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Background

Rapid growth in the Houston area has resulted in significant growth in West Harris
County. According to estimates by the year 2030 West Harris County will require 124
million gallons per day (MGD) of surface water to meet the Harris-Galveston Coastal
Subsidence District Plan (HGCSD). The HGCSD’s plan formulated in 1985 requires
that portions of West Harris County have projects on line to allow 80% conversion to
surface water by as early as 1995. Major surface water conversion projects require a

development program of eight years or more and as a result project planning and
development should begin as soon as possible.

As a result of the urgency associated with surface water conversion, the West Harris
County Surface Water Supply Corporation (WHCSWSC) was formed. The
WHCSWSC is a non-profit water supply corporation created by the Coastal Water
Authority under Article 1434a, Vernon’s Texas Civil Statutes.
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Plan Ob!' ective

The WHCSWSC plan objective is to accurately define the most practical and economi-
cdl facilities needed to provide surface water to West Harris County in accordance with
the Houston Water Master Plan (HWMP) and the HGCSD'’s plan.

REGULATORY
AREAS
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Plan Objective (Cont’d)

The plan is being accomplished in five appendices as shown below:

Appendix I: Water Conversion Plan

Appendiv 11: Water Demand and Supply

Appendix {1I- Supplement to Water Demand

Appendix IV: Definition and Evaluation of
Alternatives

Appendix V: Detailed Evaluation of Selected
Alternatives

These five technical appendices are the foundation of the WHCSWSC
Implementation Plan.
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Subsidence

The WHCSWSC plan objective to bring surface water to West Harris County directly ad-
dresses one of the most pressing issues in the West Harris County area, SUBSIDENCE.
Due to increased groundwater withdrawal, up to 9.0 feet of subsidence has occurred in
the Baytown urea since 1973. This subsidence has resulted in permanent flooding of cer-
tain inland areas. As a result an agressive surfuce water conversion plan in Southeast
Harris County began resulting in a drastic reduction in the rate of subsidence in that
part of the County. However, due to the explosive growth in West Harris County sub-
sidence has continued to increase at an alarming rate. Presently no surface water
supply system exists in West Harris County and according to recent studies if the
HGCSD’s plan is not implemented certain areas of West Harris County will experience
9.0 feet of subsidence by the year 2030.

SUBSIDENCE
CONTOURS

& CHTY OF HOUSTCN
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Subsidence (Con’t)

However, if surface water supplies are made available and surface water conversion is
implemented in West Harris County by as early as 1995, then the projected rate of sub-
sidence would be drastically minimized.

SUBSIDENCE
PROJECTION BY
SUBSIDENCE
DISTRICT

_& CITY QF HOUSTON

As shown above if conversion follows the HGCSD Plan, the subsidence will be reduced
in certain areas by as much as 7.0 feet.
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Facilities Plan

General

WHCSWSC'’s selected plan consists of developing a major southwest surface water supp-
ly system with an ultimate (2030) capacity of 150 MGD to serve the entire WHCSWSC’s
planning area with provisions to serve a portion of the City of Houston west of Fondren-
Blalock as well as portions of Fort Bend County. The raw water supply source would be
the Brazos River Basin utilizing both the Galveston County Water Authority (GCWA)
canal and the Brazos River System proper.
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Facilities Plan (Con’t)

Projected Surface Water Demand

SL][fﬂQQ antcg ngand IQIQQI

With Without
Yecar Phase Conservation Conservation
1995 I 36.8 38.0
2000 II 59.4 615
2005 111 64.5 66.9
2010 v 929 97.0
2030 A% 124.5 132.8

Projected Surface Water Supply

The surface water supply is projected to be supplied from a combination of Brazos River
water from the GCWA canals and the Brazos River System proper.

SURFACE WATER SUPPLY
GALVESTON COUNTY WATER AUTHORITY (59.4 MGD)
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Facilities Plan (Cont’d)

Plan Development Cost

The following development costs represent the total costs associated with the develop-
ment of the facilities plan including raw water cost; capital costs and operational and
maintenance cost. The annual cost per thousand galléns shown includes all costs as-
sociated with plan financing.

Annual
Maximum Net Maximum
Debt Service Cost per
Cost 0O & M Cost 1000 Gallons

Phase Period ($1,000,000) (31,000,000} (1) to Customers
I 1990-1995 6.4 1.2 2)
II 1996-2000 10.7 52 1.26
I 2001-2005 12.3 8.6 1.26
IVA 2006-2010 19.2 10.5 1.26
IVB 2011-2012 32.8 10.5 1.26
Vv 2013-2030 37.8 16.4 (3) 145 (4)

(1) Raw water cost included in O & M.

(2)  The first year in which treated water is expected to be purchased by a customer of
WHCSWSC is 1996. Costs incurred prior to that time are assumed to be passed
through to the sole customer for Phase I service, the City of Houston. Total annual
costs between 1990 and 1995 vary from $1.7MM to $§7.6MM

(3) 323.4mm from 2031-2055

(4) Varies between $1.55 and $0.85 with a peak of 31.55/1000 gallons in 2013 through
2019.
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Financing Method

Funds to finance the construction of WHCSWSC facilities will be obtained through the
sale of tax exempt revenue bonds backed by water supply contracts with wholesale water
suppliers in the planning area. It is noted that a distinct difference exists between

Phases I and I and the balance of the phases. Phase I has as its sole customer the City
of Houston, and the City of Houston is the principal customer for Phase II service.
Phases Il through V have as customers a mix of small municipalities other than the
City of Houston and a large number of municipal utility distric%. nce the City of Hous-
ton is the sole customer for Phase I service,it is assumed that all costs associated with
Phase I are a straght pass-through to the City of Houston. It is also assumed that Phase
I bonds will be sold to the Texas Water Development Board or some other State agency.

TEXAS WATER DEVELOPMENT B
WATER DEVELOPMENT FUNDS

BOND DOLLARS

FLOOD STATE
CONTROL PARTICIPATION
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Phase I Plan - 1995

WHCSWSC's Phase I facilities plan is projected to bj
ing of the development of surface water supply facilit

operational by late 1995 consist-

PHASE 1 DEVELOPMENT COST

PHASE I
(Through 1995)

® Annualized Cost (1996):

First Delivery Year: 1896

° Available Capacity: 3.5 MGD
(Average Daily)

° Projected Demands: 36.8 MGD
(Average Daily)

" The first year in which treated water is expected to be

purchased by a customer of WHCSW

SCis 1996 at a

cost $1.26/1000 gallons. Costs incurred prior to that
time are assumed to be passed through to the sole cus-
tomer for Phase I service, the City of Houston.

Phase I - 1995 11

es with a capacity of 37.5 MGD.
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Phase II Plan - 2000

WHCSWSC'’s Phase II facilities plan is projected to be operational by late 2000 increas-

ing the capacity to

Phase II - 2000

62.5 MGD.
PHASE 1l DEVELOPMENT COST
PHASE II
(Through 2000)
First Delivery Year: 2001
Annualized Cost (2001): $1.26/1000 Gallons
Available Capacity: 62.5 MGD
(Average Daily)
Projected Demands: 59.4 MGD
(Average Daily)
13
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Phase I1I Plan - 2005

WHCSWSC'’s Phase III facilities plan is projected to be operational by late 2005 increas-
ing the capacity to 75.0 MGD.

PHASE Il DEVEL.OPMENT COST
PHASE IIT
(Through 2005)
© First Delivery Year: 2006
® Annualized Cost (2006): $1.26/1000 Gallons
¢ Available Capacity: 75.0 MGD
(Average Daily)
° Projected Demands: 64.5 MGD
(Average Daily)
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Phase IVA Plan - 2010

WHCSWSC'’s Phase IVA facilities plan is projected to be operational by late 2010 in-
creasing the capacity to 100.0 MGD.

PHASE IVA DEVELOPMENT COST

PHASE IVA
(Through 2010)
® First Delivery Year: 2011
° Annualized Cost (2011): $1.45/1000 Gallons
® Available Capacity: 100.0 MGD
(Average Daily)
- ® Projected Demands: 928 MGD
(Average Daily)
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AV Ew e SE R

@

E
i
: L
N
i
iti

e rr-r J weorees

WHCSWSC 18 Phase IVA - 2010



Phase IVB Plan - 2012

WHCSWSC’s Phase IVB facilities plan is projected to be operational by late 2012 in-
creasing the capacity to 100.0 MGD.

PHASE IVB DEVELOPMENT COST

PHASE IVB
(Through 2012)
° First Delivery Year: 2013
°  Annualized Cost (2013): $1.55/1000 Gallons
° Available Capacity: 100.0 MGD
(Average Daily)
® Projected Demands: 98.0 MGD
(Average Daily)

Phase IVB - 2012 19 WHCSWSC
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Phase V Plan - 2030

WHCSWSC'’s Phase V facilities plan is projected to be operational by late 2030 increas-
ing the capacity to 150.0 MGD.

PHASE V DEVELOPMENT COST
PHASE V
(Through 2030)

®  First Delivery Year: 2031
¢ Annualized Cost (2031): *$1.37/1000 Galions
© Available Capacity: 150.0 MGD

(Average Daily)
° Projected Demands: 124.5 MGD

(Average Daily)

*Varies between $1.55 and $1.37 with a peak of
$1.55/1000 gallons in 2013 through 2019. Inthe year
2034, the cost reduces to $1.01/1000 gallons, and in the
year 2040, it reduces further to $0.89/1000 gallons.
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SUMMARY OF MAJOR
PROJECT DEVELOPMENT CRITERIA
FOR EACH APPENDIX

A successful long range water resource plan has to be flexible tc react with
changing conditions and criteria. In developing this plan the West Harris
County Surface Water Supply Corporation and its consultants have had to react
to many new developments. These new developments have created changing
criteria throughout the development of Appendices I through V. The following
is a summary of the major criteria utilized to develop each appendix.

APPENDIX I - WATER CONSERVATION PLAN

0 Develop a water conservation/water
shortage contingency plan in accordance
with Texas Water Development Board
(TWDB) guidelines.

o Develop strategy to require contract
customers to follow plan.

o Report possible reduction in water
demands if plan is followed.

0 Report possible delays in capital
projects if plan is followed.

APPENDIX I1 - WATER DEMAND AND SUPPLY

Water Demands

o Historic and projected water demands
within the planning area were determined
and evaluated wutilizing results from the
City of Houston Water Master Plan (HWMP)
as of February, 1988.

o Historic and projected surface water
demand requirements were determined and
evaluated as needed to meet the
conversion requirements in the Harris
Galveston Coastal Subsidence  District
(HGCSD) plan developed in 1985.

0 Projected water demands were determined
utilizing the modified growth
projections by the HWMP which assumes no
growth between 1985 through 1990.



Areca 8 of the HGCSD’s plan is assumed to
convert to 80% surface water in the vyear
2030.

Utilize maximum daily projections for
water demand requirements in accordance
with the HWMP.

The effects of water conservation were
not included in the demand projections
to be consistent with the HWMP.

Surface Water Supply

(o]

Determine and evaluate surface water
supplies available from the northeast
surface water supply system (Houston
Northeast Treatment Plant) and the
Southwest Surface Water Supply System
(Brazos River Basin).

Utilize average daily projections for
surface water supply requirements to
meet the projected surface water
demands.

Southwest Surface Water Supply System
consists of surface water available from
the Brazos Basin and/or the Brazos Canal
System both presently controlled by the
Brazos River Authority (BRA).

PPENDIX IIT - PPLEMENT TO WATER PPLY -
NORTH SYSTEM

o

Determine and evaluate surface water
supplies available from the north system
equivalent to the HWMP’s western
alternative, surface water in the
Trinity/Brazos/San Jacinto River Basins.

All other criteria previously mentioned
under Appendix II were, also, utilized
in this Appendix.



APPENDIX IV - DEFINITION AND EVALUATION OF
SELECTED ALTERNATIVE SYSTEMS

0 Develop and evaluate various alternates
using either or both of the Southwest
and Northeast Supply Systems.

o The North System was eliminated from
further evaluation by the WHCSWSC Board
to be consistent with the HWMP.

o The surface water source for the
Northeast Supply System will be supplied
from the proposed City of Houston
Northeast Water Treatment Plant.

o The surface water source for the
Southwest Supply System will be supplied
from the Brazos Basin presently
controlled by the Brazos River Authority
including the Brazos River Canal System.

o After evaluation, the results of
Appendix IV were based on a Southwest
Water Supply being supplied from the
Brazos Basin System outlined in the BRA
offer to WHCSWSC dated January 11, 1988.

o The BRA canal water rights were not
considered in the final alternates.
These rights were reserved by WHCSWSC
for users in Fort Bend County.

0o Maximum daily demands were used to size
treatment plants, conveyance systems and
transmission systems.

o0 Raw water sources were evaluated based
on average daily demands.

o The final alternates were evaluated and
selected utilizing conveyance and
transmission facilities that were sized
for maximum daily demands.



PPENDIX V - DETAILED EV ATI FSELECTED
ALTERNATIVES

o

A detailed evaluation was performed
utilizing Service Area Alternate No. 7
(Appendix IV) which maximizes the
Southwest Supply System providing
southwest water to the entire service
area.

The water demands should be revised to
include only average daily demands and
these demands should be reduced by water
conservation measures.

The transmission system should maintain
the flexibility to serve areas from FM
149 south to I-10 from the northeast
supply system in future phases,

Individual southwest water treatment
plant sites were located, evaluated and
ranked in the area west of the Grand
Parkway/FM 1093 intersection west to the
proposed Allens Creek Reservoir site.

The southwest plant sites should be
sized and evaluated at a capacity large
enough to serve the entire WHCSWSC
service area and possible outside areas.

The conveyance and transmission systems
including treatment plant should be
sized and evaluated utilizing average
daily demands including water
conservation measures with the ability
to treat and convey the maximum daily

demands through.  increased storage,
pumping and/or increased velocity
requirements.

The final conveyance system should be
evaluated assuming the Southwest Supply
System will utilize either the BRA
System, the GCWA <Canal System recently
purchased from the BRA or a combination
of both.

The Southwest Conveyance System should
utilize temporary onsite termination
storage with ultimately the termination
storage requirements being met or
partially met by the proposed Allens
Creek Reservoir.
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1.0  INTRODUCTION



1.0 INTRODUCTION

Purpose and Planning

This report addresses the issues of water conservation and water shortages
for the West Harris County Surface Water Supply Corporation (WHCSWSC). The
water conservation and water shortage contingency plan has been prepared as
Phase I of an implementation plan for a proposed surface water supply system
to serve western Harris County. Formulation of the plan is required by the
Texas Water Development Board and adoption of such a plan is needed prior to

the sale of bonds backed by the State of Texas.

Though related, the issues of water conservation and water shortage are
not identical. Water conservation is a continual program whose goal is to
reduce water usage iIn day to day residential and commercial activities. A
water shortage is usually short term and demands stricter conservation
measures. This report describes typical water conservation and water shortage
response plans with reference to expected conditions within the WHCSWSC
service area, details the proposed plan, and outlines implementation
procedures. It must be noted that at present the water supply system to be
constructed is known only in its general form; therefore, this conservation
and water shortage plan is largely conceptual. As the supply system details
are finalized, the plan will be tailored to fit the needs of the WHCSWSC and

its customers.



The water demands used in the following appendices of this implementation
study have been reduced to account for the water conservation measures that
will be enacted in the WHCSWSC service area. The reduction which will be
outlined later in this Appendix translates into an approximate 7% reduction in
water demands over the course of the study. WHCSWSC does not have authority
t0 enact water conservation measures except through water supply contracts
with users within the service area. Therefore, the reduction of water
consumption through conservation will have to be on a voluntary basis or
regulated through future water supply contracts. The following reduction in
water demands are expected if the water conservation plan outlined in this

Appendix is foliowed by the WHCSWSC customer base.

Average Daily Projected Demand

Year With Conservation Yithout Conservation
1995 36.8 MGD 38.0 MGD
2000 59.4 MGD 61.5 MGD
2005 64.5 MGD 66.9 MGD
2010 929 MGD 97.0 MGD
2012 98.0 MGD 103.6 MGD
2030 124.5 MGD 132.8 MGD

The 7% reduction in water demand due to water conservation is not
expected to significantly affect the phasing of facility expansion. However,
the economic benefits to WHCSWSC’s customer base is expected to be realized by
significant reduction in operating cost (power cost) due to the reduction in
peak demands. Another advantage would be the increased water pressure
experienced during peak demands that would be realized without increasing the

pumping cost,
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2.0 CONSERVATION PLAN

A water conservation plan is an ongoing program designed to reduce water
use and wastage. Reductions in water use ranging from 5% to 15% have been
achieved in communities which have implemented conservation methods, If
WHCSWSC becomes the implementing agency, then the Corporation will set a goal
to try to reduce the Corporation’s overall water consumption by 10% through
enacting certain water conservation measures, however, it is expected that the
real reduction will only amount to approximately 7%. The City of Houston

Water Master Plan estimates a savings of approximately 7%.

Water conservation options fall into two categories: supply management
and demand management. Supply management is concerned with improving
efficiency and reducing waste in the treatment and distribution process
upstream of the customer’s meter. Demand management seeks to reduce water
usage by the consumer through providing education and incentives. Several

strategies in each category are described below.

Supply management attempts to increase the efficiency of the treatment
and distribution system by reducing losses. Losses from the system can be
attributed to leaks, street washing, flushing of water mains, and unauthorized
or unmetered water use. Appendix C of the Houston Water Master Plan found

that unaccounted-for water in the City of Houston ranged as high as 30% during
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1980 to 1985, and concluded that 15% to 20% losses could be expected in the
system in future years. Billed versus pumped data is available for 86 of the
approximately 200 utility districts within the WHCSWSC service area. Of these
districts, 14 had losses of more than 30% during 1986, with the average losses

being about 17%,

Possible arecas of emphasis for supply management, including water reuse
and lowered pressure as well as loss reduction, are discussed in the following

paragraphs:

- Leak Detection and Repair

While major leaks are wusually spotted immediately and repaired,
smaller ones can escape notice for some time, causing substantial water
losses. To find these leaks, a continuous program should be followed
which includes visual and electronic sonic checks as well as annual water
accounting and audits, Sources of unaccounted-for water, once located,
should be corrected immediately. Leak detection may have high labor

costs but leads to significantly lower operating costs.

The WHCSWSC proposes to construct a majer water supply and distribu-
tion system to serve West Harris County. A leak detection and repair
program will be enacted providing each customer with leak detection and
water audit material and if practical provide sonic leak detection

equipment or other appropriate equipment for loan. The program will,
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also, require each customer to conduct annual water audits determining
levels of unaccounted water. Each customer served by WHCSWSC will handle
leak detection and repair within their local boundaries. If WHCSWSC
becomes the implementing agency, then the Corporation will recommend that
each customer within their boundaries enact an aggressive leak detection
program and if practical WHCSWSC will assist individual customers in

performing local water audits,

- Universal Metering and Repair of Meters

When all water uses are not metered, an annual water audit can never
be accurate, making identification of losses more difficult, The water
source as well as all of the customers of a utility should be metered,

and all meters should be regularly tested and replaced.

Proposed full metering of the water used in the WHCSWSC service area
should begin at the surface water source. Sales of water to the
customers served should be metered as well. The wells currently used for
water supply are metered to comply with the regulations of the
Harris-Galveston Coastal Subsidence District (HGCSD). It is not known
what proportion of water used in the service area is presently being
metered; however, metering of 100% of tke water used should be
accomplished as soon as possible. If WHCSWSC becomes the implementing

agency, then the Corporation will commit to forming a program to assure
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that all master meters under WHCSWSC's jurisdiction be tested for
accuracy on a regular basis. WHCSWSC will, also, require all customers

to practice universal metering.

- Pressure Reduction

Water pressure is sometimes reduced to decrease losses resulting from
leakage and line breaks within a system. Sufficient pressures and flows
must be maintained if this option is used. System pressures of 60 to 65
psi are usual in recently developed areas, while the Texas Department of

Health requires 20 psi as a minimum,

The transmission lines proposed by WHCSWSC will have pressures
ranging from 45 to 90 psi. Each wholesale customer will be required to
pressurize its own distribution system to the retail customer base it

SCrves.

- Recycling and Reuse of Water

Water recycling and reuse can take many forms, not all of which will
apply to any given area. For industrial applications, cooling water is
commonly recycled or reused. Treated effluent is often used for
irrigation of parks and golf courses. The costs of small scale recycling
and reusec programs prohibit their implementation except when there 1is

significant need to reduce water use.
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This report does not present specific opportunities for effective
water recycling or reuse. However, the water districts and cities which
will be served by the WHCSWSC should investigate this option. A
conservation plan should encourage recycling and reuse of any industrial
or municipal water which could replace an existing use of potable water

from the supply system.

Deman men

Demand management is aimed at the consumers of water. Water demand is
reduced through education, promotion of less wasteful water use practices and
installation of water-saving devices. Reduced water wusage can result in
savings to the consumers in water and energy costs as well as savings to the
district in wastewater treatment Costs, However, one result of demand
management is that water revenues tend to decrease, often offsetting treatment

and distribution savings.

The following options are available to reduce water use through demand

management practices:

- Education of Consumers

Numerous ways to decrease water consumption in and around the home or
office exist. Typically, indoor water use accounts for 65% of the total
residential demand. By not running faucets when standing water will do,

washing only full loads of clothes and dishes, testing for leaking



toilets, faucets and pipes and similar practices, household water use can
be reduced. Outdoors, water can be conserved by watering landscaping and

lawns less frequently and at cooler times of the day.

New water use habits must be created for effective water conserva-
tion. The more the public is informed and educated regarding the
importance of conservation and ways to achieve it, the more likely such
habits are to be formed. Possible means of information and education
include television and radio public service announcements, newspaper
articles, pamphlets included with water bills, talks to civic groups and
poster campaigns. The Texas Water Development Board, the American Water
Works Association and the American Public Works Association provide

publications and materials for information and education programs.

An education and information program is essential to a successful
demand management strategy. No conservation plan can ignore the benefits
of public support. It should be noted that interest tends to wane as
time passes, and water use habits tend to revert to wasteful ones.
Therefore, the education process must be considered a continual one.
Direct communications with the water users should foster the greatest
cooperation with the proposed conservation plan. If WHCSWSC becomes the
implementing agency, then the Corporation will commit to instituting an
educational program that at a minimum will include providing individual
utility districts with water conservation information packets obtained

from the Texas Water Development Board. The Corporation will, also,
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commit to maintaining an ample supply of conservation literature that can

be referenced by the individual districts.

- Water-Saving Fixtures in New Construction

Several types of water-saving plumbing fixtures exist. The ones
usually installed cost no more than standard fixtures, If a plumbing
code requiring the installation of water-saving fixtures is adopted, a
large reduction in water usage can result over the years as they are used
in a greater percentage of structures. Enforcement of such a regulation

will affect the level of conservation achieved.

It is not known whether the districts in the WHCSWSC service area
currently require water-saving fixtures. Since much of the area is not
yet developed, plumbing codes that call for these fixtures could have a
greater effect on the total water demand than in an established area.
The major obstacle to a uniform plumbing code in the service area is the

large number of political subdivisions that would need to adopt it.

The WHCSWSC has no authority to enforce an amendment to the
established building codes for wuse thru-out the Corporation’s service
area. Also, a portion of the entities providing water are private water
supply corporations who have no jurisdiction in the enforcement of
building code requirements. As a result, WHCSWSC can not require users

within the Corporation's service area to adopt building code amendments.



However, the Corporation will require through water supply contracts that
its customer cities of 5,000 population or more to amend their individual
plumbing code to include Texas Water Development Board’s water

conservation provisions for all types of fixtures.

- Retrofit Programs for Existing Consumers

To reduce water demand immediately, a program to install watersaving
devices in existing residences may be used. These devices include
lowflow shower heads and toilet dams to reduce the volume of water in the
tank, Since showers and toilets make up the largest portion of typical
residential usage, a retrofit program can be highly effective. Savings
of about 13 gpcd for each home installing retrofit devices were predicted
by the City’s Water Master Plan. The extent of the program can include
supplying the public with information about the need for and sources of
the devices, making retrofit kits with instructions available to the

public, or installing the devices in homes.

Since portions of the WHCSWSC service area are undeveloped, the need

for retrofitting is somewhat reduced. In most areas, supplying

information and making a kit available for purchase would probably be the

greatest expense that the resulting water savings would justify.

- Water Rate Structures to Encourage Conservation

There are several water rate structures designed to promote water



conservation. The most common is the increasing block structure, but
seasonal rates, excess use charges and other rate structures may also be
used. Separate rate structures may be used for residential, commercial

and industrial customers.

Water rate information on approximately 100 water districts within
the WHCSWSC service area is available, Of these, 19% currently increase
the charge per 1000 gallons as water use increases. Another 25% of the
districts have a high minimum charge followed by lower but increasing
costs per 1000 gallons for larger users. Both of these rate structure
types will promote water conservation. The other 56% of the districts
have flat rates or ones which decrease with increased water use. If
WHCSWSC becomes the implementing agent, then the Corporation will attempt
to require through water sales contracts or by other means as available,
that no customer utility use declining block or similar non-conservation

oriented water rate structures.

- Reducing Water Use in Landscaping

The highest water demand days in Houston are frequently hot, dry
periods in the summer when landscaping and lawn watering reach a peak.
The City of Houston Water Master Plan suggests a plan of sprinkling
reduction from May through September. In it, lawn sprinkling would not
occur between 7:00 am. and 700 p.m., and only 20% of homes and
businesses would water each day. The Master Plan estimates that if these

guidelines were voluntary, a reduction in maximum day pumpage of 1% to 2%




could be expected, while a 9% to 10% reduction would result from
mandatory restrictions. Further, it states that no plants would be
permanently injured by this program, although drought-sensitive ones such
as azaleas, roses and nandinas might wilt. The success of such a program
could be enhanced by encouraging the use of landscape plants requiring

little water.

R rvation Plan

The conservation approach for the WHCSWSC service area must take into
account the need to address the concerns of as many as two hundred separate
entities. While the WHCSWSC will probably assume a coordinating role in the
execution of the plan, it will have no direct contact with the end users of
the water. This contact will be possible only through the districts and
cities supplied by WHCSWSC. For this reason, supply management alternatives
are stressed somewhat in the suggested conservatior plan described below and

summarized in Table 1.

If WHCSWSC becomes the implementing agency, then aggressive leak
detection, repair, and educational programs will be instituted in the WHCSWSC
service area. Universal metering will make water accounting easier and aid in
identifying sources of lost water. Water reuse and recycling will be
considered where applicable. Several demand management options will be used,
including education of consumers. Also, a conservation information packet,

including recommendations for retrofit devices, will be prepared and provided



to the customers by the districts buying water from the WHCSWSC. This will be
followed periodically with additional reminders. Other methods of reaching
the public, such as the media, will be given consideration. A plumbing code
requiring water-saving fixtures seems to be a dependable demand management
method. The Corporation will recommend that all entities adopt and enforce a
water conservation plumbing code amendment consistent with the T.W.D.B.
guidelines, however, the WHCSWSC does not have the authority to enforce
building code requirements. WHCSWSC will also recommend and require that all
customer utilities utilize conservation oriented water rate structures.
Extensive retrofit programs and sprinkling regulations will be investigated by

each water district where applicable.

Impl ntation of nservation Plan

The WHCSWSC will most likely assume the task of coordinating water
conservation efforts within its service area. This will be complicated by the

large number of political subdivisions involved and the City of Houston’s

annexation policies. All water districts and cities will be wurged to adopt
this conservation plan or a similar one. The pilan should inciude a
water-saving plumbing code and conservation-oriented rate structure, Costs of

administering this plan will be passed on to the districts.
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TABLE 1

PROPOSED CONSERVATION PLAN

CONSERVATION QPTION

MANAGE T

Leak Detection &
Repair

Universal Metering

Pressure Reduction

Recycling & Reuse

NA T

Education of
Consumers

Water-Saving
Fixture Codes

Retrofit Programs

Water Rate
Structures

Sprinkling
Restrictions

LEVEL OF EMPHASIS

Strong
(Aggressive program throughout service area)

Strong
(Regular testing and repair of all meters)

Minimal
{As feasible)

Moderate
(Investigate all possible applications)

Strong
(Provide packets to customers, regular updates)

Strong
(Adoption and
customers)

enforcement by all WHCSWSC

Moderate
(Provide information and make kits available)

Strong
(All WHCSWSC
structure)

customers use conservation

Minimal
(At discretion of water districts and cities)
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3.0 WATER SHORTAGE CONTINGENCY PLAN

During a water shortage, the water available for distribution is nearly
equal to or less than the amount needed to meet normal demands and required
fire flows. A situation of this kind is most often the result of drought
conditions, but it may also be brought on by failure of a water treatment and
distribution system or a natural disaster. When water demand meets or exceeds
supply, an effective means of controlling water use is needed to ensure that
essential activities are not interrupted. Some criteria must be established
to determine when action should be taken. These are dependent on the
characteristics of the supply and distribution system and the magnitude of the

shortage.

The limitations and constraints on the water supply systems are affected
by concerns over ground subsidence. The Harris-Galveston Coastal Subsidence
District (HGCSD) has developed a plan of groundwater usage control for western
Harris County. About three-quarters of the political subdivisions in the
WHCSWSC service area will be required to use at least 80% surface water by the
years 2000 - 2010. Thereafter, they will not be permitted to decrease surface
water use. In this water shortage contingency plan, it is assumed that
WHCSWSC will supply the average daily water demand to its customers. Higher

demands will be met with available groundwater. Average daily demands with



the ability to meet maximum daily demands will be used to size WHCSWSC
treatment facilities, major transmission lines, pumping equipment and storage

facilities.

Groundwater currently makes up the entire water supply for the water
districts and cities within the WHCSWSC service area. When surface water
becomes available to the districts, the HGCSD is expected to reduce the amount
of permitted groundwater withdrawal, However, the districts will retain the
existing groundwater pumping capability. Short term interruptions in the
surface water supply may be met with groundwater withdrawals, so long as the
annual permitted amount is not exceeded. Surface water supply failures of
longer duration would necessitate conservation measures and permission from
the HGCSD to exceed permitted withdrawals. If surface water supply is not
reduced, a district should be able to meet temporary increases in demand by

increased pumping, provided its distribution system is adequate.

Depending on how close water demand is to the total supply, a water
shortage may be classified as mild, moderate, severe or critical. Each
district will have to determine when a reduction in surface water supply or an
increase in water demand constitutes a shortage. The method described here
provides guidelines for how this may be accomplished. The level of water
shortage in a district is computed as follows:

DEMAND =Three-Day Average Water Demand (mgd)

G.W.S. = Groundwater Supply Available to the District (mgd)
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%SWS = Percent of Usual Surface Water Supply Available

S.WS. = Usual Surface Water Supply (mgd)

PERM =Permitted Groundwater Withdrawal (mgd)

PUMP =Annual Amount of Groundwater Pumped to Date (mgd)
T.S. = Total Water Supply Available to the District

TS. = S.WS. x %SWS + GW.S,

LEVEL OF

SHORTAGE DEFINITION

Mild DEMAND = 0.80 x T.S.

