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EXECUTIVE SUMMARY 

BACKGROUND 

The Brazos Bend Water Authority (Authority or BBWA) was organized by the 
cities of Brookside Village, Manvel, Missouri City and Pearland and was 
created by an act of the 69th Texas Legislature, effective June 14, 1985. The 
Authority's boundaries include the corporate and extraterritorial limits of 
the member cities, an area encompassing approximately 150 square miles 
immediately south and southwest of the City of Houston's municipal limits. 

This planning study was authorized by the Authority in anticipation of a rapid 
growth in area population, from 53,100 reported during the 1980 census to an 
over 185,000 forecast for the region by the year 2040. The study provides a 
planning basis for regional water supply and wastewater treatment facilities 
to accommodate forecasted growth. The planning effort is consistent with the 
goals of the member cities to secure a long term source of water supply, to 
protect and enhance water quality in regional streams and lakes and to 
investigate the feasibility of regional facilities as a means of avoiding a 
proliferation of small, inefficient facilities. 

WATER SUPPLY 

Findings 

Currently, domestic water supplies are provided by 16 public agencies at 26 
water production sites within the region. Groundwater is the sole source of 
supply at these sites, with combined plant water production averaging 8.17 MGD 
from August, 1987 through July, 1988. 

Although groundwater supplies are probably adequate to meet future regional 
domestic supply requirements, increased demand and continued sole use of 
groundwater resources is forecast to accelerate aquifer water level declines 
and ground surface subsidence within the region. 

Surface water resources are potentially available from several sources within 
and adjacent to the region, including the Galveston County Water Authority, 
the Brazos Bend Water Authority, and the City of Houston. Upon consideration 
of accessibility, adequacy of supplies and estimates of cost, surface water 
supplies currently available from the Galveston County Water Authority are 
considered the most likely source for BBWA supply. 

It is anticipated that sufficient impetus will exist such that conversion to 
surface water resources for regional domestic water supply will begin by the 
year 2000. Ideally, existing public water supply agencies opting to contract 
for BBWA surface water supplies would continue to operate existing storage and 
distribution facilities and utilize existing well facilities to augment 
supplies during periods of peak demand. Overall, it is anticipated that 
Authority surface water resources will ultimately provide 80 to 90 percent of 
regional domestic water requirements. 



Accounting for water conservation measures to be implemented as mandated in 
the Authority charter, BBWA surface water requirements are forecast to average 
25.65 MGD by the year 2040. 

Regiona 1 Plan 

The recommended regional plan provides for the construction of two surface 
water treatment plants, one plant each to serve the eastern and western 
portions of the region. It is anticipated that both plants and their 
respective distribution systems would be built incrementally over a 40 year 
period as required to match demands for Authority service. 

It is proposed that Authority surface water treatment plant utilize a 
treatment process similar to the Galveston County Water Authority Treatment 
Plant at Texas City. This plant can be characterized as a conventional line 
softening plant utilizing catonic polymers for the coagulation of solids, with 
sand filtration and disinfection treatment processes. Both plants will be 
required to provide 30 MGD in terms of maximum day output. 

The regional plan provides for the construction of over 75 miles of 
transmission mains varying in diameter from 8 to 36 inches. It is proposed 
that transmission mains follow existing roadway systems wherever feasible. 

The estimated construction cost for all regional water plant and distribution 
facilities proposed by the plan is approximately 120 million dollars in terms 
of 1989 dollars. Based on an incremental construction of facilities, the unit 
cost of Authority water at the point of customer delivery is estimated to vary 
from an initial cost of $2.41/1000 gallons to $1.13/1000 gallons upon 
completion of all plan facilities. 

WASTEWATER TREATMENT 

Findings 

Domestic wastewater treatment is currently provided by 14 public agencies at 
15 sites within the region. Additionally, six privately owned plants provide 
service to mobile home developments within the eastern area of the region. 
Four of the publically owned plants have treatment capacities greater or equal 
to 1 MGD. The average daily volume of wastewater treated at all public and 
private facilities within the region was 6.25 MGD from August 1987 through 
July 1988. 

Typically, all existing treatment plants within the region use a variation of 
the activated sludge treatment process. Recent records indicate that all 
existing plants are generally operating within state effluent standards. 

Based on existing estimated per capita flow rates, forecasted population 
growth and accounting for reductions in wastewater flows associated with water 
conservation measures, public domestic wastewater flow for the region is 
forecast to average 18.42 MGD by the year 2040. 

i i 



Regional Plan 

The recommended regional plan identifies 14 proposed regional wastewater 
service areas, seven service areas each to service the eastern and western 
portions of the Authority region. Of the 14 identified service areas, seven 
of the service areas could be served by utilizing and expanding existing 
treatment facilities and collection systems within service area boundaries. 
The remaining seven service areas will require the construction of new plant 
and collection systems and are located primarily in developing or rural 
portions of the region. 

New plant treatment processes would be dependent upon receiving water 
treatment standards but would be similar to existing plant facilities. 
Typically, new plant treatment units would consist of pretreatment units, 
liquid treatment units such as aeration basins and c1arifers, and solids 
treatment units such as digestors, thickeners and sludge dewatering with 
landfill disposal. 

The plan provides for the incremental construction of plant and collection 
facilities as required to accommodate customer demand. Plan collection 
facilities consist of gravity pipeline systems varying in diameter from 12 to 
48 inches, with in-line lift stations as required to limit system depth. 

The estimated construction cost for expanding existing plant systems and for 
constructing new service area facilities is approximately 115 million dollars 
in terms of 1989 dollars. The unit treatment costs for new service area 
facilities only were estimated to vary from an initial cost of $3.27/1000 
gallons to $1.02/1000 gallons upon completion of all plan facilities. 

RECOMMENDATIONS 

Implementation of the regional plans for water supply and wastewater treatment 
presented in this report will require the support of local governments having 
jurisdiction within Authority boundaries. It is recommended that Authority 
representatives meet with local city and agency officials upon final plan 
approval, to inform these officials of plan provisions and to solicit backing 
and policies required for plan implementation. 

iii 



I. GENERAL 

1. INTRODUCTION 

The Brazos Bend Water Authority (BBWA or Authority) was organized in 

the mid 1980's by the cities of Brookside Village, Manvel, Missouri City, 

and Pearland in order to provide planning for an antiCipated rapid growth 

in area population and subsequent increased demand for municipal utllity 

services. Specific goals of the member cities were to secure a long term 

source for area water supply, to protect and enhance water quality in 

regional streams and lakes, and to investigate the feasibility of regional 

facllities as a means of avoiding a proliferation of small scale, ineffi­

cient water supply and wastewater treatment plants. 

The Authority was created by an act of the 69th Texas Legislature, 

regular session effective date June 14, 1985. The Authority is governed by 

five elected members, two from Missouri City, and one each from the cities 

of Brookside V1l1age, Manvel and Pearland. The Authority may provide a 

variety of services inCluding planning and research; developing plans for 

water supply, wastewater disposal, and solid waste facilities; and owning 

and operating said facilities. The Authority has no taxing powers and must 

secure all funds from gifts, grants and revenue from services. 
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A copy of the enabling legislation is reproduced in its entirety in 

Appendix D. 

Planning Study 

In March, 1988, the Brazos Bend water Authority entered into contract 

with the JOint Venture of Lockwood, Andrews & Newnam, Inc./Walsh Engineer­

ing Inc. for the preparation of a comprehensive plan for regional water 

supply fac111t1es and regional wastewater collection and treatment 

facilities. A total of 14 items of work were identified under the contract 

of services, as listed below: 

Water Supply 

o Evaluate groundwater supplies, including aquifer characteris­

tics and existing water wells, treatment units, pumping plants 

and storage facilities. Predict the remaining life of 

groundwater supplies and evaluate the impact of continued 

operations on area subsidence. 

o Prepare demographic studies and project demand requirements. 

Projections of demand will incorporate water savings identi­

fied in the water conservation plan. 

o Evaluate surface water supply alternatives. 

o Develop regional demand areas. 
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o Design a treatment process for each surface water source and a 

system of transmission mains giving consideration of right-of­

way corridors and routing. 

o Develop a conversion plan from solely groundwater to a com­

bined supply of surface and groundwater. 

o Prepare a master plan report section on water supply 

facl1ities, incorporating a capital improvements program, 

including cost estimates, financing plan and debt service 

schedules. 

o Develop a conservation plan for the service area to emphasize 

more efficient use of water resources. Submit a draft of the 

water conservation plan to the Authority for review. Amend 

the draft report to incorporate Authority comments and submit 

the final plan report to the Authority for approval. Water 

savings identified in the water conservation plan will be 

incorporated in demand and loading projections. 

Wastewater Collection and Treatment 

o Evaluate existing plant facilities, permits and associated 

treatment processes. Project the life expectancy of 

facilities, expansion possibilities, and operation and mainte­

nance costs. 

3 



o Prepare demographi c studi es and project wastewater I oadi ngs 

which incorporate water savings identified in the water con­

servation plan. 

o Select suitable locations for treatment facilities. 

o Develop a plan of right-of-way corridors and routing of 

outfall facilities. 

o Develop state-of-the-art processes for each set of effl uent 

standards. 

o Prepare a master plan report section on wastewater facilities, 

incorporating a capital improvements program, including cost 

estimates, financing plan and debt service schedules. 

The study area encompasses all land within the limits of the Authority 

which includes the municipal limits of member cities and all land within 

their respective extraterritorial jurisdiction limits (ETJ). As shown in 

Figure 1 on the following page, the study area consists of two separate 

areas, a westerly area including Missouri City and vicinity, and an 

easterly area encompassing Brookside Village, Manvel, Pearland and their 

respective ETJ's. Although not within the Authority's boundary, the area 

between the two study area segments was considered during the planning 

process. The study area encompasses approximately 150 square mil es, is 

located in Brazoria, Harris and Fort Bend Counties, and had a total 1980 

population of 53,100. 

4 
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Report Organization 

General information regarding the Authority, report organization, and 

a sunmary of population finding is presented in this chapter. Separate 

chapters are provided to report water supply and wastewater disposal study 

findings. Chapter II covers water supply and Chapter III wastewater 

disposal. Where appropriate, separate discussions are provided for eastern 

and western study area segments. Conclusions and recommendations for water 

supply and wastewater disposal studies are consolidated under Chapter IV. 

Appendices following the body of the report contain detailed tabular 

data supporting information summarized within the report text, a water con­

servation report, a groundwater evaluation report, and legal information. 
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2. POPULATION STUDIES 

The need for and scale of water supply and wastewater disposal facili­

ties is by and large a function of population. For this reason, study area 

population potential was evaluated for the 1980 to 2040 planning period. 

Study area population studies were based on the 1980 U.S. census of popula­

tion and housing; forecasts of county and municipal population developed by 

the Texas Water Development Board (TWDB); and a variety of other available 

information including city zoning maps, development status data, and 

regional growth trends. Population estimates, coupled with estimates of 

water use and wastewater dhposal flow rates, form the basis for demand 

forecasts developed in following sections of this report. 

1980 Census 

The 1980 population of the BBWA study area was estimated to be 53,100. 

The study area includes all or part of 17 census tracts as shown in Figure 

2, page 9. In cases of census tracts extending beyond BBWA boundaries, 

study area population was estimated from mapping showing 1980 building 

locations. Populations for 1980 for study area municipal1ties and other 

selected political subdivisions are listed in Table 1, on the following 

page. A summary of 1980 BBWA population by census tract and municipalities 

is shown in Table A-I, Appendix A. 
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TABLE 1 

SELECT POPULATIONS 
1980 U.S. CENSUS OF POPULATION AND HOUSING 

Cities. SBWA 

Brookside Village 

Manvel 

Missouri City 

Pearland 

Other 

Brazoria County 

Fort Bend County 

Harri s County 

City of Houston 

Population 

1,453 

3,549 

24,533 

13.248 

169,587 

130.846 

2.409.544 

1.594.086 
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TWOB Forecasts 

Texas Water Development Board Population Forecasts for Texas Counties 

and Municipalities, dated September, 1988 were selected as the basis for 

BBWA growth projections. These forecasts consisted of a high and low 

growth scenario, with the high growth series being used for this report. 

On this basis, study area population is forecasted to increase from 53,100 

in the year 1980 to 185,654 by the year 2040. Study area population pro­

jections are graphically depicted in Figure 3, on the following page. A 

tabular presentation of forecasted BBWA population is shown in Table A-2, 

Appendix A. 
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Growth Distribution 

As previously mentioned, planning for regional water supply and waste­

water disposal facilities is dependent upon population. Equally important 

in this planning process is the locale of existing population centers and 

the probable location of future population growth. 

Existing population centers were identified from census data and 

aerial photo studies. As a f1 rst step in identifying areas likely for 

future growth, areas with no growth or little growth potential were 

identified. Examples include non-residentially zoned parcel s, floodways 

and swampy areas. Next, the remaining development potential of existing 

population generators such as ut111ty districts was estimated from city 

planning data and land use documents. Finally, growth trends were identi­

fied upon conSideration of recent growth patterns, transportation 

corridors, and proximity to employment centers. 

Geographic locations within the study area identified as likely areas 

for rapid population growth include the southern portion of Missouri City, 

the City of Pearland, and land along the Route 288 corridor in Brazoria 

County. Estimates of the distribution of forecasted population by study 

area census tracts are shown in Table A-J, Appendix A. 
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II. WATER SUPPLY 

In light of recent large population increases in the southwestern 

United States, the State of Texas, and especially the metropolitan Houston 

area, management of dwindl1ng water resources has become a major considera­

tion and source of concern for area publ1c water suppl1ers. Th1s Chapter 

provides background 1nformat10n regard1ng ex1 st1ng sources of supply and 

ex1st1ng publ1c water fac111t1es, sources and adequacy of future water 

supply resources, and presents a plan for reg10nalized water supply facili­

ties to meet forecasted water demands for the BBWA Reg10n through the year 

2040. 

13 
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1. CURRENT CONDITIONS 

Currently, study area domestic water supplies are provided by 16 pub­

lic agencies at 27 water production plant sites. With the exception of the 

City of Pearland, all public water supply systems are owned and operated by 

area utility districts. There are also a number of small, privately owned 

water supply systems providing water for mobile home parks, schools, strip 

centers, etc. Finally, a large area of the study is rural or largely unde­

veloped and relies on individually owned well s for water supply. The 

location of major public water supply plants within the study area is shown 

in Figure 4, on the following page. The plant location numbering system 

shown in Figure 4 is cross referenced to facility numbering shown in Table 

2, page 17. 

--------------------



All publiC water suppliers within the study area utilize groundwater 

as the sole source of supply. Usually, area groundwater resources require 

only disinfection, typically chlorination, prior to domestic distribution. 

Typically, existing public water facilities consist of a well which pene­

trates one of two existing water supply aquifers beneath the study area, 

ground tanks for water storage, pumping equipment or elevated storage tanks 

for boosting and maintaining distribution system pressure, and a pipeline 

system bri ngi ng treated water to customers. 

plant sites usually range from 45 to 65 pSi. 

Distribution pressures at 

Information regarding existing public water supply facilities within 

the study area was obtained from the Texas Department of Health and water 

plant operators. Additionally, plant sites were visually inspected in the 

field. A total rated capacity of existing public well facilities within 

the study area is approximately 29,810 gallons per minute, with 14.19 

mill ion gallons of water storage capacity avai lable. A summary of the 

capacities of major study area water supply facilities is shown in Table 2, 

on the following page. Deta1led 1nformat10n regard1ngfacility components 

are contained 1n Table A-4, Appendix A. 

16 
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TABLE 2 

CAPACITIES 
EXISTING PUBLIC WATER SUPPLY FACILITIES 

STORAGE PRESSURE MAINTENANCE 
SYSTEM WELL GROUND ELEVATED BOOSTER PUMP TANK 
OWNER (GPM) (MG) (MG) (GPM) (GAL) 

EASTERN AREA 

1. BC MUD 21 1,100 0.50 1,360 15,000 
2. BC MUD 52 1,4003 0.50 1,800 30,000 
3. Manvel Ut111t1es 300 2,500 
4. Pearland, C1ty 730 0.21 0.5 1,000 ------
5. Pearland, C1ty 710 0.50 1,000 20,000 
6. Pearland, C1ty 580 0.21 500 ------
7. Pearland, C1ty 1,130 0.42 0.5 2,100 ------
8. Pearland, CHy 1,270 0.56 0.5 1,500 ------
9. Pearland, C1ty 950 0.56 1,500 ------

WESTERN AREA 

10. Blue R1dge 
W MUD 1,200 0.35 3,000 30,000 

11. Blue R1dge 
W MUD 1,200 0.10 0.5 1,500 20,000 

12. F1rst Colony 9 2,000 0.45 3,500 40,000 
13. FBC MUD 26 1,350 0.50 2,000 25,000 
14. FBC MUD 42 1,500 0.34 1,000 35,000 
15. FBC MUD 474 700 0.23 1,200 25,000 
16. FBC MUD 46 700 0.23 1,200 25,000 
17. HC WCID Fondren 

Road 1,690 0.53 1,850 25,000 
18. HC WCID Fondren 

Road 750 0.20 1,000 10,000 
19. Meadowcreek MUD 800 0.30 3,000 20,000 
20. Palmer Plantat10n 

MUD5 1,300 0.42 1,500 20,000 
21. Qua11 Valley UD 2,000 0.95 4,000 ------
22. Qua11 Valley UD 1,500 0.75 3,000 ------
23. Qua11 Valley UD 1,700 1.02 0.5 4,000 ------
24. SW HC MUD 1 500 0.42 1,000 7,500 
25. Thunderb1rd UD 1,200 0.64 2,600 24,000 
26. Thunderb1rd UD 850 0.30 2,000 20,000 
27. Thunderb1rd UD 700 0.50 1,950 20,000 

1 Also prov1des water to Be MUD 1 
2 Also prov1des water to Be MUD 4 
3 Includes 600 GPM capac1ty ava1lable from BC MUD 4 
4 Also prov1des water to FBC MUD 48 
5 Also prov1des water to FBe MUD 49 



2. FORECASTED WATER DEMAND 

Historical information regarding water ut1l1zation and forecasts of 

future study area water supply requirements are presented in this section. 

18 

Existing Use 

Data regarding total water pumpage for existing study area water sup­

ply systems, for the months of August, 1987 through July, 1988, is 

presented in Table 3 on the following page. Water pumpage during thi s 

period totaled 2.980 million gallons, or approximately 8.17 million gallons 

per day. On January I, 1988, the estimated population served by study area 

water supply systems was 53,325. Therefore, per capita water consumption 

was calculated to average 153 gallons per day. 

Information regarding maximum day water usage and the ratio of maximum 

day use to average day use (peaking factor ratio) is al so presented in 

Table 3. Peaking factor ratios are used in the sizing of certain water 

supply system components such as pressure maintenance equipment. 



TABLE 3 

WATER PRODUCTI ON 
EXISTING PUBLIC WATER SUPPLY FACILITIES 

AUGUST, 1987 THROUGH JULY, 19881 

AMOUNT AVERAGE MAXIMUM 
SYSTEM PRODUCED DAY DAY 
OWNER (MG) (MG) (MG) 

EASTERN AREA 

BC MUD 2 85.8 0.24 0.80 
BC MUD 5 126.3 0.34 0.64 
Manvel Utl1ities NOT AVAILABLE 
City of Pearland 963.0 2.64 4.51 

Subtotal, Eastern Area 1,175.1 ~ 

WESTERN AREA 

Blue Ridge W MUD 292.4 0.80 2.22 
First Colony MUD 9 69.3 0.19 0.66 
FBe MUD 26 79.9 0.22 0.55 
FBe MUD 42 29.9 0.08 0.38 
FBC MUD 46 NOT IN SERVICE 
FBe MUD 47 38.6 0.11 0.58 
He WCID Fondren Road 113.2 0.31 0.61 
Meadowcreek MUD 106.4 0.29 0.88 
Palmer Plantation MUD 36.5 0.10 0.49 
Qua 11 Va 11 ey UD 619.3 1.70 3.87 
SW He MUD 1 42.8 0.12 0.35 
Thunderbird UD 376.5 1.03 2.69 

Subtotal, Western Area 1.804.8 ~ 

Grand Total, both Areas 2,979.9 8.17 

RATIO 
MAX/AV. DAY 

3.41 
1.90 

1.73 

2.77 
3.45 
2.52 
4.60 

5.42 
1.96 
3.00 
4.90 
2.28 
2.92 
2.77 

1 Source: Texas Department of Health, Monthly Operating Records. 
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Forecasted Water Demand 

Forecasts of study area public water supply requirements from 1990 to 

2040 are numerically presented in Table 4 below. Forecasts of water demand 

for existing and anticipated future water supply systems were separately 

developed. 

For each existing public water supply system listed in Table 3, page 

19, water demand forecasts were based on rates of water consumption 

reported during the August, 1987 through July, 1988 record period and fore­

casted population growth within these system service areas. Water demand 

forecasted for anticipated future water supply systems, such as may be 

installed by municipalities and utility districts currently lacking facili-

ties, were based on the compos1ted averaged water consumption rate of 153 

gallons per day per capita and forecasts of population to be served. 

Detailed information regarding forecasted public system water demands for 

the study area 15 shown in Table A-5, Appendix nAn. Forecasts of public 

water supply requirements summarized in Table 4, are prior to the implemen­

tation of water conservation measures. 

Average Day 
(In Million Gallons) 

Eastern S.A. 
Western S.A. 

TOTAL 

TABLE 4 

FORECASTED WATER DEMAND 
PUBLIC WATER SUPPLY SYSTEMS 

1990 - 2040 

1987/88 

3.22 
4.95 

8.17 

1990 

3.67 
5.49 

9.16 

2000 

7.00 
8.68 

15.68 

2010 2020 2030 2040 

8.89 10.74 12.41 13.74 
9.71 10.82 12.19 13.06 

18.60 21.56 24.60 26.80 



3. GROUNDWATER RESOURCES 

Historically, groundwater resources have been used to satisfy demands 

along the Texas Gulf Coast. In the last several decades however, the rapid 

growth of the Houston Metroplex has taxed regional groundwater resources 

and has resulted in accelerated groundwater declines and surface subsidence 

rates. 
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The effects of this problem were first felt in regional coastal areas 

as evidenced by an increased frequency and magnitude of tidal flooding 

associated with land subsidence. The Harris-Galveston Coastal SubSidence 

District (HGCSD) was created by the 64th Texas Legislature in recognition 

of this problem. An HGCSD mandated conversion from groundwater to surface 

water use has successfully controlled subsidence in coastal areas. 

Recently, mitigation of subsidence and groundwater declines within the two 

county HGCSD area has shifted to inland areas. A conversion time schedule 

for inland areas of the subsidence diStrict is shown in Figure 5 on the 

following page. Although the BBWA study area is not within the jurisdic­

tion of HGCSD, the impact of the ongoing conversion in areas adjacent to 

the BBWA study area will benefit BBWA groundwater resources. 

Recently, the 7Ist Texas Legislature approved the creation of a sub­

sidence district in Fort Bend County. While no objectives are available at 

this time, it is likely that the proposed subsidence authority will provide 

further impetus for the use of surface water in Fort Bend County. 
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Hydrogeology 

The study area is underlain by three water bearing zones, conmonly 

referred to as aquifers. As shown in Figure 6 on the following page, and 

in decending elevation from the ground surface, study area aquifers are 

known as the Chicot, Evangeline, and Jasper Aquifers. 

23 

The two aquifers closest to the land surface, the Chi cot and 

Evangeline Aquifers, are the primary source of study area groundwater sup­

ply. The Chicot Aquifer varies in thickness from 700 feet to 850 feet and 

generally produces smaller yields than the underlying Evangel ine Aquifer. 

The Evangeline Aquifer varies from 1800 to 2050 feet in thickness within 

the study area and is the principal source of municipal water supply. 

water quality within this aquifer is excellent requiring only disinfection 

prior to distribution for human consumption. The Jasper Aquifer generally 

is of poor quality due to the presence of inorganic salts and is not used 

as a water quality source within the study area. 

Four salt domes are located within or in close proximity to the study 

area (see Figure 4, page 15). Water produced from wells over or near these 

geologic formations typically have a high saline content. As aquifer water 

pressures decline, water of high salt content will tend to migrate outward 

from salt dome locations. 
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Impact of Future Groundwater Use 

An investigation of groundwater resources for the BBWA study area was 

performed by the firm of McBride-Ratcliff and Associates, Inc., Houston, 

Texas. (See Appendix C). The report of this investigation presents infor­

mation regarding area geology and hydrogeology and summarizes computer 

modeling results which forecast the effects of continued groundwater 

pumpage on area groundwater levels and surface subsidence. 

25 

Computer modeling was performed for two area groundwater use sce­

narios. Both scenarios considered the influence of groundwater useage in 

areas immediately adjacent to the BBWA study area (regional groundwater 

use), and recognized the impact of the HGCSD mandated conversion to surface 

water use within regional areas. With this in mind, modeled groundwater 

use scenarios were as follows: 

Groundwater Use Scenario 

Groundwater will be used to meet all BBWA public water demand through 

the year 2040. 

Surface Water Use Scenario 

Area conversion to surface water will begin by the year 2000. By 

2020, surface water sources will provide approximately 90 percent of public 

water supplies. 
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Computer models used to predict groundwater level declines and 

subsidence were calibrated using existing well log data and historical sub­

sidence data. 

Forecasted study area groundwater declines and total subsidence from 

1990 through 2040 are sumnarized in Table 5 below. Generally, model 

results indicate that the utilization of groundwater in regional areas 

north of the BBWA study area control study area groundwater and subsidence 

rates. On the average, conversion to surface water use within the study 

area could reduce groundwater declines by thirty feet (30') and subsidence 

by one half foot (0.5') during the planning period. 

TABLE 5 

FORECASTED 
GROUNDWATER DECLINE/SUBSIDENCE 

GROUNDWATER DECLINE1 

Groundwater Scenario 
Surface water Scenario 

SUBSIDENCE 

Groundwater Scenario 
Surface water Scenario 

lEvangaline Aquifer 

EASTERN AREA WESTERN AREA 
(RANGE IN FEET) 

82 - 208 
78 - 180 

1.4 - 4.4 
1.2 - 4.0 

110 - 252 
106 - 250 

3.6 - 4.7 
3.0 - 4.2 



Forecasted groundwater decline contours, by water use scenario, are 

shown in Figure 7 and 8, pages 28 and 29. Forecasted subsidence contours, 

by water use scenario, are shown in Figure 9 and 10, pages 30 and 31. 

The McBride-Ratcliff study concludes that although groundwater 

declines are significant during the study period, groundwater resources 

would be adequate to meet BBWA public water demands. 
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4. SURFACE WATER RESOURCES 

Surface water available from the Galveston County Water Authority 

(GCWA), the Brazos River Authority (BRA) and the City of Houston (Houston) 

are Identified as potential sources for BBWA supply. Water from the GCWA 

and BRA sources would require treatment prior to BBWA distribution, whereas 

treated water only is currently available from the C1ty of Houston. 

A descr1pt10n of the locat10n Of each potential source of supply in 

relation to the study area, and est1mates of amounts of supplies available 

and cost of purchase are provided below. The locations of potent1al sur­

face water supply sources are 11lustrated 1n F1gure II, page 34. 

Current Sources 

Surface water resources owned by the Galveston County Water Authority 

are currently available 1n two canal systems which traverse the study area 

from a source on the Brazos River to the west to an eastern terminus near 

Galveston Bay. These canals, known as the American and Briscoe Canals or 

"An and "B" canals, were previously owned and operated by the Brazos River 

Authority and were used pr1mar1ly to supply agricultural 1rr1gat1on water. 

As shown 1n F1gure 11, both canal s are ready accessible within the BBWA 

study area. Currently, GWCA has approximately 60 mgd of raw surface water 

r1ghts available at an estimated cost of $88.00 per million gallons. 

Currently, the Brazos Rfver Author1 ty does not have suff1 cl ent 

unallocated water r1ghts to meet the forecasted water requ1rements of the 

BBWA study area. Consequently, 1n order to provide adequate supplies to 

BBWA, It would be necessary for BRA to construct a new reservoir within the 



Brazos Ri ver System, such as proposed Lake Milli can near Bryan, Texas. 

Preliminary estimates indicate 203 mgd could be provided by Lake Millican; 

however, there are currently no plans to proceed with development of this 

project. It is estimated that the cost of BRA supplied raw water will 

exceed $194.00 per million gallons. 

Treated surface water from the San Jacinto River system is available 

at the City of Houston's Southeast Treatment Plant located north of the 

City of Pearland. Limited amounts of water are available at this plant (3 

mgd by 1995) and expansion of the SE plant or construction of a new plant 

in southwest Houston would be required to meet forecasted BBWA require­

ments. The current cost of treated city water supplies to resale customers 

is $2.20 per thousand gallons. 
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Source Selection 

Upon consideration of the accessibility, adequacy of current supplies, 

and current estimates of cost, surface water supplies owned by the 

Galveston County Water Authority are considered the most likely source for 

BBWA use. GCWA currently treats water from the canal sources proposed for 

BBWA supplies at a plant site near Texas City, Texas. Canal water quality 

is similar to constituents of the Brazos River source and is treated at the 

GCWA Texas City Plant by conventional means to a level suitable for drink­

ing water use. Additionally the Texas City plant uses a 1 ime softening 

treatment process with sand filtration. Typical values for raw and fin­

ished water at the GCWA Texas City Plant are shown in Table 6 below: 

TABLE 6 

TYPICAL RAW AND FINISHED WATER CHARACTERISTICS 
AT THE GCWA TEXAS CITY WTP(l) 

PARAMETER RAW FINISHED 

pH (pH units) 8.6- 9.2 
Tub1d1ty (NTU) 46 0.13 
Hardness 192 112 
Alkalinity 148 57 
Calc1Lm 67.3 38.5 
Magnesium 5.9 3.9 
Iron 1.66 0.04 
Dissolved Solids 100 283 
Total Solids 443 283 
DO 7.3 8.3 
Fluoride 0.42 0.68 

(1) All values are in 1119/1 unless otherwise noted. 
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A facility plan for BBWA regional water supply facilities and associ­

ated estimates of cost, as described in following sections of this chapter, 

are based on the use of GCWA water as a source of BSWA supply. 
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5. CONVERSION PLAN 

The continued use of groundwater as the primary water supply in future 

years will accelerate the undesirable results already experienced by BBWA's 

neighbors to the north and east. It is prudent therefore, that a plan be 

developed to convert from a primary source of groundwater to a primary 

source of surface water. 

section. 

Basis 

A plan for conversion is presented in this 

A variety of factors could influence publiC water agencies to convert 

to a surface water source of supp 1 y. Certainly the need to secure a 

reliable, long-term source of water supply in light of declining water 

tables and subsidence problems would be a primary consideration. Declining 

water tables will require the lowering of well pumps which could be costly, 

especially for owners of older well systems. Also, surface subsidence and 

groundwater declines could cause a deterioration of groundwater quality due 

to surface contamination and brackish water encroachment. 

Further regulatory constraints on well dri 11in9 are most certainly 

forthcoming. This is evidenced by the passage of the safe drinking water 

act, 1986 amendments, which among other things, established additional reg­

ulatory requirements for drinking water wells and protection of sole source 

aquifers. 

Ultimately, most decisions regarding conversion to surface water will 

probably be decided by financial considerations. These factors include the 

cost of maintaining existing well facilities, the relative cost of surface 
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water supplies compared to the cost of groundwater production, and commit­

ment of monetary resources and tax considerations for undeveloped proper­

ties proposed for development. 

Schedule 

It is not currently feasible to determine a scheduled demand for BBWA 

services. It 1s anticipated, however, that sufficient impetus will exist 

such that study area surface water conversion will begin by the year 2000. 

Additionally, it is anticipated that Authority plant and pipeline facili­

ties will be incrementally constructed and that facility requirements will 

generally keep pace with the study area population base. 

Proportion 

The amount of surface water purchased and the proportion of surface to 

groundwater utllized by publlc water supply entltles wll1 be dependent on 

many of the operational and financial conSiderations previously discussed. 

Ideally. exlsting public water suppliers opting to purchase BBWA surface 

water would continue to operate existing distribution and storage facili­

tles and would utl1lze exl stlng well facilities to augment surface water 

supplies during periods of peak water demand. Proposed water supply sys­

tems could find it economlcally feasible to utilize BBWA surface water as a 

sole source of supply. Overall, it is anticipated surface water will ulti­

mately supply 80 to 90 percent of study area water demand. 
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Surface water Requirements 

Authority surface water requirements, as required to service all 

potential public supply customers, beginning in the year 2000, are 

sunmarized in Table 7 below. This forecast is based on water demand 

requirements of existing and anticipated future water supply systems within 

the study area, as detailed in Table A-5, Appendix A and summarized in 

Table 4, page 20, less a nominal 4.3 percent water savings forecasted 

through implementation of Authority water conservation programs. (See 

Water Conservation Plan, Appendix B). 

TABLE 7 

BBWA SURFACE WATER REQUIREMENTS 
2000 - 2040 

Average Day 
{In Million Gallons} 2000 2010 2020 2030 2040 

Eastern Area 6.70 B.51 10.28 ll.88 13.15 

Western Area 8.31 9.29 10.35 ll.66 12.50 

TOTAL 15.01 17.80 20.63 23.54 25.65 
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6. FACILITY PLAN 

A phased facl1ity plan for providing surface water supply to all 

potential BBWA customers within the study area is presented in this 

section. This plan anticipates that initial requests for service wl1l be 

from owners of exist1ng public water supply facilities servicing existing 

population centers. Future expansion of plant and pipeline facl1ities 

would be required to keep pace with predicted population growth and would 

primarily service potential customers in BBWA areas anticipated for 

development. A three phase plan for regional BBWA water facilities is 

shown in Figure 12 on the following page. 
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Plant Facilities 

As shown 1 n Figure 12, two surface water treatment plants wl1l be 

required to service potential BBWA customers. Due to the considerable dis­

tance between eastern and western regions of the study area, 1 t was not 

considered economically feasible to service the entire BBWA area from a 

single plant location. Both eastern and western plants are centrally 

located within their respective areas, are adjacent to the most likely 

source of surface water suppl1 es, the Galveston County Water Authority 

Canal System, and could serve population centers adjacent to current 

Authority boundaries such as the cities of Alvin and Sugar Land. Both site 

locales were inspected and were found to be easily accessible, had power 

nearby, and seemed to have adequate land available for plant facilities. 

In order to supply forecasted average day water supplies to all poten­

tial BeWA customers, both eBWA treatment plants will ultimately be required 

to produce 30 mgd in terms of maximum day output. In order to manage 

capital outlay, it is proposed that each plant be designed to provide for 

construction of multiple treatment trains. 

Each treatment plant should also include raw water storage facilities 

in the event of interruption of surface water supplies. It is proposed 

that seven days of storage be provided in earthen reservoirs adjacent to 

plant sites. Reservoirs could be constructed in two equal stages and 

should be lined to minimize water loss from seepage. 
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Land requirements for plant and storage reservoirs are estimated to be 

98 acres for each plant site. 

Plant Processes 

A proposed BBWA treatment plant process is schematically shown in 

Figure 13, on the following page. The selected process is similar to the 

process used at the Galveston County Water Authority Plant at Texas City. 

The GCWA WTP is a conventional lime softening plant with sand fl1trat10n. 

Coagulation of solids is promoted by the use of cationic polymers. 

Chlorine dioxide is used for pre-disinfection and chlorine gas is used for 

post disinfection. Solids resulting from the treatment process are wet 

hauled for land disposal. The Texas City plant uses water from the same 

source proposed for BBWA supply and is providing excellent water treatment. 

Ultimately. the treatment process selected for BBWA facilities w111 be 

dependent upon prevailing regulatory reqUirements, available technologies, 

and customer requirements. 
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Transmission Facilities 

A system of water transmission pipelines will be required to deliver 

water from BBWA plant sites to potential BBWA customers. The proposed 

facility plan provides for a phased construction of transmission facilities 

as would be required to service all potential BBWA customers. Pipeline 

size selection is based on forecasted maximum day flow requirements and 

pressure requi rements for deli very to customer ground storage facl1 it i es. 

As set forth in Section 5, distribution to individual water users and sup­

plemental supplies required during periods of peak use are considered the 

responsibility of BBWA customers. 

The Facl1ity Plan provides for the construction of approximately 75 

ml1es of transmission p1pel ines varying in size from 8 to 36 inches in 

diameter. Transmission pipeline routing follows existing roadway systems 

wherever feasible. Lines shown in currently undeveloped area of the study 

area are schematic in nature and are shown only to account for potential 

future pipeline costs. 

Where distribution pipeline construction cannot be accommodated within 

existing roadway right-of-way, pipeline easements will need to be secured. 

Easements for pipeline construction should be 25 feet in width with a 15 

foot width retained for permanent use. 

Implementation 

Due to uncertainties regarding requests for BBWA service, it is not 

practical at this time to present a schedule for construction of BBWA 

facilities. Even if requests for service are secured, BBWA will need to 
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consider the locale and magnitude of supplies requested prior to committing 

to a program of construction. 

There are, however, several topics that could be presently considered 

by the Authority. The first would be the reservation of surface water 

rights. In general, regional surface water rights are presently available 

on a first come - first served, take and pay basis. Reservation of water 

rights would require a commitment by local governments to cover purchase 

expenses until such time that costs could be passed on to BBWA customers. 

Another current consideration could be seeking policies in order to secure 

corridors or easements for future transmission pipelines. Again, local 

governments would most likely be required to act as agents for the Author­

ity in this regard. 

Finally, if sufficient demand for service is secured or likely to be 

secured, sufficient time should be allowed for construction of plant and 

pipeline systems. It is estimated that 5 years wlll be required to plan, 

design and construct initial BeWA facilities. 
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7. FINANCIAL 

Initially, decisions regarding the feasibl1ity of installing the 

phased regional surface water supply systems described in the preceding 

section wl1l probably be based on financial considerations. In order to 

provide a basis for financial assessment, estimates of costs to design, 

construct and operate BBWA water supply fac111t1es are developed in this 

section. 

Cost Estimates 

Table 8 below summarizes estimates of capital expenditures associated 

with a phased program of facllity construction for both the eastern and 

western plant systems and in total. Since BBWA facility construction will 

be dependent upon voluntary requests for service, it is unlikely that con­

struction will proceed along the scale and schedule presented in Section 6. 

Therefore, the following estimates of cost are provided only to establish a 

measure of magnitude of cost. 

(In Millions of Dollars) 

East System 
West System 
Total, Both Systems 

TABLE 8 

ESTIMATED COST 
BBWA WATER .TREATMENT AND 
DISTRIBUTION FACILITIES 

PHASE 
I II 

33.95 15.58 
33.78 14.31 
~ ~ 

III TOTAL 

10.39 59.92 
12.95 61.04 
2J.j4 120.96 
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Cost estimates are based on a survey of construction costs associated 

with construction of similar plant and pipeline systems in the Houston 

area, land cost information supplied by area realtors, and bond cost data 

from BBWA fiscal consultants. Estimates of capital expenditures are based 

on 1989 dollars and include the following components: 

o Land Acquisition, Plant and Reservoir 

o Plant Treatment Facilities, complete including: 

x Headworks 

x Treatment Components 

x Administrative/Control Building 

x Distribution Pumping Equipment 

o Site Improvements, Plant 

o R/W Acquisition, Pipeline System 

o Pipeline Facilities, Complete 

o Design Costs at 12 percent, including: 

x Surveying 

x Geotechnical 

x Engineering Design 

x Construction Inspection 
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o Construction Contingencies at 10 Percent 

o Bond Sale Expense at 8 Percent of Total Bond Cost 

Total cost of BBWA regional water supply facilities, all phases, is 

estimated to be $120,960,000 in 1989 dollars. Detailed information regard-

ing estimated construction costs is shown in Table A-6 in Appendix A. 

A summary of annual cost and unit costs per 1000 gallons of treated 

water is shown in Table 9 below. 

