

System Storage and Booster Pump Requirements

Allocation of potable water storage and booster pump requirements in the system depends on the type of
connection that the regional system makes at the tie-in point with the individual Participating Utilities
systems. If the potable water is delivered under pressure to each Participating Utilities, the water will be
delivered at a pressure sufficient to meet state requirements for pressure maintenance of distribution
systems. As a result, additional booster pump stations at each Take Point will not be required. Under this
scenatio, the most cost-effective method for construction of the required system storage is at the water
treatment plant instead of distributed in the system at each Take Point. For the purposes of this study,
the cost for water delivered at pressure will assume adequate storage at the water treatment plant.
Individual Participating Utilities may wish to consider additional operational storage within their own
distribution system.

Undet the scenatio where water is delivered to the Participating Utilities storage tanks, water from the
regional water plant will empty into a ground storage tank instead of into the individual Participating
Utilities distribution system. Each utility will be required to have a booster pump station to repump the
water to distribution system pressure. As a booster station will be required, a small ground storage tank
will improve pump operations as well as provide operations storage for the booster pumps. Under this
scenario the most cost-effective mannet of constructing the necessary storage is to distribute the storage
at the Take Points. This will provide the necessary storage for operation of the booster pumps and meet
the state guidelines for construction of storage for the regional system.

Based on the expected demand of each Participating Utility, an estimate of the necessary ground storage
capacity and booster pump capacity is shown in Table 6-9. This table assumes that each community will
have enough storage to meet the TNRCC minimum of 200 gallons of storage per connection and that
each community has 2.84 residents per connection (1990 census figures). This scenario gives a daily peak
system capacity of 0.3 GPM per connection, which is lower than the TNRCC requirement of 0.6 GPM
per connection. New wells will have to be constructed by each Participating Utility to meet this
requitement.

MONTEDMERY WATSON
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Section 6

Finished and Raw Water Transmission

TABLE 6-9
REQUIRED REGIONAL GROUND STORAGE TANK VOLUME (MGD)

Fa p g 35 050 Pia orage g Q Additio DTage

Area Populs a Req D e ed pa Require
Alvin 51,935 3.66 2.125 1.53
Angleton 52,884 3.72 3.65 0.07
Brookside Vill. 3,696 0.26 0 0.26
Danbury 3,381 0.24 0 0.24
Hillcrest 1,696 0.12 .10 0.02
lowa Colony 1,477 0.10 0] 0.10
Manvel 10,606 0.75 .165 0.58
Peartand 91,243

Total for 216,918

Planning Area

1) Population / 2.84 persons per connection * 200 gallons per connection

Under the scenario where the Regional Water Facility is directly feeding water into the distribution
systemn, adequate storage to meet state guidelines will be housed at the water treatment plant. The
ground storage tanks at the water treatment plant would have a storage volume of 3.40 MG. This volume
is marginal for a 25 MGD plant. A storage volume of 7 MGD is planned for the plant.