Moderate DEMAND = 0.90 x TS. and/or PUMP = (.90 x PERM
Severe DEMAND = T.S. and/or PUMP = PERM
Critical DEMAND PERM and/or PUMP PERM

Further study may reveal a need for some districts to vary the proportion
of total supply which demand must reach to define a shortage level. Note that
the danger of a district exceeding its permitted amount of groundwater

withdrawal is classified as a shortage.

The WHCSWSC will, also, have to specify trigger conditions that will be
required when WHCSWSC’s surface water supply has been reduced by the City of
Houston to a point where the supply has fallen below the demands requested by
the entities within the Corporation’s service area. If this happens, the
WHCSWSC may have the authority under contract with receiving entities to enact

emergency rationing measures as deemed necessary,
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Once some level of water shortage has been determined to exist, steps
should be taken to reduce water use or increase supply to prevent worsening of
the situation. Many water shortages may be limited to a few districts, in
which case additional water supplies might be available through either WHCSWSC
or nearby districts. If not, conservation measures will be needed. Responses
to the shortage will be more drastic as the level of water shortage
increases. Each level is discussed here and the conclusions are summarized in

Table 2.

- Mild Water Shortage

Voluntary use reductions will be employed to lower water demand.
Residential customers should be informed of the situation and of possible
ways to cut down on excessive water use. During the summer, this would
include sprinkling only 20% of the lawns on any given day as discussed in
the conservation plan. Insulating pipes rather than running water to
keep pipes from freezing would be suggested in the winter. Ma jor
commercial customers should be contacted individually and asked to
restrict water use. All customers should check for dripping faucets,

running toilets and hidden leaks.

- Moderate Water Shortage

For a moderate water shortage, all actions taken for a mild shortage
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would apply with the exception that sprinkling restrictions would be
mandatory rather than voluntary. In addition, some nonessential outdoor
water uses would be limited or forbidden. Public outdoor water uses
which would be restricted include street washing, flushing fire hydrants,
watering parks and filling pools. Targeted private outdoor activities
would be the washing of cars, windows or pavement. A careful check
should be kept on whether groundwater withdrawals are nearing the amount

permitted by the HGCSD.

- Severe Water Shortage

When a severe level of shortage is reached, the same household and
commercial  restrictions mentioned for lesser shortages would be
requested. Additionally, all outdoor water use would be prohibited, and
penalties would be imposed, if possible, on any customer using excess
water. If the total groundwater pumpage reachkes the amount permitted by
the HGCSD, the subsidence district should be contacted for permission to

exceed the permitted amount.

- Critical Water Shortage

In a critical shortage, water demand exceeds the total water supply.
It is important to maintain adequate water supply and pressure for
cssential activities. To ensure this, water would be rationed or cut off
to selected wusers, if possible. Industrial and institutional users would

have lowest priority, followed by commercial wusers, then residential



users, and finally by public health and safety facilities. In addition
to these drastic measures, substantial emphasis would be placed on
voluntary indoor reductions, and outdoor water use would be prohibited.
Again, if the allowable groundwater withdrawal has been exceeded, the
HGCSD would be notified and petitioned for appropriate increases in

allowable groundwater withdrawal.

mpl ntation Water r nti ncy Plan

With the numerous political subdivisions in the WHCSWSC service area, it
will be virtually impossible to determine solely from the water demand on the
WHCSWSC system whether an isolated shortage exists within the service area.
Due to differences in pumping capacities, groundwater supply availabilities,
and what portion of the daily water requirements are purchased from WHCSWSC,
each district or city will have a wunigue situation. Each entity will need to
use the foregoing suggestions to decide when a given level of shortage
exists. The WHCSWSC will attempt to handle shortages in a fair manner among
its customers by increasing water supplies, if possible, to those who have the

highest level of shortage.

It will be the responsibility of each district or city to enforce any
water use restrictions placed on its residents. The WHCSWSC will have the
power to impose surcharges on any customer which withdraws excess water from

the distribution system, creating water shortages for other customers.
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WHCSWSC will be responsible for determining when the water supply
received from the City of Houston is insufficient to meet the demands due to a
reduction in WHCSWSC’s supply allocations. The Corporation will develop its
own contingency plan and notify each utility of the Corporation’s procedures
for handling shortages caused by a reduction in water supply from the City of

Houston.
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TABLE 2

PROPOSED WATER SHORTAGE CONTINGENCY PLAN

LEVEL OF
SHORTAGE DEFINITION

Mild DEMAND = 0.80 x T.S.
Moderate DEMAND = 090 x T.S.
and/or PUMP = 0.90 x PERM
Severe DEMAND = T.S.
and/or PUMP = PERM
Critical DEMAND T.S.
and/or PUMP PERM
Note:

RESPONSE

Voluntary indoor and outdoor use
reductions

Voluntary indoor reductions,
mandatory outdoor restrictions

Voluntary indoor reductions, no
outdoor use, penalty for excess use

Voluntary indoor reductions, no
outdoor use, ration or cut off use

DEMAND = Three-Day Average Water Demand

T.S. = Total Water Supply Available to the District

PUMP

PERM

= Annual Amount of Groundwater Pumped to Date

= Permitted Groundwater Withdrawal
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4.0 CONCLUSIONS AND RECOMMENDATIONS

A tentative plan for water conservation and water shortage response has
been outlined in this report. While details of the operation of the WHCSWSC
are not yet final, the plan seems to be workable. It is clear that the
greatest obstacle to a single plan for the entire WHCSWSC service area is the
large number of political subdivisions which would need to agree to it. For
this reason, the plan which has been recommended in this report is broad in
nature. Items which are considered to be most important will be stressed for
adoption by all WHCSWSC customers, while others will be left to the discretion

of the utility districts and cities themselves.
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EXECUTIVE SUMMARY

Purpose and e

The purpose of this study, undertaken by the West Harris County Surface
Water Supply Corporation (WHCSWSC), is to produce an implementation program
that will provide a reliable, long-term surface water supply to west Harris
County. This implementation program is an extensicn of the Houston Water
Master Plan (HWMP) which is a comprehensive look at water supplies and demands
for the Houston region through the year 2030. The results of this Appendix
has been modified to include the February, 1988 revisions to the City of
Houston Water Master Plan.

The scope of work for this phase of the implementation plan deals with
water supplies and demands for the WHCSWSC study area. Current demand
information for municipal and public utility districts, cities and private
industries will be used to supplement the information provided in the HWMP to
arrive at present and future water requirements for the area., Three potential
surface water supply sources, the Northeast System, the North System and the
Southwest System will be evaluated and service areas will be defined.

Are

The WHCSWSC study area encompasses the majority of western Harris County.
Approximate boundaries are Spring Creek on the north, the Harris County line
on the west and south, the City of Houston city limits on the east and F.M.
146 on the northeast.

Background

Area growth has resulted in a substantial increase in groundwater
withdrawal which, in turn, has caused a decline in the area water table,
partial or complete capacity loss of a number of wells, intrusion of
contaminates and land subsidence.

Efforts to reduce subsidence have called for shifts from groundwater use
to surface water. The Harris-Galveston Coastal Subsidence District was
created in 1975 to regulate groundwater pumpage and has developed a plan to
address the subsidence problem in eight regulatory areas. The HGCSD has the
power to amend or revoke well permits and require conservation measures be
taken.

Population growth and associated increases in water demand are expected to
occur in the WHCSWSC study area between the present and 2030, Much of this
study area falls within one of the HGCSD regulatory areas requiring conversion
to surface water. Currently, there are no surface water supplies available to
serve the demands of the area. An implementation program defining timing and
costs to develop a surface  water source, treatment facilities, and
transmission networks is therefore needed.
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WATER DEMAND

Dat rces and lection

Data was collected from the HWMP and the HGCSD to determine historic and
future water demands within the WHCSWSC study area. The study area was
divided into six municipal demand arcas (MDAs) comprised of a number of
contiguous census tracts with similar land use characteristics. Historic and
future water demands were determined for each MDA to establish a total demand
required by the WHCSWSC study area. Data relative to the overall Houston area
was derived from the HWMP while data on the individual users within the
WHCSWSC was obtained from the HGCSD and the users themselves. The data used
in this appendix is consistent with the February, 1988 revisions to the HWMP.
Water conservation was not included in the water demands evaluation in the
Appendix.

The existing water users within the WHCSWSC study area consist primarily
of conservation and reclamation districts such as municipal utility districts,
water control and improvement districts and fresh water supply districts, and
a few small cities. These users presently rely on groundwater as their sole
source of water supply.

Existing Water Use

The WHCSWSC study area is divided into six MDAs similar to those used in
the HWMP. The WHCSWSC study area contains all of MDAs 31 and 32 and portions
of MDAs 24, 25, 26 and 33. The four partial MDAs, which will be called MDAs
24W, 25W, 26W and 33W, consist of portions of the HWMP MDAs which fall inside
the WHCSWSC planning boundaries.

Groundwater pumpage records were obtained for each municipal utility
district, city and industry for a seven year period from 1980 to 1986. This
data was compiled to determine water pumpage for each of the six WHCSWSC
MDAs. Table ES-l presents this historical data.

TABLE ES-1
AVERAGE DAILY WATER PUMPAGE IN WHCSWSC PLANNING AREA, 1980 - 1986

AVERAGE DAILY PUMPAGE (MGD)

1980 1981 1982 1983 1984 1985 1986
MDA 24W 1.77 2.56 4.15 4.32 5.53 5.97 6.12
MDA 26W 1.70 2.02 291 3.18 3.87 457 4.29
MDA 286W 3.30 3.76 5.08 5.08 6.17 8.79 6.66
MDA 31 5.51 6.19 8.46 8.88 10.28 11.32 10.39
MDA 32 2.03 2.33 2.99 3.19 3.81 4.20 4.25
MDA 33W _183 _184 261 _2.82 _8.30 349 _4.09
TOTAL WHCSWSC 16.14 18.70 26.20 27.47 83.06 36.34 35.80
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Projected Water Demands

Projected water demands were computed in the HWMP by determining gallons
per capita (or per employee) per day wuse criteria, assigning these demand
criteria to each MDA, and multiplying them by the projected population and
employment figures for each MDA. An econometric model developed by Rice
Center was selected in the HWMP to project future growth.

Maximum day demands were used to determine required treated water supply
systems and were computed by multiplying the average daily demands by a peak
day factor which ranged from 16 to 2.0. Table ES-3 presents projected
maximum daily demands within the WHCSWSC study area.

TABLE ES-2
PROJECTED MAXIMUM DAILY WATER USAGE BY MDA

MAXIMUM DAILY USAGE (MGD)

MDA 1985 1990 2000 2010 2020 2030
24W 7.52 7.52 11.82 15.60 16.90 16.73
25W 10.52 10.52 15.37 20.16 24.19 27.58
26W 12.48 12.57 18.18 24.80 29.55 33.31
31 16.05 16.05 28.77 46.88 64.96 79.70
32 8.34 8.34 14.41 21.96 30.09 38.18
33w £12 L.12 A1 1425 18.03 20.33
TOTAL 61.03 61.03 98.06 143.65 183.72 215.83
WHCSWSC

II-iv



RFACE WATER PPLY

Area River Basins

A number of surface water sources are available for use by the WHCSWSC.
The WHCSWSC planning area is located in the San Jacinto River Basin, however,
major rivers and reservoirs within the adjacent Trinity and Brazos River
Basins were also considered as potential sources.

Northeast Suppl m

The Northeast Supply System consists of raw water from the San Jacinto
River Basin supplemented by water from the Trinity and Sabine River Basins as
outlined in the HWMP. The City of Houston has indicated that they propose to
build a Northeast Water Purification Plant near Lake Houston, Preliminary
sizing of this plant ranges from 425 MGD to 625 MGD ultimate maximum daily
capacity (year 2030).

hw 1 m

The Southwest Supply System consists of raw water taken from the Brazos
River Basin. The Brazos River and/or Canals A and B would supply a proposed
Southwest Purification Plant located south of FM. 1093 and north of the
Brazos River. Preliminary sizing of this plant indicates approximately 100
MGD ultimate maximum daily capacity (year 2030). Allen’s Creek Reservoir,
originally proposed by Houston Lighting and Power Company to supply cooling
water for a proposed power plant, is also a potential source of surface
water. The BRA has offered the WHCSWSC a permanent average daily supply of
water up to 133 MGD (226 MGD - maximum daily) is available upon construction
of this reservoir and recapturing water previously committed to HL&P by the
Brazos River Authority.

North 1 stem

The North Supply System consists of surface water from the Trinity, Brazos
and San Jacinto River Basins. Development of Lake Millican and Bedias
Reservoir and raw water conveyance Ssystems to Lake Conroe would be part of
this supply system. The proposed location of a Northwest Water Purification
Plant would be south of Lake Conroe with an ultimate maximum daily capacity of
350 MGD (year 2030).
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ALTERNATE SERVICE AREAS

Approach and Methods

Five alternate service areas were investigated to determine surface water
supply versus demand relationships and also availability to meet the
conversion dates outlined in the HGCSD Plan. The alternate service areas were
divided as follows:

Alternate No. 1 - Southwest System Service South of Highway 290
Northeast System Service North of Highway 290

Alternate No. 2 - Southwest System Service South of F.M. 529
Northeast System Service North of F.M. 529

Alternate No. 3 - Southwest System Service South of Clay Road
Northeast System Service North of Clay Road

Alternate No. 4 - Southwest System Service South of ILH. 10
Northeast System Service North of LH. 10

Alternate No. 5 - Southwest System Service South of Clay Road
North System Service North of Clay Road

Table ES-3 presents a summary of surface water requirements for each
alternate from 1985 to 2030. For purposes of computing surface water
requirements in 2030, it was assumed that HGCSD regulatory area eight will be
given a conversion requirement of 80% in that year. All surface water demands
are in terms of maximum daily demands while all surface water supplies are in
terms of average daily flows.
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TABLE ES-3

SUMMARY OF SURFACE WATER REQUIREMENTS BY ALTERNATE
(MAXIMUM DAILY DEMANDS)

CITY OF

HOUSTON  WHCSWSC TOTAL TOTAL TOTAL

SOUTHWEST SOUTHWEST SOUTHWEST NORTHEAST* ALL AREAS
YEAR _(MGD) MGD) AMGD) AMGD) AMGD)
ALTERNATE 1 - BOUNDARY AT 2
1985 0.00 0.00 0.00 0.00 0.00
1995 65.27 0.00 65.27 0.00 65.27
2000 89.82 16.14 105.96 0.00 105.96
2005 89.82 16.14 105.96 9.66 115.62
2010 89.82 44.76 134.58 36.18 170.76
2012 101.17 4476 14593 36.18 182.11
2020 10117 44.76 145.93 36.18 182.11
2030** 101.17 86.25 187.42 43.85 231.27
ALTERNATE 2 - BQUNDARY AT FM. 529
1985 0.00 0.00 0.00 0.00 0.00
1995 65.27 0.00 65.27 0.00 65.27
2000 89.82 16.14 105.96 0.00 105.96
20035 89.82 16.14 105.96 9.66 115.62
20610 85.82 39.25 129.07 41.69 170.76
2012 101.17 39.25 140.42 41.69 182.11
2020 101.17 39.25 140.42 41.69 182.11
2030+ 101.17 76.29 177.46 53.80 231.26
ALTERNATE RS - NDARY AT CLAY AD
1985 0.00 0.00 0.00 0.00 0.00
1995 65.27 0.00 65.27 0.00 65.27
2000 89.82 15.74 105.56 0.41 105.97
2005 85.82 15.74 105.56 10.06 115.62
2010 89.82 15.74 105.56 65.21 170.77
2012 101.17 15.74 116.91 65.21 182.12
2020 101.17 15.74 116.91 65.21 182.12
2030%* 101.17 38.79 139.96 91.30 231.26
ALTERNATE 4 - BOUNDARY AT 1H, 10
1985 0.00 0.00 0.00 0.00 0.00
1995 65.27 0.00 65.27 0.00 65.27
2000 89.82 1249 102.31 3.66 105.97
2005 89.82 12.49 102.31 13.31 115.62
2010 89.82 12,49 102.31 68.46 170.77
2012 101.17 12.49 113.66 68.46 182.12
2020 101,17 12.49 113.66 68.46 182.12
2030%* 101.17 19.79 120.96 110.30 231.26

*In Alternate 5, the Northeast System is replaced by the North System.
**Harris-Galveston Coastal Subsidence District plan for surface water use ends

at 2020. Required surface water for 2030 was estimated assuming that Area 8
will be required to convert to 80% surface water in that year.
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Comparison of Alternates

Considerations of supply adequacy were based on the minimum surface
water required to meet the HGCSD conversion plan. The minimum
requirecments climb in a stair-step fashion rather than linearly, however,
the minimum requirements for the City of Houston Southwest Supply System
and the total for the WHCSWSC supply area do not vary between alternates.

The total average daily supply available from the SWWPP is assumed to be
133 MGD (226 maximum daily) which is adeguate to supply the projected
Southwest Service Areas in all alternates.

Some consideration must be given to the timing of the availability of the
surface water. In the Southwest service area, the first conversion
requires 65 MGD in 1995 This is the same for all alternates. It may be
estimated that the SWWPP will take around six years to bring on-line from
design to completion which if started by 1989 will allow the first phase
of the Southwest plant to produce water in time to meet the 1995 HGCSD
conversion date.

Timing issues are more complex in the North and Northeast service areas.
Alternates 1 and 2 both require about 10 MGD at 2005. Alternates 3 and 5
call for 0.5 MGD in 2000, and Alternate 4 requires 4 MGD in 2000. The
quantities of surface water needed in 2000 or 2005 for any alternate are
small and it is likely that this area would be supplied from the Southwest
Supply System until 2005 or 2010, when most of the northern area will then
convert to surface water. The WHCSWSC has been asked to provide the City
with an amount of surface water needed from the NEWPP so that it can be
designed for the additional capacity. The amount of maximum daily surface
water demand required from the proposed plant for Alternative 1 and 2
would be approximately 36 MGD and 41 MGD respectively by the vear 2010.
For Alternative No. 3 and 4 in the year 2010 the amount would be 65 MGD
and 68 MGD respectively.

For Alternate 5, the North Supply System must be considered. The NWWPP is
proposed to have a capacity of 350 MGD in 2030. However, the majority of
the surface water for this plant is to originate in two proposed
reservoirs, Lake Millican and Bedias Reservoir. Construction of these
sources would probably take about thirty years, yielding a compietion date
of 2018. Using this alternate, it would be unlikely to meet the HGCSD
conversion dates for regulatory areas six and seven. The areas could be
temporarily supplied from the Southwest System.
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NCLUSION

The Southwest Supply System will be adequate to meet the projected
Southwest Service Area surface water demands in all of the alternatives. As a
result, the available surface water will not be the deciding factor in
determination of service area boundaries. However, the phasing of the - service
areas during interim conditions will influence the decision of service area
boundaries. The remaining major factor in service area boundary determination
will be the cost analysis ail of which will be evaluated and reported later in
Appendix IV,
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1.0 INTRODUCTION

Purpose and Scope

The purpose of this study is to produce an implementation program that
will provide a reliable, long-term surface water supply to West Harris
County. This proposed implementation program is an extension of the Houston
Water Master Plan (the "HWMP") which has been thres years in the making. The
Houston Water Master Plan is a comprehensive study of water demands and
supplies for the region through the year 2030 and provides a realistic look at
the limits of groundwater availability and a conceptual plan for conversion to
surface water, In order to bring this plan to reality, careful consideration
must be given to specific details of a workable implementation program. To
this extent, the West Harris County Surface Water Supply Corporation (the
"WHCSWSC") intends to refine the HWMP for its specified study area and provide

the details necessary for implementation.

The project scope of work for this phase of the implementation program
deals with water demands and supplies. Evaluation of water demands for West
Harris County will entail identifying current demands for municipal and public
utility districts, incorporated municipalities, and private industries. This
demand information will be used to supplement the information provided in the
HWMP and its February 1988 revisions, which will be the 'primary planning

documents for this effort. All demands and projections presented in the HWMP




will be compared with historic data for the WHCSWSC study area for general
agreement. Water conservation reductions were not included in this Appendix

to be consistent with the HWMP as formulated in February, 1988.

Evaluation of water supplies for West Harris County will involve
investigation of three potential sources of surface water, The first is
purchasing water from a future City of Houston Northeast Water Purification
Plant (the "Northeast System")., The second is from the Brazos River out of a
future Southwest Water Purification Plant (the "Southwest System"). The third
is from a Trinity/Brazos/San Jacinto System as described in the western
alternative of the HWMP (the "North System"). The evaluation of the North
Water Supply System will be accomplished under Phase IIT of this study, which
will allow the City of Houston time to decide if a western alternative is to

be selected for the HWMP,

Several alternate service areas will be defined and evaluated based on
water demands and timing for each of the supply systems. The service areas
will be investigated with regard to the long-term conversion plans as

designated by the Harris-Galveston Coastal Subsidence District (the "HGCSD™).
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Study Area

The geographical area for the WHCSWSC implementation program consists of a
Jarge portion of West Harris County. The approximate boundaries are Spring
Creek on the north, Harris County boundary line on the west and south, the
City of Houston current City limits on the east and F.M. 149 on the northeast,
as shown on Figure [. Approximately 443 square miles (283,500 acres) comprise
the planning area with the majority located within the City of Houston’s
extraterritorial  jurisdiction. Smaller portions of the planning area

encompass either the City limits or a portion of the extraterritorial

jurisdiction of Jersey Village, Waller and Katy. Approximately 200
conservation and reclamation districts fall within the planning area. These
are listed on Table L The planning boundaries were sclected to allow

regional surface water planning to be accomplished on a large scale, which

will help to reduce the cost to individual users.

The planning boundaries to the north and northeast were located to
¢liminate overlaps with studies presently being done by the North Harris
County Water Supply Corporation and to minimize any overlap with the San
Jacinto River Authority. The boundaries on the south and southeast were
located to coincide with the City of Houston city limits, therefore
eliminating any duplication of studies being done within the city limits of

Houston.
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TABLE 1
PLANNING AREA CONSERVATION AND RECLAMATION DISTRICTS

No. Name of Dijstrict No, Name of District

L Addicks U.D. 42, Harris County MUD 90

2. Barker-Cypress MUD 43. Harris County MUD 102
3. Beechnut MUD 44. Harris County MUD 105
4. Bissonet MUD 45. Harris County MUD 107
5. Braes U.D. 46. Harris County MUD 118
6. Camfield MUD 47. Harris County MUD 119
7. Castlewood MUD 48. Harris County MUD 120
8. Chelford City MUD 49. Harris County MUD 127
9, Chelford One MUD 50. Harris County MUD 130
10. Chimney Hill MUD 51,  Harris County MUD 136
11. Cimarron MUD 52. Harris County MUD 137
12. Cinco MUD 3 53. Harris County MUD 144
13. Cinco MUD 5 54. Harris County MUD 147
14, Cinco MUD 6§ 55. Harris County MUD 149
15. Cinco MUD 9 56. Harris County MUD 155
16. Clay Road MUD 57. Harris County MUD 156
17. Cornerstone MUD 58. Harris County MUD 157
18. Cypress Creek U.D. 59. Harris County MUD 158
19. Cypress Hill MUD 1| 60. Harris County MUD 162
20. Cypress Hill MUD 2 61. Harris County MUD 163
21. Emerald Forest U.D. 62. Harris County MUD 165
22. Faulkey Gully MUD 63. Harris County MUD i66
23, Fry Road MUD 64. Harris County MUD 167
24. Grant Road PUD 65. Harris County MUD 168
25. Green Trails MUD 66. Harris County MUD 170
26. Harris County FWSD 6l 67. Harris County MUD 172
27. Harris County MUD 6 68. Harris County MUD 173
28. Harris County MUD 18 69. Harris County MUD 175
29. Harris County MUD 23 70. Harris County MUD 177
30. Harris County MUD 25 71.  Harris County MUD 179
31. Harris County MUD 29 72. Harris County MUD 183
32. Harris County MUD 52 73. Harris County MUD 185
33, Harris County MUD 61 74, Hazris County MUD 186
34. Harris County MUD 62 75. Harris County MUD 188
35. Harris County MUD 63 76. Harris County MUD 190
36. Harris County MUD 64 77. Harris County MUD 194
37. Harris County MUD 65 78. Harris County MUD 195
38. Harris County MUD 69 79. Harris County MUD 196
39. Harris County MUD 70 80. Harris County MUD 197
40. Harris County MUD 71 81. Ha-ris County MUD 199
41, Harris County MUD 81 82. Harris County MUD 208



TABLE 1 (Cont'd)

PLANNING AREA CONSERVATION AND RECLAMATION DISTRICTS

No.

83.
84.
85.
86.
87.
88.
89.
50.
91,
92.
93.
94,
95.
96.
97.
98.
99

100.

101

102,

103.
104.

105,

106.

107.
108.

109.
110.
111

112,
113.
114.
115,

116.

117,

118.
119.

120.
121,
122.
123.
124.

Name of District

Harris County MUD 216
Harris County MUD 222
Harris County MUD 223
Harris County MUD 225
Harris County MUD 229
Harris County MUD 230
Harris County MUD 237
Harris County MUD 238
Harris County MUD 239
Harris County MUD 240
Harris County MUD 243
Harris County MUD 246
Harris County MUD 247
Harris County MUD 248
Harris County MUD 250
Harris County MUD 252
Harris County MUD 255
Harris County MUD 256
Harris County MUD 257
Harris County MUD 259
Harris County MUD 261
Harris County MUD 263
Harris County MUD 264
Harris County MUD 268
Harris County MUD 272
Harris County MUD 273
Harris County MUD 276
Harris County MUD 277
Harris County MUD 280
Harris County MUD 281
Harris County MUD 282
Harris County MUD 283
Harris County MUD 284
Harris County MUD 286
Harris County MUD 287
Harris County MUD 288
Harris County MUD 289
Harris County MUD 306
Harris County MUD 317
Harris County MUD 318
Harris County MUD 319
Harris County MUD 325
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125.
126.
127.
128.
129.
130.
131
132.
133,
134,
135.
136.
137.
138.
139.
140.
141,
142,
143.
144,
145.
146.
147.
148.
149,

150.

151.

152.
153.
154.
155.

156.
157.
158.
159.

160.

161.

162.
163.

164.

1635.

166.

f Distri

Harris County U.D. 6
Harris County WCID 113
Harris County WCID 133
Harris-Ft. Bend MUD 1
Harris-Ft. Bend MUD 3
Harris-Ft. Bend MUD 4
Harris-Ft. Bend MUD 5
Horsepen Bayou MUD
Interstate MUD

Jackrabbit Road PUD
Kingsbridge MUD

Lake Forest U.D.

Langham Creck U.D.
Lenghorn Town U.D,
Malcomson Road U.D.
Mason Creek U.D.

Mayde Creek MUD
Memorial MUD

Mills Road MUD

Mission Bend MUD 1
Mission Bend MUD 2
Morton Road MUD
Northwest Freeway MUD
NW Harris County MUD 5
NW Harris County MUD 9
NW Harris County MUD 10
NV Harris County MUD 12
NW Harris County MUD 135
NW Harris County MUD 16
NW Harris County MUD 25
NW Harris County MUD 27
NW Harris County MUD 29
Northwest Park MUD
Nottingham Country MUD
Park Ten MUD

Pecan Park MUD

Reid Road MUD 1

Reid Road MUD 2
Remington MUD 1
Remington MUD 2
Remington MUD 3

Renn Road MUD



TABLE 1 (Cont’d)
PLANNING AREA CONSERVATION AND RECLAMATION DISTRICTS

No. Name of District

167. Ricewood MUD

168. Rolling Creek U.D.

169. Rolling Fork PUD

170. Spencer Road PUD

171. Timberlake 1.D.

172. West Harris County MUD 1
173. West Harris County MUD 2
174. West Harris County MUD 4
175. West Harris County MUD 5
176. West Harris County MUD 6
177. West Harris County MUD 7
178. West Harris County MUD 8
179. West Harris County MUD 9
180. West Harris County MUD 10
181. West Harris County MUD 11
182. West Harris County MUD 14
183. West Harris County MUD 15
184, West Harris County MUD 16
185. West Harris County MUD 17
186. West Harris County MUD 20
187. West Memorial MUD

188. Westlake MUD 1

189. Weston MUD

190. Westpark MUD

191. Westway U.D,

192. White Oak Bend MUD

193. White Oak/1960 MUD

194. Willow Chase MUD

195. Windfern Forest U.D.
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Development of surface water supply sources to supplement groundwater
supplies has been an ongoing process by the City of Houston since 1966 when
Phase I of a three-phase Water Master Plan was completed. Since that time,
numerous revisions and updates to this plan have been initiated with the
latest effort being the comprehensive Houston Water Master Plan (HWMP) by
Metcalf and Eddy. The HWMP represents a detailed study of water demands and
supplies for the entire e¢ight county region surrounding the City of Houston,
The HWMP also provides a realistic look at the limits of groundwater
availability in the region and addresses a conceptual plan for conversion to
surface water. The HWMP has been recently revised (February, 1988) to account
for the economic slow down in the Greater Houston Area. The population
projections and water demands were revised to assume no growth between 1985
through 1990, After 1990 the growth pattern was assumed to resume as
previously projected. However, at the time of the development of this
Appendix, water conservation reductions were not included in the HWMP

projections.

The existing users within the WHCSWSC planning area consist primarily of
conservation and reclamation districts, such as municipal utility districts,
water control and improvement districts and fresh water supply districts, and
a few small incorporated cities. These wusers presently rely on ground water
as their sole source of water supply. Water supply for municipal use has been
facilitated in the past by the abundance and excellent quality of regional

groundwater. Wells yielding quality water requiring only chlorination could
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be easily drilled virtually anywhere at fairly low cost. For this reason, the
municipal water system has developed as a series of wells and distribution
pump stations with each individual well and distribution system supplying a

specific subdivision or area of a city.

As a result of heavy groundwater withdrawal, the area water table has
substantially declined over the last several years, causing partial or
complete capacity loss in a number of wells. A portion of the wells in
operation have experienced a serious intrusion of natural gas causing
increcased treatment costs. Contamination from radiation and other trace
elements presently regulated by the State Department of Health has occurred in
a smaller portion of the existing wells. Continued increased pumpage will
likely lower the water table further and increase the chances of well
contamination, eventually producing a shortage of potable water in the

planning area,

Land subsidence, caused by the pumping of groundwater, has also been a
problem in the Houston area. By 1975, land subsidence had reached a critical
state with nearly nine feet of elevation lost in southeast Houston and over
one foot lost in the majority of Harris and Galveston Counties. Efforts to
reduce or eliminate subsidence have called for shifts by municipal and
industrial users from groundwater to surface water. The dramatic decreases in
subsidence realized in southeast Houston are the direct result of reducing
groundwater withdrawal, Recently a shift in the location of greatest
subsidence has occurred from the eastern coastal region to west and southwest

Houston where between 1978 and 1983 over one foot of elevation was lost.
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Projections have indicated the possibility of up to 12 feet of elevation loss
between now and 2020 if a surface water source is not developed in southwest

Houston.