PHASE 
(ALL BONO 

IMPROVEMENTS} 

I 7.16 
II 3.16 

III 2.47 

TABLE 9 

ESTIMATED ANNUAL COST/UNIT COST 
BBWA WATER SUPPLIES 

ANNUAL EXPENSE ESTIMATED DAILY 
O&M TOTAL PRODUCTION, PHASE 

($I,OOO,OOO} (MG} 

3.84 11.00 12.50 
6.42 9.58 20.84 
7.87 10.34 25.00 

UNIT COST 
($11000 GAL} 

2.41 
1.26 
1.13 

Annual costs include bond retirement expense and operational and main­

tenance expense as detailed below: 

o Bond Authorization, Expense, 20 Year Tenm at 8.5 Percent Interest 

Rate 
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o Raw Water Purchase with Factor to Account for Storage Evaporation 

Losses 

o Plant Operational Costs Including: 

x Labor, Operat10nal and Ma1ntenance 

x Chemtcal Cost 

x Power Expense 

x Sludge Dtsposal Cost 

o Plant and Ptpeltne Ma1ntenance Expense 

Unit cost per 1000 gallons of BBWA treated water 1s estimated to range 

from $2.43 upon completion of Phase I improvements to $1.11 upon complet10n 

of all facilities. For compar1son purposes, the estimated cost of treated 

water from the City of Houston deltvered to BBWA boundaries is $2.20 per 

1000 gallons. Detailed information regardtng estimated annual cost of BBWA 

water supply fac1lities are shown in Table A-7, in Appendix A. 

Funding 
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Fundtng for the BBWA facl1it1es is expected to be in the form of 

revenue bonds. Bonds could e1ther be sold on the open market or to the 

Texas Water Development Board through the Water Loan Assistance Program. 

Water Loan Ass1stance Funds have been aval1able at 5-1/4 percent annual 

interest rate. Although the BBWA projects are e11gible for Water Loan 

Assistance monies accord1ng to existing gutdelines, there are no guarantees 

that monies wl1l be aval1able at the t1me they are required. Therefore, 

the current bond market interest rate of 8-1/2 percent is used in all of 

the economic analyses. 



III. WASTEWATER COLLECTION AND DISPOSAL 

For 30 years, growth in the Houston metropolitan area has occurred by 

means of the municipal utility district. Abundant groundwater supplies 

made it easy to develop subdivisions on land remote from city utility sys­

tems. However, this development method resulted in a proliferation of 

small wastewater treatment plants. These plants were often inefficient and 

not designed to meet more stringent treatment requirements of recent years. 

As briefly discussed in Chapter I, the consolidation of numerous small 

wastewater treatment faCilities, that is, the regionalization of public 

treatment and collection facilities, presents an opportunity for local 

governments to better manage public wastewater disposal and protect water 

quality in area streams and lakes. Additionally, due to the shared 

nature of regional systems, regional facilities can usually be constructed 

at less cost than a comparable system of smaller facilities. 

This chapter provides information regarding existing treatment facili­

ties, regional treatment standards, existing and forecasted wastewater 

flows and presents a plan for regional wastewater collection and treatment 

facilities as required to service the BBWA study area through the year 

2040. 
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1. CURRENT CONDITIONS 

Domestic wastes are currently treated at 21 plants located within the 

study area. Fifteen plants are operated by public agencies, of which two 

are owned by the City of Pearland, 12 by the Utility Districts, and one by 

the Alvin Independent School District. The remaining six plants are 

privately owned and provide treatment for wastes from mobile home develop­

ments. Wastes 1 n rural and unsewered portions of the study area are 

usually disposed of in individual septiC tank and drain field systems. The 

locations of public and private wastewater treatment plants within the 

study area are shown in Figure 14 on the following page. The plant loca­

tion numbering system shown in Figure 14 is cross referenced to facility 

numbering shown in Table 10, pages 55 and 56. Also shown in Figure 14 are 

the locations of three plants classified as industrial plants in the 

eastern region of the study area. 
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Most existing study area treatment plants were constructed during the 

past 20 years. Typically, plant treatment design is a variation of the 

activated sludge process. The 4.0 MGD plant at Quail Valley Utility Dis­

trict uses oxygen as an aeration agent. Plants use aerobic digestors, and 

with the exception of the Quail Valley, Blue Ridge West, and City of 

Pearland Plants, sludge is directly wasted from digestors for wet haul 

disposal. Many of the smaller plants within the study area could be con­

sidered portable; that is, plant components with suitable refurbishment 

could be moved and returned to service at a new site. 

Treatment standards for all public and private wastewater plants are 

established and monitored by the State of Texas. The Authority study area 

falls within the San Jacinto - Brazos Coastal Basin, the San Jacinto River 

Basin and the Brazos River Basin as defined by segment identification maps 

published by the Texas Water Commission. Area drainage basin boundaries 

within the above referenced regional basins are also shown in Figure 14. 

Information regarding existing wastewater systems within the study 

area was gathered from a number of sources including the Texas Water 

Commission, local governments, plant operators and by site visitation. A 

summary inventory of plant operating standards, plant facilities, and 

capacities is shown in Table 10 on the following page. Based on visual 

inspection, all existing plants were found to be in working condition. 

Recent records indicate that all plants are generally operating within per­

mitted effluent limitations. 
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TABLE 10 

INVENTORY 
EXISTING WASTEWATER TREATMENT PLANTS 

PERMIT LIMITS 
CURRENT CAPACITY TREATMENT 

QiNER CAPACITY PROCE~S AVERAGE DAY MAXII4IJ4 DAY BOD TSS ~-N 
(PLANT NAME) (MGOl TYPE (MGDl (MGDl (MG/q (MG/q 00ill 

PUBLIC PLANTS 

EASTERN AREA 

1. Alvin ISD 0.03 EA 0.03 0.06 20 20 

2. BC MUD 1 0.15 CS 0.15 0.30 5 12 2 

3. BC MUD 22 0.10 CS 0.10 0.20 5 12 2 

4. BC MUD 53 0.38 RBC 0.38 1.33 5 12 2 

5. Pearland. City 
(Barry Rose) 2.25 C 2.25 5.63 5 12 2 

6. Pearland. City 
(Longwood) 1.75 EA 1.75 4.38 5 12 2 

WESTERN AREA 

7. Blue Ridge W MUD 1.00 CM 1.00 2.50 10 15 

8. First Colony MUD 94 0.30 CS 0.30 0.60 10 15 

9. FBC MUD 26 0.50 CS 0.50 1.50 10 15 

10. FBC MUD 47/48 0.40 CS 0.40 0.60 10 15 

11. HC MUD 122 0.25 CS 0.25 0.60 10 15 

12. HC welD Fondren Rd. 0.60 CS 0.60 1.80 10 15 

13. Pal .. r Plant MUD 15 0.20 CS 0.20 0.50 10 15 

14. Quail Yalley uo6 4.00 PO 4.00 10 15 2 

15. SW HC MUD 1 0.40 CS 0.40 1.20 10 15 

1Process Type Abbreviations: 

C - Carousel 
CS - Contact Stabilization 
CM - CoIplete Mix 
EA - Extended Aeration 
PO - Pure OXygen 

RBC - Rotating Biological Contactors 

~AISO Serves BC MUD 3 
A I so Serves BC MUD 4 

4Also Serves FBC MUD 42 
5Also Serves Pal .. r Plantation MUD 2 and FBC MUD 49 
SA I so Serves I4eadowcreek MUD and Thunderbi rd UD 



a1NER 
(PLANT NAME) 

PRIVATE PlANTS 

EASTERN AREA 

CURRENT 
CAPACITY 

(MOO) 

16. Al11ed Pasadena N. Bank 0.025 
(Country Meadows MHP) 

17. c-dore 
(Ra1ntree !tiP) 

18. Gartner, T~s 
(Country V11lage !tiP) 

0.055 

0.052 

19. Korenek, Albert 0.012 
(Country oaks Arbor !tiP) 

20. Texas Mun1c1pal 
Ut111t1es 0.02 
(SOMmersetsh1re !tiP) 

21. Trethewey, Robert 0.0225 
(Pearland He1ghts !tiP) 

IProcess Type Abbrev1at1on: 

EA - Extended Aerat10n 

TABLE 10 
(Cont1nued) 

INVENTORY 
EXISTING WASTEWATER TREATMENT PLANTS 

PERMIT LIMITS 

PROCESS 
TYPEl 

EA 

EA 

EA 

EA 

EA 

EA 

CAPACITY 
AVERAGE DAY MAXIMUM DAY 

(MGD) (MGD) 

0.025 0.045 

0.055 0.110 

0.052 0.104 

0.012 0.024 

0.02 0.04 

0.0225 0.045 

TREATMENT 
BOD TSS 

(MG/l) (MG/l) 

5 12 

5 12 

5 12 

5 12 

5 12 

5 12 
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2 

2 

2 
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2. PROJECTED WASTELOADS 

As a prerequisite to the design of wastewater collection and treatment 

facilities, it is necessary to estimate the future wasteloads. Wasteloads 

include hydraulic flows and the chemical, biological and physical charac­

teristics of the waste stream. 

Existing Wastewater Flows 

Data regarding wastewater flow rates at existing public and private 

plants treating domestic wastes within the study area for the months of 

August, 1987 through July, 1988 is presented in Table lIon the following 

page. Average daily wastewater flow during this period totaled 6.247 MGD 

of which 6.071 MGD was treated by the publicly owned facilities. The 1988 

estimated population served by the publicly owned facilities in the study 

area was 52,406. Therefore, the flow rate at public plants during this 

period was calculated to average 116 gallons per capita per day (gpcd). 

Pearl and I s per cap1 ta flow rate averaged 130 gpcd. The fl ow rate for the 

Quail Valley plant which serves Quail Valley Utility District, Meadow Creek 

MUD and Thunderb1 rd MUD averaged 110 gpcd. The average flow rate for 

remaining public facilities was 99 gpcd. 

Information regarding the biological and chemical composition of study 

area plant influents was not gathered; however, study area plant influents 

consist primarily of waste from domestic sources. Typical characteristics 

of domestiC wastes are 250 mgtl CBOD, 250 mgtl TSS and 25 mgtl ammonia (as 

ni trogen). 
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TABLE-ll 

WASTEWATER FLOWS 
EXISTING WASTEWATER TREATMENT PLANTS 

AUGUST, 1987 THROUGH JULY, 19881 

AVERAGE MAXIMUM 
OWNER DAY DAY 

(PLANT NAME) (MGl (MGl 

PUBLIC PLANTS 

EASTERN AREA 

1. Alvin ISO 0.017 0.017 
2. BC MUD 1 0.093 0.144 
3. BC MUD 2 0.020 0.050 
4. BC MUD 5 0.155 0.276 
5. Pearland, City 1.530 3.100 

(Barry Rose) 
6. Pearland, C1ty 0.818 2.040 

(Longwood) 

SUBTOTAL EASTERN AREA 2.633 

WESTERN AREA 

7. Blue Ridge W. MUD 0.656 1.014 
8. First Colony MUD 9 0.138 0.236 
9. FBC MUD 26 0.200 0.300 
10. FBC MUD 47/48 0.040 0.060 
11. He MUD 122 0.006 0.016 
12. He welD Fondren Road 0.2B7 0.580 
13. Palmer Plant MUD 1 0.051 0.133 
14. Quail Valley UD 1.900 2.310 
15. SW He MUD 1 0.160 0.237 

SUBTOTAL WESTERN AREA 3.438 

TOTAL, PUBLIC PLANTS 6.071 

MAXIMUM DAY 
AVERAGE DAY 

(RATIO} 

1.00 
1.55 
2.50 
1.78 
2.03 

2.49 

1.55 
1.71 
1.50 
1.50 
2.67 
2.02 
2.61 
1.22 
1.48 

1Source: Monthly Reporting Forms, Texas Water Commission. 
2Flow Data Available for August, 1988 through October, 1988 only. 
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TABLE-ll 
(Continued) 

WASTEWATER FLOWS 
EXISTING WASTEWATER TREATMENT PLANTS 

AUGUST, 1987 THROUGH JULY, 19881 

AVERAGE MAXIMUM 
OWNER DAY DAY 

(PLANT NAME) (MGl (MGl 

PRIVATE PLANTS 

EASTERN AREA 

16. Allied Pasadena N. Bank 0.008 0.097 
(Country Meadows MHP) 

17. Conmodore 0.037 0.040 
(Raintree MHP) 

18. Gartner. Thomas 0.016 0.098 
(Country Village MHP) 

19. Korenek, Albert 0.006 0.020 
(Country Oaks Arbor MHP) 

20. Texas Municipal 0.003 0.010 
Utilities 
(Sonmersetshire MHP) 

21. Trethewey, Robert 0.018 0.010 
(Pearland Heights MHP) 

TOTAL. PRIVATE PLANTS 0.088 

GRAND TOTAL. ALL PLANTS 6.247 

MAXIMUM DAY 
AVERAGE DAY 

(RATIO) 

12.13 

1.08 

6.13 

3.33 

3.33 

2.11 

1Source: Monthly Reporting Fonms. Texas Water Conmission. 
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Forecasted Wastewater Flows 

Forecasts of study area wastewater flows were developed for two system 

categories, being, existing treatment systems and anticipated future treat­

ment systems. 

For existing wastewater treatment systems, estimated per capita flow 

rates reported during the August, 1987 through July, 1988 record period 

were used as a projection basis. These flow rates varied from 100 to 130 

gallon per capital per day (GPCD). Approximately 20 GPCD of the City of 

Pearland system rate of 130 GPCD was considered attributable to above 

normal inflow and infiltration sources. Therefore City of Pearland waste­

water forecasts were based on two rates; 130 GPCD for the existing system 

population and 110 GPCD for future population. 

For anticipated future wastewater treabnent systems a composited aver­

age rate of 100 GPCD was used. 

Detailed information regarding forecasted wastewater flows for the 

study area is shown in Table A-8, Appendix A. Information from this table 

is summarized in Table 12 below. Forecasted flow quantities shown in Table 

12 are prior to reductions in flow that could be expected from Authority 

water conservation measures. 

TABLE 12 

FORECASTED WASTEWATER FLOW 
PUBLIC WASTEWATER TREATMENT SYSTEMS 

2000 - 2040 
Average Day 

(In Million Gallons) 1989/88 1990 2000 2010 2020 2030 2040 

Eastern Area 2.63 2.94 6.20 7.51 8.78 9.95 10.89 
Western Area 3.44 3.89 5.51 6.16 6.89 7.72 8.36 

Total 8.73 11.71 13.67 15.67 17.67 19.25 



3. FACILITY PLAN 

A facility plan was developed for the entire Brazos Bend Water Author­

ity (BBWA) and certain appropriate adjacent areas. The Authority's eastern 

and western areas are separated by a portion of the City of Houston's 

extraterritorial jurisdiction which lies on the Mustang Bayou watershed and 

the City of Arcola and Iowa Colony which lie on the Upper Chocolate Bayou 

watershed. 

The study area was first divided by watersheds, along their ridges 

and water courses. Study area watersheds are shown in Figure 14, Page 53. 

Political boundaries, the location and extent of existing collection and 

treatment systems, and the location of existing and forecasted population 

centers were considered in detenm1n1ng regional service area boundaries. 

As a result, the BBWA study area was divided into 14 regional service 

areas as shown in Figure 15 on the following page. The land adjacent to 

BBWA was identified to contain regional service areas. One of these, Fort 

Bend WCID '2, serves a portion of northern Missouri City. Once identified, 

the service areas outside BBWA boundaries were not considered further. 

Each of the service areas within the BBWA boundaries was studied in detail 

to detenmine the most cost effective plant site and collection system 

route. 
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Eastern Area 

The eastern study area, with seven service areas, contains watersheds 

which drain to Clear Creek, Mary's Creek, Cowart Creek and Chocolate Bayou. 

The East and West Pearland service areas are mostly occupied by the City of 

Pearland and the City of Brookside Village. It is proposed that wastewater 

from Brookside Village be collected at a 11ft station west of Highway 35 

and then pumped easterly to the nearest regional treatment facility located 

on Clear Creek. 

The Clear Creek service area contains Brazoria County MUD's 4, 5, 7 

and 16. The Mary's Creek service area includes Brazoria County MUD's 1, 2, 

3, 6 and 10. Both the Cl ear Creek and Mary's Creek serv1 ce areas extend 

across the Highway 288 corridor. 

The upper Chocolate Bayou service area also extends across the Highway 

288 corridor area. The Lower Chocolate Bayou service area totally contains 

the City of Manvel and its ETJ; it represents the largest service area in 

the BSWA planning area. The Cowart Creek service area contains most of the 

Hastings Oil Field complex. 

Western Area 

The western study area, with seven (7) service areas, contains water­

sheds which drain to Bray's Bayou, Oyster Creek and the Brazos River. The 

Fondren Park service area includes the Harris Municipal Utl1ity District 

(MUD) 1 and the Harris County MUD 122 and it is the smallest service area 

in the BBWA planning area. The Fort Bend County Water Conservation and 
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Improvement District 2 service area is mostly outside of the BBWA planning 

area and for that reason is not considered a BBWA service area. 

The Blue Ridge service area includes the Blue Ridge West MUD, the Fort 

Bend County MUD 26 and the Fort Bend County MUD 36. The Quail Valley 

servi ce area contains the Qua 11 Valley MUD, the Meadow Creek MUD and the 

Thunderbird Utility District. The Vicksburg service area includes Master 

MUD 45, of which Fort Bend County MUD's 47 and 48 are part, and the large 

Henmann Hospital Lake. 

The Flat Bank Creek service area includes Fort Bend County MUD's 41, 

46, and 49, Palmer Plantation MUD's 1 and 2 and First County MUD's 54, 55, 

and 56 and the Sienna Plantation Levee Improvement District. The Brazos 

River service area is bounded on the southwest by the Brazos River. 

Outside Study Area 

Areas outside of BBWA boundaries were studied since they impact the 

results of the study and in certain cases, represent potential future par­

ticipants in the BBWA. The area between the eastern and western portions 

of the planning area include, but are not limited to, Fort Bend County 

MUD's 23, 24, and 71, Post Oak Road MUD, Briar Ridge MUD, the City of 

Arcola, Fresno and Iowa Colony, and a portion of Fort Bend County MUD 54. 

This area is large enough to be served by one or two regional plants, one 

on Mustang Bayou and the other on Chocolate Bayou south of Highway 6. The 

area north of Highway 6 is part of a City of Houston regionalization study 

which is underway at this time. Currently that area is planned to contain 

four relatively small service areas. BBWA's study conclusions and recom-
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mendation will be coordinated with the City of Houston's Study. The area 

east of Manvel, south of Pearland is also large enough to be served by a 

separate regional plant. 
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Service area acreages, forecasted wastewater flows based on service to 

all potential Author1ty customers, beginning 1n the year 2000, and ult1mate 

treatment plant capac1ty requirements for each of the 14 regional service 

areas are shown 1n Table 13 on the following page. Forecasted wastewater 

flows shown 1n th1s table have been adjusted to account for a nominal 4.3 

percent flow reduction forecast through 1mplementation of Authority water 

conservat10n programs. (See Table A-S, Appendix A). A three phase plan 

showing facil1ties required to service all forecasted study area population 

centers 1s shown 1n Figure 16, page 67. 
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TABLE 13 

FORECASTED WASTEWATER FLOWS 
REGIONAL SERVICE AREA 

PLAN 
PLANT 

FORECASTED FLOW (MGD) CAPACITY 
SERVICE AREA ACREAGE 1990 2000 2010 2020 2030 2040 2040 

EASTERN AREA 

Clear Creek 6,900 0.23 0.58 0.80 1.01 1.24 1.44 1.50 
Cowart Creek 8,237 -0- 0.64 0.69 0.73 0.76 0.78 1.00 
East Pearland 3,740 0.90 1.14 1.35 1.54 1.70 1.79 2.00 
Lower Chocolate 17,890 -0- 0.51 0.60 0.69 0.77 0.82 1.00 

Bayou 
Mary I s Creek 7,525 0.13 0.40 0.64 0.B7 1.12 1.39 1.50 
Upper Chocolate 9,176 -0- 0.23 0.29 0.36 0.45 0.54 0.75 

Bayou 
West Pearland 12,000 1.6B 2.41 2.82 3.20 3.49 3.66 4.5 

TOTAL 65,468 2.94 5.91 7.19 B.40 9.53 10.42 12.25 

WESTERN AREAl 

Blue Ridge West l,B17 0.98 1.10 1.15 1.22 1.23 1.23 1.50 
Brazos River 7,100 -0- 0.22 0.30 0.40 0.56 0.69 0.75 
Flat Bank Creek 6,458 0.42 0.B1 1.08 1.40 1.70 1.91 2.00 
Fondren Park B26 0.44 0.67 0.67 0.67 0.67 0.67 0.90 
Oyster Creek 6,414 -0- 0.23 0.34 0.47 0.65 0.B3 O.BO 
Quail Valley 2,769 1.9B 2.04 2.04 2.04 2.04 2.04 4.00 
Vicksburg 8,445 0.07 0.23 0.31 0.40 0.53 0.63 0.80 

TOTAL 33,829 3.89 5.30 5.89 6.60 7.38 B.OO 10.75 

GRAND TOTAL 99,297 6.83 ll.21 13.08 15.00 16.91 18.42 23.0 

1Does not include requirements of study area region currently served by 
Fort Bend County welD No. 2 



Regional Facilities 

Regional wastewater facilities consist of a system of trunk sewers and 

a treatment plant. Lift stations are considered an integral part of the 

trunk collection system, while the influent pump station and outfall dis­

posal lines are part of the treatment plant. 

Prevailing design criteria was used to size trunk mains and treatment 

facilities for the growth anticipated to occur through the planning period. 

Factors used to test the effectiveness of service area alternatives 

included the following: 

1. The availability of existing facilities. 

2. The availability of rights-of-ways and plant sites. 

3. The amount of slope provided by the topography. 

4. The amount and characteristics of current and projected flows 

(population equivalents). 

5. The type of soils, groundwater conditions and construction 

methods. 

6. Interference of other major works (highways, ral1 roads, 

pipelines). 

Treatment Facilities 

Treatment methods may include physical, chemical and biological 

processes. Physical and chemical are usually reserved for special disposal 

situations. Most domestic sewage treatment processes are a variation at 

the biologic reduction method. The type and characteristics of the waste­

water expected to be generated in the study area can effectively be treated 
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biologically by either aerobic or anaerobic decomposition or a combination 

of the two. Since aerobic decomposition produces the least amount of nox-

ious odors, all the proposed facilities will employ a variation of the 

activated sludge process except where an existing plant is currently using 

the rotating-bio1ogica1-contactor. In that case, it may be desirable to 

continue that process at that plant. 
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The required level of treatment is established by the Texas Water 

Commission. The receiving streams' condition and ability to assimilate 

discharges dictate plant effluent qual ity. A di scussion of current and 

projected parameters is contained in Section 2 page 57. 

The regional plant for each service area wi 11 be designed for its 

respective wastewater quantity and quality. The units which will make up 

the complete plant are listed below: 

Pretreatment 
Influent Pump Station 
Screens 

Coarse (or) 
Fine 

Grit Remova 1 
Flow Measurement 

Treatment (Liquid) 
Aeration Basins 
Clarifiers 
Return Sludge Pumps 
Waste Activated Sludge Pumps 
Scum Pumps 
Chlorine Contact Basins 
Disinfectant Application Facility 
Air (Oxygen) Supply System 

Treatment (Solids) 
Digester 
Thickener 
Sludge Dewatering and/or Incineration 



Auxl1iary 
Power Supply 
Laboratory 
Administrative Office 
Maintenance Shop 
Dechlorination Facilities 

The plants that discharge into the Clear Creek Water shed w111 add 

sand filters as a final treatment to their effluents. 

A schematic of the proposed plants is shown in Figure 17 on the fol­

lowing page. 

Plant Sites 

Selection of a plant site requires consideration of the availability 

of land, topography, proximity to receiving waters, cost, and orientation 

with the main trunk layout. Plants should be located as near as possible 

downstream from all pOints in the service area. By placing plants at lower 

elevations, the area's natural drainage allows the most economic trunk line 

installation, minimizing the number of lift stations without requiring deep 

trench construction. 

Regional plants of the size described in this report can be con­

structed on relatively small tracts of land. The minimum size tract should 

be three acres. It is recommended that each new plant site be acquired 

with adequate space to accommodate the plant proposed in the year 2040. 
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All plants must be protected from the flood expected to occur once in 

a 100 years. Also the plants must remain fully operational and accessible 

during the 20 year storm. 

Trunk Collection System 

Routing alternatives were studied for each service area. The selected 

alternative was the one which provided the greatest flexibility to phased 

implementation without jeopardizing cost effectiveness. 

An initial depth of eight feet was choosen for the remote ends of the 

collection system to allow customer connections. An economic balance was 

achieved using 11ft stations along the trunk lines when the pipe depths 

approached 16 feet. 
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4. FINANCIAL 

It is anticipated that wastewater treatment facilities in each of the 

14 identified service areas will be constructed in stages as required to 

keep pace with regional wastewater treatment requirements. Although it is 

not currently feasible to present a time schedule for construction, a 

three-phase program of construction, as shown in Figure 16, has been devel­

oped for the purpose of estimating unit costs of treatment during the study 

planning period. In general, Phase I improvements would provide for 

forecasted study area wastewater flows through the year 2000, with Phase II 

and Phase III Improvements providing for forecasted study area requirements 

through 2020 and 2040, respectively. 

Cost Estimates 

Estimates of capital requirements for a three-phase program of con­

struction are summarized in Table 14, on the following page. Seven of the 

14 service areas can be served by existing plants and collection systems. 

For this reason, the cost of these seven service areas are shown separately 

and are based on estimates of plant replacement cost .plus identified trunk 

line extension costs. Detailed estimates of treatment plant and collection 

system costs are shown in Table A-9, Appendix A. 
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TABLE A-S' 
FORECA£iED ~A~ER :EI(~~D 

PUBL!C :Upp~y SYSTE"'S 
1990-2040 

1988 1990 2000 2010 2020 20!O 2~40 
EST.POP,: AVE~,DAY EST,PDP: MY USE m.PDP.lm,AYER. EST.PDP,:m,AVE!, m,pep,:m,AVER.: m,POP,:E'T.AVER, m.Por.:m.AVER. 
SERVED : B/B7-7/B8 SERYED : DAY USE SERYED: DAY USE SERYED: DAY USE SERVED: DAY USE : SERYED : DAY USE "RVED: OAY USE 
lIIgeB : (NSDJ 1/1990: (~SD) 1/2000 I (MSDl lIZ010: (~50J 1/20:0: {fil6DJ : !/2030 : (~6~) 1{2040: (~GD) 

----------------.----------------------------: : --------------------: : ---------: --------- ~ ~ ---------: ---------: : ---------: .--------: : ---------: ---------: : ---------: --------- : 

II 

EASTERN AREA 
mSTlN6 SUPPLY sysms (II 

1 Be tlOD 2 (ALSO SERVES Be MUD 2) 
2 Be MUD 5 (ALSO SERYES Be MUD II 
3 PEARLAND,CrTY 

1,100 
2,050 

!7 !aa~ 
B FUTURE SUPPLY SYSTE/,S 121 

A 

IBC~UD3 

Be MUD 6 
Be ~UD 7 
Be MUD !O 
ac !1t!D 16 
BRDDKSIOE YILLASE 
MNVEL, my 
OTHER , CITY ETJ'S 

------------

WESTERN ~REA 
.mnls SUPPLY S1S1m 111 

1 eu!£ RIDSE If. I'!UD 
2 FIRST COLONY !'IIJD 9 
3 Fse ~UD 26 
4 FBC MUD 42 
5 FBC MUD 46 
6 Fac !UD 47 IALSO SERYES Fae MUD 4BI 
7 Fac welD 2 ISTUDY AREA DNl1I 
a He We!D FONDREN FD. 

" 21.033: 

6,651 \ 
9bb ~ 

2,295 : 
429 : 

276 : 

9 MEADOWCREEK !'IUD : : 
o P. PLANT r.UDS (ALSO WI.VES Fee ~JD 49):: 
1 GU~IL YAll£Y UD ',\ 

2,742 
!,938 

3QO 
to t'JS~ 
1 ,!3~ 
'5,211 

2SWHe~UDl 

3 TI-!UND£RBIRD ~UD 
Fl!TUF.E SUf'Pl Y SVSTE~S 

! FBe f'!UD 36 
2 Fee ~UD S5 
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TABLE 14 

SUMMARY 
ESTIMATED COST 

WASTEWATER COLLECTION AND TREATMENT FACILITIES 

(IN MILLIONS OF DOLLARS) 
NEW PLANT SYSTEMS 

SERVICE AREA I 

Brazos River 
Cowart Creek 6.69 
Flat Bank Creek 5.40 
Lower Chocolate Bayou 7.03 
Mary's Creek 2.93 
Oyster Creek 
Upper Chocolate Bayou 

Total 22.05 

EXISTING PLANT SYSTEMS 

SERVICE AREA 

Blue Ridge 
Clear Creek 
East Pearland 
Fondren Park 
Quail Valley 
Vicksburg 
West Pearland 

Total 

PHASE 
II III 

5.30 2.37 
2.90 
3.00 
7.85 1.84 
2.53 1.82 
4.63 0.96 
7.65 1.58 

33.86 8.57 

TOTAL 

7.67 
9.59 
8.40 

16.72 
7.28 
5.59 
9.23 

64.48 

TOTAL 

4.18 
7.73 
6.01 
2.27 
9.32 
3.42 

18.37 

51.30 
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Cost estimates are based on a survey of construction costs of similar 

plant and pipeline systems in the Houston area, land cost information sup­

pl1 ed by area rea I tors, and bond cost data from BBWA f1 sca I consul tants. 

Estimates of capital expenditures are based on 1989 dollars and include the 

following components: 

o Land Acquisition, Plant 

o Plant Treatment Facilities, complete including: 

x Pretreatment Component 

x Treatment Components, Liquid 

x Treatment Components, Solid 

x Buildings: Office, Laboratory, Maintenance Space 

x Site Improvements 

o Trunk Collection System, complete including: 

x Easement Acquisition, Pipelines/Lift Stations 

x Pipelines 

x Lift Station/Force Mains 

o Construction Contingencies at 10 percent Estimated Construction 

Cost 

o Engineering Services @ 12 percent Estimated Construction Cost, 

including: 

x Boundary/Topographic Surveys 

x Geotechnical/Investigations 
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x Engineering Design 

x Construction/Inspection 

o Bond Sale Expense @ 8.5 Percent of Total Bond Cost 

Detal1ed information regarding estimated for new plant service area 

systems are shown in Table A-la, Appendix A. 

Existing wastewater treatment plants identified as regional plants may 

either be purchased by the authority or continued to be owned and operated 

by the present owners. Therefore, estimates of the unit cost of treatment 

shown in Table 15 below is 1 imited to those service areas proposed to be 

served by new facilities. 

PHASE 

I 
II 
III 

TABLE 15 

ESTIMATED ANNUAL COST 
UNIT COST OF SERVICE 

WASTEWATER TREATMENT FACILITIES 
NEW SERVICE AREAS 

ESTIMATED AVERAGE 
ANNUAL EXPENSE DAILY FLOW 

BOND O&M TOTAL PHASE PERIOD 
{$l20002000} {MGD} 

2.83 0.62 3.45 2.47 
3.58 1.24 4.82 5.00 
0.90 1.74 2.64 7.08 

ESTIMATED 
AVERAGE 

UNIT COST 
{$1l000 GAl} 

$3.82 
$2.64 
$1.02 

Annual Costs include Bond Retirement Expense and Plant and Pipeline 

System Operation and Maintenance Expense as detailed below: 
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o Bond amortization expense, 20 year bond term at 8.5 percent annual 

interest 

o Plant operation cost including: 

x Labor Expense: operation and Maintenance 

x Chemical Cost 

x Power Expense 

x Sludge Disposal Cost 

o Pipeline Operation Cost, including: 

x Labor Expense: Operation and Maintenance 

x Power Expense 

o Repair Cost, Plant and Pipeline System 

The unit treatment costs shown in Table 15 are calculated only for the 

purpose of determining a probable range of cost for authority services. 

For compar1 son purposes, the Ci ty of Houston charges domest1 c customers 

$2.25 per 1,000 gallons of water useage for wastewater treatment services. 

Detalled information regarding estimated annual cost and unit cost for 

wastewater treatment in new regional service areas is shown in Table A-I0 

Appendix A. 
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CONCLUSIONS AND RECOMMENDATIONS 

CONCLUSIONS 

1. Study area population is forecasted to increase by 350% by the year 
2040. 

2. Likely areas of future population growth are the southern portion of 
Missouri City, The City of Pearland and land along Highway Route 288 
corridor in Brazoria County. 

3. Study area water demand is currently 8.17 MGD. Demand is forecasted 
to increase to 26.80 MGD by the year 2040. 

4. Existing public water supply facilities are not adequate to meet 
forecasted regional water supply demand through the year 2040. 

5. Water table declines and land subsidence 
Control of these problems will require 
groundwater use. 

are regional problems. 
regional reduction of 

6. Continued use of groundwater supplies within the study area is 
forecasted to increase groundwater decl ines by thi rty feet (30 ') and 
subsidence by one-half foot (0.5') on the average during the planning 
period. 

7. Water current 1 y owned by the Ga 1 ves ton County Water Authority (GCWA) 
is considered the most likely source of BBWA surface water supply. 
GCWA water supplies are readily accessible in canal systems traversing 
the BBWA study area. 

8. The study area can be most economically served by two regional surface 
water supply plants, separately serving eastern and western regions of 
the study area. 

9. Proposed regional water supply plants and transmission systems could 
be expanded to supply population centers adjacent to current authority 
boundaries. 

10. The estimated cost of regional surface water treatment and transmis­
sion facilities with the study area is $120,960,000. The cost for 
treatment and delivery of surface water supplies to potential 
customers is estimated to range from $1.13 to $2.41 per 1000 gallons. 

11. Short term water conservation measures could reduce study area water 
requirements by 4.3 percent or more. 

12. Study area wastewater flows are currently 6.25 MGO. Wastewater flows 
are forecasted to increase 19.25 MGD by the year 2040. 



13. Existing public wastewater treatment facilities are not adequate to 
meet forecasted wastewater treatment requi rements through the year 
2040. 

14. The study area can be most economically served by 14 regional treat­
ment plants and trunk collection systems. 

15. Seven existing wastewater treatment plants within the study area could 
serve as regional facilities. 

16. The estimated cost of regional wastewater treatment facilities in 
currently unserved areas is $64,480,000. The cost of treatment in 
these areas is estimated to range from $1.02 to 3.82 per 1000 gallons. 

RECOMMENDATIONS 

1. Seek pol icies from local governmental bodies which support regional 
plan implementation. 
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2. Select commitments from public water supply and wastewater treatment 
agencies for authority services. 

3. Seek back i ng of 1 oca 1 governments as a means for securi ng current 1 y 
available surface water supplies. 

4. Explore the possibility of jointly constructing regional facilities 
with other participants, such as the City of Alvin and the City of 
Sugar Land. 

5. Seek pol icies from city governments to secure corridors for water 
transmission and wastewater collection pipelines. 

6. Seek adoption of water construction measures as a means for optimizing 
water supply resources. 

7. Begin conversion to surface water sources of supply by the year 2000. 
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TABLE A-1 

1980 POPULATION AND HOUSING DATA 1 
BBWA STUDY AREA 

POPULATION 

POPULATION 

EASTERN AREA 
CENSUS TOTAL ERJOKSIDE 

cxx.MY TRACT POPUlATION VILlAGE MA.NVEI.. 

HARRIS 371.01 24,209 
BRAZORIA 601 10,160 1,453 
BRAZORIA 602.01 13,348 1,766 
BRAZORIA 602.02 12,250 7 
BRAZORIA 603 5,314 641 
BRAZORIA 604 13,785 1,004 
BRAZORIA 607 1,707 131 
BRAZORIA 608 6,689 

TOTAL, EASTERN AREA 1,453 3,549 

WESTERN AREA 
CENSUS TOTAL 

cxx.MY TRACT POPULATION 

HARRIS 433 14,931 
FORTEEND 701.01 1,561 
FORTEEND 701.02 7,547 
FORTEEND 701.03 9,094 
FORTE9D 701.05 9,202 
FORTEEND 701.06 14,194 
FORTE9D 701.07 1,130 
FORTE9D 702.02 5,890 
FORTE9D 702.03 2,335 

WITHIN STUDY AREA 
SUBURBANI 

PEARLAND RURAL TOTAL 

787 
7,028 

5,433 

13,248 

1,679 
1,577 
6,675 

10 
115 
100 

5 
10,161 

787 
10,160 
3,343 
12,115 

651 
1,119 
231 

5 
28,411 

POPULATION WITHIN STUDY AREA 
MISSOURI SUBURBANI 

CITY RURAL TOTAL 

3,936 3,936 
27 27 

3,508 3,508 
3,970 3,970 
558 558 

12,073 21 12,094 
124 55 179 
315 315 
22 80 102 

24,533 156 24,689 TOTAL, WESTERN AREA 
GRAND TOTAL, BBWA 53,100 

HOUSING 

BBWA CITIES 

BROOKSIDE VILLAGE 
MANVa 
MISSOURI CITY 
PEARlAND 

TOTAL, BaWA CITIES 

Oll-ER 

HOUSTON, CITY 
BRAZORIA CO, 
FORT ee.o CO. 
HARRIS CO. 

POPULATION 
1980 

1,453 
3,549 
24,533 
13,248 
42,783 

POPULATION 
1980 

1,594,086 
169,587 
130,846 

2,409,544 

1 SOURCE: 1980UNITED STATES CENSUS OF POPULATION AND HOUSING 

DWEWNG PERSOI'-V 
UNITS D'MWNG 

(TOTAl) UNIT 

453 3.21 
1,187 2.99 
8,180 3.00 
4,643 2.85 
14,463 2.96 

DWEWNG PERSQIIV 
UNITS D'MWNG 

([OTAl) UNIT 

677,697 2.35 
60,458 2.81 
43,162 3.03 

984,577 2.45 



TABLE A-2 

POPULATION PROJECTIONS, 1980-2040 1 
BBWA STUDY AREA 

HIGH SERIES PROJECTIONS 

EASTERN AREA 
1980 1990 2000 2010 2020 2030 

BROOKSIDE V1UAGE 1,453 1,581 1,727 2,073 2,392 2,655 

MANVEL 3,549 4,752 5,835 7,000 8,077 8,965 

PEARlAND 13,248 20,371 28,068 33,647 38,829 43,099 
(IN HARRIS CO.) 787 863 953 1,120 1,292 1,434 
(IN BRAZORIA CO.) 12,461 19,508 27,115 32,527 37,537 41,665 

SUBURBANIRURAL 2 10,161 14,690 19,940 25,366 30,969 36,819 

TOTAL, EASTERN AREA 28,411 41,394 55,570 68,086 80,267 91,538 

WESTERN AREA 
1980 1990 2000 2010 2020 2030 

MISSOURI CITY 24,533 38,593 55,349 62,014 69,595 78,217 
(IN HARRIS CO.) 3 3,936 4,410 6,849 6,849 6,849 6,849 
(IN FORT BEND CO.) 20,597 34,483 48,500 55,165 62,746 71,368 

SUBURBANIRURAL 4 156 300 350 400 400 400 

TOTAL, WESTERN AREA 24,689 38,893 55,699 62,414 69,995 78,617 

GRAND TOTAL, BBWA 53,100 80,287 111,269 130,500 150,262 170,155 

1 Source: Texas Water Development Board, Water Data Collection, Studies and Planning 
Division, September 1988 

2 Based on TWDB 'other" category for Brazoria County. Assumes 75% of 'other" category 
growth will occur within the BBWA study area. 