With the creation of the Harris-Galveston Coastal Subsidence District in
1975, the reality of conversion to surface water has come into focus. As a
result of growth and increased groundwater withdrawal, the HGCSD has developed
an eight regulatory area plan to address subsidence through 2020 (see
Attachment 2), Figure 2 shows the boundary lines of the eight regulatory
areas as determined by the HGCSD. Regulatory areas which overlap with the
WHCSWSC study planning boundaries are Areas 3, 4, 6, 7 and 8. Table 2 lists a
summary of the HGCSD plan requirements, Basically, Areas 3 thru 7 will be
limited by the HGCSD to wusing not more than 20% groundwater at certain
conversion years. The conversion dates fall between the years 1995 to 2010,
and increases in groundwater use above 20% will be permitted thereafter only
as long as surface water use does not decrease. In Area 8 increases in
groundwater withdrawal may be permitted through 2020, however, supplying areas
outside of the boundaries of Area 8 would be prokibited. For the purpose of
this study, Area 8 was assumed to have a conversion date of 2030, when not
more than 20% groundwater withdrawal will be permitted. The HGCSD has the
power to amend or revoke permits as well as requiring ¢onservation measures as

a condition on certain well permits.

Population is expected to grow in all eight surrounding counties of the

Houston region between the present and 2030. The highest growth is forecast

for Harris County, with a net change of approximately 2,300,000 persons.
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TABLE 2 (Cont’d)

SUMMARY OF HGCSD PLAN REQUIREMENTS BY SUB-AREA

IRE N R1 H THEY TAKE EFFECT
SUB-AREA  CURRENT-1990 1990-2000 2000-2010 2010-2020
Eight Increases in Same as prior Same as prior Same as prior
groundwater period. period. period.
permitted;
Groundwater

withdrawn in
this area may
not be supplied
to areas outside
boundaries.
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Previous studies have indicated that within Harris County itself, the western
portions of the county will experience the majority of the projected municipal
growth. Figures 3 and 4 are reproduced directly from Appendix D of the HWMP
and graphically show the extent of future Houston urbanization and population

change between 1985 and 2030.

Along with this expected future growth will come a steady increase in
water demand. For the WHCSWSC planning area, the maximum daily water demand
is projected to remain at 61 MGD from 1985 through 1990. After 1990 it is
projected to increase to 216 MGD by the year 2030. At present virtually 100%

of the water demands of the area are supplied by groundwater.

As previously presented, much of the WHCSWSC planning area falls within
one of the HGCSD regulatory areas requiring conversion to surface water.
Subsidence monitors located in southwest Houston and Addicks indicate a
continuing land subsidence of approximately one and a half inches per year.
To reduce this loss of elevation will require reduction in groundwater pumpage
and the delivery of surface water to the area. Currently, there are no
existing surface water supplies available in West Harris County to serve the
present or future demands of the area. The majority of alternative surface
water supplies mentioned in prior studies for the City of Houston are located
to the northeast of the City. This will result in a substantial long-term
cost of transporting water across the City to areas in West Harris County
where the greatest future municipal demand is expected. Clearly, a surface
water source, treatment facilities, and transmission networks are needed to
serve the West Harris County area and comply with the existing HGCSD

regulations.
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Lead time and revenue are necessary to provide new surface water supplies
and the associated treatment and transmission facilities. An implementation
program accurately defining timing and costs of a new surface water supply is

therefore a necessity.
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A rizati

This implementation plan was authorized by contract between the Texas
Water Development Board and the West Harris County Surface Water Supply

Corporation dated July 29, 1987.

Fifty percent of the costs associated with the implementation plan will be
funded by Texas Water Development Board Planning and Research Grant funds with
the remaining fifty percent being funded by the West Harris County Surface

Water Supply Corporation.
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2.0 WATER DEMANDS

Approach and Methods

It is the goal of the WHCSWSC to provide surface water for West Harris
County in a timely and efficient manner. Existing and future water demands
are the most important pieces of information needed to formulate a plan to
accomplish this goal While historic water use data is fairly easy to obtain,
projections of future water use are affected by numerous factors which make
estimating difficult. Economic growth is the driving force behind these
factors. The City of Houston Water Master Plan examined three projections of
economic growth for Houston and the surrounding areas, covering the years 1985
to 2030. Of the three, an econometeric model developed by Rigce Center was
selected to form projections of population, employment and water demands. The
projections were revised to include the areas recent economic downturn. The
revised HWMP projections were used to compute future water demands for the
service area of WHCSWSC. Water demand reductions due to water conservation
measures were not included to be consistent with the HWMP as reported in
February, 1988. To better understand the potential customers of the WHCSWSC
and to confirm the projections in the HWMP, detailed knowledge of the types of
water use currently in the study area was gatherec¢. This data was compiled

into a Lotus 1-2-3 database for easy reference and handling,
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D rces and Collection

Data was collected from a variety of sources to build a complete picture
of historical and future water use in the proposed study area of the WHCSWSC.
This data falls into two broad categories: information relative to large
areas derived from the HWMP, and information obtained on the individual water
users in the WHCSWSC study area, The following paragraphs explains the
sources of data used to formulate water demand projections and the types of

data obtained.

Data from the Houston Water Master Pian

The City of Houston Water Master Plan thoroughly addresses the
question of projected water demand in three appendices. They are Appendix
C, "Current Water Uses,” Appendix D, "Population and Growth Projections,”

and Appendix H, "Water Demands."

Appendix C provides an inventory of current water uses during the
period from 1980 to 1984. This is limited to the City of Houston and to
the Coastal Water Authority. Water use is not broken down by location,
but trends of water demand by user category are examined for the five

years.
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Population and growth projections from the Rice Center econometric
model of Houston’s economic growth are the topic of Appendix D of the
HWMP. For a breakdown of the projected variables by Ilocation, census
tracts were used. The tracts were grouped into 46 Municipal Demand Areas
(MDAs) within Harris County and 19 in the seven surrounding counties.
Each MDA is contiguous and has fairly similar land wuse characteristics.
Projections for population, employment, housing and land use were prepared
for each census tract in the HWMP study area, and the data was presented
in the appendix for each MDA. The Rice Center econometric model yielded
consistently higher forecasts than did other projection scenarios thereby
producing a prudent basis for water demand projections. These projections
were revised by the City of Houston’s Master Plan Consultant in February
of 1988. The revisions were made to account for the Greater Houston’s
Area economic slow down between the years 1985 through 1990. The
projections were assumed flat through these five years. After 1990 it was
assumed the growth would continue as projected by the Rice Center
econometric model. These revised projections were used in developing this

report.

Appendix H of the HWMP and its revisions combined the information
amassed in Appendix D and its revisions with a one year record of water
billing in the City of Houston to calculate per capita and per employee
water demands throughout the City., These numbers were used to project
water demand during the time period of the study. As in Appendix D,

computations were performed on a census tract level and reported by MDA,
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All water demand projections in the HWMP are for consumer use only
and do not include unaccounted-for water in the system. Predictions of
water needs in the WHCSWSC study area were taken from Appendix H and its
revisions. For greater accuracy when dealing with partial MDAs, a listing
of water demands by census tract was obtained from Metcalf and Eddy, the

consultant for the HWMP,

Data on Specific WHCSWSC Water Users

To aid in the deeper understanding of water needs, a list of the
water users in the WHCSWSC study area was compiled. These wusers are
principally municipal utility districts and the cities of Jersey Village,
Katy and Waller, although there are some commercial and industrial users
prcscht. An alphabetical listing of the municipal districts within the
study area was previously presented in Table L This list of utility
districts has two sources. The names of districts in the study area were
taken from a municipal utility district map published by the Houston City
Planning Commission in 1984, updated to December 30, 1986. In addition, a
complete listing of active wutility districts within Harris County, as of
January 1987, was obtained from the Texas Water Commission. This list was
used to eliminate districts which had been dissolved, consolidated,
annexed, or become inactive; and to add districts which had been created
recently. Districts within the WHCSWSC plannirg area boundary are shown
on Figure 5. All deleted districts have been removed from the figure and
all but five new districts have been added. No boundary map could be
obtained for the omitted districts; however, none of these had begun

pumping water by 1986.
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TABLE

INDUSTRIAL AND COMMERCIAL WATER USERS HAVING WELL PERMITS

10,
11.
12.
13.
14.
15.
16.

17.

NAME OF INDUSTRY

Baker Service Tools

Baker Tubular Services

Bear Creek Golf World
Britmore Utility Company
Cameron Iron Works
Enchanted Valley Water Supply
Gifford-Hill & Company
Hearthstone Country Club
National Steel Products
Northwest Water Systems, Inc.
Peek Road Utilities

Tall Pines Utility

Texas Instruments

Tower Oak Bend Wcter Supply
Treeline Golf Club, Inc.
Trumix Concrete Company

Trunkline Gas Company
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Industrial and commercial water users having their own wells with
yearly consumptions greater than approximately three million gallons are
listed in Table 3. This list was compiled wusing well permit data
available from the HGCSD. The list of industrial users is not intended to
be a complete list of all significant industries in the area, since many
industries and businesses buy their water from cities and water
districts. It was compiled to account for additional water use in the

study area.

The most important information needed to evaluate projected water
demands is the historic demand of all users. A time frame from 1980 to
1986 was chosen to overlap the time frame in Appendix C of the HWMP, 1980
to 1984, Since no surface water is currently used in western Harris
County, groundwater pumpage reports form a nearly complete record of water
use within the service area. The HGCSD proved to be the most convenient
source of pumping data. Each owner of a well six inches or greater in
diameter is required to submit to HGCSD a vyearly report indicating
groundwater pumpage by month. Copies of these reports were obtained for
each utility district in the study area having a well permit. An annual
summary of these reports was provided for each <¢ity and business of
interest. Only the annual pumpage totals were included in the water user
database, The pumpage includes water billed as well as unaccounted-for

water,

In a few instances, water for a district is purchased from another

district, the City of Houston, or imported from Fort Bend County, where
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the HGCSD has no authority. In these cases, the operators of the water
plants for the districts in question were asked to provide pumpage records
for the period of study. Where one district supplies water for another,
the water use was divided among them when the split could be determined,

especially if the water was consumed in different MDAs.

Additional data for many characteristics of the utility districts in
the study area was sought from the district operators in the WHCSWSC study
area. Each operator was asked to supply information on current number of
connections, amounts of ground and elevated storage, primary and booster
pumping capacities, water rates, billed versus pumped percentages, well
permits and water analysis reports. Not all districts have operators, and
not all of this information was readily available to each operator, but
much of it was received and tabulated in database form. Of the 195
districts, some or all the information was available on approximately 132
districts. This data was wuseful not only in evaluating water demands but
also in providing insights into the types of water users in the WHCSWSC

study area.

To gather information on future development, the local office of the
Texas Water Commission was visited in order to make copies of portions of
bond issue and creation reports containing projected types of development
and build-out schedules. These reports were available for 136 of the
districts in the WHCSWSC study area. This general information was helpful
in resolving questions of water sources for the districts as well as

describing likely development trends,
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Existing Water Use

Two sources of data on existing water usage were available for this
study. The first, groundwater pumpage information collected from the HGCSD,
provides the most useful evidence of water consumption trends in the study
area. Water demand can be broken out by location to better understand growth
patterns. The second source, Appendix C of the HWMP, is concerned only with
City of Houston billed water use. This information is not directly applicable
to the WHCSWSC study area; however, general trends found in the City will be
compared to those in western Harris County. This section examines the data
from both sources, compares them, and makes conclusions about current water

uses.

Groundwater Pumpage in the WHCSWSC Study Area

Groundwater pumpage records for each municipal utility district, city
and industry were obtained for the period from 1980 to 1986. In order to
determine the daily water supply needed, the annual pumpage of each water
user was divided by 365 to yield an average daily demand. These demands
were added to give the total average daily demand for each MDA, Since
small wells are not required to have permits, the total computed is
slightly smaller than the actual groundwater used. The total groundwater

pumpage during the 1980 to 1986 period is plotted on Figure 6.
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The WHCSWSC study area contains all of MDAs 31 and 32, and portions
of MDAs 24, 25, 26 and 33. The four partial MDAs, hereinafter called MDAs
24w, 25W, 26W and 33W are not identical to those in the HWMP, but consist
of the portions of the HWMP MDAs which fall inside the WHCSWSC planning
area. Figure 7 shows the WHCSWSC MDAs. Table 4 lists the census tracts
which make up the WHCSWSC MDAs. When the planning area boundary did not
coincide with a census tract boundary, the percentage of land within the

WHCSWSC study area was computed.

Historic water pumpages in the WHCSWSC study area have been
calculated for each of the six WHCSWSC MDAs. Table 5 shows a breakdown
per year of average daily pumpage and Figure 8 graphically presents these
results. Examination of the data reveals pumpage trends for each MDA,
Note that all six MDAs experienced rapid growth during the seven year
period. Water pumpage in MDA 24W more than tripled while water pumpage
in the other areas at least doubled, In general, groundwater pumpage grew
steadily except during 1983, when it slowed somewhat in all MDAs, and in
1986, when MDAs 25W, 26W and 31W actually recorded drops in water usage.
The leveling off or reduction from 1985 through 1990 reinforces the
revisions to the Rice econometric model and to the HWMP performed in
February of 1988, The leveling off was projected through 1990 where the

growth was projected to increase as previously mentioned.

Groundwater pumpage records were obtained in monthly and annual
form, Therefore, no analysis of maximum daily or peak hourly demands
could be performed. It was also impossible tc break down the pumpage
reported for a city or district into user categories such as commercial or
single-family residential, since no billing records were obtained.
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TABLE 4

COMPARISON OF 1980 CENSUS TRACTS TO MUNICIPAL DEMAND AREAS

MDA 24 W MDA 25 W MDA 26 W
CENSUS PERCENT CENSUS PERCENT CENSUS PERCENT
TRACT IN DED TRACT IN DED TRACT INCLUDED
437.01 100% 542.01 100% 530.01 100%
437.02 66% 542.02 88% 530.02 5%
438.01 39% 543.00 100% 530.03 50%
438.06 31% 540.01 80%
448.00 100% 540.02 64%

541.00 100%

MDA 31 MDA 32 MDA 33 W
CENSUS PERCENT CENSUS PERCENT CENSUS PERCENT
TRACT INCLUDED TRACT INCILUDED TRACT INCLUDED
449.00 100% 544.00 100% 550.00 100%
450.00 100% 34501 100% 551.01 100%
451.01 100% 545.02 100% 551.02 100%
451.02 100% 546.00 100% 552.00 100%
452.01 100% 547.00 100%

452.02 100% 548.00 100%
549.00 100%
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TABLFE 5
AVERAGE DAILY WATER PUMPAGE IN WHCSWSC PLANNING AREA, 1980 - 1986

AVERAGE DAILY PUMPAGE (MGD)

1580 1581 1982 1983 1984 1985 1986
MDA 24W 1.77 2.56 4.15 4.32 5.53 597 6.12
MDA 25W 1.70 2.02 2.91 3.18 3.87 4.57 4.29
MDA 26W 3.30 3.76 5.08 5.08 6.17 6.79 6.66
MDA 31 5.51 6.19 8.46 8.88 10.28 11.32 10.39
MDA 32 2.03 2.33 2.99 3.19 3.91 420 4.25
MDA 33W 1.83 1.84 261 2.82 3.30 3.49 4.09
TOTAL WHCSWSC 16.14  18.70 26.20 27.47 33.06 36.34 35.80
WHCSWSC
Industry* 0.61 0.81 0.75 0.67 0.74 0.80 0.66

*Available total for industrial and commercial consumers.
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A complete list of industrial and commercial water users within the
WHCSWSC service area cannot be compiled, but a list exists of 17 users
that have well permits but are neither municipal utility districts nor
cities. Of these, six are utilities providing municipal water supply. If
these are eliminated, eleven industries and commercial users remain.
Water pumpage trends in this group are shown on previously presented Table
5. Pumpage increased from 1980 to 1981, then fell until 1983. In 1984,
water pumpage began to increase, and this continued through 1985. In

1986, water use dropped nearly to 1980 levels.

Water Usage in the City of Houston and CWA

The City of Houston serves mainly residential and commercial
customers, while CWA supplies raw water to the City of Houston for
supplying raw water to the industries along the Ship Channel Table 6
shows the average daily water demands for the City of Houston and CWA and
Figure 9 graphs the total demands of the two entities. During the time
frame of Appendix C of the HWMP, 1980 to 1984, the total water billed by
the City of Houston and by CWA varied by only 7%, so water demand was
fairly steady. Combined demands peaked at 490 MGD in 1982, followed in
1983 by the low value of 453 MGD. Demand began to rise by 1984, When
only the City of Houston is considered, the same pattern of increase and
decrease is noted as for the combined Houston and CWA usage. However, the
decline in demand in 1983 is not so severe. When CWA water demands are
examined, a different sequence is observed. Beginning in 1982, demand for

CWA declined, leveling off somewhat by 1984,
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TABLE 6

AVERAGE DAILY WATER USAGE IN HOUSTON, 1980 - 1984

AVERAGE DAILY USAGE (MGD)

1980 1981 1982 1983 1984
Houston 271.31 285.08 302.96 287.36 303.24
CWA 189,96 202.88 187.34 165.68 164.48
TOTAL
HOUSTON 461.27 487.96 490.30 453.04 467.72
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It is interesting to compare water demands in the City of Houston
with those in the WHCSWSC study area. Since West Harris County has little
heavy industry compared to the total Houston system, it might be expected
that historic usage in the WHCSWSC area would more closely resemble that
of Houston without CWA. A comparison of Figures 6 and 9 and of Tables 5
and 6 shows this to be true. The City of Houston use showed growth in all
years except 1983. In the western region, no demand reductions occurred
between 1980 and 1984, Instead, the WHCSWSC study area shows decreased
demand growth in 1983. With two additional years of data for the WHCSWSC
service area, it is seen that in 1986 demand actually decreased by 1.5%.
However, over the seven year period, the water demand in the WHCSWSC
service area increased an average of 17% annually. The City demand
without CWA increased about 2.4% annually, while during the same period

total City use increased by only 1% over five years.

From Appendix C of the HWMP it is evident that industrial water use
suffered larger declines and experienced less growth than other wuses.
Although the historical WHCSWSC data on industrial and commercial users is
limited, the figures on Table 5 may be compared to the CWA totals on Table
6. It is seen that years of growth and decline coincide until 1984 when
CWA use held steady while WHCSWSC demands increased. From these
comparisons it is clear that while WHCSWSC water use trends mirror those
in Houston to a degrece, municipal growth in the western portions of the

county is faster and steadier than in the City.
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Proj Water D s

Appendix H of the HWMP and its revisions gives average daily, maximum
daily and peak hour water demands for each MDA at ten vear intervals from 1990
to 2030. The following describes the process used to calculate projected

water demands and compare them to historic data to evaluate their accuracy.

To c¢ompute projected demands, the HWMP required three separate steps.
First, demand criteria in gallons per capita (or per employee) per day were
determined. Inside the City of Houston, billing records for September 1984
through August 1985 were used along with 1985 populations to compute these
criteria for several user categories, including single-family residential,
multi-Family residential, commercial and light industrial, and heavy
industrial. These demand criteria are not consistent, but vary in each MDA,
Next, demand criteria were assigned to the MDAs outside the city limits based
on similarity of land wusage. Table 7 summarizes the criteria used for the
WHCSWSC MDA’s. Finally, the population and employment figures from Appendix D
and its revisions were used as the basis of projecting total average daily
water demands for each MDA, Maximum daily and peak hour demands were computed

by multiplying the average daily demands by the appropriate factors.

In the MDAs outside the city limits, the accuracy of the HWMP projections
depends on the assignment of correct demand criteria. Since the WHCSWSC
service area is entirely outside of the City of Houston, with the exception of

Addicks and Barker Reservoirs, this is an importani consideration. The HWMP
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Single-Family
Residential

MDA (GPCD)

24
25
26
31
32

33

105
100

95
105
105

105

BLE 7

DEMAND CRITERIA USED IN WHCSWSC PLANNING AREA

80
75
75
80
80

80

Multi-Family
Residential

{(GPCD)

Commercial
and Light
Industrial

(GPED)
70

70-140*
70-140*
70-140*
70-140*

70

*70 GPCD in 1985, increasing linearly to 140 GPCD in 2030.

Reproduced from Appendix H, Table 3-1 of the HWMP,

I1-44

Heavy
Industrial
(GPED)
3500
3500
3500
3500
3500

3500



made no comparisons with existing water use for the outer MDAs. Therefore,
groundwater pumpage records from 198C to 1986 were checked against the HWMP
projections in this study. Direct comparison of the average daily water
demand projections developed in Appendix H of the HWMP with groundwater
pumpage records in the WHCSWSC service area is not possible for two reasons.
First, four of the MDAs used in the HWMP did not fall completely within the
planning boundaries of the WHCSWSC; namely, MDAs 24, 25, 26 and 33. Second,
the water useage projections used in the HWMP did not include losses

(unaccounted-for water).

Both data inconsistencies were addressed so that the accuracy of the HWMP
projections could be checked. In order to apply the water demand projections
in Appendix H of the HWMP to the partial MDAs, the total demand for a given
MDA was split based on the census tracts shown on previously presented Table
4. For each WHCSWSC MDA, the water demands for the included census tracts
were multiplied by the percentage of the tract area in the MDA and added to
yield a total MDA water demand. Adjustments were made to the WHCSWSC pumpage
data in order to estimate water usage. Billed versus pumped information in
1986 for 79 utility districts in the planning area was obtained from district
water plant operators. Average losses of 17% were computed from this data.
Groundwater pumpages for the entire study period were reduced by 17% for
comparison to the HWMP water usages. Table 8 gives the historic and projected
data, while Figure 10 shows it graphically. The historic and projected data
overlapped in 1985 and 1986. Table 9 compares the historic usage to the
projected for these years. Note that the estimated historic water use is

lower than the projected water use in half of the MDAs, This is to be

11-45



TABLE 8

REVISED DEMANDS
HISTORIC AND PROJECTED AVERAGE DAILY WATER USAGE BY MDA

MDA 24 MDA 25 MDA 26

HISTORIC PROJECTED HISTORIC PROJECTED HISTORIC PROJECTED
USAGE USAGE USAGE USAGE USAGE USAGE

YEAR (MGD) (MGD) (MGD) (MGD) (MGD) (MGD)

1980 1.47 1.41 2.74

1981 2.12 1.68 312

1982 3.44 2.42 422

1983 3.59 2.64 4.22

1984 4.59 3.21 5.12

1985 4.96 4.38 3.79 5.48 5.64 6.95

1986 5.08 4.38 3.56 5.48 5.53 6.95

1990 4,38 5.48 6.95

1995 5.39 6.52 8.11

2000 6.87 8.00 10.11

-~ 2010 9.06 10.85 14.17
2020 9.82 13.37 17.25
2030 9.73 15.24 19.46
MDA 31 MDA 32 MDA 33

HISTORIC PRQJECTED HISTORIC PROJECTED HISTORIC PROJECTED
USAGE USAGE USAGE USAGE USAGE USAGE

YEAR (MGD) (MGD) (MGD) (MGD) (MGD) (MGD)

1980 4.57 1.68 1.52

1981 5.14 1.93 1.53

1982 7.02 2.48 2.17

1983 7.37 2.65 2.34

1984 8.53 3.25 2.74

1985 9.40 8.37 3.49 4,09 2.90 2.99

1986 8.62 8.37 3.53 4.09 3.39 2.99

1990 8.37 4.09 2.99

1995 11.32 5.64 3.61

2000 16.43 7.51 4.84

2010 27.26 11.84 - 741

2020 37.77 16.61 9.68
2030 48.22 21.70 11,22
NOTE: 1. Historic water wusages computed based on average 1986 losses.
1986 projected usages determined by straight-line interpolation.

2. Projected water usages computed were based on the HWMP’s

February 1988 revisions.
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TABLE 9

COMPARISON OF HISTORIC TO PROJECTED WATER USE, 1985 - 1986
(AYERAGE DAILY USAGE)

ACTUAL DIFFERENCE IN PERCENT DIFFERENCE IN
HISTORIC USE FROM PROJECTED USE HISTORIC USE FROM PROJECTED USE
MDA 1985 (licﬁ;g ! AVG 1983 (_1938_)6 AVG
24W 0.58 0.70 0.64 13.1 16.0 14.5
23V -1.69 -1.92 -1.80 -30.8 -35.0 =329
26w -1.31 -1.42 -1.36 -18.9 -20.4 -15.65
31 1.03 0.25 0.64 12.3 3.0 7.6
32 -0.60 -0.56 -0.58 -14.8 -13.7 -14.3
33w -0.09 0.40 0.16 -3.1 13.4 5.2

(-) Negative number indicates historic usage less than projected usage.
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expected, considering that pumpage from wells smaller than six inches in
diameter, agricultural wells, and c¢ommercial wells with annual pumpage less
than three million gallons was excluded. Three MDAs have estimated water
usage greater than projected, but the differences are small, 0.1 to 0.5 mgd,
on the average. Examination of the graphs in Figure 10 reveals that the HWMP
projections appear to be reasonable extensions of the historic water use. It
should be mentioned that a best-fit line passed through the plot of historic
data would fall above the HWMP projections for all MDAs except MDA 32 and
33W. In other words, the HWMP predicts rates of water demand growth slower
than the historic rates for MDAs 24W, 25W, 26W, and 31. However, the
estimated historic water usage data supports the HWMP projections overall and
justifies the use of the higher growth scenario as presented in Appendix D of
the HWMP and its revisions. This also indicates that demand criteria were
accurately assigned to the six WHCSWSC MDAs and that the supply system for the
area may safely be planned using the HWMP water demand projections and its

recent February 1988 revisions.

Using computed demands for residential, comimercial and industrial user
categories, the HWMP presents per capita average daily demands. These were
obtained by dividing total demand for a category by total population in the
eight county study area. Although they were not used by the HWMP to calculate
total demands, it is interesting to consider them. For residential and
commercial demands combined, per capita demands of 140-146 GPCD were
reported. When industrial water demands were included, per capita figures
rose to 243-254 GPCD. However, these amounts apply to a large region, not

specifically to any area.

II-54



Per capita figures were computed for each of the six MDAs overlapping the
WHCSWSC study area throughout the study period. This was accomplished by
dividing the total MDA average daily demand by its projected population. The
results are given on Table 10. Note that since the HWMP does not provide a
breakdown of total demand by user categories, only the total per capita demand
could be computed. These average 121-145 GPCD, lower than the total per
capita demands computed by the HWMP and somewhat lower than even the combined
restdential and commercial per capita demands given by the HWMP. Since there
is not a great deal of heavy industry in the WHCSWSC supply area, the per
capita values would not be expected to be as high as the totals including

industrial for the entire eight county region.

The HWMP used maximum day demands to size required water treatment and
transmission systems and average daily demand for water supply systems. The
WHCSWSC study will use the sarﬁe criterion. Projected maximum daily demands
for the study period are found in Table 11. The maximum demands for the four
partial MDAs were computed by adding the maximum daily demands of the included
census tracts. The HWMP computed the maximum daily demands for each tract by
multiplying the average daily demand for each census tract by a peak day
factor. This factor was constant for each individual MDA and varied between
MDAs depending on the amount of the average daily demand for the entire MDA.
The source of the peak day factor was a regression curve based on _data from
numerous cities and utility districts, which showed that the peak day factor
decreases with increasing average daily demand. In the WHCSWSC study area,

this factor ranges from about 16 to 2.0, decreasing through time. For
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COMPUTATION OF AVERAGE DAILY PER CAPITA DEMANDS

1985

Avg. Daily Use
Population

Per Capita Use

1990

Avg. Daily Use
Population

Per Capita Use

2000

Avg. Daily Use
Population

Per Capita Use

2010

Avg. Daily Use
Population

Per Capita Use

2020

Avg. Daily Use
Population

Per Capita Use

2030

Avg. Daily Use
Population

Per Capita Use

MDA 24

24
190693
123

27
240618
113

32
273521
115

38
325229
117

42
348213
119

43
348653
122

MDA 25 MDA 26 MDA 31 MDA 32 MDA 33

58
25292
228

6.9
36843
186

8.4
49179
171

11.4
71697
158

14.0
88955
157

16.0
97753
164

TABLE 10

I
93899
120

13
114334
112

15
138493
111

21
185084
1i0

24
216103
112

27
233035
115
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8
68466
122

11
86863
130

16
125432
130

27
204426
133

38
274051
137

48
331963
145

4
32630
125

6
44183
127

58261
128

12
89031
132

17
118540
140

22
145193
149

3
30096
110

38741
104

51811
104

79448
105

11
104148
105

13
121519
106

TOTAL

56.4
441076
128

68.1
561582
121

84.8
656697
122

117.7
954915
123

1454
1150010
126

168.3
1278116
132



TABLE 11

PROJECTED MAXIMUM DAILY WATER USAGE BY MDA

MAXIMUM DAILY USAGE (MGD)

MDA 1285 1999 2000 2010 2020 2030
24w 7.52 7.52 11.82 15.60 16.90 16.73
25W 10.52 10.52 15.37 20.16 24.19 27.58
26W 12.48 12.48 18.18 24.80 29.55 3331
31 16.05 16.05 28.77 46.88 64.96 79.70
32 8.34 8.34 14.41 21.96 30.09 38.18
33w £.12 £12 251 14.25 18.03 20.33
TOTAL 61.03 61.03 98.06 143.65 183.72 215.83
WHCSWSC
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instance, in MDA 24W, the average daily demands computed remain relatively
steady throughout the study period, and the peak day factor stays about 1.7.
In MDA 31, where explosive growth was predicted, the peak day factor decreases
from 19 to 1.6 from 1985 to 2030. It is important to observe that even the
lowest peak day factor results in a maximum day water supply that is more than

adequate to meet average daily demands plus estimated losses of 15% to 20%.