3 Modified TWDB projections based on city zoning maps and utility district land use maps. 

4 Estimated 

2040 
2,800 

9,455 

45,505 
1,561 

43,944 

42,866 

100,626 

2040 
84,628 

6,849 
77,779 

400 

85,028 

185,654 



TABLE A-3 

ESTIMATED DISTRIBUTION 
POPULATION PROJECTIONS, 1980-2040 

BBWA STUDY AREA 

BY CENSUS TRACT 

EASTERN AREA 
CENSLS 

COLNTY TRACT 1980 1990 2000 2010 2020 2030 2040 

HARRIS 371.01 787 863 953 1,120 1,292 1,434 1,561 
BRAZORIA 601 10,160 15,223 20,382 24,355 27,966 30,956 32,688 
BRAZORIA 602.01 3,343 7,391 12,040 17,062 22,450 28,133 33,817 
BRAZORIA 602.02 12,115 15,240 18,954 21,738 24,258 26,370 27,672 
BRAZORIA 603 651 910 1,140 1,379 1,590 1,711 1,850 
BRAZORIA 604 1,119 1,491 1,788 2,087 2,342 2,532 2,616 
BRAZORIA 607 231 271 308 340 364 397 417 
BRAZORIA 608 5 5 5 5 5 5 5 

TOTAL, EASTERN AREA 28,411 41,394 55,570 68,086 80,267 91,538 100,626 

WESTERN AREA 
CENSLS 

COLNTY TRACT 1980 1990 2000 2010 2020 2030 2040 

HARRIS 433 3,936 4,410 6,849 6,849 6,849 6,849 6,849 
FORT BEND 701.01 27 42 177 177 177 177 177 
FORT BEND 701.02 3,508 6,390 8,805 9,513 10,389 10,950 11,142 
FORT BEND 701.03 3,970 8,355 9,489 9,789 9,999 10,239 10,479 
FORT BEND 701.05 558 1,080 1,491 1,623 1,779 1,779 1,779 
FORT BEND 701.06 12,094 14,473 16,955 18,829 20,659 22,865 24,585 
FORT BEND 701.07 179 1,090 4,049 5,637 7,990 11,335 13,535 
FORT BEND 702.02 315 2,004 4,431 4,929 5,550 6,150 6,702 
FORT BEND 702.03 102 1 ,049 3,453 5,068 6,603 8,273 9,780 

TOTAL, WESTERN AREA 24,689 38,893 55,699 62,414 69,995 78,617 85,028 

GRAND TOTAL, BBWA 53,100 80,287 111,269 130,500 150,262 170,155 185,654 



TABLE A-4 

~-

INVENTORY OF EXISTING WATER SUPPLY FACILITIES WITHIN THE BBWA STUDY AREA 

GfO.W B..EVATED PRESSURE OCOSIER WELL 
FACILITY STt:f'oPGE STt:f'oPGE TANK CAP. PUMP CAP. CAP. 

SYSTEM NAME NUMBER (MG) (MG) (MG) (GPM) (GPM) 

EASTERN AREA 
B.C. MUD # 1 N/A 0 0 0 0 0 
B.C. MUD # 2 1@0.500 0 1@0.015 1@500 1VT@1100 

1@100 
1@760 

B.C. MUD # 4 N/A 0 0 0 0 2SUB@300 
B.C. MUD # 5 1@0.500 0 2@0.015 3@600 1VT@800 

MANVEL UTILITIES 1 0 0 1@0.0025 0 1SUB@300 
PEAR..AND 2 1@0.210 1@0.500 0 2@500 1VT@730 

3 1@0.500 0 1@0.020 2@500 1VT@710 
4 1@0.210 0 0 1@500 1VT@580 
5 1@0.420 1@0.500 0 3@700 1VT@1130 
6 1@0.560 1@0.500 0 2@750 1VT@1270 
7 1@0.560 0 0 2@750 1VT@950 

WESTERN AREA 
BLUE RIDGE W. MUD 1 1@0.350 0 2@0.015 3@1000 1VT@1200 

2 1@0.100 1@0.500 1@0.020 2@750 1VT@1200 
FIRST COLONY # 9 1 1@0.450 0 2@0.020 2@750 1VT@2000 

1@2000 
FBC MUD # 26 1@0.500 0 1@0.020 1@250 1VT@1200 .- 1@0.025 1@750 1VT@150 

1@1000 
FBe MUD # 42 1@0.340 0 1@0.035 2@500 1VT@1500 
FBe MUD # 46 1@0.420 0 1@0.020 1VT@1000 
FBe MUD # 47 1 1@0.229 0 1@0.025 2@600 1VT@700 
FBC MUD # 48 N/A 0 0 0 0 0 
FBe MUD # 49 N/A 0 0 0 0 0 

WCID FONDREN ROAD 1@0.126 0 1@0.025 1@600 1VT@690 
1@0.400 1@500 1VT@1000 

2 1@0.200 0 2@0.005 2@500 1VT@750 
MEADOWCREB< MUD 1@0.300 0 1@0.020 4@750 1VT@800 
PALMER PLAN. MUD 1@0.420 0 1@0.020 2@750 1VT@1300 
QUAIL VALLEY MUD 2@0.225 0 4@1000 1VT@1500 

1@0.500 1VT@500 
2 1@0.750 0 0 3@1000 1VT@1500 
3 1@1.020 1@0.500 0 4@1000 1VT@1700 

SW HC MUD 1 1 2@0.210 0 1@0.008 2@200 1VT@500 
1@600 

THUNDERBIRD UD # 1 1@0.430 0 1@O.024 4@650 1VT@12090 
1@0.210 

2 1@0.300 0 1@0.020 4@500 1VT@850 
THUNDERBIRD UD #I 2 1@0.500 0 1@0.020 3@650 1VT@700 



TABLE A-6 
ESTIMATED COST 

REGIONAL WATER SUPPLY IMPROVEMENTS 

--
ESTIMATED 

EAST SYSTEM CX>ST 
PHASE I 

PLANT 
LAND ACQUISITION (98 ACRES) $980,000 
PLANT IMPROVEMENTS (15 MGD) $11,285,000 
RESERVOIR I~VEMENTS $1,090,000 

TRANSMISSION SYSTEM 
PUMP STATION $1,036,000 
PIPEUNES $10,111,000 
EASEMENT ACQUlSmON $1,099,000 

SUBTOTAL $25,601,000 
CONTN3ENCES $2,560,000 
DESIGN SERVICES $3,072,000 
BOND COST 52,715,000 

TOTAL, PHASE I 533,948,000 

PHASE II 

PLANT 
PLANT IMPROVEMENTS (TO 25 MGD) 58,180,000 
RESERVOIR EXPANSION $1,090,000 

TRANSMISSION SYSTEM 
PUMP STATION EXPANSION $345,000 
PIPEUNES 51,894,000 
EASEMENT ACQUISITION 5236.000 

SUBTOTAL 511,7 45,000 
CONTI'G:NClES $1,175,000 

DESIGN SERVICES $1,410,000 

BONO COST $1,246,000 
TOTAL, PHASE II $15,576,000 

PHASE III 

PLANT 
PLANT IMPROVEMENTS (TO 30 MGD) $5,150,000 

TRANSMISSION SYSTEM 
PUMP STATION EXPANSION $197,000 

PIPEUNES $2,136,000 

EASEMENT ACQUISITION $353,000 
SUBTOTAL $7,836,000 

~S $784,000 

DESIGN SERVICES $940,000 

BOND COST $831,000 

.- TOTAL, PHASE III $10,391,000 

GRAND TOTAL, ALL PHASES $59,915,000 



WEST SYSTEM 
PHASE I 

PLANT 

TABLE A-6 
(CONTINUED) 

LAND ACQUISITION (98 ACRES) 
PLANT IMPROVEMENTS (15 MGD) 
RESERVOIR It.PROVEMENTS 

TRANSMISSION SYSTEM 
PUMP STATION 
PIPEUNES 
EASEMENT ACQUlSmON 

CON'TN?eICIES 
DESIGN SERVICES 
BONO COST 

PHASE II 

PLANT 
PLANT IMPROVEMENTS (TO 25 MGD) 
RESERVOIR EXPANSION 

TRANSMISSION SYSTEM 
PUMP STATION EXPANSION 
PIPEUNES 
EASEMENT ACQUISITION 

CON'TN?eICIES 
DESIGN SERVICES 
BONO COST 

PHASE III 

PLANT 
PLANT IMPROVEMENTS (TO 30 MGD) 

TRANSMISSION SYSTEM 
PUMP STATION EXPANSION 
PIPEUNES 
EASe.£NT ACQUISITION 

~ 

DESIGN SERVICES 
BONO COST 

SUBTOTAL 

TOTAL, PHASE I 

SUBTOTAL 

TOTAL. PHASE II 

SUBTOTAL 

TOTAL, PHASE III 

GRAND TOTAL, ALL PHASES 

ESTIMATED 
COST 

$980,000 
$11,285,000 

$1,090,000 

$1,036,000 
$9,526,000 
$1,558,000 

$25,475,000 
$2,548,000 
$3,057,000 
$2,703,000 

$33,783,000 

$8,180,000 
$1,090,000 

$345,000 
$968,000 
$207,000 

$10,790,000 
$1,079,000 
$1,295,000 
$1,145,000 

$14,309,000 

$5,150,000 

$197,000 
$3,741,000 

$676,000 
$9,764,000 

$976,000 
$1,172,000 
$1,036,000 

$12,948,000 

$61,040,000 



TABLE A-7 
ESTIMATED ANNUAL COST 

REGIONAL WATER SUPPLY IMPROVEMENTS 

EAST SYSTEM 
PHASE I 

WATER COST (6.25 MGD) 
OPERATION COST 

PLANT 
TRANSMISSION SYSTEM 

MAINTENANCE SYSTEM 
PLANT 
TRANSMISSION SYSTEM 

SUBTOTAL 
BOND RETIREWENT 

TOTAL ANNUAL COST 

COST PER 1000 GALLONS 
PHASE II 

WATER COST (10.42 MGD) 
OPERATION COST 

PLANT 
TRANSMISSION SYSTEM 

MAINTENANCE SYSTEM 
PLANT 
TRANSMISSION SYSTEM 

SUBTOTAL 
BOND RETIREWENT 

TOTAL ANNUAL COST 

COST PER 1000 GALLONS 

PHASE III 

WATER COST (12.50 MGD) 
OPERATION COST 

PLANT 
TRANSMISSION SYSTEM 

MAINTENANCE SYSTEM 
PLANT 
TRANSMISSION SYSTEM 

SUBTOTAL 
BOND RETIREWENT 

TOTAL ANNUAL COST 

COST PER 1000 GALLONS 

ESTIMATED 
COST 

$205,300 

$1,460,000 
$165,500 

$73,000 
$16,600 

$1,920,400 
$3,587,300 
$5,507,700 

$2.41 

$343,700 

$2,441,100 
$276,600 

$122,000 
$27,600 

$3,211,000 
$1,645,900 
$4,856,900 

$1.28 

$491,500 

$2,931,700 
$332,300 

$146,600 
$33,200 

$3,935,300 
$1,098,000 
$5,033,300 

$1.10 



WEST SYSTEM 
PHASE I 

WATER COST (6.25 MGD) 
OPERATION COST 

PLANT 
TRANSMISSION SYSTEM 

MAINTENANCE SYSTEM 
PLANT 
TRANSMISSION SYSTEM 

BOND RETIREMENT 

PHASE II 

WATER COST (10.42 MGD) 
OPERATION COST 

PLANT 
TRANSMISSION SYSTEM 

MAINTENANCE SYSTEM 
PLANT 
TRANSMISSION SYSTEM 

BOND REmEMENT 

PHASE III 

WATER COST (12.50 MGD) 
OPERATION COST 

PLANT 
TRANSMISSION SYSTEM 

MAINTENANCE SYSTEM 
PLANT 
TRANSMISSION SYSTEM 

BOND RETIREMENT 

TABLE A-7 
(CONTINUED) 

SUBTOTAL 

TOTAL ANNUAL COST 

COST PER 1000 GALLONS 

SUBTOTAL 

TOTAL ANNUAL COST 

COST PER 1000 GALLONS 

SUBTOTAL 

TOTAL ANNUAL COST 

COST PER 1000 GALLONS 

ESTIMATED 
COST 

$205,300 

$1,460,000 
$165,500 

$73,000 
$16.600 

$1,920,400 
$3 ,569,900 
$5,490,300 

$2.41 

$343,700 

$2,441,100 
$276,600 

$122,000 
$27,600 

$3,211,000 
$1 ,512.000 
$4,723,000 

$1.24 

$491,500 

$2,931,700 
$332,300 

$146,600 
$33,200 

$3,935,300 
$1 ,368,200 
$5,303,500 

$1.16 



TABLE A-9 
ESTIMATED COST 

REGIONAL WASTEWATER TREATMENT IMPROVEMENTS 

A. SERVICE AREA. NO EXISTING PLANT 

BRAZOS RIVER SERVICE AREA 

PHASE II 

PLANT 
LAND ACQUISITION (3 ACRES) 
PLANT IMPROVEMENTS (0.375 MGD) 

TRUNK COLLECTION SYSTEM 
LIFT STATIONS (2) 
FORCE MAINS 
GRAVITY SEWERS 
EASEMENT ACQUISITION 

. CONTINGENCIES 
ENGINEERING SERVICES 
BOND COST 

PHASE III 

PLANT 
PLANT EXPANSION (TO 0.75 MGD) 

TRUNK COLLECTION SYSTEM 
LIFT STATIONS (2) 
FORCE MAINS 
GRAVITY SEWERS 
EASa.ENT ACQUISITION 

CONrnGENCES 
ENGfllEEAlNG SERVICES 
BOND COST 

SUBTOTAL 

TOTAl, PHASE II 

SUBTOTAL 

TOTAl, PHASE III 

ESTIMATED 
COST 

$30,000 
$750,000 

$185,000 
$95,000 

$2,914,000 
$20.000 

$3,994,000 
$399,000 
$479,000 
$424,000 

$5,296,000 

$750,000 

$100,000 
$47,000 

$839,000 
$48,000 

$1,784,000 
$178,000 
$214,000 
$189,000 

$2,365,000 



TABLE A-9 

A. SERVICE AREA, NO EXISTING PLANT 
(CONTINUED) 

COWART CREEK SERVICE AREA 

PHASE I 

PLANT 
LAND ACQUISITION (3 ACRES) 
PLANT IMPROVEMENTS (1.0 MGD) 

TRUNK COll.ECTION SYSTEM 
UFT STATIONS 
FORCE MAINS 
GRAVITY SEWERS 
EASEMENT ACQUISITION 

~S 

ENGINEERING SERVICES 
BOND COST 

PHASE II 

TRUNK COllECTION SYSTEM 
GRAVITY SEWERS 
EASEMENT ACQUISITION 

CONTINGENCES 
ENGlllEERlNG SERVICES 
BOND COST 

SUBTOTAl 

TOTAl. PHASE I 

SUBTOTAl 

TOTAl. PHASE II 

ESTIMATED 
COST 

$30,000 
$1,900,000 

$135,000 
$68,000 

$2,834,000 
$75,000 

$5,042,000 
$504,000 
$605,000 
$535,000 

$6,686,000 

$2,039,000 
$150,000 

$2,189,000 
$219,000 
$263,000 
$232,000 

$2,903,000 



TABLE A-9 

A. SERVICE AREA. NO EXISTING PLANT 
(CONTINUED) 

FLAT BANK CREEK SERVICE AREA 

PHASE I 

PLANT 
LAND ACQUISITION (5 ACRES) 
PLANT IMPROVEMENTS (1.0 MGD) 

TRUNK COLLECTION SYSTEM 
LIFT STATIONS 
FORCE MAINS 
GRAVITY SEWERS 
EASEMENT ACQUISITION 

CONTIIIGENClES 
ENGINEERING SERVICES 
BOND COST 

PHASE II 

PLANT 
PLANT EXPANSION (TO 2.0 MGD) 

TRUNK COLLECTION SYSTEM 
LIFT STA nONS 
FORCE MAINS 
GRAVITY SEWERS 
EASEMENT ACQUISITION 

CONft.lGENCES 
ENGt-IEERING SERVICES 
BOND COST 

SUBTOTAL 

TOT At, PHASE I 

SUBTOTAL 

TOTAL, PHASE II 

ESTIMATED 
COST 

$50,000 
$1,750,000 

$130,000 
$30,000 

$2,074,000 
$35,000 

$4,069,000 
$407,000 
$488,000 
$432,000 

$5,396,000 

$1,750,000 

$105,000 
$64,000 

$334,000 
$10,000 

$2,263,000 
$226,000 
$272,000 
$240,000 

$3,001,000 



TABLE A-9 

A. SERVICE AREA, NO EXISTING PLANT 
(CONTINUED) 

LOWER CHOCOLATE BAYOU SERVICE AREA 

PHASE I 

PLANT 
LAND ACQUISITION (3 ACRES) 
PLANT IMPROVEMENTS (1.0 MGD) 

TRUNK COLLECTION SYSTEM 
LIFT STATIONS (2) 
FORCE MAINS 
GRAVITY SEWERS 
EASEMENT ACQUISITION 

c::cJNTN3ENCIES 
ENGINEERING SERVICES 
BOND COST 

PHASE II 

TRUNK COLLECTION SYSTEM 
LIFT STATIONS 
FORCE MAINS 
GRAVITY SEWERS 
EASEMENT ACQUISITION 

c::oNTN3ENCES 
ENGN:EAING SERVICES 
BOND COST 

PHASE III 

TRUNK COLLECTION SYSTEM 
LIFT STATIONS 
FORCE MAINS 
GRAVITY SEWERS 
EASa..£NT ACQUISITION 

SUBTOTAL 

TOTAL, PHASE I 

SUBTOTAL 

TOTAL, PHASE II 

SUBTOTAL 

TOTAL, PHASE III 

ESTIMATED 
COST 

$30,000 
$1,750,000 

$185,000 
$110,000 

$3,072,000 
$150,000 

$5,297.000 
$530,000 
$636,000 
$562,000 

$7,025,000 

$40,000 
$7,000 

$5,616,000 
$255,000 

$5,918,000 
$592,000 
$711,000 
$628,000 

$7,849,000 

$50,000 
$4,000 

$1,195,000 
$135,000 

$1,384,000 
$139,000 
$167,000 
$147,000 

$1,837,000 



TABLE A-9 

A. SERVICE AREA, NO EXISTING PLANT 
(CONTINUED) 

MARY'S CREEK SERVICE AREA 

PHASE I 

PLANT 
LAND ACQUISITION (4 ACRES) 
PLANT IMPROVEMENTS (0.5 MGD) 

TRUNK COlLECTION SYSTEM 
GRAVITY SEWERS 
EASEMENT ACQUISITION 

c:::oN1"t.I<3ENS 
ENGIIIEERING SERVICES 
BOND COST 

PHASE II 

PLANT 
PLANT EXPANSION (TO 1.0 MGD) 

TRUNK COLLECTION SYSTEM 
UFT STATION 
FORCE MAINS 
GRAVITY SEWERS 
EASEMENT ACQUISITION 

PHASE III 

PLANT 
PLANT EXPANSION (TO 1.5 MGD) 

TRUNK COLLECTION SYSTEM 
GRAVITY SEWERS 
EASEMENT ACQUISITION 

c:::oN1"t.I<3ENS 
ENGtEERING SERVICES 
BOND COST 

SUBTOTAl 

TOTAL, PHASE I 

SUBTOTAl 

TOTAl, PHASE II 

SUBTOTAl 

TOTAL, PHASE III 

ESTIMATED 
COST 

$40,000 
$950,000 

$1,155,000 
$60,000 

$2,205,000 
$220,000 
$265,000 
$234,000 

$2,924,000 

$950,000 

$95,000 
$24,000 

$808,000 
$30,000 

$1,907,000 
$191,000 
$229,000 
$202,000 

$2,529,000 

$950,000 

$389,000 
$30,000 

$1,369,000 
$137,000 
$164,000 
$145,000 

$1,815,000 



TABLE A·9 

A. SERVICE AREA, NO EXISTING PLANT 
(CONTINUED) 

OYSTER CREEK SERVICE AREA 

PHASE II 

LAND ACQUISITION (3 ACRES) 
PLANT IMPROVEMENTS (0.4 MGD) 

TRUNK COLLECTION SYSTEM 
LIFT STATIONS (4) 
FORCE MAINS 
GRAVITY SEWERS 
EASEMENT ACQUISITION 

CClN1lNG:NCES 
ENGN:ERING SERVICES 
BOND COST 

PHASE III 
PLANT 

PLANT EXPANSION (TO 0.8 MGD) 

CONTI'G:NCES 
ENGfllEERING SERVICES 
BOND COST 

SUBTOTAL 

TOTAL, PHASE II 

SUBTOTAL 

TOTAL, PHASE III 

ESTIMATED 
COST 

$30,000 
$720,000 

$320,000 
$88,000 

$2,287,000 
$45,000 

$3,490,000 
$349,000 
$419,000 
$371 ,000 

$4,629,000 

$720,000 
$720,000 

$72,000 
$87,000 
$77,000 

$956,000 



TABLE A·9 

A. SERVICE AREA. NO EXISTING PLANT 
(CONTINUED) 

UPPER CHOCOLATE BAYOU SERVICE AREA 

PHASE II 

PLANT 
LAND ACQUISITION (3 ACRES) 
PLANT IMPROVEMENTS (0.75 MGD) 

TRUNK COLLECTION SYSTEM 
UFT STATION 
FORCE MAINS 
GRAVITY SEWERS 
EASEMENT ACQUlSmON 

CONTINGENCIES 
ENGINEERING SERVICES 
BOND COST 

PHASE III 

TRUNK COLLECTION SYSTEM 
LIFT STATIONS (3) 
FORCE MAINS 
GRAVITY SEWERS 
EASEMENT ACQUISITION 

CON'TN?lENCES 
ENGNEEAING SERVICES 
BOND COST 

SUBTOTAL 

TOTAL, PHASE II 

SUBTOTAL 

TOTAL, PHASE III 

ESTIMATED 
COST 

$30,000 
$1,500,000 

$100,000 
$48,000 

$4,042,000 
$45,000 

$5,765,000 
$577,000 
$692,000 
$612,000 

$7,646,000 

$120,000 
$28,000 

$1,016,000 
$23,000 

$1,187,000 
$119,000 
$143,000 
$126,000 

$1,575,000 



TABLE A·9 
ESTIMATED COST 

REGIONAL WASTEWATER TREATMENT COST 

B. SERVICE AREA, WITH EXISTING PLANTS 

BLUE RIDGE SERVICE AREA 

PLANT 
REPLACE. EXPANSION (1.5 MGD) 

TRUNK COLLECTION SYSTEM 
LIFT STATIONS (2) 
FORCE MAINS 
GRAVITY SEWERS 
EASEM:NT ACQUISITION 

SUBTOTAL 
c::oNT'N3ENCES 
ENGNEERING SERVICES 
BOND COST 

TOTAL 

CLEAR CREEK SERVICE AREA 

PLANT 
REPLACE, EXPANSION (1.5 MGD) 

TRUNK COLLECTION SYSTEM 
LIFT STATIONS (2) 
FORCE MAINS 
GRAVITY SEWERS 
EASEM:NT ACQUISITION 

SUBTOTAL 

CClNTtlGENCES 
ENGINEERING SERVICES 
BOND COST 

TOTAL 

ESTIMATED 
cosr 

$2.725.000 

$215.000 
$33,000 

$153,000 
$25,000 

$3,151,000 
$315,000 
$378,000 
$334,000 

$4,178,000 

$2,815,000 

$210,000 
$20,000 

$2,635,000 
$150:000 

$5,830,000 
$583,000 
$700,000 
$618,000 

$7,731,000 



TABLE A-9 

B. SERVICE AREA. WITH EXISTING PLANTS 
(CONTINUED) 

EAST PEARLAND SERVICE AREA 

PLANT 
REPLACE (2.0 MGD) 

TRUNK COllECTION SYSTEM 
LIFT STATIONS 
FORCE MAINS 
GRAVIlY SEWERS 
EASEt.£NT ACQUISITION 

CQNl"I\IGENCES 

ENGteRING SERVICES 
BOND COST 

FONDREN PARK SERVICE AREA 

PLANT 
REPLACE. EXPANSION (.75 MGD) 

TRUNK COllECTION SYSTEM 
LIFT STATIONS 
FORCE MAINS 

c:oNT'NC£NCES 
ENGfIIEERING SERVICES 
BOND COST 

SUBTOTAL 

TOTAL 

SUBTOTAL 

TOTAL 

ESTIMATED 
COST 

$3.825.000 

$90,000 
$18,000 

$543,000 
$56,000 

$4,532,000 
$453,000 
$544,000 
$481,000 

$6,010,000 

$1,575,000 

$70.000 
$68,000 

$1,713,000 
$171,000 
$205,000 
$182,000 

$2.271,000 



TABLE A-9 

B. SERVICE AREA, WITH EXISTING PLANTS 
(CONTINUED) 

QUAIL VALLEY SERVICE AREA 

PLANT 
REPlACE (4.0 MOD) 

CON'TJIGENCES 
~EERING SERVICES 
BOND COST 

VICKSBURG SERVICE AREA 

PLANT 
REPLACE, EXPANSION (0.75 MOD) 

TRUNK COllECTION SYSTEM 
LIFT STATION 
FORCE MAINS 
GRAVITY SEWERS 
EASEW£NT ACQUISITION 

CONTtaNCES 
~SERVICES 

BOND COST 

SUBTOTAL 

TOTAL 

SUBTOTAL 

TOTAL 

ESTIMATED 
OOST 

$7,025,000 
$7,025,000 

$702,000 
$843,000 
$745,000 

$9,315,000 

$1,575,000 

$85,000 
$15,000 

$791,000 
$112,000 

$2,578,000 
$258,000 
$309,000 
$273,000 

$3,418,000 



TABLE A-9 

B. SERVICE AREA. WITH EXISTING PLANTS 
(CONTINUED) 

WEST PEARLAND SERVICE AREA 

PLANT 
REPLACE, EXPANSION (4.50 MGD) 

TRUNK COLLECTION SYSTEM 
LIFT STATIONS (2) 
FORCE MAINS 
GRAV1lY SEWERS 
EASEMENT ACQUISITION 

~ 

ENGINEERING SERVICES 
BOND COST 

SUBTOTAL 

TOTAL 

ESTIMATED 
COST 

$8,350,000 

$310,000 
$164,000 

$4,636,000 
$394,000 

$13,854,000 
$1,385,000 
$1,662,000 
$1,470,000 

$18,371,000 



TABLE A:10 
ESTIMATED ANNUAL COST 

REGIONAL WASTEWATER TREATMENT IMPROVEMENTS 

BRAZOS RNER SERVICE AREA 

PHASE II 
(ESTIMATED AVERAGE DAilY FLOW PHASE II .0.35 MG) 

OPERATION AND MAINTENANCE 
PLANT 
TRUNK COllECTION SYSTEM 

BOND RETIREMENT EXPENSE 

PHASE III 

SUBTOTAl 

TOTAl, PHASE II 

EST. COST PER 1000 GAllONS 

(ESTIMATED AVERAGE DAILY FLOW PHASE III. 0.62 MG) 

OPERATION AND MAINTENANCE 
PLANT 
TRUNK COllECTION SYSTEM 

BOND RETlRaENT EXPENSE 
SUBTOTAl 

TOT At, PHASE III 

EST. COST PER 1000 GAllONS 

ESTIMATED 
COST 

$85,600 
$5,900 

$91,500 
$559,600 
$651,100 

$5.10 

$147,300 
$8,800 

$156,100 
$249,900 
$406,000 

$1.79 



COWART CREEK SERVICE AREA 

PHASE I 

TABLE A-10 
(CONTINUED) 

(ESTIMATED AVERAGE DAILY FLOW PHASE I. 0.67 MG) 

OPERATION AND MAINTENANCE 
PLANT 
TRUNK COllECTION SYSTEM 

BOND RETlRa.£NT EXPENSE 

PHASE II 

SUBTOTAL 

TOTAl, PHASE I 

EST. COST PER 1000 GALLONS 

(ESTIMATED AVERAGE DAILY FLOW PHASE II. 0.76 MG) 

OPERATION AND MAINTENANCE 
PLANT 
TRUNK COLLECTION SYSTEM 

BOND RETIRa.£NT EXPENSE 

PHASE III 

SUBTOTAL 

TOTAL, PHASE II 

EST. COST PER 1000 GALLONS 

(ESTIMATED AVERAGE DAILY FLOW PHASE III. 0.82 MG) 

OPERATION AND MAINTENANCE 
PLANT 
TRUNK COllECTION SYSTEM 

BOND RETIRa.£NT EXPENSE 
SUBTOTAL 

TOTAL, PHASE III 

EST. COST PER 1000 GALLONS 

ESTIMATED 
COST 

$159.200 
$7.100 

$166.300 
$706.500 
$872.800 

$3.57 

$179.600 
$13.200 

$192.800 
$306.800 
$499.600 

$1.80 

$195.300 
$13.200 

$208.500 
$0 

$208.500 

$0.70 



FlAT BANK CREEK SERVICE AREA 

PHASE I 

TABLE A-10 
(CONTINUED) 

(ESTIMATED AVERAGE DAILY FLOW PHASE I. 0.85 MG) 

OPERATION AND MAINTENANCE 
PLANT 
mUNK COlLECTION SYSTEM 

BOND RETIREMENT EXPENSE 

PHASE II 

SUBTOTAL 

TOTAL. PHASE I 

EST. COST PER 1000 GALLONS 

(ESTIMATED AVERAGE DAILY FLOW PHASE II. 1.46 MG) 

OPERATION AND MAINTENANCE 
PLANT 
mUNK COlLECTION SYSTEM 

BOND RETlRe.ENT EXPENSE 

PHASE III 

SUBTOTAL 

TOTAL, PHASE II 

EST. COST PER 1000 GALLONS 

(ESTIMATED AVERAGE DAILY FLOW PHASE 111.2.00 MG) 

OPERATION AND MAINTENANCE 
PLANT 
mUNK COlLECTION SYSTEM 

BOND RETIREMENT EXPENSE 
SUBTOTAL 

TOTAL, PHASE III 

EST. COST PER 1000 GALLONS 

ESTIMATED 
COST 

$200.500 
$4,800 

$205,300 
$570,200 
$775.500 

$2.52 

$317,200 
$6,400 

$323,600 
$317,200 
$640,800 

$1.21 

$451,500 
$6,400 

$457,900 
$0 

$457,900 

$0.63 



TABLE A·10 
(CONTINUED) 

LOWER CHOCOlATE BAYOU SERVICE AREA 

PHASE I 
(ESTIMATED AVERAGE DAILY FLOW PHASE 1- 0.53 MG) 

OPERATION AND MAINTENANCE 
PLANT 
TRUNK COLLECTION SYSTEM 

BOND RETIREMENT EXPENSE 

PHASE II 

SUBTOTAL 

TOTAL. PHASE I 

EST. COST PER 1000 GALLONS 

(ESTIMATED AVERAGE DAILY FLOW PHASE 11- 0.72 MG) 

OPERATION AND MAINTENANCE 
PLANT 
TRUNK COLLECTION SYSTEM 

BOND RETIREMENT EXPENSE 

PHASE III 

SUBTOTAL 

TOTAL, PHASE II 

EST. COST PER 1000 GALLONS 

(ESTIMATED AVERAGE DAILY FLOW PHASE 111- 0.86 MG) 

OPERATION AND MAINTENANCE 
PLANT 
TRUNK COLLECTION SYSTEM 

BOND RETIREMENT EXPENSE 
SUBTOTAL 

TOTAL, PHASE III 

EST. COST PER 1000 GALLONS 

ESTIMATED 
COST 

$131,300 
$7,200 

$138,500 
$742,300 
$880,800 

$4.56 

$179,500 
$20,100 

$199,600 
$829,400 

$1,029,000 

$3.90 

$212.200 
$23,600 

$235,800 
$194,100 
$429.900 

$1.38 



MARY'S CREEK SERVICE AREA 

PHASE I 

TABLE A-10 
(CONTINUED) 

(ESTIMATED AVERAGE DAILY FLOW PHASE 1.0.42 MG) 

OPERATION AND MAINTENANCE 
PLANT 
TRUNK COlLECTION SYSTEM 

BOND RETIREIvENT EXPENSE 

PHASE II 

SUBTOTAL 

TOTAL. PHASE I 

EST. COST PER 1000 GALLONS 

(ESTIMATED AVERAGE DAILY FLOW PHASE II. 0.91 MG) 

OPERATION AND MAINTENANCE 
PLANT 
TRUNK COlLECTION SYSTEM 

BONO RETIREIvENT EXPENSE 

PHASE III 

SUBTOTAL 

TOTAL. PHASE II 

EST. COST PER 1000 GALLONS 

(ESTIMATED AVERAGE DAILY FLOW PHASE III. 1.45 MG) 

OPERATION AND MAINTENANCE 
PLANT 
TRUNK COlLECTION SYSTEM 

SUBTOTAL 

TOTAL. PHASE III 

EST. COST PER 1000 GALLONS 

ESTIMATED 
COST 

$105.300 
52,500 

$107,800 
$310,100 
$417,900 

$2.70 

$215,900 
$4,300 

$220,200 
$267,300 
$487,500 

$1.47 

$337,600 
$5,500 

$343,100 
$191,800 
$534,900 

$1.02 



OYSTER CREEK SERVICE AREA 

PHASE II 

TABLE A-l0 
(CONTINUED) 

(ESTIMATED AVERAGE DAILY FLOW PHASE II. 0.42 MG) 

OPERATION AND MAINTENANCE 
PLANT 
TRUNK COLLECTION SYSTEM 

BOND RETIREMENT EXPENSE 

PHASE III 

SUBTOTAL 

TOTAL, PHASE II 

EST. COST PER 1000 GALLONS 

(ESTIMATED AVERAGE DAILY FLOW PHASE III. o.n MG) 

OPERATION AND MAINTENANCE 
PLANT 
TRUNK COLLECTION SYSTEM 

BOND RETIREMENT EXPENSE 
SUBTOTAL 

TOTAL, PHASE III 

EST. COST PER 1000 GALLONS 

ESTIMATED 
COST 

$103,000 
$6,400 

$109,400 
$489,100 
$598,500 

$3.95 

$181,700 
$6,400 

$188,100 
$101,000 
$289,100 

$1.03 



TABLE A·10 
(CONTINUED) 

UPPER CHOCOLATE BAYOU SERVICE AREA 

PHASE II 
(ESTIMATED AVERAGE DAILY FLOW PHASE II. 0.38 MG) 

OPERATION AND MAINTENANCE 
PLANT 
TRUNK COIJ.ECTION SYSTEM 

BOND RET1REMENT ~ 

PHASE III 

SUBTOTAL 

TOTAL. PHASE II 

EST. COST PER 1000 GALLONS 

(ESTIMATED AVERAGE DAILY FLOW PHASE 111.0.56 MG) 

OPERATION AND MAINTENANCE 
PLANT 
TRUNK COLLECTION SYSTEM 

BOND RETlREMENT ~ 
SUBTOTAL 

TOTAL, PHASE III 

EST. COST PER 1000 GALLONS 

ESTIMATED 
COST 

$94,800 
$9,000 

$103,800 
$808.000 
$911,800 

$6.54 

$140,000 
$12,600 

$152,600 
$166,400 
$319,000 

$1.55 
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EXECUTIVE SUMMARY 

The act of 69th Texas Legislature authorizing creation of the Brazos Bend 
water Authority (The Authority or BBWA) contains provisions requiring the 
Authority to adopt and implement a program of water conservation~ The 
objective of State of Texas Water Conservation programs is to protect and 
extend the availability of State water resources through the promotion of 
efficient water use practices. Additionally, it is encumbant that water 
supply agencies have a plan in place to deal with temporary, short term, 
water shortages that result from drought and emergency situations. 

As a first step in the development of water conservation and 
drought/emergency plans for The Authority, operating conditions and prac­
tices of existing public water and wastewater utilities in the study area 
were surveyed. Topics surveyed included service area boundaries, popula­
tion projections through the year 2040, monthly water sales by user 
category, number and growth of utility connections, annualized water 
production and wastewater treatment flow rates, metering practices, water 
supp ly facility components, hi gh-vo I ume water customers, revenue sources, 
water and sewer rates, and prevailing governmental standards. 

Based on this information, it was concluded that existing public water 
supply and wastewater treatment utilities in the study area were generally 
operating within prevailing standards but that implementation of short term 
water conservation measures could result in a 4.3 percent reduction in 
water consumption. 

The Authority's recommended water conservation program consists of a short 
term and long term program. It is intended that The Authority act in 
concert with its customers in the implementation of these programs. 

The Authority's short term program has a goal of reducing water consumption 
by 4.3 percent. The program conSists primarily of activities to notify the 
public of Authority goals and standards and to identify measures effective 
in reducing individual water consumption. 

The Authority's long term program goal is to reduce overall water consump­
tion by 10 percent. This program continues public education activities but 
also includes provisions requiring adoption of water conserving plumbing 
codes and water rate structures, water conservation retrofit programs, 
assistance in the determination of sources of unaccounted water loss, and 
consideration of water recycling and reuse. 

It is recommended that a member of The Authority board or staff be selected 
to work with Authority customer's to oversee these programs. 



The Authority's reconmended Drought/Emergency Cont i ngency PI an provides a 
system for classifying the severity of temporary water supply shortages and 
identifies measures for dealing with the various shortage conditions. In 
addition to public notification activities, these measures include volun­
tary curtailment of non-essential water use during mild water supply 
shortage periods, mandatory curtailment and water rate surcharges during 
moderate water supply shortage periods, and water rationing during severe 
water supply shortage periods. 

It is reconmended that a member of The Authority board or staff be selected 
to work with authority customer's to assure equitable distribution of BBWA 
water resources during drought/emergency conditions. 



I. INTRODUCTION 

1. PURPOSE 

To obtain financial assistance from the Texas Water Development Board 

or Water loan Assistance fund by a political subdivision, a water conserva­

tion and drought contingency plan must be written and in place. These 

requirements were set by the 69th Texas legislature in 1985 by House Bill 

(HB) 2 and Joint Resolution (HJR) 6. Texas voters approved the amendment 

to the Texas Constitution implementing HB 2 on November 5, 1985. 

The purpose of this report is to satisfy the above requirements by 

presenting data and conservation alternatives for each district in the BBWA 

study area (See Figure 1). The study area includes the following cities 

and utility districts: 

Eastern Study Area: 

Western Study Area: 

Brookside Village 
City of Manvel 
City of Pearland 
Brazoria County MUD 1 
Brazoria County MUD 2 
Brazoria County MUD 3 
Brazoria County MUD 4 
Brazoria County MUD 5 
Brazoria County MUD 6 
Brazoria County MUD 7 
Brazoria County MUD 10 
Brazoria County MUD 16 

Blue Ridge West MUD 
First Colony MUD 9 
Fort Bend County MUD 26 
Fort Bend County MUD 36 
Fort Bend County MUD 42 
Fort Bend County MUD 46 
Fort Bend County MUD 47 
Fort Bend County MUD 48 
Fort Bend County MUD 49 
Fort Bend County MUD 55 
Fort Bend County MUD 56 
Fort Bend County WCID 2 

B-1 
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Western Study Area: 
(Continued) 

2. THE AUTHORITY 

Harris County MUD 122 
Harris County WClD Fondren Road 
Meadow Creek MUD 
Palmer Plantation MUD 1 
Palmer Plantation MUD 2 
Quail Valley Utility District 
Southwest Harris County MUD 1 
Thunderbird Ut1l1ty District 
Missouri City 

B-3 

The Brazos Bend Water Authority was created by an act of Texas legis-

lature 1n 1985. The legislature was 1nit1ated by the Cities of Brookside 

Vl1lage, Manvel, Missouri City and Pearland, resulting from concern that 

continued pumping of ground water could deplete the resources, causing con-

siderable subsidence. Also, the organizers realized the need for regional 

planning to reduce the proliferation of small wastewater treatment facili-

ties. 

The Authority has five (5) board members, no taxing powers and can 

plan, develop, own, and operate utility facilities. Authority funding will 

be prov1 ded by grants, and revenues from contracted serv1 ces. The objec­

tives of the BBWA are to provide reg10nal planning services, and to provide 

regional water supply and wastewater treatment services. 

3. BACKGROUND 

Water used in the residential and commercial sector 1nvolves the day­

to-day activities of all citizens of the state and includes water used for 

drinking, bathing, cooking, toilet flushing, fire protection, lawn 

watering, swimming pools, laundry, dish washing, car washing, and sanita­

tion. Since the early 1960s, per capita water use in the state has 

1 ncreased about four gallons per person per decade. More important ly per 
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capita water use during droughts is usually about one-third greater than 

during periods of average precipitation. 