Overall, the estimated historic water usage data supports the HWMP

projections and its revisions. Therefore, planning for the WHCSWSC supply

system utilized the HWMP projections of maximum daily water usage.
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3.0 SURFACE WATER SUPPLY

Area River Basins

Numerous surface water supply sources are potentially available for use by
the WHCSWSC. Three river basins: namely, the Brazos River Basin, the Trinity
River Basin and the San Jacinto River Basin; along with two coastal basins,
the Trinity-San Jacinto Coastal Basin and the San Jacinto-Brazos Coastal
Basin, are in close proximity to the planning area as shown on Figure 11. The
WHCSWSC planning area is located within the San Jacinto River Basin which is
situated in the wupper Gulf Coast region. The San Jacinto River Basin is
bounded on the north and northeast by the Trinity River Basin and on the
southeast by the Trinity-San Jacinto Coastal Basin, The San Jacinto-Brazos
Coastal Basin borders the basin on the south, and on the west it is bordered
by the Brazos River Basin. The major rivers and reservoirs within these

basins are shown on Figure 12.

San Jacinto River Basin

The San Jacinto River Basin is approximately 85 miles long with an average
width of 50 miles. In Harris County, the east and west forks of the river
converge to form Lake Houston. The San Jacinto River discharges into the
upstream end of the Houston Ship Channel. The total drainage area of the

San Jacinto River Basin is approximately 5600 square miles.
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Physical and chemical quality of the water within the basin is quite good
based on water quality characteristics of the two existing reservoirs,
Lake Conroe and Lake Houston. As the San Jacinto River flows downward to
the Ship Channel, the water quality is poorer due to industrial and sewage
treatment plant discharges. The San Jacinto River Authority (SJRA) is a
co-owner of Lake Conroe along with the City of Houston and the Texas Water
Development Board. The SJRA also owns water rights in Lake Houston equal
to the low flow yield of the San Jacinto River at the Lake Houston dam
site prior to 1its construction in 1952, The City of Houston owns and
operates Lake Houston. The two existing reservoirs, Lake Conroe and Lake
Houston, have an available yield of 100,600 acre-feet (90 MGD) and 199,300
acre-feet (178 MGD) respectively. Table 12 is a summary of water rights
and available water in the San Jacintoe River Basin. One additional
smaller reservoir, Lake Creek, is proposed south of Lake Conroe with an

estimated safe yield of approximately 55,100 acre-feet per year {48 MGD).

Trinity River Basin

The Trinity River Basin covers all or parts of 37 counties including the
Dallas-Fort Worth area. The total drainage area of the basin is approxi-
mately 18,000 square miles. Bedias Creek and the Trinity River converge
to form Lake Livingston, approximately 50 miles north of the City of
Houston. The general overall quality of water in the Trinity River Basin
is good. The quality of water in Lake Livingston has been a concern in

the past because of the effluent dominated upstream watercourses; however,
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TABLE 12
SAN JACINTO RIVER BASIN WATER RIGHTS AND AVAILABLE WATER

TOTAL AVAILABLE
PERMITS ALLOCATED UNCOMMITTED YIELD
(MGD) (MGD) (MGD) (MGD)
Lake Conroe g0
City of Houston 59 0 59
90
SIRA 22 9 31
Lake Houston 199
City of Houston 150 0 129*
178
SIRA 49 0 49
268 MGD

*Estimated safe yield.
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measures are underway to improve the river basin quality through improvements
to area wastewater treatment plants. The southern portion of the Trinity
River Basin is affected by salt water intrusion from the Gulf of Mexico during
periods of low flow. Flushing water is periodically released from Lake
Livingston to minimize this problem. The Trinity River Authority (TRA) owns
30% of the water rights in Lake Livingston with the City of Houston owning the

remaining 70%.

Lake Livingston total storage capacity is 1,750,000 acre-feet (1563 MGD)
with a safe yield of approximately 1,538,000 acre-feet (1374 MGD). The actual
available yield for municipal use is complicated due to fixed downstream water
rights obtained prior to construction of the reservoir in 1968 and the need to
release water to control upstream salt water intrusion during periods when
water is being withdrawn from the reservoir for irrigation. Table 13 is a
summary of water rights and available water in the Trinity River Basin. Two
smaller reservoirs are proposed in the area - Bedias Reservoir with an
estimated yield of 109,758 acre-feet (98 MGD) and Wallisville Reservoir with

an estimated yield of up to 320 MGD.
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TABLE 13
TRINITY RIVER BASIN WATER RIGHTS AND AVAILABLE WATER

SALTWATER
TOTAL INTRUSION AVAILABLE
PERMITS ALLOCATED CONTROL UNCOMMITTED YIELD
AMGD) _(MGD) AMGDY =~ _(MGD) —MGD)
Lake Livingston 1,374
City of Houston 806 -126 0 680 *
TRA 314 -54 0 260 *
wnstream Commitmen
Dayton Canal Company 35 0 0 35
Chambers-Liberty Co. 127 0 0 127
Navigation District
Denvers Canal System 52 0 0 52
Barbers Hill Canal 40 0 0 40

1194

*A combined total of 180 MGD is required to control saltwater intrusion.
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Brazos River Basin

The Brazos River Basin is the second largest river basin in the state with
a total drainage area of 45,573 square miles. The basin is over 600 miles
long and varies in width from 1]0 miles around Waco to only about 1 mile
at its mouth at the Gulf of Mexico. The quality of water in the Brazos
River Basin varies considerably along the extent of the basin. Currently,
there are no existing reservoirs adjacent to the WHCSWSC study area.
Future plans call for a proposed reservoir on the Navasota River, Lake
Millican. Safe yield of Lake Millican has been estimated to be 252,000
acre-feet (225 MGD). Allen’s Creek Reservoir, coriginally proposed by HL&P
as a cooling water supply, is also planned on the Brazos River. This
smaller reservoir will have an estimated safe vyield of 75,000 acre-feet
(67 MGD). The Brazos River Authority (BRA) has permits for the diversion
of 236,936 acre-feet (212 MGD) from the Brazos River through two canals
cailed Canal A and <Canal B. Municipal, industrial and irrigation

commitments total 164 MGD, leaving 48 MGD presently uncommitted.

The BRA has recently made a offer to the WHCSWSC for a permanent average
daily supply of water from the Brazos River Basin totaling approximately
133 MGD by the year 2030. The BRA offcr consists of the complete yield
from the proposed Allen’s Creek Reservoir, uncommitted water presently
existing in the Brazos River Basin, recaptured water from H.L. & P. and
partial yield from the proposed South Bend Reservoir. Refer to Attachment

4 for details on the mentioned BRA offer.
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Northeast Water Purification Plant

The City of Houston has indicated that their intentions are to build
a Northeast Water Purification Plant. The proposed location for the plant
will be adjacent to existing Lake Houston near the proposed Beltway 8.
Raw water supply for this plant will be from Lake Houston, supplemented by
water from the Trinity and Sabine River Basins as outlined in the HWMP.
The HWMP presents two "eastern water” and one "western water" alternative
to be considered for development of a future water supply for the City of
Houston. In these alternatives, the ultimate capacity of a Northeast
Water Treatment Plant ranges from 625 MGD maximum day capacity (eastern
alternative) to 425 MGD maximum day capacity (western alternative). The
WHCSWSC will present its surface water demand to the City of Houston which
if appropriate may size the Northeast Water Purification Plant to

accommodate this requirement.
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Brazos River

The headwaters of the Brazos River originate in New Mexico at an elevation
of approximately 4,700 fecet above mean sea level From there, the river
travels approximately 800 miles in a southeast direction to empty into the
Gulf of Mexico near Freeport. The Brazos River is the only existing surface
water source in close proximity to the WHCSWSC study area. Advantages of
utilizing this source is that major conveyance systems can be eliminated and

pumping across the City from east side treatment plants can be reduced.

Brazos River Authority Canals

The Brazos River Authority (BRA) owns and operates a dual canal system
which flows southeast through Fort Bend County to Galveston and Brazoria
Counties. Canal A draws water from the Brazos River near Fulshear through a
353 MGD capacity pumping station. From there, water flows through Jones and
Ovyster Creeks to just south of River Bend where it is pumped into the System A
canal. Canal B draws water from the Brazos River six miles west of Arcola
through a 302 MGD capacity pump station. Water then flows southeast along
Highway 6. Canals A and B are interconnected at two locations, the first near
Manvel and the second west of Santa Fe. Canal B presently supplies the

Galveston County Water Authority’s reservoir and 16 MGD treatment plant. The
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BRA has permits for the diversion of 212 MGD from the Brazos River into these
canals. Municipal, industrial and irrigation commitments total 164 MGD
leaving 48 MGD available for use, The Galveston County Water Authority is in
the process of purchasing Canals A and B from the BRA. Acquisition of these

canals should be complete in 1-1/2 to 2 years.

Allen’s Creek Reservoir

Allen’s Creek is a reservoir originally proposed by Houston Lighting and
Power to supply cooling water for a proposed power plant. The proposed
location of the reservoir is approximately 25 miles west of Houston with an
estimated yield of 70,000 acre-feet (63 MGD). Water rights and property for
the reservoir have been purchased by HL&P; however, a re-¢valuation of future
power needs in the service area has postponed indefinitely the project and

enabled this proposed reservoir to become a potential surface water source,

Under contracts which have been in place for several years, the Brazos
River Authority has committed a substantial amount of water to HL&P that can
be diverted from the Brazos River at any desired location downstream of the
mouth of the Navasota River. Much of this water was to be used as make-up
water for the planned Allen’s Creek Reservoir. HL&P, after re-evaluation of
area power needs, has recently offered the BRA a proposal including both the
Allen’s Creek Reservoir site along with the opportunity to recapture up to
87,400 acre-feet (78 MGD) of water presently contracted to HL&P from Lake

Limestone. The opportunity to recapture this water now committed to HL&P and
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to acquire the Allen’s Creek reservoir site, places the BRA in a positien to
offer a permanent average daily raw water supply of Brazos River water up to
an estimated 150,000 acre-feet (133 MGD). Of the estimated 150,000 acre-fect
(133 MGD), approximately 75,000 acre-feet (67 MGD) is available for immediate
diversion from the Brazos River; 45,000 acre-feet (40 MGD) available upon
completion of the Allen’s Creek Reservoir and 30,000 acre-feet (27 MGD)
available upon construction of South Bend Reservoir. This offer by BRA will
provide an ample supply of water for the Southwest System for all of the

service area alternatives that will be investigated later in this appendix.

Southwest Water Purification Plant

The HWMP includes a proposed location of a Southwest Water Purification
Plant would be in the vicinity of Highway 6 and U.S. Highway 90A near the Fort
Bend-Harris County line. This plant would treat raw water taken from the
Brazos River and/or the BRA canal system. The HWMP gives an estimated
ultimate capacity of the plant as 100 MGD. Finzl ultimate capacity of the
plant could be as much as 200 MGD depending on negotiations with the Brazos
River Authority and/or the Galveston County Water Authority. Early
indications from the WHCSWSC study shows that the southwest plant should be

located south of F.M, 1093 and north of the Brazos River.
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North Supply System

Trinity/Brazos/San Jacinto River Supply

This supply system consists of surface water from the Trinity, Brazos
and San Jacinto River Basins. The development of two water supply
sources, Lake Millican and Bedias Reservoir, would be a vital part of this
supply system along with conveyance systems from these sources to Lake
Conroe. Present available uncommitted water at the Lake Conroe is 9 MGD.
Evaluation of the North Water Supply System will be accomplished under
Phase III of this study which will allow the City of Houston time to

decide if a western alternative is to be selected for the HWMP,

Northwest Water Purification Plant

Upon selection of a western alternative and development of Lake
Millican and Bedias Reservoir and conveyance systems to Lake Conroe, the
City of Houston proposes construction of a Northwest Water Purification
Plant. The proposed location of this plant would be just south of Lake
Conroe from which it will get its raw water supply. Preliminary sizing of

this plant as presented in the HWMP is 350 MGD at ultimate capacity.
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4.0 ALTERNATE SERVICE AREAS

Appr nd Meth

This section examines the possibilities for suppiving the WHCSWSC study
area with surface water from the sources discussed in Section 3.0. Several
alternative service areas are proposed, and each 1is evaluated in terms of
water demand versus supply and the possibility of meeting the conversion
schedule as outlined in the HGCSD Plan. The alternates will be further tested

for economic feasibility in Appendix IV of this study.

All three water supply scenarios considered by the HWMP include the
Northeast Water Purification Plant (NEWPP) at Lake Houston and the Southwest
Water Purification Plant (SWWPP) near the Brazos River, Only one, the western
aiternative, proposes a water treatment facility at Lake Conroe, the Northwest
Water Purification Plant (NWWPP). Since the SWWPP and the NEWPP are included
in all scenarios of the HWMP, they are used in four of the five alternates
addressed in this study. The North Supply System can only be used if Houston

elects to bring water from the west, and is included in only one alternate.

Evaluation of the adequacy of surface water supplies is based on the
minimum surface water required to meet the HGCSD conversion goals, not the
full maximum daily requirements. It is unlikely that surface water conversion

will take place before the HGCSD target dates unless water production problems
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The surface water required by the HGCSD conversion plan was calculated as
follows. First, the total service area demands were broken out by HGCSD
regulatory area by adding census tract demands as described above. Since only
extremely small portions of regulatory areas three and six are included in the
study area, they were lumped with areas four and seven, respectively. Next,
for each regulatory area, the amount needed at the conversion date, 80% of the
total average daily demand, was computed. Next 80% of the total average daily
water demand was multiplied by the appropriate peak day factor ranging from
16 to [.7 to determine maximum daily demands. Tiae regulatory areas will not
be required to increase surface water usage unless another conversion date is
reached, so the previously calculated amount was maintained until that time or
the end of the study in vear 2030. When the totals for all regulatory areas
in a service area were added at each conversion date, a stair-step pattern was
revealed. Note that at no time does the required surface water total 80% of
the total for a service area, since regulatory areas do not have the same

conversion dates.

The HGCSD plan ends at 2020, with the latest conversion date at 2015,
while the WHCSWSC investigated conditions to 2030. It is probable that as
subsidence trends become better known, the HGCSD will extend its surface water
conversion plan, adding conversion dates beyond 2018. The only regulatory
area currently not required to utilize surface water is area eight. For
purposes of computing surface water requirements in 2030, it was assumed in
this study that area ecight will be given a conversion requirement of 80% in

that year,
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ltern ervice Areas

Five alternate service areas are detailed below. Two criteria are applied
to each. First, the supply is c¢ompared to the HGCSD surface water
requirements at ecach conversion date, Second, consideration is given to
whether the water sources will be available in time to meet the conversion
dates. Three tables are provided for reference in this section. Table 14
gives total maximum daily usage for both systems in each alternate. Table 15
details the calculation of surface water requirements described above, and
Table 16 summarizes this information. It should be noted that both the water
supply available and the water demands projected have been shown in maximum
daily units for consistency. This should not be interpreted to mean the water

supplies needed will be based on maximum daily demands.

Alternate No. 1

In Alternate 1, the portion of the WHCSWSC planning area south of U.S. 290
would be served by the Southwest Supply System, while the remainder of the
planning area would be supplied from the Northeast Supply System. Figure

13 shows the service area boundaries for this alternate.

The HGCSD minimum maximum daily surface water reguirements on Table 16
reveals that the City of Houston will require 65 MGD from the Southwest
System in 1995. WHCSWSC has no mandate in 1995. In the year 2000, the
Southwest System will require a total of 106 MGD, or 90 MGD for Houston

and 16 MGD for the WHCSWSC. In the year 2030, the Southwest System will
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require a total of 187 MGD, or 101 MGD for Houston and 86 MGD for the
WHCSWSC. The BRA offer made to the WHCSWSC of 133 MGD of average daily
supply (226 MGD maximum daily) is adequate to supply the needs for

Alternate No. 1 throughout the planning period (2030).

The Northeast Supply System has three conversion dates for this alternate:
2005, 2010 and 2030. At the first conversion date of 2005, 10 MGD will be
required. Beginning in 2010, 36 MGD will be needed, remaining constant
until 2030. At that time it is considered that HGCSD regulatory area
eight will require conversion to surface water, increasing the Northeast

System requirements to 44 MGD.

Alternate No. 2

In Alternate 2, the portion of the WHCSWSC planning area south of F.M. 529
from the western boundary of Harris County to Highway 6, then northeast
along Highway 6 to US. 290 would be served by the Southwest Supply
System, while the remainder of the planning area would be supplied from
the Northeast Supply System. Figure 14 shows the service area boundaries

for this alternate.

The HGCSD minimum maximum daily surface water requirements on Table 16

reveals that the City of Houston will require 65 MGD from the Southwest

System in 1995,
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WHCSWSC has no mandate in 1995, In the year 2000, the Southwest System
will require a total of 106 MGD, or 90 MGD for Houston and 16 MGD for the
WHCSWSC. In the year 2030, the Southwest System will require a total of
187 MGD, or 101 MGD for Houston and 86 MGD for the WHCSWSC. As in
Alternate No. 1, the BRA offer will be sufficient to meet the 2030

demands.

The Northeast Supply System has three conversion dates for this alternate:
2005, 2010 and 2030. At the first conversion date of 2005, 10 MGD will be
required. Beginning in 2010, 42 MGD will be needed, remaining constant
until 2030, At that time it is considered that HGCSD regulatory area
eight will require conversion to surface water, increasing the Northeast

System requirements to 54 MGD.

Alternate No. 3

In Alternate 3, the portion of the WHCSWSC planning area south of Clay
Road would be served by the Southwest Supply System, while the remainder
of the planning area would be supplied from the Northeast Supply System.

Figure 15 shows the service area boundaries for this alternate.
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The HGCSD minimum surface water requirements on Table 16 reveals that the
City of Houston will require 65 MGD from the Southwest System in. 1995.
WHCSWSC has no mandate in 1995, In the year 2000, the Southwest System
will require a total of 106 MGD, or 90 MGD for Houston and 16 MGD for the
WHCSWSC. The Southwest System average daily vyield of 133 MGD (226 MGD
maximum daily) would be adequate throughout the planning period (2030),
when 177 MGD of maximum daily surface water would be required. Of this
total, 101 MGD would be used by the City of Houston, while WHCSWSC would
need 76 MGD. As in previous alternatives, the BRA proposal is sufficient

to meet the Southwest System demands.

The Northeast Supply System has four conversion dates for this alternate:
2000, 2005, 2010 and 2030, The earliest conversion date is 2000, when 04
MGD would be necessary for a portion of HGCSD regulatory area four. At
the next conversion date of 2005, 10 MGD would be required. Beginning in
2010, 65 MGD would be needed, remaining constaat until 2030. At that time
it is considered that HGCSD regulatory area eight will require conversion

to surface water, increasing the Northeast System requirements to 91 MGD.

Itern 4

In Alternate 4, the portion of the WHCSWSC planning area south of 1L.H. 10

would be served by the Southwest Supply System, while the remainder of the

planning areca would be supplied from the Northeast Supply System.
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of the planning area would be supplied from the North Supply System.
Figure 17 shows the service area boundaries for this alternate. Using
these boundaries, 30% of the total WHCSWSC maximum daily demand is located

in the Southwest Service area throughout the study period.

The HGCSD minimum surface water requirements on Table 16 reveals that the
City of Houston will require 65 MGD from the Southwest System in 1995,
WHCSWSC has no mandate in 1995. In the year 2000, the Southwest System
will require a total of 106 MGD, or 90 MGD for Houston and 16 MGD for the
WHCSWSC., The Southwest System average daily yield of 133 MGD (226 MGD
maximum daily) would be adequate through 2030, when 141 MGD of surface
water would be required. Of this total, 101 MGD would be used by the City
of Houston, while WHCSWSC would need 40 MGD. As in the previous
alternatives, the BRA offer 1is sufficient to meet the Southwest System

needs.

The North Supply System has four conversion dates for this alternate:
2000, 2005, 2010 and 2030. The earliest conversion date is 2000, when 0.4
MGD would be necessary for a portion of HGCSD regulatory area four. At
the next conversion date of 2005, 10 MGD would be required. Beginning in
2010, 65 MGD would be needed, remaining constant until 2030. At that time
it is considered that HGCSD regulatory area eight will require conversion

to surface water, increasing the North System requirements to 91 MGD.
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TABLE 14

MAXIMUM DAILY WATER DEMANDS BY ALTERNATE

CITY OF

HOUSTON  WHCSWSC TOTAL TOTAL

SOUTHWEST SOUTHWEST SOUTHWEST
YEAR (MGD) (MGD} MGD) (MGD)

LTERNATE 1 - BOQOUNDARY A 2
1985 99.59 35.96 135.55 25.10
1990 99.59% 35.96 135.55 25.10
1995 108.36 45.83 154.19 25.18
2000 117.37 61.25 178.62 36.81
2005 126.38 76.66 203.04 44.43
2010 131.37 91.82 223.19 51.78
2012 133.37 97.88 231.25 54.71
2020 139.17 119.97 259.14 63.97
2030 144.18 142,83 287.01 72.93
ALTERNATE 2 - BOUNDARY AT FM. 529
1985 99.59 34.10 133.69 26.96
1990 99.59 34.10 133.69 26.96
1995 108.36 42.28 150.64 32.74
2000 117.37 55.96 173.33 42,10
2005 126.38 69.64 196.02 51.45
2010 131.37 82.63 214.00 60.97
2012 133.37 87.83 221.20 64.77
2020 136.17 106.04 245.21 77.60
2030 144.18 124.01 268.19 91.74
TERNATE R 5 - BOUNDARY A AY ROAD

1985 99.55 17.95 117.54 43.10
1990 99.59 17.95 117.54 43.10
1995 108.36 22.37 130.73 55.66
2000 117.37 29.64 147.01 68.43
2005 12638 36.90 163.28 84.19
2010 131.37 44,12 175.49 99.48
2012 133.37 47.01 180.38 105.59
2020 139.17 36.56 195.73 127.08
2030 144.138 65.61 209.79 159.15
ALTERNATE 4 - BOUNDARY AT IH. 10
1985 99.59 12,33 111.92 48.73
1990 69.59 12.33 111.92 48.73
1995 108.36 14.73 123.09 60.30
2000 117.37 19.21 136.58 78.85
2005 126.38 23.69 150.07 97.40
2010 131.37 27.34 156.71 116.25
2012 133.37 28.80 162.17 123.79
2020 139.17 3294 172.11 150.70
2030 144.18 35.45 179.63 180.30

*In Alternate 5, the Northeast System is replaced by the North System.
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NORTHEAST*

TOTAL
ALL AREAS

(MGD)

160.65
160.65
183.37
215.42
247.47
274.96
285.96
323.11
359.94

160.65
160.65
183.38
215.43
247,47
274.97
285.97
322.81
359.93

160.64
160.64
183.39
215.43
247.47
274.97
285.97
322.81
359.94

160.65

160.65
183.39
21543
247.47
274.96
285.96
322.81

359.93



TABLE 1 nt’
SURFACE WATER REQUIREMENTS PER HGCSD PLAN

TOTAL WHCSWSC
(MAXIMUM DAILY DEMANDS)

ALTERNATE 3 OR 5 - SUPPLY TO CLAY ROAD

Regulatory Surface Water (MGD)

Area 1985 2000 2005 2010 2030
SOUTHWEST SYSTEM

4 0.00 15.74 15.74 15.74 15.74
8 0.00 0.00 0.00 0,00 23.06
SOUTHWEST TOTAL0.00 15.74 15.74 15.74 38.79

NORTHEAST SYSTEM

4 0.00 0.41 0.41 0.41] 0.41
6 0.00 0.00 9.66 8.66 9.66
7 0.00 0.00 0.00 55.14 55.14
8 0.00 000 0.00 £0.00 2609
NORTHEAST TOTALO0.00 0.41 10.06 65.21 91.30
ALT.No.30OR 5 0.00 16.14 25.80 80.94 130.09
TOTAL

ALTERNATE 4 - SUPPLY TO LH. 10
Regulatory Surface Water (MGD)
Area 1985 2000 2005 2010 2030
SOUTHWEST SYSTEM
4 0.00 12.49 12.49 12.49 12.49
8 0.00 £0.00 0.00 £.00 130
SOUTHWEST TOTAL 0.00 12.49 12.49 12.49 19.79

NORTHEAST SYSTEM

4 0.00 3.66 3.66 3.66 3.66
6 0.00 0.00 9.66 9.66 5.66
7 0.00 0.00 0.00 55.14 55.14
8 0.00 0.00 0.00 0.00 47.12
NORTHEAST TOTALQ.00 3.66 13.31 68.46 110.30
ALT. No. 4 TOTAL 0.00 16.14 25.80 80.94 130.09
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TABLE 16

SUMMARY OF SURFACE WATER REQUIREMENTS BY ALTERNATE
PER HGCSD REQUIREMENTS
(MAXIMUM DAILY DEMANDS)
CITY OF
HOUSTON  WHCSWSC TOTAL TOTAL TOTAL

YEAR SOUTHWEST SOUTHWEST SOUTHWEST NORTHEAST* ALL AREAS
ALTERNATE 1 - BOUNDARY AT 2

1985 0.00 0.00 0.00 0.00 0.00
1995 65.27 0.00 65.27 0.00 65.27
2000 89.82 16.14 105.96 0.00 105.96
2005 89.82 16.14 105.96 9.66 115.62
2010 89.82 44.76 134.58 36.18 170.76
2012 101.17 44.76 145.93 36.18 182.11
2020 101.17 44.76 145.93 36.18 182.11
2030** 101.17 86.25 187.42 43.85 231.27
ALTERNATE 2 - BOUNDARY AT FM, 529

1985 0.00 0.00 0.00 0.00 0.00
1995 65.27 0.00 65.27 0.00 65.27
2000 89.82 16.14 105.96 0.00 105.56
2005 89.82 16.14 105.96 9.66 115.62
2010 89.82 39.25 129.07 41.69 170.76
2012 101.17 39.25 140.42 41.69 182,11
2020 101.17 39.25 140.42 41.69 182.11
2030** 161.17 76.29 177.46 53.80 231.26

ERNATE RS- NDARY Y RQAD

1985 0.00 0.00 0.00 0.00 0.00
1995 65.27 0.00 65.27 0.00 65.27
2000 89.82 15.74 105.56 0.41 105.57
2005 89.82 15.74 105.56 10.06 115.62
2010 89.82 15.74 105.56 65.21 170.77
2012 101.17 15.74 116.91 65.21 182.12
2020 101.17 15.74 116.91 65.21 182.12
2030** 101.17 38.79 139.96 91.30 231.26
ALTERNATE 4 - BOUNDARY I1H, 1

1985 0.00 0.00 0.00 0.00 0.00
1995 65.27 0.00 65.27 0.00 65.27
2000 89.82 12.49 102.31 3.66 105.97
2005 89.82 12.49 102.31 13.31 115.62
2010 89.82 12.49 102.31 68.46 170.77
2012 101.17 12.49 113.66 68.46 182.12
2020 101.17 12.49 113.66 68.46 182.12
2030** 101.17 19.79 120.96 110.30 231.26

*In Alternate 5, the Northeast System is replaced by the North System.
**Harris-Galveston Coastal Subsidence District plan for surface water use ends

at 2020. Required surface water for 2030 was estimated assuming that Area §
will be required to convert to 80% surface water in that year.
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ison Altern

In this section, the f{ive alternates will be compared on the basis of the
previous discussion. No alternates will be eliminated, since only the
guestions of supply versus required surface water and timing of water
availability have been considered. However, general conclusions can be made

after this preliminary investigation,

Total Maximum Daily Demands

An examination of the total maximum daily water demands on Table 14
reveals several things. Three factors remain constant for each
alternate. First, the City of Houston Southwest service area total demand
increases from about 100 MGD in 1985 to 146 MGD in 2030. Second, the
total WHCSWSC demand grows from 61 MGD to 230 MGD during the study
period. Third, for all areas combined, the total demand is 161 MGD in
1985 and 377 MGD in 2030. The variable figures are the WHCSWSC portion of
the Southwest System and the Northeast or North maximum daily water
demands, which depend on the placement of the service area boundaries.
For Alternate 1, the Southwest service area contains most of the total
WHCSWSC demand, and the percentage increases throughout the study period.
The reverse is true of Alternate 4, in which the Northeast service area
holds an increasing majority of the total demand. For Alternates 2, 3 and
5, the demand split remains fairly constant during the period of

interest. A summary of the demand proportions is found in Table 17,

11-90



Southwest Demand
(% of Total WHCSWSC)

Northeast or North Demand
(% of Total WHCSWSC)

Year Southwest Supply**
Deficit Begins

Southwest Supply Surplus
(Deficit) Year 2030 (MGD)

Year of First Southwest
Conversion

Amount of First Southwest
Conversion (MGD)

Year of First Northeast
or North Conversion

Amount of First Northeast
or North Conversion (MGD)

TABLE 17

COMPARISON OF ALTERNATES

59-66*

41-34*

2012

39

1995

65

2005

10

ALTERNATE
2 3
57 30
43 70
2030 None
49 86
1995 1995
65 65
2005 2000
10 0.4

*1985 Percentage Increasing or Decreasing to 2030 Percentage.

4
20-16*

80-84*

None

105

1995

65

2000

3
30

70

None

86

1995

65

2000

0.4

**Based on an Available Southwest Supply of 133 MGD (Average Daily Demand) (226
MGD Maximum Daily Demand)

All Demands are Based on Maximum Daily Requirements.
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Total Available Surface Water Supply

AR considerations of supply adequacy were based on the minimum surface
water required to meet the HGCSD conversion plan, previously shown on
Table 15. As opposed to the total maximum daily demands, the minimum
requirements climb in a stair-step fashion rather than linearly. However,
the minimum requirements for the City of Houston Southwest Supply System,
the total for the WHCSWSC supply area and the overall totals do not vary

by alternate.

The total maximum daily treated surface water supply available from the
SWWPP is assumed to be 226 MGD. This is based on an maximum average daily
supply of 133 MGD of raw water supply from the BRA offer. As shown above,
the Southwest Supply System is sufficient to meet the ultimate (2030)
surface water demands as projected in all five of the alternatives. As a
result, the available Southwest surface water supply will not be the

controlling factor in determining which service area alternate is chosen.
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Feasibility of Meeting HGCSD Plan

Some consideration must be given to the timing of the availability of the
surface water and whether it would be possible to meet the HGCSD
conversion plan with the five alternatives. In the Southwest service
area, the first conversion requires 65 MGD in 1995, This is the same for
all alternates since the area which is required to convert to surface
water is in HGCSD regulatory area three in the City of Houston. It may be
estimated that the SWWPP will take around six years to bring on-line from
design to completion; therefore it is possible to meet the first Southwest

conversion date of 1995.

Timing issues are more complex in the North and Northeast service areas.
The first conversion date is either 2000 or 2005. Alternates 1 and 2 both
require about 10 MGD at 2005. Alternates 3 and 5 call for 0.4 MGD in
2000, and Alternate 4 requires 4 MGD at the same date. The quantities of
surface water needed in 2000 or 2005 for any alternate are small, In
addition, the regulatory areca using surface water at these dates is area
four, which 1is in the most southern part of the service area. It is
likely that this regulatory area would be supplied from the Southwest
Supply System untit 2005 or 2010, when most of the northern area will then
convert to surface water. If the NEWPP is completed in six years, it
seems certain that water could be provided by either 2000 or 2005, so the

early conversion dates could be met from either system. The WHCSWSC has
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been asked to provide the City with an amount of surface water needed from
the NEWPP so that it can be designed for the additional capacity. As
shown in Table 16, the amount of surface water required from the proposed
Northeast Plant would be approximately 35 MGD to 40 MGD by 2010 if
Alternate 1 or Alternate 2 is chosen, and 65 to 70 MGD if one of the other
alternates is considered. While the NEWPP can be completed in time to
provide these substantial water requirements, it is not clear whether the
City of Houston will have sufficient water availability from Lake
Houston. The HWMP appendices currently available do not address the

subject of construction phasing.

The preceding discussion has dealt with the Northeast Supply System. For
Alternate 5, the North Supply System must be considered. As mentioned in
the description of Alternate 5, the NWWPP is proposed to have a capacity
of 350 MGD in 2030, easily enough to supply the needs of the North Supply
System and the surrounding areas. However, the majority of the surface
water for this plant is to originate in two proposed reservoirs, Lake
Millican and Bedias Reservoir. Construction of these sources would
probably take about thirty vyears, vyielding a completion date of 2018.
Using this alternate, it would be unlikely to meet the HGCSD conversion
dates for regulatory areas six and seven. The areas could be temporarily
supplied from the Southwest System, since the total average daily demand

does not exceed 133 MGD beginning in 2010.
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5.0 CONCLUSIONS

Several conclusions may be drawn from the previous comparisons. The most
apparent is that all of the service area alternatives are feasible when
considering the available raw water supply in the southwest from the Brazos
River Basin. In fact, if the northeast water supply becomes delayed, the
southwest supply would be adequate to serve all of WHCSWSC’'s service area.
However, it is readily apparent that the transmission c¢ost savings 1is
non-existent when pushing southwest water north of Highway 290. The main
objective to any alternative raised is that water from the North System in
Alternate 5 may not be available in time to meet HGCSD target dates. A cost
analysis of the major sources and transmission systems will be necessary
before any alternate can be eliminated. This will be described later in

Appendix IV,
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Houston Water Master Plan, Appendices A through M, August 1985 to March
1987, by Metcalf and Eddy, Inc.

District  Plan, Adopted November 1985, by Harris-Galveston  Coastal
Subsidence District.

iden ’87, February 1987 by Harris-Galveston Coastal Subsidence
District.

Utility District Listing, Creation and Bond Issue Reports, Texas Water
Commission Records, January 1987,

Yearly Groundwater Pumpage Records, Harris Galveston Coastal Subsidence
District,.
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HARRIS-GALVESTON COASTAL SUBSIDENCE DISTRICT
PROPOSED DISTRICT PLAN
JULY 16, 1985

Area One

a. Through 1989, as a general rule, increases in groundwater withdrawal will
not be permitted.

b. Beginning in 1990 groundwater withdrawal must be reduced so that no more
than 10% of the total water use is from groundwater.

Area Two

a. Through 1989, as a general rule, increases in groundwater withdrawal may
be permitted so long as surface-water use is not reduced.

b. In 1990 groundwater withdrawal must be reduced so that no more than 20%
of the total water use is from groundwater.

¢. Thereafter through 1998 increases in groundwater withdrawal may be
permitted so long as surface-water use is not decreased. Then in 1999
groundwater withdrawal again must be reduced so that no more than 20% of the
total water use is from groundwater.

d. Thereafter through 2006 increases in groundwater withdrawal may be
permitted so long as surface-water use is not decreased. Then in 2007
groundwater withdrawal again must be reduced so that no more than 20% of the
total water use is from groundwater,

e. Thereafter through 2014 increases in groundwater withdrawal may be
permitted so long as surface water use is not decreased. Then in 2015
groundwater withdrawal again must be reduced so that no more than 20% of the
total water use is from groundwater.

f. Thereafter through 2020 increases in groundwater withdrawal may be
permitted so long as surface-water use is not decreased.
Area Three

a. Through 1994, as a general rule, increases in groundwater withdrawal may
be permitted.

b. In 1995 groundwater withdrawal must be reduced so that no more than 20%
of total water use is from groundwater.



¢c. Thereafter through 2011 increases in groundwater withdrawal may be
permitted so long as surface-water use is not decreased. Then in 2012

groundwater withdrawal again must be reduced so that no more than 20% of the
total water use is from groundwater.

d. Thereafter through 2020 increases 1in groundwater withdrawal may be
permitted so long as surface-water use is not decreased.

Area Four

a. Through 1999, as a general rule, increases in groundwater withdrawal may
be permitted.

b. In 2000 groundwater withdrawal must be reduced so that no more than 20%
of the total water use is from groundwater.

c. Thereafter through 2020 dincreases 1in groundwater withdrawal may be
permitted so long as surface-water use is not decreased.
Area Five

a. Through 1999, as a general rule, increases in groundwater withdrawal may
be permitted.

b. In 2000 groundwater withdrawal must be reduced so that no more than 20%
of the total water use is from groundwater.

c. Thereafter through 2020 1increases 1in groundwater withdrawal may be
permitted so long as surface-water use is not decreased.
Area Six

a. Through 2004, as a general rule, increases in groundwater withdrawal may
be permitted.

b. In 2005 groundwater withdrawal must be reduced so that no more than 20%
of the total water use is from groundwater.

¢. Thereafter through 2020 increases in groundwater withdrawal may be
permitted so long as surface-water use is not decreased.
Area Seven

a. Through 2009, as a general rule, increases in groundwater withdrawal may
be permitted.



b. In 2010 groundwater withdrawal must be reduced so that no more than 20%
of the total water use is from groundwater.

c. Thereafter through 2020 increases in groundwater withdrawal may be
permitted so long as surface-water use is not decreased.

Area Eight

a. As a general rule, increases in groundwater withdrawal may be permitted.

b. Groundwater withdrawal in this area shall not be supplied to areas
outside of the boundaries of Area Eight except for compelling reasons as
determined by the District.
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ANNUAL GROUNDWATER PUMPABE IN KILLIONS OF BALLONS

1980 1981 1982 1983 1964 1985 1986  MHXIHUH 1986

NB. NAME OF DISTRICT MDA PUMPAGE  PUMPAGE  FUMPASE  FUNPABE  FUMPRGE  FUNPAGE  PUMPAGE  FUMPAGE  LDSSES
1 ADBICKS D 31 20.6B1  25.B1% 37.393 3B.614 45,373 4b.000  46.643  46.643 11.0%
2 BARKER-CYPRESS MUD 3 ¢, 0G0 0. 000 ¢. 000 0.000 0,000  40.45% 55,544 55,544 3. 0%
3 BEECHNUT MUD 24 0. 060 0,060 G fiid L7IB 27,606 35,500  A4.266 44,266 Y30%
4 BISSONET MUD 2 65.033 78,110 101.646 104,155 125,903 142,657  169.407  145.407 {30
5 BRAES UD 24 0.517  z4,041 54,833 49,524 36.906  49.27%4 32,204 49.274 (30%
6 CAMFIELD MUD 2 0. 00 G.000 0. GOG 0.000 0.000 0.000 0. 000 0.000 0.0
7 CASTLEKOGD KuD 3l 0.000 0.27¢ 9.344 27,045 52,162 3701 27.72% 52182 34
B CHELFGRD CITY MUD 4 250.000 275000 300.000 352,827 302,443 409.B07 116,620 409,807
9 CHELFORD ONE MUD 24 G500 112,192 B4.633  129.938 226,438  227.221 Z0B.721 227,271

10 CHIMNEY HILL HUD 25 57.562  90.B31_ 121,274 136,824  141,B0Z  114.891 115.128  141.B02
11 CIMARRON MUD i 0,000 0,000 B4.242  105.78Y  75.803 74,158 B6.047  105.789 16.9%
12 CINCO HuD 3 31 0,000 0.000 0.000 0,000 0. 000 0.000 0. 660 0,000 6.0%
13 CINCO MUD 5 3t 6. 000 0.000 0,000 0,000 0. 000 0. 000 0. 000 0,000 G.0%
14 CINCD MuD & 3 9,004 0. 000 0,000 G.00G  0.000 0. 00 2,000 0.000 &.0%
13 CINCO mUD 9 31 0. 000 (. 6o . 000 0.000 . 000 0.000 0.000 0.000 G.0%
16 CLAY ROAD MUD 3 1630 Z9.282  47.586 77,396 BB.B7{  BE.161 35,573  8E.871 4,60
17 CORNERSTONE RuD 3t 0.120  z8.4%6  59.602  99.33%  535.080  B5.086  42.740  ES. 184 23.04
18 CYFRESS CREEK UD I3 O144.033  137.82% 134,773 98173 13B.337 141,707 21B.486  21B.4Ba
19 CYFRESS HILL NUD 1 32 .000 0,000 0,000 0.0060 0.119 13,186 14,651 14,451
20 CYPRESS HILL NUD 2 3z 0. 640 G.060 000 0.000 0. 000 0. 000 0,000 0. 06 0.0%
21 EMERALD FOREST ub 33 Be.34e 104,498 189,837 155,768 185.870 180,431 179.764 189,837 18.5%
22 FAULKEY BULLY Mud 33 18.646 28,378 4k.215 37,947 B2.396 97,549 102,975 102,975
23 FRY RGAD WUD 31 0015 2%.060  56.326  BO.O3®  196.73%  91.B32  1ZB.¥77  128.977 39,51
24 GRANT RD. PUD 33 0.000 0,000 0,000 9,375 12,817 21,813 I3.BH4 2%.E14
25 GREEN TRAILS MUD 31 1,500 5071 28,088 41,633 46017 53,657 59.33¢ 55,33 1. 0%
26 HARRIS CL. F®SD &4 32 178,230 38h.411 431,494 296,444 Z96.514  335.3I0 MILTIT 431,494
27 HARRIS CO. WUD 004 26 145,054 143.937 184,435 171.540 149,982 152,636 1BS.B52  1B5.RS2 {304
28 HARRIS CO. Hud 018 3371436 58,338 10,000 142,481 199.970 192,551 205.439  205.43%

- 29 HAkRIS CO. MUD 023 26 83.b2% Te 057 107.03% 119,663 1410195 149,292 134,097 149,292
30 HARRIS CD. MUD QIS 6 28,541 33.24%  58.396  4b.B1Z 44,895 41,583 37,247 5B.39 18.9%
31 HARRIS CO. MUD GZ9 32 0,000 0,000 0. 060 0.000 0. 000 0,000 0,000 L. 060 G.0%
32 HAR®IS CO. MUD 032 3 0,400 b.Gag 0,000 0,600 . 0990 0,050 . 000 0.000 0.0%
37 HARRIS C4. HMUD 0d1 31 62,761 MB.162 141,530 156,232 196.165 199,580 199.454  199.454 3.8%
34 HARRIS CO. WUD 0b2 31 0.000 0,900 0,000 0,000 0.040 ¢, 0G0 0,000 0.000 0.0%
35 HARRIS CO. HUD 963 3l 0,000 G000 . 000 0,050 0,000 0.000 0. 000 0.000 0.0%
36 HARRIS CO. Mub Ga4 o 8L 5%.1558  107.555 72,294 FS.061 61,188 57,779 107.55% 15,45
37 HAERIS CO. MUD 083 i 0. 004 0. 00 Y 4,000 ¢. 000 0,05 b.0G0 (. 000 0.0%
36 HARRIS CO. HUD 087 32 .00 b, 000 0.000 134,033 151.284  15Z.18%  14B,927  16Z.1E9
37 HARRIS LO. MUD 076 32 1L218 10.18B LELOS3 3B.63F 37.667  E7.Z42 33374 57,248 13,55
40 HARRIS LD, MU 078 3 3735 T.eul 0 14782 Ze6.196 0 30,737 41061 410194 41,14 30,64
4] HARRIS CO. MUD 0Bl 3 T.FEd 37258 3179078 JIG.5ZF 434.05%  480.434 441,234 469.434 10,11
42 HARRIS CO. MUD 490 24 1,845 14,275 122,330 131,433 137.465 125,723 127.06%  157.445 3.5
43 HARRIS CO, mUD 102 25 41493 S0W28% I14U33B 0 129.704 1430733 174,234 167,830 1WLET
44 HARFIS CO. HUD 195 U 28,672 19,089 10,462 78,233 440306 3B.075 32722 440308
45 EARRIE CO. KUD 147 28 sh8aI 80,375 101018 41,496 BeJT9T BA.209 74,570 1OLL0lB 26.3%
46 HARRIS CO. MUD 1B 26 3.G0 0,000 0.000 136,141 188,737 176,17 174.250  18B.737 T 0%
47 HARRIS CO. HUD 119 2 120,268 074,772 229,328 165,573 132,986 i77.83% 171,246 229.328 5.4%
45 HARRIS CO. AUd 120 24 87,044 111.30e 221,690  16B.566 129,239 158,353 149,537 249,58 13.6%
4% HARRIS [, MUD 127 3t G, 000 {. GG . 000 2. 600 P4.415  29.370 IB.AI1 0 29.37¢ 13. 6%
30 HARRIS 0. MUD 130 3 0. 060 0,000 0.650 0.056 22,091 32,610 31483 I5.sM0 4.8%




ND. NAME DF DISTRICT

31 HARRIS CL.
52 HARRIS CD.
93 HARRIS CO.
54 HARRIS CO.
35 HARRIS CO.
3b HARRIS CO.
57 HARRIS CO.
58 HRARRIS CD.
39 HARRIS CO.
66 HARRIS CO.
&1 HARRIS CO.
&2 HARRIS (O,
&3 HARRIS CO.
64 HRRRIS CO.
&5 HARRIS TD.
&b HARRIS £,
67 HARRIS CL.
88 HARRIS CO.
&9 HARRIS CO.
70 HARRIS CL,
71 KARRIS £0.
72 HARRIS CD.
73 HARRIS CO.
74 HRRRIS LO.
75 HARKIS CO.
76 HRRRIS £O.
77 HARRIS CO.
78 HARRIS CO,
. 79 HARKIS LCO.
B0 HRRRIS CO.
8i HARRIS CO.
B2 HARRIS L0,
83 HARRIS CO.
B4 HARRIS CO.
85 HARRIS CO.
Bo HARRIS LO.
B7 HARRIS CO.
B8 HARRIS LD,
B? HARRIS CO.
9¢ HARRIS LG,
91 HARRIS CO.
§2 HARRIS CD.
33 HARRIS CD.
¥4 WARRIS CO.
5 HARRIS CO.
96 HarRIS CO.
%7 HARRIS CO.
78 HARRIS CO.
5% HARKIS CO.
106 HARRIS CO.

NuD
HUD
NUD
NUD
Mo
NuD
Mud
W0
Nup
HUD
MU
HUD
i)
HUD
fud
NUD
Mub
HUD
i8]
RUD
b
HUD
KU
D
HUD
HUD
LD
Hyp
U
Hud
Rl
Ao
Hud
AUD
UG
Ui
Mid
il
ALl
1]
Uy
HUD
HUG
KUD
UG
MED
UL
HLD
it
HUD

135
137
144
147
149
135
154
157
158
162
163
155
164
167
168
17
172
i73
173
177
179
183
163
BN
158
136
153
195
156
157
199
208
Pay.
222
225
223
22

230
237
23

39
240
243
244
287
243
250
&%

255
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31
i
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32
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H
32
32
3z
3
31
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ANNUAL GROUNDWATER PUMPAGE IN MILLIONS GF GALLONS

1980
FURPRGE

93,345
0. 000
15,445
31,258
46,891
0.000
0.000
3,463
5.000
46,544
0.090
0. o0g
0. 000
¢. 000
7.834
. D00
0.000
. 000
0.000
§.000
0.00)
0., 000
1,550
0, 604
0,000
{.00g
G. 000
0,000
G.060
0,000
0.000
0. 000
0.000
0. 000
G, 500
0,000
0. 600
0, i
0,656
0,650
0,600
0,060
0. G0
0,040
0,000
6.000
0,000
0,000
6. 000
0. 000

1781
FLMFAGE

94,696
0.G0¢
28.21b
34,672
39.498
6,000
0,000
?.18%
17.134
40,894
0.000
0. 640
0,060
0,000
10,459
B, 00G
0.050
0. 000
0.000
0. 000
6,000
0.000
14.060
0. 000
0,400
¢, 000
6,000
6. 009
4. 000
0,000
G.000
0. 000
G.000
0. 000
0,000
¢, 000
4,000
G, 60D
G000
0.000
0,006
0,000
8,060
0. 090
3.000
0,000
6. 600
0,000
0.600
G060

1982
PUNPAGE

156. 008
6,000
26,800
111,752
§7.504
0,000
0. 000
18,737
29,662
138,813
0.000
0.600
0,000
0.000
62,191
47,405
4.000
0. 000
0,000
¢.000
5,538
. 000
45,830
0,000
1.ZB8
0,000
G.000
4,006
0. 000
G000
0. 00
0. 600
0, 000
4. 0600
0.000
0,000
(. 000
G, 004G
0.000
0,000
8, 000
0.000
0,060
§.000
0,506
0,000
0,600
0.600
0,000
0. 000

oy

1983
PURPAEE

139.917
0.09¢
24,146
80,947
107,834
0.000
0.000
43,958
26,940
134,087
0.000
3,560
0.000
0.000
104,894
39.154
0. 000
0.000
0.000
0.000
92,958
14,294
44,563
4,060
53,200
0. 060
0,600
0,000
¢, 0O
0,000
@, 000
6,600
0,600
0. 000
0. 000
0. 000
0. 000
0. 00
0.040
§.000
0, 000
0,060
0. 050
0,000
0. 000
G.o0d
0, 640
G.0G0
(R
0. G

1784
FUMPABE

113,345

0.000
35,919
B3.147
109.578

0.000

0. 000
45.982
61,000
196,099

0.000
15.710

¢, 000

0.000
193. 602
42,889

0, 000

0.000

B.584

0.0060
48,237
69, 481
74,783
136,356
71,185

0.000

0. 000

0. 608

3. 400
. 600
0.0600
0,000
0, 00
0,000
9,281
. boo
0. 000
0. 006G
0. 000
G.000
0. 000
0. 000
G. 500
0. 0G0
0,500
0. 000
1,779
0,000
0.000
4. 609

185
PUMFABE

172,080
G. 000
3B. 044
4,247
142,927
10.34%
0,000
36.138
46,392
140,551
0. 0G0
31,423
0.000
2.120
234,326
48.745
0,000
0.000
1%, 118
0. 000
.17
72,527
96.573
135,410
B0, 73
0, 060
¢. 0060
0. 000
3.009
0,050
0.00¢
6,060
0. 000
0.000
2%.138
0. 60
0. 000
0, (i)
0,830
12,348
G000
0. 600
0,000
0,000
6.901
0. 000
5. B&?
0. 000
0.600
0.0

1586
FUMPRGE

146,939
0.000
28.303
6,592
131,542
168.136
0. 600
34,4601
75.336
83.B4!
190.33
24,354
0.000
4,630
213,474
96,621
0,000
0,600
7,787
&, 006
87.474
47,B5E
100,384
147,247
72, 66b
0. 068
0. 000
¢.73%
1.840
. 000
0,00
0. 009
0.00¢
0.000
39.272
0. 000
0,008
0,000
1.574
11,838
0,000
0.00¢
0. 600
6,000
10.270
0. 000
13,013
¢, 000
0. 000
Q. 00

HAXIKUM
PURFRSE

156,008
0.000
38.046
111.712
142,927
18,156
0. 0G0
45,932
75.356
195.09%
190,330
31.423
0.000
5630
234,326
59,154
0,000
0,000
27.787
. 000
72,756
72,5321
100,354
155,410
80.733
0. 60D
{.500
0,735

S 800
0,000
6,000
0.000
0,000
G.000
39,272
¢.046
0.G00
0.0
1.976
12,348
0. 0G0
0,000
0.000
6.060
10,270
{0,000
13,013
0,000
. 840
0,000

1966
LOSSES

5.2
0.0%
0.0
10.3%
13,34
22.7%
0.0%
26.5%
12, 6%
45.6%
7.6%
.51
0.0%
70.6%
4.4%
8,01
0.0%
0.0%
15. 1%
¢.0%
16.8%
15.2%

64,34
.21
0. 0%
0.9%

0, 0%
10.0%
0.0%
0.0%
005
13, 0%
0.0%
0.0
0.0%
41.8%
3.3%
73.3%
0.0%
0.0%
0,07

¢.0%
33,51
¢.0%
0,9
0.0%



NG. NAME OF DISTRICT

101 HARRIS
102 HARRIS
103 HARRIS
194 HARRIS
105 HARRIS
106 HARRIS
107 WARR1S
108 HRRRIS
109 HARRIS
110 HARRIS
111 HARRIS
112 HARRIS
113 HARRIS
114 HARRIS
115 HARRIS
116 HARRIS
117 HARRIS
118 HARRIS
119 HARRLS
120 HARRIS
121 HARRIS
122 HARRIS
123 HARRIS
124 HARRIS
123 HARAIS
1Za HARRIS
127 HARRIS
125 HARRIS-
129 HARKIS-
130 HARKIS-

131 HARRIS-

132 HORSEFE

133 INTERST

134 JACKRAS
135 KINGSEN
136 LAXE FU

Co. muR 257
£O. MuD 239
CO. WUD Z61
£0. MUD 283
C0. MUD 264
CD. MUD 248
C0. AuD 272
L0, WD 273
CO. NUD 274
Co. Wb 277
£0. MuD 286
{0, Wup 281
CO. Mup 232
C0. MUD 283
CC. mMuD 284
£0. MUD 286
CO. mLD 287
C0. HUD 288
Ch. NHD 289
£0. HUD 368
Ch. ®UD 317
CO. Hup 318
€0, Mug 319
CD. MuD 323
CO. Ur 6

L0, WCID 113
C0. WCID 133
FT. EBEND MUZ 1
FT. BEMD MUD 3
FT. BEND MUD &
FT. BEWD MUD 5
R BAYGY Rl
ATE HUD

BIT ROAD PUD
1088 KUl

REST UD

137 LaNGHAR CREEE (D

138 LOKSHDR
139 HALCONS
140 HRSON C
141 MAYDE C

N TCwN LD
ON ROAD UD
REEK UD
REEK MuZ

142 HEMORIAL MUD

143 HILLS
144 HISSICN
145 MISS]0M
{46 BORTON

147 KORTHWEST

148 HORTHWE

145 WOTTINGHAH COUNTRY MUD

150 K HARR

L&D AUD

BEND MUE
BERD MUD
RUAD ¥UD

l

57 rHEL HUD

I5 £3. HUD 03

DA

33

2l
i
3l
5
31
3
24
33
3
it

33
31
31
il
33
4
24
31
32
b
31

T
+a

FNNUAL GROUNDMATER PUMPAGE IN MILLIONS OF BALLGNS

15890
FUMPABE

0,000
¢, 900
0,000
0. (od
0. 050
0. 0G0
G, 000
0. 600
. 000
0. 000
4. 000
0. 000
0,600
R
3, 000
0,000
0, 000
0. 000
{1, 600
0. 000
0,000
0. 600
0,000
0, 000

235,584

4 LII

-4
AT

2:7.4|9
.00
0, {00
G, 000
3, 000
3,000
4,040
150,548
4. 00
41,492
27,078
&, 00
§3.487

(0,843

Pol

3

h
1,501
0,050
75,092
1.528
i%.06%
B.533
J4.476
162,405
0.060
31,021

1981
PURFAGE

6.0G0
¢. 0G0
0. 000
0. 000
0. 000
£, 000
6. 600
. 0G0
4,000
0. 000
0.000
0. 000
G.00C
0,600
0. 0006
0, 000
46,000
0,000
4,000
0. 000
G000
0,060
G, 600
0. 000
3L
5346
209,3%8
0. 000
0,600
0,030
4,000
1.532
3,000
339,197
G000
a7.310
59,347
0,000
137,038
211,474
7.1ks
7,124
37.774
51,324
50,800
24,489
34,151
166,157
0,020
30,040

1582
PUMFRGE

G.000
0.000
0. 000
0.4600
G. 600
0. 000
0.000
0. 000
0., 00
0.000
G, 600
0. 000
0.000
0,000
G.000
0,000
0,060
0. 000
0. 000
0. 060
0.000
0.000
0,000
0,069
327,494
19,759
254, 8u4

0.000
175,921
z81.031

310108
14,990
167,202
101,044
127,132
30,133
656.554

227,170

¢ 000

33,881

[ )

1983
PUNPASE

0.060
0.000
0. 0600
¢. 000
0,000
0,060
0. 600
0.000
0.000

T 0,000
0,000
0.G00
(. 000
0,500
0. 000
0. 000
0. 0
0.0600
0,000
0. 000
0,000
G, 000
. 060
0. 000
I32.844
35,002
187,730
0,009
0. 0al
0. 000
0. 600
39,4610
0, 500
376,467
17.508
B5.272
145,324
0,00
199,014
J04,784
48.271
14,835
1h4, 444
R2.51%
147.58%
59.974
70,430
128,553
0,000
3%.678

1384

PUMPABE

0.000
0.000
0.040
0.000
0.000
0. 000
0.000
9. 000
0.000
0. 000
0. 000
0, 00§
0. 000
0. 000
a0, (G0
G, 009
0,000
0,000
0. 000
0,000
0,035
0,000
0.000
7.000
Joz. 402
40,B9%
207,763
4. 630
G. 060
0. 605
3. 000
76,873
2,713
416,830
116.7581
96,345
160,827
1. 8467
223,270
395,372
§2.599
13,743
119,104
232,264
209,043
86, 627
B§. 083
278,409
0,000
36,250

1965
PUBPAGE

0.000
0.000
0.000
0,000
0,080
. 000
0.000
¢, 000
0.000
0. 000
0,006
0,060
G066
0,000
0.0060
0.000
0.000
0.000
0.000
0.0006
G.000
0,000
0,000
¢.000
433, k4%
4G.034
215,430
4,728
0.000
0.000
0.000
89,4938
44,032
419,323
146,220
116,830
160,045
15,500
L7Z.603
$18.282
39.0%3
17.637
95,598
148,333
216,673
62,421
71.374%
296, 640
590 V)
33, 4E5

1986
PUMPABE

0.000
0.000
0.000
0.000
33,964
0.000
0.000
0.000
0.000
0,000
0.000
0. 300
0.0a0
0.000
0.000
0,000
G, 000
0.000
0,000
0. 000
0,040
0,00
0. 000
G. 000

(==
-

Eal
£n
o

4

wd e bw

2

252,536
349,53
27.5%0
13, ¢BE
132,183
148,233
236,338
50,314
38,272
286,120
35,138
32,788

MAX MUY
FUNPAGE

0. 06
0.000
0. 000
0,000
35,964
¢.000
0.000
0.000
0. 0G0
0.000
0. 00
0. 000
b, 0GoH
£,000
0.000
.000
0. 000
0.0a0
0.000
¢. 040
0. 0Ga
0,000
0. 000
0.000
453.83¢
40,877
257,409
3.970
0.000
0. 0G0
H. 004
103.8i1!
44,03z
419,123
144,220
121,055
150.827
30,575
282,555
418,252
82,999
17.037
1o4. 454
232,284
258,338
66,627
gu, 083
296,660
35,158
35,25

1984
LDSSES

¢.0%
0.0%
0.0%
.01
19.3%
0.0%
0.0%
0.0
0.0%
0.0%
0. 0%
0.0%
0. 0%
0.0%
0.07
0. 0%
0.0%
0. 0%
o0k
1,01
.0%
0.0
0.0%
0,01
15.8%

B8.0%
0.0%
G.0%
0.0%

10, 6%
12,00

23,0

0. 6%
¢, 0%

27.0%
3.0



KO. NAME OF DISTRILT

1531 NW HARKIS CO. MUD 49
132 NW HARRIS CO. MUD 10
133 NN HARRIS CO. MUD 12
134 W HARRIS CO. MUD 15
135 N# HARRIS CO. HUD 14
136 NW HARRIS €O, MUD 25
137 NN RARRIS C3. ®UD 27
158 NN HARRIS CO. WuD 29
139 PARK TEN MUD

160 PECAN FARK MUD

161 REID ROAD MUD 1

162 REID RGAD WUD Z

163 REMINGTON HUD 1

164 REMINGTON RUD Z

165 REAINGTON HuT 3

166 RENN ROAD MUD

167 RICEWDOD MUD

168 RGLLING CHEEK UD

169 ROLLING FORK PUD

170 SPENCER ROAD PUD

171 TIMBERLAKE ID

172 WEST HARRiS CD. MUD 01
173 WEST HARRIS CO. KU G2
174 WEST HARRIS CD. KUD 04
173 WEST HARRIS CO. WUD 09
176 WEST HARRIS £0. MUD &b
177 WEST HARRIS CG. KUD 07
178 WEST HERRIS CG. ¥UD 08
- 179 WEST HARRIS CO. HUD (9
183 ReST HARRIS CO. WUD 10
181 BEST HARRIS CO. MUD 11
182 WEST HARRIS L0. MUD 14
183 WEST HARRIS CO. MUD i35
1B4 WEST HARRIS [Q. WUD 1&
185 KEET HARRIS CO. HUD 17
(88 WEST HARRIS [Q. HUD 26
187 BEST NEMORIAL MUD

163 WESTLAKE MUD |

{89 WESTON HUD

190 WESTFARK NUD

{91 WESTWAY UL

132 WHITE DAK BEND MUD

193 WHITE DAK/1960 HMUD

194 WILLOW CHASE MUG

195 WINDFERN FOREST UD

136 JERSEY VILLASE

197 KATY, LITY OF

198 BAKER SERVICE TGOLS
19% BAKER TUBULAR SERVICS
200 BERR CREEK GOLF WORLD

HGA

32
32
3
33
3

&

I%

[y
6
3
25

[ SR
(=23

-~

[ Ry
— 3 BRI

ra Ld
o e

toGd B e
— R

L

I TR N |
I

rY
O e

2b
b
26
32
32
24
3
32
3t
31
3
3
23
2
6
33
26
26
i
26
25

5
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ANNUAL GROUNGMATER PUMPAGE IN MILLIONS OF GALLUNS

1980
PUNMFABE

17.545
0.000
0.534
4.554

15.3%2
0. 600
0,000
0.000

95,117
0.000
0,000
0.000
6,000
0,000
0.0600
0.600
0. 000
0,000

1,561

118,163
£4.044

28.341
0,000
G, 000
¢, 000

1B.516
G. 400
0. 000
0. 000
0,000
0,600
0. 060
G.400
G.049
0,000
0.6

226,237
£8.274

57.134
0.000

33,570

25.217
0,000
0,000

40.454
218.7
301.9

13.4
1.8
39.2

981
EUMPAGE

18.642
19.191
3.253
3.760
18.572
&, 000
0.000
0,600
107.55%
4,000
96,013
0.000
0.0G0
0.000
0.000
2.083
4.000
§.000
72,740
118,492
8B, 545
33,249
4. 000
¢, 0G0
4. 000
2B. 368
. Gd
0,400
3,064
0.000
0.000
0.000
0.040
0,000
4,060
0. 0G0
170,010
118,324
42,442
0.418
95.375
31.993
0.000
0.487
92.675
2244
7.3
15.8
§.2
1.0

1782
PUMFABE

33,625
19,000
§.632
9.921
23.151
4,730
G. 000
G.000
135,311
0. 000
103,406
0.006
0. 000
0.000
0. 000
76,127
G. 000
. 000
§2.851
177,058
109,837
98. 3%
6,000
7.200
0. 650
45,492
b, 000
. 000
40.81%
VRTIHY
0,000
4,355
0.000
g. 000
0,000
0. 0ol
214,786
161.5461
47.94B
5. 783
92,670
47,987
0,600
7.340
77.123
262.8
146.8
11,1
1.2
25.4

1983
FURPAGE

45.648
19.000
16.382

0. 600
146,278
0. 090
125,000
.773
0.030
0. 000
G.060
171,218
0. 600
0. 000
75.924
147,677
58,248
56,812
6,000
46,130
0.000
97,246
€.000
4,000
724
00D
L0
Nl
. 259
LG
0238
0G0
L7085
B30
094
)
97.489
57,895
G, 000
25,398
75.997
2448
427.8
5.9
7.1
44,9

7
i

]
&

[y

O el sl
Cd CF B e € P2 & LR

1984
PUMPAGE

126.095
19.852
25.722
28,972
29.910

1775
0,000
0,000
206,517
0,000

146.178

31,643
G.000
0.000
G.000

44,222
0,000
G, 000

B7.130

142,474

121,379
44,895

0.0
29,940
0,094
62,752
0,000
0.000
103,087
5,308
G, 600
0. 000
28,500
0.000
15. 550
0,000

217,854

150,432
38.923
42,608

113,171
64,633

0, 000
26.958
B3.949

250,46

Ji1.B

8.0
9.0
1.3

]

1585
PUMFABE

145,448
20,008
36.728
40,777
31.009

6,500
0.000
31.633
219.476
0.000

151,501

40,282
0.000
0.600
0.000

84,148

64,647

11.679

113,673

170.G09

129,632
41.388

0. 060
27,000
. 000
77.264
31,023
0. 010
32,15z
57.915
2,000
0,000
32,430
0.000
13.328
G, 050

216,423

134,070
¥8.,305
5, 454

126,389
62,790

0. 000
27,435
86,631

247.7

364,35

10,
&

o

< ~o -0

59,

1984
FUNPABE

105.889
20,664
20,285
31,155
27.B0B
10,875
4,000
35,376
230,835
0. 000
209,091
35,5319
4,000
0. 000
0.0060
62.776
70,974
5.443
83.21%
14¢,262
132,520
37,2867
0. 400
23,577
0,400

75,097

25,667
(. 000
57.12

BR.152
. 0o
.000
25,659
0,000
16,550
G, 000
1B4.018
ib4.431
42,2725

33,432

164, 5467

38,773

G, 000
47.833
36,071
2491
Za8.e

1

g
.B
1

FG Y re

7

RATIKUM
FUMPABE

145,448
20,664
38,728
40,777
31.009
10,873

G.000
39,370
230.855
0.000

209,081

51.663
0.000
0.000
6. 009

121,218
70.970
11,679

113,475

177,058

132,326
58,336

0,008
45,140
G000
77.28%
31,023
0, 604

103, (87

77.715
0,000
4,53

32,450
. 000

16,630
0.00)

226,237

164,431
38.50%
0. 454

1256.389
54,653

0.000
47,833
B4.851

262.8

427.8

.8
1.2
72.1

1584
LOSSES

10.5%
37.8%

11.6%
14,83

0.0%
93.1%
11,24

0.0%
11.0%

5.01

0.0%

0.0%

0.0%

7.59%
33,04

12.7%

._.
R T Lj B ]
- e .