The objective of a conservation program is to reduce the quantity 

required for each water using activity, to the extent as is practical, 

through the implementation of efficient water use practices. A drought 

contingency program provides procedures for voluntary and mandatory actions 

which are put into effect to temporarily reduce the demand placed upon a 

water supply system during a water shortage emergency. Both programs are 

tools that water suppliers should have available to operate effectively in 

a 11 s i tuat ions. 

water conservation programs are written for a long term reduction in 

water consumption. In the past such plans have resulted in as much as a 25 

percent reduction in water use. Because water is becomi ng a scarce com­

modity, water conservation techniques are becoming increasingly important. 

A drought contingency program includes those measures that a city or 

utility can use to cause a significant, but temporary, reduction in water 

use. These measures usua lly i nvol ve either voluntary use reduct ions, the 

restriction or elimination of certain types of water use, water rationing, 

or the temporary use of water from sources other than the established sup­

plies. Communities that have used drought contingency programs have 

achi eved short-term water use reductions in excess of 50 percent duri ng 

drought emergency situations. Because the onset of emergency conditions is 

often rapid, it is important that a city or utility be prepared in advance. 
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Further, the citizen or customer must know that certain measures not used 

in an ongoing conservation program may be necessary if drought or other 

emergency conditions occur. 



II. WATER CONSERVATION 

1. INTRODUCTION 

In order to identify water conservation measures and programs needed 

by BBWA to achieve future reductions in water consumption, current prac­

tices of existing water supply utilities within the study area were 

surveyed. Survey results, a discussion of potential supply and demand 

water conservation management methods, and an assessment of potential water 

and cost savings associated with identified management methods are presen­

ted in this section. 

2. UTILITY SURVEY 

Existing public utility agencies within the BBWA Study Area were 

surveyed regarding numbers of utility connections and service area boundar­

ies; water production and sales quantities; wastewater flows; system rate 

structures, revenues and operating costs; and applicable regulatory stan­

dards. Additionally, forecasts of existing utility system populations 

through the year 2040 are listed. 

Utility survey information is presented in tabular form on Pages B-9 

through 8-30. 

Service areas of existing public water supply systems are presented in 

Table 1, Page 8-9. Service area acreages were determined from information 

contained in utility district creation reports, planning data provided by 

municipalities and from municipal boundary maps. 

8-6 
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Forecasted populations from 1988 through 2040, for municipalities 

(eastern area), existing utility districts and remaining undeveloped or 

rural regions are presented in Table 2, Page B-I0. This information is 

based on demographic studies and forecasts developed for the accompanying 

regional water supply and wastewater planning study for the BBWA study area. 

Table 3, Page B-ll through B-17 present estimated water sales for study 

area utility districts. Sales are categorized by user type and are based on 

information from monthly report forms and operator provided information. 

These tables illustrates that most water sold in the study area is for 

residential use. 

Table 4, Page B-18, lists the number of current service connections and 

annua 1 connection increase, by user category, for exi st i ng pub 1i c water 

supply agencies. 

Water production information is given in Table 5, Page B-19. This 

information was obtained from the monthly operating reports on file at the 

Texas Department of Health. 

Tables 6 and 7, Pages B-20 and B-21, provide wastewater flow informa­

tion. These tables show that currently, all wastewater treatment utilities 

are operating within permit flow standards and that most customers with 

water service also receive wastewater service. 

Table 8, Page B-22, lists existing water system facility data and the 

percent of water supply connections metered. Currently all public water 

supply customers are metered. 
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Table 9, Page B-23, lists high volume water consumers in the area. It 

can be seen from this Table that there are a limited number of high volume 

consumers. 

The revenues and cost for each public water system as well as the rate 

structures are presented in Tables 10, 11 and 12, Pages B-24 through B-29. 

The tables show that currently most public water supply and wastewater 

treatment agencies derive the majority of their revenue from service 

charges and the most rate structures are increasing block. 

The last table in the utility survey, Table 13, Page B-30, presents 

applicable local, state and federal regulations. The Southern Standard 

Building Code is currently implemented in all the cities of the study area 

and the districts within these cities. 

3. PUBLIC PARTICIPATION 

The Brazos Bend Water Authority has held three public meetings, as 

follows: January 25, 1989 at Pearland City Hall, April 19, 1989 at Manvel 

Junior High School, and on July 19, 1989 at the Missouri City Civics Center 

Complex. The meetings were open to the public, and Citizen comments were 

soli cited. 



TABLE 1 
SERVICE AREA OF PUBLIC WATER SYSTEMS 

AREA DESIGNATION 

BLUE RIDGE RIDGE WEST MUD 
BRAZORIA COUNTY MUD 1 
BRAZORIA COUNTY MUD 2 
BRAZORIA COUNTY MUD 4 
BRAZORIA COUNTY MUD 5 
FIRST COLONY MUD 9 
FORT BEND COUNTY MUD 26 
FORT BEND COUNTY MUD 42 
FORT BEND COUNTY MUD 46 
FORT BEND COUNTY MUD 47 
FORT BEND COUNTY MUD 48 
FORT BEND COUNTY MUD 49 
FORT BEND COUNTY WCID 2 
HARRIS COUNTY MUD 122 
HARRIS COUNTY WCID FONDREN ROAD 
MEADOWCREEK MUD 
PALMER PLANTATION MUD 1 
PEARLAND 
QUAIL VALLEY UTILITY DISTRICT 
SOUTHWEST HARRIS COUNTY MUD 1 
THUNDERBIRD UTILITY DISTRICT 

AREA 
(ACRES) 

850 
450 
350 
600 
500 
950 
450 
550 
150 
250 
250 
150 

1,700 
250 
350 
250 
400 

11,900 
1,570 

150 
950 

SOURCE: USGS MAP AND CREATION REPORTS FOR EACH UTILITY DISTRICT. 
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TABLE 2 
POPULATION PROJECTIONS/ BBWA SERVICE AREA 

AREA DESIGNATION 1988 1990 2000 2010 2020 2030 2040 
-----------------------------------------------------------------------------------------
~ESTEBN STl!DY ABEA 
BLUE RIDGE WEST MUD 6,651 7,050 7,464 7,464 7,464 7,464 7,464 
FIRST COLONY MUD 9 966 1,368 4,611 5,214 5,739 5,919 5,919 
FORT BEND COUNTY MUD 26 2,295 2,745 3,153 3,393 3,633 3,633 3,633 
FORT BEND COUNTY MUD 36 0 0 861 1,140 1,536 1,719 1,719 
FORT BEND COUNTY MUD 42 429 480 900 1,260 1,881 2,481 3,033 
FORT BEND COUNTY MUD 46 0 0 120 486 945 1,278 1,278 
FORT BEND COUNTY MUD 47 150 300 660 1,050 1,350 1,590 1,950 
FORT BEND COUNTY MUD 48 126 276 630 1,032 1,350 1,590 1,950 
FORT BEND COUNTY MUD 49 30 120 450 750 1,050 1,470 1,470 
FORT BEND COUNTY MUD 55 0 0 660 900 1,305 1,800 2,250 
FORT BEND COUNTY MUD 56 0 0 664 900 1,296 1,800 2,250 
FORT BEND COUNTY WCID 2 1,749 1,884 3,123 3,684 4,200 4,620 4,860 
HARRIS COUNTY MUD 122 102 180 1,827 1,827 1,827 1,827 1,827 
HARRIS COUNTY WCID FN RD 2,742 2,790 2,988 2,988 2,988 2,988 2,988 
MEADOWCREEK MUD 1,938 2,091 2,694 2,694 2,694 2,694 2,694 
PALMER PLANTATION MUD 1 350 510 951 1,413 1,875 1,875 1,875 
PALMER PLANTATION MUD 2 0 0 200 400 600 900 1,500 
QUAIL VALLEY UD 10,059 10,452 11,190 11,190 11,190 11,190 11,190 
SW HARRIS COUNTY MUD 1 1,335 1,440 1,557 1,557 1,557 1,557 1,557 
THUNDERBIRD UD 5,211 5,388 5,499 5,499 5,499 5,499 5,499 
OTHER, WESTERN AREA 599 1,819 5,497 7,573 10,016 14,723 18,122 

EASTEBN STl!DY ABEA 
BRAZORIA COUNTY MUD 1 850 1000 1,500 2,000 2,300 2,600 2,800 
BRAZORIA COUNTY MUD 2 250 350 750 1,200 1,500 1,800 2,000 
BRAZORIA COUNTY MUD 3 0 0 200 500 900 1,500 1,800 
BRAZORIA COUNTY MUD 4 450 550 700 1,050 1,500 2,100 2,500 
BRAZORIA COUNTY MUD 5 1,600 1,700 2,500 3,000 3,300 3,500 3,600 
BRAZORIA COUNTY MUD 6 0 0 100 350 500 600 700 
BRAZORIA COUNTY MUD 7 0 0 400 900 1,500 2,000 2,500 
BRAZORIA COUNTY MUD 10 0 0 500 1,000 1,500 2,000 2,800 
BRAZORIA COUNTY MUD 16 0 0 800 1,400 2,000 2,400 2,700 
BROOKSIDE VILLAGE 1,581 1,625 1,727 2,073 2,392 2,655 2,800 
MANVEL 4,535 4,752 5,835 7,000 8,077 8,965 9,455 
PEARLAND 17,883 20,371 28,068 33,647 38,829 43,099 45,505 
OTHER, EASTERN AREA 10,890 11,046 12,490 13,966 15,969 18,319 21,466 

______________________________________________________ ____________ w 
I 

TOTAL STUDY AREA 72,721 80,287 111,269 130,500 150,262 170,155 185,654 ...... 
0 

SOURCE: COM£BEl:IENSI~E PLAN. RE(;WNAT. !'lATER SI1££LY AND !'lI'lSTE!'l8TER TREI'ITMENT E8CHITIES BRAZOS 
BEND WATER AUTHORITY, NOVEMBER 3, 1989. 



TABLE 3 
ESTIMATED WATER SALES FOR INDIVIDUAL DISTRICTS BY USER 
CATEGORY(1000 gal.) Use months Aug 87 - July 88 

DISTRICT' BLUE RTPGE WEST MUD 

MO/YR 

JUL 88 
JUN 88 
MAY 88 
APR 88 
MAR 88 
FEB 88 
JAN 88 
DEC 87 
NOV 87 
OCT 87 
SEP 87 
AUG 87 

RESIDENT 

24,354 
22,007 
17,357 
14,918 
13,578 
14,895 
14,345 
15,013 
17,744 
16,430 
32,342 
22,494 

COMMERCIAL 
INSTITUTIONAL 

1,883 
1,730 
1,987 
1,409 
1,649 
1,770 
1,630 
1,842 
2,313 
2,059 
2,531 
1,791 

DISTRICT' BRAZORIA COUNTY MUD 1 

OTHER (1) 

285 
207 
186 
131 
209 
111 
124 
262 
473 
735 

1154 
1090 

TOTAL 

26,522 
23,944 
19,530 
16,458 
15,436 
16,776 
16,099 
17,117 
20,530 
19,224 
36,027 
25,375 

MO/YR RESIDENT COMMERCIAL INDUSTRIAL TOTAL 

JUL 88 
JUN 88 
MAY 88 
APR 88 
MAR 88 
FEB 88 
JAN 88 
DEC 87 
NOV 87 
OCT 87 
SEP 87 
AUG 87 

5,575 
5,519 
3,913 
2,685 
2,140 
1,777 
2,980 
2,559 
4,502 
3,657 

11,953 
6,467 

INSTITUTIONAL 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

DISTRICT: BRAZORIA COUNTY MUD 2 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

5,575 
5,519 
3,913 
2,685 
2,140 
1,777 
2,980 
2,559 
4,502 
3,657 

11,953 
6,467 

MO/YR RESIDENT COMMERCIAL INDUSTRIAL TOTAL 

JUL 88 
JUN 88 
MAY 88 
APR 88 
MAR 88 
FEB 88 
JAN 88 
DEC 87 
NOV 87 
OCT 87 
SEP 87 
AUG 87 

3,457 
3,437 
2,618 
1,276 
1,051 

720 
1,742 
1,308 
2,176 
2,788 
6,533 
5,262 

INSTITUTIONAL 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

3,457 
3,437 
2,618 
1,276 
1,051 

720 
1,742 
1,308 
2,176 
2,788 
6,533 
5,262 
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TABLE 3 CONTINUED 
ESTIMATED WATER SALES FOR INDIVIDUAL DISTRICTS BY USER 
CATEGORY(1000 gal.) Use months Aug 87 - July 88 

DISTRICT· BRAZORIA COUNTY MUD 4 

MO/YR 

JUL 88 
JUN 88 
MAY 88 
APR 88 
MAR 88 
FEB 88 
JAN 88 
DEC 87 
NOV 87 
OCT 87 
SEP 87 
AUG 87 

RESIDENT 

3,745 
3,823 
3,203 
2,450 
1,886 
1,428 
1,482 
1,539 
2,752 
2,877 
4,064 
4,441 

COMMERCIAL INDUSTRIAL 
INSTITUTIONAL 

6 
5 
4 

12 
3 
3 
2 

15 
20 

4 
3 
3 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

DISTRICT· BRAZORIA COllliTY MUD 5 

TOTAL 

3,751 
3,829 
3,207 
2,462 
1,889 
1,431 
1,484 
1,554 
2,773 
2,882 
4,067 
4,444 

MO/YR RESIDENT COMMERCIAL INDUSTRIAL TOTAL 
INSTITUTIONAL 

JUL 88 
JON 88 
MAY 88 
APR 88 
MAR 88 
FEB 88 
JAN 88 
DEC 87 
NOV 87 
OCT 87 
SEP 87 
AUG 87 

5,230 
4,882 
4,411 
3,920 
3,337 
3,525 
3,377 
3,122 
3,993 
3,817 
5,461 
5,904 

36 
44 
32 
24 
26 
24 
24 
29 
40 
31 
38 
25 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

DISTRICT· FIRST COLONY MUP 9 

MO/YR 

JUL 88 
JON 88 
MAY 88 
APR 88 
MAR 88 
FEB 88 
JAN 88 
DEC 87 
NOV 87 
OCT 87 
SEP 87 
AUG 87 

RESIDENT 

8,490 
6,720 
5,111 
4,134 
2,287 
2,083 
1,765 
2,059 
2,117 
2,926 
3,190 
4,930 

COMMERCIAL INDUSTRIAL 
INSTITUTIONAL 

463 
468 
376 
393 
270 
244 
303 
237 
238 
330 
483 
526 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

5,266 
4,926 
4,443 
3,944 
3,363 
3,550 
3,401 
3,151 
4,033 
3,848 
5,500 
5,930 

TOTAL 

8,953 
7,187 
5,486 
4,526 
2,557 
2,327 
2,068 
2,296 
2,355 
3,256 
3,673 
5,456 
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TABLE 3 CONTINUED 
ESTIMATED WATER SALES FOR INDIVIDUAL DISTRICTS BY USER 
CATEGORY(1000 gal.) Use months Aug 87 - July 88 

DISTRICT· FORT BEND COUNTY MUD 26 

MO/YR RESIDENT COMMERCIAL 
INSTITUTIONAL 

INDUSTRIAL TOTAL 

JUL 88 
JUN 88 
MAY 88 
APR 88 
MAR 88 
FEB 88 
JAN 88 
DEC 87 
NOV 87 
OCT 87 
SEP 87 
AUG 87 

6,645 
6,357 
5,463 
4,076 
4,197 
4,324 
4,041 
4,061 
4,323 
4,731 
8,196 
7,085 

1,034 
742 
722 
824 
483 
669 

1,068 
834 
585 
948 

1,111 
950 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

DISTRICT· FORT BEND COUNTY MUD 42 

MO/YR 

JUL 88 
JUN 88 
MAY 88 
APR 88 
MAR 88 
FEB 88 
JAN 88 
DEC 87 
NOV 87 
OCT 87 
SEP 87 
AUG 87 

RESIDENT 

2,029 
2,261 
1,641 
1,235 
1,127 
1,002 

820 
847 

1,306 
1,270 
1,656 
1,563 

COMMERCIAL INDUSTRIAL 
INSTITUTIONAL 

1,337 
832 
611 
543 
496 
448 
517 
640 

1,127 
1,252 
1,415 
1,328 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

DISTRICT· FORT BEND COImTY MIID 47 

MO/YR 

JUL 88 
JUN 88 
MAY 88 
APR 88 
MAR 88 
FEB 88 
JAN 88 
DEC 87 
NOV 87 
OCT 87 
SEP 87 
AUG 87 

RESIDENT 

1,819 
3,527 
2,827 
1,868 
1,304 
1,667 
1,272 
1,622 
2,428 
1,695 
3,612 
2,656 

COMMERCIAL INDUSTRIAL 
INSTITUTIONAL 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

7,680 
7,100 
6,187 
4,900 
4,680 
4,995 
5,109 
4,896 
4,909 
5,680 
9,307 
8,036 

TOTAL 

3,366 
3,093 
2,252 
1,779 
1,623 
1,450 
1,337 
1,487 
2,434 
2,522 
3,072 
2,892 

TOTAL 

1,819 
3,527 
2,827 
1,868 
1,304 
1,667 
1,272 
1,622 
2,428 
1,695 
3,612 
2,656 
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TABLE 3 CONTINUED 
ESTIMATED WATER SALES FOR INDIVIDUAL DISTRICTS BY USER 
CATEGORY(1000 gal.) Use months Aug 87 - July 88 

DISTRICT' FORT BEND COUNTY MUD 48 

MO/YR 

JUL 88 
JUN 88 
MAY 88 
APR 88 
MAR 88 
FEB 88 
JAN 88 
DEC 87 
NOV 87 
OCT 87 
SEP 87 
AUG 87 

RESIDENT 

684 
635 
374 
351 
453 
172 
374 
185 
717 
545 

1,242 
719 

COMMERCIAL INDUSTRIAL 
INSTITUTIONAL 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

DISTRICT' FORT BEND COUNTY MUD 49 

TOTAL 

684 
635 
374 
351 
453 
172 
374 
185 
717 
545 

1,242 
719 

MO/YR RESIDENT COMMERCIAL INDUSTRIAL TOTAL 
INSTITUTIONAL 

JUL 88 
JUN 88 
MAY 88 
APR 88 
MAR 88 
FEB 88 
JAN 88 
DEC 87 
NOV 87 
OCT 87 
SEP 87 
AUG 87 

159 
243 

89 
88 
77 
77 
44 
85 
96 
79 

109 
116 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

DISTRICT' FORT BEND GQrmTY WGID 2 

MO/YR 

JUL 88 
JUN 88 
MAY 88 
APR 88 
MAR 88 
FEB 88 
JAN 88 
DEC 87 
NOV 87 
OCT 87 
SEP 87 
AUG 87 

RESIDENT 

51,450 
53,970 
47,320 
38,993 
39,299 
39,200 
34,650 
39,210 
47,241 
47,950 
27,050 
73,556 

COMMERCIAL INDUSTRIAL 
INSTITUTIONAL 

8,820 
9,252 
8,112 
6,523 
6,672 
6,720 
5,940 
6,732 
7,990 
8,220 
9,780 

12,432 

13,323 
13,878 
12,168 
10,061 
10,077 
10,009 

8,910 
10,009 
12,100 
12,330 
14,690 
18,648 

159 
243 

89 
88 
77 
77 
44 
85 
96 
79 

109 
116 

TOTAL 

7,835,100 
8,218,860 
7,206,160 
5,917,080 
5,976,230 
5,969,600 
5,276,700 
5,972,460 
7,180,030 
7,302,100 
4,787,900 

11,178,440 
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TABLE 3 CONTINUED 
ESTIMATED WATER SALES FOR INDIVIDUAL DISTRICTS BY USER 
CATEGORY(1000 gal.) Use months Aug 87 - July 88 

DISTRICT· HARRIS COUNTY MUD 122 

MO/YR RESIDENT 

JUL 88 792 
JUN 88 717 
MAY 88 558 
APR 88 240 
MAR 88 186 
FEB 88 199 
JAN 88 257 
DEC 87 618 
NOV 87 658 
OCT 87 482 
SEP 87 1,543 
AUG 87 7,123 

DISTEICT· !:lAEEI S cmmn 

MO/YR RESIDENT 

COMMERCIAL INDUSTRIAL 
INSTITUTIONAL 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

~CID EO!ilDEE!iI EOAD 

COMMERCIAL INDUSTRIAL 
INSTITUTIONAL 

TOTAL 

792 
717 
558 
240 
186 
199 
257 
618 
658 
482 

1,543 
7,123 

OTHER (1) 

6-15 

TOTAL 

---------------------------------------------------------------------
JUL 88 11,289 338 0 180 11,807 
JUN 88 10,804 324 0 180 11,308 
l-'lAY 88 8,842 265 0 180 9,287 
APR 88 8,372 251 0 180 8,803 
MAR 88 7,226 216 0 180 7,622 
FEB 88 7,516 225 0 180 7,921 
JAN 88 7,716 231 0 180 8,127 
DEC 87 6,858 205 0 180 7,243 
NOV 87 7,481 224 0 180 7,885 
OCT 87 8,510 255 0 180 8,945 
SEP 87 9,542 286 0 180 10,008 
AUG 87 14,972 449 0 180 15,601 

DISTEICT· MEADOW CEEEK MUD 

MO/YR RESIDENT COMMERCIAL INDUSTRIAL TOTAL 
INSTITUTIONAL 

-----------------------------------------------------
JUL 88 10,316 328 0 10,644 
JUN 88 10,266 266 0 10,533 
MAY 88 7,014 198 0 7,213 
APR 88 6,753 291 0 7,045 
MAR 88 4,752 245 0 4,998 
FEB 88 5,789 189 0 5,978 
JAN 88 5,538 244 0 5,782 
DEC 87 4,890 207 0 5,098 
NOV 87 6,446 190 0 6,637 
OCT 87 6,910 185 0 7,096 
SEP 87 12,943 316 0 13,260 
AUG 87 10,854 264 0 11,119 



TABLE 3 CONTINUED 8-16 
ESTIMATED WATER SALES FOR INDIVIDUAL DISTRICTS BY USER 
CATEGORY(1000 gal.) Use months Aug 87 - July 88 

"- PISTRICT· PALMER PLANTATION MIJD 1 

MO/YR RESIDENT COMMERCIAL INDUSTRIAL TOTAL 
INSTITUTIONAL 

--------------------------------------------------------
JUL 88 2,796 199 0 2,996 
JUN 88 2,243 319 0 2,562 
MAY 88 1,316 278 0 1,594 
APR 88 1,258 188 0 1,446 
MAR 88 1,025 183 0 1,208 
FEB 88 803 243 0 1,046 
JAN 88 918 226 0 1,144 
DEC 87 993 179 0 1,172 
NOV 87 1,249 296 0 1,546 
OCT 87 1,321 496 0 1,818 
SEP 87 2,320 574 0 2,894 
AUG 87 1,990 352 0 2,342 

DISTRICT· CITY OF PEARLAND 

MO/YR RESIDENT COMMERCIAL INDUSTRIAL TOTAL 
INSTITUTIONAL 

--------------------------------------------------------
JUL 88 55,437 15,568 0 71,006 
JUN 88 58,766 18,743 0 77,510 
MAY 88 40,516 13,357 0 53,873 
APR 88 37,360 14,558 0 51,919 
MAR 88 37,937 15,280 0 53,217 
FEB 88 33,241 14,067 0 47,309 
JAN 88 37,705 15,382 0 53,087 
DEC 87 32,595 13,645 0 46,241 
NOV 87 37,350 15,940 0 53,291 
OCT 87 35,681 18,741 0 54,422 
SEP 87 58,443 19,002 0 77,446 
AUG 87 58,359 18,314 0 76,674 

DISTRICT· OUAII. VALLEY MIJD 

MO/YR RESIDENT COMMERCIAL INDUSTRIAL TOTAL 
INSTITUTIONAL 

--------------------------------------------------------
JUL 88 53,938 4,476 0 58,414 
JUN 88 48,955 4,044 0 53,000 
MAY 88 34,590 3,159 0 37,750 
APR 88 30,524 2,273 0 32,798 
MAR 88 29,675 1,948 0 31,623 
FEB 88 26,447 1,890 0 28,338 
JAN 88 29,084 2,363 0 31,448 
DEC 87 26,732 2,463 0 29,196 
NOV 87 36,467 3,412 0 39,880 
OCT 87 37,709 4,166 0 41,876 
SEP 87 65,754 4,911 0 70,666 
AUG 87 51,737 4,441 0 56,178 



TABLE 3 CONTINUED 
ESTIMATED WATER SALES FOR INDIVIDUAL DISTRICTS BY USER 
CATEGORY(1000 gal.) Use months Aug 87 - July 88 

DISTRICT· SOUTHWEST HARRIS cormTY MUD 1 

MO/YR RESIDENT COMMERCIAL INDUSTRIAL 
INSTITUTIONAL 

TOTAL 

----------------------------------------------------------
JUL 88 4,033 ° ° 4,033 
JUN 88 4,610 ° ° 4,610 
MAY 88 4,080 ° ° 4,080 
APR 88 2,361 ° ° 2,361 
MAR 88 3,251 ° ° 3,251 
FEB 88 2,456 ° ° 2,456 
JAN 88 2,927 ° ° 2,927 
DEC 87 2,734 ° ° 2,734 
NOV 87 6,494 ° ° 6,494 
OCT 87 2,819 ° ° 2,819 
SEP 87 4,252 ° ° 4,252 
AUG 87 5,696 ° ° 5,696 

DISTRICT· THUNDERBIRD lITII.ITY DISTRICT 

MO/YR RESIDENT COMMERCIAL INDUSTRIAL TOTAL 
INSTITUTIONAL 

JUL 88 30,902 3,463 ° 34,366 
JUN 88 32,830 3,300 ° 36,131 
MAY 88 21,868 2,765 ° 24,633 
APR 88 18,458 2,896 ° 21,355 
MAR 88 17,175 2,805 ° 19,981 
FEB 88 16,125 3,348 ° 19,473 
JAN 88 15,838 2,660 ° 18,498 
DEC 87 20,265 2,672 ° 22,938 
NOV 87 20,571 3,454 ° 24,026 
OCT 87 21,192 3,488 ° 24,681 
SEP 87 43,084 3,705 ° 46,790 
AUG 87 31,485 5,073 ° 36,559 

(1) . OTHER REPRESENTS WATER USED FOR GOLF COURSES, ECT. 
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TABLE 4 
NUMBER OF CONNECTIONS AND ADDITIONS PER YEAR 

AREA DESIGNATION 

BLUE RIDGE WEST MUD 
BRAZORIA COUNTY MUD 1 
BRAZORIA COUNTY MUD 2 
BRAZORIA COUNTY MUD 4 
BRAZORIA COUNTY MUD 5 
FIRST COLONY MUD 9 
FORTBEND COUNTY MUD 26 
FORTBEND COUNTY MUD 42 
FORTBEND COUNTY MUD 47 
FORTBEND COUNTY MUD 48 
FORTBEND COUNTY MUD 49 
FORTBEND COUNTY WCID 2 
HARRIS COUNTY MUD 122 
HARRIS COUNTY WCID FONDREN ROAD 
MEADOW CREEKMUD 
PALMER PLANTATION MUD 1 
PEARLAND 
QUAIL VALLEY UD 
SOUTHWEST HARRIS COUNTY MUD 1 
THUNDERBIRD UD 

CONNECTIONS ADDITIONS 
(JULY 1988) (AUG. 87 - JULY 88) 

RES. COMM. IND. 1 RES. COMM. IND. 1 
-------------------------------1--------------------------I 

2,520 28 0 0 0 0 
393 9 0 0 0 0 

88 10 0 0 0 0 
311 1 0 44 0 0 
633 2 0 0 0 0 
367 1 0 55 1 0 
628 29 0 35 4 0 
177 7 0 93 -1 0 

59 5 0 0 0 0 
42 1 0 0 0 0 
920 110 

2,245 673 352 17 7 4 
44 0 0 0 0 0 

914 3 3 0 0 0 
646 12 0 16 8 0 
146 7 0 58 4 0 

5,169 585 0 167 8 0 
3,294 105 0 27 -26 0 

452 2 0 0 0 0 
1,699 44 0 18 -2 0 

SOURCE: CONNECTIONS AND ADDITIONS PER YEAR WERE REPORTED BY 
INDIVIDUAL UTILITY DISTRICTS 

CD 
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TABLE 5 

WATER PRODUCTION INFORMATION FOR ACTIVE PUBLIC WATER SYSTEMS 

AREA DESIGNATION 

BLUE RIDGE WEST MUD 
BRAZORIA COUNTY MUD 1 

BRAZORIA COUNTY MUD 2 

BRAZORIA COUNTY MUD 4 
BRAZORIA COUNTY MUD 5 

FIRST COLONY MUD 9 
FORT BEND COUNTY MUD 26 

FORT BEND COUNTY MUD 42 

FORT BEND COUNTY MUD 47 

FORT BEND COUNTY MUD 48 

FORT BEND COUNTY MUD 49 
FORT BEND COUNTY WC'ID 2 

HARRIS COUNTY MUD 122 

WATER PRODUCTION 

FOR LAST YEAR 

8/87-7/88 

(MGAL/YR) 

291. 809 

AVERAGE WATER AVERAGE MONTHLY 

PRODUCTION FOR WATER PRODUCTION 

LAST 2 YEARS FOR LAST 2 YEARS 

(MGAL/YR) (MGAL/MO) 

280.141 23.395 
"DISTRIBUTION ONLY NA NA 
85.773 69.466 5.788 

33.173 30.315 2.526 
92.510 81.111 1.064 

69.335 48.140 4.061 
79.940 76.828 .602 
29.907 NA 1. 665 (2) 

38.839(1) NA 2.648(2) 

"DISTRIBUTION ONLY NA NA 
"DISTRIBUTION ONLY NA NA 

14.289(1) 929.234 (1) 71.212 (2) 

NA NA .421 (2) 

HARRIS COUNTY WCID FONDREN RD NA NA NA 
MEADOWCREEK MUD 106.418 NA 8.868(2) 

PALMER PLANTATION MUD 1 36.490 NA 3.040(2) 

PEARLAND 962.956 892.491 74.314 

QUAIL VALLEY UD 619.314 629.103 52.425 
SOUTHWEST HARRIS COUNTY MUD 1 'DISTRIBUTION ONLY NA NA 
THUNDERBIRD UD 281.933 NA 23.411(2) 

1. WATER PRODUCTION WAS ESTIMATED DUE TO 1 OR 2 MONTHS OF MISSING DATA. 

2. DATA WAS BASED ON THE AVERAGE MONTHLY WATER PORDUCTION FOR THE LAST YEAR 

AVERAGE 

DAILY USE 

(MGPD) 
(3) 

0.754 

NA 

0.189 
0.082 

0.238 

0.172 

0.210 
0.082 

0.099 

NA 
NA 

2.539 

0.014 

NA 
0.294 

0.100 

2.441 
1. 619 

NA 

0.692 

3. AVERAGE DAILY USE AND PEAK DAILY USE BASED ON TWO YEARS OF DATA WHEN AVAILABLE 

SOURCE: MONTHLY OPERATING REPORTS FROM THE TEXAS DEPARTMENT OF HEALTH. 

PEAK PEAK TO 

DAILY USE AVERAGE DAILY 

(MGPD) USE RATIO 
(3) 

1.415 1.81 

NA NA 
0.801 4.22 
0.144 1.14 
0.603 2.53 
1.072 6.23 
0.552 2.62 
0.371 4.62 
0.456 4.60 

NA NA 

NA NA 
4.305 1. 69 
0.026 1. 85 

NA NA 
0.815 2.98 
0.158 1.58 
4.115 1.71 
3.544 2.11 

NA NA 
1. 152 2.53 

UNACCOUNTED 

FOR WATER 
, PRODUCTION 

10 

NA 

02 

01 

01 

30 

2 

2 
1 

1 
0 

15 

10 

NA 
5-8 

4 

24 
08 

6 

10 

OJ 
I ... 
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TABLE 6 
WASTEWATER FLOW INFORMATION 
AUG 1987 - JULY 1988 

AREA DESIGNATION 

BLUE RIDGE WEST MUD 
BRAZORIA COUNTY MUD 1 
BRAZORIA COUNTY MUD 2 + 3 
BRAZORIA COUNTY MUD 4 + 5 
FIRST COLONY MUD 9 + 

FORT BEND COUNTY MUD 42 
FORT BEND COUNTY MUD 26 
FORT BEND COUNTY MUD 47 + 

FORT BEND COUNTY MUD 48 
FORT BEND COUNTY WCID 2 
FORT BEND COUNTY MUD 49 + 

PALMER PLANTATION 
HARRIS COUNTY MUD 122 
HARRIS COUNTY WCID FONDREN RD 
MEADOWCREEK MUD + 

QUAIL VALLEY UTILITY + 
THUNDERBIRD UTILITY 

PEARLAND LONGWOOD 
PEARLAND BARRYROSE 
SOUTHWEST HARRIS COUNTY MUD 1 

SOURCE: WALSE ENGINEERING 

AVERAGE DAILY 
VOLUME OF 

WASTEWATER TREATED 
(MGD) 

0.656 
0.093 

NA 
0.155 
0.138 

0.200 
0.040 

2.300 
0.051 

0.006 
0.287 
1.900 

0.818 
1.530 
0.160 

PEAK DAILY 
WASTEWATER 

VOLUMES 
(MGD) 

1. 014 
0.144 
0.100 
0.276 
0.236 

0.300 
0.060 

4.230 
0.133 

0.016 
0.580 
2.310 

2.040 
3.100 
0.237 

PERMIT LIMIT 
FOR AVERAGE 
DAILY FLOW 

(MGD) 

1. 00 
0.15 
0.20 
0.38 
0.30 

0.50 
0.40 

4.50 
0.20 

0.25 
0.60 
4.00 

1. 75 
2.25 
0.40 

PERMIT LIMIT 
FOR PEAK DAILY 

WASTEWATER VOLUME 
(MGD) 

2.50 

1. 33 
0.60 

2.50 
0.60 

11. 25 
0.50 

0.60 
1. 80 

4.38 
5.63 
1. 20 

tD 
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TABLE 7 
WASTEWATER CUSTOMER INFORMATION 

AREA DESIGNATION 

BLUE RIDGE WEST MUD 
BRAZORIA COUNTY MUD 1 
BRAZORIA COUNTY MUD 2 
BRAZORIA COUNTY MUD 4 
BRAZORIA COUNTY MUD 5 
FIRST COLONY MUD 9 
FORT BEND COUNTY MUD 26 
FORT BEND COUNTY MUD 42 
FORT BEND COUNTY MUD 46 
FORT BEND COUNTY MUD 47 
FORT BEND COUNTY MUD 48 
FORT BEND COUNTY MUD 49 
FORT BEND COUNTY WC&ID 2 
HARRIS COUNTY MUD 122 

PERCENTAGE OF 
WATER CUSTOMERS 

WHO ARE 
SEWERED BY THE 

DISTRICT WASTEWATER 
TREATMENT SYSTEM 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

99 
100 

HARRIS COUNTY WC&IC FONDREN RD 97 
MEADOWCREEK MUD 100 
PALMER PLANTATION MUD 1 100 
PEARLAND 99 
QUAIL VALLEY UD 99 
SOUTHWEST HARRIS COUNTY MUD 1 99 
THUNDERBIRD UD 100 

SOURCE: INDIVIDUAL UTILTIY OPERATORS 

PERCENTAGE OF 
WATER CUSTOMERS 

WHO HAVE 
PRIVATELY OWNED 

SEWAGE 
DISPOSAL SYSTEMS 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
3 
0 
0 
1 
1 
1 
0 

PERCENTAGE OF 
WATER CUSTOMERS 

WHO ARE 
SEWERED BY THE 

ANOTHER WASTEWATER 
TREATMENT SYSTEM 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0:1 
I 
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TABLE 8 
EXISTING WATER SUPPLY SYSTEMS 
BBWA SERVICE AREA 

AREA DESIGNATION 

BLUE RIDGE WEST MUD 
BRAZORIA COUNTY MUD 1 
BRAZORIA COUNTY MUD 2 
BRAZORIA COUNTY MUD 4 
BRAZORIA COUNTY MUD 5 
FIRST COLONY MUD 9 
FORT BEND COUNTY MUD 26 
FORT BEND COUNTY MUD 42 
FORT BEND COUNTY MUD 46 
FORT BEND COUNTY MUD 47 
FORT BEND COUNTY MUD 48 
FORT BEND COUNTY MUD 49 
FORT BEND COUNTY WCID 2 
HARRIS COUNTY MUD 122 
HARRIS COUNTY WCID FONDREN ROAD 
MEADOWCREEK MUD 
PALMER PLANTATION MUD 1 
PEARLAND 
QUAIL VALLEY UD 
SOUTHWEST HARRIS COUNTY MUD 1 
THUNDERBIRD UD 

TOTAL 
PUMPING CAPACITY 

(GPM) 

4,500 
DISTRIBUTION ONLY 

1,360 
DISTRIBUTION ONLY 

1,800 
3,500 
2,000 
1,500 

ONLY TESTED 
1,200 

DISTRIBUTION ONLY 
DISTRIBUTION ONLY 

9,000 
DISTRIBUTION ONLY 

2,850 
3,000 
1,500 
7,600 

11,000 
DISTRIBUTION ONLY 

6,550 

TOTAL WELL/RAW 
WATER PUMPING 

CAPACITY, (GPM) 

2,400 
NA 

1,100 
600 
800 

2,000 
1,350 
1,000 

NA 
700 

NA 
NA 

5,025 
NA 

2,440 
800 

1,300 
5,370 
5,200 

NA 
2,750 

PERCENT OF WATER 
SUPPLY CONNECTIONS 

METERED 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

SOURCE: TEXAS DEPARTMENT OF HEALTH, DIVISION OF WATER HYGIENE - WATER SYSTEM DATA. 
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TABLE 9 
HIGH VOLUME WATER CUSTOMERS 
BBWA SERVICE AREA 

AREA DESIGNATION 

FORT BEND COUNTY WClD 2 

FORT BEND COUNTY 26 

FORT BEND COUNTY 42 

MEADOWCREEK MUD 

PALMER PLANTATION 

THUNDERBIRD UD 

8-23 

MAJOR HIGH VOLUME 
CUSTOMERS 

CUSTOMER GAL/MONTH 

COPPER FLOW CONTROL 2,500,000 
TRI-GAS 1,125,000 

QUICARN WEST 588,825 

MOBILE OIL 62,500 

QU LIMITED 170,625 

FT. BEND COUNTY ISO. 126,006 

FT. BEND HOSPITAL 86,981 

NOTE: IF NOT LISTED THERE ARE NO HIGH VOLUME CUSTOMERS REPORTED 
BY THE PUBLIC WATER SYSTEM OPERATORS. 

1 



TABLE 10 
PUBLIC WATER SYSTEM REVENUE SOURCES 

AREA DESIGNATION 

AVERAGE ANNUAL 
REVENUES FROM 
WATER RATES($) 

AVERAGE ANNUAL 
REVENUES FROM 
SEWER RATES ($) 

AVERAGE ANNUAL AVG. ANNUAL REV. 
REV. FROM OTHER FROM NON-RATE 
SOURCES ($) (11 DERIVED SOURCES ($) 

BLUE RIDGE WEST MUD 258,166 172,312 149,396 
BRAZORIA COUNTY MUD 1 58,007 27,169 49,764 
BRAZORIA COUNTY MUD 2 27,576 10,328 11,672 
BRAZORIA COUNTY MUD 4 48,181 34,138 47,420 
BRAZORIA COUNTY MUD 5 97,639 83,723 10,458 
FIRST COLONY MUD 9 68,506 63,281 64,994 
FORT BEND COUNTY MUD 26 94,121 112,421 31,347 
FORT BEND COUNTY MUD 42 38,693 26,399 53,576 
FORT BEND COUNTY MUD 46 NOT APPLICABLE 
FORT BEND COUNTY MUD 47 NOT AVAILABLE 
FORT BEND COUNTY MUD 48 9,223 3,976 2,312 
FORT BEND COUNTY MUD 49 2,149 (6) 8,400 
FORT BEND COUNTY WCID 2 697,267 617,543 149,396 
HARRIS COUNTY MUD 122 12,795 7,621 633 
HARRIS COUNTY WCID FN RD. 121 18,000 140,000 9,600 
MEADOWCREEK MUD 1'1 112,817 60,333 54,810 
PALMER PLANTATION 1 28,450 16,960 
PEARLAND 1,171,825 1,038,076 99,385 
QUAIL VALLEY UD 539,844 429,313 522,257 
SOUTHWEST HARRIS COUNTY MUD 1 106,705 (6) 67,898 
THUNDERBIRD UD 309,909 232,693 46,045 

1. INCLUDES PROPERTY TAXES, PENALTY AND INTEREST, TAP CONNECTION AND SEWER 
INSPECTION FEES, INTERESTS ON DEPOSITS, OPERATING FEES, WATER CAPACITY LEASE 

2. REVENUES AND EXPENDITURES REPORTED BY MANAGER OR OPERATOR OF UTILITY DISTRICT 
3. DEVELOPER CONTRIBUTIONS 
4. INTERFUND TRANSFER AND DEVELOPER ADVANCES 
5. SPECIAL REVENUES AND PARTICIPANT CONTRIBUTIONS 
6. WHEN THERE IS NO NUMBER ENTERED IN THE WASTEWATER COLUMN ONLY COMBINED 

WATER AND WASTEWATER REVENUES WERE AVAILABLE. 

41,166 

21,500 

52,900 
30,150 

8,169 

566,940 

SOURCE 
(SEE NOTE) 

5 

3 

3 
3 

4 

5 

SOURCE: REVENUES AND EXPENDITURES WERE OBTAINED FROM THE YEARLY FINANCIAL REPORTS FOR EACH DISTRICT 
UNLESS OTHERWISE NOTED. 
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TABLE 11 
PUBLIC WATER SYSTEMS OPERATING COSTS 

AREA DESIGNATION 

BLUE RIDGE 
BRAZORIA COUNTY MUD 1 
BRAZORIA COUNTY MUD 2 
BRAZORIA COUNTY MUD 4 
BRAZORIA COUNTY MUD 5 
FIRST COLONY MUD 9 
FORT BEND COUNTY MUD 26 
FORT BEND COUNTY MUD 42 
FORT BEND COUNTY MUD 46 
FORT BEND COUNTY MUD 47 
FORT BEND COUNTY MUD 48 
FORT BEND COUNTY MUD 49 
FORT BEND COUNTY WCID 2 
HARRI S COUNTY MUD 122 
HARRI S COUNTY WCID FN RD 121 

MEADOWCREEK MUD I') 
PALMER PLANTATION 1 
PEARLAND 
QUAIL VALLEY UD 

AVERAGE ANNUAL FIXED 
COSTS OF OPERATIONS 

($) 111 

125,227 
55,296 
13,036 
16,192 
21,912 
16,077 
30,626 
10,177 
NOT APPLICABLE 
NOT AVAILABLE 

5,556 
5,724 
8,939 
8,802 

160,000 

8,237 
508,450 

90,903 
SOUTHWEST HARRIS COUNTY MUD 1 82,522 
THUNDERBIRD UD 96,522 

AVERAGE ANNUAL VARIABLE 
COSTS OF OPERATIONS 

($) 

384,727 
123,566 

95,332 
93,760 

158,581 
159,321 
188,145 
129,199 

42,745 
34,975 

140,000 
89,309 

140,000 
207,563 

77,595 
1,448,539 

190,185 
84,230 

608,643 

1. INCLUDES ITERIM LEASE OR CONTRACTURAL SERVICES 

2. EXPENDITURES REPORTED BY UTILITY DISTRICT OPERATOR OR MANAGER 

AVERAGE ANNUAL WATER OR 
WASTEWATER REVENUES 

FOR OTHER PURPOSES ($) 

82349 

NOTE: REVENUES AND EXPENDITURES OBTAINED FROM ANNUAL FINANCIAL REPORTS UNLESS 
OTHERWISE NOTED. 
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TABLE 12 
WATER AND WASTEWATER RATE STRUCTURES 

WATER 

DISTRICT TYPE OF CONNECTION WAI~~~~AGt ~~rrA~~}MI:" I 

BLUE RIDGE WEST MUD RES I DENTI AL FIRST BOOO 1 7.00 I4INIIU4 
BOOO-1SODO 1. 0011000 GAL 
OVER 1S000 $ 1. 25/1000 GAL 

COMMERCIAL AND GOVERNMENTAL FIRST BOOO 
BOOO-15000 
OVER 15000 

NONPROFIT FLAT RATE $15.00/1000 GAL 

BRAZORIA COUNTY IIJD 1 RESIDENTIAL. SF FIRST 10000 $14. SO I4INII4lI4 
10000-20000 1 1.00/1000 GAL 
OVER 20000 1. 25/1000 GAL 

RES I DENTI AL. If' WH I CHEYER I S MORE SINGLE RATE OR $1l:S< 
TIMES THE NlMlER OF 
RESIDENTS 

CIM4ERCIAL FIRST 10000 $23.00 I4INII4lI4 
OVER 10000 $ 1. 0011000 GAL 

NONPROFIT CONSTANT RATE $ 0.55/1000 GAL 

BRAZORIA COUNTY MUD 2 RES IDENTI AL • SF FIRST SOOO $ 8.00 I4INII4lI4 
5000-10000 1 1.00/1000 GAL 
10000-20000 1. 2511000 GAL 
OVER 20000 $ 1. SO/1000 GAL 

RESIDENTIAL. I4F WHICHEVER IS MORE SINGLE RATE OR $ll.5C 
TI MES THE NlI4BER OF 
RESIDENTS 

COMMERCIAL FIRST 10000 123.00 I4INII4114 
OVER 10000 1. 00/1000 GAL 

NONPROFIT CONSTANT RATE $ 0.55/1000 GAL 

BRAZORIA COUNTY MUD 4 RESIDENTIAL. SF 3000-5000 f 1.00/1000 GAL 
OVER 5000 0.85/1000 GAL 

RESIDENTIAL. I4F FIRST 3000 $ 7.50 FLAT 
AND C<M4ERCIAL OVER 3000 $ 0.85/1000 GAL 

) 

SEWER 

WAT~~~~AGt AMOU~~rrA~;)MENT 

FLAT RATE $ 8.00 I4INII4lI4 

FIRST BOOO 1 1.00/1000 GAL 
BOOO-15OO0 1.2511000 GAL 
OVER 15000 $15.00/1000 GAL 

ANY QUANTITY $12.00 

FLAT RATE $ 5.50 

FLAT RATE $ 5.50/UNIT 

WHICHEVER IS GREATER 123.00 I4INII4114 
1. 00/1000 GAL 

FIRST 5000 $10.00 
OVER 5000 $ 0.SO/1000 GAL 

FLAT RATE $ 5.50/UNIT 

WHICHEVER IS MORE 123.00 I4INII4114 OR 
1.00/1000 GAL 

FLAT RATE $ 9.50/MONTH 

FIRST $9000 $ 9.50/MONTH 
OVER $9000 $ 1. 00/1000 GAL 

- -----
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TABLE 12 (Continued) 

WATER 

DISTRICT TYPE OF CONNECTION 1I1\1~~~~1\1iI: 1\MUU7 ~t'tARS; 1'11:" I 

BRAZOR IA COUNTY MUD 5 RESIDENTIAL AND COMMERCIAL FIRST 5000 110.00 MINIMlJ4 
OVER 5000 1. 2511000 GAL 

GAL/UNIT 

FIRST COLONY MUD 9 RESIDENTIAL AND COMMERCIAL SERVICE CHARGE 110.00 MINIMlJ4 + 
0.88/1000 GAL 

BUILDER CONNECTIONS FLAT RATE $10.00 

FORT BEND COUNTY MUD 26 RESIDENTIAL FIRST 1000 14.50 MINIMlJ4 
1001-20000 0.70/1000 GAL 
OVER 20000 1.41/1000 GAL 

COI4ERCIAL FIRST 1000 $ 6.75 MINIIUI 
1001-20000 11.1511000 GAL 
OVER 20000 1.4011000 GAL 

FORT BEND COUNTY MUD 42 RESIDENTIAL. SF FIRST BOOO 114.00 MINIIUI 
OVER 8000 0.7511000 GAL 

RESIDENTIAL. MF FIRST 8000 $14.00 MINIMUM 
OVER BOOO $ 0.85/1000 GAL 

COMMERCIAL FIRST 8000 120.00 MINIMUM 
OVER BODO 1.00/1000 GAL 

FORT BEND COUNTY MUD 46 RESIDENTIAL FIRST 10000 1 7.50 MINIIUI/UNIT 
OVER 10000 1.50/1000 GAL/UNIT 

COI4ERCIAL FIRST 10000 $15.00 MINIMUM 
OVER 10000 $ 1.50/1000 GAL 

TAX EXEMPT FIRST 10000 130.00 MINIMUM 
OVER 10000 3.00/1000 GAL 

FORT BEND COUNTY MUD 48 RES IDENTI AL FIRST 10000 110.00 MINIMUM 
OVER 10000 1. 50/1000 GAL 

COMMERCIAL FIRST 10000 $15.00 MINIMUM 
OVER 10000 $ 2.00/1000 GAL 

NONPROFIT FLAT RATE $ 1. 00 PER YEAR 
PAYABLE JANUARY 1 

-~ 

111\ I ~~~~1\1iI: 

FIRST 2000 

NO MINIMUM 

FLAT RATE 

FIRST 1000 
1001-20000 
OVER 20000 

FIRST 1000 
1001-20000 
OVER 20000 

FLAT RATE 

FLAT RATE 

FIRST BOOO 
OVER 8000 

FLAT RATE 

WHICHEVER IS MORE 

WHICHEVER IS MORE 

FLAT RATE 

FIRST 10000 
OVER 10000 

ANY QUANTITY 

SEWER 

1\MUU7 ~t'tARS ) nk' 

$ 7.50 MINIMlJ4 
70'.£ OF CHARGE FOR 
WATER OVER MINIMUM 
MONTHLY 

$ 1.1211000 GAL 

$10.00 

I 5.50 MINIMUM 
0.90/1000 GAL 
1. BO/1000 GAL 

$ 8.25 MINIMUM I 1.45/1000 GAL 
2.90/1000 GAL 

$15.00 

$10.00 

120.00 MINIMUM 
1. 00/1000 GAL 

$ 7.50/UNIT 

$15.00 MINIMUM OR 
$ 1.50/1000 GAL 

130.00 OR 
3.0011000 GAL 

$10.00/MONTH 

$15.00 MINIMUM 
$ 2.00/1000 GAL 

$ 1. 00 PER YEAR 
PAYABLE JANUARY 1 

, 
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TABLE 12 (ContInued) 

DISTRICT TYPE OF CONNECTION WAI~~~AijE 

FORT BEND COUNTY MUD 49 RESIDENTIAL FIRST 8000 
OVER 8000 

cotIERCIAL FIRST 8000 
OVER 8000 

FORT BEND COUNTY welD 2 RES I DENTIAL FIRST 3000 
OVER 3000 

DURING CONSTRUCTION AND TO FIRST 3000 
AVAILABILITY FOR OCCUPANCY OVER 3000 
OF ANY UNIT 

HARRIS COUNTY MUD 122 RESIDENTIAL FIRST 6000 
OVER 6000 

HARRIS COUNTY welD - RESIDENTIAL OR COMMERCIAL FIRST 8000 
FONDREN ROAD 8000-15000 

1SOOO-25OOO 
OVER 2S000 

NON-DISTRICT RESIDENTIAL FIRST 8000 
OR C<M4ERCIAL 8000-15000 

15OO0-2S000 
OVER 25000 

IEAOO«:REEK IIID RESIDENTIAL, SF FIRST 5000 
OVER SOOO 

RES I DENTI AL, MF IfiICHEVER IS GREATER 

CCMlERCIAL FIRST 5000 
OVER 5000 

PALMER PLANTATION MUD 1 RESIDENTIAL, SF FIRST 7000 
7000-10000 
10000-20000 
OVER 20000 

C<M4ERCIAL FIRST 10000 
10000-20000 
OVER 20000 

-------_ .. _----- ~ -

WATER 

~~JS)..c"1 WAT~~~)AijE 

$10.00 MINIMt14 FLAT RATE 
$ 1.00/1000 GAL 

110 .00 FIRST 8000 
1.00/1000 GAL OVER 8000 

I 3.00 MINItu4 FLAT RATE 
1.1211000 GAL 

I 3.00 MINItu4 FIRST 3000 
0.56/1000 GAL OVER 3000 

121.00 MINIIUI FIRST 20000 
1. 75/1000 GAL OVER 20000 

f1. SO MINIMt14 FIRST 8000 
0.SO/loo0 GAL OVER 8000 
0.75/1000 GAL 
1.00/1000 GAL 

$ 0.32 MINIMlJ4 FIRST 8000 I 0.50/1000 GAL OVER 8000 
0.75/1000 GAL 

$ 1.00/1000 GAL 

$11.00 MINIMlJ4 FLAT RATE 
$ 0.SO/1000 GAL 

111.00/UNIT FLAT RATE 
0.75/1000 GAL 

$15.00 MINIMt14 FIRST 10000 
$ 0.75/1000 GAL OVER 10000 

$12.00 MINIMlJ4 FLAT RATE 
11.00/1000 GAL 

1.25/1000 GAL 
$ 1. SO/1000 GAL 

115.00 MINIMlJ4 FIRST 10000 
1. 25/1000 GAL OVER 10000 

$ 1. 50/1000 GAL 
~ 

SEWER 

AMOU(~ITARS )..,111 
$10.00 MINIMlJ4 

115.00 MINIMlJ4 
1. 00/1000 GAL 

$ 7.00 MINIMlJ4 

$ 7.00 MINIMt14 
$ 0.65/1000 GAL 

125.00 MINIMlJ4 
1. 75/1000 GAL 

11l.SO MINIMlJ4 
0.SO/1000 GAL 

$32.00 MINIMlJ4 
$ 0.50/1000 GAL 

$ 8.SO/UNIT 

$ 8.SO/UNIT 

$21. 50 MINIMlJ4 
$ 0.75/1000 GAL 

$12.00/UNIT 

123.00 MINIMlJ4 
1. 0011000 GAL 

----- . ~~ 
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TABLE 12 (Continued) 

DISTRICT TYPE OF CONNECTION WII I (~~)"I>I: 

PEARLAND RESIDENTIAL FIRST 2000 
OVER 2000 

QUAil VALLEY UTILITY RESIDENTIAl. SF FIRST 10000 
DISTRICT OVER 10000 

RESIDENTIAL. MF •• HCHEVER IS GREATER 

COI4ERCIAl FIRST 10000 
OVER 10000 

SOUllt/EST HARR IS COUNTY ALL FIRST 5000 
/oIJIl 1 OVER 5000 

THUNDERBIRD UTILITY RESIDENTIAL. SF FIRST 10000 
DISTRICT OVER 10000 

RESIDENTIAL. MF ItiICHEVER IS GREATER 

COI4ERCIAL FIRST 10000 
OVER 10000 

- ~-.- - -------

WATER 

lIMUU~botLAAS )""'" I WI\ I (~~)"I>I: 

t 7. SO MINIMlI4 FIRST 2000 
1.38/1000 GAL OVER 2000 

$11. SO MINIMlI4 FLAT RATE 
$ 1. 25/1000 GAL 

t 8.SO/UNIT OR FLAT RATE 
1. 25/1000 GAL 

tI5.OO MINIMlI4 FIRST 10000 
1.25/1000 GAL OVER 10000 

$10.70 MINIIU4 FIRST 12000 
$ 0.70/1000 GAL OVER 12000 

tn.oo MINIM1J4 FLAT RATE 
1.25/1000 GAL 

t 8.SO/UNIT OR FLAT RATE 
1.2511000 GAL 

$16.00 MINIM1J4 FIRST 10000 
$ 1.25/1000 GAL OVER 10000 

SEWER 

IIMUU~ bottARS ) '""" I 

$ 7.50 MINIM1J4 
$ .966/1000 GAL , 

$12.00 

$12.00 

t15.OO MINIMlI4 I 

1. 25/1000 GAL I 

$ 8.00 MINIM1J4 
$ 0.75/1000 GAL 

$12.00/UNIT 

$12.00/UNIT 

$17.00 MINIM1J4 
$ 1. 25/1000 GAL 

OJ 
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TABLE 13 
APPLICABLE LOCAL, STATE AND FEDERAL REGULATIONS 

Brookside Village 

Ordinance No. III adopting the Southern Standard Mechanical Code. 
Ordinance No. 112-1 adopting the Southern Standard Plumbing Code. 

Missouri City 

Southern Standard Building Code. 

City of Manvel 

Southern Standard Building Code. 

Pearland 

Southern Standard Building Code, 1985. 

Note: As a public supplier of water, the utility districts must also 
follow the regulations of the following agencies. 

1. Texas Water Commission 

2. Texas Deparbnent of Health 

3. Environmental Protection Agency 

Source: Attorneys for individual utility districts. 
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4. ADEQUACY OF EXISTING WATER SUPPLY SYSTEMS 

All study area public water supply agencies currently derive water 

from groundwater sources. Treatment consists of chlorine disinfection with 

selected suppliers adding polyphosphates for corrosion control and iron and 

manganese precipitation. Water is tested according to EPA guidelines. 

A comparison of facilities provided to minimum regulatory water supply 

requirements for study area water supply agencies is shown in Table 14 on 

the following page. 



TABLE 14 
EXISTING PUBLIC WATER SYSTEMS EVAULATION 

EXISTING CONDITIONS REGULATORY REOUIREMENT 
I NO. PUMPING WELL TOTAL I PUMPING WELL TOTAL 

AREA DESTINATION I CONN. (1) CAP. (GPM) CAP. (GPM) STOR. (MG) I CAP. (GPM) CAP. (GPM) STOR. (MG) I 
------------------------------------------------------------------------------------------------------------I 
BLUE RIDGE WEST MUD 2018 4500 2400 0.95 4036 1211 0.404 I 
BRAZORIA COUNTY MUD 1 AND 2 425 1360 1100 0.515 850 255 0.085 I 
BRAZORIA COUNTY MUD 4 AND 5 637 1800 1400 0.53 1274 382 0.127 I 
FIRST COLONY MUD 9 380 3500 2000 0.49 760 228 0.076 I 
FORTBEND COUNTY 26 644 2000 1350 0.545 1288 386 0.129 I 
FORTBEND COUNTY 42 114 1500 1000 0.375 228 68 0.228 I 
FORTBEND COUNTY 47 AND 48 101 1200 700 0.255 202 61 0.02 I 

PALMER PLANTATION MUD I 
FORTBEND COUNTY 49 + 114 1500 1300 0.44 228 68 0.288 I 
HARRIS COUNTY WCID FN RD. 911 2850 2440 0.761 1822 547 0.182 I 
MEADOW CREEK MUD 611 3000 800 0.32 1222 367 0.122 I 
CITY OF PEARLAND 5186 7600 5370 3.98 10382 3112 1.037 I 
QUAIL VALLEY 2779 11000 5200 3.22 5558 1667 0.556 I 
SOUTHWEST HARRIS COUNTY 1 452 904 271 0.09 I 
THUNDERBIRD UD 1750 6550 2750 1. 504 3500 1050 0.35 I 

(1) TDH REQUIREMENTS: PUMPING CAPACITY - 2.0 GPM 
(2) NUMBER OF ACTIVE SERVICES AS OF JULY 1988 
(3) DISTRIBUTION ONLY 

SOURCE: MONTHLY OPERATING REPORTS, TEXAS DEPARTMENT OF HEALTH 

co 
I 

W 
N 



B-33 

The Texas Department of Hea 1 th reported the follow; ng problems at 

existing study area water plants between August 1987 through July 1988. 

o TNTC and or confl uent growths found at 1 east once ; n bacteri 0-

logical analysis for the following districts: Meadowcreek MUD, 

Palmer Plantation MUD 1, Fort Bend County MUD 26. 

o Coliforms found in bacteriological analysis for Fort Bend County 

WCID District 2. 

o Failure to meet the minimum total capacity of .6 gpm per connec­

tion with 2 or more wells or provide a secondary source for 

Brazoria County MUD 2. 

o Failure to maintain a residual of 0.2 to 0.5 mg/1 in the far 

reaches of the system by Harris County WCID Fondren Road. 

All of the listed problems were corrected. 
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5. AVERAGE, SEASONAL AND PEAK USE PATTERNS 

Seasonal water use rates for study area water supply agencies are gra­

ph1ca11y presented 1n F1gures 2 through 16 of the following pages. Water 

use in these fac11ities follow typ1ca1 patterns of h1gher use during summer 

months. The compos1ted peak summer month to average annual month ratio 1s 

3.1:1. This ratio 1s slightly higher than normal, which is considered to 

be 2.4:1. 

6. UNACCOUNTED WATER, LIKELY CAUSES 

Monthly water product10n and water sales information between August, 

1987 and July, 1988, for study area water supply agencies is graphically 

presented in Figures 2 through 16 on the following pages. 

The difference between water production and metered water sales is 

termed "Unaccounted WaterH. As shown in Table 5, Page 8-19, unaccounted 

water for exist1ng study area water systems range from 0.1 percent to 24 

percent of water produced. Unaccounted water loss can be attributable to a 

var1ety of causes, as follows: 

o Flushing of water mains; 

o Unmetered fire flows; 

o Inaccurate meters; 

o System leaks; 

o Unauthor1zed water use 

o Unmetered water sales (not ant1c1pated to be a major concern in 

study area). 
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7. LIMITS OF EXISTING SUPPLY/POTENTIAL NEW SOURCES 

Currently, study area groundwater suppl ies are obtained from the 

Chi cot and Evangel ine aquifers. The safe annual yield obtained from the 

Texas Water Development Board for these aquifers is 50,400 acre-feet for 

Brazoria County and 79,033 acre-feet for Fort Bend County. The yield for 

the Fort Bend County aquifer includes the Brazos River Alluvium. A report 

prepared by McBride-Ratcl iff and Associates, Inc. for Lockwood, Andrews & 

Newnam, Inc. estimated that the potentiometric surface of the 9roundwater 

will fall between 80 and 200 feet over the 50 year study period at with­

drawal rates equal to the predicted future demands. Also, subsidence is 

estimated to be between 3 to 6 feet over the next 50 years. Salt water 

intrusion could also become a problem in the near future as a result of 

hydraulic and concentration gradients from salt domes and sea water toward 

the study area. 

8. WASTEWATER COLLECTION AND TREATMENT SYSTEM 

Currently, the majority wastewater from study area water systems is 

treated at City of Pearland and utility district wastewater treatment 

plants (see Table 7, Page B-21). These systems have sewer collection sys­

tems with a centralized treatment plant. Brookside Village, Manvel and 

rural developments within the study area use septic systems for sewage 

treatment and disposal. 
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9. SUPPLY AND DEMAND MANAGEMENT POTENTIALS 

Water conservation methods can be divided into two (2) categories, 

supply and demand management. Supply management is management from the 

di stribution side of the customer meter. Supply management encourages 

metering and meter repair, leak detection, pressure regulation and reuse. 

Demand management is obtained through pricing, regulation, and education of 

water use, to each individual customer. These provide incentives for the 

customer to conserve water. 

Supply Management Methods 

Metering and Meter Repair 

Currently, all public water supply agencies within the study area 

meter customer water consumption. As a wholesaler or water sup­

ply, the Brazos Bend Water Authority will need to meter customer 

water use as a basis for collecting revenue. Meters become inac­

curate or inoperable with the passage of time and should be 

tested periodically to insure thei r accuracy. A typical meter 

testing program could be as follows: 

1. Production (master) meters - test once a year. 

2. Meters larger than 1 inch - test once a year. 

J. Meters 1 1nch or smaller - test every 10 years. 
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Meter testing combined with meter repair and replacement can save sig-

nificant quantities of water. In addition, utilities may be able to 

identify previously unbilled customers and generate additional revenues. 

Leak Detection and Repair 

A continuous leak detection, location, and repair program can be 

an important part of a water conservation plan. Currently most 

existing water supply agencies within the study area only use 

visual inspection for leak detection. When leaks show up at the 

surface, citizens or city employees report the leaks and they are 

subsequently repaired. However, regular water accounting can 

indicate that less obvious leaks are occurring. Leak detection 

as well as water accounting should become an integral part of a 

utility districts water conservation program if one is not cur­

rently being employed. The following leak detection program 

could be utilized. 

1. Monthly water use accounting by the billing department; 

2. Visual inspection of meter facilities by utility employees 

when reading meters: 

3. Adequate staff to repair leaks if detected: and 

4. Periodic use of leak detection devices such as electronic 

sonic devices. 

Leak detection program expense should be quickly recovered in 

areas where unaccounted for water is high. As funds become 
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available, the Authority could purchase leak detection and meter 

testing equipment and hire personnel to assist utility customers 

with leak detection and meter testing programs. 

Recycling/Reuse 

The Authority and its customers should evaluate the potential for 

recycl ing and reuse. Typical candidates for reuse are treated 

effluents used for irrigation or the recycling of cooling water. 

Because the study area is composed mainly of residential custo­

mers, recycling of cooling water is not a significant option. 

However, treated wastewater effluent for irrigation of golf 

courses or other public faci1 ities should be carefully consid­

ered. 

Demand Management Methods 

Education and Information 

As previously noted, the majority of water produced by study area 

water supply utl1ities is consumed by residential users. 

Education programs to inform the public of water saving tech­

niques could be a very effective water conservation tool in the 

study area and could be implemented at a relatively low cost. 

Information regarding individual water saving measures is readily 

available at both the State and local level. The Authority could 

act as a clearing house for this material for distribution to its 
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utility customers. Individual water saving can be achieved 

through plumbing modifications, water conserving landscape design, 

efficient irrigation practices, and by changes in individual use 

habits. Attachment "1" at the back of this report lists water 

savings methods that can be practiced by the individual water 

user. 

Water Conserving Plumbing Code 

All municipal ities within the study area have currently adopted 

the Southern Building Code International which includes a water 

conserving plumbing code. For new public water systems, the 

following standards should be considered for new construction and 

replacement of existing plumbing fixtures since they are readily 

available products and they do not involve additional cost when 

compared to standard fixtures: 

Tank-type toilets 
Flush valve toilets 
Tank-type urinals 
Flush valve urinals 
Shower heads 
Lavatory and kitchen 

faucets 
All hot water lines 
Swimming pools 

- No more than 3.5 gallons per flush 
- No more than 3.0 gallons per flush 
- No more than 3.0 gallons per flush 
- No more than 1.0 gallons per flush 
- No more than 3.0 gallons per minute 
- No more than 2.75 gallons per minute 

- Insulated 
- New pools must have recirculating 

filtration equipment 
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Retrofit Programs 

The Authority and its uti 1 ity customers could make information 

available through education programs to encourage individual 

users and plumbers to purchase water saving fixtures. The 

Authority could provide kits with retrofit devices (such as 

toilet dams, low flow shower heads and faucet aerators) free or 

at a reduced price to customers as funds become available. 

Water Rate Structures 

Many publ ic water supply agencies within the study area are 

currently employing a conservation-oriented water rate structure 

(see Tab 1 e 12, pages B-26 through B-29). In th is type of rate 

structure, the price per unit of water increases in steps or 

blocks as customer use levels increase. The lower block limit 

should be set at a value that corresponds to minimum residential 

water requirements. The next block should cover all normal or 

average water users and the last block should increase the rate 

enough to discourage excessive water users. It is expected that 

all public water supply agencies will eventually convert to an 

increasing rate structure as the transportation and purchasing 

cost for water increase. 
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10. WATER REDUCTION AND COST ANALYSIS 

Table 15, Page B-57, presents an estimate of short term water reduc­

tion and cost savings associated with authority water conservation 

measures. The reduction factors were derived from Gri sham, Al ice and 

Fleming, M., "Long-term options for Municipal Water Conservation", AWWA, 

March 1989. The reduction factors assume 100 percent participation, which 

is unreasonable. The expected BBWA participation was estimated to obtain a 

new reduction factor. The percentage of water reduction as a result of 

each method, the resulting loss or gain in revenues, and the cost of hard­

ware are also illustrated in Table 15. 

The water conservation methods outlined in Table 15 are estimated to 

result in a 4.3 percent reduction in water use and a $47,226.93 net gain in 

revenue. The assumption of a 4 percent increase in revenues due to meter 

repair, testing, and maintenance accounts for most of the revenue gain. If 

only a 2 percent increase in revenue is assumed, the water conservation 

methods are estimated to result in a small loss. 



CONSERVATION METHOD ~ REDUCTION 

Education and Infonlltion 5 

Rate Structure 10 

Meter Repa1r and Testing 10 

Leak Repair and 8 
Accounting Systee 

PI ullb1 ng Codes 5 

Retrof1t Progra. and 5 
Water Sav1ng Devices 

Recycling and Reuse 10 

TOTAL 

TABLE 15 

BBWA STOOY AREA 
WATER REDUCTION AND COST ANALYSIS 

"toW 
EXPECTED BBWA PARTICIPATION ~ REDUCTION 

AssUie 20 percent of the popula- 1.0 
tion participates in water 
saving activit1es around the 
hoM. 

Assu .. 10 ~ercent of the d1s- 2.0 
tricts 8IP oy new rate 
structures. 

ASSUDe 4 percent increase in ---
revenues. 

Assu .. 3 percent lOre leaks are .3 
detected than at present and 
repaired. 

Assu .. all new construction .5 
use low flow dev1ces. Will have 
11ttle effect because the 
Southern Bulld1ng Code 15 
currently .-ployed. 

Assu.. 10 percent of the .50 
populat10n part1c1pates. 

Assu.e 0 percent. Not 0 
applicable 1n this area. 

4.3~ 

lLUS1) OR GAINED CUS 1 ut Hl\l(UWAKt "t I Q1I\NI>t 
REVENUES OR IMPLEMENTATION IN REVENUE 

0 $ 18,000(2) $(18,000.00) 

0 0 0 

$270,969.24 $ 80,000 $190,969.20 

0 $ 40,000 $(40,000.00) 

$(33,871.16) 0 $(33,871.10) 

$(33,871.16) $ 8,000 $(51,871.10) 

0 0 0 

$203,226.92 $156,000 $ 47,226.93 

Note: 1. Source of reduction factors, Gris~, Al1ce and Fleming, M., "Long-Ter. Options for Mun1c1pal Water Conservation", AWWA, March 1989. 
2. Assu.'ng d1stribution cost are 15e/art1cle. 
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Ill. DROUGHT/EMERGENCY CONTINGENCIES 

1. INTRODUCTION 

Drought conditions have a two-fold impact on the normal availability 

of public water supplies, being: 

o Reduction of water supply resources 

o Increased customer demand as compensation for less than normal 

rainfall 

Additionally, other events can impact a public water utility's ability 

to meet customer water demand, such as contamination of water supplies and 

failures of treatment and distribution facilities. Therefore, it is 

prudent that public water supply agencies formulate plans to deal with 

temporary supply problems to assure that available supplies are equitably 

distributed to meet essential public requirements. Measures needed to deal 

with temporary water supply problems, whether caused by drought or other 

events, are briefly discussed in this section. 

2. TRIGGER CONDITIONS 

Periods of dry weather and other emergency conditions vary in length 

and severity. Typically, drought and emergency conditions are claSSified 

as mild, moderate, or severe. These conditions could be classified accor­

ding to the following criteria. 

Mild Conditions: 

Demand or plant treatment capacity at 80 percent of plant production 

capacity. 
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Moderate Conditions: 

Demand or plant treatment capacity at 90 percent of plant production 

capacity. 

Severe Conditions: 

Demand or plant treatment capacity at 100 percent of plant production 

capacity. 

3. MANAGEMENT MEASURES 

Depending on the severity of drought and/or emergency conditions, some 

to all of the following measures could be considered to manage temporary 

water supply problems: 

Public/Customer Notification 

Inform the public of Impending and actual water supply problems and 

measures Individual users can take to reduce water consumption. Keep 

the public appraised of the severity of temporary emergency condi­

tions. 

Use Restrictions 

Limit non-essential water use on a voluntary to mandatory basis. Non­

essential water use could Include lawn and landscape irrigation, car 

washing, street washing, water hydrant flushing, swimming pool use, 
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and all outdoor water use in general. Under moderate and severe emer­

gency conditions, develop mandatory hourly and daily schedules for 

non-essential water use. 

Water Use Surcharges 

By meter size classification or special user classification, develop 

standards specifying normal water consumption. Under moderate to sev­

ere emergency condi t ions, bill customers on a surcharge bas is for 

higher than normal water use. 

Civil Penalties 

Enforce mandatory water use restrictions through fines or other appro­

priate civil penalties. 

Water Rationing 

Ration water supplies equitably among water utility customers. 

Establish exceptions or variance procedures for granting relief from 

water use restrictions or rationing. 



IV. CONCLUSIONS 

1. Current estimated study area population is forecast to increase by 254 

percent by the year 2040, from 73,075 to 185,654. 

2. water produced by public water supply agencies within the study area 

is predominately sold to residential customers. 

3. Unaccounted water loss reported by public water supply agencies within 

the study area range from 0.2 percent to 24 percent of water produced. 

4. All public wastewater treatment agencies within the study area are 

currently operating within permit standards for average daily and peak 

daily flow. 

5. Almost all public water supply customers are also serviced by public 

wastewater collection and treatment facilities. 

6. All public water supply agencies within the study area use groundwater 

as a source of supply. 

7. Public water supply agencies within the study area meter customer con­

nections. 

8. Water and san1 tary sewer charges are the primary source of revenues 

for pub11c utilities with1n the study area. 
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9. Rate schedules of publ ic util ities within the study area are either 

flat rate or ascending block rate. 

10. All municipal ities within the study area have adopted the Southern 

Standard Building Code. 

11. Monthly water use reported by public water utilities within the study 

area follow typical patterns. Summer use rates are somewhat higher 

than typical. 



V. RECOMMENDATIONS 

WATER CONSERVATION PLAN 

It is reconmended that the Brazos Bend Water Authority (BBWA or 

Authority) adopt a Water Conservation Plan prior to entering into initial 

contracts for water service with the goal of achieving a 4.3% short term 

reduction in water consumption and an ultimate goal of a 10% reduction in 

customer water consumption. A program for short and long term water con­

servation is detailed below: 

SHORT TERM PROGRAM 

Prior to entering into contracts for service, BBWA shall: 

1. Provide potential customers with a copy of the Authority's 

adopted Water Conservation Program specifying Authority goals and 

detailing potential water conservation measures. 

Within one year of initiating service, BBWA shall: 

1. Provide wholesale customer with an Authority newsletter and an 

initial fact sheet outlining the BBWA conservation program, 

suitable for distribution to retail customers. 

2. Provide wholesale customers with water conservation material for 

distribution to retail customers on a minimum of two occaSions, 

in a form suitable for bill stuffers, door hangers, door-to-door 

distribution or as otherwise requested by wholesale customer. 
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3. Prepare newspaper articles, radio or television announcements 

regarding water conservation for publication and broadcast on two 

occasions within wholesale customer's service area. 

4. Prepare a water conservation educational program suitable for use 

within public and private schools in wholesale customer's service 

area. 

5. On a quarterly basis, provide wholesale customers with water con­

servation tips for distribution with retail customer billings. 

6. In association with wholesale customer, identify other measures 

and activities to inform public regarding water conservation. 

LONG TERM PROGRAM 

Following the first year program described above, BBWA shall provide 

at least two public education programs annua111y, and shall provide stan­

dards and assistance to wholesale customers in order to effect the 

Authority's long term goal of a 10~ reduction in water consumption. It is 

recommended that the Authority's long term Water Conservation Plan consist 

of the following: 

1. Public Education 

At least two of the public education programs initiated by the 

Authority and its wholesale customers during the short term pro­

gram shall be continued in subsequent years. 
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2. Water Conserving Plumbing Codes 

In order to assure that water conservation standards are included 

in plumbing codes in customer political subdivisions, the 

Authority shall adopt Water Conserving Plumbing Code Standards. 

Contracts for water service shall contain provisions requiring 

implementation of water conservation plumbing and fixture stan­

dards. Recommended fixture standards are listed below: 

Recommended Plumbing Fixture Standards 

Tank-type tOilets No more than 3.5 gallons per flush 
Flush valve tOilets No more than 3.0 gallons per flush 
Tank-type urinals No more than 3.0 gallons per flush 
Flush valve urinals No more than 1.0 gallons per flush 
Shower heads No more than 3.0 gallons per minute 
Lavatory and kitchen faucets No more than 2.75 gallons per 

minute 
All hot water lines Insulated 
Swimming pools New pools must have recirculating 

filtration equipment 

Note: All municipalities within the Brazos Bend Water 

Authority's jurisdiction have adopted the Southern Standard 

Plumbing Code. Water conservation provisions of the Southern 

Standard Plumbing Code are reproduced in Attachment 2. 

3. Water Conservation Retrofit 

The Authority, in conjunction with customer util ities, shall 

encourage local hardware stores and plumbing supply stores to 

stock retrofi t fixtures and devi ces and promote thei ruse. A 
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program to supply retrofit fixtures to retail customers at 

reduced cost shall be investigated by the Authority and its 

wholesale customers. 

4. Conservation-Oriented Rate Structure 

The Authority, in order to assure that existing and future rate 

structures implemented by participating political subdivision 

remain non-wasteful, small contractually prohibit declining block 

rate structures. 

5. Metering and Metering Repair 

Metering requirements, meter testing schedules and meter replace­

ment criteria shall be included in water supply contracts with 

parti c1pat1 ng subd1 vi s ions. It 1 s reconmended that 1 ndi vi dua 1 

meters be tested according to the following schedule: 

o Production (master) meters - test once a year 

o Meters larger than 1 inch - test once a year 

o Meters 1 inch or smaller - test every 10 years 

The Authority shall assist wholesale customers with meter testing 

equipment and/or personnel if requested. 
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6. Water Conserving Landscaping 

o The BBWA shall provide wholesale customers with information 

pertaining to water conserving landscaping measures using one 

of the methods outlined in the short term educational program. 

o Contact local nurseries and landscaping professionals to 

encourage the use of water conserving plants and landscaping 

techniques. 

7. Water Audits and Leak Detection 

The Authority shall require that participating utilities provide 

information on an annual basis regarding delivered versus total 

individual metered water consumption. The Authority shall pro­

vide leak detection and water audit assistance to customers 

experiencing high unaccounted water loss. 

8. Recycling and Reuse 

The Brazos Bend Water Authority shall consider non-potable water 

reuse alternatives in conjunction with the Authority wastewater 

facilities projects. 

IMPLEMENTATION 

It is recommended that a member of the BSWA Board or staff be selected 

to administrator of the Authority's Water Conservation Program. The admin­

istrator shall work with each utility in a cooperative effort to ensure 

program implementation. 
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The Authority Administrator, as well as a designated person at each 

utility customer, shall submit an annual report to the Texas Water 

Development Board which, as a minimum, will include the following informa­

tion: 

o Progress of the implementation of the program; 

o Response to the program by the public; and 

o Quantitative effectiveness of the plan. 

The program shall be enforced by contractual agreement between the 

Brazos Bend Water Authority and its customers. 
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DROUGHT/EMERGENCY CONTINGENCY PLAN 

It is reconmended that the Authority adopt a Drought and Emergency 

Contingency Plan prior to entering into initial contracts for water 

service. The recommended plan is detailed below. 

TRIGGER CONDITIONS 

The Authority sha 11 defi ne the severity of Drought/Emergency cond i­

t10ns based on the following classification system. 

Mil d Cond it ions 

o Surface water demand approaching 60 percent of ava; lable 

treatment capacity at each water purification plant or 

o Production at each water purification plant reduced to such a 

point that the surface water demand is 80 percent of the reduced 

treatment capacity. 

Moderate Conditions 

o Surface water demand approaching 90 percent of available treat­

ment capacity at each water purification plant or 

o Production at each water pur1ficat1on plant reduced to such a 

point that the surface water demand is 90 percent of the reduced 

treatment capacity. 
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Severe Conditions 

o Surface water demand approaching 100 percent of available treat­

ment capacity at each water purification plant or 

o Production at each water purification plant reduced to such a 

point that the surface water demand is 100 percent of the reduced 

treatment capacity or 

o lnminent or actual failure of a major component of the system 

which could cause inmediate health problems or 

o Water demand is exceeding the system's capacity on a regular 

basis, thus presenting the real danger of a major system failure. 