-~ €3 Ld
B T 2

LNy
[+5]

< Lo o
<5 B Oy T2
oo pE T8

23,54
0,07
34,9%
0.0%
B.4%
16,35
6.8%
B, 0%

16 6%



ANNUAL GROUNDWATER PUMFAGE IN MILLIONS GF BALLONS

1580 1981 1982 1583 1984 1585 1956 HMRITHUM 1986

NG, NAME GF DISTRICT MBA  PUMPASE  PUKPAGE  PUMFABE  FUMPAGE  PUMPAGE  PUKPRBE  PUMFABE  FPUMFABE  LO5SES
201 BRITMORE UTILITY LB 25 331 35.1 40.9 30.9 62.3 a8.1 36.9 62.3
202 CAMERDN IRON WORKS 32 45.7 B3.b 13.2 57.4 39.7 40.1 33.3 B5.6
203 ENCHANTED VALLEY W/S§ 33 10.3 §.2 15.1 11.0 8.8 14.4 75.9 75.%
204 BIFFORD-HILL & CO 5 17.2 13.5 20,6 .8 11.9 12.4 2.2 2.2
205 REARTHSTOHE COUNTRYCLUB 25 4.9 75.6 57.2 37,2 63.4 16.8 17.8 75.8
204 NATIQNAL STEEL PRCDUETS 25 0.1 26,3 18,5 14.4 b.4 3.7 3.3 25,3
207 N.W. WATER SYSTEMIZ, INC 33 17,2 15.8 18.8 17.1 17,2 15.8 15.3 18.8
208 PEEK ROAD UTILITIES 3 o0 0.0 0.9 3.4 8.8 8.9 .17 8.5
209 TALL PIRES UTILITY 33 6.4 8.5 10.3 B.9 3.6 §.2 7.2 10,5
210 TEXAS INSTRUMENTS 2 24,0 356 30.1 26.7 3.9 "50.8 3B.3 30.8
211 TOWER OAK BEND &AT.SUP, 32 0.1 0.0 0.0 2.0 1.0 12.1 1.6 12,1
212 TREELINE EDLF CLUB, IR 31 0.0 0.0 0.0 4.0 12.0 14.0 15.B 15.8
213 TRUKIX CONCRETE COWPAMY 32 3.3 2.5 3.5 §.8 2.1 .8 6,3 3.5
214 TRUNKELINE GRS COMPANY 32 16.2 4.8 40,3 12,3 15.3 12.8 13,3 20,5
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EXECUTIVE SUMMARY

Purpose and Scope

This phase of the implementation plan deals with evaluation of a mnorth
surface water supply system from the Trinity/Brazos/San Jacinto River Basins
and is intended to be a supplement to Appendix IL This supply system is
described in the western alternative of the Houston Water Master Plan (HWMP).

Water mand
Existing and Projected Water Deman
Existing and projected water demands used in this Appendix are based on

data previously presented in Appendix 1I, Water Demand and Supply.
Maximum daily demands were used to determine required treated water supply

systems.
rface Water 1
Northe n thwes 1 m

The Northeast and Southwest Supply Systems used in this Appendix are
discussed in detail in Appendix II, Water Demand and Supply.

North 1 m

This supply system consists of surface water from the Trinity, Brazos and
San Jacinto River Basins as outlined in the western alternative of the
HWMP. Development of Lake Millican, Bedias Reservoir and possibly Lake
Creek would be necessary along with major conveyance systems from these
sources. The HWMP western water alternative calls for two proposed
treatment plants, a 150 MGD ultimate capacity Northwest Water Purification
Plant and a 200 MGD ultimate capacity Waller Water Purification Plant. If
Lake Creek were developed the ultimate capacity of the Northwest Water
Purification Plant could be increased to 200 MGD.

Altern rvice Areas
Aporoach and Methods

Alternate service areas were investigated to determine surface water
supply versus demand relationship and also availability to meet the
conversion dates outlined in the HGCSD plan. In addition to the five

alternate service areas presented in Appendix II, the following alternate
was investigated:

III-1i



Alternate No. 6 - Southwest System Service South of Clay Road
Northeast System Service East of Barker-Cypress
North System Service West of Barker-Cypress

Tabie ES-1 presents a summary of surface water requirements for Alternate
6 from 1985 to 2030. For purposes of computing surface water requirements in
2030, it was assumed that HGCSD regulatory area eight will be given a
conversion requirement of 80% in that year. All surface water requirements
are in terms of maximum day demands.

TABLE ES-1

SUMMARY OF SURFACE WATER REQUIREMENTS BY ALTERNATE
(MAXIMUM DAILY DEMANDS)

CITY OF
HOUSTON WHCSWSC TOTAL TOTAL TOTAL TOTAL
SOUTHWEST SOUTHWEST SOUTHWEST NORTHEAST NORTH ALL AREAS
YEAR (MGD}) (MGD) (MGD) (MGD) {(MGD) (MGD)
ALTERNATE 6 - SW, BOUNDARY AT CLAY ROAD; NE BOUNDARY AT BARKER-CYPRESS
1985 0.00 0.00 0.00 0.00 0.00 0.00
1995 65.27 0.00 65.27 0.00 0.00 65.27
2000 89.82 15.74 105.96 0.28 0.14 105.98
2005 89.82 15.74 105.96 9.94 0.14 115.64
2010 89.82 15.74 105.96 60.88 4.33 170.77
2012 101.17 15.74 116.91 60.88 4.33 182.12
2020 101.17 15.74 116.91 60.88 4.33 182.12
2030 101.17 38.79 139.96 60.88 30.42 231.26

Comparison of Alternate No. 6

Considerations of supply adequacy were based on the minimum surface water
required to meet the HGCSD conversion plan. The minimum requirements climb in
a stair-step fashion rather than linearly, however, the minimum requirements

for the City of Houston Southwest and total WHCSWSC supply areas do not vary
between alternates.
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The total maximum daily treated water supply available from the Southwest
Water Purification Plant (SWWPP) is assumed to be 226 MGD which is based on a
average daily raw water supply of 133 MGD from the BRA. The total available
ultimate supplies from the Northeast, Northwest and Waller treatment plants as
proposed in the HWMP would be adequate to meet the Alternate 6 service area
needs.

Some consideration must be given to the timing of the availability of the
surface water and whether it would be possible to meet the HGCSD conversion
plan. In the Southwest service area, the first conversion requires 65 MGD in
1995. If an estimate of six years is used to bring the SWWPP on-line, then it
can be reasonably assumed that the first southwest conversion date of 1995 is
feasible.

Timing issues are more complex in the North and Northeast service areas.
The quantities of surface water for these areas in 2000 or 2005 are small for
Alternate 6 and it is likely that they will be supplied from the Southwest
Supply System until 2010 when most of the northern area will then convert to
surface water. The amount of water required from the Northeast Water
Purification Plant (NEWPP) for Alternate 6 would be 61 MGD by 2010. The City
has stated that the initial design of the plant could accommodate this
additional requirement.

The North Supply System proposes two water plants, the Northwest Water
Purification Plant (NWWPP) and the Waller Water Purification Plant (WWPP),
both with wultimate capacities adequate to meet the needs of the service area.
However, the majority of raw surface water for these plants originates in
proposed reservoirs which may not be completed in time to meet the HGCSD
conversion dates. These northern areas could be temporarily supplied from a
Southwest System with the North System providing treated water by the year
2030.

onclusions

In Alternate No. 6, the Southwest Supply System will be adequate to meet
the projected Southwest Service Area. However, it is very likely that the
water from the North Supply System may not be available in time to meet HGCSD
target dates. A cost analysis of the major sources and transmission systems
will be necessary before any service area alternate can be eliminated. This
will be described later in Appendix IV,
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1.0 INTRODUCTION



1.0 INTRODUCTION

Purpose an (4

The project scope of work for this phase of the implementation program
deals with evaluation of a North Surface Water Supply System from the
Trinity/Brazos/San Jacinto river basins (the "North System"), This supply
system is described in the western alternative of the Houston Water Master
Plan (HWMP). This appendix is intended to be a supplement to Appendix II

which dealt with water supplies and demands.

Evaluation of water supplies for West Harris County involves investigation
of three potential sources of surface water. The first two, purchasing water
from a future City of Houston Northeast Water Purification Plant (the
"Northeast System") and from the Brazos River out of a future Southwest Water
Purification Plant (the "Southwest System") were addressed previously in
Appendix II, Water Demand and Supply. The third potential source from the
Trinity/Brazos/San Jacinto river basins (the North System) is the topic of

this Appendix.
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2.0 WATER DEMANDS



2.0 WATER DEMANDS

Existing and Projected Water Demands

The alternate service area water demands formulated in this Appendix are
based on the existing and projected water demands as previously defined in
Appendix II, Water Demand and Supply. Existing water demands were obtained
from groundwater pumpage records for each municipal utility district, city and
industry within the defined alternate service area. Projected water demands,
as presented in the HWMP, were determined by assigning demand criteria to
population and employment projections developed by Rice Center for each census
tract and MDA within the alternate service area. Maximum daily demands were
used to determine required water treatment and transmission facilities. All

raw water supply facilities will be based on average daily demands.
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3.0 SURFACE WATER SUPPLY



3.0 SURFACE WATER SUPPLY

Northeast and Southwest Suppl stems

The Northeast and Southwest suface water supplies used in formulating
alternate service areas in this Appendix are discussed in Appendix II, Water

Demand and Supply.

North Supply System

Trinity/Brazos/San Jacinto River Supply Excluding Lake Creck

This supply system consists of surface water from the Trinity, Brazos and
San Jacinto River Basins as outlined in the western water alternative of
the HWMP. The development of two water supply sources, Lake Millican and
Bedias Reservoir, would be a vital part of this supply system along with
conveyance systems from these sources. Figure 1, reproduced directly from
Appendix M of the HWMP, presents the most recent preliminary supply
schematic for the western water alternative of the HWMP. This latest
refinement of the HWMP western water alternative calls for a reduction in
capacity of the Northwest Water Purification Plant south of Lake Conroe
from 350 MGD to 150 MGD and the addition of a 200 MGD water purification
plant near Waller. A raw water conveyvance system from proposed Lake
Millican would be routed to this plant at Waller rather than to Lake

Conroe as previously mentioned in Appendix II.
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Trinity/Brazos/San Jacinto River Supply Including Lake Creek

This supply system is identical to the system described above except
for requiring the development of three rather than two water supply
sources , namely Lake Millican, Bedias Reservoir and Lake Creek
Reservoir. A recently released planning report and draft environmental
statement, prepared by the Bureau of Reclamation and sponsored by the SJIRA
presents alternative plans to develop additional surface water supplies
within the San Jacinto River Basin. The recommended alternative selected
was the Lower Lake Creek site located on Lake Creek in Montgomery County
about 5 miles south of Lake Conroe. The development of Lake Creek
Reservoir would make available an additional 56 MGD which could be treated

by the proposed Northwest Water Purification Plant,

Northwest Water Purification Plant

Upon selection of a western alternative and the development of Bedias
Reservoir and a conveyance system to Lake Conroe, the City of Houston
proposes construction of a Northwest Water Purification Plant. The
proposed location of this plant would be just south of Lake Conroe from
which it will get 1its raw water supply. Preliminary sizing of this plant
as presented in the HWMP is 150 MGD at ultimate capacity (year 2030). If
Lake Creek Reservoir were also developed, the Northwest Water Purification
Plant could possibly be increased in size to 200 MGD ultimate capacity

{yvear 2030).
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Waller Water Purification Plant

Upon selection of a western alternative and the development of Lake
Millican, the City of Houston proposes to construct a Waller Water
Purification Plant in northwest Harris County near the Waller County
line. A conveyance system from Lake Millican to the Waller treatment
plant is also proposed. Preliminary sizing of this plant as presented in

the HWMP is 200 MGD at ultimate capacity (year 2030).
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4.0 ALTERNATE SERVICE AREAS

Approach and Methods

This section is a supplement to Section 4.0 of Appendix II and examines
supplying the WHCSWSC study area with surface water from sources from the
North, Northeast and Southwest. Each alternate service area is evaluated in
terms of water demand versus supply and the possibility of meeting the
conversion schedule as outlined in the HGCSD Plan. The alternates presented
in this Appendix as well as Appendix II will be further tested for economic

feasibility in Appendix IV of this study.

All water supply scenarios considered by the HWMP include the Northeast
Water Purification Plant (NEWPP) at Lake Houston and the Southwest Water
Purification Plant (SWWPP) near the Brazos River. The North System (HWMP
western alternative), proposes a water treatment facility at Lake Conroe, the
Northwest Water Purification Plant (NWWPP) and a water treatment facility in
northwest Harris County, the Waller Water Purification Plant (WWPP). The

North Supply System can only be used if the City of Houston elects to bring

water from the west.

Evaluation of the adequacy of surface water supplies is based on the
minimum surface water required to meet the HGCSD conversion goals, not the

full maximum daily requirements.
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The following alternate consists of three sources of supply: The
Southwest System combined with a Northeast and North System. The Southwest
System will supply surface water to portions of the City of Houston as well as
the WHCSWSC service area as far north as Clay Road. The City of Houston's
portion of the Southwest System is bounded by Fondren and Blalock Roads on the
east, Clay Road on the north, the Houston City Limits on the west and the

Harris County boundary on the south.

For the following alternate, the boundaries of the service area and the

projected water demands were defined as mentioned in Appendix II, Section 4.0.

Alternate No. 6

Two criteria are applied to Alternate No. 6 described below. First, the
supply is compared to the HGCSD surface water requirements at each conversion
date and second, consideration is given to whether the water sources will be
available in time to meet the HGCSD conversion dates. Table 1 gives total
maximum daily usage for each system in Alternate 6. Table 2 details the
calculation of surface water requirements per HGCSD requirements, and Table 3

is a summary of this information,

In Alternate 6, the portion of the WHCSWSC planning area south of Clay
Road would be served by the Southwest Supply System, while the remainder of
the planning area would be supplied from a combination of the Northeast Supply

System and the North Supply System. The boundary line between the Northeast
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and North Supply Systems runs north along Barker-Cypress Road from Clay Road
to US. 290 then northwest along U.S. 290 to Spring-Cypress Road then
northeast along Spring-Cypress Road to F.M. 149. Figure 2 shows the service

area boundaries for this alternate.

The HGCSD surface water requirements on Table 3 reveal that the City of
Houston will require 65 MGD from the Southwest System in 1995. The WHCSWSC
has no mandate in 1995. In the year 2000, the Southwest System will require a
total of 106 MGD, or 100 MGD for the City of Houston and 16 MGD for the
WHCSWSC. The Southwest System average daily yield of 133 MGD (226 MGD maximum

daily) would be adequate throughout the planning period.

The Northeast Supply System has three conversion dates for this alternate:
2000, 2005, and 2010. The earliest conversion date is 2000, when 0.3 MGD
would be needed for a portion of HGCSD regulatory area four. At the next
conversion date of 2005, 10 MGD will be required. Beginning in 2010, 61 MGD

will be needed, remaining constant until 2030.

The North Supply System also has three conversion dates for Alternate 6:
2000, 2010 and 2030. At the first conversion date of 2000, 0.2 MGD will be
required. At the next conversion date of 2010, 4 MGD will be needed. In 2030
it is assumed that HGCSD regulatory area eight will require conversion to

surface water, increasing the North Supply System requirements to 30 MGD.,
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TABLE 1

TOTAL WATER DEMANDS BY ALTERNATE
(MAXIMUM DAILY)

CITY OF

HOUSTON  WHCSWSC TOTAL TOTAL TOTAL TOTAL

SOUTHWEST SOUTHWEST SOUTHWEST NORTHEAST NORTH ALL AREAS
YEAR (MGD) (MGD) (MGD) MGD) (MGD) (MGD)

ALTERNATE 6 - SW. BOUNDARY AT CLAY RCAD; NE. BOUNDARY AT BARKER-CYPRESS

1985 99.59 17.95 117.54 36.45 6.66 160.64
1990 99.59 17.95 117.54 36.45 6.66 160.64
1995  108.36 2237 130.73 43.68 8.97 183.39
2000 117.37 29.64 147.01 55.48 12.54 21543
2005 126.38 36.90 163.28 67.27 16.91 247.47
2010 13137 44.12 175.49 71.55 21.83 274.97
2012 133.37 47.01 180.38 81.65 23.93 285.97
2020 139.17 56.56 195.73 55.18 31.51 32281
2030 144.18 65.61 209.79 107.90 42.25 359.94
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SURFACE WATER REQUIREMENTS PER HGCSD PLAN
TOTAL WHCSWSC ONLY
(MAXIMUM DAILY DEMANDS)

Regulatory
Area 1985

SOUTHWEST SYSTEM

4 : 0.00
8 0.00

SOUTHWEST TOTAL 0.00

NORTHEAST SYSTEM

4 0.00
6 0.00
7 0.00

NORTHEAST TOTALO0.00

NORTH SYSTEM

4 0.00
7 0.00
8 0.00

NORTH TOTAL 0.00

ALT. No. 6 TOTAL 0.00

ALTERNATE 6
Surface Water (MGD)

2000

15.74

15.74

0.28
0.00
0.00

0.28

0.14
0.00
0.00

0.14

16.16

TABLE 2
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2003

15.74
0.00

15.74

0.28
9.66
0.00

9.94

0.14
0.00
0.00

0.14

25.82

2010

15.74
0.00

15.74

0.28
9.66
5Q.94

60.88

0.14
4.19

0.00
4.33

80.95

15.74
23.06

38.79

0.28
9.66
50.94

60.88

SN
S
Lo s

3042

130.09



TABLE 3

SUMMARY OF SURFACE WATER REQUIREMENTS BY ALTERNATE
(MAXIMUM DAILY DEMANDS)

CITY OF

HQUSTON  WHCSWSC TOTAL TOTAL TOTAL TOTAL

SOUTHWEST SOUTHWEST SOUTHWEST NORTHEAST NORTH ALL AREAS
YEAR (MGD) (MGD) MGD) (MGD) MGD) MGD)

ALTERNATE 6 - SW. BOUNDARY AT CILAY ROAD; NNE. BOUNDARY AT BARKER-CYPRESS

1985 0.00 0.00 0.00 0.00 0.00 0.00
1995 65.27 0.00 65.27 0.00 0.00 65.27
2000 89.82 15.74 105.96 0.28 0.14 105.98
2005 89.82 15.74 105.96 9.94 0.14 115.64
2010 §9.82 15.74 105.96 60.88 4.33 170.77
2012 10117 15.74 116.91 60.88 4.33 182.12
2020 101.17 15.74 116.91 60.88 4.33 182.12
2030** 101.17 38.7% 139.96 60.88 30.42 231.26

**Harris-Galveston Coastal Subsidence District plan for surface water use ends at
2020. Required surface water for 2030 was estimated assuming that Area 8 will be
required to convert to 80% surface water in that year.
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Comparison of Alternate No, 6

In this section, Alternate 6 will be compared on the basis of supply
versus required surface water and timing of water availability in a similar
manner to the five alternates previously presented in Appendix IL No
alternates will be eliminated at this time, however, some general conclusions

can be made.

Total Maximum Daily Water Demands

Three factors remain constant for each alternate previously presented in
Appendix II along with Alternate 6 presented herein. First, the City of
Houston Southwest service area total demand increases from about 100 MGD
in 1985 to 144 MGD in 2030. Second, the total WHCSWSC demand grows from
61 MGD to 216 MGD during the study period. Third, for all areas combined,
the total demand is 161 MGD in 1985 and 360 MGD in 2030. The variable
figures are the WHCSWSC portion of the Southwest System and the Northeast
and North maximum daily water demands, which depend on the placement of
the service area boundaries. Examination of Table 1 shows that for
Alternate 6, the total Southwest System maximum daily water demand
increases from 118 MGD in 1985 to 210 MGD in 2030, while during the same
period the total Northeast System maximum daily water demand increases
from 36 MGD to 108 MGD and the North System increases from 7 MGD to 42

MGD.
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Total Avaijlable Surface Water Supnly

All considerations of supply adequacy were based on the minimum surface
water required to meet the HGCSD conversion plan, previously shown on
Table 2 and Table 3. As opposed to the total maximum daily demands, the
HGCSD conversion requirements climb in a stair-step fashion rather than

linearly.

The total maximum daily treated water supply available from the SWWPP is
assumed to be 226 MGD based on an available 133 MGD of average daily raw

water supply from the Brazos River Basin.

Although the SWWPP has sufficient capacity to serve the entire WHCSWSC
service area, it has been assumed that due to the added transmission cost
the Southwest Service Area’s northern boundary will be Clay Road. Please
refer to Table 3 for a detailed breakdown of water demands between the

three service areas.

Egasibility of Meeting HGCSD Plan

Some consideration must be given to the timing of the availability of
surface water and whether it would be possible to meet the HGCSD
conversion plan. In the Southwest service area, the first conversion
requires 65 MGD in 1995, This is the same for the alternates previously

presented in Appendix II along with Alternate 6 presented herein. The
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above mentioned area which is required to convert in 1995 to surface water
is in HGCSD regulatory area three in the City of Houston. If an estimate
of six years is used to bring the SWWPP on-line, then meeting the first
southwest conversion date of 1995 is possible through development of the

SWWPP.

Timing issues are more complex in the North and Northeast service areas.
The first conversion date is 2000 for Alternate 6 when the Northeast
service area would require .3 MGD and the North service area would require
.2 MGD. The next conversion date would be 2005 when 10 MGD is required by
the Northeast service area and .2 MGD is required by the North service
area, The quantities of surface water needed in 2000 or 2005 for
Alternate 6 are small. The regulatory area using surface water at these
dates is area four, which is in the most southern part of the service
area. This regulatory area most likely would be supplied from the
Southwest Supply System until 2005 or 2010, when most of the northern area

will then convert to surface water.

The WHCSWSC has been asked to provide the City with an amount of surface
water needed from the NEWPP so that it can be designed for the additional
capacity. It appears from Table 3 that the amount of surface water
required from the proposed Northeast Plant for Alternate No. 6 would be

approximately 61 MGD by 2010.
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As mentioned in the description of the North Supply System a NWWPP is
proposed near Lake Conroe with an ultimate capacity of 150 MGD, The WWPP
is proposed near Waller with an ultimate capacity of 200 MGD. Although
the ultimate capacities of these plants are adequate to easily meet the
needs of the area, the majority of the raw surface water supply originates
in three proposed reservoirs, Lake Millican, Lake Creek and Bedias
Reservoir. Construction of these sources could take up to 30 years,

vielding completion dates past the required HGCSD conversion dates.
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5.0 CONCLUSIONS

Several conclusions may be drawn from the previous comparisons. The most
apparent is that all of the service area alternatives as mentioned in Appendix
II and III are feasible when considering the available raw water supply in the
Southwest from the Brazos River Basin. In fact, if the North or Northeast
Water Supply becomes delaved, the Southwest Supply would be adequate to serve
all of WHCSWSC’s service area. However, it is readily apparent that the
transmission cost savings is non-existent when pushing Socuthwest water north
of Highway 290. The main objective to any alternative raised is that water
from the North System in Alternate No. 5 and 6 may not be available in time to
meet HGCSD target dates. A cost analysis of the major sources and
transmission systems will be necessary before any alternate can be

eliminated. This will be described later in Appendix IV.
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T nt Pr s
Northeast System

According to the City of Houston's Water Quality Section, the treatment
process needed for the Northeast Plant will be wvery similar to the
process presently used by the City in the East and Southeast Treatment
Plants. As a result, operations cost for the proposed Northeast Plant
should approximate the operations cost at the City's existing treatment
plants.

Southwest System

Raw water from the Brazos River System has been successfully treated in
the past by industry and municipalities. The Galveston County Water
Authority (GCWA) began treatment of Brazos River water in 1983 and is
currently producing approximately 12 MGD of finished water. According to
operation reports from GCWA, the costs of operation and treatment is
expected to approximate the operation and treatment costs at the City's
existing treatment plants.

Convevance Systems

o Raw Water Conveyance

Raw water conveyance lines are those facilities required to pump
and transfer raw water from the source to the treatment plant site.

] Termination Storage/Pumping

The termination storage required at each of the alternate Southwest
Treatment Plant general locations was based on a desired water
quality which would limit chloride concentrations in the raw water
to less than 240 mg/l. Assuming a usable depth of 16.0 feet, the
volume of termination storage varied from 638 acres to 424 acres
for Alternate Service Areas No. 1 to No. 4, respectively and was
sized at 808 acres for Alternate Service Area No. 7.

o Treatment Facilities
Northeast System
This study utilized the City of Houston proposed Northeast
Treatment Plant. The WHCSWSC will present its surface water demand

to the City of Houston which, if practical, will size the Northeast
Treatment Plant to accommodate this requirement.
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Year Demand

1995 65.27
2000 105.97
2005 115.62
2010 170.77
2030 231.26

Surface Water Sources
Northeast Supply System

The assumed surface water source for the Northeast System is Lake
Houston which is comprised of existing raw water from the San Jacinto
and Trinity River System and future developed raw water from the Sabine
River System. For the purposes of this study, it is assumed that the
HWMP Alternate 4 will be developed.

Southwest Supply System

The assumed surface water source for the Southwest System is the Brazos
River, the proposed Allen’s Creek Reservoir and/or the Brazos River
Canal System. The WHCSWSC will be required to obtain permission to
transfer Brazos River Basin water to the San Jacinto River Basin which
presently encompasses the entire WHCSWSC service area. Both the Brazos
River and San Jacinto River Authorities have agreed in principal to the
mentioned transfer, therefore, this requirement is not perceived to
affect the viability of this implementation plan.

Raw Water Characteristics

The raw water from the Brazos River System which would be used to supply
the WHCSWSC service area compares favorably with other regional water
sources such as Lake Conrce or the Trinity River.

Raw water quality conditions of the Brazos River itself have been
monitored over the past 20 years by the USGS at its gauging station near
Richmond, Texas. Of importance with respect to raw water supply and
treatment are the amount of dissolved solids, chlorides and sulfates
monitored in the raw water. In 95% of the samples taken the total dissolved
solids were less than or equal to 730.0 milligrams per liter (mg/l),
chlorides were equal to or less than 240.0 mg/l and sulfates were equal to
or less than 130.5 mg/l.

IV-iii



hw ny n stem

The components of the Southwest Conveyance System consist of a raw water
pump station drawing from the Brazos River System, a raw water conveyance
line from the source to the plant site, termination storage facilities for
the raw water, a proposed Southwest Treatment Plant, ground storage and
distribution pumping capabilities, and a treated water conveyance line to
transport treated water from the plant site to the WHCSWSC boundary, A
specific site for a proposed Southwest Treatment Plant will be recommended
and further detailed in Phase V. However, this Appendix does evaluate and
recommend a siting area for the Plant. In this Appendix, the following five
different locations resulting in six different alternatives have been
identified and evaluated.

Site 1, QOvyster Creek/Dairy Ashford Conveyance System
Site 2. Brazos River/Highway 6 Conveyance System

Site 3. Qyster Creeck/Highway 6 Conveyance System

Site 4A. Jones Creek/Grand Parkway Conveyance System
Site 4B. Allens Creek/Grand Parkway Conveyance System
Site 5. Allens Creek/F.M. 1093 Conveyance System

The above Sites 1, 2, 3 and 4A require termination storage facilities.
Sites 4B and 5 do not require termination storage and utilize the proposed
Allens Creek Reservoir.

Transmission stems

The transmission system for the WHCSWSC study area was analysed using
the following alternate service areas defined previously in Appendix [I,
"Water Demand and Supply™

") Alternate No. | - Boundary at Highway 290

0 Alternate No. 2 - Boundary at F.M. 529

0 Alternate No, 3 - Boundary at Clay Road

0 Alternate No. 4 - Boundary at [LH. 10

0 Alternate No. 7 - Entire Service Area Served by

Southwest Supply System
Phasing of these Aiternate Service Area Transmission Systems was
accomplished in accordance with the time frame and regulatory areas as
outlined by the HGCSD surface water conversion plan.

Figures 3 through 6A show the specific details of the Alternate Service
Area Transmission Systems.
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Southwest System

The Southwest Treatment Plant will be located within one of five
general locations presented later in this report. The raw water
supply for this plant would be from the Brazos River Basin as
mentioned previously. The estimated ultimate capacity of the
Southwest Treatment Plant will be from 150 MGD to 250 MGD
(maximum daily capacity); however, if the Fort Bend County area
agrees to participate the ultimate capacity could increase to 300
MGD.

0 Treated Water Storage/Pumping

Treated water storage and pumping facilities are those facilities
located at the treatment plant used to store the treated water
and distribute it into the conveyance system.

o Treated Water Conveyance

Treated water conveyance lines are those facilities required to
transport water from the treatment plant to the boundary of the
WHCSWSC study area. All treated water conveyance lines were
sized to handle the maximum daily demands of their respective
service areas.

Transmission stems

The Transmission System for the WHCSWSC study area will be a delivery
system which will supply wholesale treated surface water in the vicinity of
groups of political subdivisions within the study area. The individual
political subdivisions will be responsible for organizing and constructing
the facilities needed to transport treated surface water from WHCSWSC
transmission system to each individual political subdivision e¢xisting ground
storage facility resulting in little or no disruptions during
implementation.

Northeast Conveyance Systems

The Northeast Conveyance System, as referred to in this implementation
plan, is comprised of the following c¢omponents: a shared portion of the
proposed City of Houston Northeast Treatment Plant, a shared portion of
distribution pumping capacity capable of delivering treated water into a
proposed WHCSWSC ground storage facility and pump station, and the WHCSWSC
shared portion of the treated water conveyance line from the treatment plant
to the ground storage facilities located at the WHCSWSC boundary line.

This study evaluated the following Northeast Conveyance Systems:

0 Beltway 8 Route
0 NHCWSC Route
o F.M. 1960 Route
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ital Estimates
Northeast Conveyance System

The Northeast Conveyance System capital costs varied from $96,578,000 to
$232,048,000 depending on the route and service area alternate investigated.

Southwest Conveyance System

Capital costs for the Southwest Conveyance System varied from
$285,408,000 to $355,253,000 depending on the route and service area
investigated.

Service Area Alternate Transmission System

The total capital costs associated with the Service Area Alternate
Transmission Systems varied from $353,684,000 to $380,662,000 depending on
the service area alternates investigated.

Annualized Analysis

The annualized cost for each alternate was determined by adding capital
cost amortized at 8% over 30 years with the associated annual operation and
maintenance cost. The annual cost was further refined into annual cost per
thousand gallons of water delivered by dividing the annual cost by the
maximum daily water delivered for each phase of conversion. This final
refinement will place the alternates on a comparable basis independent of
the amount of water delivered by the phased developments.

Annualized costs for the Northeast Conveyance System ranged from
$1.31/1000 gallons to $6.21/1000 gallons.

Annualized costs for the Southwest Conveyance System ranged from
$1.24/1000 gallons to $1.58/1000 gallons.

Annualized costs for the Service Area Alternates including Conveyance
and Transmission Systems varied from $1.54/1000 gallons to $1.77/1000
gallons at the end of the study (Year 2030).

Present Worth Analysis

The present worth analysis presented in this study was calculated
assuming the following assumptions:

) Project capital cost have a 30 vear life and are amortized at 8%.

o Time period beginning 1988 and ending in 2030 (Study Period).
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Cost Analysis

Considerations and Assumptions

o

Northeast raw water supply costs are based on the following:

Year Raw Water Cost

1990-2009 $0.25/1000 Gallons
2010-2029 $0.38/1000 Gallons
2030-After $0.32/1000 Gallons

Southwest raw water supply costs are based on the BRA offer
consisting of $0.37/1000 gallons with additional capital costs
resulting in an additional $0.09/1000 gallons.

Raw water pumping/conveyance costs are based on $0.05/kilowatt-hour
using an 85% efficiency factor.

Termination storage costs for each site was based on water quality
criteria aimed at limiting chlorides to 240 mg/lL Capital costs
associated with termination storage include the construction cost
to build such a facility plus the cost of the land required.

All treatment plant capital cost estimates were based on current
construction costs for simijlar facilities in the Houston area and
include Iand costs, engineering and contingencies.

The Northeast Treatment Plant capital cost used in this study was
approximately $0.80 per gallon which increased to $1.08/gallon when

adding land <cost and site development cost. The Southwest
Treatment Plant capital cost was based on $0.80 per gallon for
actual treatment facilities. This figure was increased depending

on the ©plant site alternate to include land «cost and site
development.

The costs of operations and treatment at the proposed Northeast
Treatment Plant are estimated to be in the range of $0.40 to $0.50
per 1000 gallons. A figure of $0.40 per 1000 gallons was used for
this study.

Operations and treatment costs at the proposed Southwest Treatment
Plant are estimated to be $0.42 per 1000 gallons based on data
received from the GCWA,

Treated water pumping/conveyance and transmission capital costs
were based on current construction costs for similar facilities
constructed in the Houston area and the associated operating costs
were based on $0.05/kilowatt-hour with maintenance costs estimated
at $0.04/1000 gallons.
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Ranking of Alternates

Methodology

Previous Appendices along with the previous sections of this Appendix
have identified three Northeast Conveyance System Alternates, six Southwest
Conveyance System Alternates and seven Service Area Alternates. At the
request of the WHCSWSC Board, Service Area Alternates No. 5 and No. 6 were
deleted from  further consideration before beginning Appendix IV,
Alternates 5 and 6 were deleted because of the lack of interest on the part
of the city of Houston in developing the HWMP’s "Western Alternative"” which
includes the WHCSWSC’s North Supply System.

Since the majority of alternatives have both advantages and
disadvantages when compared to one another, a systematic method of
identifying the most feasible alternate must be developed. The method
chosen to rank alternates 1in this Appendix will address the following
general categories:

Technical
Environmental
Community/Social
Phasing

Financial

Q0000

Each set of Alternate Systems was evaluated and ranked in varying
levels of detail within each of the general categories mentioned above.

rth t ny nc m_Altern
After detailed evaluation within the five general categories, it has

been determined that the Beltway 8 Route is superior in all categories for
the following reasons:

Technical

o] Superior hydraulic characteristics producing a maximum of 16 psi
more residual pressure at the WHCSWSC boundary than the other two
routes.

0 Reduced line lengths; 9 miles and 4 miles shorter than the F.M.
1960 and NHCWSC routes, respectively.

o Reduced possibility of needed l!and acquisitions outside existing
street rights-of-way.

0 Reduced possibility of problems during construction due to large
rights-of-way, decreasing the construction time,.
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0 All present worth cost in 1988 dollars.

o Operation and maintenance cost (O & M) are considered annually
throughout study period.

o O & M Costs are inflated at 10% per year.

o The normalized present worth analysis was used for the Conveyance
System Alternates by dividing the present worth by the million
gallons per day (MGD) of maximum daily water delivered.

0 The actual present worth amounts were used when comparing Service
Area Alternates (Through Year 2030) because the ultimate water
delivered (231 MGD) was consistent for all Service Area Alternates.

o Capital cost for each component was calculated as previously
mentioned.

Normalized present worth for the Northeast Conveyance System ranged from
$7.53/MGD to $8.99/MGD. For further details see Table 12 on Page 103.

Normalized present worth for the Southwest Conveyance System ranged from
$10.46/MGD to $15.51/MGD. For further details see Table 13 on Page 104.

The normalized present worth for each Northeast or Southwest Convevance
System must be compared only within each Service Area Alternate. Comparing
convevance routes between Service Area Alternates or between the Northeast
and the Southwest would not be valid due to the fact that all three
components - Northeast Conveyance, Southwest Conveyance and Transmission
System are¢ needed in combination to serve the WHCSWSC demands.

The present worth in total dollars for the Service Area Alternates is
shown below., The present worth analysis of the Service Area Alternates did
not need normalizing since all of the alternates would ultimately deliver
the same amount of treated water (231 MGD).

PRESENT WORTH
SERVICE AREA ALTERNATES

(Total Dollars)

SERVICE AREA

ALTERNATES SITE 4B SITE 5
SERVICE AREA ALTERNATE 1 $2,080,823,000 $2,869,244,000
SERVICE AREA ALTERNATE 2 2,084,820,000 2,876,863,000
SERVICE AREA ALTERNATE 3 2,962,650,000 2,888,405,000
SERVICE AREA ALTERNATE 4 2,065,836,000 2,808,512,000
SERVICE AREA ALTERNATE 7 2,952,546,000 2,818,814,000

If the present worth costs were normalized using 231 MGD, then costs
would range between $12.20/MGD in Service Area Alternate 7 to $12.90 in
Service Area Alternate 4.
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Ranking of Alternates

Methodology

Previous Appendices along with the previous sections of this Appendix
have identified three Northeast Conveyance System Alternates, six Southwest
Conveyance System Alternates and seven Service Area Alternates. At the
request of the WHCSWSC Board, Service Area Alternates No. 5 and No. 6 were
deleted from  further consideration before beginning Appendix IV,
Alternates 5 and 6 were deleted because of the lack of interest on the part
of the city of Houston in developing the HWMP’s "Western Alternative" which
includes the WHCSWSC’s North Supply System.

Since the majority of alternatives have both advantages and
disadvantages when <compared to one another, a systematic method of
identifying the most feasible alternate must be developed. The method
chosen to rank alternates in this Appendix will address the following
general categories:

Technical
Environmental
Community/Social
Phasing

Financial

0 0O0COC

Each set of Alternate Systems was evaluated and ranked in varying
levels of detail within each of the general categories mentioned above.

Northeas ny nc m Altern
After detailed evaluation within the five general categories, it has

been determined that the Beltway 8 Route is superior in all categories for
the following reasons:

Technical

0 Superior hydraulic characteristics producing a maximum of 16 psi
more residual pressure at the WHCSWSC boundary than the other two
routes.

0 Reduced line lengths; 9 miles and 4 miles shorter than the F.M.
1960 and NHCWSC routes, respectively.

0 Reduced possibility of needed land acquisitions outside existing
street rights-of -way.,

o Reduced possibility of problems during construction due to large
rights-of-way, decreasing the construction time.



After initial review and because of the importance attached to the
selection of a Southwest Conveyance System, a very detailed ranking
criteria and methodology has been developed within the confines of the
previously mentioned five general ranking categories. Each of the general
ranking categories were ecvaluated based on the sub-categories outlined in
the Individual Ranking Form located in Attachment 1 of Appendix IV.

The final conveyance system rankings for individual raters; the final
average ranking between raters and the final overall ranking of each
system can be viewed in the chart below:

FINAL RANKING OF ALTERNATES
SOUTHWEST CONVEYANCE SYSTEM

RANKING SOUTHWEST CONVEYANCE ALTERNATES

COMMITTEE SITE SITE SITE SITE SITE SITE
MEMBER 1 2 - _4A 4B 5
RATER NO. 1 6 4 5 3 1 2
RATER NO. 2 6 4 5 2 1 3
RATER NO. 8 6 5 4 3 1 2
RATER NO. 4 6 4 5 2 1 3
RATER NO. § 6 4 5 2 2 1
RATER NO. 6 6 4 5 3 2 1
RATER NO. 7 6 5 4 8 2 1
FINAL AVERAGE

RATING 6 4.3 4.7 2.6 14 1.9
FINAL RANKING (6) (4) (8) (3) (1) (2)

From the final ranking chart it can be concluded that Site 4B, the Allens
Creek/Grand Parkway Alternate is the ranking committee’s preferred Southwest
Conveyance System alternate. Site 5, the Allens Creek/F.M. 1093 system was
very close with Site 4A, the Jones Creek/Grand Parkway, a distant third. It
can be concluded that Site | (Oyster Creek/Dairy Ashford); Site 2 (Brazos
River/Highway 6); and Site 3 (Oyster Creek/Highway 6) are the least preferred.

It was concluded after reviewing the sensitivity of each of the five
general ranking categories that the elimination of any one category would not
affect the conclusion recommending Site 4B as the preferred Southwest
Conveyance alternate.
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The Service Area Alternates considered for evaluation and ranking
are described as follows:

Alternate No.
Alternate No.

Boundary at Highway 290

Boundary at F.M, 529

Alternate No. 3 - Boundary at Clay Road

Alternate No. 4 - Boundary at LH.10

Alternate No. 7 - Entire Service Area Served by
Southwest Supply System

00 QOO0
2N e

It is apparent that the Service Area Alternate that follows the HGCSD
Conversion Plan would be preferable. The HGCSD’s earliest conversion dates
of 1995 and 2000 are located in the southwest and the remaining conversion
dates of 2005, 2010 and the assumed 2030 are located in the north and far
northwest of the WHCSWSC study area. As a result, the Service Area
Alternate that has its first phases in the southwest will be less expensive
from a phasing standpoint. Service Area Alternate 7 which proposes to serve
the study area from south to mnorth produces the least cost from both an
annualized and present worth analysis.

As a result of the above analogy, we recommend Alternate No. 7 as the
preferred Service Area Alternate. However, this recommendation could be
changed in future updates to this study without appreciable affecting the
final ultimate cost of the entire transmission system.

Conclusions and Recommendations

Appendix IV concludes with the following recommendations:

0 The Northeast Conveyance System should follow the Beltway 8 Route
eliminating the NHCWSC and F.M. 1960 Routes from further study.

()} Eliminate the Southwest Conveyance System Alternates 1, 2, 3 and 4A
from further study.

0 The Southwest Conveyance System Alternates No. 4B (Allens
Creek/Grand Parkway) and No. 5 (Allens Creek/F.M. 1093) should be
considered for further study.

0 Phase V should study in detail the possibility of locating a plant
along F.M. 1093, in the area of the Grand Parkway/F.M. 1093
intersection, west to the proposed Allens Creek Reservoir site.

0 The Southwest Conveyance System plant site should be located to
allow future development of an alternate and/or additional raw
water source utilizing the available water rights in the BRA Canal
System. This would enhance the possibility of surface water
regionalization with entities in Fort Bend County.
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The Southwest Conveyance System should obtain its raw water supply
directly from Allens Creek Reservoir which will result in a higher
quality water supply.

Phase V should further study the Allens Creek Reservoir operational
procedures required to limit chloride concentrations to 150 mg/l.

The Southwest Conveyance System plant site should contain
sufficient acreage to develop an ultimate plant capacity of
approximately 300 MGD allowing the flexibility to meet demands due
to possible Service Area modifications. This capacity is based on
Service Area Alternate No. 7’s ultimate capacity of 231 MGD,
maximizing the water supply offer by the BRA, and the possibility
of treating the available water rights of approximately 60 MGD from
the BRA Canal System for possible wholesale to entities in Fort
Bend County.

Phase V should further study the ultimate transmission system
utilizing the demands developed from either Service Area Alternate
No. 7 or No. 4. This would maintain the flexibility required to
meet future Service Area modifications at a increased cost of less
than § percent of the total ultimate transmission system cost,

WHCSWSC should request the BRA to upgrade its recent proposal based
on the conclusions and recommendations outlined inm this Appendix.
The BRA proposal should include the construction of Allens Creek
Reservoir by 1995,

WHCSWSC should authorize the Engineer to begin Phase V - The Detail
Evaluation of Selected Alternatives, as soon as possible.
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1.0 INTRODUCTION



1.0 INTRODUCTION

Purpose and Scope

The purpose of this study undertaken by the West Harris County Surface
Water Supply Corporation (WHCSWSC), is to produce an implementation
program that will provide a reliable long-term surface water supply to
West Harris County, This proposed implementation program is an extension
of the Houston Water Master Plan (HWMP) and will refine the HWMP,
providing details necessary for implementation within the WHCSWSC study

arca.

The project scope of work for this phase of the implementation program
deals with the definition and evaluation of alternative conveyance and
transmission systems to serve the projected water demands of the WHCSWSC
study area. The Northeast Convevance System, as referred to in this
implementation plan, is comprised of the following components: a shared
pertion of the proposed City of Houston Northeast Treatment Plant, a
shared portion of distribution pumping capacity capable of delivering
treated water into a proposed WHCSWSC ground storage facility and pump
station, and the WHCSWSC shared portion of the treated water conveyance
line from the treatment plant to the ground storage facilities located at
the WHCSWSC boundary line. The Southwest Conveyvance System is comprised
of raw water pumping and conveyance facilities, termination storage

facilities for the raw water, a proposed Southwest Treatment Plant,
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treated water ground storage and pumping facilities and treated water
conveyance pipeline from the treatment plant to the WHCSWSC boundary
line. The Transmission System 1is defined as the pipeline, ground storage
facilities and booster pump stations required to deliver treated water
from the conveyance systems to locations throughout the WHCSWSC service
areca., The demands used in this Appendix are the revised surface water
requirements as previously defined in Appendix II, "Water Demand and
Supply - Revision One”. To satisfy these requirements with regard to the
long-term conversion plan as outlined by the Harris-Galveston Coastal
Subsidence District (HGCSD), a method of conveying surface water from
sources located northeast and southwest of the WHCSWSC study area must be

determined.

The northeast raw water supply source will be taken from Lake
Houston. Three alternate Northeast Conveyance Systems will be defined and
evaluated based on Technical, Environmental, Community/Social, Phasing and

Financial criteria.

The southwest raw water supply source will be the Brazos River, the
proposed Allen’s Creek Reservoir and/or the Brazos River Canal System.
Six alternate Southwest Conveyance Systems along with five general
geographical areas have been identified and will be evaluated based on the
previously mentioned criteria. Included in the evaluation of alternate
Southwest Conveyance Systems will be the evaluation of a location for a

proposed Southwest Water Treatment Plant,
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The Transmission System required to deliver wholesale treated surface
water from the previously defined conveyance systems to specific customers
within the WHCSWSC study area will also be defined. Alternate Service
Areas No. 1 through 4, as previously defined in Appendix II, and No. 7
will be evaluated based on capital and operational costs, and the phased
construction of each alternate transmission system to satisfy HGCSD
surface water conversion target dates. Alternative conveyance and
transmission systems will be compared and rated with respect to each
other. The highest rated systems will be further refined in Phase YV,

"Detailed Evaluation of Selected Alternatives".
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2.0 DESIGN CONSIDERATIONS
AND ASSUMPTIONS



2.0 DESIGN CONSIDERATIONS AND
ASSUMPTIONS

P W Deman

Table 1 presents a summary of alternate service area  water
requirements which are based on the revised projected water demands
previously defined in Appendix II, "Water Supply and Demand - Revision
One". The projected water demands were updated to be consistent with the
recent revision to the water demands in the City of Houston Water Master
Plan (HWMP). These revisions resulted in pushing back the projected water
demands by five years after 1990. Also, included in the table is the
projected water demands for an alternate that considers serving all of the
WHCSWSC service area from the Southwest Supply, hereafter referred to as

Alternate No. 7.

Projected water demands were determined by assigning demand criteria
to population and employment projections developed by Rice Center for each
census tract and Municipal Demand Area within the service area. The
surface water supply requirements were based on using average daily water
demands. To be consistent with the sizing criteria presented in the HWMP,
the WHCSWSC study uses maximum day demands to size treatment plants,
conveyance systems and transmission systems. Maximum daily demands were

computed by multiplying average daily demands by a peak factor which
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ranged from 1.6 to 2.0. Refer to Exhibit 1 for a graphical representation
of the WHCSWSC projected average daily demands and Exhibit 2 for the

corresponding maximum daily demands.

The surface water required by the HGCSD conversion plan was calculated
by using 80% of the total maximum daily demand within each of the HGCSD
regulatory areas. The regulatory areas will not be required to increase
surface water usage until another c¢onversion date is reached and as a
result the surface water requirements increase in a stair step fashion.
The HGCSD plan ends in 2020, however, for purposes of computing surface
water requirements for this study, it was assumed that HGCSD regulatory
area eight will require 80% conversion to surface water in 2030, The
HGCSD plan permits increases in groundwater withdrawal so long as surface
water use is not decreased. Therefore, in this study it was assumed that
the amount of surface water required at each regulatory area conversion
date remained constant throughout the duration of the study. Increases in
demand due to growth along with peak demands would be satisfied with

available groundwater suppiies.

The surface water requirements projected in this study have not been
reduced to account for the enactment of a future water conservation plan.
Any reduction experienced due to water conservation measures will only
serve to postpone future phases. As a result for planning purposes the
water conservation measures have been neglected to produce a worst case
scenario. The water conservation measures will be reviewed when updating

this plan for future expansions.
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ABLF 1

SUMMARY OF SURFACE WATER DEMANDS BY ALTERNATE
TO MEET HGCSD CONVERSION REQUIREMENTS
(MAXIMUM DAILY DEMANDS)

CITY OF

HOUSTON WHCSWSC TOTAL TOTAL TOTAL

SOUTHWEST SOUTHWEST SOUTHWEST NORTHEAST ALL AREAS
YEAR (MGD) MGD) (MGD) (MGD) (MGD)
ALTERNATE | - BOUNDARY AT
1985 0.00 0.00 0.00 0.00 0.00
1995 65.27 0.00 65.27 0.00 65.27
2000 89.82 16.14 105.96 0.00 105.97
2005 85.82 16.14 105.96 9.66 115.62
2010 89.82 44.76 134.58 36.18 170.77
2012 101.17 44.76 145.93 36.18 182.11
2020 101.17 44.76 145.93 36.18 182.12
2030** 101.17 86.25 187.42 43.85 231.26

ALTERNATE 2 - BOUNDARY AT FM. 529

1985 0.00 0.00 0.00 0.00 0.00
1995 65.27 0.00 65.27 0.00 65.27
2000 85.82 16.14 105.96 0.00 105.96
2005 89.82 16.14 105.96 9.66 115.62
2010 89.82 39.25 129.07 41.69 170.76
2012 101.17 39.25 140.42 41.69 182.11
2020 101.17 39.25 140.42 41.69 182.11
2030** 101.17 76.29 177.46 53.80 231.26

ALTERNATE 3 - BOUNDARY AT CLAY ROAD

1985 0.00 0.00 0.00 0.00 0.00
1995 65.27 0.00 65.27 0.00 65.27
2000 89.82 15.74 105.56 0.41] 105.97
2005 89.82 15.74 105.56 10.06 115.62
2010 89.82 15.74 105.56 65.21 170.77
2012 101.17 15.74 116.91 65.21 182.12
2020 101.17 15.74 116.91 65.21 182.12
2030%* 101.17 38.75 139.96 91.30 231.26

**Harris-Galveston Coastal Subsidence District Plan for surface water use ends
at 2020. Required surface water for 2030 was estimated assuming that Area &
will be required to convert to 80% surface water in that year.
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TABLE_1 (CONT’D)

SUMMARY OF SURFACE WATER DEMANDS BY ALTERNATE
TO MEET HGCSD CONYERSION REQUIREMENTS
(MAXIMUM DAILY DEMANDS)

CITY OF

HOUSTON WHCSWSC TOTAL TOTAL TOTAL

SOUTHWEST SOUTHWEST SOUTHWEST NORTHEAST ALL AREAS
YEAR _(MGD) —(MGD) (MGD) ~MGD) —(MGD)

LTERNATE 4 - BOUNDARY AT ILH, 10

1985 0.00 0.00 0.00 0.00 0.00
1995 65.27 0.00 65.27 0.00 65.27
2000 89.82 12.49 102.31 3.66 105.97
2005 89.82 12.49 102.31 13.31 115.62
2010 89.82 12.49 102.31 68.46 170.77
2012 101.17 12,49 113.66 68.46 182.12
2020 101.17 12.49 113.66 68.46 182,12
2030** 101.17 19.79 120.96 110.30 231.26
ALTERNATE 7 - ENTIRE WHCSWSC AREA SERVED BY SOUTHWEST SYSTEM
1985 0.00 0.00 0.00 0.00 0.00
1995 65.27 0.00 65.27 0.00 65.27
2000 80.82 16.14 105.97 0.00 105.97
2005 89.82 25.80 115.62 0.00 115.62
2010 89.82 80.95 170.77 0.00 170.77
2012 101.17 80.95 182.12 0.00 182.12
2020 101.17 80.95 182.12 0.00 182.12
2030%* 101.17 130.09 231.26 0.00 231.26

**Harris-Galveston Coastal Subsidence District Plan for surface water use ends
at 2020. Required surface water for 2030 was estimated assuming that Area §
will be required to convert to 80% surface water in that year.
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rf Water r

The assumed surface water source for the Northeast System is Lake
Houston. Lake Houston is located approximately 20 miles east of the
eastern boundary of the WHCSWSC study area and impounds San Jacinto River
water. Lake Houston is owned and operated by the City of Houston and
currently serves as a raw water source for the City. Various projects are
underway or currently being investigated to bring additional water to Lake
Houston from adjacent river basin systems which will assure a sufficient

quantity of water available in Lake Houston to meet future demands.

The assumed surface water source for the Southwest System is the
Brazos River, the proposed Allen's Creek Reservoir and/or the Brazos River
Canal System which flows in a southeast direction approximately 4 miles
southwest of the WHCSWSC study area boundary. The WHCSWSC will be
required to obtain permission to transfer Brazos River Basin water to the
San Jacinto River Basin which presently encompasses the entire WHCSWSC
service area. Both the Brazos River and San Jacinto River Authorities
have agreed in principal to the mentioned transfer, therefore, this
requirement is not  perceived to affect the  viability of this

implementation plan.

Correspondence received from the Brazos River Authority (BRA) outlines

a proposal for an incrementally developed raw water source of up to 134

MGD (average daily supply) with the ability to meet the WHCSWSC maximum
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daily demands through operations of the entire Brazos River Basin. The
initial increment of supply available immediately from existing sources is
67.0 MGD. The second increment of supply will come from the proposed
Allen's Creek reservoir to be developed by the B.R.A. This second
increment will increase the available supply of raw water to 107.2 MGD by
the year 2000. The third increment is planned to be supplied by the
proposed South Bend Reservoir Project. This supply will increase the
available raw water supply to 134.0 MGD in 2030. However, the available
raw water to WHCSWSC will only be a portion of the total available water
which has been defined as current use water in the BRA proposal. The

portion offered to WHCSWSC will be as follows:

Cumulative Water

Year Offered (IMGD)
1995 40

2000 67

2005 72

2010 107

2015 116

2020 116

2025 116

2030 134

Table 2 presents a summary of supply source allocations for the
WHCSWSC Southwest System., Exhibit 3 shows a graphical representation of
the BRA proposal. Raw water sources were sized to handle the average
daily demands of the alternate service areas with the ability to meet
maximum daily demands as required. If the Southwest Conveyance System
Alternate Site 4B or 5 is chosen, the WHCSWSC would need to request the

BRA to construct Allens Creek Reservoir by the vear 1995.
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TABLE 2

WHCSWSC SOUTHWEST SYSTEM ALLOCATIONS FROM
SCUTHWEST SUPPLY SOURCE
(BRAZOS RIVER BASIN)

Supply Allocations* Cumulative Total
Supply Year Source from Supply Source Allocated Supplies

Source Needed Amount WHCSWSC Option Grp WHCSWSC OQnption Grp
(AF/YR) (AF/YR) (AF/YR) (AF/YR) (AF/YR)

Existing BRA 1988 90,000 75,000 15,000 75,000 15,000
Reservoir (80.4) (67.0) (13.4) (67.0) (13.4)
System (mgd) (mgd) (mgd) (mgd) (mgd)
Allen’s 2000 70,000 45,000 25,000 120,000 40,000
Creek (62.5) (40.2) (22.3) (107.2) (35.7)
(mgd) (mgd) (mgd) (mgd) {mgd)
South Bend 2010 110,000 30,000 80,000 150,000 120,000
(98.2) (26.8) (71.5) (134.0) (107.2)
(mgd) (mgd) (mgd) (mgd) (mgd)

*Each group would be allocated a total supply up to this amount. Water not
designated Current Use Water for immediate use would be designated Future Use
Water.
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w Water r i

The raw water from the Brazos River System which would be used to
supply the WHCSWSC service area compares favorably with other regional
water sources such as Lake Conroe or the Trinity River. Table 3 gives
a summary comparison of Brazos River System water to these other

supplies.

The Brazos River System contains the Brazos River and its
reservoirs as well as the canal system which is comprised of portions
of Jones Creek, Oyster Creek, and the manmade canal south of Missouri
City which transfers raw water as far as the Texas City area. The
head water flow of Opyster Creek originates as pumpage from the Brazos
River at a pump station operated by the Brazos River Authority. From
this pump station water flows into Jones Creek, which has been
modified to flow into Quyster Creek. A second pump station delivers
water out of Ovyster Creek into Canal System A which serves Brazoria
and Galveston Counties with irrigation and municipal water supply.
Overflow of Dam No. 3 downstream of this second pumping station
provides the only upstream fiow to the lower part of Oyster Creek.
The desired water uses for Oyster Creek as determined by the Texas
Water Commission are contact recreation, high quality aquatic habitat,

and domestic water supply.
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TABLE 3
COMPARISON OF REGIONAL SURFACE WATER QUALITYU

Lake Conroe;/

Benbrook Lakcy

Parameter (Uni Brazos River (San Jacinto River) (Trinity River)
Turbidity (ntu) 16 - 111 N.A.3/ N.AY
Alkalinity

(mg/]! @ CaCO3) 78 - 250 39 - 140 110-160
pH (units) 7.9 -89 64 -84 6.9 - 8.6
Fluoride (mg/1) 0.28 - 0.34 0.1 -0.2 02 -04
Calcium Hardness

(mg/l @ CaCO3) 128 - 140 37 - 85 97-155
Hardness

{mg/t @ CaCO3) 148 - 180 46 - 100 130-180
Zinc (mg/1) N.AY 0.01 - 0.03 NAZY
Iron (mg/1) 2.7-38 0.01 - 8.3 0.01 - 0.79

Source of Data: GCWA Monthly Reports, 1983 - 1985,
Source of Data: U.S.G.S. Water Resources Data 1982,
NA: Not Analyzed.