EMERGENCY MANAGEMENT PROGRAM 

When it is evident that a water supply emergency is approaching, the 

Authority shall: 

1. Notify Authority customers regarding an impending water supply 

emergency. 

2. Prepare to notify individual water users, in conjunction with 

Authority wholesale customers, of the approaching emergency con­

dition utilizing, as appropriate: 
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o News releases for local publication 

o Radio and television public service announcements 

o letters, bill stuffers, and brochures for individual water 
users 

Upon reaching various Drought/Emergency Trigger Conditions, the 

Authority, in conjunction with utl1ity customers, shall implement the 

following emergency management programs: 

Mild Condition Measures 

1. Activate programs to notify the public that mild 

drought/emergency conditions exist, including news releases, 

radio and television annoucements and direct mailings as 

appropriate. 

2. Keep the public appraised of the status of drought/emergency 

conditions on a daily basis. 

3. Request that the public curtail non-essential water use~ 

Publish voluntary daily and hourly lawn and landscape irriga­

tion schedules. 

Moderate Condition Measures 

1. Inform the public that Drought/Emergency conditions have been 

updated to moderate status. 

2. Prohibit the following water use activities: 
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a. Street washing 

b. Water hydrant flushing 

c. Filling pools 

d. Athletic field watering 

3. Prohibit the "waste of water" defined as follows: 

a. Penmitting water from landscape irrigation to escape into 

gutters, ditches, streets, sidewalks, and other surface 

dra ins. 

b. Failure to promptly repair a controllable leak due to 

defective plumbing after it is discovered. 

c. Recreational use of faucets, hoses, and hydrants. 

d. Other obviously wasteful uses. 

4. Publish mandatory schedules for public non-essential water 

use, such as lawn and lawnscape irrigation and car washing, 

subject to civil penalties. Enforce mandatory compliance. 

5. If conditions continue to worsen and prior to onset of severe 

conditions, implement a user surcharge for excessive water 

use, as follows: 

a. 5/8-inch meter - over 20,000 gallons, surcharge of 

$.50/1000 gallons. 
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b. One 1-1/2-inch meter - over 25,000 gal/month surcharge of 

$.50/1000 gallons 

c. 2-inch and larger - over 30,000 gal/month, surcharge of 

$.50/1000 gallons. 

d. 2-inch and larger - over 35,000 gal/month, surcharge of 

$1.00/1000 gallons. 

Severe Conditions 

1. Infonn the public that Drought/Emergency conditions have been 

updated to severe conditions. 

2. Prohibit all outdoor water use subject to civil penalties. 

3. Ration or tenninate water service to selected portions of the 

system according to the following order: 

a. Industrial/institutional water, 

b. Commercial users, 

c. Residential users, and 

d. Public safety facilities. 

Notify the public of variance procedures for granting relief 

from rationing or restricted use. Possible exceptions to 

water rationing and restricted use are as follows: 
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a. Health and Safety uses of water. 

b. Conmercial business that use water to maintain (but not 

expand) thei r primary business practices (e.g., conmer­

cial car and trusk washes, nurseries, turf growers, water 

haulers, etc.). 

c. Public gardens and arboretums of national, state, or 

regional significance where necessary to preserve speci­

mens. 

d. Watering at a minimum rate necessary to establ i sh or 

maintain revegetation or landscape plantings required 

pursuant to law or regulation. 

4. Implement a user surcharge for excessive water use, as fol­

lows: 

a. S/B-inch meter - over 5,000 gal/month, 200 percent 

surcharge. 

b. One 1-1/2-inch meter - over 10,000 gal/month, 200 percent 

surcharge. 

c. 2-inch and larger - over 15,000 gal/month, 200 percent 

surcharge. 
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d. 2-inch and larger - over 20,000 gal/month, 300 percent 

surcharge. 

It is recommended that a member of the BBWA Board or staff be selected 

to admi ni strator of the Authority I s Drought/Emergency Management Program. 

The admini strator wi 11 work with each utility customer in a cooperative 

effort to ensure program implementation. 

The program will be enforced by contractual agreement between the 

Brazos Bend Water Authority and its customers. 
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WATER SAVING METHODS THAT CAN BE 
PRACTICED BY THE INDIVIDUAL WATER USER 

In-home water use accounts for an average of 65 percent of total 

residential use, while the remaining 35 percent is used for exterior 

residential purposes such as lawn watering and car washing. Average 

residential in-home water use data indicate that about 40 percent is used 

for tOilet flushing, 35 percent for bathing, 11 percent for kitchen uses, 

and 14 percent for clothes washing. Water saving methods that can be prac­

ticed by the individual water user are listed below. 

In the bathroom, customers should be encouraged to: 

1. Take a shower instead of filling the tub and taking a bath. 

Showers usually use less water than tub baths. 

2. Install a low-flow shower head which restricts the quantity 09f 

flow at 60 psi to no more than 3.0 gallons per minute. 

3. Take short showers and install a cutoff valve or turn the water 

off while soaping and back on again only to rinse. 

4. Not use hot water when cold will do. Water and energy can be 

saved by washing hands with soap and cold water; hot water should 

only be added when hands are especially dirty. 



5. Reduce the level of the water being used In a bath tub by one or 

two Inches If a shower Is not available. 

6. Turn water off when brushing teeth until It Is time to rinse. 

7. Not let the water run when washing hands. Instead, hands should 

be wet, and water should be turned off while soaping and scrub­

bing and turned on again to rinse. A cutoff valve may also be 

Installed on the faucet. 

8. Shampoo hair In the shower. Shampooing In the shower takes only 

a little more water than Is used to shampoo hair during a bath 

and much less than shampooing and bathing separately. 

9. Hold hot water In the basin when shaving Instead of letting the 

faucet continue to run. 

10. Test tOilets for leaks. To test for a leak, a few drips of food 

coloring can be added to the water In the tank. The toilet 

should not be flushed. The customer can then watCh to see If the 

coloring appears In the bowl within a few minutes. If It does, 

the fixture needs adjustment or repair. 

11. Use a toilet tank displacement device. A one-gallon plastiC milk 

bottle can be filled with stones or with water, recapped, and 

placed In the tOilet tank. This will reduce the amount of water 

In the tank but still provide enough for flushing. (Bricks which 



some people use for this purpose are not reconmended since they 

crumble eventually and could damage the working mechanism, neces­

sitating a call to the plumber). Displacement devices should 

never be used with new low-volume flush tOilets. 

12. Install faucet aerators to reduce water consumption. 

13. Never use the toilet to dispose of cleansing tissues, cigarette 

butts, or other trash. This can waste a great deal of water and 

also places an unnecessary load on the sewage treatment plant or 

septic tank. 

14. Install a new low-volume flush toilet that uses 3.5 gallons or 

less per flush when building a new home or remodeling a bathroom. 

In the kitchen, customers should be encouraged to: 

1. Use a pan of water (Or place a stopper in the sink) for rinsing 

pots and pans and cooling implements when cooking rather than 

turning on the water faucet each time a rinse is needed. 

2. Never run the dishwasher without a full load. In addition to 

saving water, expensive detergent will last longer and a signifi­

cant energy saving will appear on the utility bill. 

3. Use the sink disposal sparingly, and never use it for just a few 

scraps. 



4. Keep a container of drinking water in the refrigerator. Running 

water from the tap untl1 1t is cool is wasteful. Better stl1l, 

both water and energy can be saved ,by keeping cold water in a 

picnic jug on a kitchen counter to avoid opening the refrigerator 

door frequently. 

5. Use a small pan of cold water when cleaning vegetables rather 

than letting the faucet run. 

6. Use only a little water in the pot and put a lid on it for cool­

ing most food. Not only does this method save water, but food is 

more nutr1t1ous since vitamins and minerals are not pured down 

the drain with the extra cooking water. 

7. Use a pan of water for rinsing when hand washing dishes rather 

than a running faucet. 

8. Al,ways keep water conservation in mind, and think of other ways 

to save in the kitchen. Small kitchen savings from not making 

too much coffee or letting ice cubes melt in a sink can add up in 

a year's time. 

In the laundry, customers should be encouraged to: 

1. Wash only a full load when using an automatic washing machine (32 

to 59 gallons are required per load). 



2. Use the lowest water level setting on the washing machine for 

light loads whenever possible. 

3. Use cold water as often as possible to save energy and to con­

serve the hot water for uses which cold water cannot serve. 

(This is also better for clothing made of today's synthetic 

fabrics.) 

For appliances and plumbing, the customer should be encouraged to: 

1. Check water requirements of various models and brands when con­

sidering purchasing any new appliance that uses water. Some use 

less water than others. 

2. Check all water line connections and faucets for leaks. If the 

cost of water is $1.00 per 1,000 gallons, one could be paying a 

large bill for water that simply goes down the drain because of 

leakage. A slow drip can waste as much as 170 gallons of water 

EACH DAY. or 5,000 gallons per month, and can add as mush as 

$10.00 per month to the water bill. 

3. Learn to replace faucet washers so that drips can be corrected 

promptly. It is easy to do, costs very little, and can represent 

a substantial amount saved in plumbing and water bills. 

4. Check for water leakage that the customer may be entirely unaware 

of, such as a leak between the water meter and the house. To 

check, all indoor and outdoor faucets should be turned off, and 



the water meter should be checked. If it continues to run or 

turn, a leak probably exists and needs to be located. 

5. Insulate all hot water pipes to avoid the delays (and wasted 

water) experienced while waiting for the water to "run hot." 

6. Be sure the hot water heater thennostat is not set too high. 

Extremely hot settings waste water and energy because the water 

often has to be cooled with cold water before it can be used. 

7. Use a moisture meter to detenn1ne when house plants need water. 

More plants die from over-watering than from being too dry. 

For out-of-door use, customers should be encouraged to: 

1. Water lawns early in the morning during the hotter summer months. 

Much of the water used on the lawn can simply evaporate between 

the sprinkler and the grass. 

2. Use a sprinkler that produces large drops of water, rather than a 

fine mist, to avoid evaporation. 

3. Turn soaker hoses so the holes are on the bottom to avoid 

evaporat10n. 

4. Water slowly for better absorption, and never water on windy 

days. 



5. Forget about wateri ng the street or walks or dri veways. They 

will never grow a thing. 

6. Condition the sol1 with compost before planting grass or flower 

beds so that water will soak in rather than run off. 

7. Fert111ze 1 awns at 1 east tw1 ce a year for root st 1mu 1 ati on. 

Grass with a good root system makes better use of less water. 

8. Learn to know when grass needs watering. If it has turned a dull 

grey-green or if footprints remain visible, it is time to water. 

9. Do not water too frequently. Too much water can overload the 

soil so that air cannot get to the roots and can encourage plant 

diseases. 

10. Do not over-water. 5011 can absorb only so much moisture and the 

reset simply runs off. A timer w111 help, and either a kitchen 

timer or an alarm clock will do. An inch and one-half of water 

applied once a week will keep most Texas grasses alive and 

healthy. 

11. Operate automatic sprinkler systems only when the demand on the 

town's water supply is lowest. Set the system to operate between 

four and six a.m. 



12. Do not scalp lawns when mowing during hot weather. Taller grass 

holds moisture better. Rather, grass should be cut fairly often, 

so that only 1/2 to 3/4 inch is trimmed off. A better looking 

lawn wi 11 result. 

13. Use a watering can or hand water with the hose in small areas of 

the lawn that need more frequent watering (those near walks or 

driveways or in especially hot, sunny spots.) 

14. Learn what types of grass, shrubbery, and plants do best in the 

area and in which parts of the lawn, and then plant accordingly. 

If one has a heavily shaded yard, no amount of water will make 

roses bloom. In especially dry sections of the state, attractive 

arrangements of plants that are adapted to arid or semi-arid cli­

mates should be chosen. 

15. Consider decorating areas of the lawn with rocks, gravel, wood 

chips, or other materials now available that require no water at 

all. 

16. 00 not ·sweepn walks and driveways with the hose. Use a broom or 

rake instead. 

17. Use a bucket of soapy water and use the hose only for rinsing 

when washing the car. 
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APPENDIXJ 

WATER CONSERVAnON 

J101 GENERAL 
Automatic flushing devices of the siphonic design shall not be used to operate 
urinaJs. 

J102 WATER CLOSETS 
Water closets, either flush tank or flushometer operated, shall be designed, 
manufactured and installed to be operable and adequate flushed with no 
more than 4.0 gal per flushing cycle when tested in accordance with applicable 
standards. 

J103 URINALS 
Urinals shall be designed, manufactured, and installed to be operable and 
adequate flushed with no more than 1.5 gal of water per flush. 

J104 LAVATORY FACILITIES 
J104.1 PubIc F ..... 
Faucets for public lavatories shall be equipped with outlet devices which 
limit the flow of water to a maximum of 0.5 gpm or be equipped with 
self-closing valves that limit the delivery to a maximum of 0.25 gallons 
of hot water for recirculating systems and to a maximum of 0.5 gallons 
for non-recircuJating systems. 

EXt:EPTION: Separ"t" hlVlltorie~ for physically handicapped persons 
shall not be equipped with self-closing valves. 

J104.2 PItvIM F ...... 
Faucets for private lavatories shall be designed, manufactured and installed 
to deliver water at a flow rate not to exceed 3.0 811m when tested in accordance 
with applicable standards. 

J105 SHOWER HEADS 
Showerhcads shall be designed, manufactured, and installed to deliver water 
at a rate not to exceed 3.0 gpm when tested in accordance with applicable 
standards. 

J101 SINK FAUCETS 
Sink faucets shall be designed, manufactured, and installed to deliver water 
at a rate not to exceed 3.0 gpm when tested in accordance with applicable 
standards. . 
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ORDINANCE 00. 112-1 

BEn«; AN ORDINANCE ADOPrOO mE SOU'llIERN STANDARD PlllMBOO CODE j PROVIDOO 
mR AN EF'Fa;tIVE DATE lmm)F; AND PROVIDOO FOR AN APPLICATION FORM AND 
FDCm:; FEES. 

BE It ORDAINED BY mE City Council of the City of Brookside Village. Texas: 

SlX:TION 1: 'l'he Southern Standard Plumbing Code. and all amendments thereto. 
of 1985. is hereby adopted as the plumbing code of the City of Brookside 
Village. and shall hence forth be used by the building inspector and for 
granting of permits, inspections and construction within the corporate 
lilll1t. of the City of Brookside Village. 

S!X:TION 2: Exhibit A and Exhibit B shall be used by all applicants for 
plUDbing and gaa permits and shall be properly completed before a permit 
will be issued and the fees affixed to these exhibits shall apply with 
the ~lowing exception. When a reinspection is required on this permit 
at the .S8IIIe time a reinspection is required on any other permit issued 
only • reinspecUon fee shall be charged. Fees may be changed by COWlcil 
from tIme to time. 

SEX:rION 3: This Ordinance shall be effective fran and after the date of its 
passage. 

SEX:rION 4: All Ordinances in conflict herewith are repealed to the extent 
of such conflict only. 

PASSED. ADOPTED AND APPROVED this the 20th day of November 

ATrEST: 

j/tuJ£ J/aiJb; 
~l[~s 
City Secretary . 

• 1986. 
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AN OROINANCE Mlf:NOIN1; OltlllNANCE NO. Rl-I I RI:(;UI,I\TINI; pI.!mlliNG 
WORK IN TilE CITY OF ~IIINVEI., TEXIIS; IJEI'INING CERTI\IN T!'IU1S; 
PROVIOING FOn CERTAIN EXI:MI'T10NS; PROVIIJIN(; FOR Till, I'NFoRCI'~II'NT 
OF TillS OROINIINCr: ANIJ Till: ISSUANCE OF PEn~IITS ANIl I'SHIII.ISIiING 
CERTAIN FEES; PROVIIJING FOR A MINIMIIH FIFTEEN 1J01.I.An I'ERMIT 
FEE: PROVIDING FOR SrECIFIClIl'IONS, MIIHRIIILS IINIJ METIIOIJS OF 
PI.UMRING I NSTIILLII'I'lONS; I'ROVIDING Pr:NAI.l'Il:S FOR VIOI.ATlON OF 
TillS ORIJINIINCE: ANY PEItSON, filTlIl:R RY IIH1SEI.F Olt fI!:ENT, ANIl ANY 
FIRM, CORPORATION OR OTIIER ENTITY WIIO VIOLATES ANY 01' Till' I'RO­
VISIONS OF TillS COlli! SIlAI.!. RC llEEm:1J GUILTY OF A '·IISllI'f1I!I\NOR 
AND, urON CONVICTION, 01' ANY SIII:II VIOI.ATION, SIIAI.I. III' I'INI'Il 
IN ANY SU~I NOT TO EXCEI:Il TWO IIUNOREIJ IJOI.I.ARS ($2nn, on); ANI) 
EACII IJAY DURING "IIICII SUeil VIOI.ATlON CONTINUES SIIHL CONSTITIITE 
A SEPARATE ANO OISTINCT OFFENSE: rROVIIIING A SEvr:RARII.ITY C1.AUSE. 

Be It ordained hy the City Council of the City of Monvel: 

1. TI,is ordin3nce ~hnll l,e known 8~ tilP rlllmhin~ Ordi"nnce 
of the City of Hnnvel. nnd lillY be cited :IS c;uell. The St;1n-
dard Pltlmbing Code, current edition, is h~r~I)y :1dopt~d hy 
reference 0' the plumhing code for the City of Monv.1 in 
its entirety. 

2. Nothing in this code shall prevent ~ homeowner from i'l~tal-
ling or ~aintalninR plumhing within 11i~ own Ilrop~rty houndarie~. 
l,rovided ~IICII plumhi,,! work is done hy I,im~clf ~rl(l is tl~cd 
exclusively by him or hi. family. S.,ch privi Ipge does not 
convey the right to violate Any of tile rrovlsin'l~ (If tllis 
code, lIor I!' it to be construed a~ exempting any "'tlch pro-
perty owner from obtaining a permit and payi'lg ti,e r~qllirc(1 
fees thereFor. 

3. Tile fce for obtaining a plumbinR permit is a5 ~rt "tit ill 

the Application for Plumhing Permit. Exl'ibit l'Alt ;llld attached 
to this ordlqance olld mode 3 part Ilereor for all I'tlrro~c~. 

4. Each Master PJumlJer and each .Iour"eyma" rltlmber ~I,all ha~c 
a licen~e frOM the Stnte of Texas and ~aintain said license 
in his or her posse •• ion at all times. 

S. PENALTIES - Any person, either by himself or ogr"t, and 
onyflrm-:- corpori1tlnn or other entity who violate" :lny of 
the provisions of this Code shall be deemed glli I ty of a 
misdeMeanor [lnd, upon conviction of tlny !illeh violation, 
shall be fined in Any 'UrI not to .xceed TWO IIl1NlJltl'1J IJOI.I.ARS 
($200.00); 3nd eaeh day durillg whielt sllch viotatioll continues: 
shAll constitute a separate and distinct offense. In any 
C3!e of a violation of any of the terms or provi~ions of 
this ordinance hy any corporation, the officer. and agents 
actively In charge of the business of such corporotion .hall 
be subject to the penalty herein provided. Any offen,. 
defined herein which has been defined by low. of the Stote 
of Texas 35 ~n offense and for which penalty 113~ I,cer, pre­
Scribed shall he punished as provided in SAid Stote I.ow, 
and nothing herein shall be held as flxlnR ony penalty 
contrary to a penalty provided by the lows of the State of 
Texas. 

6. ~~~~RAB!,!,!!!,,!!!!~US~ - If any provision of thi, Code. or the 
application thereof to any person or circum.tance,. is held 
invalid, the remninder of the Code, and the npplicotlon of 
~uch proyi~lon to otller persons or circumstances, shall not 
be affected thereby. 
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7. REPEALING CLAUSE - All ordinance~ or pnrts of ordin,nces 
i'ncoiifITctherewith are hereby repealed. 

PASSED TillS _15th_ DAY OF Oc,-'t"'o"'b"'er'--__________ _ 1981. 

~I_~_. __ .-. (?~ 

- --------- ---- -----~~---.-------------------------



Chapter 20 

PLUMBING CODE 

State law reference-For state law as to plumbing generally, see Rev. Civil Stats., 
art. 6243·10l. 
Cross references-Building code, Ch. 5; electricity, Ch. 8; fire prevention, Ch. 10; 
heating, air conditioning and mechanical refrigeration code, Ch. 11; mobile homes 
and mobile home parks, Ch. 14; sewage and water, Ch. 21; swimming pools, Ch. 24; 
utilities, Ch. 24. 

§ 20·1. Adoption. 
§ 20.~. Deletions. 
§§ 20·3-20·22. Reserved. 

§ 20·23. Adoption. 
§ 20·24. Deletions. 

Article I. Plumbing Code 

Article II. Gas Code 

ARTICLE I. PLUMBING CODE 

Editor's note-Ord. No. 0·86·33, § I, adopted July 7, 1986, amended Ch. 20 to read 
as herein set out in Article I, with minor, nonsubstantive additions or deletions made 
for purposes of clarity. Formerly, Ch. 20, §§ 20·1-20·18, 20·20, 20·22, concerning 
plumbing code administration and enforcement, permits and fees, specifications for 
plumbing installations and specifications for gas piping and other gas installations, 
derived from Ord. No. 84, §§ 1-17,19-24; Ord. No. 168, §§ 1-16; Ord. No. 192, § 1; 
Ord. No. 0·80·22, § I, adopted Oct. 6, 1980; and Ord. No. 0·84-49, § 6, adopted July 2, 
1984. 

Sec. 20-1. Adoption. 

The 1985 Edition of the Standard Plumbing Code, as published by the Southern Building 
Code Congress International, Inc., a copy of which is attached to Ordinance No. 0·86·33 and 
made a part hereoi ior ail purposes, an duthentic copy or" wnich has been iiled witn the city 
secretary, is hereby adopted and made a part of this chapter, save and except those appendices 
deleted in section 20·2 of this chapter. (Ord. No. 0·86·33, § 1,7·7-86) 

Sec. 20-2. Deletions. 

The Standard Plumbing Code adopted by section 20·1 is amended by deleting Appendices 
A and H thereof. (Ord. No. 0-86·33, § 1,7·7·86) 

Sees. 20-3-20-22. Reserved. 
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§ 20-23 MISSOURI CITY CODE § 20-24 

ARTICLE IL GAS CODE 

Editor's note-Ord. No. 0-86-39, adding §§ 29-1,29-2 to the Code has been included 
as §§ 20-23, 20-24, for classification purposes and in order to keep related material 
together, at the editor's discretion. 
Cross references-Building code, § 5-1 et seq.; fire prevention, Ch. 10; mechanical 
code, § 11-1 et seq.; natural gas installations in mobile homes, § 14-20; portable 
service stations, § 154 et seq.; oil and gas wells, Ch. 18; inspection of gas pipe lines, § 
25-9. 

Sec. 20-23. Adoption. 

The 1985 Edition of the Standard Gas Code, as published by the Southern Building Code 
Congress International, Inc., a copy of which is attached to Ordinance No. 0-86-39 and made a 
part hereoffor all purposes, an authentic copy of which has been filed with the city secretary, 
is hereby adopted and made a part of this chapter, save and except those appendices deleted in 
section 29-2 of this chapter. (Ord. No. 0-86-39, § 1,84-86) 

Sec. 20-24. Deletions. 

The Standard Gas Code adopted by section 29·1 is amended by deleting Appendices A, C, 
and D thereof. (Ord. No. 0-86·39, § 1,84-86) 

[The next page is 2711 
Supp.No.9 
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Chapter 7 

BUILDING· 

Art. I. In General. II 7·1-7·12 
Art. II. Building Code, U 7·13-7·24 
Art. II~. Swimming Poolo, If 7·25-7·30 
Art. IJ~. Standard Houoinl( Code, U 7·31-7·50 
Art. III. MechRnical Code, II 7·51-7-53 
Art. IV. Capital Maintenance and Recovery Fee., U 7-54-7·60 
Art. V. Unsafe Building Abatement, U 7·61,7·61.1 

ARTlCI,E I. IN GENERAL 

See. 7-1. Fire dlatrict. 

The fire district of this city shall include that territory or 
area situated within the following land use development 
districts, 88 delineated upon the official land use district 
map of the City of Pearland, Texas, to wit: 

(1) Office and profession districts. 

(2) Neighborhood service districts. 

(3) General business districts. 

(4) Commercial districts. (Ord. No. 44, § I, 10·5·61; Ord. 
No. 44-1, § I, 4.24.78) 

Sees. 7-Z-7-12. Reaert'ed. 

ARTICLE II. BUILDING CODE 

Sec. 7·13. Adopted. 

For the purpose of establishing rules and regulations for the 
construction, alteration, removal, demolition, equipment, use and 
occupancy, location and maintenance of buildings and structures, 
including penalties. there is h£'I'eby adopted and incorporated 
herein by refcrenct' as the huilding cnd£' nf th£' city that ('crtain 

.Cross refer,"nce!'t-fo:lcclricily. eh. ~; nrc prl'vt'lItinn and Ilrult'diun, Ch. 10; 
rnohile homl's. eh. 17; I)hamhin..: and ga~. eh. 2:1; sul,tlivisinns, Ch. 'J.7: IIlililif'S. 

Ch. :10 
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building code known as the Standard Building Code, 1985 edi­
tion, with revisions, recommended and published hy the South­
ern Building Code Congress International, Inc., which code is 
published in hook form and which is referred to, incorporated 
herein and made a part hereof for all purposes, a true and correct 
copy of which code is filed of record in the office of the city 
secretary. (Ord. No. 224, ~ 2, 11-8-7l; Ord. No. 224-1A, ~ 1,8-9-76; 
Ord. No. 224-4, ~ 1,6-23-80; Ord. No. 224-6, * 1,9-26-83; Ord. No. 
224-7, * 1,6-23-86) 

Sec. 7·13.1. Amendments, modifications, additions, deletions. 

The building code adopted in section 7-13 is modified in the 
following respects: 

40.1.1.4. Chapter IV, Section 40:l, Subsection 403.1.4 of the 
Standard Building Code, 1985 Edition, with revisions, shall be 
and the same is hereby expressly amended to read as follows: 

403.1.4_ Unless otherwise specifically prescribed in 403.1, 
the separation of mixed occupancies shall provide not less than 
two-hour fire resistance (existing separations need not be modi­
fied to meet this requirement>, except that portions of buildings 
used as accessory offices or for customary nonhazardo.us uses 
necessary for transacting the principal business in Group S 
and Group F occupancies may be separated by partitions of 
noncombustible construction without lire resistance or by par­
titions constructed of materials as permitted in the type of 
construction used. 

403_2. Chapter IV, Section 403, Subsection 40:3.2 of the Stan­
dard Building Code, 1985 edition. with revisions, shall be and the 
same is hereby expressly amended to read as follows: 

403.2-1'enant separatioll. In a building, 01' portion of a build­
ing, of a single occupancy classification, when enclosed spaces 
are provided for separate tenants. such spaces shall he sepa­
rated by not less than two-hour fire resistance. 

702_3.:1. Chapter VII, Section 702, Subsection 702.3.:1 of the 
Standard Building Code, 1985 edition, with re\'isions, shall be 
and the same is hereby expressly amended to read as follows: 

Supp. No_ 28 
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702.3.3. Group R-Re.~identiaL In all newly constructed build­
ings, except in one· and two·family dwellings, all partitions 
along exit access corridors or partitions that separate apart· 
ments, dormitory rooms or hotel rooms from other occupancies, 
shall be of not less than two-hour fire resistant construction (in 
buildings constructed prior to the enactment of this section not 
less than one· hour fire resistant construction shall be suffi­
cient). Partitions not fire rated may be permitted within indio 
vidual dwelling units. The tenant sl'paration in a two·family or 
multifamily dwelling shall comply with 403.2 hereof. 

1707.1. Chapter XVII, Section 1707, Subsection 1707.1 of the 
Standard Building Code, 1985 edition, with revisions, shall be 
and the same is hereby expressly amended by amending the 
table therein set forth, in pertinent part, as follows: 

1707. I-Exterior wall framing Studs shall be spaced not more 
than the following: 

Stud size 
Supporting roof and ceilinl{ only 
Supporting 1 floor, roof and ceilinl{ 
Supporting 2 floors, roof and ceiling 

(Remainder of table unaffected.) 

2x4 
16 inches 
16 inches 

1707.5.2. Chapter XVII, Section ) 707, Subsection 1707.5.2 of 
the Standard Building Code, 19R5 edition, with revisions, shall 
be and the same is hereby expressly amended by amending the 
table therein set forth, in pertinent part, as follows: 

1707.5.2. Studs shall be spaced not more than the following: 

Stud 2 x 4 
Supporting roof and ceiling only 
Supporting 1 floor, roof and ceiling 
Supporting 2 floors, roof and ceiling 

(Remainder of table unaffected.) 

16 inches 
16 inches 

Appendix K. Appendix K, Recommended schedule of permit 
fees, of the Standard Building Code, 1985 editi,,ln, with revisions, 
is hereby deleted in its entirety, and the city council shall, from 
time to time, establish fees and a fee schedule shall be kept on 

Supp. No. 27 
431 



§ 7·13.1 PEARLAND CODE § 7·17 

file in the office of the city secretary. (Ord. No. 224·2, §§ 1-3, 
3·13·78; Ord. No. 224·3, § I, 5·8·78; Ord. No. 224·4, § 2, 6-23·80; 
Ord. No. 224-5, § 1,5·24·82; Ord. No. 224·6, § 2,9-26·83; Ord. No. 
224-7, § 2, 6-23·86) 

Sec. 7-14. Conflicts. 

In the event of any conflict between the provisions of the code 
adopt.ed by this article and the provisions of this Code of Ordi­
nances, state law or city ordinances, rules or regulations, the 
provisions of this Code of Ordinances, state law or city ordinan­
ces, rules or regulations shall prevail and be controlling. (Ord. 
No. 224, § 2, 11-8-71) 

Sec. 7-15. Definitions. 

Whenever the word "municipality" or the word "City" is used 
in the code adopted by this article it shall be construed to mean 
the City of Pearland, Texas. 

Whenever the term "corporate counsel" or "city attorney" is 
used in the code adopted by this article it shall be construed to 
mean the city attorney of this city. 

Whenever the term "building official" is used in the code adopted 
by this article it shall be construed to mean the city building 
inspector or his duly authorized deputy or assistant. (Ord. No. 
224, § 2, 11-8-71) 

Sec. 7-16. Penalty for violation. 

Any person who shall violate any provision of the code adopted 
by the provisions of this article shall be deemed guilty of a 
misdemeanor, and shall be punished as provided by section 1·11 
of this Code. Each day such violation continues shall be deemed a 
separate offense. 

Sec. 7-17. Permit required. 

(a) It shall be unlawful for any person within the city limits or 
extraterritorial jurisdiction of the city to commence construction 
or excavation for construction of any building or structure, in· 
c1uding accessory buildings, or to commence the erection, recon­
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Lockwood, Andrews, and Newnam 
1500 CityWest Blvd. 
Houston, Texas n042 

ATTENTION: Mr. Herb Weisend 

January 1, 1980 
MRA Project No: 88-558 

BRAZOS BEND WATER AUfHORITY STUDY 
FORT BEND/BRAZORIA COUNTY, TEXAS 

Presented herein for your review and review by the Harris Galveston Coastal Subsidence District is 
our draft report of the Brazos Bend Water Authority study for sites in Fort Bend and Brazoria Counties. 
This study was authorized November 4, 1988. We performed the work in general accordance with our 
proposalleuer, MRA Proposal No. 88-P306, dated October 6, 1988. 

This report presents our findings of the Bra7-Os Bend water study for a site located in east Fort Bend 
County and a site located in North Brazoria County. The time span covered in the report ranges from the 
year 1990 to the year 2D4O. The groundwater and subsidence conditions were evaluated assuming two 
pumping scenarios. This Case 1 scenario involved continuation of the current water supply methods and 
trends. The Case 2 scenario combines groundwater and surface water to meet demands of the study area. 

As the result of our groundwater study we have determined that the water supply is sufficient to meet 
future demands with about 2.5 ft to greater than 4.5 ft of settlement by the year 2D4O. Phasing of surface 
water supplies will reduce this settlement. 

We appreciate the opportunity to work with you on this water study. If we may be of further 
assistance to you, please call us. 

JLI:hd:hd 

Sincerely, 
McBRIDE-RATCLIFF AND ASS 

J. L. Ireland, C.P.G. 
Vice-President 

7220 Langtry • Houston, Tex.3s 77040 • (713) 460-3766 • Telex 4973853 MRA UI • Fax /713) 939-9604 
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EXECUTIVE SUMMARY 

A groundwater study was performed for the northeast comer of Fort Bend County and the northwest 
comer of Brazoria County in an effort to evaluate what factors would affect the withdrawal of groundwater 
by the year 2040. Factors considered for the study included the availability of groundwater to meet 
population demand, ground surface subsidence, and possible contamination of weDs from a natural occurring 
salt water plume from the Blue Ridge Salt Dome, in Fort Bend County, and the Hastings Salt Dome and 
Manual Salt Dome in Brazoria County. 

The study area draws groundwater from the Chicot and Evangeline aquifer which lie in formations 
of the Quaternary and Tertiary periods. Three salt domes are nearby the study area but only one, the Blue 
Ridge Salt Dome, is a piercement structure that penetrates the aquifers and can cause salt water 
contamination of the aquifers. 

Groundwater elevation changes were modelled using MOD FLOW, the USGS three dimensional 
fInite-difference groundwater flow mode~ and calibrated using historical information. The potentiometric 
surface head change of the Chicot aquifer is predicted to range from 70 ft in 1990 to 210 ft by 2040 for Case 
1. The Evangeline Aquifer change is predicted to vary from 95 ft in 1990 to 230 ft by 2040. Under Case 
2 the potentiometric head change within the Chicot Aquifer is predicted to exhibit about 70 ft in 1990 to 190 
ft by 2040. The Evangeline Aquifer is predicted to exhibit about 95 ft of change in 1990 to 240 ft by 2040. 

Two pumpage scenarios were performed using MOD FLOW; the fIrst called for all public water 
demands to be met solely by groundwater. The second scenario requires that a program using groundwater 
pumpage and surface water in the model area be initiated to meet public water demands. Phasing of surface 
water to begin by the year 2000 ina-easing to the year 2020 when 90% of the total population within the 
study area will be using surface water. 

The model calculated water level data indicating that at no time did the Evangeline lose its artisan 
condition and go to a gravity condition. 

The resulting water level data was also used to model subsidence using the PRESS model. 
Subsidence ranged from about 3.1 feet to over 4.5 feet by the year 2040 for Scenario 1 and 2.5 ft to about 
4.0 ft in Scenario 2. Although the total estimated subsidence reveals a difference of 0.50 ft between the two 
scenarios it should be noted that the total amount of this subsidence is significant at the bighend of either 
case. 

The two models used in this evaluation considers a number of parameters and data input values. The 
interpretations presented within this report are based on our concept of groundwater conditions with respect 
to stratigraphic and depositional environments encountered in the study area. The interpreted contour liner 
generated from the models and presented on the fJgUl'e represents the highend of a range of possible values. 
Factors counting for vertical leakage between groundwater aquifers are included. Vertical leakage between 
the ground surface and the Upper Chicot Aquifer is considered negligible. 

According to published literature a portion of the study area will be impacted by salt water 
contaminatioo from the Blue Ridge Salt Dome for water obtained from the Chicot Aquifer. The study area 
is situated north of the saline water line for the Evangeline Aquifer. 

'-__________________________ McBnde·Ratclitf and AsSOCiates. Inc. 
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INTRODUCflON 

This geological and hydrological assessment was UDdertaken for the Brazos Bend Water Authority. 

McBride-Ratcliff and Associates was contracted to perform the work by Lockwood, Andrews and Newnam, 

Inc. (IAN) I Walsh Engineering, Inc. (WEI). The elements of this study were discussed with Mr. Pete 

Styner and Mr. Herbert Weisend of lAN. This work was conducted in accordance with our proposal of 

October 6, 1988, Proposal No. 88-P306 and authorized on November 4, 1988 by Mr. Pete Styner. 

Project DesgiptJop 

The study area iDcludes two tracts, one in Ft Bend County and the other in Brazoria County (Fl8W'e 

1). The purpose of this study is to provide preliminary groundwater and subsidence data for infrastructure 

planning purposes. The project involves an evaluation of the quantity of groundwater that is available to the 

study area for water supply, its distnbutioD, and expected drawdown and subsidence associated with the 

groundwater withdrawal. The general time frame to be addressed by the study is from the present to the 

year 2040. 

ScQpe 01 Work 

The scope of work iDcluded the following tasks: 

a) Assemble available data on existing 'NClls and plans for new wells; 

b) Assemble key oil and gas 'NCO logs for the area; 

e) Review previous studies on groundwater withdrawal and subsidence for various municipalities, 

municipal utility districts, and special distric:ts and agencies within the study area; 

d) Develop a geologie model for the major aquifers, and delineate recharge zones and discharge 

zones; 

e) Reorganize the studies and data bases from a regional geologie perspective; 

f) Compartmentalize the study area on the basis of common geology, hydrogeology and 

groundwater usage; 

g) Model two ground water extraction scenarios involving groundwater withdrawal at unique 

presaibed rates and with given 'NCO distnbutions; 

'-------------------------- McBride-Ratcliff and Associates. Inc. 
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Use the computed drawdown and subsidence patterns from those studies to draw conclusions 

concerning the future water supply &om weD fields in the study area; and 

Prepare a report documenting activities and rmdings. 

GEOLOGY 

This section presents the regional and site specific: geologic setting of the model area (r.gure 2). The 

stratigraphic units associated with the geologic setting and the assewo-.:nt of the impact of geologic faulting 

on the hydrogeo1ogic regime are discussed within the section. The geologic parameters presented are based 

upon an evaluation of existing United States Geological Survey (U.s.G.S.), Texas Water Commission reports 

and our experience dealing with the geology and hydrogeology of the study area. 

Geompby 

The model area is situated within the Gulf Coastal Plain of Texas. The Gulf Coastal Plain includes 

the area located between the Balcones Fault Zone, near Austin and San Antonio, Texas, and the offshore 

Gulf of Mexico basin (Hunt, 1967). The surface area varies &om rolling hills north of the greater Houston 

area to the rather Oat featureless surface found adjacent to the coast line. Regional uplift, subsidence, and 

surface erosion formed the present day surfaces. 

Surface drainage for the Gulf Coastal Plain is accomplished by numerous rivers and their tributaries. 

The Brazos River and the San Jacinto River are the largest river systems in the general vicinity of the model 

area. 

RegiODaI Geology 
The geologic interpretations presented herein have been developed by performing the foDowing tasks: 

• rC'Yiew of geologic literature concentrating on Gulf Coast Quaternary and Tertiary geology; 

• analysia of regional topographic: and geologic mapa of the greater Houston and Gulf Coast 

area; and 

• using our geologic experience with depositional environments within the Gulf Coastal Plain 

01 Texas. 
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The regional setting includes geologic formations of the Quaternary and upper Tertiary Gulf Coastal 

Plain of Texas. The geologic formations addressed in this section comprise the primary hydrogeologic units 

in the Fort Bend County - Brazoria County vicinity. Table 1 exhibits the geologic formation and their 

hydrogeologic unit (Aquifer) counterparts. 

PERIOD 
Quaternary 

Tertiary 

TABLE 1 
GEOLOGIC SCALE 

EPOCH 
Holocene 
Pleistocene 

Pliocene 
Miocene 

FORMATION 

Beaumont 
Lissie 
Willis 

Goliad 
Aeming 

AOUIFER 

Chicot 
Evangeline 

Evangeline 
Jasper 

UpperTcrtim fgnnatloD. Upper Tertiary, Aeming and Goliad Formation sediments were deposited 

by Ouvial and deltaic processes approximately 2 to 5 million yean ago. The Aeming crops out approximately 

4S-SO miles north of the study area (Fisher, 1974). The estimated thickuess of the Aeming Formation is on 

the order of 1100 ft. The surface outcrop of the Goliad Formation is not found east of the Colorado River 

due to eroUon and subsequent burial of the Goliad by Wallis sediments. 

Oualernan_ The model area (F"JgIII'C 2) lies within surficial sediments of the Quaternary Period. 

Quaternary sediments coasist of series of coalescing alluvial, deltaic and coastal interdeltaic plains deposited 

principally by the major river systems and couta1 processes The youngest Quaternary plain, the Holocene, 

is a recent (post-glacial) depositional surface of about 10.000 yean of age. The recent sediments are 

primarily located along the coast and present alluvial valley systems. Older Quaternary plains were deposited 

during the Pleistocene Epoch. These plains include the following formations: 

• Beaumont (25,000 to 65,000 years old), 
• Lissie (100,000 to 675,000 years old), and 
• Wallis Formations (7so,OOO to 1,2SO.000 years old). 
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Site Geology 

Geology for the model area was developed &om a review of geologic: literature and geophysical logs 

of water and petroleum wells in the Fort Bend COUDty - Brazoria County vicinity. 

Surfldal Geologic Up!y. Holocene alluvium and sediments ofthe Beaumont formation comprise the 

geologic: surface UDits of the investigated area. The Holoc:ene alluvial sediments are clay. silt and sand 

deposited predominantly in the Brazos River alluvial valley. The thickness of the Brazos River Holocene 

alluvial sediments is on the order of 60 ft thick. The Beaumont formation has been deposited by a series 

of laterally c:oaIesc:ing fluvial and deltaic: systems. These systems are represented by the following types of 

depositional environments. 

Ime System Depositional Enyironment 

F1uvial Meanderbek 

- F100d Basin 

- Channel Fill 

- Point Bar 

-Natural~ 

- Crevasc Splays 

Dekaic Deltas 

- Distnbutary Cluumels 

- Interdistnbutary F100d Basins 

- Crevase Splays 

- Delta Fringe 

- Mouthbar 

- Pro Delta 

Each of the environments exhibit distinctive soil profiles primarily comprised of clays, sands, silts, and 

their intermixtures. The thic:kDess of the Beaumont Formation is about 120 ft. 

The Beaumont Formation is underlain by Lissie formation sediments. These sediments have been 

deposited in distributary channel fill and inlerdistnbutary flood basin depositional environments. The sources 

of these sediments were abandoned channel systems of the pa1eo-Brazos River. The Lissie consists of a 

series of alternating sand and clay sequences with an average thic:kDess of approximately 2SO ft throughout 

the model area. 
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The Willis Formation underlies the Lissie and consists primarily of fluvial sands, gravels, and 

interbedded clays. The average thickness of the Willis is on the order of 670 ft in the model area. 

The Willis Formation is underlain by the Tertiary Goliad Formation sediments. Sediments of the 

Goliad Formation consist predominantly of sands '" gravels which resemble those of the overlying Willis. 

The thickness of the Goliad is on the order of 120 ft in the model area. 

Sediments of the Fleming Formation underlie the Goliad. The Fleming Formation consists 

predominantly of a clay section with interlayered distnbutary channel sands. The sand units vary in thickness 

and exhibit lateral transitions from sand to clay. 

Geologic FaulURI 

This section presents our evaluation of the geologic fault conditions in the vicinity of the project area. 

The entire Gulf Coast of Texas is underlain by a thick wedge of sediment. Exploration, principally 

by the petroleum industry, has identified these sediments to be extensively distributed by "growth" or 

contemporaneous faults and faults associated with shallow piercement and deep-seated salt domes. 

Fault Charac:tcdstlcs. Growth faults are essentially slip surfaces formed by "landslides" 

contemporaneously with sediment deposition such that stratal displacement increases with depth. Faults 

associato:d with salt domes (radial faults) are similar to growth faults in that the faulting takes place in the 

sediments, but the mode of deformation is generated by mobile salt migration. 

The primary direction of movement of faults along the gulf coast area is a few degrees from vertical. 

The width of the fault zones has not been researched extensively. Our observations of distress in structures 

over ~ faults in other parts of Houston suggest that the vertical displacement may occur on more than 

one plane, and in a zone several feet in width. Secondary motions consisting of buckling or folding of beds 

adjacent to the fault are noted paralleling the fault trace. 

Fault N;tIyItY. Evidence of continuing activity of faults is demonstrated by minor topographic scarps 

and aligned poads on virgin land, and disruption of pavements and structures, in developed areas. The 

relationship of mapped subsurface faults and ground surface displacement related to these faults has been 

demonstrated by various researchers. 

MOIl investigators relate current rates of ground surface displacement in the Houston-Galveston area 

by faulting to the removal of groundwater, and to a lesser elIlent, oil and gas in the relatively shallow 
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subsurface. ExteDSive groundwater development began in the late thirties and has increased to the present. 

These investigators believe the near surface mOYement of faults in the area is due to differential 

consolidation of sediments bounding the faults. Sediments are depressured by heavy pumping, thus inducing 

cousolidation. It is postulated that this differential cousolidation is manifested in movement along the 

preexisting fault planes, which in turn is propagated to the surface. 

SUe FagJt Assns!pCnt. The boundaries of the Brazoa Bend Water Authority Distrid are traversed 

by several fault systems. These fault systems are associated with the Blue Ridge Salt Dome, the Manvel Salt 

Dome, the Hasting Salt Dome and the Pearland Fault Systems. Faults associated with these features have 

been identified on the surface. It is speculated that the faults penetrate stratigraphic units comprising the 

aquifers being ana1yzed by this study. 

Research in the Houston area has revealed two schools of thought regarding faults and their 

interaction with groundwater systems. One theory reflects that faults ad as hydrologic barrier to the flow 

of groundwater. The second school of thought theorizes that the fault plane does not totally restrid 

groundwater flow. 

It is our belief that near surface faults do not ad as hydrologic barriers to groundwater flow. This 

is because the displacements that occur are not great enough to break the aquifer into a discontinuous layer. 

The locations of doc:umented surface faults in the general vicinity of the ground water evaluation area are 

illustrated on F'lgW'e 3. 

HYDROGEOLOGY 

This section presents the regional and site hydrogeologic charaderisties of the aquifer systems used 

by the Brazoa Bend Water Authority. 

8cJdopal HydnwnlOV 

The Teua Coastal Plain is charaderized by several hydrogeologic units spanning Tertiary and 

Quaternary time periods (Table 1). Hydrogeologic units are distinguished by charaderistic hydrologic and 

stratigraphic: properties. Variations in lithology both laterally and vertically results in unit boundaries which 

are time-stratigraphic. 

Hydrogeologic unit boundaries are identified by evaluation of formation outcrops, geophysical log 

interpretation, and analysis of well production data including static water levels, water leveilluduation, and 

aquifer properties. Delineation and correlation of hydrogeologic units are focused on post-Oligocene strata 
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which are predominate in supplying groundwater to the Texas Coastal Plain. As outlined by Baker (1979), 

post-Oligocene hydrogeologic units include the Catahoula confining system, Jasper aquifer, Burkeville 

confIDing system. Evangeline aquifer aDd Cbicot aquifer. 

The Jasper, Evangeline, aDd Chicot Aquifers were deposited in shallow waters by rivers aDd riverene 

deltas along the coast. What is seen in profile is not a single, thick water bearing layer COnfIDed by 

impermeable clay layers, but dozens of saDd aDd clay layers that form a thickening wedge towards the coast. 

The Chicot, Evangeline, and Jasper aquifers lit the definition of aD aquifer system of Lofgren aDd Klausing 

(1969) as a heterogeneous body of intercalated permeable aDd poorly permeable material that functions 

regionally as a water yielding hydraulic unit. 

Dc Cataboula Confining Snkm_ The Catahoula confining system is composed predominantly of 

clay and tuff aDd acts as a hydrologic barrier between the overlying Jasper aquifer aDd underlying aquifers. 

The base of the Catahoula confIDing system is a time-stratigraphic unit corresponding to the base of the 

Catahoula formation. The top of the Catahoula confIDing system, however, is delineated lithologically on 

the basis of hydrologic properties aDd does not coincide with the top of the Catahoula formation which in 

many areas contains abundant amounts of sand. 

luger Aqul'er. The Jasper aquifer is recognized as a rock-stratigraphic unit delineated on the basis 

of lithology. As a result, the aquifer is geometrically irregular with boundaries which are independent of 

formation contacts. The lower boundary of the Jasper aquifer ranges from the base of the Fleming 

Formation to lying within the Catahoula. The top of the aquifer ranges from the Fleming Formation to 

the Oakville Sandstooc. The Jasper aquifer exlubits sewral distinct sand layers containing zones of fresh 

to highly saline water varying with aquifer thickness aDd proximity to the coastline. The Jasper is brackish 

in the study area.. 

BgrkcyII!c Confining Snkm. The Burkeville confIDing system acts as a hydrologic barrier inhibiting 

groUDdwatu flow between the underlying Jasper aDd overlying Evangeline aquifers. The unit is composed 

predominately of clay aDd silt yet contains individual saDd layers permeated with fresh to slightly saline water. 

The Burkeville confining system is delineated lithologically with boundaries which fall within the Fleming 

Formation and at the Fleming/Oakville Sandstone contact where the Oakville is present 

En .... ,'" Aqul'er. The Evangeline aquifer is delineated as a rock-stratigraphic unit composed 

typic:ally of the Goliad Sand aDd the upper Fleming Formation which contains interbedded sand and clay 

layers. In some areas the Evangeline includes lower Pleistocene sands which are lithologically similar to the 

underlying Goliad. Characteristic thick sands within the Evangeline yield abundant supplies of good quality 
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groundwater throughout most of the Texas Coastal Plain. The Evangeline aquifer outcrops in a zone about 

20 miles wide roughly paralleling the roast about 80 to 100 miles inland. 

Chkot Aquifer. The Chicot aquifer is the yoUDgCSt aquifer in the Texas Coastal Plain and is 

characterized by high perccntages of sand which diminish southwest of Goliad County. The base of the 

Chicot is typic:ally delineated at the base of the Pleistocene which includes the Willis, Lissie, and Beaumont 

Formations. At many locations, however, the base of the Pleistocene is difficult to distinguish from strata 

of the Goliad and Fleming Formations. In these instances, prominent marker beds located on well logs are 

used to delineate the base of the Chicot. The Chicot aquifer outcrops in a zone about 15 miles wide roughly 

paralleling the roast about 70 to 90 miles inland. 

Site Hydrpgrology 

Site hydrogeology was evaluated with analysis of ground water pUblications United States Geological 

Survey (U.s.G.S.) well records and publications, and interpretation of electric geophysical logs of key water 

and petroleum wells in the site area. The extent of hydrologic unit delineation is limited to the upper 2500 

feet of sediments which have historically produced ground water of good quality and supply. 

SIte Aquifer SDtems. Hydrogeologic evaluation of the study area has revealed a system of two 

aquifen: the Chic:ot and Evangeline. The aquifers are characterized by distinct transmissivities resulting 

from variation in sand and clay composition. 

ByrIicyUIe CopOglDl SDtem. The Burkevi11e confIDing system constitutes basal strata of the Fleming 

formatioD and, as shown by wells penetrating the Burkevi11e, consists predominately of clay with sand 

interbeds typic:ally 5 to 10 feet thick. Transmk ... "bility values are considerably lower than those of the 

overlying Ewngeline aquifer, thus the Burkeville acts as a barrier retarding the flow of ground water from 

the Ewngeline to units below. 

Enmrrfl" Aquifer. The lower surface of the Ewngeline aquifer correlates with the top of the 

Fleming Formation. Sediments are characterized dominantly as clays with sand interbeds ranging from 10 

to 50 feet thick in the lower 500 feet while the upper 800 to 1000 ft is dominantly characterized as sands with 

clay interbeds of 5 to 50 feet. The Evangeline aquifer ranges from about 1700 to 1900 ft in thickness, but 

the basal 300 ft, which is dominantly clays, is brackish. 
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Chlcot Aquifer. The top of the Chicot aquifer is interpreted to lie at the Lissie-Willis formation 

contact. Indicated by electric weD log data, the Chicot is characterized by a predominance of sand with clay 

interbeds from 10 to 50 feet thick. The Chicot aquifer ranges from about 400 ft to 450 ft in thickness in the 

area, and contains fresh water throughout. 

JOrgellSCD (1975), subdivides the Chicot aquifer into upper and lower units. This differentiation is 

based on a predominance of clay in the upper portions of the Chicot and a massive heavily pumped sand 

zone in the lower portions of the Chicot aquifer. It has also been found that the upper portions of the 

Chicot aquifer (approximately 100 to 200 feet below ground surface) is only partially saturated and typically 

more highly mineralized groundwater than that in deeper zones (Gabrysch, 1980). Because of the limited 

aVailability of quality ground water in the upper Chicot aquifer, description of aquifer characteristics and 

ground water modeling pertains only to the lower Chicot aquifer. 

Aquifer Rcchal'1lC 
Recharge is the intake of water into an aquifer to replenish or add to the zone of saturation. This 

may ocau sew:ral different ways: 

• water may enter laterally through surface outcrops of the formation, 

• water may enter vertically from above or below from other formation due to differences in 

head, 

• water may enter from a river or lake whose bed intersects with the aquifer, 

• water may seep down from the surface. 

In the study area, it is our interpretation that recharge to the Chicot aquifer ocaus lateraUy from 

the outcrop area. Recharge to the Evangeline aquifer is received lateraUy from the outaop and vertically 

from the Chicot aquifer. Lateral recharge for both aquifers is slow and hindered by pumpagc to the north. 

loa a result we interpret recharge from the out aops to be a negligible factor in the modeling area but is 

considered in our modelliDg effort. 

Chkot Agplfer. Water 1eve1s in wells penetrating the Chicot at various depths indicate a deaease 

in aquifer head with depth. This suggests that the Chicot is a recharge aquifer system characterized by 

downward flow of groundwater in response to a hydraulic gradient. 
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The alluvial valley of the Brazos River has been mapped as a recharge wne for the Chicot aquifer 

(Gabryscll, 197T). Based upon analyses of stratigrapby, water quality, and water levels there is DO evidence 

to support this conclusion relative to the Chicot aquifer woe in the study areas. As stated above, it is our 

interpretation that recharge to the Chicot is chiefly based on lateral flow through the aquifer. 

EnpRllge Aoylrer. Like the Chicot, water wells penetrating the Evangeline aquifer indicate a wne 

of groUDd water recharge. The Evangeline does not outaop in the study area. Recharge to the Evangeline 

occurs as the result of groundwater leakage from the overlying Chicot aquifer. 

Groupdwater DIscharge 

Groundwater discharge of the Chicot aquifer in the study area is due to groundwater withdrawal from 

wells and leakage to the underlying Evangeline aquifer. Historic pumpage will be discussed in a later 

section. Groundwater discharge of the Evangeline aquifer is due to groundwater witbdrawal from wells. 

HISTORIC PUMPAGE. GROUNDWATER DECLINE. AND SUBSIDENCE 

Prior to 1940 the chief utilization for groundwater throughout tbe greater portion of tbe study area 

and surrounding environs was for agricultural purposes. The Fort Bend County and Brawria Area was a 

major center for sugarcane as wen as rice cultivation. Both aops were irrigated within the area. The 

agricultural use of the groUDdwater supplies remained relatively consistent until the later 1960's and early 

1970's. The growth of greater Houston area brought urban development into the area such that major 

pumpage began in southwestern sectors of Houston as weD as the Cities of Sugar Land, Stafford, and 

Missouri City. Several utility districts were aeated in the late 1970's up and through the 1980's which draw 

upon groundwater as a chief water supply. A1vin and Pearland were also centers for rice cultivation. 

The current pumpage in the model area is about 20 million gallons per day. The pumpage 

immediately to the east in the greater Houston area is about 250-300 mgpd. Groundwater levels have been 

declining in both the Chicot and Evangeline Aquifers in respoase to this pumpage. Water levels have 

declioed between 100-150 ft within the Chicot Aquifer within the greater study area and 175-200 ft within 

the Evangeline Aquifer since 1940. 

Historic Subsidence has been about 3 ft in the model area during the period from 1906 to 1978. 
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HISTORIC HYDROLOGIC AND SUBSIDENCE MODELLING 

Since about the middle sixties, considerable empbasis bas been placed upon the construction of 

ground water models. Some, such as the Gulf Coast Model Study (Carr, Meyer, Sandeen & McLane, 1974), 

covered the area from Lake Charles, Louisiana to Falfurrias, Texas. Due to the unavailability of data in 

Mexico, it was not possible to carry that model as far south as bad been originally intended. The Houston 

Area was included in all of the models listed (Table 2). 

AlIlbQ[~ 
Wood & Gabrysch 

Jorgensen 

Meyer & Carr 

Muller & Price 

Espey Huston 
Associates 

Carr, Meyer 
Sandeen, & 

McLane 

Law Engineering 

McBride-Ratc1ilf 
& Associates 

Note: 

TABLE 2 - COMPARISON OF REPRESENTATIVE MODEL STUDIES 
WHICH INCLUDE THE HOUSTON AREA 

Size of 
Area Time 

Year Modeled Period No. of 
~l!li~bs:d ~ (SIl, Mil!:~) Cillil!rjlls:d ~ CQmments 

1965 Analog 5<XXl 1890-1965 2 Drawdown, 
4 Distribution 

1975 Elect. 9100 1890-1970 4 Drawdown, Dis. 
Analog & Subsidence 

1979 Digital 27000 1890-1975 5 Subsidence 
Distribution 

1979 Digital 61500 1960-1969 2 Added sub-areas 
Drawdown: 2020 

1982 Digital 8400 1960-1980 5 Added 2 scen-
arios: 2020 

1984 Digital 100000 1890-1975 5 Covered area: 
1900-1975 Lake Charles 

to Falfurrias 

1986-7 Modular 22IXX) 1900-1983 7a Covered 22 
3/D-FID. counties. 

1987-8 Modular 16000 1890-1988 3 2 Scenarios 
3/D-FIO. to 2030 
Dif. 

a: Includes the Jasper aquifer. 

Such studies developed a means for predicting water level declines in the Chicot and Evangeline 

aquifers. They also simulated declines of the potentiometric surfaces and subsidence of the land-surface. 
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Some scenarios projected water level declines far into the future (year 2(20). Now that eastern Harris 

County has turned to the use of surface water some of these projections are merely academic. 

Nearly all of these studies were cooperative projects that were funded in part by one or more of the 

following agencies: u.s. Geological Survey, Harris Galveston Subsidence District, Texas Water Development 

Board and the City of Houston. 

DESCRIPTION OF TIlE HYDROLOGIC MODEL AND 

SUBSIDENCE MODEL FOR THIS INVESTIGATION 

Both hydrologic projections and subsidence predictions were modelled on computer. The models used 

in this evaluation considers a number of parameters. Interpretation of values used herein are based on our 

concept of groundwater conditions with respect to stratigraphic and depositional environments encountered 

in the study area. These models are both digital models designed or modified for use on personal 

computers. The subsidence model works in conjunction with the groundwater model using the 

potentiometric bead data generated to predict subsidence. 

HydrolOJdc Model 

The groundwater mode~ MODFLOW, selected for the program was authored by McDonald and 

Harbough (1985) of the u.s. Geological Survey. 

MODFLOW is a finite-difference model simulating ground water flow in three dimensions. 

Groundwater flow within the aquifer is simulated using a block-centered fmite-difl'erence approach. Layers 

can be simulated as confined, unconfined, or a combination of confmed and unconfmed. flow from extemal 

stresses, such as flow to wells, areal recharge, evapotranspiration, flow to drains, and flow through riverbeds, 

can also be simulated. 

The computer program is written in a modular form. It consists of a main program and a series of 

bigbIy independent subroutines called "modules". The modules are grouped into "packages". Each package 

deals with a specific feature of the hydrologic system which is to be simulated. 

The model grid utilized was a 33 x 33 x 2 grid, rlgU1'e 4. The Cbicot and Evangeline aquifers were 

modeled as individual layers with a leaky clay aquitard between. A 15 x 15 cell area in the center of the grid 

was utilized in the model area with the size of the cell in this area being 6000 ft on a side. The cells increase 

in size away from the central area by a factor of 1.4 until the boundary which is about 80 miles away from 
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the study area. The boundary was placed this far away to minimize the influence of fIXed heads at the model 

boundaries on the site area. 

Subsidence Model 

The model utilized for subsidence analyses was the PRESS Model. The PRESS Model utilized by 

McBride-Ratc:liff is essentially the same as that utilized by Espey Huston and Associates for their study for 

the Harris Galveston County Subsidence District (HGCSD) in 1982. The program has been modified such 

that program ex.ecution can be accomplished on a personal computer. 

The program was initially developed by Dr. Donald C. Helm for one-dimensional simulation of aquifer 

system compaction using constant parameters (Helm, 1975). The input requirements have been modified 

to ina-ease the flexibility of the program for handling multiple aquifers and to simplify input preparation. 

Output options have been added to accept empirical correlations of computed values with observed results. 

The program computes the ground surface subsidence resulting from a given change in potentiometric 

head within a system of aquifers. Both virgin and rebound comprCSSlbilities of the clay layers existing within 

aquifers are taken into account. The aggregate ground surface subsidence as a function of time is computed 

by summing the individual contnbutions of the clay layers. The program uses one-dimensional Terzaghi 

consolidation theory with some simplifICation of parameter descriptions to relate a time history of 

potentiometric head change to a time history of subsidence. Calibration of the model to historically 

measured subsidence and potentiometric bead changes in a given area allows predictions of future subsidence 

to be made for various input conditions of projected head changes. 

The subsidence resulting from groundwater withdrawal is assumed to be attributable only to the 

consolidation of clay layers within the aquifers experiencing changes in potentiometric head. The 

consolidation of sand strata is assumed to be insignificant compared to that of the fine-grained materials. 

The consolidatioa (or compactioo) of the clay layers is assumed to be one-dimensional and related to 

the changes in effective vertical stress in the clay. This concept is generally referred to as "Terzaghi one­

dimensional consolidatiOn theory" soils loaded by structures (Terzagbi and Peck, 1967; Terzaghi, 1925). This 

approach has been shown to be well-suited to determination of subsidence of the ground surface as a result 

of loading the clays by drawing down the potentiometric surface of the water within an aquifer. 

'-------------------------- McBride-Ratcliff and Associates, Inc. 



-14-

MODEL PARAMETERS 

The two models used for this study require the input of several parameters. For the groundwater 

model these parameters include: 

• aquifer geometry, 

• aquifer characteristics, 

trllJlSlllissivity values 

storage coefficients 

leakage values 

• historic pumpage demands, and 

• future pumpage demands. 

The settlement model requires the foUowing geotechnical and hydrological parameters: 

• hydraulic conductivity, 

• elastic specific storage, 

• virgin specific storage, 

• preconsotidatioa stress, 

• day layer thickness and location, and 

• drawdown data. 

HydroIO!dc Model 

The input parameters for the hydrologic model are presented in this section. 

Aquifer Geometry. The geometry of the Chicot and Evangeline aquifer was obtained from a variety 

of sources. E1ectric logs or 'NClls in the site area v.rere analyzed and checked against maps published by 

Wesselman, 1972, and Sandeen and Wessleman 1973. The geometry of the aquifers beyond the study areas 

was obtained from TDWR field data, Meyer-Carr 1979, and Meyer & Carrlet a11985. 

Agplrer ChanM:t.cdstics. TranSDIiAAivity values, storage coefficients, and selected leakage values were 

taken &om 6Je data of the Meyer & Carr 1979 report. This data was regrided for our model grid area. 

Transmissivitiea and storage coefficients v.rere checked with pumping tests in the area. It is our interpretation 

that verticle leakage from surface recharge is to the Chicot Aquifer negligible. Therefore for this modeUing 

effort, recharge parameters with respect to vertical leakage from the surface are modeUed at O. Vertical 

leakage from the Chicot Aquifer to the Evangeline Aquifer was checked by model calibration. 
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IIIatodc PgmMI!!! Demands. Pumpage demands frOID 1890 to 1975 are from Meyer & Carr 1979 me 

data. More specific information in the site area was obtained from TDWR Surveys of Ground and Surface 

Water Use, Suneys of Irrigation in Texas, 1986, the Houston Water Master Plan, 1986, and the City of 

Houston Water Pumpage Statistics Report, 1985. 

FutgR PumP" Dcmagda. Two future demands scenarios were modeled, Case 1 and Case 2. Both 

these cases met groundwater demands with wells pumping a maximum of 800 gpm. These wells were placed 

at lmown weD locations in each census tract. When demand exceeded production capacity a new weD would 

be added at a predetermined location for that census tract. The new weD would produce to match demand 

until its 800 gpm capacity was reached. If demand was reduced production would drop, but still be 

distnbuted to aU wells that had been emplaced. No wells were removed. 

The Case 1 scenario involves meeting aU groundwater demands within the study area from groundwater. 

Case 2 uses a combination of groundwater and surface water to meet the public water demands of the study 

area. Phasing of surface water is to begin by the year 2000. Ultimately, approximately 90 percent of the 

total population within the study area is expected to be using surface water by the year 2020. The Case 1 

and Case 2 demands are given in the lANfWEl Report Regional Water Supply and Waste Water Treatment 

Study. 

In both cases the Harris Galveston Coastal Subsidence District's (HGCSD) existing Plan was imposed. 

The area to the west of Fort Bend consisting of Sugar Land and Stafford was modeled to convert to 80% 

surface water in the year 2000 to meet demands given in MRA Report 87-338. The area to the west of the 

Fort Bend sites, consisting of Sugar Land and Stafford, foUowed demands given in a previous study (MRA 

File 87-338) with an 80% COD\'ersion to surface water in the year 2000. 

Case 1 future pumpage demands in the site areas were met with groundwater. The projected demands 

were supplied by LAN. 

Case 2 future pumpage demands were met with groundwater until the year 2000. At this time certain 

areas in both sites were partially con\'erted to surface water. These locations, conversion times, and amounts 

were supplied by LAN. 

Subsldcgq: Model 

The geotedmic:al model parameters were developed using the HGCSD's PRESS data values for the 

USGS Addicts compaction monitor site. Regression ana1yses were performed on the values of hydraulic 

conductivity, elastic specific storage, and virgin specific storage with respect to depth. The resulting fitted 
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values arc judged to be reasonable first approximations with respect to magnitude and variation with depth 

and were used directly in this study. Prccoosolidation stresses in the HGCSD data ranged from 0 (normally 

consolidated) to 100 feet of water. An average value of SO feet of water was used as the preconsolidation 

stress, since it was judged that this value was more representative. 

Geophysical logs were obtained hom eleven weD locations (F.gure 6). The weD sites which were 

selected were based on the availability of relatively deep geopbysical weD logs together with historic 

subsideoce data near the wells. The geopbysicallogs were interpreted to obtain clay layer thicknesses, depth, 

and estimated values for hydraulic conductivity, elastic specific storage, and virgin specific storage (F1gIUe 

7). Drawdowo data for each weD was taken from the groundwater model results and input to the settlement 

model 

Callbratlog or Models 

Cah"bration is an essential part of modeling. For future projections to be accurate, historical data 

should be mimicked as closely as possible. This assures that the various input parameters are accurate and 

that future predictions arc credible. It should be noted that the longer range the prediction, the greater the 

variability of results. 

Calibration of the Press Model and the Modflow models was accomplished by comparing the output 

data to published historical data. In the ellent the comparison indicated the simulation was not accurate, 

various parameters were adjusted and the model rerun. A minimum of four cahbration runs were performed 

for each model For the PRESS Model c:a1ibrations were performed for each of the weD sites used to 

dellelop the PRESS Model parameters. 

The groundwater model was compared to USGS data showing water lC\'e1 altitudes in both aquifers in 

the Houston area (Gabrysch 1980). The settlement model was compared to historic benchmark data from 

the National Geodetic SurlIeY when possible or from USGS map showing historic settlements in the Houston 

area (Gabrysch 1980). 

HYDROLOGIC MODELLING RESULTS 

The cases that were modelled halle resulted in predicted changes in the potentiometric surface of the 

Chicot and Evangeline Aquifers. The resultant altitude of the potentiometric surface has been calculated 

per grid node in each aquifer for each case. Contour maps have been constructed to illustrate the a1titude 

of common potentiometric surface predicted. It must be stated that the modeling results and the contouring 

are approximations of future conditions and become less accurate when projected further into the future. 

'-_________________________ McBride-Ratcliff and Associates. Inc. 
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The model results are representative of the center of each node, thus in the study area, the results are cast 

into the center of the 6000 ft of 6000 ft grid cell. The modeling effort has not predicted potentiometric heads 

at specific wells pumping in a particular grid but represents an average potentiometric head for the grid cell. 

Potentiometric Coptoua. F"Jg1IJ'es 8 through Z7 represent contours of head (or elevation of potentio­

metric surface) for the Chicot and Evangeline aquifers as predicted Crom the cases modelled for the years 

1990, 2000, 2010, 2020, 2030 and 2040. Case 1 represents the most severe case relative to groundwater 

withdrawal and consequently greatest change in the potentiometric surface. Case 2 represents the least 

severe case with the smallest change in potentiometric surface. 

The altitude of the potentiometric surfaces are the same for both cases for the years 1990 and 2000 

since the demands are the same. The 1990 potentiometric surface of the Chicot aquifer ranges from about 

-100 ft to -170 ft. The potentiometric surface of the Evangeline aquifer ranges from about -105 ft to -200 

ft. In the year 2000 the Chicot heads range from about -120 ft to -210 ft with the Evangeline heads ranging 

Crom about -125 ft to -250 ft. As the years progress the demands begin to change resulting in a change of 

potentiometric surface between the two cases which increases as time goes on. 

POTENTIOMETRIC SURFACE FT, MSL 

CASE 1 
Year Chicot Evangeline 

1990 -100 to -170 -105 to -200 
2000 -120 to -210 -125 to -250 
2010 -145 to -230 -140 to -280 
2020 -150 to -280 -165 to -340 
2030 -170 to -350 -175 to-400 
2040 -190 to -400 -220 to -450 

CASE 2 
Chicot Evangeline 

-100 to -170 -105 to -200 
-120 to -210 -125 to -250 
-132 to -225 -135 to -225 
-185 to -Z75 -150 to -320 
-165 to -340 -170 to -375 
-185 to -375 -190 to -430 

Hydrologic ModelllU CogC!USIOQL The muimum areas of concentrated pumpage remain to the 

northeast of the west study area for all cases modclcd, which mimics the current pumpagc trends. 

Groundwater flow, through the study area is Crom the south and cast, to the north or northwest. In all cases 

modellcd, the withdrawa1a do not result in the Evangeline aquifer changing &om an artisan condition to a 

gravity coadition. 

'_ _________________________ McBride-Ratcliff and Associates. Inc 
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SUBSIDENCE MODELLING RESULTS 

Thc PRESS model is one dimcnsional. This means that ODly thc sctt1cmcDts in ODC discretc locatioD 

is modeled.. To show sctt1cmcDt contours ClcM:D locatious in and aroUDd the study areas wcrc used. This 

information was thCD CODtOured across the sitc. 

SubsidcDCC has bccD modclled based UPOD thc chaD~ in potcntiomctric bcad witb timc for Cases 1, 

and 2. 

SeU)emegt Coatoyn. rtgUl'cs 28 through 36 rcprescDt CODtOurs of equal scUlcmeDt in feel (ft) for tbc 

cases modelled.. Thc predicted SubsideDCC for both cases in carly years is about thc samc. BeyoDd the year 

2000, less subsidcnce is predicted from Case 2 tban Case 1. Thc grcatest cbaugc in elCvatiOD of the laud 

surface is rcalized in Case 1 followed by Case 2. The predicted SUbsidCDCC for Case 1 for thc period 1990 

to 2040 r~ from about 3.1 in the south to s1igbtly greatcr than 4.5 ft in the Dortb whilc tbc rangc of 

Case 2 in this samc period is 2.S 10 greater than 4.0 ft, south 10 nortb. 

SALT WATER MIGRATION 

The Tcxaa Watcr Developmcnt Board Rcport No. 155, GroUDdwatcr Resources of Fort BeDd COUDty, 

Tcxaa and Rcport No. 163, GroUDdwater Resources of Brazoria County Texas, werc rcvicwed to evaluatc 

the potential of salt water contamiDatioD to impact the groUDdwatcn of the study arca. rtgUl'cs 37 and 38 

illustrate maps of thc base fresh watcr for both Brazoria and Fort BcDd COUDtiCS. As shown the study area 

is situated north of the intcrpreted fresh watcr/saliDc watcr contact for thc Evangelinc Aquifer. Also 

illustrated OD this figure is a salt water plumc which is associated with the Blue Ridgc Salt Dome. This 

plumc is ouly prescnt in the upper and intcrmediatc sands of the Cbicot aquifer. Watcr supply is drawn 

from lower sands of thc Chicot, and the Evangelinc aquifcr which arc Dot apparcDtly impacted by thc plumc. 

'-------------------------- McBride-Ratcliff and Asscxlates. Inc. 
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Salt water within the Chicot Aquifer has been reported to be associated with briDe disposal in oil and 

gas fields in northern Brazoria County. specifically the Manvel and Hastings fields. The occurrence of saline 

waters at shallow depths in the Cbicot and Evangeline aquifers has not been studied extensively. Care should 

be exerc:isc:d in evaluating the Ioc:ation of future water supply wells to minimize the poteDtial for salt water 

encroacbmenL 

GENERAL 

It is our opinion, ba&ed on the results of our modelliDg effort, that the Evangeline Aquifer will not 

experience a chaoge from artisan to gravity conditions. Thus the potentiometer head should stay above the 

saturated ZODC of the top of the aquifer aUowing the yield of the Evangeline to remain fairly constant. 

The upper portion of the Chicot Aquifer is an IIDCOIlfiDed system. The yield of the Cbicot will diminish 

as withdrawn from the aquifer system container. 

STUDY LIMITATIONS 

The purpose of this study is to provide preliminary groundwater utilization and subsidence information 

for regional infrastructure planning This assessment was based primarily upon published and open file 

information. Computer modelliDg has been utilized to forecast chaoges in water levels and consequent 

subsidence for two groundwater extraction scenarios. Inherent in the modelliDg programs are assumptions 

which yield averaged output. The magnitude and trends of data presented are representative. The program 

output does Dot implicitly model site specific: drawdowD at wells or wen dusters, but does render an average 

approximation within a specific: vicinity. 

'-------------------------- McBride-Ratcliff and Associates, Inc. 
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1 

2 

3. 

TEXAS LEGISLATIVE SERVICE 

~--~~o 

rela~inq ~o ~he 

AN ACT 

H8 2207 
AS FINALLY PASSED AND 
SENT TO THE GOvERNOR 

adlnlnis~ra~lon. powers. 

opera~lons. and !lnanclnq of ~he 0:a:05 Sen~ Wa~.: 

4 AI.l~hor1~Y, 

S 

6 SECTION 1. CREATION or AUTHORITY; t.I:~:':'.~.-::CN. 

7 Ar~lcle XVI. S.C~lon 59. of ~he Texas :ons~l~u~~on and on approVa4 

e a 

10 Send. and Harr1s coun~les. ~o be known as ~he 3:a:05 Ser.~ Wa~e: 

11 Alolthori~y. '!he al.l~ho:1~Y ~s a qov.r~~en~a! agency an~ a body 

12 poli~lC and cor~ora~ •. 

13 

14 

lS 

16 

SECTION 2. OE:IN!TIONS. In ~h!s Act: 

(1) ·AI.l~n"rl~y· means ~he Sra%os Sena 'ha:e: ;'\O~h~:~~y. 

(2) ·Soard" means tne board of d1rec~ors Ot :he autnorl~y. 

17 c;overn:nent 0: gove:n.~en~al SU::ld!\'~::lon 0: agency. ;I.:51r.ess t:·.lst. 

19 esta~e. ~rust. partnershlp. Jol.nt. '/en':.ur~. 0: ani' 

!9 o~ner leqal en~!~y. 

20 !he a~:horl:Y ~ay be c:e.~ed to 

21 1nclude the ?o:~lon o! ':he Cl~~es o! !!roc~sl::ie 'Jllla:;e. r·:an·.·e:. 

Missouri C!~Y. and Pearland and ~he ey.~:ate::l~~:lal JI.::l5dictl~r. 

23 of each of those Cl~les ~hat lS not loca~ed wl,:hln the bOl.:n:a:!es 

24 of the Sra%Or1a County Conse:va~lon and ~ecla~at!on ~!st:!Ct No. ~. 



1 SEC':'ION 4. COIERAt. PowERS AtiO D'';-:IES. 

H.S. No. 2207 

Ca) 7he au~~or"~y 

2 may exercise all ?f ~he rlqhts. pow4rs. prl'l11~94S. au~horl~y. and 

3 functions provided by Subchapter O. Chapt.r 51, Wat~r Code, 

4 excludlnq Sectlons 51.121.51.133.51.143. 51.158. 51.161-51.165, 

5 51.170-51.172. 51.184. 51.190. and 51.195. If any provislons ?f 

6 the lavs cited in thll lublectlon .or. in confllct or .nconslst.nt 

7 vith any proVilion of this Act. thlS Act pr4vails. 

8 eb) The authority may acqtHr~ surface and · .. mder;r:lu:1d '"a~~r 

9 lu~plies from sourcel both lnS1Qe and outs.de ~he boundarles of :~e 

10 authoritj' ar:d ~a,/ conser· .. e. store, transport, ':reat, p:ur.fj·, 

11 diltrlbute. se;'l. and dell· ... r wat.r to pe:-sons, C:lrporatlons, 

12 municipal corporatlons. polltical subdl',fUI10nS of the state. and 

13 o~~erl. inlide and outsld. the boundarles of the au~horl~y. 

14 eC) The authority may build. const~ct. acquire by purchase. 

IS 91ft. or oth.r ~anner. lease as lelsor or lessee. lmprove. en:ar;e. 

16 extend. repalr. malntaln. or replace any lmprove~en:s. facll.tles. 

17 

18 

19 

20 

works. 

board conslderl necessary ~o control. 

valte. lndustrlal waste. munlclpal waste. 

::eat, 

recreatlonal waste. 

21 aqricultural waite. and other waste as :h:ls. :er~s are def.:1ed by 

22 

23 

24 

25 

26 

27 

Chapter 26. Wa~er Cod •. 

authority may lssue bonds. 

ma~er provlded by thlS Act. 

no~es. 

(d) The authorl~Y may mak •. purchase, cons~ruct, .l.eas~. 

other'Jl se 

includlnq 

aC~lre property. 

existlnq as well 

works. 

as new wo:-ks, !acil:.:ies. a~d 



H.8. No. 2207 

1 lmprovemenes lnSlae or oUeslae the bounaArle. of ehe auehor1ey. 

2 necessAry eo carry oue ehe rl~hes. powers. ana auehorley ~raneea by 

3 this Act ana ~eneral lAW. 

4 (el The auehorley mAy eneer lnto conerace. Wleh persons. 

5 lncluainq the cltles wlehln ehe bounaarle. of ehe auehorley ana 

6 politlca1 subalV1S10ns of ehe seate. on terms ana conale~ons ehe 

7 boara conSlaers ae.lrab1e; fair. ana aavanta~eous for ehe 

8 performance of ltS rl~hes. power •• ana a~:horley unaer eh~s Act. 

9 The coneracts may provlae ehae ehey wlll Contlnue In effece une11 

10 bonas lSSUea by the auehor!ey eo flnAnce ene cose of fac~~!t~es 

11 authori:ea by ehls Act. ana refunalnq bonas lssuea In l!eu of ehose 

12 bonas. are pala. ChApter 224. Act. of ehe Soeh ~eq~slaeure. 

13 aeqular SesSlon. 1959 (Arucle 1109j. Vern::ln·. Texa. C~vll 

14 Statutesl. applle. eo any coneract beeween ehe au~~or\ey ana any 

15 clty. 

16 (fl The auehorley may eneer lnto contracts Wleh oehers for 

17 eransporelnq tne~r water ana may act )o!r.tly w~eh ~thers ~n t~e 

18 performance of all functlons ana purposes of the authQr!ty. 

19 I~) An elect~on 1.S not requlrea oy the a .. t::::Irlty ::lr 

20 approval of contra~ts to carry oue ehe qeneral powers ana aut!es 0: 

21 the authorlty. 

22 (hI ThlS Act aoes no: precluae ehe auth::lr!ty fr::lm aC~~!rlnq 

23 waeer rlqhts unaer any law or permle. 