LR

**Reproduced from G.C.W.A. Investigation of Potable Water Complaints in
Dickinson, Texas by Malcolm Pirnie, May 1986.
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The following numerical criteria have been established for the
upper Opyster Creek segment to insure that the water quality will be

maintained for the desired uses.

Parameter Criteria

Dissolved Oxygen Not less than 5.0 mg/1

pH Not less than 6.5 nor more than 5.0
Temperature Not to exceed 95° F.

Chloride Annual average not to exceed 140 mg/l
Sulfate Annual average not to exceed 75 mg/l]
Total Dissoived Solids Annual average not to exceed 1070 mg/l1
Fecal Coliform 30-Day geometric mean not to exceed

200 per 100 ml.

The Texas Water Commission maintains an active monitoring station of
Oyster Creek at U.S. Highway 90A in Sugar Land. A draft report dealing
with the wasteload evaluation for Upper OQyster Creek was published June
20, 1985. This document reports that data gathered over 4 years from the
period of January 1, 1981 through December 31, 1984 indicate that water
quality at this location is not meeting the state criteria for the
following parameters: dissolved oxygen, temperature and pH. The average
dissolved oxygen concentration for the period is 4.4 mg/l which is below
the minimum allowable concentration of 5.0 mg/l. Maximum temperatures

have been recorded up to 99°F. which exceed the maximum allowable of
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95°F. The minimum pH observed was 6.1 which is less than the minimum
criteria of 6.5, Recorded values for chlorides, sulfates, total dissolved
solids and fecal <coliform bacteria have been within the allowable
criteria. Exhibit 4 shows the approximate locations of effluent discharge

points into the Canal A system including Jones and Oyster Creeks.

Raw water quality conditions of the Brazos River itself have been
monitored over the past 20 years by the USGS at its gauging station near
Richmond, Texas. Table 4, taken from data prepared by the USGS, gives a
description of water quality conditions in the Brazos River along with
statistical and recurrence intervals for each criteria. Of importance
with respect to raw water supply and treatment are the amount of dissolved
solids, chlorides and sulfates monitored in the raw water. In 95% of the
samples taken the total dissolved solids were less than or equal to 730.0
milligrams per liter (mg/1), chlorides were equal to or less than 240.0
mg/l and sulfates were equal to or less tham 130.5 mg/l Other criteria
related to water quality of the Brazos River can also be seen in this

table.

Raw water taken from the Brazos River System is characteristically
high in color, with variable turbidity, high organic content, high iron
and seasonally high algae content. The high algae and organic content of
the raw water results in the potential for taste and odor problems to

develop during treatment and distribution.
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TABLE 4
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Treatment Processes

Northeast Supply (San Jacinto/Trinity/Sabine River Water)

The northeast raw water supply will originate from Lake Houston and
will eventually be a mixture of San Jacinto, Trinity and Sabine River
water. According to the City of Houston’s Water Quality Section, the
treatment process needed for the Northeast Plant will be very similar
to the process presently used by the City in the East and Southeast
Treatment Plants. As a result, operations cost for the proposed
Northeast Plant should approximate the operations cost at the City’s

existing treatment plants.

Southwest Supply (Brazos River Water)

Raw water from the Brazos River System has been successfully treated
in the past by industry and municipalities. The Galveston County
Water Authority (GCWA) began treatment of Brazos River water in 1983
and is currently producing approximately 12 MGD of finished water. At
the GCWA plant, low lift pumps raise the water from the inlet channel
to a pair of reactor clarifiers. Cationic polymer 1is added as a

coagulant which causes the particles suspended in the water to clump

together and settle out, clearing the water. Chlorine dioxide is
added to destroy algae, taste and odor. Lime is added for pH
adjustment and water softening. Reactor clarifiers are used to

clarify the raw water with flocculation, clarification and softening

taking place in the same unit, Filter aid, chlorine and carbon
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dioxide are added prior to filtration. The filters consist of two
feet of crushed anthracite coal, nine inches of sand and one foot of

gravel. A clearwell holds the filtered water where post disinfection

with chlorine dioxide takes place. Water from the clearwell also
serves as backwash water for the filters. Transfer pumps, supply
treated water to the ground storage facilities. Exhibit 5 shows a

typical flow diagram for this treatment process using reactor

clarifiers similar to the GCWA plant.
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Raw Water Conveyance

Raw water conveyance lines are those facilities required to pump and
transfer raw water from the source to the treatment plant site. At sites
requiring termination storage, raw water conveyance lines will pump and
transfer water from the source into a termination storage facility and
then into the treatment facility. Raw water conveyance lines were sized
toc handle the maximum daily demands of the alternate service areas.
Maximum design velocities in the raw water conveyance Systems were held to

less than 7 feet per second (fps).

Termination Storage/Pumping

The termination storage required at each of the alternate Southwest
Treatment Plant general locations was based on a desired water quality
which would limit chloride concentrations in the raw water to less than
240 mg/l which is below the EPA recommended level of 250 mg/l. Historic
water quality data previously presented in Table 4 shows that this is
possible 95% of the time. Under this assumption raw water would need to
be pumped from a termination storage facility rather than directly from
the Brazos River System 5% of the time during the vyear. Termination
storage facilities were sized for each alternate service area by using the
maximum daily demand multiplied by the number of days required to satisfy
the 5% limit. Assuming a usable depth of 16.0 feet, the volume of

termination storage varied from 658 acres to 424 acres for Alternate
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Service Areas No. 1 to No. 4, respectively and was sized at 808 acres for

Alternate Service Area No. 7.

Treatment Facilities

The City of Houston is currently proceeding with design and has
purchased the site for a proposed Northeast Treatment Plant. The proposed
plant would be located adjacent to Lake Houston near Beltway 8  The raw
water supply for this plant would be Lake Houston, Correspondence
recently received from the City of Houston indicates that initially the
proposed Northeast Treatment Plant will have a nominal peak production
capacity of 35 to 50 MGD and could be in operation as early as 1991. No
firm schedule for future plant expansions currently exists, however,
planning projections call for the ultimate capacity of the Northeast

Treatment Plant to be up to 606 MGD.

Although, the final design of the Northeast Treatment Plant must be
completed to establish the exact discharge pressures and pump operations,
it is anticipated that the design will be similar to the existing
Southeast Treatment Plant. The WHCSWSC will present its surface water
demand to the City of Houston which, if practical, will size the Northeast

Treatment Plant to accommodate this requirement,
The Southwest Treatment Plant will be located within one of five

general locations presented later in this report. The raw water supply

for this plant would be from the Brazos River Basin as mentioned
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previously. The estimated ultimate capacity of the Southwest Treatment
Plant will be from 150 MGD to 250 MGD (maximum daily capacity); however,
if the Fort Bend County area agrees to participate the ultimate capacity
could increase to 300 MGD. Exhibits 6, 7 and 8 show three different water
treatment plant site layouts which may occur depending on whether raw
water is taken from a termination storage facility, directly out of the
Allen’s Creek Reservoir or from a raw water conveyance line. These
exhibits are laid out using the City of Houston’s present requirement of
treatment trains instead of individual reactor clarifiers as previously
presented. This configuration is usually more economical in larger plants

because of the reduction in land needed for the plant site.

Treatment plants were sized to accommodate the maximum daily demands
of their respective service areas. A discharge pressure of approximately
95 PSI was assumed for the alternatives examined, which is consistent with

present discharge pressures for existing City of Houston treatment plants.
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EXHIBIT NO. 8
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Treated Water Storage/Pumping

Treated water storage and pumping facilities are those (facilities
located at the treatment plant used to store the treated water and
distribute it into the conveyance system. Ground storage tanks were sized
to provide 6 hour maximum daily demands for the alternate service areas.
Distribution pumping capacity was also sized to handle the maximum daily

demands of the alternate service areas.

Treated Water Conveyance

Treated water conveyance lines are those facilities required to
transport water from the treatment plant to the boundary of the WHCSWSC
study area. All treated water conveyance lines were sized to handle the
maximum daily demands of their respective service areas. A minimum
delivery pressure of 20 PSI was assumed for the Northeast Conveyance
System which would be adequate to fill a ground storage tank at a booster
pump station located at the WHCSWSC study area boundary. This requirement
was set for estimating the WHCSWSC pro rata cost of the Northeast
Conveyance System. It is understood that this conveyance system would be
ultimately sized by the City of Houston and operate similar to the

transmission systems to be discussed later.

The treated water conveyance lines in the Southwest Conveyance System
will be designed based on the same criteria as outlined in the
transmission systems discussed later in this appendix. The lines will be
designed for maximum daily demands at a maximum velocity of 7 feet per

second (fps).
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Transmission m

Transmission Pipeline

The Transmission System for the WHCSWSC study area will be a delivery
system which will supply wholesale treated surface water in the vicinity
of groups of political subdivisions within the study area. The individual
political subdivisions will be responsible for organizing and constructing
the facilities needed to transport treated surface water from WHCSWSC
transmission system to each individual political subdivisions existing
ground storage facility. Each subdivision will then wutilize its existing
water distribution system for distributing the treated water to retail
customers. Under this assumption each political subdivision will be able
to use its existing groundwater wells to supplement the surface water
supply during peak hour periods or as an emergency supply back-up. As a
result it is expected that little or no disruption in service will occur

upon implementation of this plan.

The WHCSWSC Transmission System was sized to handle maximum daily
demands with additional peak hour or fire flow demands being met by
groundwater and/or stored water from each individual political
subdivisions water system. A minimum pressure of 45 PSI was maintained
throughout the system which will be adequate to deliver surface water to
the wvarious district ground storage tanks located within the study area.
Maximum design velocities in the transmission system were held to less

than 7 fps. The transmission system lines have been sized to allow
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comparisons of the alternatives and shouid not be construed as final. The
recommended transmission system will be further evaluated in Phase VYV at

which time a detailed plan will be recommended.

Ground Storage and Booster Pump Stations

Booster pump stations were lIocated strategically within the WHCSWSC
transmission system to supply the flow and boost pressures the required
amount to serve the alternate service area demands. A typical booster
pump station site layouf is presented on Exhibit 9. Ground storage at
each site will supplement each political subdivisions ground storage
facilities and serve as a back-up supply source in the event of a
temporary disruption in the surface water supply from the treatment

facility,
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Computer Model

The hydraulic network analysis for the wvarious conveyance and
transmission systems was accomplished through the use of computer modeling
using a program called KYPIPE "Steady State Pipe Network Analysis" by the
University of Kentucky. The program is based on the Hazen-Williams
formula and provides pressure information, hydraulic grade line, head
losses, pump heads, flow rates, velocities and system inflow and demand

summaries for a variety of system configurations and components.

The various treated water conveyance and transmission systems were
modeled as a series of junction nodes and pipe elements. User demands
were taken out of the system at appropriate node locations. The system
was supplied at a fixed grade node with a pump described by the useful
horsepower needed to supply the demands of the system. A typical system
contained approximately 100 pipes, 75 junction nodes and 2 fixed grade
nodes. Treated water conveyance and transmission lines were located on
base maps and were routed  within  existing street right-of-ways.
Elevations of junction and fixed grade nodes were taken from USGS
topographic quad maps, adjusted for depth of bury of lines, and input into
the computer model. Demands were divided among junction nodes within each

demand area to approximate service area water usage.
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Network design criteria used in the various system models were as
follows:

a. Design flow is maximum daily demand.

b. System pressures will not drop below 45 psi.

C. Velocities will not exceed 7 fps under maximum daily flow.

d. "C" Values when new will be 110 for line sizes up to 30" and 120

for line sizes 30" and larger.

Treated water conveyance and transmission systems were analyzed for
various flow rate and pressure conditions which represent the water
demands for a particular alternate or system routing. Output data was
analyzed and <compared to the established system operating criteria,
improvements were made to the model as needed and the model was rerun.
This procedure was repeated until all components of the system conformed

to the established criteria.

In addition to the hydraulic analysis performed the computer model
simulation allowed for checking of each system for disconnected lines,
redundant lines, agreement of supply versus demand, and general! physical
layout, Line lengths and sizes determined using the computer model were
taken directly from the output for wuse in preparing construction cost

estimates.
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3.0 CONVEYANCE SYSTEMS

Northeast Convevance System

General

The Northeast Convevance System is defined as the WHCSWSC shared
portion of the proposed Northeast Treatment Plant with pumping
capacity and conveyance lines sized to deliver treated water at
minimum pressure to a ground storage and booster pump station located
at the WHCSWSC boundary line, Figure ! presents the alternative

routes investigated for the Northeast Conveyance System.

Beltway 8 Route

The Beltway 8 Route for the Northeast Conveyance System begins at
the proposed Northeast Treatment Plant Site adjacent to Lake Houston
and Beltway 8. From that point the proposed conveyance line runs
westward along the alignment of the Beltway approximately 19 miles to
the northeast boundary of the WHCSWSC study area. The celevation at
Lake Houston is approximately 500 feet MSL while the northeastern
boundary of the study area is around 113.0 feet MSL. Because of the
considerable difference in elevation and length of this conveyance
line, it is assumed that a pump station will be located at the WHCSWSC
study area northeast boundary to repressurize and distribute the water
within the WHCSWSC service area. This allows the Northeast Conveyance

line and Northeast Treatment Plant pumps to be sized to supply only
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the required amounts of treated water at a minimum pressure of around
20 psi. This will save WHCSWSC considerable money in both pipeline
and pumping costs from the proposed Northeast Water Treatment Plant.
However, as previously mentioned, it is understood that the City of
Houston will probably operate this line similar to the City’s

transmission system.

NHCWSC Route

WHCSWSC's alternate route referred to as the NHCWSC Route for the
Northeast Conveyance System would also begin at the proposed Northeast
Treatment Plant site. This routing runs westward along Beltway 8 to
Vickery Drive where it turns north to Greens Road. The route then
proceeds west again along Greens Road to Aline Westfield Road where it
again turns north until it intersects Rankin Road. The line continues
west along Rankin and Spears Road until it intersects Richey Road
where it turns southwest to intersect the WHCSWSC study area
boundary. The total length of conveyance line for this routing is
approximately 23 miles. Elevations at the beginning and end of this
route are similar to those of the Beltway 8 route, with an
approximately 63.0 feet of difference in elevation from Lake Houston
to the WHCSWSC boundary line. As previously mentioned a pump station
and ground storage facility are proposed at the northeast boundary of
the WHCSWSC study area to repressurize and distribute water from the
conveyance line. Routing for this alternate is consistent with the
route proposed by the North Harris County Water Supply Corporation

(NHCWSC) for a conveyance line to serve the NHCWSC service area.
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FM 1960 Route

The FM 1960 Route for the Northeast Conveyance System also
originates at the proposed Northeast Treatment Plant near Lake
Houston. From that point it runs north along Iron Ore Road and Timber
Forest Trail wuntil it intersects FM 1960, where it turns west to
follow the alignment of FM 1960 until it reaches the northeast
boundary of the WHCSWSC study area. The approximate length of this
route is 28 miles. A 68.0 feet elevation difference exists with Lake
Houston elevation at approximately 50.0 feet MSL and the WHCSWSC
boundary elevation being 1180 feet MSL. Again, as previously
assumed, a pump station will be located at the WHCSWSC study area
boundary to repressurize the water prior to entering the WHCSWSC study

area.

mparison of Alternat nyevan ms

The alternate routings for the Northeast Conveyance System were
evaluated on the ©basis of Technical, Environmental, Community/Social,
Phasing and Financial criteria. Treated water conveyance line sizes
varied from 66" to 90" to convey the required amounts of treated water
which varied from 43.85 MGD to 110.30 MGD maximum daily demand (Year
2030), depending on the alternate service area investigated, For

Alternate Service Area 7, the Northeast Supply was not used.
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As part of the Northeast Conveyance System technical evaluation, the
hydraulics of each system were investigated. To compare the three
alternate treated water convevance routes from a hydraulic standpoint,
identical horsepowers were used to pump water from the proposed Northeast
Treatment Plant site to the WHCSWSC northeast boundary through conveyvance
lines sized according to the previously presented system design criteria.
Four different amounts of water were pumped through the treated water
conveyance system relating to alternate service area 1 through 4 demands.
Output from the computer model consistently showed that the Beltway 8
Route was hydraulically superior over the NHCWSC Route. The FM 1960 Route
was consistently the worst route from a hydraulic standpoint. Delivery
pressures at the WHCSWSC boundary for the Beltway 8 Route were
approximately 6 psi higher than the NHCWSC Route and approximately 16 psi
higher than the FM 1960 Route for the four alternate service area demands
investigated. Both hydrostatic and frictional head losses increase as
line lengths, elevation differences, and number of bends in the line
increase. Although the sizes of the treated water conveyance lines were
similar between the three alternate routes, the lengths of the routes
differed somewhat. The Beltway 8 Route 1is the shortest route,
approximately 4 miles shorter than the NHCWSC Route and 9 miles shorter
than the FM 1960 Route,. The Beltway 8 Route will provide substantial
savings in materials compared to the other routes. Ease of construction,
interferences with  existing utilities and structures, and community

disruption was also considered as part of the Environmental and
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Community/Social evaluation. Congested areas with limited right-of-way
and high numbers of existing utilities will cause difficulties in

constructing the conveyance system.
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Southwest Convevance Svstem

The Southwest Conveyance System consists of raw water pumping and
conveyance facilities neceded to deliver raw water from the supply source
to cither the treatment plant facilities in Alternate Nos. 4B and 5 or to
a termination storage facility in Alternate Nos. 1, 2, 3 and 4A. The
system also consist of termination storage facilities as required,
treatment plant facilities, treated water storage and pumping facilities
and treated water conveyance lines to transport the treated water to the

WHCSWSC service area.

Numerous geographical areas exist south and southwest of the WHCSWSC
study area which could serve as possible locations for a proposed
Southwest Treatment Plant. After a preliminary evaluation, it was
determined that this entire area could be narrowed down to five general
areas, The five general areas considered for further study are the Oyster
Creck/Dairy  Ashford Areca, Brazos River/Highway 6 Area, Ovyster
Creek/Highway 6 Area, FM. 1093/Grand Parkway/Jones Creek Area and the
Allens Creek/F.M. 1093 Area. After further evaluation of the five general
areas, it was determined that six alternate conveyance systems should be
considered which are listed below:

Site 1. QOyster Creek/Dairy Ashford Conveyance System
Site 2. Brazos River/Highway 6 Conveyance System
Site 3. Oyster Creek/Highway 6 Conveyance System
Site 4A. Jones Creek/Grand Parkway Conveyance System
Site 4B. Allens Creek/Grand Parkway Conveyance System

Site 5.- Allens Creek/F.M. 1093 Conveyance System
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Alternate Sites 4A and 4B have similar treatment plant site locations
as well as similar treated water conveyance systems. However, they differ
in that 4A contains a termination storage facility and obtains raw water
from the BRA Canal System while 4B has no termination storage, but does
contain a raw water conveyance line from Allens Creek Reservoir.

-

Figure 2 shows the alternate sites and convevance line routings
investigated for the alternate Southwest Conveyance Systems. Also, refer
to Exhibit 10 for 100-year flood plain locations and Exhibit 11 for

general surface fault patterns as well as salt dome locations presently

existing throughout the Southwest Conveyance System study area.
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SITE 1: Oyster Creek/Dairy Ashford

The first area investigated as a possible site for a proposed
Southwest Treatment Plant is in the vicinity of Dulles Road and State
Highway 6, south of Stafford. A plant at this location would treat raw

water taken from Oyster Creek, which is part of the BRA canal system.

Site 1 has a sole source of raw water which is Brazos River water
pumped and transferred through Oyster Creek within the BRA Canal System.
The feasibility and reliability of using raw water from Oyster Creek at
this site depends on several factors. Site 1 is located downstream of a
number of industries and municipalities who presently dump effluent into
Oyster Creek. The quantity and quality of this effluent will directly
impact raw water taken from Oyster Creek at any downstream location. Site
1 is also downstream from the American Water Canal Diversion (a manmade
canal) from which Galveston and Brazoria Counties receive their raw water
supply. The portion of Oyster Creek downstream of this diversion only
receives water which overflows BRA Dam No. 3. Modifications to the
present operation of the BRA Canal System would be required to allow water
to flow into this lower portion of Oyster Creek. The reliability of the
canal system is linked to the reliability of the Brazos River pump station
which delivers water from the Brazos River into the canal system. Site 1
is, however, downstream of several retention structures which the BRA

maintains for water storage in the event of pump station failure.
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Site 1 has approximately 10 percent of its land area within the
100-year flood plain of Oyster Creek as determined from Federal Emergency
Management Agency (FEMA) maps for the area. Mitigation of the site to
eliminate the hazard of flooding is unlikely. On site drainage of the
site would be collected by an internal storm sewer system with an outfall

located offsite.

The general terrain for Site 1 is fairly level prairie land with
elevations ranging from 650 MSL to 70.0 MSL. Two small, shallow lakes
are located in the eastern part of the site and several lower, marshy
areas exist adjacent to these lakes. Seils in the area of Site 1 are
generally clayey and loamy with slow permeability and somewhat poorly
drained. A general overview of faulting in the area indicates a large
salt domé located directly southwest of Site 1. Numerous ground faults
are normally associated with these salt domes which could reduce the

amount of land suitable for major treatment plant facilities,

General access to the proposed Southwest Treatment Plant site by
automobile, truck and rail is important. Both personnel and material
suppliers must have adequate means of reaching the plant site. In general
all of the alternate sites have fairly good access from at least one major
highway. Site 1 has one major highway, State Highway 6, which runs
through it and several arterial roads such as Cartwright and Dulles which

connect to major highways.
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The Missouri Pacific Railroad Company (MPRR) had a track running
parallel to State Highway 6, however, this track has been abandoned.

Therefore, direct rail access to Site 1 does not presently exist.

Quadrangle maps published by the U.S. Geological Survey were used as
an aid to preliminarily spot existing pipelines and overhead transmission
lines running through each of the alternate sites. Site 1 is crossed on
the west by overhead H.L. & P transmission lines which run north-south
parallel to Oil Field Road. The southeast part of Site 1 is crossed by

one pipeline running in a northeast direction.

Preliminary information suppiied by H.L. & P. shows both 345 kv and
138 kv transmission lines in the vicinity of Site 1, which could possibly

supply the proposed treatment plant.

Raw water taken from Opyster Creek would need to be stored in a
termination storage facility. The termination storage facility would
supply a proposed Southwest Treatment Plant located nearby. The available

land for a large termination storage facility at Site 1 is limited.

The Oyster Creek/Dairy Ashford Route for the treated water conveyance
line begins at the proposed Southwest Treatment Plant Site 1. From that
location the proposed conveyance line runs north along Dulles Road to US.
Highway 90A, where it turns west passing under U.S. Highway 59 to Dairy

Ashford. The line then runs north along Dairy Ashford until it intersects
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the WHCSWSC study area southwestern boundary. The total length of the
conveyance system for this route is approximately 6.5 miles. The
elevation at the proposed Southwest Treatment Plant site is approximately
67.0 feet MSL, while the elevation at the point of tie-in to the
transmission system is approximately 78.0 feet MSL, around 11.0 feet
higher. There are no booster pump stations proposed along this route of

the Southwest Conveyance System.
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SITE: 2; Brazos River/Highway 6

The second possible site for a proposed Southwest Treatment Plant is
approximately 3 miles west of First Colony between U.S. Highway 359 and
U.S. Highway 90A. A plant located here would treat raw water taken

directly from the Brazos River and/or the Brazos River Canal System.

Possibilities exist for Site 2 to have a dual source of raw water with
the primary source being the Brazes River and the secondary source being
Brazos River water transferred through Ovyster Creek. Site 2 is located on
Ovyster Creek upstream from the majority of the industries and
municipalities effluent discharge points which should increase the water
quality over Site 1. Site 2 is also located upstream of the American
Water Canal Diversion of Ovyster Creek. Site 2 is located on the Brazos
River downstream of the cities of Richmond and Rosenberg. Quantity and
quality of effluent dumped into the Brazos River from these cities may
affect the raw water downstream at Site 2. Reliability of raw water taken
directly from the Brazos River is not dependent on transfer pumping as is

raw water taken from Oyster Creek.

Approximately three fourths of the land area of Site 2 is located
within the 100-year flood plain of the Brazos River. Mitigation of the
site to avoid flooding would most likely be required which would in turn

affect the economics of this site.
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Site 2 has similar terrain to Site 1 being generally level prairie
land with elevations ranging from 750 MSL to 80.0 MSL, Soil
characteristics are also similar to Site 1. Known faulting in the area of
Site 2 is restricted to one fault line passing through the northeast

portion of the area,

Site 2 contains two major highways, US. Highway 90A as well as US.
Highway 59 which runs adjacent to the site on the southeast. Smaller
roadways such as Sartartia Road and Pecan Road run within the site but

most likely would need to be improved somewhat to assure better access.

The Southern Pacific Railroad Company (SPRR)} has a track which runs
east-west along Highway 90A. This track runs through the north half of
Site 2 and could provide rail service to a plant located in the area with
some modifications. The track presently exists on the north side of
Highway 90A, If a treatment plant site were located south of the highway,

it would be necessary to cross Highway 90A with the railroad extension,

Site 2 does not appear to have major pipelines running through the
area, however, several overhead power lines do cross to the west and

south.

Preliminary information provided by H.L.&P. shows 138 kv transmission
lines in the vicinity of Site 2 which could possibly supply a proposed

Southwest Treatment Plant.
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Raw water would be pumped from the Brazos River into a termination
storage facility located adjacent to the river at Site 2. A proposed

Southwest Treatment Plant would be supplied from this termination storage,

The Brazos River/Highway 6 Route for the treated water conveyance line
begins at the proposed Southwest Treatment Plant Site 2. From that
location the proposed conveyance line runs east tec Flannigan Road before
heading north on Flannfgan Road to State Highway 6. The proposed
conveyvance line continues north on State Highway 6 wuntil it intersects the
WHCSWSC study area boundary. The total length of conveyance system for
this route 1is approximately 8.0 miles. The elevation at the proposed
Southwest Treatment Plant site is 75.0 feet MSL while the elevation at the
point of connection to the transmission system is approximately 18.0 feet
higher at 93.0 feet MSL. There are no proposed booster pump stations

proposed along this route of the Southwest Conveyance System,
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ITE 3: Oyster Creek/Highway 6

The third possible location for a proposed Southwest Treatment Plant
is near the intersection of State Highway 6 and Oyster Creek in the
vicinity of Hull Airport, A plant located at this site would treat raw
water taken from Owyster Creek, which is part of the Brazos River Canal

System.

The sole source of raw water for Site 3 is Brazos River water pumped
into and transferred through Oyster Creek within the BRA Canal System.
Site 3 is located upstream from the majority of industrial and municipal
effluent discharge points and upstream from the American Water Canal
Diversion. The reliability of Oyster Creek as a raw water source is
dependent on the Brazos River pump station., Site 3 is upstream of the BRA

retention facilities which store water for use in event of pump failure.

Site 3 has less than 10 percent of its land area within the 100-year
flood plain making the neced for extensive site mitigation unlikely. Site
drainage would be accomplished by an internal storm sewer system with an

outfall located offsite.

Site 3 is fairly flat prairie land with the southeast at elevation
75.0 MSL and the northwest at elevation 90,0 MSL. Several small lakes
exist in the middle and southern parts of the area. Soil characteristics

of Site 3 are similar to the previously mentioned sites. Known faulting
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in the area i1s limited to one fault line which passes directly through the

middle of the area.

Site 3 has two major highways, US. Highway 90A and State Highway 6
which run through it. Arterial roadways such as Voss Road, West Airport
Blvd, and Old Richmond Road also cross the site. The location of Huli
Airport may block access from Highway 6 if a plant is located behind the

airport but otherwise the site is accessible.

The same SPRR track that could serve Site 2 also runs along the
southern border of Site 3 along Highway 90A. Rail service to Site 3 could
be accomplished by extending a track north through the area from this

existing SPRR track.

Site 3 contains two pipelines and several power lines which cross in a

northwest direction north of Oyster Creek.

Preliminary information from H.L.&P. shows 138 kv transmission lines
in the vicinity of Site 3 which c¢ould possibly provide electrical service

to a proposed treatment plant located in the area.
Raw water would be taken from Oyster Creek and stored in a termination

storage facility at Site 3. This termination storage would supply a

proposed Southwest Treatment Plant located in the vicinity.
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The Oyster Creek/Highway 6 Route for the treated water conveyvance line
begins at the proposed Southwest Treatment Plant Site 3, From that
location the proposed conveyance line runs north on State Highway 6 until
it reaches the WHCSWSC study area southwestern boundary. The total length
of conveyance system for this routing is approximately 3.0 miles. The
clevation at the proposed Southwest Treatment Plant site is approximately
80.0 feet MSL. At the point of connection to the transmission system the
elevation is approximately 13.0 feet higher at 93.0 feet MSL. No booster
pump stations are proposed along this route of the Southwest Conveyance

System.
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SITE 4A; Jones Creek/Grand Parkway

The fourth possible site for a proposed Southwest Treatment Plant is
approximately 2 miles southeast of Gaston near the intersection of Peek
Road and the proposed Grand Parkway. A plant located here would treat
Brazos River water taken from Jones Creek, which is part of the Brazos

River Canal System.

Site 4 has one source of raw water which is Brazos River water
obtained from Jones Creek. Jones Creek forms the upper part of the Brazos
canal system and has been modified to flow inte Opyster Creek. Few
municipal and industrial effluent discharges exist upstream of this
portion of the canal system from which Site 4 would be supplied. The
reliability of this source is dependent, however, on the reliability of
the Brazos River pump station which delivers water from the Brazos River

into the canal system.

Site 4 has less than 20 percent of its land area within the 100-year
flood plain making the need for extensive site mitigation unlikely.
Drainage of the site would be through an internal storm sewer system with

an outfall at offsite.

In general Site 4 is also fairly flat prairie land with the eastern
portions at elevation 95.0 MSL and the western portions at 1150 MSL. The

central part of the area adjacent to Jones Creek contains several small
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shallow lakes. Similar soils characteristics exist at Site 4 with soil
being generally clayey and loamy with slow permeability. An overview of
faulting within the area shows the Addicks South fault line passing
through the northwest edge of the area and the Clodine fault line passing

through the southwest portion of the area.

Site 4 is accessible from the North by F.M. 1093 which runs parallel
to the northern boundary of the site, FM. 723, FM. 359, and the
proposed Grand Parkway also run through the site. Extensions of Bellaire
Blvd.,, Beechnut and Bissonet are also proposed within the area. Other

roadways are Peek Road, Harlem Road, Canal Road and Precint Line Road.

The Southern Pacific Railroad Company (SPRR) has a track running
cast-west along F.M. 1093, Site 4 coul