24 SC:CTION S. CONstaV;"-:ION i'itC:;;u.:1. -:he a .. thor!ty sha"l a:::Ipt 

2S ana lmplement a proqram of waeer conservatl0n cons! stent Wl :~. rule. 

26 ana crleerla auly aaopeea ana enforceaole by the Cepart:.ent ::If 

27 Waeer aesources for slmllarly .leuatea alserlcts !n the re~lon. A 



H.S. No. 2207 

proqram of w.~.r cons.rv.~!on m •• ns the practices. tecnn!ques. and 

2 ~.chnoloq1.s th.t w111 r.duc. the consumption of wa~er. reduce ~he 

1 10.. of w •• t. of w.t.r. improve .ffie1.ncy in the us. of water. or 

• incr •••• the r.cyclinq and reuse of wat.r so th.t a water supply lS 

m.d. aV.ilable for fu~ure uses. 

6 SECTION 6. CONFIRMATION ELECTION. (al Sefore the authorl~y 

7 1. cre.t.d. the ere.tion of the authority must be approved at a 

1 conf1rm.tion .1.c~10n .s provlded by this seetlon. 

(1:1) EJCcep~ ae speelfleally provlded by thls sectlon. 

o S.ct10ns 54.026-54.029. Water Code. qovern the cal:lnq an: hol=~~g 

11 of the conf1~.~lon .lection. 

2 

3 

(c) Th. ballots for the eonflrmat10n electlon shal: be 

pr1n~.d to provide for votinq for or aqainst: "':"he creao::.on of t.he 

.. Br.zo. Send W.t.r AuthOrity. Which do.s not have the power to levy 

.5 or co1lec~ any ~ax." 

16 (d) A g.neral law requlr1ng eleC~lons to be held on unl!or~ 

7 or speclfi.d .1.ctl0n dates does not apply to an O ..... ·-a,...l 
... --- --

9 und.r th1s S.C~lon. 

9 (.) Th. temporary board ~ha!l canvass the ret~rns anc 

;0 declare the r.sults separat.ly for each c1ty votlnq 1n the 

'1 confirm.tlon .l.ctlon. 

2 (I) If • m.Jority of ':he qua:1!led · ... oters ln eac!1. 0: aO: 

creatlon of the authority at the conflrmatlon e:ectlon. 

25 au~hority 1S cr.at.d. 

6 

:7 

(g) For a city to be incLuded as part of the newly createe 

au.~hor:t.ty. a majority of t!'le quall:led · ... oters of ':ha': c1t: ':Otlng 
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1 ae ehe conflrmaelon elecelon m~se approve ehe creae~on of ~he 

Z a~thorlty. 

3 

4 

(h) If a ciey lS lncluded In ehe auehorlty under thlS 

the area the corporaee ehe 

5 exeraeerrleorlal Jurlsdlcelon of ehe city on the daee of the 

6 conflrmatlon electlon lS lncluded In ehe dlstrlce. 

7 SECTION 7. EXCLUSIONS OF ~.o. ( a ) Be fore 1 and l.S exc l .... .:Ied 

8 from the a~thorlty. ehe board shall call and hold a r.ear~n; on 

9 exclUSlon of the land from ehe a~thorlty. 

10 (b) The board has 

11 conslderatlon of and make ehe d.C1510:: to exclude land ~r o~~er 

12 property from the authorl:y. 

13 SECTION B. ANNEXATION. ( a) 

14 author1ty aa provlded by thlS sectlon. 

(b) aefore e.'\e authon~y may 15 

16 proceedlnqs. the board shall provlde an opporeun1ty for all 

17 ~n~erested persons to oe ~ear~ a~ ~~c ~ub~l= hear1n;s ~c ce ~e:: 

18 noe more e.'lan ~O days or less :han 20 days before 1nS~~~U~lon of 

19 tne annexa~lon proceed~nqs. 

20 (c) Ae least one p~bllC hearlnq must ce he~c w~~hln :ne Cl~y 

21 prcposed tQ be annexed 1£. w1~hl:: 10 daIS a!ter ~he p':b~l=atlo"" 0: 

22 the notlce re~lred by ,:r.1S se::~lOI" .. more ~::an 20 per:=::5 ... ;~o are 

23 ~8 years o!·aqe or older and .ho res1de 1:: ~he c~~y propcse: ~o ce 

~.; an::exed p:o~e5': 1.:'1 wr:.~:.n<; ~c ':.~<e :;er.e:-a:' :'r.Ci.:-.age: c:-.e :.:-.. s'::'-:"_'::'::-. 

25 of annexa':lon proceed~nqs. Each ... rl~te:: protest shall l:::::ude :~e 

25 name. address. and aqe o! each prQ~eseo: S1;::1::;. 

27 
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1 hav1nq qeneral ~ir~ula~1on in the area of ~he au:hori:y and 1n :he 

2 ~1~y proposed ~o be annexed. !he no~1ce for each hearinq shall be 

3 published a~ lea.~ one ~1me no~ more ~han 20 days or less than 10 

4 day. before tha~ hearinq. 

5 (e) Addi~1onal no~1ce shall be qiven by certified mail to 

6 railroad ~ompanles then .ervinq ~he authority 1f the ra1lroad 

7 r1qht-of-vay 1. included in the city ~o be annexed. 

8 (f) Not la~er than the 10th day after the date of :he las: 

9 required hear1nq held under this sectlon, the board shall issue an 

10 order statinq vhether the ci:y should be annexed to :he au:hor~ty. 

11 If the board lssues an order tha~ the cltr should be annexed. :he 

12 board shall call and h~ld a confirmatlon electlon w1thin :he 

13 boundaries of the ~i~y proposed ~o be annexed to dete~ine whether 

14 the ~ity vill become a par~ of the authori~y. 

15 (q) At an election called under Subsection (f) of ~~is 

16 e.~tion. the ballo~s shall be pr1n~ed ~o provlde for vot1nq for or 

11 aqa1nst the propOSl tlon: "!he anne,:a:10n of (Name o! Cl :., :0 be 

18 annexed) to the 3razos Bend Water Authority. which does not have 

19 ~~e pover to levy or collect any tax." 

20 qualif1ed voters of the City proposed to be annexed VOtlnq at :he 

21 ele~tion vote for annexa~10n of the ci:y to the authorlty. the area 

22 within the corporat, limits of t~e Clty on the date 0: the 

23 confirma~ion electlon is annexed to the author~:y. If a majorl':y 

24 of the qualified voters of the Clty proposed to be annexed votlnq 

25 at the election vote aqainst the annel(atl.on o! the cit:,' to the 

authority, the city is no~ annexed to the authority. C:xcept as 

27 specifically provlded by this sectl.on, the conflrmation eleetlon 
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1 shall be call.d and held ion ~he lIIanner pre·/id.d by Sec~lon 6 of 

2 this Ac~ for the con!irma~ion elec~ion crea~inq the .uthori~y. 

3 (h) A ci~y may b. ann.x.d to the au~hori~y either before or 

4 aft.r r.v.nu. bond. of the authori~y .re issu.d. and the boundary 

S chanq. do •• no~ a!f.c~ the validi~y of any bonds of ~he au~hori~y. 

6 SECTION 9. tAXES; OTHEa DISTRICTS. (a) The au~horl~y may 

7 no~ impo ••• levy •• ss •••• or collec~ ~ax •• on any proper~y. and ~he 

8 authori~y lIIay not i.su. bond. or create indeb~edness that ~culd be 

9 p.y.ble direc~ly frolll ad v.lorelll ~axes levled by ~he autho~l~Y. 

10 

11 

(b) Th. enac~en~ of thlS law does not 

of cons.rva~lon 

preven~ 

12 authorized by Ar~icle xvt. Section 59. and Ar~lcle ttl. Sectlon 52. 

13 of the texas Cons~itu~ion. wi~hin the boundaries of ~he au~~o~~~y 

14 and do •• no~ prev.n~ boundary chanqes of those dis~rlcts. 

lS (c) to prev.n~ was~eful duplica~ion. all conservatior. and 

18 .uthorl~y !or the provislon of !acili~ies and ser'/lces ~hat the 

19 authorl ty i.. authorl:ed ~o prov~de under ~~~ s ;"ct ·":-.ene'.'!!:- tne 

21 and .ervlce •. 

22 

23 

24 

2S 

26 

27 

SE:TION 10. tEMPORAllY 80~RO. 

thlS Act. ~he foUowlnq ?rsons COr.S1:1~u~e 

Poslotion 1 : Phil I<utt.r: 

Po.i~ion 2: I<on Klchen.; 

PO.l~loon 3: Jerry Wya~~; 

POSition 4: tom Reid. 

the ~em~ora=J CCll::i: 
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1 (~) A vacancy 1n the office of temporary director shall be 

2 filled ~y appointment made by the qoverninq body of the Clty that 

3 the director represented. 

4 (c) The temporary board shall call and hold a conflrmatlon 

5 election on the same date in each of the cities listed in Section 3 

6 of this Act and perform other duties necessary to assure the 

7 orderly creat10n of the authority. 

8 SECTION 11. BOARe 0= OIRtC~ORS. lal ~e reqular board of 

9 directors is composed of five d1rectors. F.xcept for Mlssouri City, 

10 one director shall be appointed from each Clty 1n the authority by 

11 the qoverninq body of that C1ty. t~o directors shall be appointed 

12 froe Missouri City by the qovern1nq body of that clty. to be 

13 eliqi~le to serve on the board a person must be a resident of the 

14 city froe which he 1s appOinted. 
. 

15 I~) On creation of the authority. the board of directors 

16 shall manaqe and control the authorlty. 

17 (c) On ap?roval of the creatlon of the author~ty at the 

18 confirmation election called and held under Sectlon 6 of ~~is Act, 

19 ~~e qoverninq body of each c~ty shall apPolnt ~~e appropr~ate 

20 numDer of persons to become dlrectors of the au~~orlty. 

(d) The board members shall meet and ?rqani:e as soon as 

22 practica~·le after the creation of the di strl.ct takes effect and 

23 shall file thelr official bonds and subscrice to the constltutlonal 

24 oath of office. 

25 (e) Vacancies on the board shall be filled by appolnt~ent of 

26 the qoverninq body of the city represented by the vacant POSl.tlon. 

27 If) For each new city annexed to the authority, the 
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authority shall add a m~er to the board to r.pr •• ent that city 

and to be appoint.d by the qoverninq body of that city. 

(q) Each temporary director .hall .erve until the first 

reqular directors are appointed and have qualifi.d. 

(h) Except for the temporary members of the board and new 

members added to the board on ann.xatlon of a city, m.mbers of the 

board .hall serve for two years. The board .hall assiqn position 

numbers to .ach position of the first r.qular dir.ctors and to .ach 

member added to the board 1n cont1nuinq .equ.nce. Persons ~ervinq 

in even-numbered positions shall serve until September 1 of 

even-numbered years and persons servlnq in odd-numbered positions 

shall serve until September 1 of "odd-numbered years. 

(i) A director 1s not entitled to compensatlon for his 

service on the board. 

(j) Each year after the appointment of directors, ~~e board 

Shall elect a presldent, vlce-pre.id.nt, secr.tary, and any other 

offlcers the board conslders necessa~y" 

pr.side over meetinqs of the board. and 1n hlS absence, the 

vlce-presid.nt shall pre.lde. !he president, v1ce-presldent, 

secretary. and other offlcers shall perform the dut •• s and ~ay 

exerelse the powers speclfically q.ven them by th.s ~c~ and orders 

of the board. 

(k)" At the dlr.ctl0n of the board, the qeneral manaqer of 

the authority may execute all contracts entered .nto by the coard 

on behalf of the author.ty. 

(1) At ~e first orqanl:atlOnal mee~lnq of the board. the 

board shall adopt bylaws, WhlCh may be amended as nec.ssa~y, 
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1 consistent with this Act for the manaqement and operation of the 

2 authority. 

3 Cm) A majority of the directors constitutes a quorum for 

4 transaction of business. and a concurrence of a majorlty of those 

5 directors present and votinq is sufficient in all matters relatinq 

6 to the business of the authority. 1ncludinq the authorization of 

7 contract. for construction work. purchase of existinq facilities. 

8 and •• tters relatinq to construction work. 

9 SECTION 12. CENtRAL MANACER. la) The qeneral manaqer shall 

10 be appointed by the presldent of the board and conf!rmed ~y a 

11 aajority of the members of the board and may be removed by a 

12 .ajority vote of th. members of the board. 

13 Ib) The qeneral manaqer is the chief executive officer of 

14 the authority. Under policies established by the board. the 

15 qeneral .anaqer is responsible to the board for the followinq 

15 dutie.: 

17 

18 

20 

(1) admin1strat1nq the orders of th~ boar~; 

(2) keeplnq the authority'. records, lncludinq mlnutes of 

(3) coordlnatlnq with state. federal, and local aqencies; 

21 (4) developinq plans and proqrams for the board's approval; 

22 (5) formulatlnq a budqet for the authority's fiscal year 

23 subject to the approval of the board; 

(6) hir1nq. supervisinq, and ~!scharq!nq the 

authority's employees; 

24 

25 

25 (7) contractin~ for or retainlnq technlcal. scientific. 

27 leqa1. fiscal. and other professlonal servlces; and 
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(8) performlnq any other duties assigned to him by the 

3 (c) The general manager and each employee of the authority 

4 charqed with the collectlon, custody. or payment of money of the 

5 authority shall execute a bona approved by the board as to form, 

6 amount. and surety. The authorIty shall pay the premIums on the 

7 general manager's and the employees' bonds under this section. 

8 (d) The board may contract with one of the citle. within ~~~ 

9 b~undari.s of the authorlty or with other outside sources for the 

10 services of a qeneral manager or other employees of the auth:~lty. 

11 SECTION 13. CENERAL FINANCIAL AUTHORITY. (al The authorlt r 

12 shall reimburse the cities within its boundarles for all reasonable 

13 expenses incurred in connection with the creation and establishment 

14 of the authority. including publication costs. legal fees, 

15 engineering fees. charges for the services of other consultants, 

16 and other incidental costs. 

17 (bl The autnority may borrow money from tlme to tim~ te-

18 carry out any of the powers granted to the authority under this Act 

19 by: 

20 (1) IssuIng and sellIng negotiable or nonnegotiable notes 

:1 and providing the terms and conditIons of those notes and rights of 

the holders of those not=~ payable fr~m anc secured by the scur=es 

:3 described in .thls A:t; 

(21 IS5Uln'; an:1 , .. ~1!1I" re"en1.!e bonds ',l1thout the nece55l~'i 

:S of an electlon and provld:ng the te~ms and conditions of tho5e 

26 bonds and the rlqhts of tl,e hcoltiers of those bonds payable ir:::>m anj 

27 secured by the sour=es de5c~lbed in this Act; and 
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(3) d~liverinq those notes and bonds to the Un1ted States or 

2 any aqency or instrumentality of the United States or to the State 

3 of rexas or any aqency or instrumentality of the State oC .exas 

4 wh.n 1t 1s det.rmined by the board to b. in the best interest of 

5 the authority. 

6 Ic) Th. authority may invest any money held 1n any sinkinq 

7 fund. r ••• rv. fund. or oth.r fund or any money not requ1red Cor 

8 immediat. us. or disbursement in securities as provided by this 

9 Act. 

10 (d) Th. authority may apply for. accept. and adm~n~ster 

11 qrants. loans. and oth.r assistance from the United States and any 

12 aq.ncy or instrumentality of this state or any other state to carry 

13 out th •. purpose of thi. Act and may enter into any aqreement in 

14 r.lation to those qrants. loans. or oth.r assistance that is not in 

15 conflict with the constitution o{ this state. 

16 

17 

(.) Th. authority may: 

(1) (ix. charq.. alt.r. and collect reasonable ~entals. 

18 rat ••• f •••• and oth.r charqes for the us. of any facilit~es or Cor 

19 any •• rvic.s ~end.r.d by the autho~lty; 

20 (2) provld. for the lmposltion of r.a.onable penaltlas for 

21 any r.ntals, rat ••• f •••• and charq •• that are d.llnquent; and 

22 (3) comply "nth any duty to fix. charq •. alter, and collect 

23 the r.ntals. . rat... ts.s. and charqes SUf!lc1.nt to f~l!il! any 

24 aqr ••• ent with :h. hold.rs of bonds or notss issued under t~lS Act. 

25 SECTION 14. BONDS AND NOTES. Ca) Sands and notes of the 

26 authority ~~all b. authorlz.d·by resolution of the board. and at 

27 l.a.t a majority of the board m.mbers must concur 1n a bond 



H.S. No. 2207 

1 resolutlon. 

2 

3 

(b) The bonds and notes shall: 

(1) be in the form, have the characteristics, and bear the 

4 de.lqnatlon and date or dates prov1ded 1n the resolut10n; 

5 (2) mature at the tlme or tlmes whether serially, term, or 

6 Otherw1se not more than 40 years from the1r date of lssuance; 

7 (3) bear lnterest at the rate or rates, be payable annually, 

S semiannually, quarterly, or otherwise, and be ln the denominat~ons 

9 provided by the resolutlon; 

10 (4) be reqistrable as to pr~ncipal only 0: as to ~c~~ 

11 principal and 1nterest; 

12 (5) prov1de for the succeSSlve exchanqe of bonds or notes of 

13 one denomlnatlon for bonds or note. of other denomlnatlons; and 

14 (6) be executed 1n the manner, payable at ~~e place or 

15 places 1nside or outslde the state, and sold for cr.e price or 

16 prlces provided by the resolutlon. 

17 e c, Sonds or note=: mai' be 1 ssued !r?m :~me to :~m~ !n one 0:-

18 more installments. 

19 (d) The proce~<is :rom the sale of bonds or notes shall be 

20 depos1ted 1n the authorlty's aeposltory and shall be pald out 

21 pursuant to the terms and condltlons aqreed on by the authority and 

22 ~~e purchasers. 

23 ee) ~onds or notes and an¥ coupons appurtenant to tr.e bonds 

24 or notes lssued unaer th~s ~ct sha1l ~e sl;ned ~¥ t~e p:-es~aen: or 

2S vlce-president of the board. be attested by tr.e board's secretary, 

26 and bear the seal of the authorl ty. 

27 (f) The resolutlon authorl%lnq the any 
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1 installm.nt or any series of bonds or notes may provide the extent 

2 to which the authority. in ex.cutinq the bonds or notes and 

3 a~purtenant coupon.. may us. facsimil. siqnature. and fac.imile 

4 •• al. instead of manual .iqn.tures and manually impressed se.ls. 

5 If any officer whose manual or f.csimile siqnature appear. on a 

6 bond or not. or any coupon c •••• s to b. an officer before the bond 

7 or note i. deliv.red. the siqnature 1. valid and sufficient for all 

8 purpo.e... if he had remained in office until the delivery had 

9 be.n mad •. 

10 (q) N.ither the officers or members of the au~~ority nor 

11 anyone executinq the bonds. notes. or coupons for and on behalf o! 

12 the .uthority .re l~able personally for ~he bonds. notes. or 

13 cou~on. of the au~ority by reason of their participation 1n the 

14 i •• uanc. of the bonds. note.. or coupons. 

15 (h) Th. bonds or note. of the authority may be secured by 

16 and p.yabl. from pledqe. of all or any part of the revenues. 

17 receipt •• or asset. of the authority or the revenue. of anyone or 

18 more 1..... or other contracts of the authority. and all such 

19 •• curity shall b, speci!ied by the re.olut10n or 1n the trust 

20 ind.nture or oth.r instrument •• cur1nq the bonds or notes. The 

21 pledq. may r •• erv. the riqht. under conditions specified in it. to 

22 i.su. additional bond. or not •• that will b. on a parlty wlth or 

23 subordin.t. to the bond. or not •• b.inq i •• ued .. 

24 (i) A pledqe or •• curlty in.trument made by the author1ty 1S 

25 valid and bindinq from the time when it is mad.. The revenues. 

26 receipts. or a •• et. pl.dqed .nd entru.ted and rece1ved by ~~~ 

27 authority shall immedi,-ely b-. subject t~ the lien of ~~. pledqe or 
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aecur1ty inatrument w1thout any physic.l delivery or further .ct, 

The lien of the pledqe or aecurity 1nstrum.nt 1s valid .nd bindlnq 

.q.1nst all parti.s h.v1nq cla1ms of any kind in tort, contract: or 

oth.rYise aq.1nst the authorlty, lrreap.ctiv. of wh.th.r the 

part1.. have notic. of the li.n. It la not n.c •••• ry tor the 

r •• olution or any •• curity inatrument or oth.r in.trum.nt by WhlCh 

a pl.dqe or security 1nt.r.st is created to b. r.corded or flled, 

and compl1ance with any prov1sion of any other law 1s not requ!~e~ 

1n order to perfect the pledqe of other security interest. 

(j) A resolution authori:inq bonds or notes or. :rust 

indenture s.curinq bonds or notes whlch ar. part of the aqreement 

wlth the holder. may·cont.in provision.: 

(1) pledq1nq all or any desiqnated part of the rev.nu.s and 

receipts of the authority r.ceived or to b. recelv.d fro~ the 

pl.nninq, financinq, ovn.r.hip, or operation of, l.a.lnq, or oth.r 

act10ns 1n connectton w1th .ny speCified f.cl11ti.. or ass.ts to 

•• cur. the payment of ~~e bond. or notes; 

(2) pledq1nq .11 or any p.rt of •••• ts of the authorlty. 

lncludin~ any obliqation acquired by the authority, to secure th~ 

p.yment ~! the bonds or notes; 

(3) relatlnq to the use .nd dlsposition of rentals. r.,:e~. 

fees, and othe~ charqes maQe or ~ecelved by ~he authority; 

(4) pled9~nq to fix, charqe, alter, and collect r~~:s 

rates, f'!es, and oth.r charqes w!th respect to any d'!s::;na: .. ;: 

taciliti'!!!! or assets that will be s~fficlent to produce re',·en"..:! 

adequate to pay all expenses necessary to the ope~atlon an~ 

maintenance of the des1qnated !~-:l!~ie~ O~ a~sets of 
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1 .uthor1ty, to p.y the pr1ncip.l of .nd 1nt.r •• t on .11 bonds or 

2 not.. i •• u.d and p.yabl. out of the r.v.nue. .nd receipts when and 

3 •• th.y become due .nd p.yable, to p.y .11 .inkinq fund and reserve 

4 or other fund p.ym.nt. .qr •• d to be m.d. with respect to .ny of 

5 tho.e bond. or not.. p.yabl. out of the rev.nu.. .nd rec.ipts when 

6 .nd a. th.y b.com. due .nd p.yabl., .nd to fulfill the t.rms of any 

1 .qr •••• nt •• d. with the hold.r. of the bond. or notes .nd with any 

8 per.on in th.ir b.hall; 

(5) r.l.t1nq to •• ttinq •• id. r ••• rv.s or slnkinq fund. and 

10 requl.tion .nd di.po.it10n of tho •• r ••• rve •• nd sinkinq funds; 

11 (6) prov1dinq li.it.tion. on the purpose to which the 

12 proc.ed. fro. the •• 1. of the bond. or not.. m.y be applied and 

13 pl.dqinq the proc.ed. to •• cur. the p.yment of the bonds or notes; 

14 (7) prov1dinq limitation. on the issuance of additional 

15 bond. .nd on the r.fundinq of out.t.ndinq bond. or notes or other 

16 bond. or not •• ; 

17 (8) r.l.t1nq to the acquls1tlon. constructlO~. lmprovement. 

l8 op.r.tion, .xt.n.ion, enl.rq ••• nt, maintenanc.. and rep.lr of any 

19 f.cilitie. or •••• t •• nd .tatinq the dutles of the authority ~ltn 

20 ref.renc. to f.c1l1tie •• nd •••• t.; 

21 (9) providinq the procedure, if .ny. by WhlCh the terms o! 

22 .ny aqre.m.nt with bondhold.r. or not.holders m.y be amended or 

23 .broqat.d. the amount ~f bond. or not.. the hold.rs o! the bonds o~ 

24 not.. ar. requir.d to qiv. con •• nt to. .nd the manner ln WhlCh the 

25 con •• nt may be qiv.n; 

26 (10) provid1nq llmit.tion. on the amount of mon.y to be 

27 .p.nt by the .uthority for .dm1ni.tr.tlv. or other .xpens •• ; 
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1 (11) vest1ng 1n a tru.tee or other fiduciary the property. 

2 r1ght., powers, and duties in trust a. the author1ty determine., 

3 which may include any of the right., povers, and duti •• of the 

4 tru.tee appointed by the bondholders or noteholders under this Act, 

5 and abrogating the right of the bondholder. or noteholder. to 

6 appoint a tru.tee under this Act or 11miting the rights, povers, 

7 and duties of the tru.tee; 

8 (12) desiqnating the manaqeaent, op.rat10n, and control of 

9 sp.cified h.cili ties or assets of the authority or trust indenture 

10 and sp.cifying the terms of office of the board of tru.t.... their 

11 power. and dutie., the manner of exerci.ing their pover. and 

12 duties, the appointment of successor.. and all matter. pertaining 

13 to their organization and duti •• ; and 

14 (13) relating to any other matters that in any vay affect 

15 the security or protection of the bonds or not •• or the bondholde~s 

16 or noteholders. 

17 (kl The resolution authorl:ing the issuanc. of the bonds o~ 

18 notes or the trust lndenture or other instrument •• curinq them may 

19 provide that in ~he event of a default or. under the conditl~nS 

20 stated in those lnstruments. a threaten.d default in the payment of 

21 principal of or inter.st on bonds or notes. any court of competen: 

22 jurisdic~lon may, on petition of the holder. of outstanding bon~~ 

:3 or notes, appoint a receiver with authorlty to collect and =e-::e:':e 

24 pledged revenues and receipts, and the inst:-uments may l::r.~ t 0:-

25 qualify the rights of less than all Of the holders of ~he 

26 ou~standing bonds or notes payable !rom the same source _~ 

27 institute or prosecute any litigation affecting the au~hcrlty's 
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prop.rti •• or r.venu ••. 

(1) Bond. or not.s. including refunding bonds. authorized t 

this Act m.y b •• ddition.lly s.cur.d by • trust indenture unde 

which the trustee m.y b •• b.nk h.v1nq trust powers located elthe 

in.id. or outside the .t.t.. Th. bond. or notes. within tt 

di.cr.tion of the .uthority. may b. .dditionally secured by 

mort9aq. or d •• d of tru.t lien or s.curity int.rest on facilitie 

or .ssets of the .uthority .nd .11 r •• l property. franchlS~! 

••• em.nt.. 1...... or •••• t. oC the .uthority .nd all rea 

property. fr.nchis... • ••• m.nts. l •• ses. .nd contracts and a1 

rlght •• ppurt.nant to the prop.rtie., vesting in the trustee powe 

to •• 11 the faciliti.. or · •••• t. for' the payment of th 

indebt.dn •••• pow.r to op.rat. the f.ciliti •• or asset.. .nd al 

oth.r authority for the furth.r •• curity of the bonds or notes 

Th. tru.t ind.ntur •• r.q.rdl ••• of the mortgage of the deed 0 

trust li.n or •• curity int.re.t in the f.cilltie. or .ssets, ma 

cor-taln .ny provision. prescribed by the author1ty for the ~ecurl: 

of the bond. or not •• and the pr.serv.tion of the trust estate, ma 

m.k. provis10n for amendment or modific.tlon of them. may condltlo 

the rlght to sp.nd the authonty·. money or s.ll the autnontj" 

f.cilit~.s or .s •• t. on approval of • r.gls~ered professlo~a 

.ngln.er s.lect.d a,s provid.d 1n the trust lnden:u:-e, .nd ma,' rr.al( 

any other provisions for prot.ctl.nq and enfor::~:lg the rlght~ it,. 
• rem.dles of the bondhold.rs or noteholders as may be reasonable an 

; proper and not in violation of the law. The resolution or ~r~s 

indenture may .lso contain provi.ions qov.rnlnq the issuance 0 

bond •• nd note. to r.pl.ce lo.t. .tolen. or mutil.t.d bonds 0 
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1 not.s. 

2 (m) Th. authority may dir.ct the inv.stm.nt of mon.y in the 

3 funds cr.ated by the resolutions, trust ind.nture., or other 

4 instrum.nts s.curinq the bonds or note.. From the proceeds from 

5 the sal. of bonds or notes, the authority may s.t aside amounts for 

6 paym.nts into the interest and sinkinq fund until completion of 

7 construction and until adequate revenu •• and receipts are available 

8 from op.rations to pay principal and interest and amounts for 

9 payments into reserve funds. PrOVision for this may be made in the 

10 resolution authorizlnq the bonds, notes, or the trust indenture or 

11 oth.r instrument securinq the bonds or notes. Proceeds from the 

12 sale of the bonds or notes may be us.d for the payment of all 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

exp.nses of issuinq and s.111nq the bonds or notes. 

(n) The proceeds from the sal. of the bonds and note. and 

mon.y 1n any funds cr.ated 1n conn.ction with the bonds or not.s 

may b. inv.st.d In: 

(1) direct or indirect obliqatlons of or obllqatlons 

unconditionally quaranteed by the United States maturlnq in the 

manner ~~at may ~e specified by the resolution authOr!:lnq the 

bonds or not.s or the trust lndentur. or oth.r lnstrument s.curlnq 

the bonds or notes; or 

(2) cert!ficates of deposit 

whose deposits are se~ur.d by the 

Subdivlslon (1) of this subsection. 

of 

obllqatlons described !n 

(0) ·The authorlty may provide by resolutlon for the ~ssuance 

of refundinq bonds or notes to refund outstandinq bonds or notes 

issued under this Act and their accrued interest. The authority 
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.ay •• 11 the r.f~ndinq bonds or noe •• and us. the proceeds to 

r.tir. the out.tandinq bonds or note. 1ss~.d under this Ace, or the 

.uthority •• y .xchanq. the r.fund1nq bonds or note. for the 

outstand1nq bond. or not... Th. i •• ~anc. of the refunding bonds or 

not.s, th.ir mat~rity. the riqht. of the bondholders •• nd the 

duti •• of the authority vith r •• p.ct to refund1nq bonds or note. .r. qov.rn.d by the provision. of this Act rel.ting to original 

bonds or not.s to the .xt.nt th.t they m.y b. m.de applicable. ~he 

.uthority m.y al.o r.fund any bond. und.r any general law of th~ 

.t.t •• 

(pi Aft.r bonds .nd not... including refundlng bonds and 

not.s •• r •• uthor~.Q by'th •• uthority. the bonds and notes and the 

r.cord r.latinq to th.ir 1.s~anc. sh.ll be submltted to the 

.ttorn.y q.n.r.l for hi •• xamin.tion a. to th.ir validity. If the 

bond. and not •• r.cit. th.t th.y .r ••• cured by a pledge of the 

r.v.nu.. and r.c.lpe. of a 1 •••• or leas.s or other conerace or 

cont~.ces pr.vlously mad. b.t~ •• n the authorlty and any person. the 

1 ••••• and contracts m.y .lso b. Sub.ltt.d to the attorney general. 

If the bonds or not.s have be.n valldly .uthorl:ed and if the 

1 ••••• or contr.ct. have b •• n sad. 1n accordance with the 

con.tit~tlon and laws of this seaee. the attorney general shal~ 

approve the bonda or noees and the leases or contraces. and the 

bond. or noees shall b. req1seered by the comptroller of p~llC 

accounts. 

(q) Aft.r the bonds or notes. and the leases or other 

coner.cta. 1: any. have been submieeed. have been approved by the 

attorney gen.ral. and have be.n reqlstered by the comptroller of 
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public accounts an4 dalivara4 to tha purchaser., the bonds and 

note. an4 tha leasa. an4 contract. ara incontestable for any cause. 

(r) Paymant of bon4. an4 note. according to the term and 

tenor, performance of aqree~enta with the holders of bond. or note. 

or any person in their behall, and performance of official duties 

preacribed by thi. Act in connection with any bonds or note. may be 

enforcad in any court of competent jurisdiction by mandamus or 

other appropriata proceedinq. 

(s) Bond. issued undar this Act and coupons, if any, 

repre.enting intare.t on tho.e bonds, when del~vered. are 

con.idered to be a ·.ecurity· within the meaning of Chapter 8 or 

tha Bu.ine.s & Commerce Code. 

(t) Bonds and note. l •• ued under this Act, the interest on 

the bonds and not •• , and the proflt from the sale of the bonds and 

note. are e~empt fro~. ta~.tion by.the .tate or by any mun1cipal 

corporatlon, county, or other politlcal SUbdlvislon or taxlnq 

district of the .tate. 

(u) Bon4s and note. l.sued under this Act, together with ~~e 

interest on th~, shall be .e:ured oy and ~ayable only from ~~e 

source. provided by this Act. 

(v) This Act .hall not be construe4 to authorize the givina 

or lending of· the c~edit of the .tate or to be a pledge of the 

cre4it of the state for payment of any conds or ~otes lssued uneer 

this Ac~, and the purchasers and holders of any bones or notes 

shall never have the riqht to demand payment from any revenues. 

receipts, or assets of the authority except those pledged to t~e 

payment of bonds or notas. This stata, however. pledges and aqrees 
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1 with the hold.r. of .ny bonds issu.d und.r this Ac~ ~ha~ 1~ will 

2 not limit or alt.r ~. rights v.s~.d in the authori~y ~o fulfill 

3 the t.rm. of any aqr •• m.nta with the hold.rs of th. bonds or noees, 

4 toqether wlth intere.t on th.m. with lne.re.t on any unpald 

5 in.tallments of inter •• t. and all co.ts and .xp.nses for which ~~e 

6 authority is liAbl. in connection with any action or proceedlngs by 

7 or on b.half of the hold.rs. Th. authority may include this pledge 

e and aqr •• m.n~ of the stat. in any agr.em.nts l~ makes ~lth ~~e 

9 

10 

11 

12 

13 

hold.rs ot the bonds or no~es. 

SECTION 15. FACILITIES; EMINENT OOM-'Il'!. (al The au~hori~y 

may con.truct. lay. malnta1n. and op.ra~. canals, la~erals, 

ditch.s. l.v •••• pipelin ••• bridq ••• and all o~her 'faClll~les for 

the tran.portation. tr.atm.nt. purificatlon. and dlstrlbutlon of 

14 vater toqeth.r vith .ervic. road. and all o~her facilities 

15 incid.ntal to and d.siqnat.d for ~s. 1n conn.ctlon Wl~~ ~~. 

16 transportatlon. tr.atm.nt. puriflcat1on. and d1str1butlon of wa~er 

17 and fac1l1e1.. and works n.ces.ary eo conerol, store. convey, 

1e tr.ae. dispos. of. r.cycl •. or r.clalm any wasee as defined by 

19 S.ctlon 4(c) ot this Act und.r. alonq. and across any rallroad. 

20 rsilroad right-of-way. canal. .tr.... p1p.llne. u~lll~y 11ne. 

21 streees Or slleys 1n Citl ••. subj.ce eo reasonAble requlae10n by 

22 the citles. and publlC roads and h1ghways. but the crosslnq shall 

23 noe lmpalr the us.s of the tacil1tles crossed. and ~he !ac~:l~ies 

24 shall b. promptly reatored to thelr former conditlon of usef~lness. 

25 (b) Th. authority may exerC1S. ehe pow.r of .m1nene domaln 

26 to aC~~lre by condemnaelon a C.. slmpl. or o~~er 1neerese 1n 

27 property locae.d inside or outSide the authority iC the ~roperty 
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1 interest is necessary for the exercise of the powers con!er=ed by 

2 this Act. The authority must exercise the power of em1nent oomain 

3 in the manner provioed by Chapter 21, Property Code, but the 

4 authority is not required to deposit with the trial court money or-

5 a bond as provided by Section 21.021(a), Property Code. 

6 (c) If the authority, in the exercise of the power of 

7 eminent domain or power of relocation or any other power granted 

8 under this Act, makes necessary the relocation, raising, lowerlng, 

9 reroutinq, or chanqinq t.he grade of or alterinq the construction of 

10 any highway, railroad, electric transmlssion or distributlon 11ne, 

11 teleqraph or telephone properties and facilities, or plpellne. the 

12 authority shall accomplish this necessary relocation. rals1nq, 

13 10werinq, reroutinq, chanqinq of grade, or alteration of 

14 construction at the sole expense of the authority. The terM ·sole 

15 expense" means the actual cost of relocation, ra1sinq. lowering,. 

16 reroutinq, change in qrade, or alteratlon of constructlon in 

17 providinq eomparab1~ replaeemen~ faeil1tles. a!~er cedue~lnq f=om 

18 the actual cost the net salvaqe value derived from the old 

19 facility, 

20 (d) The authority 1s not requlred to glve bond Cor appeal or 

21 bond for costs ln any condemna~ion SUlt or- any o~~sr SU1~ ~o whi:h 

22 i~ may be a party. 

23 SEC1'ION 16. OEPOSITORY. The boa:-d shall select an~' :)&n~ or 

24 banks 1n the state to act as deposltory or deposlto:-1es fo:- ~~e 

25 funds of the authority. So lonq as Chapter 179. Acts of the 60th 

26 Leqislature, Reqular SeSSion, 1967 (Artic1. 2529c. Vernon's Texas 

27 Civil Statutes). and Chapter 640. Acts of the 68th Leg1s~.ture, 
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(Ar~icle 988b, Vernon's Texas Civil 

S~a~u~e.l, are ob.erved, any airec~or of the authori~y may c& a 

ahareholaer in a aepo.i~ory banK or bank •. 

SECTION 17. AUDIT. (al A comple~e ays~em of accoun~. shall 

be kep~ by the author1~y ana an auai~ of i~s affairs for each 

fi.cal year ahall be preparea by a cer~ifiea publlC accoun~an~ or a 

firm of cer~ified public accoun~an~. of recoqnl%ed 1n~egri~y and 

abll1~y. 

(bl The fi.cal year of the authority shall ce from Oc~ober 1 

to September 30 of the following ~ear, unless changed ~y ~be ~oard. 

(el A wri~~en repor~ of the auai~ .hall b. dellvered to each 

member of the board·no~·later tnan 90 aays af~.r ~he close of each 

fiscal year. A copy of the .ud1~ r.por~ shall be deliverea on 

reque.~ ~o the holaer or holder. of .~ lea.~ 2S p.rcen~ of the then 

out.~anainq bond. of the authori~y. At least one copy of the audi~ 

ahall be delivered ~o the Chlef admlnls~ra~or of each clty. and a~ 

lea.~ 10 additlonal cople. of the audlt shall be dellvered to the 

office of the authority. 

(alOne copy of the aual~ shall ce kept on !l:e ln the 

authori~y office ana shall conS~l~u~e a public record open to 

inspec~ion by any in~ares~ed person or persons durlng normal O!flce 

hour •. 

(el The co.~ of the audi~ shall be pald ~y ~he authorlty. 

SEC~ION 18. AU:aOaITY OFFICE. The board shall deslgna:e and 

e.~a.blish 

.uthori~y. The mee~inq place shall be a publlC place and open to 

the public to a~~end any mee~inq of the board. 
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SEC'l'ION 19. NOnS ANt) 80NDS AS INVtSTMENI'S ANt) SECURI'!'Y. 

All ~onds of ~. au~or1ty are leqal and author1:ed investments for 

~anks, aav1nqs ~anks, trust companies, savinqs and loan 

aaaociationa, insuranc. compani •• , fiduciari.s, trust •••• 

quardiana, and sink1nq funds of citi.s, counti.s, .chool districts, 

and political subdivi.ion. of ~. stat. and public aqencie. of ~e 

atat •. Th. ~onds are .liqi~le to secure the deposit of funds of 

~. atate or of a city, county, school district, or any o~er 

aq.ncy or political subdivision of the state. The bonds are lawful 

and sufficient security for ~ose deposits to the exten~ of ~~eir 

fac. valu •. 

SEC'l'ION 20. EMERCENCY. The 1mportance of this leqislation 

and ~e crowd.d condition of ~e calendar. in both houses create an 

.... rq.ncy and an imp.rativ. public n.cessity ~at ~. 

days in each house b •• uspended, and thlS rule 1S hereby suspended, 

and that ~is Act take .ffect and ~e 1n for:e from and after its 

passaq., and it is so .nacted . 
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